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A B S T R A C T 

Objectives: To review the current knowledge of biomolecular factors surrounding otorhinola- 
ryngeal illnesses and analyze their presence in COVID-19 virulence. Emphasis was placed on 
cytokines and vitamin D for determining susceptibility of illness. 
Methods: A primary literature search of PubMed and Google Scholar for articles published 
between January 1, 2002 to May 31, 2020, was performed without language restrictions from 

May 8, 2020 to May 31, 2020. A focused second search was conducted from October 31, 2020 to 
November 2, 2020 for articles published between January 1, 2002 to October 31, 2020. Eligible 
articles were selected after evaluation of titles, abstracts, and references. A total of 45 were 
included in this review. 
Results: Differing endotype classification schemes are used to determine cytokines present in 
chronic rhinosinusitis, asthma, and allergies. While immunologic responses and biomarkers are 
primary methods of differentiation, recent literature has also implicated geographic distribution of 
chronic rhinosinusitis patients in accounting for cytokine variations. The cytokines of interest (IL- 
4, IL-13, and INF- γ ) present in the endotypes of these conditions may point towards protective 
mechanisms against COVID-19 through downregulation of the ACE2 receptor. These cytokines 
and Vitamin D highlight new areas of study for factors affecting SARS-CoV-2 virulence. 
Conclusions: Further research is needed to understand the effects of Vitamin D and the various 
cytokines prevalent among endotypes of nasal/pharyngeal illnesses on COVID-19 pathogenesis. 
Findings may point towards epidemiologic trends of SARS-CoV-2 transmission and have future 
therapeutic indications. 

© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights 
reserved. 
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. Introduction 

The recent viral pandemic that started in Wuhan, China in
ecember 2019 has been linked to a novel strain of the coro-
avirus family. The etiologic agent has been identified as Se-
ere Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
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) and causes COVID-19 [1 , 2] . Initial reports described the
ale of live animals in Wuhan markets as the location where
rimary zoonotic infection in human hosts took place [2] . The
echanism of respiratory droplet transmission between indi-

iduals allowed widespread dissemination of the virus and
aused a large spectrum of clinical symptoms ranging from
ild to severe [1 , 2] . As further noted in the comprehensive

iterature review done by Krajewska et al. [2] , fever, fatigue
nd dry cough are common manifestations of COVID-19.
Elsevier B.V. All rights reserved. 

https://doi.org/10.1016/j.anl.2020.11.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/anl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anl.2020.11.006&domain=pdf
mailto:Neil.Jain@ttuhsc.edu
https://doi.org/10.1016/j.anl.2020.11.006


N. Jain, R. Varman, J.A. Tarbox et al. / Auris Nasus Larynx 48 (2021) 32–40 33 

H  

e  

o
 

d  

m  

c  

fl  

e  

c  

t  

T  

o  

A  

a  

u  

w  

d
 

t  

g  

v

2

 

s  

a  

p  

D  

s  

e
“  

C  

e  

t  

a  

y  

g  

a  

b  

c  

l  

w  

r
 

f  

t  

t  

e  

e  

g  

a  

t  

a  

v  

i

 

t  

f

 

 

T

3

3
i

 

C  

p  

s  

s  

t  

t  

S  

w  

p  

t  

i  

f  

n  

m  

c
 

s  

v  

s  

l  

p  

t  

e  

l  

t  

s  

A  

p  

v  

m
 

2  

p  

s  

c  

t  

s  

c  

m  

a  
owever, dyspnea, sore throat, rhinorrhea, nasal congestion,
nlarged cervical lymph nodes, and sudden anosmia may be
f interest in otolaryngologic practice as well [2] . 

Based on Center for Disease Control (CDC) advisories
uring the early onset of the pandemic, asthma patients re-
ained classified as being at increased risk for adverse out-

omes, similar to COPD [3] . Viral infections are a driver of
ares in asthma patients under normal circumstances, how-
ver early data from China suggested that asthma patients ac-
ounted for fewer than 1% of COVID-19 patients compared
o the 4.2% of asthmatic individuals in the population [4 , 5] .
his data suggested that asthma patients may have lower rates
f severe complications following SARS-CoV-2 transmission.
lthough this data did not confirm a protective mechanism

mong this population it raised intriguing questions about the
nderlying disease pathophysiology and if inflammatory path-
ays of other otorhinolaryngeal illnesses could play a role in
ecreased COVID-19 virulence. 

