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Summary
It is currently recognized that the airway epithelium plays a pivotal role in orchestrating inflammatory, immune, and regenerative responses to allergens, viruses
and environmental pollutants that contribute to asthma pathogenesis. The impact of pollen on respiratory epithelium is multifaceted and goes beyond the direct
barrier damage driven by the best-known Type-2 response. After pollen-driven
activation, airway epithelial cells play an active role in triggering several pathways. In particular, the release of epithelial cytokines (or alarmins) activates both
innate and adaptive immunity, with downstream effects implicated to the pathogenesis of asthma. Pollutants also have a pleiotropic effect on respiratory epithelium. Diesel exhaust particles can directly damage the respiratory epithelium with
consequent barrier dysfunction, increased permeability, and local inflammation,
but they can also activate Th2 responses. Innate immune responses also are triggered by pollutants through release of epithelial cytokines and redox-sensitive
pathways that generate mechanical and immunologic changes in the respiratory
epithelium. In addition to the typical Type-1 immune response, respiratory virus
infections stimulate type-2 innate lymphoid cells in the airway epithelium to
release epithelial cytokines. Finally, the action of epithelial triggers on airway
smooth muscle is the central element in the induction of remodeling and hyperreactivity of the airways in asthma. This article reviews the pathophysiology and
functions of the airway epithelium and the role of epithelial damage by different
triggers in the development, persistence, and exacerbations of asthma.

Introduction
Asthma is the most common respiratory disease, reported to affect
up to 18% of the population depending on the country for a total
of over 300 million patients worldwide. Most patients have mild disease; however, over 20% have difficult-to-treat or severe asthma (1)
that remains uncontrolled despite standard-of-care therapy. Chronic
airway inflammation, airway hyper-responsiveness to inhaled triggers,
and airway remodeling are pathophysiological pillars of asthma (2).
Asthma airway inflammation is characterized by a multicellular
process involving mainly eosinophils, neutrophils, CD4+ T lym-

phocytes, monocytes, mast cells, and basophils (3). Upregulation of
different cell types and biomarkers configures different inflammatory phenotypes, the most prevalent is the eosinophilic type 2 (T2)
inflammatory phenotype, wherein a high number of eosinophils
are present in sputum, airway, and/or blood, while in the minority
non-eosinophilic phenotype the dominant inflammatory cell types
may include neutrophils, mixed granulocyte inflammatory cells, or
very few inflammatory cells (so-called paucigranulocytic inflammation) (4). Both innate and adaptive immune responses are involved
in the inflammatory responses in asthma, with T-lymphocyte immunity and CD4+ Th2 cells playing a crucial role (3). Enhanced
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immune and inflammatory responses in asthma are associated with
structural changes (remodeling) in all elements of the airway wall,
which is another major pathological feature of asthma, as important
as inflammation in the pathogenesis of the disease and linked with
inflammation by a bidirectional interaction. Airway remodeling in
asthma implies cellular and extracellular matrix changes in the large
and small airways, epithelial cell apoptosis, airway smooth muscle
cell proliferation, and fibroblast activation, mediated by crosstalk
of different cell types within the airway wall and submucosa. Three
integrated and dynamic processes are involved in airway remodeling: initiation by epithelial cells; amplification by immune cells;
and mesenchymal effector functions (5).
The airway epithelium represents a first-line physical, chemical, and
immunological defence against the penetration of inhaled potentially toxic or damaging environmental insults. In the last decade,
evidence has grown that alterations in the physical and functional
barrier properties of the bronchial epithelium play a role that is no
less than allergic pathways in the origin and clinical manifestations
of asthma. Continued epithelial exposure to viral, allergenic, and
polluting triggers along with a progressively reduced reparative response create the conditions for the persistence of inflammation,
remodeling of the airway wall and subsequently persistence of
asthma symptoms (6, 7). Therefore, targeting inflammation alone
may not be sufficient to provide optimal clinical benefits. Here we
review the pathophysiology and functions of the airway epithelium
and the role of epithelial damage by different triggers in the development, persistence, and exacerbations of asthma.
The role of airway epithelium in asthma
The airway epithelium represents the first barrier to environmental stressors – air pollutants, microbial pathogens, and allergens
– and plays a major role in their neutralization by its muco-ciliary
clearance (MCC). In addition to these barrier and cleansing functions, there is evidence that the airway epithelial cells (AECs) are
involved in the inflammatory response to damage from inhaled
agents and exert immunological functions by interacting with the
cells of the immune system (8). The loss of the airway epithelial
barrier function in asthma is a consequence of the interaction between environmental factors (exposome), genetics and epigenetic
regulatory mechanisms. Three types of intercellular epithelial junctions contribute to the barrier role of the airway epithelium, by
linking the intracellular structures of one epithelial cell to the next:
adherent junctions (AJs), hemidesmosomes, and tight junctions
(TJs). AJs interconnect the actin filaments of the adherent cells;
hemidesmosomes form adhesive bonds between the cytoskeleton
of epithelial cells and the lamina lucida of the lamina propria; TJs
form a multiprotein junctional complex called zonula occludens
(ZO) that regulates paracellular permeability (9). In healthy conditions, TJs and AJs form a dense protein network interconnecting
epithelial cells, which prevents the passage of virtually all mole-
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cules, including pathogens or other inhaled particles (10). In asthma patients, there is strong evidence that disruption of the airway
epithelium occurs, impairing its barrier function (11).
Four different factors are recognized to damage the integrity of
the airway epithelial barrier in the pathogenesis of asthma, by
disrupting epithelial cell junctions: aeroallergens, environmental
pollutants, viral infections, and allergic inflammation. Genetic
and epigenetic vulnerability of the epithelium in asthma patients
favors greater damage by the exposome favoring a self-reinforcing
circle. Following epithelial damage, mediators like thymic stromal lymphopoietin (TSLP), IL-33 and IL-25 – called epithelial
cytokines or alarmins – are rapidly released from epithelial cells,
activating innate and adaptive responses in distinct, though overlapping, ways (12). Epithelial cytokines all regulate a broad spectrum of innate immune cell populations (table I) and are particularly potent in eliciting and activating type 2 innate lymphoid
cells (ILC2s), involved throughout the allergic inflammation process (12). Receptors for epithelial cytokines are highly expressed
by subpopulations of Th2 memory cells and this supports their
role in allergic exacerbations. Furthermore, the TSLP/ILC axis
was recently shown to mediate steroid resistance in asthma (12).
TSLP is a member of the IL-2 family and a regulator of T2 dependent and non-T2 dependent inflammatory responses. The main
source of TSLP are epithelial cells, especially skin and lung epithelial cells (13), although other possible cellular sources include mast
cells, dendritic cells (DCs), fibroblasts, and airway smooth muscle
cells (12, 14, 15). TSLP has two isoforms: the short isoform is
expressed constitutively during homeostasis and is important for
anti-inflammatory, barrier integrity and anti-microbial responses,
while the long isoform is expressed during inflammation and supports inflammatory cytokine production (16).
Genetic variations of TSLP are associated with an increased
risk of developing asthma. It has been shown that both genetic
mutations and continuous exposure to allergens can induce
an overproduction of TSLP (17). Multiple clinical features of
asthma are associated with TSLP expression: asthma severity (18), reduced lung function (18), airway remodeling (19),
reduced steroid response (21), exaggerated T2 response to viral infections (22). TSLP plays a key role in driving allergic
inflammation by (I) upregulating the expression of MHCII
and co-stimulating molecules in DCs, thus facilitating antigen
presentation by DCs to CD4+ naive T cells, and (II) inducing the upregulation of the expression of the OX40 ligand on
DCs, thus accelerating differentiation of CD4+ naive T cells
into Th2 cells (23, 24).
TSLP and IL-33 synergize in activating ILC2s stimulating them
to produce IL-4 and IL-13, which contribute to the epithelial
barrier dysfunction in asthma by suppressing the expression of
TJs and AJs proteins (25).
It has been shown that TSLP may also promote the differentiation of naïve CD4+ T cells in Th17 cells producing IL-17A

TSLP

↑ IL-5, IL-13, IL-6, IL-10, IL-8, GM-CSF
↑ CXCL8, CCL1
↑ TGF-β

↑ CD69, CD62L, CD11b, CD123, IL-33R, IL-18R surface expression
↑ IL-4, IL-13
↑ CD203c, IL17RB expression

↑ Survival, adhesion
↑ CD18, ICAM-1, CXCL8, CXCL1, CCL2, IL-6
↓ L-selectin
Signals through ERK, p38, NF-kB

↑ Mast cell survival, adhesion,
cytokine production
↑ IL-6, IL-13
MK2/3 activation of ERK1/2, PI3k
c-Kit activation of ERK1/2, JNK1,
PKB, and STAT3
↑ Histamine, IL-4, IL-5, IL-6, IL-8,
IL-9, IL-13, MCP, MIP
↑ CD11b expression
↑ Adhesion and priming of eotaxininduced migration
Signaling through ERK1/2, JNK, p38,
and NF-kB
↑ Eosinophil survival, adhesion,
degranulation
↑ Mature eosinophils and eosinophil
progenitors from bone marrow
↑ Adhesion and survival
↑ Expression of CD11b
↑ Il-8
Signaling through MAPK (p38) and
NF-kB
↑ IL-5, IL-13
Signaling through PI3k/AKT/mTOR,
MAPK (p38)
↑ IL-4, IFN-γ

Receptor expressed but
function not defined

↓ Apoptosis
↑ Histamine degranulation,
IL-4, IL-13

Eosinophil expression of IL-25
receptor
↑ MCP-1, MIP-1a, IL-8, IL-6,
ICAM-1
↓ ICAM-3, L-selectin
Signaling through JNK,
MAPK (p38), NF-kB

↑ IL-4, IL-5, IL-13
↑ Expression of IL-33R
Signaling through MAPK

↑ IL-13
↑ CCL17, CCL22, C10/
CCL6, ECF-L

Mast cells

Basophils

Eosinophils

ILC2

Natural killer T
cells

↑ IL-4, IL-13

↑ IL-25R, IL-33R expression

↑ MHC class II, CD40, CD86, CD54, CD80, CD83
↑ OX40L
↑ IL-8, eotaxin-2, TARC/CCL17, MDC/CCL22, I-309/CCL1
↑ Expansion of CRTH2+ CD4+ Th2 memory cells
↑ Differentiation of Tregs
Signals through Jagged-1, JAK1, JAK2, Akt, ERK, JNK, NF-kB (p50, RelB),
STAT1, STAT3, STAT4, STAT5, STAT6

↑ TARC/CCL17, PARC/CCL18, MDC/CCL22, MIP3
/CL19
↑ CD80
↑ M2 macrophages

Functional effect
↑ M2 macrophage polarization
↓ ADAMTS family of metalloproteases
Signaling through ERK1/2, JNK, and
PI3k-Akt

IL-33

↑ Th2 polarization
↑ CD4+ T cell release of IL-5 and
IL-13
↑ Macrophage release of IL-13

↓ Rab27a and Rab27b
expression
↓ Release of exosomes

IL-25

Dendritic cells/
↑ Activated Th2 memory cells
myeloid dendritic ↑ Chemotaxis of IL-9
producing cells
cells

Monocytes/
macrophages/
alveolar
macrophages

Cell type

Table I - Cellular targets and pathogenic effects of epithelial cytokines (or alarmins) in asthmatic airways.
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TSLP

↑ Inhibit Th2 differentiation

Th9 cells

↑ TNF-α
↓ INF-y
↑ EMC procollagen-aI and
lumican mRNA
Signaling through NF-kB

↑ CCL5, CCL11, GM-CSF,
CXCL8

Airway smooth
muscle

Fibroblasts

↑ IL-8
Signaling through ERK and MAPK
(p38)

↑ IL-4, IL-5, IL-13
↓ IL-4, IL-5, IL-13 in certain
conditions
Signaling through PI3k/AKT/mTOR
and MAPK

↑ IL-6, CXCL8, CCL11
↑ Migration, actin polymerization, cell polarization
Signals through STAT3, MAPKs (ERK1/2, p38 and JNK)

↑ Airway obstruction mechanisms
Signals through TARC/CCL17, MDC/CCL22, IP-10/CXCL10

↑ Proliferation
↑ Development
Signals through STAT1, STAT3, STAT5, JAK1, JAK2

↑ Proliferation
↑ Differentiation
↑ IL-5, IL-4, IL-13

ADAMTS: A Disintegrin and Metalloproteinase with Thrombospondin motifs; AKT: protein-kinase B; Bcl-2: B-cell lymphoma 2; CCL: C-C motif chemokine ligand; CRTH2: Chemoattractant
receptor-homologous molecule expressed on TH2 cells; CXCL: C-X-C motif chemokine ligand; ECF-L: Eosinophil chemotactic factor L; EMC: Extracellular matrix components; ERK: extracellular
signal-regulated kinase; GM-CSF: granulocyte-macrophage colony-stimulating factor; IFN-γ: Interferon-γ; ICAM: intercellular adhesion molecule; IL: interleukin; IP-10: Interferon-γ inducible 0rotein 10; JAK: Janus kinase; JNK: c-Jun N-terminal kinase; MAPK: mitogen-activated protein kinase; MCP: monocyte chemoattractant protein; MDC: macrophage-derived chemokine; MIP: macrophage inflammatory protein; MHC: major histocompatibility complex; MK: MAPK-activated protein kinases; mTOR: Mammalian target of rapamycin; NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells; PARC: pulmonary and activation-regulated chemokine; PK: protein-kinase; PI3k: phosphoinositide 3-kinase; STAT: signal transducer and activator of transcription; TARC:
thymus- and activation-regulated chemokine; TNF: Tumor necrosis factor; TSLP: thymic stromal lymphopoietin; VEGF: Vascular endothelial growth factor. Modified from Whetstone CE et al. (29).

