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ABSTRACT

Background: Both, allergen immunotherapy (AIT) and SARS-COV-2 infection cause a set of immunologic changes that
respectively vary during the course of the treatment or the disease.

Objective: To review immune changes brought along by each of these entities and how they might interrelate.

Methods: We start presenting a brief review of the structure of the new coronavirus and how it alters the functioning of the
human immune system. Subsequently, we describe the immune changes induced by AIT and how these changes could be favor-
able or unfavorable in the allergic patient infected with SARS-CoV-2 at a particular point of time during the evolving infection.

Results: We describe how a healthy immune response against SARS-CoV-2  develops, versus an immune response that is initially
suppressed by the virus, but ultimately overactivated, leading to an excessive production of cytokines ( cytokine-storm-like). These changes
are then linked to the clinical manifestations and outcomes of the patient. Reviewing the immune changes secondary to AIT, it becomes
clear how AIT is capable of restoring a healthy innate immunity. Investigators have previously shown that the frequency of respiratory
infections is reduced in allergic patients treated with AIT. On the other hand it also increases immunoregulation.

Conclusion: As there are many variables involved, it is hard to predict how AIT could influence the allergic patient’s reac-
tion to a SARS-CoV-2 infection. In any case, AIT is likely to be beneficial for the patient with allergic rhinitis and/or allergic
asthma in the context of the SARS-CoV-2 pandemic as controlling allergic diseases leads to a reduced need for contact with
healthcare professionals. The authors remind the reader that everything in this article is still theoretical, since at the moment,

there are no published clinical trials on the outcome of COVID-19 in allergic patients under AIT.
(Allergy Asthma Proc 42:187-197, 2021; doi: 10.2500/aap.2021.42.210013)

D uring the coronavirus disease 2019 (COVID-19)
pandemic, groups of different medical specialties
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have given specific recommendations related to their
area of greatest experience."” Similarly, guidelines have
been published in relation to allergen immunotherapy
(AIT) in times of COVID-19.° An interesting finding in
the initial epidemiologic reports is that allergy and other
conditions with type 2 inflammation do not seem to p
resent a risk factor associated with severe COVID-19, G
and analysis of data suggests that the T-helper type 2
(Th2) dominant immune changes secondary to allergic
asthma could confer benefit through downregulation of
the late-phase hyperinflammation commonly seen with
severe respiratory viral diseases, including coronavirus.”
To the best of our knowledge, the potential benefit that
AIT may have in patients with allergic diseases during
the pandemic due to its regulatory response has only
briefly been addressed."”

An exhaustive bibliographic review with regard to
the pathophysiology of COVID-19 and the mecha-
nisms of action of AIT was carried out by a special ad
hoc working group of Mexican allergists/immunolo-
gists. As a result, in this review, we included a brief
summary of the immunologic changes secondary
to the severe acute respiratory syndrome (SARS)
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Fig. 1. Getting to know the virus. SARS-CoV-2 has three types of proteins. Among structural proteins, S is subdivided into S1 and S2.
The RBD lies in the subunit S1, which binds to the outer surface of the claw-like structure of ACE2. The virus uses the host cell serine pro-
tease TMIPRSS2 and cathepsin L for its S protein priming, thus preparing the S for membrane fusion. Among NsPs, NsP12 promotes viral
gene replication, NsP5 promotes assembly of new virions, and NsP3 inhibits the cell response through interferon production. Among the
accessory proteins (ORF), several of them enhance viral replication, whereas others inhibit the antiviral response with interferons. SARS-
CoV-2 = coronavirus associated with severe acute respiratory syndrome type 2; S = spike protein; RBD = receptor-binding domain;
ACE2 = angiotensin-converting enzyme 2; TMPRSS2 = type 2 transmembrane seine protease; NsP = nonstructural protein; ORF = open
reading frame (for antic protein) (RNAm sequence between a translation initiation codon and a termination codon). The left part of figure 1
is adapted from Katsnelson A. What do we know about the novel coronavirus’s 29 proteins? 2020. Available from: https://cen.acs.org/
biological-chemistry/infectious-disease/know-novel-coronaviruss-29-proteins/98/web/2020/04. Last accessed January 6th, 2021. Adapted

from Ref. 68.

coronavirus of 2003 and coronavirus associated with
SARS type 2 (SARS-CoV-2) by focusing on the differ-
ent stages of the immune response against the virus,
followed by the effects of AIT on the innate immunity
and its possible influence on the morbidity of respiratory
infections in patients with allergic diseases. The informa-
tion presented in this document is up to date at the time
of its creation October 2020. However, it must be
weighed in the current context in which evidence on this
topic is mainly based on preliminary data, and knowl-
edge is advancing with breakneck speed. Thus, it should
yet be considered as a “work in progress.” In this review,
we did not discuss in detail other coronavirus-related
pathological mechanisms that could contribute to multi-
ple organ damage. D.E. Larenas-Linnemann and J.A.
Ortega-Martell contributed equally to this article.

