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ABSTRACT

Coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is spreading rapidly around the world. Early fever, cough (dryness) and fatigue were considered common
and most important symptoms of coronavirus-2 infection. However, as the pandemic spread, olfactory and taste
dysfunction emerged as a new symptom of COVID-19. This review describes the anatomy and physiology of the
olfactory and gustatory area, and the mechanisms affected by COVID-19 that cause olfactory and taste loss i.e.
anosmia and ageusia, respectively. The current understanding of pathophysiological mechanisms infers ACE2
(Angiotensin Converting Enzyme 2) and TMPRSS2 (encoded serine protease) expression patterns. Co-expression
of ACE2 and TMPRSS?2 indicates that olfactory epithelium-supported cells may be the first target for SARS-CoV-
2. Direct attack of SARS-CoV-2 on the tongue results in altered stem cell characteristics due to local inflammatory
processes, ultimately altering taste. ACE2 is widespread in oral mucosal epithelial cells and, when destroyed,
causes ageusia in the early stages of COVID-19. The early prognosis of COVID-19 through olfactory and taste
dysfunction can be concluded.
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INTRODUCTION
The novel coronavirus (COVID-19) was first identified

submissions to this platform showed that anosmia was
present in 73% of cases prior laboratory diagnosis of

in Wuhan, Hubei province, China on Dec. 31, 2019., in
association with a severe human respiratory disease. It
has been spread rapidly throughout world after
confirmed cases reported by WHO. Authors have
reported increase in patients with anosmia, with Mao et
al initially reporting on this finding in February 2020.
Since then many anecdotal reports have described new-
onset of olfactory or gustatory dysfunction along with
well-established symptoms of COVID-19 infection, as
well as in patients with known positive diagnosis of
COVID-19 by laboratory testing. Due to increasing
awareness of olfactory or gustatory dysfunction as
potential early symptoms of COVID-19 infection, the
centres for Disease Control and Prevention (CDC) added
“new loss of taste and smell” to its list of symptoms that
may appear 2-14 days after exposure to COVID-19.
Further on 26™ March 2020 to facilitate confidential
reporting of olfactory dysfunction along with COVID-
19, the American Academy of Otolaryngology — Head &
Neck Surgery (AAO-HNS) released the COVID-19
Anosmia Reporting tool. Preliminary review of first 237

COVID-19 and presenting symptoms in 26.6%.

The coronavirus family consist of pandemic viruses and
endemic viruses. MERS-CoV, SARS-CoV and SARS-
CoV-2 are pandemic coronaviruses and HCoV-OC43,
HCoV-HKU1, HCoV-229E and HCoVNL63 are
endemic coronaviruses. The endemic coronaviruses are
associated with both acute and chronic changes in smell
and taste. It infects the upper airway and causes frequent
common cold. The changes in acute viral mediated
infection includes conductive deficits by loss of patency
caused by swelling of the mucosa and increased mucus
production, changes in mucus composition and
secondary changes include olfactory signaling due to
local release of inflammatory intermediates like
cytokines. Currently, the limited data suggests that
parosmia are infrequent during or after COVID-19
recovery.??

Problems in smell and taste have come up as the
predominant neurological symptom of the coronavirus
disease (COVID-19), which is caused by SARS-CoV-2.
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Around 80% or more patients infected with SARS-CoV-
2 reported anosmia, hyposmia, ageusia, dysgeusia or
changes in chemesthesis.*!

Self-reported changes in smell and taste functions can
predict whether a subject will test positive for SARS-
CoV-2. Recently, a study was carried out which included
more than 2 million participants revealed that loss of
smell and taste is more predictive than all other
symptoms (Manni et al., 2020). Due to this, researchers
are trying to develop accessible smell and taste in which
individuals rate the quality and intensity of scents
originating from, e.g., scratch and sniff cards or common
kitchen items for potential use as screening tools for
COVID-19 (Iravani et al., 2020). Loss of smell and taste
in COVID-19 infection forces us to investigate that how
SARS-CoV-2 might alter the cells and circuits charged
with detecting stimuli and creating perception. If we
identify these pathophysiological mechanisms, it may
help for treatment method selection, as well as for
designing clinical chemosensory assessment to detect
SARS-CoV infection.
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Here, we will be mainly focusing on interactions
between 1) SARS-CoV-2 and olfactory system 2) SARS-
CoV-2 and gustatory system, which have been explored
till now as much pandemic has progressed.