Receptor expression
↑ Angiogenesis
↑ Endothelial cell VEGF/
VEGF receptor expression)
Signaling through PI3K/Akt
and Erk/MAPK

Epithelial/
endothelial cells

B cells

↑ IL-4, IL-5, IL-13
Signaling through STAT5

↓ Development
↑ Differentiation
↓ IL-10

T regulatory cells

Th2 cells

↑ Proliferation
Signals through STAT5, Bcl-2

↑ Proliferation
↑ Differentiation
Signals through STAT1, STAT5, JAK1, JAK2

Functional effect

CD8+ T cells

↑ IL-9

IL-33

↑ Eosinophilopoiesis and basophilopoiesis
↑ IL-5, IL-13, GM-CSF, CCL22, CCl17, CXCL8, CCL1
↑ IL-5Rα expression

↑ IL-4, IL-5, IL-13
↑ CD3, CD8 cells

IL-25

CD34+
progenitor cells

+

CD4 T cells

Cell type
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(26), whose various effects in asthma pathophysiology have
been demonstrated, including stimulation of bronchial epithelial cells to produce neutrophilic-promoting cytokines such as
IL-8 and GM-CSF and promotion of airway remodeling by altering smooth muscle cell function, as detailed below (27). The
effects of TSLP in airway remodeling also include stimulation of
human fibroblasts, which express the TSLP receptors, to significantly increase collagen and alpha actin production (28).
To complete the overview on the role of epithelial cytokines, it is
worth remembering that IL-25, a member of the IL-17 cytokine
family, is expressed in airway epithelium as a preformed cytokine and stored in the cytoplasm, ready to be rapidly released
following cell stimulation by environmental triggers, including
allergens. IL-25 directly enhances Th2 cytokine production
from Th2 memory cells activated by TSLP. IL-25 release by airway epithelial cells contributes to many pathogenic features of
asthma, including the recruitment of eosinophils, airway mucus
over secretion, and airway remodeling (29).
IL-33 is one of the earliest cytokines released in response to
allergens and is central in the activation of both the innate and
adaptive immune response (30). IL-33 has been shown to be
responsible for inducing early immune development and polarization toward type 2 T cell inflammation through two mechanisms: activating the maturation of resident dendritic DC and
inducing DC-stimulated differentiation of naïve CD4+ T cells
into polarized Th2 cells (29). IL-33 levels are elevated in the
lung epithelium, airway smooth muscle, and bronchoalveolar
lavage, correlating with disease severity. In the lower airways,
the release of IL-33 seems to be responsible for the development
and exacerbation of airway hypersensitivity and asthma (29).
More recently, it has been shown that IL-5 can also participate
in the reduction of contact between epithelial cells (31). Stimulation of IL-13 redirects the differentiation process of basal epithelial cells to produce more MUC5AC-positive cells and fewer
ciliated cells and inhibits ciliogenesis while promoting cilia loss
(32). Furthermore, during allergenic stimulation, following the
production of IL-13, the club cells (Clara cells) become mucus-producing cells due to a metaplastic and non-proliferative
process (33). Overall, the cells reprogrammed by IL-13 produce
a mucus with modified characteristics that has lost its innate immunity-related characteristics. This modified mucus slows the
rate of the ciliary beat and stops muco-ciliary transport (34). In
fact, increase in type 2 inflammation has been shown to be associated with decreasing MCC, although in mild inflammation,
high rates of MCC can be found, indicating a compensatory
mechanism, which is lost with high levels of inflammation (35).
Whether such impairment in MCC can lead to worse clinical
outcomes in severe asthma needs further studies.
All epithelial cytokines act upstream of T2 inflammation and at
least in part also of non-T2 disease. In conclusion, the bronchial
epithelium has an important gatekeeping function, and its dysfunction can affect both the induction and the progression of asthma.
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The epithelial response to the aeroallergen trigger: the
example of pollen
In addition to the well-known involvement of the adaptive immune
system, the innate immune system seems to play a key role in the
pathogenesis of asthma. In fact, allergens may trigger early warning
signals through the activation of cells of the innate immune system.
Therefore, according to the epithelial barrier hypothesis, allergens
not only may induce a type 2 immune response but are involved in
the early pathogenesis of asthma from the first contact with respiratory tissues (36). In response to this first contact, AECs promote
both the activation of the innate immune system, with the production of cytokines and danger signals, and type 2 immunity, by
activating DCs. This might be the first step in the pathogenesis of
asthma, before the activation of the adaptive immune system and
the type 2 damage mechanism. The airway epithelium should be
therefore considered not only the first target of external triggers, but
also the first active effector, acting as a bridge between the innate
and the adaptive immune systems and playing a key role in activating the cascade of immunologic responses underlying allergen
sensitization, asthma exacerbations and progression (37-39).
Phase 1 – Entry of aeroallergens into the airways
As reviewed above, anatomical and functional barriers prevent
the contact between allergens and airway tissues. However, allergens may overcome these physical barriers due to physical
and functional changes associated with asthma, such as loss of
epithelial integrity, impaired ciliary function, reduced mucus
clearance caused by increased mucus viscosity and swelling. On
the other hand, climate change and global warming were shown
to increase allergen concentration and allergenicity (e.g., duration of pollination, amount of released allergens), and the occasions of exposure (e.g., thunderstorms), with negative effects on
respiratory health and increased risk of asthma (38).
Phase 2 – Allergen interaction with airway tissues
Allergens can interact through various mechanisms with the
airway tissues, especially the epithelium as first contact. First,
the direct proteolytic activity of some allergens (e.g., cysteine
proteinase of Der p 1) can lead to disruption of the airway epithelial barrier through cleavage of molecules in the tight junctions (occluding, claudin), possibly enhanced by genetic predisposition in asthmatic subjects, and to the loss of the apicobasal
polarity of AECs (40). Consequently, the increased permeability
to airways DCs favors the subsequent Type 2 activation pathway of allergen sensitization, and apical cytokine receptors (i.e.,
normally expressed on the apical side of AECs) have access to
basolateral cytokines. Another possible mechanism by which
allergens interact with airway tissues is their binding with pattern recognition receptors (PRRs), protease-activated receptors
(PARs), and toll-like receptors (TLR) of AECs, which triggers
the downstream cascade of both innate and adaptive immunity.
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In asthmatic subjects, genetic predisposition, epigenetic modifications from previous/chronic allergen exposure (i.e., immunological imprinting), or both may facilitate this activation and
dictate the type of consequent response (e.g., Type 2 or Type 1
polarization) (41).
Phase 3 – Airway epithelium activation: more than just a
passive barrier
The airway epithelium can actively react after the interaction with
allergens. Therefore, the easier access of allergens to the underlying
tissues is not only the effect of the epithelial damage, but of several
other mechanisms triggered by the epithelial activation, with effects
on both innate and adaptive immune systems. Damage-associated
molecular patterns (DAMPs) are molecules released from injured
AECs, able to activate pathways regulated by NFkB, MAP-kinases,
and interferon regulatory factors (IRFs) (42). Epithelial cell-derived
cytokines are released by AECs in case of stress or death (IL-25, IL33, HM-GB1, uric acid, ATP). Higher levels of epithelial cytokines
have been found in subjects with allergic asthma, compared with
healthy subjects, and genetic polymorphisms in genes coding for
these types of cytokines and their receptors may justify these differences (37). DAMPs, epithelial cytokines, reactive oxygen species
(ROS), and other inflammatory mediators acting as danger signals
promote the early recruitment of innate immune cells like ILC2s,
basophils, macrophages, and DCs and contribute to the Th2 polarization of the adaptive immune system. In addition, they are also
responsible for morphological and functional changes of the airways, possibly inducing goblet cell metaplasia and change in mucus
characteristics (43), with detrimental effects on the anatomical barriers against allergen entrance (37-39).
The interactions between aeroallergens and the airway epithelium are depicted in figure 1.
The epithelial response to environmental pollutants: the
example of diesel exhaust
Exposure to environmental pollutants has been associated with
the development and exacerbation of asthma (44, 45). Diesel
exhaust (DE) is a main contributor to air pollutants, capable
to trigger Th2 immune responses which are directly associated
with developing and aggravating allergic asthma and other respiratory diseases (46).
A wide range of animal and human nasal models have shown
the negative pleiotropic effects of DE in damaging the airway
epithelial barrier and augmenting allergic inflammation (44,
47). In in vitro studies, fine particulate matter (PM) and DE
particles were shown to degrade TJ proteins such as occludin,
claudin-1, and ZO-1 and downregulating claudin-1 expression
in human airway cells (48). More recently, human nasal epithelial cells exposed to nontoxic ultrafine PM showed epithelial
barrier dysfunction, with increased paracellular permeability
and downregulated TJ proteins (49). DE was shown to induce
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sensitization to neoallergens, which did not arise with exposure
to the neoantigen alone in allergic subjects, thus suggesting its
important role in exaggerating the sensitization to allergens
(47). Diesel exhaust particles (DEPs) were shown to promote
dendritic cell maturation, possibly acting as adjuvants during
allergic sensitization (50). DEPs were shown to increase the recall of eosinophils in the nasal mucosa in response to nasal allergic stimulation, potentiate the development of an IgE mediated
response to new antigens, and increase the local level of IgE
(51). PM and DEP can induce TSLP and IL-17A production
and contribute to the development or exacerbation of chronic
respiratory diseases (52). Activation of redox-sensitive pathways
seems to play a major a role in the mechanical and immunologic
changes induced by air pollution and antioxidant systems may
normalize these negative effects (52). Interestingly, a study in
patients with mild-to-moderate asthma showed reductions in
the forced expiratory volume in 1 second (FEV1) and forced
vital capacity (FVC) when briefly exposed to DEPs in high traffic streets; decrease of both FEV1 and FVC was significantly
greater than that measured in patients who walked for a similar
time in an area not exposed to traffic (53).
The interplay between air pollutants such as DEP and the immunopathogenesis of asthma is still object of intense research
aimed at understanding how exposure to these agents can result
in worsening of disease.
The epithelial response to infectious agents: the example of
respiratory syncytial virus and rhinovirus
There is robust evidence that respiratory viruses, especially (RSV)
and rhinovirus (RV), are associated with and may play a major
role in the development and exacerbation of asthma. Early childhood infections with RV and RSV, the most common respiratory
pathogens, have been associated with an increased risk of developing asthma later in life (54-57). Moreover, in subjects with
asthma, respiratory viruses, particularly RV, can alter the host immune defence systems and trigger exacerbations in both children
and adults (58, 59). Although the precise pathogenic mechanisms
by which respiratory viruses may drive asthma development and
exacerbations are not yet fully elucidated, great progress has been
made in the last decade, suggesting that epithelial disruption by
viruses and subsequent production of inflammatory and immune
mediators may be the primum movens (43, 59).
Interferons (IFNs) are key components in the innate immune
response of the airway epithelium to viral infection. For an effective antiviral response and viral clearance, interferon (IFN) production by epithelial cells is required. They exert their antiviral
properties directly through the inhibition of viral replication in
cells and indirectly through the stimulation of innate and adaptive immune responses. There is evidence that RV-induced epithelial IFN production is reduced and delayed in some individu-
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Figure 1 - Mechanisms of interaction between allergens and airway epithelium.

A

B

C
Allergens of house dust mites (e.g., Der p 1, Der f 1, Blo t 1, Eur m 1, Der m 1, Der p 3, Der p 6, Der p 9), cockroaches (e.g., Per a 10), mould (e.g., Aspergillus,
Alternaria species), animal dander, and pollens can interact with bronchial epithelial cells through proteolytic (A), activation (B), ripoptosome-mediated (C), or
other mechanisms. APC: Antigen presenting cell; CCL: C-C motif chemokine ligand; DAMPS: damage-associated molecular patterns; IL: interleukin; ILC2: type
2 innate lymphoid cells; IRF: Interferon regulatory factor; MAPK: mitogen-activated protein kinase; mIL: Mature interleukin; NF-kB: nuclear factor kappa-lightchain-enhancer of activated B cells; PAMPS: pathogen-associated molecular patterns; PAR: protease-activated receptors; pIL: Precursor of interleukin; PRR: pattern
recognition receptor; RAGE: receptor for advanced glycation end-products; ST2: Suppressor of tumorigenicity 2; Th: T helper cell; TLR: toll-like receptor; TNF:
Tumor necrosis factor; TSLP: Thymic stromal lymphopoietin.
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als with asthma, and this may at least partly explain the increased
susceptibility to viral infections of asthmatic patients (60).
Despite viral infection typically promotes a type 1 immune response, there is clear evidence indicating that it induces a type 2
inflammatory pattern as well, which is coordinated by the epithelium. It has been shown that airway epithelial cells from asthmatic
individuals have an increased capacity to produce epithelial cytokines in response to virus infections, which may be responsible for
exaggerated T2 inflammatory responses. Following viral infection,
TSLP release from bronchial epithelial cells is increased in patients
with asthma (61). When exposed to a viral surrogate, the epithelial
cells from patients with asthma overexpress TSLP and underexpress IFN-β (62). In an experimental model of RV exacerbation,
subjects with asthma had increased levels of IL-33, which correlated both with IL-5 and IL-13 levels in the airway lining fluid and
with exacerbation severity following virus inoculation (63). In a
similar model, experimental RV infection showed to induce higher
IL-25 production and expression of IL-25 both at baseline and
during infection in asthmatic individuals (64). Moreover, in response to viral infection, the airway epithelium directly stimulates
ILC2s to release TSLP, IL-33, and IL-25, which in turn induce
the release of IL-4, IL-5, and IL-13, major mediators of the type
2 inflammatory response (65, 66). In children with severe asthma
increased level of ILC2s have been found (67).Viral infections not
only initiate an immune response but also participate in remodeling the epithelial barrier and the subepithelial extracellular matrix
(ECM). Kuo et al. produced evidence suggesting that viruses may
contribute to airway remodeling through increased ECM deposition, which in turn may contribute to increased airway smooth
muscle mass increasing cell migration (68, 69).
In conclusion, in response to viral infection the bronchial epithelial cells can release epithelial cytokines and mediators that
strongly stimulate T2-associated cytokine production by ILC2s,
thus promoting airway inflammation and hyperresponsiveness.
Viral infections may also contribute to airway remodeling by
increased ECM deposition. Respiratory viral infections in early
childhood may play a role in increasing the patient’s susceptibility to asthma and other obstructive lung diseases later in life.
Relationship between epithelium and smooth muscle cells
Airway smooth muscle (ASM) cells play a central role in the
pathogenesis of asthma by controlling airway muscle tone, balancing the extent of contraction vs dilation in response to local
or circulating factors, and are therefore recognized as the primary
cell type responsible for bronchoconstriction and airway hyperreactivity. ASM cells are also involved in the inflammatory and
airway remodeling processes that occur in asthma (70). Epithelial
triggers can stimulate proliferation, hyperplasia, and hypertrophy
of ASM cells, which contribute to induction and modulation of
airway wall structural changes (71). Activated ASM cells produce
several chemotactic mediators and express different adhesion

molecules which attract and favour the infiltration of inflammatory cells, mainly mast cells and T-lymphocytes. The mast cell
infiltration of the ASM layer, called mast cell myositis, is a specific
feature of asthma and is observed in most asthma phenotypes.
A crucial role in the epithelial response to microbial, traumatic, or inflammatory injuries, is played by epithelium produced
TSLP, which potently activates mast cells. Mast cell activation
increases the production of a broad range of chemokines and
cytokines, which all contribute to the hypertrophy, hyperplasia, and hyperreactivity of ASM (72). This crosstalk between
mast cells and ASM cells contributes to the persistence of airway inflammation and hyperresponsiveness in asthma (73).
Another mechanism by which TSLP promotes airway remodeling in asthma is stimulating fibroblast cells to produce collagen through activation of the signal transducer and activator of
transcription 3 (STAT3) (28, 74).
There is growing evidence suggesting that the migration of ASM
cells may also contribute to cellular hyperplasia, thus contributing to the increase of ASM mass. The source of these migrating
cells is still not fully elucidated. The increase in ASM mass may
be further due to airway infiltration of myofibroblasts, adjacent
ASM cells, or circulating hemopoietic progenitor cells (75).
TLSP-induced STAT-3 activation was shown to also exert a
pro-migratory function, further supporting TLSP role in ASM
remodeling (76).
ASM cells also produce and secrete exosomes, extracellular
membranous nanovesicles implicated in intercellular communication, which have recently been shown to play a pivotal role
in the pathology of asthma and other inflammatory diseases.
Exosomes seem to influence and modify the functionality of
inflammatory and structural lung cells, contributing to the
characteristic processes of asthma disease (77). Neuropeptide Y
(Npy), which has been reported to be ectopically expressed in
the airways of asthma patients, was shown to induce ASM contraction. This suggests a role for paracrine signals from the airway epithelium to ASM to induce airway responsiveness (78).
Conclusions
Robust evidence indicates that the airway epithelium is dysfunctional in asthma, and plays a critical role in the development,
progression, and exacerbation of the disease. Structural and functional anomalies of the airway epithelium result from the interaction between genetic, epigenetic, and environmental factors
(exposome) and orchestrate the inflammatory response and bronchial remodeling. Aeroallergens and pollutants acting as epithelial triggers activate several pathways. In particular, the release of
epithelial cytokines activates both innate and adaptive immunity,
with downstream effects implicated to the pathogenesis of asthma. Further studies on their mechanism of action might help to
elucidate their role also as a target for therapies that might be able
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to treat respiratory diseases regardless of the specific pathogenetic
mechanism downstream the release of epithelial cytokines.
The effect of epithelial triggers on ASM is the key factor in the
induction of remodeling and hyperreactivity of the airways. Inhibition of TSLP and IL 13 might prevent both mast cells activation and collagen production by fibroblasts. There is a need
of new therapeutic tools able of acting on extracellular vesicles
and neuropeptides involved in the inflammatory process and in
ASM cells contraction, and therefore on the hyperreactivity of
the airways.
Another current priority is the search for biomarkers that can
allow to identify the presence and possibly the severity of the
damage and epithelial dysfunction. This new field of investigation may have important implications in detecting pathogenetic
mechanisms and disease endotypes (T2-dependent and T2-non
dependent), identifying subjects with a greater risk of evolving
towards persistent and severe forms of asthma, and developing
new epithelial-centred therapeutic strategies (e.g., anti TSLP or
anti IL-33).
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Impact statement
It is the first pilot study in Latin America on the
usefulness of immunotherapy for the treatment
of papular urticaria caused by bedbugs.
Demonstrating effectiveness improving the number
of lesions, quality of life and dermatological
symptoms associated with the disease.