SARS-CoV-2 STRUCTURE AND ITS PROTEINS
Studies in human and animal models have demon-
strated that SARS-CoV-2 is an RNA virus, with a posi-
tive single chain. Its genetic material codifies for 29
proteins: structural, nonstructural, and accessory (Fig.
1). Basically, SARS-CoV-2 uses angiotensin-converting
enzyme-2 (ACE2), a membrane-bound receptor, for
entry and the adjacent serine protease transmembrane
serine protease 2 (TMPRSS2) for spike (S) protein pri-
ming. The S protein in the viral spike is normally
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present as a trimeric; it contains two subunits, S1 and
52, with the former binding to the host receptor, ACE2,
and the latter mediates fusion with the host’s cell
membrane.'' This has led to the hypothesis that known
TMPRSS2 inhibitors approved for clinical use (such as
bromhexine) might block the priming of SARS-CoV-2
and potentially have antiviral activity.'?

The interaction between the viral S protein and the
host’s membrane-bound ACE-2 and TMPRSS2 allows
the virus entrance into the upper respiratory airway epi-
thelium and, later on, to the surfactant-generating type II
pneumocytes in the lower airway. Both type II pneumo-
cyte destruction and fibrin production exacerbate lung
damage once viral pneumonia is present. Moreover,
SARS-CoV-2 can infect other organs' as ACE2 and
TMPRSS2 messenger RNA (mRNA) has been observed
in the heart, digestive tract, liver, kidney, and brain, and
in the epithelial cell lining of the nose, trachea, and distal
airways.'* Also, some nonstructural proteins of the coro-
naviruses (SARS-CoV, coronavirus associated with
Middle Eastern respiratory syndrome [MERS-CoV], and
SARS-CoV-2) interfere with the antiviral innate immune
response, as reviewed below.'>”

IMMUNE RESPONSE TO SARS-CoV2 in the context
of cell biology and clinic

In Fig. 2, we present how SARS-CoV-2 can interact
with the host when a healthy immune response is
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Fig. 2. Healthy antiviral response. SARS-CoV-2 binds to the cells through the ACE2 receptor and cell entrance is supported by cleavage of S
protein by TMPRSS2. During viral replication, the cell undergoes changes that lead to death from pyroptosis, and the release of DAMP that, to-
gether with PAMP from the virus, activate TLRs and other sensors that induce the production of inflanimatory cytokines and type I and 11
IFNSs. In a healthy immune system, the resulting inflammatory response (T cells, NK T cells, IFN-vy, M1 macrophages) eliminates the virus, ina
well-controlled manner to not cause further damage (M2 macrophages, Tregs), leaving neutralizing memory antibodies (specific IgG). SARS-
CoV-2 = Coronavirus associated with severe acute respiratory syndrome type 2; ACE2 = angiotensin-converting enzyme 2; S = spike;
TMPRSS2: type 2 transmembrane seine protease; DAMP = damage-associated molecular pattern; PAMP = pathogen associates molecular pat-

tern; TLR = toll-like receptor; IEN = interferon; NK = natural killer; Treg = regulatory T cell; IgG = immunoglobulin G.