Olfactory system

Olfactory conduction begins with the Olfactory
receptors. They are embedded in large numbers in the
epithelium of the mucous membrane lining the upper
part of the nasal cavity. Each olfactory receptor cell
emits two processes. One is the short peripheral dendrites
and the other is the olfactory nerve fibers, which are long
and very thin axons. The short peripheral dendrites reach
the surface of the epithelium and end with knobs that
carry the olfactory hairs. The olfactory nerve fibers pass
through one of the nasal bone roof openings to reach the
cranial cavity and enter the olfactory bulb of the
forebrain. The sensation of odor occurs when certain
chemicals dissolve in a thin layer of liquid that covers
the surface of the mucous membrane, thereby contacting
the olfactory hair. Perhaps it will be found that the
receptor cells differ among them in their susceptibility to
various odorants.”
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Figure 1: Olfactory system.

In the olfactory bulb, olfactory nerve fibers end in
contact with the antenna-shaped dendrites of large mitral
cells, which represent the second major link in the
olfactory conduction chain. Each mitral cell releases long
axons, many of which enter the formation of the
olfactory tract. The olfactory tract distributes its fibers

primarily to the cortex and constitutes the final cortical
receptive region of the olfactory pathway. In highly
developed olfactory mammals such as rodents, the
structure of the olfactory brain is relatively large and
occupies all or most of the basal surface of the forebrain.
Significant reductions in all olfactory structures are
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evident in primates (monkeys, apes, and humans), whose
orientation is highly dependent on sight and touch. In
recent studies the COVID-19 patients suffer anosmia due
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Figure 2: Olfactory Epithelium."

Because of the halo of spike (S) proteins on their surface
the virus is named as coronavirus.*” These S proteins
interact with specific cellular receptors to bind host cells;
binding is followed by protease-mediated S protein
cleavage, which exposes fusion-promoting domains that
enable viral entry.! The SARS-CoV-2 infects the cells
through interactions between the S proteins and
Angiotensin Converting Enzyme 2 (ACEZ2) receptor on
the target cells. ACE2 modulates the Renin Angiotensin
system (regulation of blood pressure and salt water
balance).®% Infection to occur S protein cleavage is
required. Cleavage can occur via host cell serine protease
TMPRSS2 and by other proteases.***

The endemic coronavirus HCoV-NL63 is an exception
who does not use ACE2 as its primary target.****! The

Table 1: Types of Smell Dysfunction.

difference between SARS-CoV and SARS-CoV-2 is
their  binding to ACE2 receptor considering
chemosensory modalities (olfaction and gustatory
functions).>® The SARS-CoV-2 spike protein binds
ACE2 with higher affinity and with a different binding
mode than that of SARS-CoV. Although SARS-CoV-2
can enter the epithelium cells by directly binding to
angiotensin converting cell surfacel”! enzyme 2 (ACE2)
protein, olfaction receptor cells do not express ACE2 or
other cells, unlike the genes involved in SARS-CoV-2
entry (TMPRSS2) epithelial persistence and stem cells.
Olfactory receptor neurons may initiate a rapid immune
response in the host with the manifestation of olfactory
dysfunction.*® Therefore, the olfactory receptor uptake
of SARS-CoV-2 into other cells important for
sustainability olfactory receptor cell population.

Anosmia

Loss of smell

Hyposmia

Reduced ability to smell and detect odor

Chemesthesis

Ability to sense chemical irritants

As, SARS-CoV-2 attacks the olfactory system and thus,
many patients report anosmia as their first symptom.

Indeed, the sensitivity of anosmia increases in patients
without other nasal symptoms. Some studies reported

www.wijpls.org | Vol 7, Issue 1, 2021.