The purpose of this study is to review current knowledge of
he cytokines surrounding endotypes of various otorhinolaryn-
eal illnesses and discuss their potential effects on COVID-19
irulence. 

. Methods 

The databases of PubMed and Google Scholar were
earched without language restriction between May 8th, 2020
nd May 31st, 2020 for terminology such as “COVID-19
athogenesis review,” “ACE2 SARS coronavirus”, “Vitamin
 in COVID-19,” “Age in coronavirus mortality,” “Immune

ystem changes in aging review,” “Chronic rhinosinusitis
ndotype review,” “IL-5 CRS endotypes,” “Asia CRSsNP,”
United States CRSsNP,” “Asia CRSwNP,” “United States
RSwNP,” “Asthma endotypes review”, “Allergies and ACE2
xpression,” “IL-4 SARS ACE2,” and “Coronavirus cy-
okines.” Articles published between January 1st, 2002
nd May 31st, 2020 were initially screened. These filters
ielded 2621 unique results. To provide new updates re-
arding ACE2 expression patterns in the head and neck,
 second literature search was performed between Octo-
er 31, 2020 and November 2, 2020 for terminology in-
luding “ACE2 head and neck expression.” Articles pub-
ished between January 1st, 2002 and October 31st, 2020
ere initially screened. These filters yielded 24 unique

esults. 
After reviewing the article titles, abstracts, and references,

urther screening was completed independently. Inclusion cri-
eria was determined based on discussion of endotypes, cy-
okines, vitamin D and COVID-19 pathogenesis. Reasons for
xclusion included a lack of biomolecular profile and dis-
ase pathogenesis discussion, no endotype correlation to geo-
raphic populations, no relevance to the topic, and untranslat-
ble source material to the English language. A total of 45 ar-
icles were included in this review. This study was completed
ccording to the Preferred Reporting Items for Systematic Re-
iews and Meta-Analysis (PRISMA) reporting guideline and
s outlined in the supplement. 
To better assess the quality and risk of bias in each study,
he level of evidence was scored based on the Oxford Centre
or Evidence Based Medicine guide [6] , listed below: 

1. Systematic review of inception cohort studies. 
2. Inception cohort studies. 
3. Cohort study or control arm of randomized trial. 
4. Case series or case-control studies or poor-quality prog-

nostic cohort study. 

A summary and scoring of select articles are included in
able 1 . 

. Results 

.1. Coronavirus - SARS-CoV and SARS-CoV-2 nasal/oral 
nfectivity 

SARS-CoV-2 is an enveloped RNA virus belonging to the
oronaviridae family [7] . Structurally, coronaviruses are com-
rised of membrane (M), envelope (E), nucleocapsid (N) and
pike (S) proteins [1 , 7] . Infection begins when the protruding
urface S protein interacts with a cell specific host recep-
or and mediates the process of membrane fusion [1 , 7] . In
he last two decades the prominent zoonotic coronaviruses
ARS-CoV and MERS-CoV have been identified to interact
ith angiotensin converting enzyme 2 (ACE2) and dipeptidyl
eptidase 4 (DPP4) receptors, respectively [1 , 8] . Interestingly,
he aptly named SARS-CoV-2 uses an entry pathway involv-
ng ACE2 [1 , 9 , 10] . The cell surface receptor form has been
ound to be expressed in renal tissues, cardiovascular tissues,
asal goblet cells, ciliated airway cells, type II alveolar pneu-
ocytes, enterocytes of the small intestine, and cardiovascular