generated, which can help eliminate the virus and pro-
duce immunologic memory. An essential part of the ini-
tial response to the virus is carried out through the
recognition of damage-associated molecular patterns
and pathogen-associated molecular patterns through in-
tracellular receptors, with the subsequent production of
interferon (IFN) and other proinflammatory cytokines.
During the first phase of a coronavirus infection type
I IEN, produced by pneumocytes, epithelial cells, mac-
rophages, and dendritic cells, should play a crucial
role in the antiviral defense.'®'® However, since the
previous SARS-CoV epidemic, researchers have dem-
onstrated dysregulation of the innate immune system,
whose activation is initially blocked and delayed by vi-
ral evasion mechanisms. Both, SARS-CoV and Middle
Eastern respiratory syndrome (MERS) viruses activate
mechanisms that impair viral clearance by interfering
with the antiviral function of IFNs.'® These mecha-
nisms can be divided into the following: (a) evasion,
when the virus protects itself and its products so that
the infected cell does not recognize them as foreign
proteir\szo; (b) suppression of IFN transcription, in
which the virus inhibits intracellular activation of IFN
transcription”*; and (c) suppression of IFN signaling,
when viral products block IFN receptors and IFN-in-
ducible genes (Fig. 3).>>* With the information gener-
ated from the structural studies of the SARS-CoV-2
that causes the COVID-19 pandemic to date, a similar
reduction of IFN production seems to be confirmed,
although the exact mechanisms are not yet known, and
evidence with regard to the functionality of these pro-
teins is still controversial.?® Also, it seems that SARS-
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CoV-2 has other added resources to evade or probably
directly affect cells of the immune system.

Immunotypes. A study by Mathew et al*” focused on
125 patients hospitalized with COVID-19, revealed
that, although cluster of differentiation antigen (CD)
4" and CD8" T-cells were activated in some patients, T-
cell responses were limited in others. In many patients,
CD4 and CD8 T-cell proliferation (measured by KI-67
increase) and activation (detected by CD38 and human
leukocyte antigen-DR co-expression) were consistent
with antiviral responses observed in other infections.
Plasmablast responses were present in many patients,
reaching >30% of the total B cells, which reflected
strong acute activation of the B-cell compartment and
the subsequent maturation into antibody-producing
plasma cells; as such, most patients made SARS-CoV-
2-specific antibodies. Two hundred immune parame-
ters were clustered into two major immune response
components and a third pattern that lacked robust
adaptive immune responses, which revealed immuno-
types of COVID-19.

It is most likely that, due to this initial suppression of
the immune response, the first days after infection, the
patient is asymptomatic (Figs. 2 and 3), but, even so,
contagious, shredding large amounts of viral particles.
However, in advanced stages, the same IFNs that were
first repressed are now released from various cells.?® At
this later stage, viral replication is not the prime patho-
logic mechanism any more. Instead, the hyperactivation
of the immune response is now causing the major dam-
age, as was skillfully reviewed by Bellanti®; at this point,

189



W SARS-CoV-2 S

Proteins:

IFIT, PARPS

Anfiviral

Fig. 3. (A-C) Antiviral response with IFNs and evasion mechanisms of coronavirus. When viral proteins and their genetic material enter
into the cell (I), they are recognized by different membrane (TLR3, TLR7), and intracytoplasmic (RIG-I, MDAS) sensors (II), activating
nuclear factors (III) that induce transcription of type I IFN and proinflammatory cytokine genes (IV). Subsequently, type I IFNs (a and 3)
act through their receptor kinases and nuclear factors to induce the activation of genes that produce proteins with antiviral effect (V).
SARS-CoV-2 can inhibit IFN synthesis or expression of IFN-induced genes or increase resistance to the effects of IFNs. IFN = Interferon;
TLR = toll-like receptor; RIG-I = inducible gene of type I retinoic acid; MDAS = protein associated with melanoma differentiation; SARS-
CoV-2 = severe acute respiratory syndrome coronavirus 2; ACE2 = angiotensin-converting enzyme 2; IRF = interferon regulatory factor;
ISG= interferon simulator gene; IFIT = interferon-induced proteins with tetratricopeptide repetition; NF-kB = nuclear enhancer factor of

the light k chains of activated B cells; NsP = nonstructural protein; ORF = antic proteins for open reading frame.