1SO 9001:2015 Certified Journal | 76




Bagul et al.

World Journal of Pharmaceutical and Life Science

that cells in the nasal respiratory epithelium (RE) have
higher expression of SARS-CoV-2 entry genes than cells
in the RE that line the trachea or lungs.’*?? Recent
studies also reported that nasal epithelium is also a major
source of viral RNA after SARS-CoV-2 in several
species, like cats, ferrets, and monkeys.??? Thus, it can
be concluded that nasal epithelium act as a major
reservoir for the coronaviruses.

Chemo sensation takes place in sensory epithelia in both
nose and mouth. In nose the odor detection occurs via
olfactory epithelium (OE) and olfactory bulb (OB). The
olfactory sensory neurons (OSNs) which resides in
olfactory epithelium are responsible for airborne odors.
Their axons further pierce the cribriform plate and enters
the olfactory bulb in the brain.! In some patients, viral
infections lead to direct damage to OSNs which can
causes long lasting post viral anosmia.®! Recruitment of
stem cells in OE which can replace damaged OSNs can
cause partial or full recovery of olfactory functions in
these patients.!”) Whereas in some patients it is been
hypothesized that post viral anosmia can cause viral
damage to central nervous system via OB through OSNs
or by indirectly passing through the cribriform plate by
perforations. 4%

The OE is composed of multiple cell types, including
immature and mature OSNs, non-neuronal cell types
such as the sustentacular, Bowman’s gland, and
microvillar cells, and stem cells including globose and
horizontal basal cells. Sustentacular cells are associated
with OSNs, and they wrap the sensory dendritic cilia
which are present in airspace and enable odor
detection.®® Some recent studies reported that OSNs
does not express ACE2. But there are co-expressions of
ACE2 and TMPRSS2, which was observed in key
support cells (including sustentacular, Bowman’s gland,
and microvillar cells) and stem cells that can replace the
epithelium after damage.”"?2%°! Thus, the co-expressions
of ACE2 and TMPRSS?2 indicate that the OE support
cells can be the initial targets of SARS-CoV-2.

Olfactory clefts comprise of 5% of the total nasal
epithelium. It is a pair of narrow passages in the superior
region of nasal epithelium through which air must flow
to reach the OE. Local inflammation may block the
olfactory clefts.®>3! A recent study revealed blockage of
olfactory cleft in COVID-19 patient. The localized
inflammation  might increase the inflammatory
intermediates like cytokines.* The studies suggested
that these inflammatory intermediates may indirectly
lower the expression of Odor Receptor (OR) which could
cause changes in odor perception.*’!

SARS-CoV-2 infection affects the support cells.
Example, Bowman’s glands secrete mucus which is
essential for normal odor perception.?**%! Sustentacular
cells and microvillar maintain local salt and water. The
Sustentacular cells also support the OSN sensory cilia.
Increased damage to these support cells, OSNs and OE

may conclude long lasting anosmia in COVID-19
patients.*] The horizontal basal cells that has major role
in regenerating the OE, also expresses the ACE2.[2"*"]
Thus, infection of the cells may lead to slow recovery of
odor perception.

Recent studies reported that transient changes were
observed in OB in covid-19 patients. Some of the
coronaviruses can infect the OB via passage through
OE.B8*I Byt it remains unclear for SARS-CoV 2 that it
could not directly infect the OSNs and thus cannot pass
the olfactory nerve. However, single cell RNA
Sequencing(scSeq) and immunostaining of the mouse
OB has revealed that bulb neurons of nose do not express
detectable levels of ACE2.”! Whereas pericytes in the
OB express high levels of ACE2 protein. The expression
of ACE2 protein is also reported in Perivascular cells in
the brain and throughout the body.'” Pericytes have a
critical role in maintaining the Blood Brain Barrier.
Thus, infection of these cells can indirectly affect the
neurons involved in odor perception in brain.*? With
recent observations in the OB, there is an increasing
amount of data suggesting that ACE2 is not appreciably
expressed in neurons in the brain at either the RNA or
protein level.?”! Infection of macaques, cats, and ferrets
with  SARS-CoV-2 (which in the monkey and cat
resulted in pulmonary infection) did not reveal any virus
present in the brain.?*?? In addition, recent human
autopsy studies reveal that the brain contains the least
amount of SARS-CoV-2 of any sampled tissue in the
body.*4