ells [11 , 12 , 13] . 
Moreover, recent literature has further supported expres-

ion of ACE2 in the head and neck as being highly rele-
ant for SARS-CoV-2 pathogenesis. Examination of diverse
ingle-cell RNA sequence datasets found that nasal epithe-
ial, goblet, and ciliated cells show the highest expression
atterns of ACE2 among different tissues of the respiratory
ree. [14] Immunohistochemistry studies done by Descamps
t al. [15] investigated expression patterns in seven different
ocations of the upper aerodigestive tract. Ciliated respira-
ory epithelia of the sinuses, oral mucosa, vocal cords, and
alivary glands displayed the highest expression patterns of
CE2 [15] . Weaker distributions were found in the tonsils,
haryngeal, and supra-glottic laryngeal epithelia. [15] . Blood
essel endothelial cells of sinus and larynx samples showed
oderate levels of expression [15] . 
Due to the similarity between SARS-CoV and SARS-CoV-

 in using ACE2, understanding the receptor’s pathogenic
athway has been paramount. In Li et al. [16] , the expres-
ion of ACE2 receptors was found to be upregulated under
ertain pre-existing conditions. The authors examined samples
aken from healthy volunteers and patients with a history of
moking, COPD, and asthma [16] . While COPD and asthma
ohorts had baseline ACE2 expression, levels of ACE2 were
arkedly upregulated in long term smokers [16] . Investigators

lso exposed airway epithelial cells to SARS-CoV in order to
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Table 1. Evidence table summarizing results for selected studies. 

Source Sample 
size 

Age range 
(years) 

Geographic 
distribution 

Sample Localization Pertinent results OECBM 

score 

Zhang et al. [4] 140 25-87 Wuhan, China Oropharyngeal No COVID-19 patients identified 
with asthma comorbidity 

4 

Dong et al. [5] 11 2-69 Wuhan, China Oropharyngeal Suggested that asthma and allergy 
do not appear as aggravating 
factors of COVID-19 

4 

Zhou et al. [10] 7 32-62 Wuhan, China Oropharyngeal, anal, 
blood, BALF 

ACE2 is the target receptor for 
SARS-CoV-2 

4 

Harmer et al. [11] 3 N/A United Kingdom All major organ systems ACE2 expression found in renal, 
cardiovascular, and GI tissues 

4 

Hamming et al. 
[12] 

93 N/A Netherlands Major Organ Systems 
previously affected by 
SARS-CoV 

ACE2 expression found in lung 
alveolar cells and enterocytes of 
small intestine 

4 

Descamps et al. 
[15] 

70 N/A Belgium Sinus, Tonsil, Salivary 
Gland, Glottic Larynx 
(Vocal Cord), 
Supraglottic Larynx, 
Oral Cavity, Pharynx 

Ciliated respiratory epithelia of the 
sinuses, oral mucosa, vocal cords, 
and salivary glands display the 
highest expression patterns of 
ACE2 

3 

Li et al. [16] 15 N/A United Kingdom Lung Tissue, BALF, 
Bronchial epithelial 
cells, SARS infected 
cells 

ACE2 upregulated in chronic 
smokers; SARS-CoV infection 
leads to cytokine storm 

4 

Huang et al. [18] 41 41-58 Wuhan, China Respiratory, Blood, Feces SARS-CoV-2 patients demonstrate 
elevated IL1B, IFN- γ , IP10, and 
MCP1 

3 

Zhou et al. [19] 191 > 18 Wuhan, China Respiratory, Blood, Feces Increased age associated with death 
in SARS-CoV-2 patients 

4 

Bunyavanich 
et al. [22] 

305 4-60 United States Nasal epithelium ACE2 gene expression increases 
with age 

4 

Tomassen et al. 
[28] 

262 32.8-42.8 ∗ Europe Nasal polyps, sinus 
mucosa, inferior 
turbinates 

The presence or absence of IL-5 is 
predictive of nasal polyposis 

4 

Van Zele et al. 
[29] 

48 3-70 Belgium Sinonasal mucosa CRSsNP characterized by type 1 
response in Belgian populations 

