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Biomarkers in allergen immunotherapy: Focus on
eosinophilic inflammation
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Asthma and allergic rhinitis (AR) are 2 of the most common chronic inflammatory disorders and they appear to be on the rise. Currem
pharmacotherapy effectively controls symptoms but does not alter the underlying pathophysiology. Allergen immunotherapy (AIT)
is an evidence-based therapy for asthma and AR and has been recognized as the only therapeutic method that actually modifies
the allergic disease process. There is a lack of objective markers that accurately and reliably reflect the therapeutic benefits of
AlIT. A biomarker indicating patients that would benefit most from AIT would be invaluable. Eosinophilic inflammation is a cardinal
feature of many allergic diseases. Biomarkers that accurately reflect this inflammation are needed to better diagnose, treat,
and monitor patients with allergic disorders. This review examines the current literature regarding AlT’s effects on eosinophilic
inflasnmation and biomarkers that may be used to determine the extent of these effects.
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1. Introduction

Asthma and allergic rhinitis (AR) are 2 of the most common
chronic inflammatory disorders and they appear to be increas-
ing in incidence. AR is a common disease in children, affecting
10% to 30% of this population in developed countries [1, 2].
In the Asia Pacific region, a recent epidemiological study in
China found a steadily increasing prevalence of ~18% [3].
AR is closely associated with other allergic diseases, includ-
ing asthma and allergic conjunctivitis. AR patients frequently
have asthma or nonspecific bronchial hyperresponsiveness,
while up to 80% of asthma patients also suffer from AR [4].
Consequently, the disease burden in children is substantial and
may even include memory deficit, fatigue, sleep deprivation
and depression [5-7].

Asthma and AR pharmacotherapy can effectively con-
trol symptoms but they cannot affect the underlying immune
response. Consequently, when medication is discontinued
symptoms may recur [8]. Allergen immunotherapy (AIT) is an

"Asthma and Allergy Center, Inje University Sanggye Paik Hospital, Seoul, Korea,
2Science Division, Mahidol University International College, Nakhon Pathom,
Thailand, *Department of Pediatrics, Kangwon National University School of
Medicine, Chuncheon, Korea, ‘Department of Pediatrics, Nippon Medical School,
Tokyo, Japan, *Allergy Center, National Hospital Organization Mie National
Hospital, Tsu, Japan

*Correspondence to Chang-Keun Kim, Asthma & Allergy Center, Inje University
Sanggye Paik Hospital, 760-1 Sanggye 7 dong, Nowon Ku, Seoul 139-707,
Korea.

Tel: (82-2) 950-1663

Fax: +82-2-950-1662

Email: kimck@paik.ac.kr

1+Chang-Keun Kim and Zak Callaway contributed equally to the article.

Copyright © 2023. Asia Pacific Association of Allergy, Asthma and Clinical
Immunology. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work provided
it is properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Received: 7 June 2023; Accepted: 20 November 2023
Published online 18 December 2023
http://dx.doi.org/10.5415/apallergy.0000000000000129

32

evidence-based therapy for AR and asthma [9, 10] and involves
the regular administration of gradually increasing doses of aller-
gens over a period of years. AIT works by reducing or eliminat-
ing adverse clinical responses to future allergen exposures [11],
thus reducing symptoms and medication use in patients with
AR and/or asthma. However, it has also been recognized as the
only therapeutic method that may affect the underlying immune
pathophysiology by slowing or even halting the development of
new sensitizations and progression of clinical disease [12, 13].
There are many possible mechanisms of action, including its
effect on the T cells closely related to eosinophils and known as
T helper 2 (Th2) cells. Though some studies show inhibition of
eosinophil increases during seasonal AR, others have produced
contradictory results.