an increase in the production of cytokines, such as inter-
leukin (IL) 18, IL-6, IL-8; XCX ligand chemokine 10; and
tumor necrosis factor a, from type II pneumocytes, has
been demonstrated.’** This is generally known as the
“cytokine storm,” although the magnitude of the rise in
these cytokines in COVID-19 is 100-1000 times lower
than the levels seen in real cytokine storm syndromes.>*
A cross-sectional study showed that the blood of
convalescent patients with moderate-to-severe
COVID-19 exhibited robust memory T-cell responses
(detected by CD38 expression) months after infec-
tion, even in the absence of detectable circulating
SARS-CoV-2 antibodies.’®> Many T cells also exp-
ressed HLA-DR, short for: Marker of proliferation
Ki-67, and Programmed cell death protein-1 PD-1,
which indicated a combined activation—cycling phe-
notype. Specific T cells against SARS-CoV-2 gener-
ated anamnestic responses to antigens of the internal
(nucleocapsid) and surface proteins (membrane
and/or spike) in the convalescent phase. Inte-
restingly, the investigators® also found memory T-
cell responses in several healthy blood donors who
lacked detectable circulating antibodies against
SARS-CoV-2, which implied that seroprevalence as
an indicator may underestimate the extent of popu-
lation-level immunity against SARS-CoV-2. Thus, a
previously unanticipated degree of population-level
immunity against COVID-19 probably preexists in
the T-cell compartment, maybe induced by exposure
to other coronaviruses. Future work should have to
determine if memory T-cell responses in the absence
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of detectable circulating antibodies can protect
against severe forms of COVID-19.

Unfortunately, up to 20% of patients who are infected
fail to generate an adequate immune response and pro-
gress over the following days to severe disease, with
rapid progression, often fatal, affecting vital organs (Fig.
4), partly due to the viral activity but mostly due to the
hyperactivated host defenses, sometimes accompanied
by bacterial superinfection. In patients with severe dis-
ease as opposed to patients with mild disease, Meckiff et
al*® found increased proportions of cytotoxic follicular
helper cells and cytotoxic T-helper cells (CD4-CTLs [cy-
totoxic lymphocytes]) responding to SARS-CoV-2, and a
reduced proportion of SARS-CoV-2 reactive regulatory
T cells (Treg). Thus, immune stimulation during the ini-
tial stages of the infection and immune regulation in later
phases should probably be beneficial.*”

INFECTION WITH SARS-COV-2 IN THE
CONTEXT OF CELL BIOLOGY AND CLINIC

As for the clinical response to the virus and cell biology,
three different stages can be defined 1) early phase, 2)
lung damage and 3) overactivation of the immune system
with hyperinflammation.® In Fig. 5, we integrate these
stages with the immune changes described above and the
potential contagiousness in each stage.

SARS-CoV-2 AND THE AFFECTED ORGANS

The lungs are the main target organs during SARS-
CoV-2 infection because the respiratory tract is the

May 2021, Vol. 42, No. 3
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Fig. 4. Abnormal antiviral response. The mechanisms of virus evasion promote immune system dysfunction with a slow and weak initial
response (IFN, NK, and cytotoxic T cells), followed by an uncontrolled (low Tregs) and excessive late response (high MIM@, IL-6), which
generates a hyperinflammatory response (cytokine-storm-like) that induces coagulopathy and secondary damage at systemic endothelial
level as well as at the alveolar level. Chronic inflammation and/or immunosuppression caused by one or more comorbidities may promote
severe multiorgan damage that compromises the patient's life (e.g., cancer, chronic kidney disease, chronic obstructive pulmonary disease,
immunocompromised state [weakened immune system] from solid organ transplantation, obesity [Body Mass Index (BMI) of =30 kg/m?],
serious heart conditions, such as heart failure, coronary artery disease, or cardiomyopathies, sickle cell disease, type 2 diabetes mellitus).
IFN = interferon; NK = natural killer cell; Treg: regulatory T cell; MIM@ = M1 macrophage; IL = interleukin; BMI = body mass index;
ACE2 = angiotensin-converting enzyme 2; HTAs = systemic high blood pressure; MfM1 = type 1 transmembrane mitochondrial magne-
sium transporter; CNS = central nervous system; Tc = cytotoxic T cell; HIV = human immunodeficiency virus.

main entrance pathway of the virus, in addition to the RISK FACTORS IN SARS-CoV-2 CASE SERIES
high concentration of ACE2 in type II pneumocytes

(Fig. 6). The sensitivity of type Il pneumocytes to the vi- Depicted in the upper part of Fig. 4 are the plausi-
rus, due to the expression of ACE2 on their surface, can ble COVID-19 risk factors. Theoretically, pathologies
vary markedly between individuals.”* Interestingly, that cause immunosuppression or damage to respi-
there is a reduction in the expression of ACE2 on the ratory mucosa or the endothelium may have a
cell surface after infection with SARS-CoV-2, which higher risk to evolve unfavorably. Yet, with the pres-
results in an enzymic imbalance between ACE, the ent data, it is still preliminary to draw solid conclu-