Summary
Background. Papular urticaria is a chronic allergic reaction induced by insect bites.
In México the most common causative arthropods reported are bed bugs, fleas and
mosquitoes. Approximately 70% of people who are bitten by Cimex lectularius (C.
lectularius) experience hypersensitive reactions, papular urticaria, extensive erythema,
urticaria, and even anaphylaxis has been reported, Pruritus is the major complaint,
impairing quality of life and sleep. Immunotherapy has been used in mosquito bite
papular urticaria resulting in improvement of skin lesions and possibly protecting
against reactions to subsequent exposures to mosquitoes. Methods. Children, 4-10
years of age, with recurrent papular urticaria due to bedbugs not responsive to multiple treatments were included. An initial allergy assessment included clinical history,
skin prick test (SPT), and specific IgE sensitisation was performed to confirmed bedbug sensitization. Twenty children were randomized to receive subcutaneous specific
immunotherapy (SSI) with whole body bed bug extract or conventional treatment.
The treatment was carried out over twelve months and the response was assessed using
the Dermatology Quality of Life Index (DLQ), the immunotherapy satisfaction questionnaire (ESPIA questionnaire) and the 12-Item Pruritus Severity Scale (12-IPSS).
The results from both the treated and control groups were compared. Results. The
twenty patients were randomized, 12 to receive immunotherapy and 8 to receive conventional treatment for 12 months. Quality of life improved with a reduction in the
DLQI score of 19.83 in the immunotherapy group versus 9 in the conventional treatment group (p = 0.03). Itch improved with a reduction in the 12-IPSS of 16.5 in the
immunotherapy group versus 9.63 in the conventional treatment group (p = 0.02).
After twelve months of treatment, all 12 patients who received immunotherapy, reported a decrease of persistent cutaneous lesions but the 8 on conventional treatment
did not. A mean score of 95.75 (SD 3.3) was recorded for satisfaction with immunotherapy. Conclusions. Patients with papular urticaria by C. lectularius receiving
allergen immunotherapy for 1 year showed a significant improvement compared with
baseline and patients receiving conventional treatment regarding skin lesions, quality
of life impairment, intensity of pruritus and satisfaction with immunotherapy.

Introduction
Papular urticaria also called lichen urticatus or prurigo simplex
acuta (insect bites) is a chronic allergic reaction induced by insect
bites, which is common in the tropics, in urban regions and in
spring and summer. It is one of the most common dermatoses
of childhood, with reported frequencies of 20% and 25% in Colombia and Venezuela respectively have been published (1, 2).
In Mexico the most common agents reported to cause papular urticaria are bed bugs, fleas and mosquitoes. Bed bugs are bloodsucking

arthropod parasites of the Hemiptera order. Four genera are known:
Cimex, Leptocimex, Oeciacus and Haematasiphon comprising 91
known species. Only three species cause bites in humans: Cimex hemipterus, Cimex lectularius and Leptocimex boueti. Cimex lectularius
is most prevalent in temperate regions, whereas Cimex hemipterus is
found mainly in tropical and subtropical regions and Leptocimex boueti predominates in Western Africa and South America (3). Bed bugs
have been a persistent and scorned pest of humans, as referenced in
recorded narratives dating back to classical Greek writings (Aristoteles
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in the year 400 B.C.), medieval European texts and the Jewish Talmud. In London, in 1930, one-third of the population (approximately 4 million people) was estimated to be affected. The introduction
of modern insecticides such as the organochlorine dichloro-diphenyl
trichloroethane (DDT) provided a fast and an inexpensive method
to control insect pests, including bed bugs (3). Unfortunately, bed
bug infestations have rapidly increased worldwide over the last 20
years (4). Various factors have been postulated to be responsible for
this reappearance. Overcrowded cities, a greater reliance on communal laundries, unregulated sale of second-hand clothing, use of previously owned furniture and furnishings, lack of family health care,
a worldwide increase in secondary hosts including rodents, poultry,
dogs and cats, lack of knowledge about the disease from the patient
and from the health provider, an increase in local and international
travel and migration, high costs of extermination processes coupled
with insecticide resistance and toxicity of some others (5-9).
A variety of clinical reactions to bed bugs have been reported. Approximately 70% of the victims of C. lectularius bites will develop
a cutaneous reaction and rarely a systemic reaction. These allergic
reactions can vary from itchiness, an erythematous rash, urticaria,
asthma and in the worst-case scenario, anaphylaxis. Pruritus is usually the cause of the impaired quality of life and sleep disturbances
(10, 11). Cutaneous lesions usually start as small red macules that
evolve to very pruritic wheals that last for several days causing the patient to enter an itch-scratch-itch cycle, which may lead to secondary
bacterial infections. The lesions characteristically appear in exposed
areas of the skin, such as the face, neck, hands and arms. The bites
and pruritic papules display patterns that help identify the offending
agent; appearing in pairs (dumbbells), following a linear or grouped
triangular pattern with the lesions separated by a few millimeters,
known as the “breakfast, lunch, and dinner” pattern. The bite itself
is painless. Dependent on prior exposure, bites become symptomatic within minutes in those with prior sensitization or symptoms are
delayed until sensitization has occued in first time exposed individuals. Lesions occur in crops in sensitized individuals with new local
reactions developing while the old lesions heal. The most frequent
complications of papular urticaria include ecthyma, cellulitis, cutaneous hyperpigmentation lymphangitis and impetigo. The reactions
are sometimes complicated by insomnia and psycho-affective conditions such as anxiety, depression and psychotic states (12-14).
The diagnosis and identification of the responsible biting insect is clinical. In vivo analyses with skin prick test using the C.
lectularius salivary gland solution can be used to confirm sensitization to Cimex in difficult cases. potential protein antigens
present in the saliva of C. lectularius (15, 16).
Specific treatment involves removal from exposure and eradication
of the insects which may prove to be difficult. Management should
be based on education of the patient, improvements in personal
hygiene, environmental hygiene and home hygiene and medical
measures. Firstly, the control of the bed bugs is challenging but the
nature of the condition should be carefully explained, and the pa-
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tient and family empowered to eradicate the insect. Hygienic-environmental measures include a deep cleaning of the house, personal
and bed clothes; and the eradication of the bed bugs through the
application of insecticides (pyrethrin, permethrin, organophosphates and carbamates). Thirdly, medical treatment is symptomatic. If there is superadded infection, an antiseptic or topical or
systemic antibiotic is used dependent on the extent and severity of
the infection. For acute bites mild steroids, such as hydrocortisone,
are recommended according to Mexican guidelines (17). Oral antihistamines are given for intense itching. The preventive use of repellents, such as citronella fragrances or 5% benzyl benzoate, help
to reduce bites while the total eradication takes place (18).
Immunotherapy for papular urticarias caused by insect bites (mosquito) has been shown to be effective in improving skin lesions and
increasing levels of the subclass of IgG4 that may have a protective
role against subsequent reactions to exposures to the same insects (19).
Materials and methods
We recruited children aged 4-15 years old, from the allergy clinic at Hospital General de Mexico Eduardo Liceaga, an urban,
tertiary referral center. We identified children who had recurrent
papular urticaria caused by bed bugs in whom multiple previous
treatments had been used without response (eradication of the
bed bugs through the application of insecticides in their homes,
topical corticoids, antihistamines). Written consent and written
assent were obtained from the parents and child. Ethics approval was given by the Internal Committee of Hospital Bioethics.
The participants who fitted the selection criteria underwent an initial allergy assessment including clinical history, SPT and specific
IgE to determine bed bug sensitization. Additional aeroallergens
that were tested included mosquito, flea, Dermatophagoides pteronyssinus house dust mite, Periplaneta americana, Alternaria mould,
Aspergillus niger, Amaranthus palmeri, Atriplex bracteosa, Chenopodium album, Salsola Kali, Fraxinus americana, Ligustrum, Artemisia
spp., Ambrosia spp., Cosmos bipinnatus, Hellianthus annus, Quercus
spp., Alnus spp., Prosopis spp., Schinus molle, Populus alba, Cynodon
dactylon, Lolium perenne, Phleum pratense, cat and dog dander based
on the Mexican immunotherapy guidelines (20). Prick testing was
performed according to the method of the subcommittee on Skin
Test of the American Academy of Allergy, Asthma & Immunology
using standardized lancets. The participants were interrogated and
classified in a socioeconomic stratum based on the Mexican Association of Research Agencies and Public Opinion A.C. (AMAI)
in High Class (A/B), High Middle Class (C+), Middle Class (C),
Middle Low Class (D+), Low Class (D), Extreme Poverty (E).
Twenty children were randomized to receive subcutaneous specific
immunotherapy with a whole-body bed bug extract or conventional treatment (antihistamines, topical steroids, citronella fragrance).
C. lectularius extract was prepared from 4 g of dried C. lectularius
were obtained from three homes of families affected by bed bugs in
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Mexico City and from the Penitentiary Center (“Reclusorio Preventivo Varonil Norte”) in Mexico City, by degreasing the samples
with sulfuric ether and subsequently drying in the sun for a period
of 12 hours and grinding them to powder using mortar and pestle.
The bed bug allergen preparations were based on Good Manufacturing Practice with the references given in the work of Price et al.
in Journal Allergy Clinical Immunology in 2012. The allergenic
extract of bed bug was defined as 100 I.R./ml. (67 mcg/ml).
Immunotherapy was initiated with the whole-body bed bug extract at a concentration of 0.0001 wt/vol given subcutaneously.
Thereafter biweekly subcutaneous injections, of progressively
increasing doses were administered for three months (induction
phase). The dose was then maintained after 12 weeks of treatment
(maintenance phase) till the end of the study period (table I).

Table I - Subcutaneous specific immunotherapy scheme.
Induction dose

Schedule (Biweekly)

Week

0.001 wt/vol

0.1

1

0.2

1

0.4

2

0.8

2

0.1

3

0.2

3

0.4

4

0.8

4

0.1

5

0.2

5

0.4

6

0.8

6

0.1

7

0.2

7

0.4

8

0.8

8

0.1

9

0.01 wt/vol

0.1 wt/vol

1 wt/vol

10 wt/vol

100 wt/vol

0.2

9

0.4

10

0.8

10

0.1

11

0.2

11

0.4

12

Maintenance Dose

Weekly

50 mcg/ml

0.50 cc

Mixed non-standardized whole-body extract of C. lectularius (bed bug).

The response to immunotherapy was assessed using scores of
quality of life (Dermatology Quality of Life Index), scores of
satisfaction to immunotherapy (ESPIA questionnaire) and intensity scores of pruritus (12-Item Pruritus Severity Scale).
These were performed before the start of immunotherapy, at 3
months, at 6 months and at 12 months of treatment.
The DLQI score range is 0-30, the higher the score the higher
the impairment of the QOL. Scores of 0-1 are defined as having
no effect on the patient´s QOL, scores of 2-5 a small effect,
scores of 6-10 a moderate effect, scores of 11-20 a very large and
scores of 21-30 extremely large effects on patient´s QOL.
The intensity of pruritus was assessed using the 12-Item Pruritus
Severity Scale. The score ranges from 3 (minimal pruritus) to 22
(most severe pruritus).
The satisfaction of treatment with immunotherapy was evaluated
based on the ESPIA questionnaire that consists of 16 items distributed in 4 dimensions: perceived efficacy, activities and environment, cost-benefit balance, and general satisfaction. The final
score ranges from 0 (low satisfaction) to 100 (high satisfaction).
Statistical analysis
Statistical evaluation was done by Mann-Whitney U-Test (two
tailed probabilities), for the intergroup comparisons and the
Wilcoxon signed rank for intragroup comparison at the different time of observation. The chi-square test was used to test the
significance of differences among the overall evaluation stated at
the end of the trial. The chosen level of significance was p < 0.05.
Results
A total of 20 patients were included for this study from 24
recruited, corresponding to a response rate of 83.3%. Three
patients did not meet inclusion criteria (response to conventional treatment) and 1 patient refused participation. All 20
enrolled patients had recurrent papular urticaria caused by bed
bugs which was not responsive to multiple previous treatments
and which was affecting QOL. The mean age of the recruited children was 6.2 years (SD 1.73) and 100 % (n = 20) were
male, none of the females having met inclusion criteria. A mean
DLQI score of 23.60 (SD 2.34) and mean 12 item PSS score
of 20.35 (SD 1.3) were recorded for the group on enrollment.
Twenty patients were randomized by coin toss, 12 to receive immunotherapy and 8 to receive conventional treatment. There were no
significant differences between the two groups with regard the age,
IgE (median 121 kU/l versus 140 kU/l), socioeconomic stratum, comorbidities and positive skin prick tests to aeroallergens (table II).
Quality of Life
Patients who received immunotherapy showed an improved
mean DQLI score of 23.83 (SD 2.51) before starting treatment
to 4.00 (SD 1.41) after 12 months of treatment. Compared to

8

6

4

6

7

8

5

9

5

10

7

5

5

7

6

5

8

4

5

4

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

1

2

3

4

5

6

7

8

9

10

11

12

1

2

3

4

5

6

7

8

Mexico, Ecatepec

Mexico, Azcapotzalco

Mexico City, Alvaro
Obregon

Mexico City, Alvaro
Obregon

Mexico City, Alvaro
Obregon

Mexico City, Alvaro
Obregon

Mexico City, Cuautemoc

Mexico City, Cuautemoc

Mexico, Tlalnepantla

Mexico, Tlalnepantla

Mexico, Naucalpan

Mexico, Naucalpan

Mexico City, Iztacalco

Mexico City, Iztacalco

Mexico City, Iztacalco

Mexico City, Gustavo A
Madero

Mexico City, Gustavo A
Madero

Mexico City, Gustavo A
Madero

Mexico City, Iztapalapa

Mexico City, Iztapalapa

Address

IgE

D

D+

D

D

D

D

C

C

75

188

98

345

<5

95

212

79

167

67

80

45

353

200

53

78

56

130

245

<5

DER, PER

None

None

DER, PER

CAN

FRAX, HEL, CYN

None

None

CAN, FEL

None

DER, PER, CYN

CAN, FEL

FLEA

AMA, FRAX, FEL

None

DER, MOS

DER, CYN, LOL

PER, MOS

PER, DER

Other allergens SPT

FRAX, AMA, QUER, ALN, CYN

Control group

D+

D+

C

C

D+

D+

D+

D

D

D

D+

D+

Experimental group

SEST

AR

AR

None

None

AD

None

AR

None

None

None

None

AR

None

AD

None

None

None

None

None

AR

Comorbidities
3
8

6

8

4

6

8

9

4

7

6

6

6

3

6

3

5

2

3

5

2

4

4

6

5

12

3

8

6

7

6

8

6

8

8

6

9

22 14

21 15

20

8

7

5

20 14 10

21 12

18

22 10 10

21 14 10

20

19 11

22 12

20 10

0

12I PSS

8

3

4

4

3

3

4

8

4

3

3

5

4

12

6

21 19 18 16 19 14 10

8

24 23 20 15 22 16 12 10

22 20 16 14 20 16 12 13

20 18 15 10 22 18 15 15

23 19 16 12 21 13 10

26 17 18 15 19 14 13 14

24 18 16 17 18 16 12 10

26 20 18 15 20 15 12

24 11

26 16 10

28

25 11

24 11

21 12

23 16 11

19

24 10

26 12

25 13 11

21 14

0

DLQI

DNA

DNA

DNA

DNA

DNA

DNA

DNA

DNA

94

94

93

96

98

96

96

88

100

100

96

94

93

ESPIA

N: number; G: gender; M: male; F: female; SEST: socioeconomic stratum; E: extreme poverty; D+: medium-low class; D: poverty; C: medium class; C+: medium-high class; A/B: high class; PER:
Periplaneta; DER: Dermatophagoides; CYN: Cynodon; MOS: Mosquito; AMA: Amaranthus; FRAX: Fraxinus; QUER: Quercus; ALN: Alnus; HEL: Hellianthus; LOL: Lollium; CAN: dog; FEL: cat;
AR: allergic rhinitis; AD: atopic dermatitis; SPT (Skin Prick Test); 12I-PSS: 12-Item Pruritus Severity Scale; DQLI: Dermatology Quality of Life Index; ESPIA: Satisfaction Immunotherapy Questionnaire; DNA: Did Not Apply.