The 2 main administration routes for AIT are: subcutane-
ous immunotherapy (SCIT) and sublingual immunotherapy
(SLIT). While SCIT is administered through the skin, SLIT is
administered orally in tablet form or an aqueous/liquid extract
[14]. SCIT may induce local and systemic side effects. Concerns
about safety led to several recommendations to minimize the
risk of side effects [15] and also led to the development of SLIT.
SLIT appears to be quite safe for pediatric patients, and the
incidence of severe reactions does not appear to be dose-depen-
dent, unlike SCIT [16]. There are many studies on SCIT effi-
cacy for allergic disease based on its ability to reduce symptoms
and medication use, but evidence for clinical efficacy of SLIT is
much less bountiful. There is a novel third route of administra-
tion for AIT, directly into the lymph nodes (ie, intralymphatic
immunotherapy [ILIT]). The major advantages of ILIT over
SCIT/SLIT are its short duration and low allergen doses. Three
ultrasound-guided injections are administered into the inguinal
lymph nodes 1 month apart [17]. A recent systematic review
and meta-analysis found ILIT to be safer than SCIT, and ILIT
patients were more compliant [18]. Regardless of the adminis-
tration route, there is a lack of objective markers that accurately
and reliably reflect therapeutic benefit. A biomarker indicating
patients that would benefit most from AIT would be invalu-
able. Difficulties in the management of allergic diseases abound
because of their heterogeneity. Identifying clinical and morpho-
logical characteristics through phenotyping suggests unique
treatment responses. Endotyping, however, involves describing
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mechanisms of disease subgroups, but the relationship between
endotype and AIT responsiveness is unclear. Using endotypes to
drive AIT strategies will be aided by the discovery of suitable
biomarkers so that AlT-responsive patients can be identified as
early as possible.

Eosinophils are multifunctional leukocytes and major
effector cells of the allergic process. Consequently, measuring
eosinophils has been useful for the treatment and monitoring
of eosinophil-related diseases like asthma, atopic dermatitis,
and AR. However, eosinophil numbers/percentages yield little
information about eosinophil activity. Eosinophil activation
leads to the extracellular release of 4 granule proteins, with the
most promising biomarker of the four being eosinophil-derived
neurotoxin (EDN). EDN is more easily recovered than other
eosinophil biomarkers because of its weaker electrical charge
[19] and greater efficiency in being released from the eosinophil
[20]. EDN can be measured in several bodily fluids and is stable
for more than 1 year when frozen [21], adding to its utility as
a biomarker. For these reasons, EDN has been identified as a
good biomarker, both in research and clinical practice [22, 23],
for many eosinophil-associated diseases like AR and asthma. Its
value as a biomarker has been demonstrated in children and
adults [21-24].

Because of the eosinophil’s major role in allergic disease and
the fact that many treatments target them, reliable and accurate
biomarkers for their presence and activity should be identified.
In this review, we review the current published literature to
assess suitable biomarkers for AIT’s ability to reduce eosino-
philic inflammation in allergic disease.

2. Asthma development

A number of factors have been associated with asthma devel-
opment, including bronchiolitis (a disease primarily in children
under 2 years of age). Between 14% and 40% of children hav-
ing experienced clinically significant bronchiolitis will eventu-
ally be diagnosed with asthma [25]. Other factors include type
of virus causing bronchiolitis (eg, respiratory syncytial virus
[RSV]), atopy and/or family history of atopy, elevated blood
eosinophils, serum EDN levels at 3 months after hospitalization
for RSV bronchiolitis, exposure to secondhand smoke, and no
daycare attendance [26]. Certain respiratory viruses, like human
rhinovirus and RSV, have a well-documented association with
asthma development and exacerbation. RSV infection may pro-
mote a Th2 bias in human and other animal responses, includ-
ing a weakened T helper 1 (Th1) response during viral infection
(eg, significantly lower levels of Interferon-gamma [IFN-y] and
tumor necrosis factor-alpha). The weaker Th1 response in these
individuals may lead to reduced viral clearance and prolonged
or more severe disease. RSV infection induces chemokines,
and RANTES and eotaxin in particular have been associated
with increased eosinophilia and disease severity. Eotaxin is a
key component of Th2-driven disease and its levels correlate
well with eosinophil degranulation in pediatric asthma [27].
Abnormal regulatory T-cell (Treg) function and/or numbers
have been identified as a major cause of allergic asthma (AA),
and defective Tregs have even been observed in umbilical cord
blood in newborns genetically predisposed to allergy [28, 29].
Ninety percent of asthmatics are diagnosed by 6 years of age,
which suggests early life events like atopic diseases and respira-
tory virus-induced wheezing illnesses exert a strong influence on
asthma development [28, 30]. It is therefore imperative to pre-
cisely diagnose and treat allergic disorders at an early age. Early
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therapeutic interventions would be greatly aided by validated
and reliable biomarkers that can be used for identifying those
patients most likely to benefit from AIT.