enzyme that produces angiotensin II (AT-1I) and ACE2, sions, and it also seems that SARS-CoV and MERS
the counter-regulatory enzyme. This reduction in ACE2 data cannot be fully extrapolated. To date, there are
favors an increase in AT-II, which induces vasoconstric- two large COVID-19 case series. In the first study, of
tion and hypertension.” Thus, although ACE2 is the re- 44,672 cases in China, Wu and McGoogan®' showed
ceptor for SARS-CoV-2 and a reduction in ACE2 can be that, among the deceased, 10.5% had had cardiovas-
beneficial in the early stages by reducing the gateway to cular pathology, 7.3% diabetes mellitus, 6.3%

the virus, it can be unfavorable in the more advanced chronic respiratory pathology (without differentiat-
critical phases of the disease, in which the presence of ing between chronic obstructive pulmonary disease
hard-to-control pulmonary arterial hypertension has [COPD] and asthma), and 6% systemic high blood
been documented and ACE2 is necessary to counterbal- pressure. However, the report does not mention the
ance ACE and AT-II, which, consequently, makes it percentages of these pathologies in the general
difficult to predict if higher or lower baseline concentra- population.

tions of ACE2 could favor the outcome of COVID-19.% In the second study, preliminary data from the U.S.
Although the virus is respiratory by origin, the lung is Centers for Disease Control and Prevention,** that
not the only organ that can be affected. Cases with pri- sampled approximately 10% of the American popula-
marily gastrointestinal, skin, or even cerebral symptoms tion, reported comorbidity in 157 of 178 patients hos-

have already been reported.'® In addition, there are pitalized for COVID-19 pneumonia (49.7% with
ACE2 receptors in the endothelium, whose cells are hypertension, 48.3% with obesity, 28.3% with diabe-

also affected in a large number of patients with severe tes mellitus, 27.8% with cardiovascular disease, 17%
COVID-19. This is one of the reasons why the respira- with asthma, and 10.7% with COPD), with percen-
tory picture can be complicated by injury to the circula- tages higher than the numbers of national population
tion and coagulation. statistics. In the most recent U.S. prevalence data
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Fig. 5. Evolution of COVID-19. During the first stage the infection manifests itself only in the upper airways and can then progress to the
lower airways and spread to other extrapulmonary organs. The pulmonary phase often occurs in the second week causing increasingly
intense hypoxia and in the third week the hyperinflammatory phase is frequently accompanied by DIC and can evolve into multiple organ
failure. COVID-19 = Coronavirus disease 2019; DIC = disseminated intravascular coagulation; IFN = interferon; IL = interleukin; NK =
natural killer cell; Treg = regulatory T lymphocyte.
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Fig. 6. Alveolar damage. SARS-CoV-2 infects type I pneumocytes and especially type II at the alveolar level, entering the cells through
ACE2, thus affecting surfactant factor production. In the normal response against other viruses proinflammatory cytokines are produced
that help the total or partial clearance of the virus. In SARS-CoV-2 infection, the initial inflammatory response is poor, whereas, in patients
who are critically ill, it becomes excessive (cytokine-storm-like), causing alveolar damage, with inappropriate gas exchange and oxygen-
ation. SARS-CoV-2 = coronavirus associated with severe acute respiratory syndrome type 2; ACE2 = angiotensin-converting enzyme 2;
CXCL = CXC ligand chemokine; IFN = interferon; ISG = interferon simulator gene; Th = T helper cell; Tc = cytotoxic T lymphocyte;
TNF = tumor necrosis factor. The left part of figure 6, adapted from the alveolar drawing is an idea adjustment from a wikipedia drawing:
https://en.wikipedia.org/wiki/Pulmonary_alveolus#/media/File:An_annotated_diagram_of_an_alveolus.svg. Adapted from Ref. 69.

“asthma (moderate-to-severe)” was rated down from
“risk” to “possible risk” factor for COVID-19.** Also, a
recent metanalysis could not conclude that asthma was a
risk factor.* It was speculated that inhaled corticoste-
roids could even protect against COVID-19, yet this has
been unproven in observational data from almost a mil-
lion patients with asthma or COPD in the United
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Kingdom.* In relation to pregnancy, in which an
immune tolerance state occurs with decreased Thl and
increased Th2 responses, previous coronavirus epidem-
ics had been more aggressive*®*’; however, the evolution
of COVID-19 in 119 pregnant women hospitalized for
pneumonia was similar to that of women who were not
pregnant,*® consistent with preliminary U.S. data.* This
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Fig. 7. Mechanisms of action of immunotherapy. The presentation of allergens through regulatory dendritic cells favors the induction of
regulatory cells (Treg, Breg) that produce anti-inflammatory cytokines (IL-10, TGF-B). These will decrease the inflammatory response and
production of type II cytokines. The production of IEN-y by Thl cells will also promote an antiviral state. Adapted from Ref. 57. Treg =

Regulatory T cell; Breg = regulatory B cell; IL = interleukin; TGF =

could possibly be explained by the enhanced tolerance,
reducing hyperactivation states.