Age

G

N

Table II - Demographic characteristics of experimental group and control group.
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patients receiving conventional treatment who showed an initial
mean DLQI score of 23.25 (SD 2.18) and 14.25 (SD 2.25) after 12 months of treatment. Overall, the reduction in the DLQI
score of 19.83 in the immunotherapy group versus 9 in the conventional treatment group was significant (p = 0.0012) (figure 1).

Figure 3 - Evolution of skin lesions.

Figure 1 - Dermatology Life Quality Index (DLQI).
Dermatology life Quality Index (DLQI)
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Intensity of pruritus
Patients who received immunotherapy experienced a reduction
in the intensity of pruritus evaluated with the 12-Item Pruritus
Severity Score (12-IPSS) from 20.5 (SD 1.24) to 4 (SD 1.41)
after 12 months of treatment. Compared to patients with conventional treatment who presented an initial 12-IPSS of 20.13
(SD 1.45) and a final of 10.5 (SD 3.4) after 12 months. Overall,
the reduction in the 12-IPSS of 16.5 in the immunotherapy
group versus 9.63 in the conventional treatment group was significant (p = 0.02) (figure 2).
Figure 2 - 12-Item Pruritus Severity Score (12-PSS).
12-Item Pruritus Severity Score (12-PSS)
25
20
15
10
5
0
0 MONTHS

3 MONTHS

6 MONTHS

12 MONTHS

The satisfaction of the immunotherapy was assessed using the
ESPIA Questionnaire and a mean satisfaction of 95.75 (SD 3.3)
was recorded.

The yearly cost analysis of the immunotherapy was $ 60.00 on
average for each patient which was accompanied by a reduction in
the conventional medicines (antihistaminics, steroids, insect repellents) used, compared to the control group receiving conventional
treatment with an average cost of $ 180.00 for each patient without a decrease in the use of medications during the study period.
After twelve months of treatment, all 12 patients who received
immunotherapy, reported a decrease of persistent cutaneous lesions (papular urticaria) (figure 3). On the contrary the other 8
patients with conventional treatment did not present a significant reduction of cutaneous lesions (papular urticaria).
Discussion
Papular urticaria is a manifestation of recurrent pruritic papules
or vesicles and varying degrees of local edema. Reactions are
thought to be the result of a hypersensitivity reaction to biting,
stinging, or urticating insects (mosquitoes, flies, gnats, mites,
ticks and bed bugs) (18).
Cuellar et al. demonstrated that papular urticaria was a chronic allergic disease where there was a genetic predisposition with
an increased expression of molecules such as CD83, CD86 and
HLA-DR which are related to antigen presentation and there are
lower levels of regulatory cytokines such as interleukin-6 and
IL-10 leading to an increase in the production of Th-2 cytokines
ending in the production of a skin allergic reaction to exposure
to an allergen in the sting or bite of an insect (saliva) (19).
Penneys et al. demonstrated human antibody binding to salivary
gland and foregut endothelial protein antigen in mosquitoes.
Previously sensitized sites also erupt following the appearance
of new lesions, suggesting that circulating antigen triggers the
reactivation of sensitized sites (20).
Price et al. demonstrate the development of an IgE response to
C. lectularius following bed bug bites and Leverkus et al. identified the allergen as nitroforin in the bed bug’s saliva (21).
Allergen specific immunotherapy (SIT) has been studied and
used since Noon’s first report in 1911. SIT is the only treat-
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ment option that modifies fundamental allergic mechanism by
inducing desensitization. Immunological changes associated
with immunotherapy result in clinical tolerance (decrease in antigen-specific responsiveness) and immunologic tolerance (specific immune deviation from a TH2 to a TH1 cytokine profile).
Until now, 6 studies on mosquito immunotherapy have been
conducted based on clinical variables such as skin reactivity,
nasal reactivity, symptom and drug scores and immunological
variables such as increase in IgG4 antibody levels. No study
has been carried out in bed bug immunotherapy. Both insects
causes have been shown to be allergic hypersensitivity reactions
to the saliva allergen found in both insects (22, 23).
In the present study patients in the active group receiving immunotherapy with whole-body bed bug (C. lectularius) extract
for 1 year demonstrated significant improvement in clinical
variables (skin lesions, improvement in quality of life, intensity
pf pruritus and satisfaction with treatment) compared with the
conventional treatment group.
In this study, with the progression of immunotherapy 100% of
patients showed improvement in quality of life with a DQLI
with a reduction from 23.86 to 11.91 (51%) in the Score at
month 3 of treatment and from 23.86 to 4.13 (83%) at month
12 of treatment, being the maximum improvement in the first
three months of treatment. The decrease in the intensity of pruritus was 44% in the third month of treatment and 80% after
12 months of treatment being the maximum intensity of pruritus reduction in the first three months of treatment.
Satisfaction with immunotherapy using the ESPIA questionnaire was greater than 88 in the 12 patients with an average satisfaction of 95, supporting a high satisfaction with the treatment.
The medical treatment for bed bug papular urticaria is with topical steroids at the site of the bite and on acute lesions. The medical
treatment for pruritus is with antihistamines. The most specific
and curative management is the eradication of the bed bugs and
thus exposure, but this can be challenging. Bed bugs are very resistant insects, that can survive for up to a year without food and
are able to extend their territory through walls and ceilings. Eradication is best performed by a professional, but this is expensive often a change in household furniture is recommended and thus an
unaffordable option for the vast majority of affected patients (21).
Limitations
The limitations of this study include small sample size recruited
in a tertiary allergy clinic, which makes it difficult to extrapolate
results to the general population. In vitro tests are not available
to identify specific IgE against bed bugs saliva antigens. The
treatment is focused on the reduction of symptoms and improvement in quality of life, does not reduce the transmission of
the disease therefore it does not replace the definitive treatment
that is the extermination of the bed bugs.
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Conclusions
This pilot study demonstrates that subcutaneous immunotherapy with a whole body, bed bug extract is effective in reducing
the number of skin lesions and pruritus intensity while improving quality of life in patients with recurrent papular urticaria
caused by bed bug bites who had failed multiple previous adequate and appropriate treatments. It was rated as a highly satisfactory treatment by patients.
The objective of this preliminary study was to determine the
feasibility for a larger, future study in collaboration with first
level services focused on populations of low socioeconomic level, with a large number of patients using a standardized extract.
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Summary
Rapid drug desensitization (RDD) is a procedure performed when no alternative drug is considered equally effective. The aim of our study is to describe the
experience with RDD to cytostatics in patients being treated for gynaecological
cancer in a Tertiary Hospital, over a period of 5 years. In this paper, we review 22
cases and 107 episodes of RDD; 86.3% of patients had advanced disease and the
mortality rate at the time of data collection was 50.0%. RDD was performed on
81.8% patients for platinum, 13.6% for taxanes, and 4.5% for anthracyclines.
The reintroduction of antineoplastic drugs in all patients with a previous history
of immediate hypersensitivity reaction demonstrated the safety and efficacy of this
procedure. There was serious complication (anaphylaxis) in only one case.
Impact statement
This work highlights the safety and effectiveness
of antineoplastics.

Introduction
Considering developed countries, the most lethal gynaecological cancer is ovarian, especially high-grade serous carcinoma (1).
Ovarian cancer is usually diagnosed at advanced stages (stage
III and IV of The International Federation of Gynecology and
Obstetrics – FIGO) (1, 2), with 5-year survival rates in all stages
reported as low as 50% (3). Platinum-based therapeutic agents
are widely used in this subtype, due to a generally good response
(1). Other histological types like low-grade serous or clear cell
ovarian carcinomas do not show such a good clinical response

