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Abstract

Human coronaviruses (HCoVs) such as HCoV-229E or OC43 are responsible for
mild upper airway infections, whereas highly pathogenic HCoVs, including SARS-
CoV, MERS-CoV and SARS-CoV-2, often evoke acute, heavy pneumonias. They tend
to induce immune responses based on interferon and host inflammatory cytokine
production and promotion of T1 immune profile. Less is known about their effect
on T2-type immunity. Unlike human rhinoviruses (HRV) and Respiratory Syncytial
Virus (RSV), HCoVs are not considered as a dominant risk factor of severe exacer-
bations of asthma, mostly T2-type chronic inflammatory disease. The relationship
between coronaviruses and T2-type immunity, especially in asthma and allergy, is
not well understood. This review aims to summarize currently available knowledge
about the relationship of HCoVs, including novel SARS-CoV-2, with asthma and al-

lergic inflammation.
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1 | INTRODUCTION

Coronaviruses are a group of related viruses that infect birds
and mammals. Seven strains are known that cause disease in humans.
Low pathogenic HCoVs: 229E, OC43, NL63 and HKU1 commonly
circulate in the environment and usually evoke mild, self-limiting
upper airway infections, such as common cold. Two of 3 novel
highly pathogenic HCoVs - SARS-CoV (Severe Acute Respiratory
Syndrome-CoV), described in Guangdong, China, in 2002, and MERS-
CoV (Middle East respiratory syndrome-CoV) found in Saudi Arabia, in
2012, more often tend to invade lower respiratory tracts. Both vi-
ruses were blamed for epidemics of pneumonia and severe acute re-
spiratory distress, with case fatality rate reaching 11% and 36%, for
SARS-CoV and MERS-CoV, respectively.!® The last one SARS-CoV-2
was identified recently in 2019 in Wuhan, Hubei province in China,
and is being responsible for currently ongoing pandemic of corona-
virus-induced disease-19 (COVID-19).* Center for Systems Science
and Engineering (CSSE) at Johns Hopkins University (JHU) reported
7 394 801 COVID-19 cases caused by SARS-CoV-2 world-wide since

asthma, coronavirus, COVID-19, SARS-CoV-2, Th2 response

December 2019 until 10 June 2020.° Although the mortality for
SARS-CoV-2 infection is lower, as it reaches 5.2%, the new corona-
virus seems to be more contagious and is characterized by higher
morbidity.>

The aim of this review is to summarize currently available knowl-
edge about the relationship of HCoVs, including novel SARS-CoV-2,

with T2-type immunity, asthma and allergic inflammation.

2 | HUMAN CORONAVIRUSES INDUCE
MODERATE INTERFERON AND ROBUST
INFLAMMATORY CYTOKINE PRODUCTION

HCoVs are positive-sense, single-stranded RNA viruses belonging to
a subfamily of the Coronaviridae.! Like many other respiratory RNA
viruses, including human rhinovirus (HRV), Respiratory Syncytial
Virus (RSV) or influenza virus, they elicit universal innate immune
response in human airways, targeting primarily epithelium followed

by the attachment to cellular receptors by surface spike proteins.
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Upon internalization to the cytoplasm, viral RNA is sensed by innate
immune pattern recognition receptors (PRRs), such as membranous
Toll-like receptor 3 (TLR3), cytosolic retinoic-acid inducible gene |
(RIGI) and melanoma differentiation-associated protein 5 (MDA-5),
leading to interferon regulatory factor 3 (IRF3) and IRF7 activation.
Subsequent induction of type | (IFN-a, IFN-B) and type Il (IFN-v) in-
terferon synthesis results in an activation of immune antiviral effec-
tors such as T cytotoxic lymphocytes (Tc), natural killer cells (NK) and
macrophages, allowing viral clearance.? Parallel activation of NF-xB
results in a range of inflammatory mediator production.

Activation of inflammatory and antiviral responses strongly de-
pends on HCoVs pathogenicity. Highly pathogenic HCoVs are more
likely to cause immune dysregulation, encompassing a robust in-
flammatory cytokine and chemokine release, called the cytokine
storm, which may be accompanied by the low interferon-related
response that consequently enables virus to evade the immune
system® (Figure 1). Indeed, in severe patients infected with SARS-
CoV and MERS-CoV, highly elevated concentrations of TNF-«, IL-6,
IL-1, IP-10, MCP-1 and IL-8 have been observed.®” HCoVs-infected
monocytes, macrophages, dendritic cells (DCs) and T cells may also
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produce inflammatory cytokines and chemokines.'®*® Enhanced
serum cytokine levels correlate with increased neutrophil and mono-
cyte numbers in peripheral blood compared to individuals with mild
to moderate disease. Extensive lung infiltration with neutrophils and
macrophages, necrosis of bronchiolar epithelium, diffuse alveolar
damage and oedema lead to acute respiratory distress syndrome
(ARDS).61