IMMUNOLOGIC CHANGES IN ALLERGIC
DISEASES AND ASTHMA AND
SUSCEPTIBILITY TO COVID-19

Although respiratory allergies are generally linked
to an augmented frequency of viral respiratory tract
infections, allergic rhinitis and allergic asthma seem
not to be a risk factor for COVID-19 nor for disease
severity.’’ As a plausible explanation for these
observations, investigators demonstrated an inverse
relationship between the immunoglobulin E (IgE)
level and ACE2 mRNA expression, and a reduced
concentration of ACE2 mRNA in swabs of nasal and
bronchial epithelial cells in children who were sensi-
tized, which reduced even further after allergen
challenge testing.”’ Similarly, in 268 patients with
asthma, there was an inverse correlation between
Th2 cytokine activity and ACE2 mRNA levels
compared with healthy controls.”*> However, the
expression of the serine protease needed for the S-
protein cleavage, TMPRSS2, was significantly and
positively associated with type 2 cytokines, specifi-
cally TL-13.>® Thus, there is clear duality in the con-
text of COVID-19 susceptibility and the immune
changes brought about by allergic disorders and
type 2, eosinophilic inflammation in asthma.

ALLERGY AND RESPONSE TO VIRAL
INFECTIONS: EFFECT OF AIT

Immune Changes Induced by AIT

At first, AIT reestablishes the IFN-a production of
dendritic cells, crucial during the initial phases of
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transforming growth factor; Thl = T-helper type 1.

innate immunity.”* This effect probably enhances the
response to infections.”® AIT increases IL-35 levels,
thus inducing IL-10 production and Tregs (transform-
ing growth factor B* CD4'CD25") differentiation.
Thus, in early stages of AIT, there is an increase in
immunoregulation. Exposure to high doses of the aller-
gen restores the regulatory function of dendritic cells,
which increases the production of I1L-12, IL-27, and IL-
10.° Consequently, T cells mature into Thl or Treg
lymphocytes, rather than into Th2 lymphocytes; subse-
quently, T- and B-regulatory lymphocytes increase the
production of IL-10 and transforming growth factor 3.

AIT also adjusts the o oy T and B cells toward a
more regulatory pattern.”’” After several months of
AIT, there is an increase in IFN-vy, which comes from
Th1 lymphocytes, a rise in the activation threshold that
triggers mast cells and basophils, and a reduction in
the specific IgE/IgG4 ratio. This has been documented
both for the subcutaneous (subcutaneous immunother-
apy) as well as for the sublingual route (sublingual
immunotherapy) (Fig. 7). o

AIT and SARS-CoV-2

At present, to our knowledge, no study has been
published on the effect of AIT in patients with COVID-
19, nor has literature documented the impact that AIT
could have on the prevention or severity of the disease.
When reflecting on the immune changes brought about
by AIT, however, we and other mvestlgators have
speculated on its possible beneficial role."” One could
speculate that function restoration of various cells
involved in the innate and adaptive immune response
could have a positive effect on the initial antiviral
defense. Furthermore, an increase in regulatory cells
and molecules might control the cytokine (IL-6 and
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Fig. 8. Effects of immunotherapy with allergens. The state of tolerance induced by specific allergen immunotherapy can help control an ex-
cessive inflammatory response to the virus as well as restore a more effective early antiviral response. Although some of these tolerance
mechanisms might enhance the spreading of the virus in an early stage, the other effects (anti-inflammatory and antiviral) are more impor-
tant to stop tissue damage. Breg = requlatory B lymphocyte; ACE2 = angiotensin-converting enzyme 2; ILC2 = innate lymphoid cell type
2; IFN = interferon; TGF-3 = transforming growth factor; Treg = regulatory T cell. Adapted from Ref. 10.