4 

Wang et al. [30] 573 13-82 Europe, Asia, 
Oceania 

Sinonasal mucosa, 
ethmoidal mucosa, 
inferior turbinate 
mucosa 

Geographic distribution of CRSsNP 
and CRSwNP patients affects 
type reactions 

3 

Tan et al. [31] 376 N/A United States Inferior turbinate, 
ethmoid mucosa, nasal 
polyps 

United States CRSsNP patients 
displayed type 2 inflammatory 
patterns 

3 

Stevens et al. [32] 255 19-76 United States Ethmoid mucosa, nasal 
polyps 

United States CRSsNP patients 
displayed type 2 inflammatory 
patterns 

4 

Milonski et al. 
[33] 

104 42.8-48.78 Poland Paranasal sinus mucosa, 
nasal polyps 

CRSwNP and CRSsNP patients 
displayed increased IL-4 and 
IL-13 

3 

Shen and Hong. 
[34] 

4 + N/A China Middle turbinate nasal 
mucosa 

CRSwNP and CRSsNp patients 
displayed increased IL-4 and 
IL-12 

3 

Nabavi et al. [35] 80 18-70 Iran Nasal mucosa CRSwNP patients displayed 
increased IL-4 but not IL-13 

4 

Wenzel et al. [37] 66 31-36 United States Endobronchial, BALF Asthma can be defined into Type 2 
high and Type 2 low endotypes 

4 

Stevens et al. [39] 1059 52-54 United States Nasal polyps AERD is common among CRSwNP 
patients 

4 

Raundhal et al. 
[41] 

66 32-47 United States BALF Type 2 low patients with SA show 

elevated INF- γ 50% of the time 
4 

Peters et al. [44] 729 35-47 United States Sputum Systemic IL-6 inflammation and 
obesity are linked with more SA 

3 

de Lang et al. 
[45] 

N/A N/A United States Vero E6 cells INF- γ and IL-4 decrease ACE2 
cell surface expression and lower 
mRNA levels 

4 

BALF = Bronchoalveolar lavage fluid; N/A = Not applicable; SA = Severe asthma; ∗ = mean age. 
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Fig. 1. Immunologic endotypes and primary cytokines involved in inflam- 
matory responses [26] . 
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nalyze possible post-exposure expression effects [16] . It was
iscovered that expression of ACE2 dramatically increased
fter 24 hours and indicated a possibility of post-infection
egulation [16] . They also found that infection led to a sig-
ificant activation of neutrophils, natural killer cells, Th17
ells, Th1 cells, dendritic cells and increased levels of IL-1,
L-6, and IL-10 [16] . These findings further led to the pos-
ulation that high levels of ACE2 expression after infection
ere involved with immune system dysfunction and followed

he clinical course of a cytokine storm [16] . Supporting this
dea in COVID-19 patients, high levels of IL-1B, IL-4, IL-
0, INF- γ , TNF- α, interferon gamma-induced protein 10,
nd monocyte chemoattractant protein 1 have similarly been
ound [2 , 17 , 18] . 

In studying COVID-19 patients, recent efforts have uncov-
red that differences in the cytokine induced immune response
an determine an individual’s prognosis following exposure.
 retrospective study done in Wuhan, China found that in-

reased age was associated with a higher likelihood of se-
ere complication and death in these patients [19] . Compared
o younger individuals, the elderly express higher counts of
CE2 receptors and weakened innate and adaptive immune

ystem responses [17 , 19 , 20 , 21 , 22] . Specifically, observations
nclude decreased T cell memory, exhaustion of the naïve
 cell population, and declines in B cell production [20] .
ging exerts significant negative effects on cells of the in-
ate immune system including the function of neutrophils,
acrophages, mast cells and eosinophils [20] . In Daneshkhah

t al. [17] , it is suggested that this weakening of the innate
mmune system leads to a higher SARS-CoV-2 viral count,
veractivation of the adaptive immune system, and a con-
equent cytokine storm. In their study, the authors analyzed
OVID-19 patients from around the globe and used the con-
ection between C-reactive protein (CRP) levels and Vita-
in D to determine a patient’s Vitamin D status [17] . It was

ound that Vitamin D deficiency may exacerbate the reac-
ion to the cytokine storm implicated in coronavirus patients
17 , 23] . Current literature supports this premise as vitamin
 has been found to inhibit antigen presenting cells in cell-
ediated (adaptive) immunity, inflammatory cytokine (IL-1 α,

L-1 β , TNF- α) expression, and pro-Th1 lymphocyte differ-
ntiation via IL-12 [24] . Thus, with a decreased inhibition of
L-12, a Vitamin D deficiency could potentially skew towards
verexpression of Th1 cytokines involved in a cytokine storm.