Gustatory system

The taste buds are found in fungiform papillae (FFP) at
the front of the tongue. FFP is distributed in the anterior
lingual epithelium, which is covered by mechanosensory
filiform papillae (flp). In the posterior tongue, large
complex papillae (circumvallate [CVP] and foliate
[FolP]) are epithelial invaginations containing hundreds
of buds each; rodents have a single CVP, whereas
humans have a single 8-12 CVP’s in an inverted V
arrangement across the posterior tongue. Each bud is a
collection of 100 taste receptor cells (TRC) classified
into three types based on morphology (I for support or
glial-like, 11 for sweet, bitter, umami, and 111 for sour).
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Figure 3: Gustatory system.

From basal stem cells adjacent to taste bud (Basal Cell),
all TRCs are continually renewed. The taste function and
perception therefore it also relies on the rapid and
reliable development of the appropriate proparts of each
of the different TRCs.****! publicly accessible data
sets of Type Il and Type Il TRC in mice show that
ACE2 is expressed through Sour sensing Type 111 TRCs,
and to a lesser degree through bitter and sweet / umami
sensing Type 1l TRCs.1*647#84%1 while type 11 and type
Il TRCs express little to no TMPRSS2, Cathepsin
(Cathepsin B (CTSB) and Cathepsin L (CTSL)) are
abundant and may act as proteases to cleave SARS-
CoV-2 spike protein at type Il and type Il TRCs.
Available data sets do not include transcriptional
profiling for the type | TRCs, which much like olfactory
sustentacular cells extend cellular processes that wrap
type 11 and type 111 TRCs.?*5 Type | cells often degrade
ATP, which is used by type Il cells as neurotransmitter to
relay taste informative to the brain via the gustatory
nerves.®*5**4 If type | cells are ACE 2 positive and
SARS-CoV-2 targeted, the loss of support cells might
lead to the collapse of taste buds via cell death and/or
decreased efficacy of taste signals to the gustatory
nerves. Adult taste stem cells (where they are most
abundant) in the posterior tongue express the marker
LGR5 (Leucine-rich repeat-containing G-protein coupled
receptor 5) and can give rise to all TRC lineage.”
Despite the small sample size, scSeq profiling has shown
that murine LGR5 positive stem cells express ACE2 and
TMPRSS2 and may therefore be competent for SARS-
CoV-2 infection.”® These data give rise to the possibility
of a taste dysfunction in COVID-19 patients may be
caused or exacerbated by insufficient TRC renewal due
to SARS-CoV-2 stem cell damage. In addition,
experimentally induced systemic inflammation in mice
has been shown to decrease the production of taste stem
cells, which depopulated taste buds and disrupted taste

function. Therefore, if SARS-CoV- 2 infects the tongue
directly, local inflammatory processes might alter the
properties of stem cells and ultimately affect the
perception of taste.P85"%85%E | jine with this
possibility, scSeq research in mice and humans indicates
that ACE2 is highly expressed in subgroups of tongue
epithelial cells, as are other coronavirus related
proteases, such as TMPRSS11D, TMPRSS4, and
CTSB.[61628384 Ag with the Type | TRCs, whether SCCs
(solitary chemosensory cells) express SARS-CoV-2 cell
entry genes is not yet clear from sequencing results.
Therefore, it remains unclear how SARS-CoV-2 affects
chemesthesis, although these effects are unlikely to be
mediated by trigeminal neurons not expressing ACE2 or
TMPRSS2. 165661