IEN-v) storm like syndrome in the advanced stages of
COVID-19, although the effects of AIT on mononuclear
cells, the probable source of these cytokines, has not
been elucidated until now (Fig. 8).

With regard to IFN, it could be hypothesized that an
increase in IFN-B and IFN-y could improve antiviral
defense. Although AIT mainly increases IFN-y produc-
tion, it could probably stimulate the secondary produc-
tion of other type I (IFN-a and IFN-B) and type III
(IFN-y) IFNs as well. However, some researchers®*
have argued that, in advanced COVID-19, an increase
in IFN could lead to the deleterious cytokine storm,
(previously, IL-6 had already been shown to be part of
this phenomenon). Here we would like to point out that
the effect of different types of IFENs highly depends on
the context, including the presence of other regulatory
molecules. Thus, under certain circumstances, IFNs can
have a proinflammatory effect and under other circum-
stances, an anti-inflammatory effect.”®

VIRAL INFECTIONS, AIT, AND COVID-19

When pondering the current knowledge of the
immunologic mechanisms involved in AIT that we
have outlined above, we can only theoretically specu-
late on the effect of AIT on COVID-19. Epidemiologic
data on allergies, AIT, and other viral infections could
be of use when we try to indirectly extrapolate the
potential benefit of AIT in light of the SARS-CoV-2
pandemic. Currently, clinical and population stud-
ies”™ ! indicate that allergy increases the frequency of
respiratory infections. As an example, a review of
Danish national prescription data bases showed
that patients with allergic asthma are more likely to
get antibiotics for respiratory tract infections in
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comparison with patients with nonallergic asthma.
Here, AIT treatment had a protective effect against
infections.**

Also, simultaneous exposure to birch pollen and rhi-
noviruses can weaken the innate immunologic response.
In vitro tests established a decrease in IFN type I and
type II production in both nasal epithelial cells and
bronchial cells thus exposed.®® This effect was found in
both participants with allergy and healthy participants.
Active dendritic cells produce IFN-«, with antiviral and
immunoregulatory properties. This capacity of dendritic
cells is decreased in patients with allergic asthma.®* M1-
type macrophages are powerful IEN producers, but this
capacity diminishes during rhinovirus-infection—related
secondary asthma attacks.

In addition, some studies®®! found that AIT treat-
ment in patients with allergy results in improved allergy
control and a decrease in the infection frequency. A
review of the German national prescription data™ base
reported that the use of medications was significantly
reduced in patients with allergy who were treated with
AIT. Furthermore, AIT decreased drug prescription fre-
quency for patients recently diagnosed with asthma.
This effect was still seen 6 years after stopping AIT.”’ In
two prospective case-control studies, it was observed
that children treated with sublingual immunotherapy
with house-dust mites had significantly fewer respira-
tory infections (3.5 versus 5.45), antibiotic use (p <0.05),
and less fever events (p<0.01) than the controls; these
changes were observed as early as 6 months into AIT*
and persisted in the measurement at 3 years, in which
significantly (p=0.01) fewer episodes of respiratory
infections (3.6 versus 5.4), fever (p < 0.01), use of antibiot-
ics (p<0.05), and antipyretics (p<0.01) than in children
treated only symptomatically without AIT.!
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CONCLUSION

SARS-CoV-2 is an emerging, dangerous virus due to
its highly contagious nature and its detrimental effect on
several vital organs, such as those in the respiratory and
circulatory systems. Furthermore, this virus presents se-
rious challenges by interfering in many different ways
with the host’'s immune response throughout the
course of the disease. Due to its novelty and the fact
that evidence is still based mainly on preliminary
data, we do not yet completely understand the effects
that this virus has on the human body, and, currently,
it is difficult to predict with certainty the impact that
immunomodulatory management with AIT could
have on the outcome of COVID-19. We consider that
AIT should be continued during the pandemic to bet-
ter control symptoms and reduce medication in
patients with allergy. Also, specifically in patients
with asthma, it helps to reduce the frequency of
asthma attacks and emergency department visits,
which thus reduces possible exposure to SARS-CoV-
2°; however, apart from these benefits, it is highly
likely that a competent innate immune response
when coming in contact with the virus could be ad-
vantageous as the disease evolves.®”” However, multi-
center prospective studies with solid methodological
designs are required to increase our knowledge that
concern the effect that AIT has on patients with
allergy who are dealing with a SARS-CoV-2 infection.
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