.2. CRS - The endotypes and cytokines involved in chronic 
hinosinusitis 

Chronic rhinosinusitis (CRS) is a chronic condition marked
y sinonasal and mucosal inflammation affecting 3 to 6% of
he population globally [25 , 26 , 27] . This condition is com-
only further differentiated by the phenotypic presence of

asal polyps (CRSwNP) or their absence (CRSsNP) [25] . Re-
ent efforts have led to the process of endotyping – a process
ocused on the use of immunohistologic biomarkers to create
ubtypes [25] . In their literature review, Dennis et al. [25] pre-
ented four distinct approaches to distinguish the development
f nasal polyposis in CRS from its counterpart. Although they
resented approaches using type 2 cytokines, eosinophils, im-
unoglobulins (IgE), and cysteinyl leukotrienes (CysLT), this

tudy explored a cytokine-based methodology to provide an
nderstanding of how this may be of value for SARS-CoV-2
25] ( Figs. 1 and 2 ). 

In their hallmark paper, Tomassen et al. [28] performed
iomarker analysis of 10 clusters using 14 different cytokine
arkers. The authors found that it was possible to match

lusters to phenotypes using differentiation via the cytokine
L-5 [25 , 26 , 28] . Patients with low IL-5 were implicated in
o development of nasal polyps (CRSsNP); high IL-5 was
esembled in nasal polyposis (CRSwNP); and moderate IL-5
as indicative of both phenotypes (CRSsNP and CRSwNP)

25 , 26 , 28] . 
Current literature defines these endotypes further by us-

ng geography to account for cytokine differences. In their
tudy, Van Zele et al. [29] sampled sinonasal mucosal tis-
ue from cohort groups in Belgium and found that CRSsNP
as characterized by a type 1 response based on elevated

NF- γ and TGF-B. These findings have been supported by
imilar findings in Chinese and Korean CRSsNP populations
27 , 30] . In a study done by Tan et al. [31] , CRSsNP spec-
mens from patients in Chicago, Illinois were analyzed with
ype 2 ( > 40%) and type 3 ( > 15%) reactions being present,
hile some did not display any reaction ( > 40%). These find-

ngs in United States CRSsNP patients were replicated with
atients from a separate study also displaying type 2 reac-
ion dominance (55%) [32] . Therefore, the conclusion was
ade that CRSsNP typically displays a Type 2 inflamma-

ory pattern in United States based populations [31] . These
ndings have gone against traditional conventions and have

ntroduced the idea that CRSsNP can no longer be general-
zed as a Type 1 inflammatory condition due to geographical
ifferences amongst populations [27 , 31] . 

CRSwNP characterization by high IL-5 levels can
e further differentiated using similar geographic logic
25 , 27 , 28 , 32] . In studies conducted in the United States, re-
ults have shown a large type 2 dominant inflammatory re-
ponse ( > 87%) with very little other type pathways present
26 , 27 , 32] . Wang et al. [26 , 27 , 30] looked at cytokine profiles
f CRS patients across Europe, Asia, and Australia and were
ble to replicate these findings in Europe and Australia co-
orts only. Surprisingly, Asian individuals displayed varying
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Fig. 2. Differentiation and Endotypes of Chronic Rhinosinusitis [25 , 26 , 27 , 28 , 30 , 31 , 32] . Legend: ∗ = Chengdu populations also express low IL-5 positivity. 
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atterns and did not seem to follow the general principles
utlined in literature [26 , 27 , 30] . Although patients from Bei-
ing exhibited type 2 reactions ( > 61%), their inflammatory
esponses were usually mixed with Type 1 and 3 patterns
resent [26 , 30] . Findings in Chengdu populations stood out
s an exception to the cited CRSwNP characteristics with low
L-5 positivity and low type 1, 2, or 3 responses [26] . 