Similarly to SARS-CoV and MERS-CoV, novel highly pathogenic
SARS-CoV-2 has been recently shown to evoke a cytokine storm,
encompassing high IP-10, MCP-1, MIP-1a, M-CSF, G-CSF, TNF-q,
IL-1, IL-2, IL-7 levels in plasma and bronchoalveolar lavage fluid of
patients requiring admission to the intensive care unit and in those
with severe or lethal COVID-19.41%%

3 | CORONAVIRUS INFECTION, T-TYPE
IMMUNITY AND ASTHMA EXACERBATIONS

Next to a wide range of host inflammatory cytokines, markedly in-
creased T1-type cytokines: IFN-y, IL-12 and IL-17 concentrations

FUNCTIONS
@ — . e V—l TR p ey
P g ie Mediator and regulator of immune
|§ 5] _ i response
| & E IFN-a/$ i* Activator of macrophages and
(@ E S IFN-y i inducer of Class Il major
( "E i histocompatibility complex (MHC)
EE / Pt molecule expression
Epithelium [ i« Mediators of the inflammatory
£ - i response
g o| IL-1B i* Stimulate naive CD4+ T cell
E| IL-2 i differentiation into Th1 and Th2
g = H
s o| IL-6 i lymphocytes :
E E., TNF-a i Mediate fever and the acute phase
> i response :
D;-: ie Regulation of immune reponse
-Chemotactlcactlwty
3 i» Recruiting inflammatory cells
£ MCP-1 i» Wound healing
=< MIP-1 i* Activation and recruitment of T
(=} H
= IP-10 i cells, monocytes and NK cells
3] RANTES i* Role in homing and migration of
s i effector and memory T cells durlng
— i acute infection
Monocytes i
&
=) towards granulocytes
e H
g i (neutrophils, eosinophils, and
“— GM-CSF i basophils) and monocytes
= M-CSF i Regulates the proliferation,
E differentiation, and functional
5 ¢ activation of monocytes
Macrophages . Y-
"CYTOKINE STORM"

FIGURE 1 Hostinflammatory cytokine immune response to HCoVs infections. Symbol explanation: green arrow, desirable antiviral
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were observed in severe SARS-CoV and MERS-CoV-infected pa-
tients.”?2922 Vijrus-specific Th cells of these individuals could pro-
duce large amounts of IFN-y. This Thl polarization induced by the
virus might persist, as specific memory T lymphocytes were shown
to produce IFN-y several years after infection.?® Besides, SARS-CoV
and MERS-CoV were shown to induce IFN-y and IL-12 production
in DCs and monocytes/macrophages.’® 1224 These T1-type cytokines
orchestrate cell-mediated antiviral immune responses. Besides, they
promote polarization of naive T cells towards Th1-profile and the de-
velopment T cytotoxic cells (Tc).25'26 On the other hand, serum levels
of T2-type cytokines: IL-4, IL-5 and IL-13 were unchanged in the above
mentioned SARS and MERS patients or were slightly decreased (IL-4),

also in disease convalescent individuals??%%2 (

Figure 2). In patients
with the novel COVID19, apart from host inflammatory cytokine
robust release, the increased IFN-y and IL-12 serum concentrations
and T17-related responses were also observed.'”'*?” Additionally,
Huang et al and Liu et al have recently noted the surprising concomi-
tant elevation of serum IL-4, which might suggest the different fea-
tures of SARS-CoV-2 with regard to T2-profile induction from other
HCoVs.Y”?” However, Wen at al. did not note any increase of IL-4
during the course of infection.?® Severe COVID-19 individuals had
lymphopenia and low Th cell numbers.??3° One should underline that
instances of immunological abnormalities caused by coronaviruses
mentioned above may depend on the strength of viral pathogenicity,
severity of the infection and failure of the immunity.

Interestingly, other RNA respiratory viruses, including human
rhinovirus (HRV) and respiratory syncytial virus (RSV), tend to in-
duce T2-related immune responses, especially in allergic patients,
as they facilitate IL-33 and IL-25 epithelial production and favour
mucosal innate lymphoid cells 2 (ILC2) and Th2 cell predominance
providing high amounts of IL-4 and IL-5, thus leading to eosinophil
attraction into the lungs and triggering exacerbations in majority of

asthma patients.313¢
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Lack of significant activation of T2-type immunity by HCoVs sug-
gests that these viruses may not have particular capacity to enhance
asthmatic T2-like inflammation as compared to other several respiratory
viruses. Indeed, unlike HRV or RSV, low pathogenic HCoVs, SARS-CoV
and MERS-CoV are not considered as significant risk factors for the de-
velopment of asthma exacerbations. Meta-analysis of 63 studies from
1971 to 2017 revealed that HCoVs, mostly 229E, OC43 and NL63, were
related on average to 8.4% of asthma flares, which depended on age,
type of respiratory infection and region: in Europe—9.6%, Asia—5.4%,
America—14.2% and Oceania—1.8%.%” In West Indies, only in 1.3% of
children with all asthma exacerbations, HCoV-OC43 was detected,
whereas HRV and RSV were most prevalent.38 In Leung's et al study,
HCoV-229E or OC43 were observed only in 4.8% of all viral asthma
exacerbations in children living in Hong Kong, China.®? Virus carriers,
including asthmatics, may, however, be asymptomatic. Stable asthmatic
individuals were shown to more likely carry respiratory viruses, includ-
ing HCoV (8.3%) and HRV (25%), without any symptoms. Furthermore,
these viruses were also found in up to 18% of healthy individuals.*°