The sensation of flavour consists of the compounds inclu
ding the odor’s smell, taste, temperature, and texture. Ea

ch of these sensory compounds is stimulated separately t

o create a unique flavour when we take a meal. The over

all prevalence of gustatory dysfunction is less often
than that of olfactory dysfunction. The ability to
distinguish flavours is dependent on the pathway of retro
nasal stimulation. Therefore, retro nasal olfactory
deficiency is usually referred to
as "loss of taste" patients. However, some studies have
identified a high expression of ACE2 in the mucosa of
the oral cavity and tongue epithelial cells. Simply
put, another possibility is that SARS-COV-2 will directly
affect buds of receptors. 47

Ageusia may be due to olfactory deficiency as a secondar
y outcome. The angiotensin  converting enzyme 2
receptor, which is the primary SARS-CoV-2 host cell
receptor for binding and penetrating cells, is however
widely expressed in oral mucosal epithelial cells.[%
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Table 2: Definition of taste disorders.®®

Disorders of detection

Normogeusia | Normal taste function
Hypogeusia Quantitatively reduced taste function
Ageusia Absence of all taste function
Disorders of identification(dysgeusia)
Parageusia Altered taste perception (an unpleasant taste) with external stimulus present
Phantogeusia | Perception of metallic or salty taste without external stimulus present

Disruption to oral cavity mucosal epithelial cells can
explain ageusia seen at the early stage of COVID-19.
Gustatory conditions recorded by Lechien JR et al®”
were as large as 88.8 percent (308 of 342), consisting of
78.9 percent hypogeusia / ageusia and 21.1 percent
parage-usia. There was a substantial link between smell
and taste disorders. Yan CH. et a.[" recorded that 71%
(42 of 59) of COVID-19 patients had gustatory
dysfunction; some patients displayed signs of acute
ageusia without any odour dysfunction. Interestingly, it
was not what we expected that prevalence of gustatory
dysfunction would be higher than smell dysfunction in
almost all studies.'>"*™ Of the 1390 COVID-19
patients registered some degree of gustatory dysfunction
was observed in 626 patients in the 9 trials. The
prevalence reported by individual studies of gustatory
dysfunction ranged from 5.61 percent to 92.65 percent. A
43.93 percent prevalence of gustatory dysfunction (95
percent CI, 20.46 percent- 68.95 percent) was
demonstrated by metanalysis using a random effects
model. In the COVID-19 Anosmia Reporting Method,
Kaye et all" did not distinguish between olfactory and
gustatory dysfunction, instead considering gustatory
dysfunction because of olfactory dysfunction.

In a reported measure of combined "chemosensory
dysfunction”, Vaira et all™ attempted to capture
gustatory dysfunction. All other research included in this
study attempted to distinguish gustatory dysfunction and
all 8 of these research documented gustatory disturbance
in COVID-19 patients. Only Lechien et al®® used a
validated measure to evaluate the taste portion of the
NHANESI for gustatory dysfunction. Given the well-
established effect on the sensory experience of tastel’”! of
olfactory stimuli gustatory dysfunction may also be an
early symptom indicative of COVID-19 infection,
although this symptom appears to have been examined
less robustly. Consequently, it remains unclear if
gustatory dysfunction is a distinct clinical manifestation
of the virus, or if this occurs secondary to olfactory
dysfunction. Beltra 'nCorbellini et al'”® recorded that the
initial symptom was olfactory or gustatory dysfunction in
35.5 per cent of COVID-19 patients, with an acute onset
in 70.9 percent of COVID-19 patients with olfactory or
gustatory dysfunction included in the study. From 72
COVID-19 patients’ study in University of Hospital of
Cologne, Germany reduced olfaction resulted
in 53 COVID-19 patients (74 percent) while reduced a
sense of taste was present in 50 COVID-19 patients (69
percent).

49 patients (68%) registered all symptoms,while one pati
ent (1%) had a reduced sense of taste only, and four patie
nts (6%) had a reduced sense of smell only. Both sympto
ms emerged on average at the fourth day after the first sy
-mptoms had been reported. However, nine patients
(13%) noticed that reduced olfaction and loss of sense
occurred together on the first day they realized any
symptoms. One patient had reduced sense of taste alone
at the first day he realized any symptoms.