to these therapies (1) but can still be used in these cases. Platinum sensitivity is described as an absence of relapse for at least
6 months after the last cycle of chemotherapy (4). Nevertheless, platinum agents also play an important role in subsequent
relapses of ovarian cancer, as sensitivity is often retained (4).
Paclitaxel is often used together with platinum drugs, as this
combination improves overall survival in patients with recurrent platinum-sensitive ovarian cancer (5). Platinum-related hypersensitivity reactions (HSR) are reported at a rate of 1 in 10
patients, with higher incidence in advanced stages of the disease
(stages III-IV), with serous carcinoma subtype and in the pres-
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ence of ascites (5). Multiple cycles of platinum therapies increase
the probability of an HSR (4, 5), so desensitization protocols
can enhance the chance of retreatment with these drugs and
thus increase patient survival.
In developed countries, endometrial cancer is the most common
gynaecological malignancy (6). Most of these tumours have a
postmenopausal diagnosis and are usually detected at stage I
(with > 95% survival rates at 5 years), although they can appear
before 40 years of age (6, 7). Nevertheless, if there is locoregional advanced or distant disease, survival rates decrease markedly
(8). There are no population-based screening programmes for
endometrial or ovarian cancer. Among those with high-risk factors for endometrial tumours, only those with Lynch syndrome
have customized screening programmes.
Three of the main histological endometrial cancer subtypes
according to the World Health Organization (WHO) include
endometrioid, serous, and clear-cell carcinomas (9). Classically and biologically, endometrial carcinomas are divided into 2
types, with type 2 referring to those with typically worse prognosis and including high-grade carcinomas (7, 9).
FIGO classification is used for staging endometrial tumours; the
staging is surgical (10). Additionally, a risk group stratification classifies the following cases as a high-risk disease: endometrioid IB G3;
stage ≥ II; and non-endometrioid histological subtype (11). Chemotherapy is recommended in endometrioid stage III of FIGO
and the approved regime is carboplatin plus paclitaxel. The same
therapy is proposed for serous and clear-cell carcinomas (8, 12).
Worldwide, breast cancer is the main cause of cancer-related
deaths in women (13). The incidence of breast cancer increases
with age (only 25% of cases occur before age 50) and has increased due to the application of national screening programmes
with the use of mammography (13). As increasing numbers of
breast cancer cases are diagnosed at an earlier stage, the mortality rate has decreased in developed countries in recent years (13).
The histological diagnosis is based on WHO (World Health Organization) classification and the eighth edition of the American
Joint Committee on Cancer (AJCC) tumour, node, metastases (TNM) staging system. These include biological prognostic information: grade, hormonal receptors, human epidermal
growth factor receptor 2 (HER 2) and possibly gene expression
(13). Of all the breast cancer subtypes, invasive carcinomas not
otherwise specified (NOS) are the most frequent (13).
Hypersensitivity reactions to chemotherapeutic agents
HSRs to a chemotherapy agent are defined as unexpected reactions that cannot be explained by the known toxicity profile of the drug (14). Based on their development mechanism,
HSRs are classified as allergic, which involves an immunological
mechanism, and non-allergic, when an immunological pathogenic mechanism is not demonstrated (15). The type of allergic
reaction is classified into four categories based on the Gell and
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Coombs classification: type I immunoglobulin E (IgE)-mediated or immediate type; type II cytotoxic-mediated; type III
immune complex-mediated; and type IV T cell-mediated or
delayed type (16).
Current data indicate that most patients who have experienced
HSRs within 24 hours of the last drug administration achieve
drug-tolerance with rapid desensitization (15). Immediate drug
HSRs usually occur within 1–6 h after the last administration of
the drug, and can be IgE-mediated or related to a non-specific
histamine release. Non-immediate or delayed reactions can occur
at any time from 1 h after the initial drug administration, typically up to 6-12 h. Specifically in cases of chemotherapy, HSRs
can occur more than 24 h after drug infusion, probably due to its
prolonged half-life, or the administration of premedication drugs,
which can mask the acute phase of these reactions (18, 19).
Platinum compounds
Platinum compounds, such as cisplatin, carboplatin and oxaliplatin, are useful antineoplastic agents used in a wide variety
of cancers, particularly in gynaecological malignancies (20-22).
The first platinum drug approved by the United States Food and
Drug Administration (FDA) as an anticancer agent was cisplatin
in 1970, with carboplatin being approved almost twenty years
later in 1989 (16). These chemotherapy agents are classified as
deoxyribonucleic acid (DNA) alkylating agents. However, cisplatin was gradually replaced by carboplatin in patients with
ovarian cancer, due to its reduced nephrotoxicity, neurotoxicity
and gastrointestinal toxicity (23, 24). Oxaliplatin is a third-generation platinum agent that, similarly to cisplatin and carboplatin, consists of a DNA alkylating agent that forms intrastrand/
interstrand DNA crosslinks, affecting DNA base pairing, replication, gene transcription, and cell death (25, 26). The mechanism
by which platinum compounds cause HSRs remains unclear, but
they are generally reported as being IgE-mediated reactions (16,
24, 27). In the available studies regarding the incidence of HSRs
to platinum compounds: cisplatin HSRs range from 1% to 20%;
carboplatin HSRs increase with the number of cycles, and range
from 1% in those that received ≤ 6 cycles to 27% in those who
received ≥ 7 cycles, and up to 47% in those who received ≥ 15
cycles; and oxaliplatin HSRs range from 10% to 25% (26, 2830). The incidence of cross-reactivity between platinum agents
has yet to be clarified, but some studies have documented the
cross-reactivity between carboplatin and cisplatin as being higher
than 25% (31). The clinical manifestations of HSRs are diverse
and unpredictable, varying from only cutaneous manifestations
to severe or even fatal manifestations (26, 32).
Taxanes
Similar to platinum compounds, taxanes are an important cause
of HSRs in oncologic patients. The most used taxanes are paclitaxel and docetaxel. Paclitaxel is a natural compound, originally
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isolated from the bark of the Pacific yew tree, with its antineoplastic effect interfering with the dynamics of microtubules (cytoskeleton), causing mitotic block and cell death (33-35). Docetaxel is
a semi-synthetic molecule derived by a taxoid precursor found in
European yew trees (35). Due to their low solubility, they are formulated with solvents to allow intravenous administration: Cremophor® EL is associated with paclitaxel and polysorbate 80 with
docetaxel (33). These solvents are capable of causing complement
activation which leads to anaphylatoxins production and mast
cell activation, thereby explaining why some patients experience
immediate HSRs (34). Initial studies with taxanes revealed a high
incidence of immediate HSRs, which led to the use of premedication with antihistamine and corticosteroids (36). Currently,
immediate HSRs to paclitaxel and docetaxel occur in about 10%
and 5% of premedicated patients, respectively (36). Immediate
HSRs to taxanes occur minutes after starting the infusion during
the first or second cycles, and symptoms include flushing, chest,
back and abdominal pain, as well as respiratory symptoms (33,
35). Cross-reactivity between paclitaxel and docetaxel exists but
seems to vary among different populations and depends on the
severity of the initial HSR (32).
Anthracyclines
Anthracyclines, such as doxorubicin, idarubicin, daunorubicin
and epirubicin, are used to treat multiple malignancies, interfering with DNA metabolism and ribonucleic acid (RNA) production. HSRs to anthracyclines are rare (32). Clinically, the
most important anthracycline that has been well studied, particularly in gynaecological malignancies, is pegylated liposomal
doxorubicin (PLD) (32). The reported incidence of immediate
HSRs to PLD is 9% (16). This is similar to the incidence of
HSRs to taxanes and usually occurs at an interval of 5 minutes
after the first cycle, with flushing, back pain and chest tightness
as clinical manifestations (16). The mechanism of HSRs is not
clear, but it is believed that symptoms derive from complement
and mast cell activation (37). Also, interestingly, the free form
of doxorubicin does not cause HSRs, with pegylated liposomes
being the probable trigger for these reactions (37).
Risk factors to hypersensitivity reactions in chemotherapeutic
agents
The main risk factor influencing the occurrence of platinum
HSRs is the total number of cycles that patients have received,
with the peak of HSRs usually occurring during the 8th or 9th
cycle (32). Similarly, other risk factors have been reported, namely
a history of atopy and drug allergy; a long platinum-free interval and the administration of ≥ 650 mg of carboplatin (32). The
inherited mutations in breast cancer type 1 or 2 genes (Breast
Cancer gene – BRCA 1 or 2) appear to be related to a higher
risk of reactions to carboplatin infusion and patients are also at
risk for these reactions during desensitization (23). On the other
hand, the combination of carboplatin with PLD seems to reduce
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the incidence of HSRs when compared to the administration of
isolated carboplatin or its combination with paclitaxel (26). There
are studies suggesting that the combination of specific chemotherapeutic drugs may have a predictive value on the HSRs risk
(26, 38). Joly et al. suggested that the use of carboplatin associated with pegylated liposomal doxorubicin presented a low rate of
HSRs, when compared to the combination with paclitaxel, which
seems to be associated with a higher number of HSRs, probably due to potentiation secondary to paclitaxel co-administration
(26, 38). The predictive factors for HSRs in the case of taxanes
remain unclear. However, one study identified that younger age,
previous allergy history and a short-course of premedication were
associated with paclitaxel HSRs (39). Other comorbidities, such
as obesity (body mass index > 30 kg/m2) have also been associated
with an increased risk of HSR to chemotherapy agents (40).
The influence of the presence of eosinophils in allergic diseases is
already known, having been studied as a possible risk factor for
drug reactions, especially regarding their count in the platinum
therapeutic cycle in which the allergic reaction occurred (41).
However, some studies carried out in this area have proven an
absence of relationship or the presence of a lower number of
eosinophils in patients with reactions to platinum salts when
compared with non-allergic patients (41).
Rapid drug desensitization
Rapid drug desensitization (RDD) is a procedure performed
when no alternative drug in use is deemed equally effective. RDD
consists in the induction of temporary unresponsiveness to drug
antigens, which allows patients to be treated with medications
to which they have previously presented HSRs (42). RDD enables the full therapeutic doses to be reached without major side
effects in a relatively short period of time (43). Several desensitization protocols have been published and used for patients with
platinum drug HSRs, but most widely accepted desensitization
protocols are the 8-step and 12-step, with a duration of 5.8 hours
to 8 hours (22, 44, 45). The choice of a specific RDD protocol is
based on the risk stratification, according to clinical history and
skin test results (46). Various desensitization protocols for taxanes
have been studied with the Brigham and Women’s Hospital/Dana-Farber Cancer Institute, the 3-bag, 12-step protocol being the
most studied as well as having an excellent safety record (32, 47).
Regarding the PLD desensitization protocol, data are limited, but
the most used protocol is the same as that used for taxanes, consisting of 3 bags and 12 steps (47).
The aim of chemotherapy desensitization is to maintain a temporary tolerance to the chemotherapeutic drug involved in the
patient’s reaction, which is essential for effective treatment and
to achieve the best possible quality of life.
The objective of our study was to describe the experience in rapid drug desensitization to antineoplastic drugs in gynaecological
cancers in an Allergy and Clinical Immunology Department of
a Tertiary Hospital.
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Materials and methods
Study design
The authors performed a retrospective, descriptive and inferential review of patients with gynaecological cancer with a history
of HSRs to chemotherapy agents who were submitted to desensitization protocols.
Enrolment took place in a Tertiary Hospital over a period of
five years, between June 2015 and June 2020. Patients were included if they had a histologically confirmed diagnosis of gynaecological cancer – ovarian, endometrial or breast, with subtype
classification according to WHO guidelines (9, 48) – associated
with confirmed HSRs to chemotherapy drugs (defined by European Academy of Allergy and Clinical Immunology – EAACI
- guidelines (49)), and who were submitted to RDD. Patients
were also required to be ≥ 18 years of age and able to provide
written informed consent before each desensitization.
This paper was written considering the ethical and legal principles and in accordance with the recommendations of the
Declaration of Helsinki of the World Medical Association. The
anonymity of all the participants of this work was guaranteed.
Subjects
Patients included were those referred to the Allergy and Clinical Immunology Department by the Gynaecology Department,
with immediate-type HSRs to chemotherapy drugs and an absence of possible alternatives, and who were eligible for allergy
diagnostic work-up and RDD. Patients with delayed reactions
(> 24 hours) were excluded, such as drug-induced fever and exfoliative skin reactions as multiform erythema, Stevens-Johnson
syndrome or toxic epidermal necrolysis. Type II and III reactions (Gell and Coombs) were also excluded.
Immediate HSRs were classified according to Brown’s grading
system (BGS) (50) as: 1) Mild (grade I), corresponding to symptoms limited to the skin or involving a single organ/system; 2)
Moderate (grade II), corresponding to symptoms involving at
least two organs/systems without a significant drop in blood
pressure or in oxygen saturation; 3) Severe (grade III), corresponding to symptoms involving at least two organs/systems
and a significant drop in blood pressure or in oxygen saturation.
Organs/systems signs and symptoms of HSRs were defined as
mucocutaneous (flushing, pruritus, urticaria, angioedema), respiratory (nasal symptoms, dyspnoea, wheezing, oxygen desaturation, bronchospasm, throat or chest tightness), cardiovascular
(chest pain, tachycardia, lipothymia, syncope, and hypotension), gastrointestinal (nausea, vomiting, diarrhoea, and abdominal pain) and other symptoms (altered state of consciousness, headache, paraesthesia, pain).
Disease characteristics and outcomes
Patients were characterized according to demographic data, history of atopy, age at diagnosis of gynaecological cancer, histolog-
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ical subtype of cancer, staging, distant metastases at diagnosis,
drug and therapeutic cycle involved in HSR, time interval between cycles, Brown’s grading system (BGS) (50) of HSR, drug
chosen for RDD, number of therapeutic cycles in RDD, complications of RDD, the therapeutic success of RDD and mortality.
Assessment of allergy diagnosis
Each patient was evaluated with a detailed clinical history. Personal and family history of atopy were also considered.
All patients underwent skin tests for the suspected chemotherapeutic agent and latex at least 4 weeks after the initial reaction,
according to The European Network for Drug Allergy/EAACI
recommendations (49), with the exception of a single case of
anthracycline reaction, where RDD was based only on clinical
history due to the absence of standardization skin test concentrations. Skin prick tests (SPT) were performed with undiluted
agents – carboplatin (10 mg/mL), cisplatin (1 mg/mL) (49), paclitaxel (6 mg/mL) and docetaxel (1 mg/mL) (51). When SPT
were negative, intradermal tests (IDs) were performed with a
1/10 dilution and additional dilution in cases with moderate
and severe reaction (grade II and III (50)). Immediate readings
were performed at 15-20 minutes for SPT and IDs (49). A weal
of ≥ 3 mm in diameter for SPT or an increase in diameter of
the initial ID of ≥ 3 mm were defined as a positive result, when
observed a negative response to control solution (0.9% saline)
and a positive response to histamine (10 mg/mL) (49).
Desensitization protocol
A 12-step protocol, described by Castells et al. (42) was implemented,
with three dilutions of the target drug dose, containing 1/100, 1/10,
and 1/1, respectively, diluted in 250 mL of 0.9% saline solution.
All desensitization procedures were conducted on an inpatient regimen and were performed using premedication: clemastine 2 mg,
intravenously; ranitidine 50 mg, intravenously, and montelukast 10
mg, per os, maintaining the premedication proposed by oncology
according to the drug or the protocol used. Based on our experience and adapted from the literature, our RDD protocols include
premedication administration 30 minutes before starting the procedure, with the exception of montelukast, which was administered
in 2 steps: 12 h and 30 minutes before the procedure (52).
Angiotensin-converting enzyme inhibitors and beta-adrenergic
blockers were retained for 24 hours before desensitization.
The treatment of adverse drug reactions depended on the severity: mild reactions were treated with cetirizine (10 mg administered per os), and moderate-severe/recurrent reactions were
treated with clemastine (2 mg intravenously or intramuscularly),
ranitidine (50 mg administered intravenously), and methylprednisolone sodium succinate (1-2 mg/kg administered intravenously). Bronchospasm was also treated with inhaled beta2 agonists
(salbutamol or ipratropium bromide). In anaphylactic reactions,
epinephrine (0.01 mg/kg intramuscular at the dilution of 1 mg/
mL) was administered, corresponding, in our sample, to 1 case.
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Upon resolution, infusion was continued at the current step, or
at a previous step, depending on the severity of the reaction (53).
Statistical analysis
Statistical analysis was performed using SPSS Statistics version
24.0®. Descriptive statistics were analysed as mean and standard
deviation for the variables with normal distribution, and median
and interquartile range for variables without normal distribution.
Results
Demographic and clinical characteristics
Twenty-two women with HSRs to chemotherapy agents were
submitted to RDD, corresponding to 107 RDD procedures
(mean 4.9 ± 4.5 procedures per patient). The mean age of the
study cohort at the time of the first desensitization was 56.5 ±
14.3 years, ranging from 22 to 77 years old. Obesity (defined
as body mass index > 30 kg/m2) was observed in 31.8% (n = 7)
and history of atopy was confirmed in 27.2 % (n = 6) patients:
confirmed drug allergy history (nonsteroidal anti-inflammatory
drugs) in n = 3 patients; allergic asthma and rhinitis in n = 2
patients; food allergy in n = 1. One third (n = 2) of the patients
with a positive history of atopic disease had also a history of
family atopy (allergic asthma or penicillin allergy).
Patient characteristics are summarized in table I.
Cancer diagnosis
Regarding diagnosis, the mean age of cancer diagnosis was 51.5
± 12.8 years, ranging from 22 to 69 years old. Most of the patients (77.3%, n = 17) had advanced disease (stage III or IV) at
the time of diagnosis. The types and subtypes of primary cancer
are summarized in table II.
When retrospective data were collected, half of the patients, corresponding to n = 11, had already died due to disease progression. Of this
group of patients, only one had a disease-free survival interval of more
than one year. Considering patients diagnosed until 2015 (40.9%, n =
9), the 5-year survival rate was 55.6% (n = 5 of total n = 9).
Only 1 patient presented a BRCA 1 pathogenic mutation: a
high-grade serous ovarian cancer and cisplatin HSR (patient
number 16). Another patient presented a BRCA 2 variant of
undetermined significance (VUS), this one with a low-grade serous ovarian cancer and carboplatin HSR (patient number 3);
these two patients presented different severity of HSRs (grade
III in patient number 16 and grade I in patient number 3).
Hypersensitivity reactions and desensitization
These data are summarized in table I and time intervals between
lines of treatment are shown in figure 1, by patient and drug.
Clinical manifestations of HSRs are illustrated in figure 2.
Platinum compounds: most patients (81.8%, n = 18) presented
HSRs to platinum salts: 88.9% (n = 16 of total n = 18) to carbo-
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platin and 11.1% (n = 2 of total n = 18) to cisplatin. Regarding
comorbidities, one third of the patients (n = 6 of the total n =
18) were obese and 22.2% (n = 4 of the total n = 18) had atopy.
According to BGS (50), HSRs were characterized as grade I in
27.8% (n = 5 of total n = 18), grade II in 5.6% (n = 1 of total n
= 18) and grade III in 66.7% (n = 12 of total n = 18). The first
episode of HSR to platinum occurred at a median 13.0 cycles
(minimum 5 cycles, maximum 19 cycles). Almost all patients
(94.4%, n = 17 of total n = 18) experienced the HSR in a number of cycles ≥ 7. The median platinum dose in the HSR cycle
was 527.2 mg ± 161.2 mg, corresponding in 22.2% (n = 4 of total n = 18) to a dose ≥ 650 mg. Median blood eosinophil count
before the administration of the HSR cycle was 98.3 cells/μl
(minimum 0 cells/μl, maximum 300 cells/μl).
In patients diagnosed with ovarian cancer, the median time interval between the HSR and previous chemotherapy cycle was
10.7 months (minimum 2 months, maximum 23 months), and
in 1 patient with ovarian cancer (patient number 15) platinum
HSR occurred during the first group of cycles (5th cycle).
In patients diagnosed with endometrial cancer, the median time
interval between the HSR and previous chemotherapy cycle was
49.0 months (minimum 8 months, maximum 144 months). In
1 patient with endometrial cancer (patient number 5) platinum
HSR occurred during the first group of cycles cycle (8th cycle).
In 50.0% (n = 9 of total n = 18) of platinum chemotherapy
HSRs, patients were under treatment with placlitaxel (skin tests
confirmed platinum hypersensitivity).
Skin prick tests (SPT) with platinum compounds were positive
in 38.9% of the patients (n = 7 of total n = 18), all to carboplatin (n = 4 grade III and n = 3 grade I). In all patients with
positive SPT, IDs were not performed due to a significant risk
of HSRs associated to the procedure. ID tests were positive in
55.5% (n = 10 of total n = 18), n = 7 carboplatin and n = 2
cisplatin (n = 1 grade I; n = 2 grade II; n = 6 grade III). Evidence
of skin test cross reactivity had been presented in 4 patients (n =
2 cisplatin, n = 2 carboplatin).
RDD was performed in all patients with the respective drug
involved in the HSR, after workup through skin tests (table I).
The median number of RDD cycles was 3.5 cycles (minimum
1 cycle; maximum 24 cycles). Complications during RDD occurred in one third of the patients (n = 6 of total n = 18), almost
all grade I reactions, namely pruritus, facial flush and urticaria. In one case (patient number 14, table I), a severe type III
reaction occurred, corresponding to anaphylactic shock during
infusion of the eleventh step (third bag – highest concentration). In this case, intramuscular epinephrine, intramuscular
clemastine, intravenous methylprednisolone and inhaled beta2
agonists were required. This patient had a type III reaction as
inaugural HSR and positive SPT for carboplatin. The following
desensitization protocol was adjusted to 15 steps, with only a
type I reaction registered.
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Figure 1 - Time intervals between groups of cycles, according to patient and drug. The patient number is matching with table I.