Based on above-mentioned results in cohorts of patients with
airway infections with low pathogenic HCoVs or severe SARS-CoV
or MERS-CoV, individuals with asthma and/or allergy are not noted
or they comprise very small numbers. T cell profiles of immune re-
sponse in HCoVs-related asthma exacerbated patients were not in-

tensively investigated.

4 | ALLERGIC INFLAMMATION AND
SUSCEPTIBILITY TO CORONAVIRUS
INFECTIONS

What is now worth paying particular attention is that according to
preliminary epidemiological data, asthma and allergies do not seem
to be a risk factor for SARS-CoV-2 infection.*! Existing studies have
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FIGURE 2 Different types of immune response in HCoVs infections. Symbol explanation: 1, increase; 1, decrease; «, constants; |—
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not shown an expected prevalence of asthmatic individuals among
COVID-19 patients.*> A hypothesis has recently appeared that
asthma or allergy might surprisingly decrease the risk of SARS-CoV-2
infection, which tends to be associated with the decreased airway ep-
ithelial angiotensin-converting enzyme 2 (ACE-2) expression in aller-
gic asthma patients as compared to healthy individuals.*>** ACE-2 is
used by SARS-CoV-2 as a entry receptor. Moreover, allergen provoca-
tion of the upper and lower respiratory tract inducing allergic airway
inflammation was shown to lead to a significant decrease in ACE-2 ex-
pression, suggesting possible relationship between allergic inflamma-
tion and assumed lower susceptibility to SARS-CoV-2 infection.** In
addition, vast majority of patients with lethal disease outcome were
noted to have low numbers of peripheral blood eosinophils, which
are predictor cells of T2-type immune activity.*® The key T2 cytokine
which is presumed to be responsible for deep ACE-2 down-regulation
is I.-13.4* These data suggest that certain aspects of type 2 immune
response and accumulation of eosinophils might provide potential
protective effects against COVID-19.*2 However, another study did
not find any differences in ACE-2 expression in sputum cells between
asthma and healthy individuals.*® This work did not, however, distin-
guish between allergic and non-allergic asthma background.

What may have a clinical relevance, inhaled glucocorticosteroids
(GCS) intake, with an exception of triamcinolone and nasal cortico-
steroids, has been shown to be associated with reduced expression
of both ACE2 and TMPRSS2 protease.***> One should also consider
a significance of a biological treatments of asthma and other aller-
gic diseases in susceptibility to CARS-CoV-2 infection. Primary data
show that only 2 of 245 patients with atopic dermatitis treated with
anti-IL-4/13 therapy developed COVID-19.%¢ However, the effect of
other anti-T2 immune response biological is, yet, unknown.

As far as other HCoVs are concerned, regulation of their entry
receptor expression by T2-type cytokines appears to be different.
Research results show that IL-4, IL-13, but also IFN-y—the representa-
tive of T1-immunity—may increase expression of both aminopeptidase
N (APN/CD13, a receptor for HCoV-229E), and dipeptidyl-peptidase
IV (DPPIV/CD26, a receptor for MERS-CoV).*’~*° Moreover, contrary
to the inhaled GCS, systemic GCS, including hydrocortisone and
dexamethasone, tested, to note, several years ago, were shown to
up-regulate APN/CD13, but to reduce DPPIV/CD26 expression.*’ No
effect of other inflammatory cytokines IL-1, IL-2, IL-6, IL-7, IL-12, IL-15
on APN/CD13 and DPPIV/CD26 was observed.*®4%51 Finally, both
TGF-p and TNF-a reduced DPPIV/CD26 expression, but did not affect
APN/CD13.%® However, not all studies confirm these observations.>°
The research in this field was mostly conducted many years ago and
only one concerned epithelial cells (B2Bs), whereas the others were
based mainly on fibroblasts and immortalized cell lines, which actually

makes their interpretation in susceptibility virus infection difficult.

5 | SUMMARY

The relationship between coronaviruses and T2-type immunity, es-

pecially in asthma and allergy, is not well understood and still poses
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unresolved dilemma. Considering limited and not coherent data, the
establishment of the effect of HCoVs on T2-type immunity and the
role of T-type profiles in determining susceptibility to coronavirus in-
fection and asthma exacerbations needs intense investigation. The
threat of inevitable exposure of human population to HCoVs world-
wide, including SARS-CoV-2, in up-coming years should, therefore,
mobilize the scientific society to take measures to research HCoVs,
in the field of asthma and allergy.
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