Additional cytokines of interest in CRS patients display
ariances with multiple findings across the current litera-
ure. In patients from Poland, reverse transcription-polymerase
hain assays found significantly increased IL-4 and IL-13
RNA in comparison to controls in both CRSwNP and
RSsNP patients [33] . Enzyme linked immunosorbent as-

ay (ELISA) results from China supported the findings of
ncreased of IL-4 in both CRS types, but also indicated
hat IL-12 was elevated in their groups [34] . In a third
tudy done in Tehran, ELISA serum studies implicated that
L-13, but not IL-4 or INF- γ were elevated in CRSwNP
atients [35] . 

.3. Asthma –the endotypes and cytokines involved 

Asthma is a broad term used to describe inflammatory
irway pathways with distinct endotypes and phenotypic
resentations [36] . Asthma differentiation first appears on
n endotype basis, with further characterization occurring
n a phenotype basis [36 , 37] . Wenzel et al. [37] , first
escribed the endotype division by looking for pathologic
ifferences in asthmatic patients. They proposed that the
resence or absence of airway eosinophilia defines Type 2
igh (eosinophilic) and Type 2 low (non-eosinophilic) endo-
ypes [36 , 37] . The further cytokine involvement of asthma
athophysiology, rehashed below in this study, has previously
een examined in greater detail in a literature review by
uruvilla et al. [36] ( Fig. 3 ). 
In the Type 2 high endotype, eosinophilic innate immunity
as an early and key role in the pathophysiology of the in-
ammatory response [36 , 37] . The primary immune response
egins with airway epithelial cells (AEC) releasing cytokines
r “alarmins” such as thymic stromal lymphopoietin (TSLP),
L-25, and IL-33 [34] . IL-25 and IL-33 primarily activate
roup 2 innate lymphoid cells (ILC2) while TSLP activates

ntigen-presenting cells [36] . ILC2 cells are important inflam-
atory mediators that release IL-5 and IL-13 to begin an

arly Type 2 inflammatory response, while antigen presenting
ells induce Th2 cells for additional production of IL-4, IL-5,
nd IL-13 [36] . Unique to this response, eosinophils are re-
ruited to the site of inflammation via chemokines and they
urther exacerbate responses by releasing cytokines (IL-4, IL-
, IL-13) and cysteinyl leukotrienes (cysLT) [36] . CysLTs are
ronchoconstrictors that work cooperatively with alarmin IL-
3 to promote additional ILC2 release of type 2 cytokines
36] . IL-4 and IL-13 promote goblet cell overexpression of
ucus and airway hyperreactivity, while IL-5 plays a role in

he maturation/development of IL-5R α + eosinophil progen-
tors or other type 2 cells [36] . Subtypes of this endotype
an be defined phenotypically as early onset allergic (atopic)
sthma, late onset eosinophilic asthma, and aspirin exacer-
ated respiratory disease (AERD). The European Academy
f Allergy and Clinical Immunology has recently published a
osition paper in favor of utilizing NSAID-Exacerbated Res-
iratory Disease (N-ERD) as a more encompassing term to
eplace AERD, but this literature review will use the lat-
er for consistency [38] . Although these clinical presenta-
ions are not explored in greater detail, it is worth noting
hat AERD can lead to the development of nasal polyps con-
ributing to its complex relationship with CRSwNP patients
36 , 39 , 40] . In their study, Stevens et al. [39 , 40] summarized
hat all AERD patients have CRSwNP, but not all CRSwNP
atients have AERD. The prevalence of AERD among CR-
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Fig. 3. Differentiation and Endotypes of Asthma [36] . 
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wNP is estimated in < 10% of patients, however its true
ncidence remains unknown due to lack of epidemiological
ata [39] . 