Figure 2 - Signs and symptoms of chemotherapy hypersensitivity reactions according drug class.
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All patients completed the proposed chemotherapy desensitization protocol.
Taxanes: this was the second most frequent group of chemotherapy
drugs that resulted in HSRs and RDD in our sample, corresponding to a total of 13.6% (n = 3) of patients (n = 1 to docetaxel, n =
1 to nab-paclitaxel and n = 1 to paclitaxel). The three patients were
initially diagnosed with advanced breast cancer by 2015, resulting
in a 5-year survival rate of 100.0%. Regarding comorbidities, two
patients presented atopy and one patient was obese.
HSRs in this group occurred at an early stage of the chemotherapy regimen (minimum 2, maximum 3 cycles), and all patients
had a grade III HSR.
Considering the patient with HSR to docetaxel, SPT were positive for ID 1:10. The patients with paclitaxel and nab-paclitaxel
HSRs had negative SPT for the respective drug.
The median number of RDD cycles was 4.0 (minimum 3 cycles,
maximum 5 cycles) and none of the patients experienced complications during the RDD cycles.
All patients completed the proposed chemotherapy desensitization protocol.
Anthracyclines: only one patient suffered from HSR (patient
number 22, table II) to PLD and underwent RDD. The patient
had a diagnosis of non-metastatic breast cancer and presented
no other diseases/comorbidities. HSR occurred in the 3rd cycle
and was characterized as severe (grade III). No skin tests were
performed. The patient underwent 5 cycles of RDD without
complications, and has a current disease-free survival of 3 years.
Discussion
In this study we report the experience of our hospital in 107
successful RDD performed in 22 patients who experienced immediate type HSRs to platinum compounds, taxanes, and anthracyclines. Only one patient experienced a severe complication
(HSR grade III) during the first 12-step RDD, which was subsequently changed to a 15-step protocol with no complications.
It is well established that any chemotherapy agent can cause HSRs;
however platinum and taxanes are the most common agents involved in HSRs and our results are in accordance with this (54).
Most of our patients presented HSRs to platinum agents, and this
is also partly justified by the wide use of this group in the first line of
treatment of solid tumours in adults, especially for ovarian cancer.
The difference in the median time interval between the HSR and
previous chemotherapy cycle in ovarian and endometrial cancer is
related to the fact that there is a higher rate of relapse in the former.
In taxanes, the HSRs occurred despite Ginecology-Oncology
premedication protocol, that includes: dexamethasone 10 mg
and H1 and H2 antihistamines (clemastine 2 mg, ranitidine
50 mg), in the cases of paclitaxel and nab-paclitaxel (55); dexamethasone 8 mg (on the day before, the day of the treatment
and the day after), in the case of docetaxel (55, 56).
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The patients selected for desensitization were those who had
immediate HSRs and, therefore, the mechanism likely to be implied is based on IgE-induced sensitization, although skin tests
did not confirm this in all patients, as in other published series
(57). In our study, the patients selected for RDD were those
with a clinical history compatible with immediate HSRs and
positive SPT; and in patients with negative SPT, only those diagnosed with a more severe immediate HSRs - grade III.
Premedication for platinum includes antiemetic drugs and
dexamethasone, and there is no premedication prescribed in the
case of PLD (55).
Most patients in the three types of cancer had an advanced stage
of the disease at the time of diagnosis, which generally requires
higher doses of chemotherapy, a greater number of cycles and
consequently increased chances of HSRs, and these are well established risk factors for HSRs to platinum compounds (32).
Taking into account previous investigations in which it was reported that a drug allergy history correlated with predictive risk
of chemotherapy allergy (32, 58), especially with platinum compounds, our sample showed a low prevalence, not only regarding
previous drug allergy history but also other atopic diseases, when
compared to other results in the literature (5). The presence of
obesity has been associated with severe manifestations and fatal
outcomes in anaphylaxis (59, 60). In our sample, obesity was
also present in a significant number of patients, not only in the
platinum group, but also for taxanes, considering that almost
half of these patients presented severe grade III HSRs. These data
highlight obesity as a possible predictor of chemotherapy HSRs,
although further studies are needed with a larger sample size.
The association of paclitaxel with platinum chemotherapy
schemes improves overall survival in patients with recurrent
platinum-sensitive ovarian cancer (5). Our work has also shown
that this association was very prevalent, corroborating that the
combination of these drugs is considered a risk factor (26).
Although pathogenic mutations in BRCA 1/2 appear to increase
the risk of HSRs to carboplatin infusion (23), our population
showed a low prevalence of this mutation which was confirmed
in only one woman with a cisplatin HSR. The other woman
with VUS BRCA 2 mutation had a carboplatin HSR. These
patients also presented heterogeneity in HSR severity, with the
pathogenic variant associated with a higher-grade reaction (III).
The relationship between the presence of eosinophils and allergic diseases is already known, and has been studied as a possible
risk factor in drug HSRs, especially regarding their count in the
specific platinum therapeutic cycle in which the allergic reaction
occurred (61). However, some studies carried out in this area
have proven an absence of relationship or even the presence of a
lower number of eosinophils in patients with platinum reactions
(41), as shown in our data.
In the platinum compounds HSR cases, almost the entire sample (n = 17, total n = 18) presented HSRs after ≥ 7 cycles of che-
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motherapy, which is in keeping with the number of cycles being
considered a risk factor for allergic reactions (32). The same is
not true for the other groups of drugs studied, which is also in
agreement with the literature (16, 33).
The positive skin tests did not correlate with the severity of the
initial reaction, as there were cases in which the tests were positive
and the HSR was mild (grade I) and cases in which the tests were
negative and the HSRs were severe (grade III). Although platinum
skin tests are recommended and negative test results are associated
with a lower risk of anaphylaxis (45, 62), all patients in our sample
with negative skin tests had severe type III reactions, so RDD was
performed in accordance to the risk assessed via clinical history.
Even considering that platinum skin tests are recommended and
validated, and are a useful complementary diagnostic tool, this
must always be associated with a complete and exhaustive clinical
history to assess the risk of a future desensitization procedure.
Skin tests for paclitaxel showed negative results in all tested cases,
which is in line with data presented in literature, corroborating
that the predictive value has not yet been demonstrated (63).
The high mortality rate of our sample (50.0%) is justified by
advanced oncological disease at the date of the first HSR to
chemotherapy. The same may justify the fact that, in the case
of platinum salts, in which a higher dose is associated with an
increased risk of HSRs, the vast majority of patients had been
submitted to multiple treatment lines.
Conclusions
In all presented cases, rapid drug desensitization successfully
allowed the reintroduction of antineoplastic drugs in patients
with a previous history of immediate hypersensitivity reaction.
Of all patients included, only one had a serious complication
(anaphylaxis) during the course of the desensitization protocol,
and it was necessary to adjust the protocol from 12 to 15 steps
in the following cycles.
A joint protocol between the departments of gynaecology and
allergy and clinical immunology allows the patients to benefit
from better clinical guidance, resulting in the conclusion of the
proposed chemotherapy in cases of HSRs.
Our work demonstrated the safety and effectiveness of these
protocols, highlighting the advantages of gaining experience in
this procedure.
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Summary
Objective. The association of allergic conjunctivitis (AC) with rhinitis and/or asthma is poorly understood. The objective of this study was
to apply the Consensus Document for Allergic Conjunctivitis (DECA) criteria for the classification of AC to a population of patients with
AC to assess the association between the severity and duration of AC and rhinitis and/or asthma. Methods. Patients with ocular symptoms
of AC who participated in the “Alergológica 2015” study were included. The demographics, classification according to the DECA criteria,
etiology, and comorbidities were evaluated by age groups (≤ 14 and > 14 years). Results. A total of 2,914 patients (age range, 1-90 years)
were included in the “Alergológica 2015” study. Of these, 965 patients (33.1%) were diagnosed with AC (77.5% > 14 years). AC was classified as severe, moderate, or mild in 1.8%, 46.4%, and 51.8%, respectively; and as intermittent or persistent in 51.6% and 48.4% of the
patients. AC alone occurred in 4% of patients. AC was mainly associated with rhinitis (88.4%), asthma (38.2%), food allergy (8.3%) and
atopic dermatitis (3.5%). In allergic respiratory disease rhinitis preceded AC and asthma developed later. The severity and duration of AC
was significantly associated with severity and duration of rhinitis (p < 0.001 for both age groups) and asthma (p < 0.001 only in adults).
Conclusions. The application of the new DECA classification for AC reveals a direct relationship between AC, rhinitis and asthma respect
to severity and duration. These relationships suggest that AC should be considered an integral part of the “one airway, one disease’ hypothesis.

Introduction

Materials and methods

Allergic conjunctivitis (AC) is an inflammatory reaction of the
conjunctiva mediated by immunoglobulin (Ig)E hypersensitivity. Depending on the geographical area and study design, the
estimated prevalence of AC in the general population ranges
between 15 and 40% (1-3).
AC is often associated with other atopic conditions such as eczema, food allergy, and especially rhinitis and asthma (4). Since the
allergic response often involves the conjunctival surface of the
eye as well as the respiratory tract, it has been hypothesized that
AC should be considered as part of the “united airway disease”, a
concept based on the anatomical and functional links between the
upper and the lower respiratory tracts (5-7). Likewise, the concept of allergic respiratory disease (ARD), based on the allergic
origin of the disease and its clinical spectrum, includes conjunctivitis, rhinitis, and/or asthma, although not all clinical manifestations must occur simultaneously in patients with ARD (8).
The classification of allergic rhinitis and asthma according to
duration and severity has made it possible to demonstrate a
strong association between both entities (9). For example, it has
been observed that the greater the severity and duration of rhinitis, the greater the possibility of being associated with asthma
(10). However, the role of AC as a risk factor of rhinitis and/
or asthma is poorly understood, possibly due to the lack of a
validated classification based on the duration and severity of the
disease. We have recently validated the new criteria for classification of AC’s severity and control proposed in the Consensus
Document on Allergic Conjunctivitis (DECA) (11, 12). The
present study aimed to apply the DECA classification to assess
the association between the severity and duration of AC and its
main comorbidities, rhinitis, and asthma, for the first time.

Study design and population
The “Alergológica 2015” study was a multicenter, observational, cross-sectional, prospective study of patients consulting an allergist for the first time in public and private health
centers in Spain, between March 2014 and March 2015,
whose material and methods have been published elsewhere
(13-15). The “Alergológica 2015” study was approved by the
Clinical Research Ethics Committee of Hospital General de
la Defensa, Madrid, Spain. Patients or legal guardians signed
written informed consent. In the “Alergológica 2015” study
data were collected on an electronic case report form (CRF).
The CRF remained open until the diagnostic work-up had
been completed for all patients or until the end of the recruitment period. Clinical symptoms, time from the onset of
disease to the study inclusion, demographic data (age, gender,
and habitat), smoking behavior, and family history of allergic
diseases were recorded. Complementary diagnostic tests were
performed following the investigator’s criteria and consisted
of skin tests, specific IgE determinations, functional respiratory tests, provocation tests, and others, following standard
clinical practice.
In the present study, adults and children with suggestive
AC symptoms fulfilling DECA criteria were retrospectively
analyzed (table I) (11). The demographics, skin prick test,
classification according to the DECA criteria, and comorbidities, were evaluated by age groups (≤ 14 and > 14 years). AC,
rhinitis and asthma were classified, respectively, according to
DECA criteria (figure 1) (11), modified Allergic Rhinitis and
its Impact on Asthma (ARIA) criteria (16), and Spanish guide
for management of asthma (GEMA) criteria (17).
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Table I - Clinical criteria for suspicion of allergic conjunctivitis (DECA) (11).
Bilateral conjunctival hyperemia and pruritus (together with at least 3 of the following criteria)
1. Ocular symptoms associated with exposure to suspicious allergens
2. Association with other allergic diseases (rhinitis, asthma, atopic dermatitis)
3. Response to topical pharmacologic therapy (antihistamines, mast cell stabilizers, dual-action agents)
4. Absence of giant papillary conjunctivitis
5. Absence of corneal involvement

Statistical analysis
Data were expressed as mean ± standard deviation (SD). When numeric distribution was markedly asymmetric, median and percentiles (P 25 and P 75) were used. Qualitative variables were calculated
based on frequencies and percentages. Data were analyzed both globally and by age groups: ≤ 14 years old (pediatric group) and > 14 years
old (adults’ group). The relationship between qualitative variables was
analyzed using the Chi-square test, Chi-square with correction for
continuity, or Fisher’s exact test. The Chi-squared test was used to
analyze relationships between two categorical variables. For the study
of concordance, Cohen’s Kappa coefficients were obtained for qualitative variables. Agreement was considered fair if the value of Kappa
was 0.21-0.40, moderate if 0.41-0.60, substantial if 0.61-0.80, and
almost perfect if 0.81-1.00 (18). A statistical significance level of 0.05
was considered for all tests. The software IBM SPSS Statistics v25 for
Windows (Armonk, NY, USA) was used for the statistical analysis.
Results
Demographics
Of the 2,914 patients included in the “Alergológica 2015” study,
965 patients (33.1%) were diagnosed with AC. Of the patients

with AC (age range, 1-90 years), 17.3% were aged ≤ 14 years
(table II). In the pediatric group, there was male predominance
(62.0%, p < 0.001), but in the adult population, most patients
were female (57.4%).
Globally, 66.0% of patients with AC referred family history
of atopy, rhinitis (52.0%), asthma (29.5%), and conjunctivitis (23.4%). Most of the patients lived in urban areas (62%)
and were non-smokers (74%). Exposure to pets was referred by
15.5% of patients.
Skin prick tests
The pollens were the most frequent allergen detected by skin
tests in the population, both children and adults (table II). Grass
pollen was the most frequent sensitization (49%), followed by
Olea europaea (37%). Among the mites, the most prevalent were
Dermatophagoides pteronyssinus (27.9%), D. farinae (20.8%),
and Lepidoglyphus destructor (6.5%). The most prevalent mold
was Alternaria alternata (4.5 %). Cats (12%) and dogs (8.5%)
were the most frequent sensitizations to animals. Sensitization
to hamsters was related to pet ownership (p < 0.01).

Figure 1 - Criteria for the Classification of AC according to the DECA criteria (11).