According to the paper from USA reported that 68% and
71% of 59 patients had olfactory and gustatory
dysfunction, respectively. According to the larger-scale
research from Europe, 85.6% of the 417 mild-to-
moderate COVID-19 patients had olfactory dysfunctions
and 88.8% gustatory dysfunctions. Only 5.1% of 214
patients complained of hyposmia and 5.6% hypogeusia
in China. However, it has been documented that 33.9%
of 59 COVID-19 patients in Italy complained of
olfactory and/or gustatory dysfunction and 11%
complained of both dysfunctions, it has been
documented.

In Spain 31.65% and 35.44% of 79 COVID-19 patients

complained olfactory and gustatory dysfunction. From
USA paper it was reported that 68% and 71% of 59
patients had olfactory and gustatory dysfunction. In
China only 5.6% of 214 complained about hypogeusia.
From different papers it shows the rate of olfactory or
gustatory dysfunction is supposed to be different
between Europe/USA, and China (or Asia).®¥ In a
questionnaire-based, cross-sectional study conducted in
Italy of 88 hospitalised COVID-19 patients, 59 patients
were able to be interviewed include gustatory
manifestations of dysgeusia (5 patients; 8.5%) and
ageusia (1 patient; 1.7%). Furthermore, 78.9% and
21.1% patients reported reduced/discontinued or
distorted abilities to taste flavours, respectively.®!

PROGNOSIS

Data in Europe shows a 44 percent recovery rate (72.6 pe
rcent recovered within the first eight days).["” Similarly,
in the other study in the US, 74 percent of affected patien
ts, both olfactory and taste, reported improvement, associ
ated with total resolution of clinical symptoms.

Currently, the rate of restoration of short-term smell and
taste is between 44-74 percent, which is greater than
prior studies of other post viral olfactory dysfunction
such as rhinovirus, measles, syncytial respiratory virus,
and other coronaviruses. It is, however, much too early
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to determine long-term olfactory changes in COVID-19
patients and gustatory changes.®® The median time to
recovery from anosmia and ageusia was 7 days, and the
recovery time pattern is depicted in Fig. 4A and Fig. 4B,
respectively.

>
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Most anosmia or ageusia patients recovered within 3 wee
ks. Recovery from ageusia was like that from anosmia.
Young age, particularly the age group of 20-39 years,
showed a tendency to be associated with a longer
persistence of anosmia.®
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Figure 4A: Recovery time pattern of Anosmia.®
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Figure 4B: Recovery time pattern of Ageusia.®?

CONCLUSION

Around the globe, the humber of COVID-19 patients is
growing. Due to the increasing reported pieces of
evidence from several countries latest reports now
support that unexpected olfactory or gustatory
impairment may be a presenting symptom of SARS-
CoV-2 infection. Analysis into potential pathways that
underlie chemical perception changes due to COVID-19
has only just started, and much needs to be known about
SARS-CoV-2 pathophysiology. It is still uncertain

whether COVID-19 attacks chemo sensation by one or
more pathophysiological pathways, due to the variety of
symptoms documented by patients. From existing
evidence that favours the model in which SARS-CoV-2
cell entry genes are not expressed in primary or
secondary neurons in the olfactory, gustatory, and
chemesthesis systems, but are expressed in epithelial,
support, and stem cells responsible for maintaining
perception.
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ACE2 is mandatory for SARS-CoV-2 entry, high low-
level expression of ACE2 may be sufficient to promote
SARS-CoV-2 infection, meaning that SARS-CoV-2 may
apparently infect ACE2-negative cell types. The ACE2
gene is controlled by inflammation in human cells, and
primary infection and inflammation may also modulate
other SARS-CoV-2 entry genes. This finding raises the
probability of a larger cells producing ACE2 during
SARS-CoV-2 than is generally appreciated.

Smell and taste recovery predictions for SARS-CoV-2
are higher than for other post-viral infections. And within
3 weeks, these symptoms may heal. Anosmia and
ageusia are very relevant indicators of early COVID-19
identification and may be beneficial for immediate
diagnosis and treatment. It could also be helpful for
patient self-isolation, potentially facilitating the breakup
of this viral outbreak.
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