The type 2 low endotype of asthma is marked by neu-
rophilic or paucigranulocytic inflammation and the absence
f eosinophilia [36 , 37] . Inflammation typically follows type
 and/or type 3 pathways in comparison to its counterpart
36] . Patients with severe asthma typically present with a
kewed type 1 response with elevated IFN- γ reported in 50%
f patients [36 , 41] . Individuals with skewed type 3 inflamma-
ion are characterized by production of IL-17A, IL-17F, IL-22
36 , 42] . IL-17 produces neutrophilic inflammation while IL-
 attracts neutrophils to tissues [36 , 43] . Phenotypically this
ndotype can be classified into non-atopic, smoking related,
besity related, and very late age clinical presentations [3 , 36] .
f interest, obese populations demonstrate biases towards Th1

ell differentiation, but IL-6, IL-17, and IL-22 have been
revalent in these patients [36 , 44] . In their cross-sectional
nalysis of two cohorts, Peters et al. [44] linked systemic
L-6 inflammation and obesity with more severe asthma. 

.4. Factors affecting ACE2 expression and coronavirus 
ransmission—cytokines and ACEI 

During the early stages of the global pandemic, the CDC
isted asthma and other respiratory viruses as significant risk
actors for serious disease in COVID-19 patients [3] . Early
ata from China suggested that asthma and respiratory aller-
ies were erroneously classified, and in a novel study done by
ackson et el. [3] , these findings were examined in greater de-
ail. The authors sampled three cohorts of children and adults
o elucidate if asthma or allergies reduced ACE2 receptor ex-
ression, and likely SARS-CoV-2 transmission. In the first
ohort, asthmatic children with moderate to high levels of
llergic sensitization displayed a higher reduction in ACE2
xpression than their nonallergic counterparts [3] . In the sec-
nd cohort, adults with known cat allergies were exposed to
timuli and subsequently demonstrated reduction of ACE2 ex-
ression. In the third cohort, mildly asthmatic adults were
xposed to allergic stimuli and demonstrated reduced ACE2
xpression as a result of the allergen challenges [3] . The au-
hors further differentiated that the non-atopic asthma phe-
otype was not associated with reduced receptor levels [3] .
nterestingly, these findings led investigators to identify that
L-13, a cytokine strongly present in allergic asthma, was an
mportant factor in reduced ACE2 expression in airway tis-
ues [3] . 

The premise that cytokines can downregulate ACE2 ex-
ression has previously been cited in literature during studies
one during the SARS-CoV outbreak. In a study done by
e Lang et al. [45] , INF- γ and IL-4 were found to decrease
CE2 cell surface expression and lower mRNA levels. To
etermine this, they exposed Vero E6 cells to various com-
inations of cytokines (IL-4, IL-10, INF- γ , and TNF- α) and
ested for antiviral activity [45] . By treating cells with IL-
 medium prior to infection, it was determined that IL-4 is
ost likely only effective in early coronavirus transmission

45] . Further testing revealed that antiviral activity reaches
 maximal at 48 hours, and these findings indicated that the
radual reduction of ACE2 most likely occurs via progressive
ownregulation of mRNA levels [45] . Similar downregulation
f ACE2 receptors was also found with IL-13, INF- γ , and
nhanced in an INF- γ /TNF- α medium [45] . 

The mechanism of action of ACE2 is known to oppose
hat of ACE. As ACE converts angiotensin I to angiotensin
I, ACE2 converts angiotensin II to angiotensin-(1-7) affect-
ng Mas receptors in vascular endothelial cells shifting to
asodilation from angiotensin II mediated vasoconstriction
46] . Early on there were concerns that hypertensive patients
rescribed with angiotensin-converting enzyme inhibitors
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ACEI) or angiotensin II receptor blockers (ARBs) could po-
entially demonstrate increased expression of ACE2 receptors
r inhibit function of ACE2 itself (ACEI) – both of which
ould facilitate SARS-CoV entry into host cells [46] . Also, it
as been noted that high levels of serum ACE2 with other cy-
okines is a poor prognostic sign in COVID-19 patients who
equire hospitalizations [46] . Since there has been no concrete
linical evidence to support or dispute the above concerns,
he American Heart Association, the American Heart Failure
ociety and the American College of Cardiology have all
dvised the continuation of prescribed ACEI and ARB [46] . 