INTERMITTENT

PERSISTENT

≤ 4 days per week OR ≤ 4 consecutive weeks

> 4 days per week AND > 4 consecutive weeks

MILD
•

Signs and symptoms are
not bothersome
• No effect on vision
• No interference in school
or work tasks
• No difficulties for activities
of daily living, reading,
and/or sport

SEVERE (4 items)

MODERATE (1-3 items)
•

Signs and symptoms are
bothersome
• Effect on vision
• Interference in school or
work tasks
• Difficulties in activities of
daily living, reading,
and/or sport

•

Signs and symptoms are
bothersome
• Effect on vision
• Interference in school or
work tasks
• Difficulties in activities of
daily living, reading,
and/or sport
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Table II - Demographic and clinical characteristics of the patients with confirmed AC included in the “Alergológica 2015” study.
Variable
Gender (female), N (%)
Female
Male
Allergen, N (%)
Pollens

≤ 14 years
(N = 167)

> 14 years
(N = 748)

Total
(N = 965)

N = 163

N = 734

N = 897

62 (38.0)

422 (57.4)

484 (54.0)

101 (62.0)*

312 (42.6)

413 (46.0)

N = 167

N = 748

N = 915

102 (61.1)

490 (65.5)

592 (64.7)

Mites

53 (31.7)

217 (29.0)

270 (29.5)

Animal dander

17 (10.2)

125 (16.7)**

142 (15.5)

Molds

13 (7.8)**

29 (3.9)

42 (4.6)

AC classification, N (%)

N = 156

N = 683

N = 839

Intermittent mild

57 (36.5)

242 (35.4)

299 (35.6)

Intermittent moderate

21 (13.5)

111 (16.3)

132 (15.7)

0 (0.0)

2 (0.3)

2 (0.2)

Persistent mild

25 (16.0)

111 (16.3)

136 (16.2)

Persistent moderate

50 (32.1)

207 (30.3)

257 (30.6)

3 (1.9)

10 (1.5)

13 (1.5)

Intermittent severe

Persistent severe
Comorbidities, N (%)
Allergic rhinitis

155 (92.8)

698 (81.8)

853 (88.4)

Intermittent mild

27 (17.4)

109 (15.6)

136 (15.9)

Intermittent moderate

21 (13.5)

120 (17.2)

141 (16.5)

1 (0.6)

1 (0.1)

2 (0.2)

Persistent mild

24 (15.5)

73 (10.5)

97 (11.4)

Persistent moderate

75 (48.4)

331 (47.4)

406 (47.6)

7 (4.5)

64 (9.2)

71 (8.3)

Intermittent severe

Persistent severe
Allergic asthma

79 (47.3)

290 (38.8)

369 (38.2)

Occasional episodic/intermittent

36 (45.5)

127 (44)

-

Frequent episodic

21 (26.6)

-

-

Persistent mild
Persistent moderate
Persistent severe
Food allergy
Atopic dermatitis

-

78 (27)

-

22(27.8)

83 (29)

-

-

2 (0.7)

-

9 (5.3)

65 (8.6)

80 (8.3)

16 (9.5)*

15 (2.0)

34 (3.5)

*p < 0.05; **p < 0.001.

AC classification
All patients were classified according to duration and severity using
the validated DECA classification (table II). The severity of the AC
symptoms was mild in 51.8% of the patients, moderate in 46.4%,
and severe in 1.8%. Concerning duration, intermittent and persistent AC was observed in 51.6% and 48.4% of patients, respec-

tively. The duration and severity of AC were similar in pediatric
and adult populations (p = 0.947). Thus, AC was intermittent in
50.0% and 51.9% of the pediatric and adult populations, respectively; persistent in 50.0% and 48.0%; mild in 53.9% and 51.6%;
moderate in 61.5% and 66.0%; and severe in 1.9% and 1.5% of
the pediatric and adult populations, respectively (table II).
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Figure 2 - Association between AC and rhinitis or asthma. (A) Duration of AC and rhinitis (kappa = 0.544; p < 0.001 for both age groups); (B)
Severity of AC and rhinitis (kappa = 0.363; p < 0.001 for both age groups); (C) Duration of AC and asthma in adults (kappa = 0.210; p < 0.001);
(D) Severity of AC and asthma in adults (kappa = 0.281; p < 0.001).
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Comorbidities
The most frequent comorbidity was rhinitis in 88.4% of the patients
(92.8% and 81.8% in the pediatric and adult groups, respectively,
without a significant difference between the two age groups), followed by asthma in 38.2% of the patients (47.3% and 38.8% in the
pediatric and adult groups, respectively, also without a significant
difference between the two age groups) (table II). The third most
frequent comorbidity was atopic dermatitis among patients in the
pediatric group (9.5%, p < 0.001) and food allergy among adult patients (8.6%). Isolated AC was found only in 36 patients (4%), with
no differences between children (3.0%) or adults (4.1%) (p = 0.66).
When the development of allergic disease and comorbid pathologies was considered, food allergy was the first to appear in time,
with a mean ± standard deviation time from onset of the symptoms to the time of the study of 19.0 ± 13.4 years, followed of
atopic dermatitis (7.7 ± 10.8 years), rhinitis (5.0 ± 7.9 years),
conjunctivitis (4.5 ± 7.2 years), and asthma (1.9 ± 2.1 years).
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The association between AC with rhinitis or asthma in the adult
and pediatric population is shown in figure 2. A moderate concordance was found between the duration of the conjunctivitis and
allergic rhinitis (kappa = 0.544, p < 0.001) and a fair concordance
(kappa = 0.363, p < 0.001) between the severity of both pathologies in the population (figure 2 A, B). We found that AC in adults
has a fair concordance with asthma in severity (kappa = 0.281, p
< 0.001) and duration (kappa = 0.210, p < 0.001) (figure 2 C,
D). This association was not observed in the pediatric population
either in duration (p = 0.111) or severity (p = 0.075).
Discussion
This study retrospectively explored the usefulness of the newly validated DECA classification of AC in both children and
adults seeking consultations with allergy specialists in Spain.
The study showed that, according to the DECA criteria, the
most common presentations of AC were intermittent mild and
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persistent moderate, both in pediatric and adult populations.
It also revealed that allergic rhinitis and asthma were prevalent
comorbidities of AC in all patients.
Concerning the prevalence of AC, this study showed that AC is
highly prevalent (33%) among allergic patients in Spain. Similar
rates of AC have been reported worldwide (3). In a prospective
study of 458 allergic patients aged 5-15, 30% were diagnosed
with AC (19), and there was also male predominance (63%),
in agreement with our study. Despite the high prevalence of
AC, it has been frequently ignored by both physicians and patients, which has resulted in underdiagnosed and undertreated
patients, especially when it is associated with other allergic diseases such as rhinitis and/or asthma (20).
Overall, AC was mainly associated with rhinitis and asthma
(88.3% and 38.3% of patients, respectively). The association
was more prominent in children that in adults (93% with rhinitis and 47% with asthma). Similar results have been observed
in related studies (19, 21). Also, studies have shown that AC
presents isolated in only 5-6% of patients (22, 23), which is in
agreement with our results (4% isolated AC). Likewise, other
authors have reported that rhinitis without conjunctivitis is very
infrequent (6.7%) (24).
It is well known that a family history of atopic diseases such
as allergic rhinitis or allergic asthma increases the likelihood of
other allergic disorders (25). The presence of ocular symptoms
increases the role of rhinitis as a risk factor for asthma compared
to rhinitis alone (26), but it is unknown whether the duration
and severity of conjunctivitis could influence the severity and
duration of its comorbidities. In this study, using the new AC
classification, we have verified that, in adults, the greater the
severity and duration of conjunctivitis, the greater the severity
and duration of rhinitis and asthma. In the pediatric group, we
also observed a significant correlation between the severity and
duration of AC and rhinitis, which was found not significant
in asthma.
We have not found any published study on the onset of AC in
relation to its comorbidities, to place it chronologically in the
so-called allergic march. Some studies have shown how rhinitis
from the clinical point of view precedes asthma (27). In our
study we indirectly found that rhinitis discreetly preceded conjunctivitis while the onset of asthma was later.
Following on the evidence that justifies allergic rhinitis and asthma
as members of the “one airway, one disease” hypothesis, we suggest
that there are epidemiological relationships, and severity and duration correlations between AC, rhinitis and asthma, which would allow the inclusion of AC in the “united airway disease” concept. The
application of the new DECA classification for AC is consistent and
complementary with that currently in use for rhinitis severity and duration, and could reduce the heterogeneity of the information on AC.
The main limitations of this study are that it was not specifically
designed for patients with AC and the retrospective nature of

the analyses. It would be interesting to develop a prospective
survey to carry out a detailed epidemiological study to better
understand AC in the general population.
Conclusions
The DECA classification for AC has allowed direct relationships
between AC, rhinitis, and asthma in terms of clinical severity and
duration. This relationship can be considered as one more argument to include AC an integral part of the one airway concept.
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Summary
Currently, the world is engaged with a coronavirus disease 2019 (COVID-19)
caused by acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
The Center for Disease Control and Prevention (CDC) has proposed moderate
to severe asthma as a risk factor for COVID-19 susceptibility and severity. However, current evidences have not identified asthma in the top 10 comorbidities
associated with COVID-19 fatalities. It raises the question that why patients
with different type of asthma are not more vulnerable to SARS-CoV-2 infection
like other respiratory infection. Increased number of eosinophils and elevated angiotensin-converting enzyme 2 (ACE2) expressions in asthma are supposed as
two mechanisms which associated with decreased COVID-19 susceptibility in
asthmatics. Some studies have been performed to evaluate two mentioned factors
in asthmatic patients compared with healthy individuals. Herein, we address
these mechanisms and investigate whether ACE2 and eosinophil could protect
asthmatic patients against SARS-CoV-2 infection.
Impact statement
Increased ACE-2 expression and number of eosinophil might
be an important predictor for reduced COVID-19 morbidity
and mortality in asthmatic.

Introduction
SARS-CoV-2 is a causative agent of a new respiratory infection
in human known as COVID-19 which is associated with pneumonia, cold, sneezing, and coughing. COVID-19 was first diagnosed and isolated from pneumonia patient who belongs to
Wuhan, China, and then spread to other parts of China and
other countries worldwide. On account of rapid spread, WHO
reported it as a Public Health Emergency of International Concern (PHEIC) on 30 January 2020 (1). At the time of writing,
the daily incidence of COVID-19 was 7,690,708 confirmed
cases, with 427,630 deaths worldwide. Therefore, the identification of risks and protective factors for disease severity from
COVID-19 is critical to the direct development of new treat-

ments and infection prevention strategies. Evidence has identified that patients with diabetes, hypertension, obesity, chronic kidney disease, liver disease, immunocompromised disease,
hemoglobin disorder, and cardiovascular diseases are more susceptible to COVID-19 infection and worse survival than other
populations (2). In addition to such conditions, patients with
asthma and allergic respiratory diseases have been proposed as
higher risk populations for COVID-19 infection by CDC (3).
It is based on the fact that other respiratory viral infections created by influenza and rhinovirus could affect allergic patients
and those with chronic respiratory diseases such as asthma more
than healthy individuals (4). Studies have shown that patients
with asthma have impaired innate immune responses and interferon gamma (IFN-γ) production against respiratory virus-
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es compared with non-asthmatics (5). Therefore, these days
there are some concerns and issues about allergic patients due
to COVID-19 pandemic. However, existing studies have not
indicated a high prevalence of asthma among patients with
COVID-19 infection (6, 7). It is hypothesized that asthmatic
individuals are relatively resistant to COVID-19 infection due
to the features of the disease or conventional asthma treatment.
The purpose of this work is to discuss how COVID-19 pandemic affect asthmatic and what could be the explanation for the
paucity of asthmatic in patients with COVID-19.
Evidence acquisition
A literature search in PubMed databases was separately conducted by two researchers using the following “COVID-19” OR
“SARS-CoV-2” OR “Coronavirus” AND “Asthma” OR “Allergy” AND “Case series” OR “Comorbidities” OR “Epidemiology” OR “Hospitalization” OR “Risk factors.” to assess how
asthma is affected by COVID-19 pandemic and “Eosinophil”
and “ACE2” in the English language up to November 2020 and
then updated in May 2021. Relevant studies with these keywords were included in this study.
Results
Prevalence of asthma among patients with COVID-19 infection
Some clinical-epidemiological studies have performed to
evaluate the risk of serious adverse outcomes in patients with
COVID-19 by stratification according to the number and type
of comorbidities and identified some sub-populations with
poorer prognosis (8-10). A meta-analysis study on 43 studies
involving 3600 patients in China has been shown that 12.0%
to 67.0% laboratory-confirmed COVID-19 cases have coexisting medical comorbidity (2). In this study the most prevalent
comorbidities have noted as hypertension ranged from 0.0%
to 48.0% (median 16.0%; 27 studies), diabetes ranged from
0.0% to 50.0% (median 10.1%; 26 studies), cancer ranged
from 0.0% to 17.0% (median 1.0%; 15 studies), chronic respiratory/lung diseases ranged from 0.0% to 17.0% (median
2.0%; 16 studies) (2). It was reasonable to anticipate that patients with chronic respiratory diseases would be more susceptible to a more severe viral infection and development of acute
respiratory distress syndrome (ARDS) that can complicate
SARS-CoV-2 pneumonia. On the contrary, among all the series
of COVID-19 (mild or severe presentation alike), except one
study conducted in the United States, the prevalence of patients
with chronic asthma or with common related diseases such as
allergic rhinitis or atopy was low and failed to exceed general
population (11). In a US-based study, the prevalence of chronic
lung disease (primarily asthma) was 34.6% among 178 hospitalized adult patients with COVID-19 (6). This unexpectedly high
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reported numbers of chronic lung disease prevalence among patients with COVID-19 may be owing to the small proportion of
the hospitalized patients with COVID-19 (approximately 12%)
included in this study While, in another study performed in
the US, asthma was documented in 12.5% of 393 hospitalized
patients with SARS-CoV-2 infection and chronic obstructive
pulmonary disease (COPD) in 5.1% (7).
Some studies have tried to compare the clinical outcomes of
COVID-19 infection in patients with or without asthma (12,
13). Wang et al. performed a meta-analysis based on 4 studies from 744 patients with asthma and 8,151 patients without
asthma and reported that asthma had no significant effect on
mortality (14). Due to limited data in previous study, Wang et
al. performed a meta-analysis study based on 14 publications
with 17,694 precipitants and found that severe COVID-19
was not associated with an increased risk of asthma compared
with non-severe COVID-19 while asthma was not associated
with increased risk of mortality in patients with COVID-19
(15). In this context, a recent systematic and meta-analysis
review performed by Liu et al. has compared the COVID-19
outcomes between patients with and without asthma based on
131 studies. They showed that asthma is not associated with
higher COVID-19 severity or worse prognosis, and patients
with asthma are found to have a lower risk of death compared
with patients without asthma (16). It raises the question of why
SARS-CoV-2 is associated with potential for reduced severity
of COVID-19 infection in patients with asthma unlike other
respiratory viruses such as influenza and rhinovirus that affect
both adult (7.6%-46%) and children (8.3%-42%) with asthma (17-19). Recently, some asthma features including reduced
angiotensin-converting enzyme 2 (ACE2) gene expressions in
airway cells, and eosinophilia have been proposed as protective
mechanisms against COVID-19 susceptibility and severity. For
future literature review, we aimed to assay protective effects of
these mechanisms in the context of COVID-19.
Asthma, COVID-19, and ACE2 expression
ACE2 is an enzyme attached to the cell membranes of cells in
the lungs, arteries, heart, kidney, and intestines which processes
angiotensin (Ang) I and II into Ang (1-10) and (1-8), respectively. Ang (1-8) peptide has been shown to mediate vasodilatative (hypotension), antiproliferative and apoptotic effects
through Mas receptor (20). ACE2 serves as a cellular receptor
for some coronaviruses, including HCoV-NL63, SARS-CoV
and SARS-CoV-2 (21). More specifically, the binding of the
spike S1 protein of viruses to the enzymatic domain of ACE2
on the surface of cells results in endocytosis and translocation of
both the virus and the enzyme into endosomes located within
cells. This entry process also requires priming of the S protein
by the host serine protease TMPRSS2, the inhibition of which
is under current investigation as a potential therapeutic (22).
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Some studies have tried to investigate the relationship between
ACE2 expression as the main host cell receptor and COVID-19
susceptibility in different populations. It has been shown that
higher ACE2 expression in some situations such as smoking,
diabetes, and hypertension increases in vitro susceptibility to
SARS-CoV-2 infection, while its down-regulation in children
is associated with decreased susceptibility (23, 24). Given the
lower risk of COVID-19 among asthmatics, it is hypothesized
that it may be due to differential expression of ACE2 in asthma. Therefore, some studies have performed to analyze ACE2
levels in asthmatics compared with non-asthmatics. First study
has performed by Jackson et al., it has been shown that respiratory allergy and controlled allergen exposures are associated
with significant reductions in ACE2 expression (25). Another
study by Song et al. has also reported decreased ACE2 gene and
protein expression in asthmatics compared to healthy control
(26). Evidence has shown that Type-2 inflammation modulates
ACE2 expression in airway epithelial cells in asthma. A study reported that IL-13 exposure reduced ACE2 and increased transmembrane serine protease 2 expressions in airway epithelial cells
from patients with asthma and atopy (27). In sharp contrast, in
vitro treatment of airway epithelial cells with IFNs enhanced
their ACE2 expression (28). Contrary to previous studies, there
are some evidences that show no significant difference for ACE2
mRNA expression between asthmatic patients and healthy controls (29, 30). However, these conflicting results may be due the
known heterogeneity in asthma. In a recent study, Camiolo et
al. has reported that expression of ACE2 among asthmatic patients varies by asthma inflammatory endotypes. They showed
that ACE2 gene expression in a subset of type-2 low asthmatics
(low blood eosinophil and increased type-1 immunity) is higher
than type-2 High asthma (high blood eosinophil and increased
type 2 immunity) (31). In addition to type-2 low asthma endotype, increased expression of ACE-2 has been reported in type2low phenotypes including obesity, smoking, and age associated
asthma (32). Using asthma treatments should be also considered as main factor related to ACE-2 level. Low dose, inhaled
corticosteroids (ICS) might exert protective effects on asthma
patients by reducing airway inflammation, ACE2 and TMPRSS2 expression in SARS-CoV infection (33). However, some
studies reported increased airway ACE2 expression in asthmatics on long-term treatment with ICS (27, 34). Other confounding factors such as male sex, African-American ethnicity, and a
history of diabetes mellitus or other comorbidities may affect
ACE2 expression among asthmatics (33).
In contrast with SARS-CoV-2, conventional coronaviruses and
some respiratory viruses especially rhinovirus, which exacerbate asthma upon infection use different entry receptors from
ACE2. The reported receptors for conventional coronaviruses
are HLA class I molecule, and caveolin-1 for HCoV-OC43;
aminopeptidase N (CD13) for HCoV-229E; dipeptidyl pep-
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tidase 4 (CD26) for HCoV-EMC; and intercellular adhesion
molecule 1 (ICAM-1) for rhinovirus, which expression is high
in allergic airways as a marker of allergic inflammation (35).
Thus, varied effects on respiratory allergic diseases between
SARS-CoV-2 and other respiratory viruses may be due to using
different molecular receptors expressed by respiratory epithelial
cells.
Asthma, COVID-19, and eosinophils
Eosinophils are special polymorphonuclear leukocytes. They
develop in the bone marrow and migrate into blood, making
up about 1-6% of white blood cells. The presence of large specific granules including major basic protein, eosinophil peroxidase, and 2 RNAses (eosinophil cationic protein and eosinophil
neurotoxin) are characteristic features of these cells. In addition
to their pro-inflammatory effects, pieces of evidence have revealed that eosinophils play pleiotropic roles as regulatory cells
involved in protective immunity, including antiviral responses
and shaping diverse physiological responses, such as organ development and metabolism (36). It has been documented by
preclinical studies (mainly in mice) that eosinophils have the
main role against respiratory viruses via endosomal Toll-like
receptors (TLRs) - including TLR3, TLR7, and TLR9 - eosinophil-derived neurotoxin (EDN/RNAse2) and eosinophil cationic protein (ECP/RNAse3), nitric oxide (NO) production via
inducible NO synthase, MHC-I and CD86 up-regulation, and
cytokines production, which enable them to recognize, respond
and orchestrate effective responses (37). Studies showed that the
adoptive transfer of eosinophils from Aspergillus fumigatus antigen-sensitized mice into the airways of influenza virus-infected
mice decreases viral titers and increases virus-specific CD8+ T
cells in comparison to that of animals who did not receive eosinophils (38). Also, human subjects with asthma were treated
with the anti-eosinophil drug mepolizumab (an anti–IL-5 humanized mAb) or placebo, and subsequently challenged with
rhinovirus; mepolizumab-treated patients demonstrated significant increases in their rhinovirus viral titers in the upper airway,
supporting an antiviral role for eosinophils (39).
There is little indication that eosinophils have a protective or exacerbating role during SARS-CoV-2 infection. However, based
on some evidences, it seems that eosinophils may play a protective role, and decreased eosinophils levels (eosinopenia) are
associated with a poor prognosis in patients with COVID-19
(40). Liu et al. reported that more than half the patients admitted with COVID-19 (53%) had eosinopenia (defined as
absolute eosinophil counts < 0.02 × 109 cells/L) on the day of
hospital admission (40). Similarly, medical records of 85 fatal cases of COVID-19 showed that 81% of the patients had
absolute eosinophil counts below the normal range (absolute
eosinophil counts < 0.02 × 109 cells/L) at the time of admission (41). Notably, eosinophils levels improved in all patients
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before discharge, suggesting that resolution of eosinopenia may
be an indicator of improving clinical status in patients with
COVID-19 (40). The exact immune mechanism performed by
eosinophils against coronaviruses has remained unknown and
most studies are focused on other respiratory viruses such as
influenza, rhinovirus, and human orthopneumovirus (RSV)
(37). However, some literatures have pointed to TLR7, EDN,
ECP, increased MHC-I, and CD86 expression as the potential
immune mechanisms used by eosinophils against single strand
RNA (ssRNA) viruses like SARS-CoV-2 (42). TLR-7 recognizes ssRNA and its expression is higher in eosinophils compared
with neutrophils, suggesting the possible antiviral activity of this
cell against ssRNA viruses. TLR-7 stimulation is associated with
eosinophil cytokine production, degranulation, superoxide, and
NO generation (37). In addition, ECP along with EDN reduce
the infectivity of SARS-CoV-2 by a ribonuclease-dependent
mechanism (43). Moreover, increased MHC-I and CD86 expression by eosinophils enable them to directly interact with
CD8+ T cells and promote the recruitment of virus-specific
CD8+ T cells into the lungs to enhance antiviral immunity (38).
As approximately 50-70% of asthmatic patients have Th2 high/
eosinophilic asthma, eosinophilia may be a reason for reducing
COVID-19 susceptibility among these patients. There are limited studies investigated role of eosinophilia in COVID-19 susceptibility and outcomes for asthmatic population. Ferastraoaru
et al. showed that in asthmatics, pre-existing eosinophilia (AEC
≥ 150 cells/mL) was protective from severe COVID-19 infection, and also development of eosinophilia (AEC ≥ 150 cells/
mL) during hospitalization was associated with decreased mortality (44). However, some studies reported that eosinophilia,
both in those with and without asthma, may be associated with
reduced mortality risk (45, 46).
Discussion
Regarding the pathophysiology of asthma, it seems reasonable
to consider asthma as a risk factor for higher susceptibility and
severity of COVID-19 infection. Patients with asthma have deficient viral immune responses due to impaired interferon production that predispose them to increase susceptibility to viral
infection (47). These patients have also a tendency for severe
form of viral respiratory tract infections associated with adverse
outcomes (48). Despite the concern that patients with asthma
might suffer from severe form of COVID-19 infection, the results of most clinical-epidemiological studies did not indicate
asthma as a risk factor for COVID-19 (16, 17). It hypothesized
that asthma features including reduced ACE-2 expression, type
2 immune response, eosinophilia, and conventional therapeutics might provide potential protective effects against infection
with SARS-CoV-2. In the current study, we reviewed studies
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that investigated ACE-2 expression and eosinophil in asthma
related to COVID-19 infection.
Most studies have reported decreased ACE-2 expression in
patients with allergic asthma. However, it should be considered that ACE-2 expression in asthmatic is varied and might
be influenced by asthma endotypes (type2-high or type2-low),
phenotypes (non-atopic and atopic), treatment, ethnicity and
other comorbidities. These mentioned factors may be a reason
for reporting different proportion of asthma patients in US and
China (7). Therefore, these factors should be considered in studies that investigated ACE2 level and COVID-19 susceptibility
among asthmatics.
Eosinophils in the respiratory tract might represent a “double-edged sword” response against some respiratory viruses.
Eosinophil promotes antiviral responses against some respiratory viruses through the release of RNAses and reactive nitrogen
species, while it dysregulated responses during allergic disease
given their increased numbers and/or activation status, ultimately resulting in an exaggerated host response that can lead to
host tissue damage (36). In the context of COVID-19, it seems
that eosinophil may play a protective role, and eosinopenia has
been noted to be a marker of early severe COVID-19 disease,
which may result from eosinophils exhaustion, viral inhibition
of eosinophils production, or induction of eosinophils apoptosis (44). Like to ACE-2 expression, different asthma endotypes
might modify eosinophil counts differently, thereby affecting
COVID-19 outcomes. Eosinophilia has reported in type-2
high asthma, while type-2 low asthma has generally characterized with neutrophilic inflammation (49). There is no study
that investigated COVID-19 outcomes in varied asthma endotypes regarding eosinophil counts or their metabolites. Future
studies are needed to help better distinguishing the impact of
different asthma phenotypes and comorbidities on COVID‐19
outcomes. In the current work, we have tried to include all important relevant papers (but not necessarily every paper written
on the topic). Therefore, some relevant article might be left out
due to space limitations.
Conclusions
In summary, it seems that having a Th2-asthma phenotype associated with increases ACE-2 expression and eosinophilia might
be an important predictor for reduced COVID-19 morbidity
and mortality in asthmatic that need to be more investigated in
prospective and mechanistic studies.
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To the Editor,
the prevalence of hymenoptera stings in the general population
ranges from 56.6% to 94.5%, and it may vary according to the
location and the climatic conditions, whereas the estimated prevalence of hymenoptera venom allergy is approximatly 5% (1). Allergy to hymenoptera venom including honeybee (Apis mellifera) is
one of the main causes of anaphylaxis both in adults and children
(2). In professionals such as beekeepers, gardeners, farmers, truck
drivers and masons, venom allergy is considered an occupational
allergy and its occurrence exceeds that of the general population
due to higher exposure to the respective insect (1, 3). Beekeepers
and their family members are especially at risk of developing allergic sting reactions. Reported data suggests that 14-32% of beekeepers are allergic to bee venom and deﬁnite risk factors are the
ﬁrst years of beekeeping, fewer than 10 annual bee stings, high skin
sensitivity and serum-speciﬁc IgE to bee venom and low serum
venom-speciﬁc IgG as well as a history of atopy (4-6).
The objective of this study was to evaluate the sensitization to
bee venom in beekeepers without any history of systemic reactions to bee stings.
Subjects were eligible for inclusion if they were beekeepers, at
least 18 years old, able to consent and did not have a history of
sting-induced systemic reactions. The participants were recruit-

ed during a beekeeping meeting in 2018. This article complies
with the principles of the Declaration of Helsinki.
A structured questionnaire was used to collect demographic
data and history of atopic diseases (atopic dermatitis, allergic
rhinoconjunctivitis and/or allergic asthma) or any other medical
condition, duration of beekeeping, the use of protective suits
and information on previous hymenoptera stings (number and
local of stings, time interval to last sting, history of large local
or systemic sting reactions). Large local reactions were defined
as greater than 10 cm in diameter and persistence for more than
24 hours (7). Subjects reporting systemic sting reactions were
excluded from evaluation.
Skin prick tests were performed with aeroallergens (Dermatophagoides pteronyssinus, Dermatophagoides farinae, cultivated and
wild grasses, Olea europaea and Parietaria judaica) and intradermal
tests with bee venom at two concentrations, 0.1 and 1 mg/mL.
Statistical analysis was performed with SPSS version 24 for Windows (SPSS Inc., Chicago, Ill). Interval-scaled data are presented
as median and interquartile range (IQR). Ordinally and categorically scaled data are reported as absolute and relative frequencies
and P-values < 0.05 were considered statistically significant.
A total of 64 beekeepers without any history of systemic reactions to bee stings agreed to participate. Fifty-two (81%) were
male, with a median age of 46 (± 15) years. Nine (14%) reported rhinitis and 4 (6%) asthma. Duration of beekeeping activity
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Figure 1 - Intradermal tests in beekeepers without hymenoptera venom allergy.
Intradermal Tests
64

0.1 µg/mL
(2%)

Positive
38 (59%)

Negative
26 (41%)

0.1 and 1 µg/mL
21 (33%)

1 µg/mL
16 (25%)

was as follows: 5 (8%) under 1 year, 10 (16%) 1 to 2 years, 18
(28%) 2 to 5 years, 13 (20%) 5 to 10 years and 18 (28%) longer
than 10 years. With respect to the use of protective suits, 83%
reported that they always wore them; 14% sometimes wore
them and 3% admitted not using any protective gear.
Skin prick tests with common aeroallergens were positive to D.
pteronyssinus in 9%, cultivated grass pollens 8%, wild grass pollens 9%; olive tree (Olea europaea) 5% and Parietaria judaica 2%.
Of the total, 38 (59%) had positive IDT with bee venom: 1
(2%) positive with 0.1 mg/mL, 16 (25%) with 1 mg/mL and
21 (33%) with both concentrations (figure 1).
In beekeepers with less than one year of activity, 3/5 (60%) had positive IDT, while 9/18 (50%) of those with over 10 years had positive
IDT, so in this study there were no statistically significant differences
between sensitivity and the number of years of beekeeping.
The beekeepers who affirmed wearing totally protective suits
were less sensitized to bee venom (p = 0.011). Those with more
years of beekeeping had a higher number of positive IDT with
0.1 mg/mL (p < 0.05). In addition, sensitization to cultivated
grass pollen and wild grass pollen was associated with a higher
number of positive IDT with 0.1 mg/mL (p = 0.001 and p =
0.048, respectively) and 1 mg/mL (p = 0.007 and p = 0.028,
respectively). In this group, there was no significant association
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between the estimated mean annual number of stings and sensitization to bee venom.
In this sample, 59% of the beekeepers without any systemic reactions were sensitized to bee venom. This may be explained by
the greater exposure to stings when no protective suit is worn
and a longer period of beekeeping.
Regular exposure to bee venom in these individuals may confer
greater tolerance and thus reduce the risk of systemic allergic reactions with stings. The follow-up of these beekeepers would allow to
observe which ones will become allergic and if the previous sensitization to bee venom is a predictive or protective factor of allergy.
More extensive studies with larger samples and follow-up time
may help to clarify these issues.
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