. Discussion 

In this literature review, we sought to examine the
athophysiology of COVID-19 virulence and the cytokines
nvolved in classification schemes of otorhinolaryngeal ill-
esses. SARS-CoV and SARS-CoV-2 both use the ACE2
eceptor for entry into cells so correlating the cytokines found
n these illnesses may provide insight into susceptibility of
llness. In CRS, it was demonstrated that geography plays
 role in the prevalence of CRS endotypes and cytokine
ifferences. Except for certain Chinese populations, the clas-
ification based on IL-5 levels appears to be a notable way
o endotype CRSwNP and CRSsNP patients [28 , 30] . Typical
RSwNP and United States CRSsNP patients displaying type
 responses correlate with increased IL-4, IL-5, and IL-13. As
revious SARS-CoV studies have found that IL-4 and IL-13
ecreased ACE2 expression, this raises the question whether
nhancement of these cytokines can serve as protective
echanisms from SARS-CoV-2 in patient populations [45] .
RSsNP patients in Belgium, China, and Korea displaying

ype 1 reactions may similarly show protection due to their
ncreased INF- γ levels [45] . 

Although the elderly or long-term smokers are high risk
opulations due to high expression of ACE2 receptors, atopic
sthma and allergy data have suggested their exclusion as
isk factors due to lowered ACE2 rates. In the type 2 high
ndotype of asthma, IL-4 and IL-13 were identified again
s having a significant role in the cytokine responses of
hese illnesses [36] . In atopic allergies, IL-13 only was
etermined to be a key player in reducing ACE2 expression
3] . Interestingly, severe Type-2 low asthma patients which
kew towards Type 1 reactions may express elevated INF- γ
36 , 37 , 41] . These findings again raise the question of whether
 protective mechanism exists in these populations to reduce
omorbidity with COVID-19. More studies are needed to
nvestigate the implications of these cytokines of interest on
OVID-19 transmission rates. Although it has been shown

hat asthma accounted for a low percentage of COVID-19
atients in China compared to controls, no study to our
nowledge has looked at either asthma or allergy COVID-19
atient epidemiology globally [4 , 5] . Further consequences
f these findings may correlate with SARS-CoV-2 hotspots
hroughout the world. 

The cytokines of interest (IL-4, IL-13, INF- γ ) and vi-
amin D create questions about possible treatment options
or COVID-19. In SARS-CoV patients, only IL-4 was
hown to demonstrate antiviral activity if administered prior
o infection [45] . More work is needed to correlate this
nding to possible prophylaxis for SARS-CoV-2 infection
nd its efficacy. The prominent cytokine storm that occurs
fter infection may point post-infection treatment towards
xamining vitamin D levels. Current literature states that
itamin D deficiency skews towards an overproduction of
ype 1 cytokines, however as observed in Li et al. [16] , Type
 cytokines may remain elevated in COVID-19 patients.
er Ebadi et al. [23] , no study to date has performed high
ose vitamin D treatment in COVID-19 patients. We support
heir suggestion that serum testing be done at various stages
f the disease to further understand and classify risk of
rogression [23] . The implications of the above findings may
oint towards new therapeutic options against COVID-19. 

.1. Limitations 

This literature review has important limitations that should
e considered. The SARS-CoV-2 pandemic represents a re-
ent ongoing event with most published literature taking place
ithin the past 8 months. Although many studies were exam-

ned to gain a broad background for analysis, new findings de-
cribing COVID-19 transmission may affect this study. In ad-
ition, no language filters were applied when searching public
atabases. With a large amount of data reporting originating
n China, literature that remained untranslated to the English
anguage was excluded. This may have led to a screening bias
nd the exclusion of relevant data. 

. Conclusion 

Continued research is needed to understand the effects of
itamin D and the various cytokines prevalent among en-
otypes of nasal/pharyngeal illnesses on COVID-19 patho-
enesis. Findings may point towards epidemiologic trends of
ARS-CoV-2 transmission and new treatment options. 
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