3. Atopic march and allergic disease

In childhood, the progression from 1 allergic disease to the
next that sometimes occurs is referred to as the “atopic march.”
There is a connection between upper and lower respiratory tract
allergic diseases, which has been coined united airway disease
[31]. There is much epidemiologic, anatomic, pathophysiologic,
and clinical evidence for this. Localized inflammatory changes
in the upper and lower airways can lead to systemic responses
[32, 33]. Gene-environment interactions are important risk
factors for developing asthma and atopy in childhood and a
defect in Tregs at birth predisposes a child by enhancing the
release of Th2 cytokines in response to allergens [34]. Asthma
has many phenotypes (clinical features) and pathophysiologi-
cal mechanisms (endotypes), with the early-onset asthma phe-
notype being strongly associated with atopy and a Th2-driven
mechanism. The Th2 endotype is characterized by atopy, ele-
vated immunoglobulin (Ig)E, and airway eosinophilic inflam-
mation. Sensitization to aeroallergens and respiratory infections
synergistically increases asthma risk [35]. Atopy is also a major
risk factor for exercise-induced bronchospasm (EIB), with up to
40% of children with EIB having AR and 30% of those children
having asthma [36]. Sensitization to animal, perennial, airborne,
or food allergens is linked to a higher risk for asthma devel-
opment in young children [37]. The important role of allergen
sensitization in allergic disease cannot be overstated and it is
imperative to diagnose and control early on to slow or even
inhibit disease progression.

4. AIT mechanisms of action

AIT involves the systematic administration of extracts, with
the main ingredient being allergenic proteins from pollen,
dander, dust mites, insects, mold, and others. The cellular and
molecular mechanisms through which AIT act include suppres-
sion of inducible CD4(+), CD25+, and Treg cells, along with
suppression of eosinophils, mast cells, and basophils and the
switching of antibodies from IgE to IgG4 blocking antibodies
(ie, the IgG4 antibody binds to the allergen without initiating
an allergic reaction). A switch from a Th2 to a Th1 immune
deviation has also been noted [38]. The main idea behind AIT
is that gradually increasing doses of these allergenic extracts
will desensitize the patient, leading to a reduction in symptoms
and may even halt the development of new sensitizations. The
resulting “immune tolerance” implies changes in memory type
allergen-specific T and B cell responses, as well as mast cell and
basophil activation thresholds [39]. The beneficial effects of
AIT can last a long time, as it is the only known allergen ther-
apy to permanently alter the underlying immunologic response.
From the very first administration of AIT, mast cell and baso-
phil activity, degranulation, and systemic anaphylaxis degran-
ulation decrease. However, little is known about the exact
mechanisms by which AIT modifies and/or suppresses basophil
and mast cell responses. Anaphylaxis mediators are released
during AIT and sting challenges without inducing systemic
anaphylaxis [40]. Piecemeal release of mediators by mast cells
and basophils may decrease the granule content of these medi-
ators. Piecemeal degranulation involves the selective release of
portions of granule contents, with no granule-to-granule and/
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or granule-to-plasma membrane fusions [41]. This may also
decrease the activation threshold of mast cells and basophils,
as decreased mediator release in these cells is a well-established
finding early on in AIT [42]. Throughout the course of AIT,
mast cell and basophil suppression continues to be affected by
immunological changes such as the generation of allergen-spe-
cific Treg cells and decreased IgE [39].

SCIT and SLIT have been associated with transient early
increases in serum allergen-specific IgE antibody levels may
occur after SCIT/SLIT followed by suppression of the usual
seasonal increases in IgE levels during natural allergen expo-
sure [43]. It has been suggested that early Th2 priming by high
allergen exposure may be a key to successful immunother-
apy [44]. Three years of continuous SCIT has been shown to
decrease allergen-specific IgE concentrations, which may con-
tribute to long-term allergen tolerance [45]. IgG, IgG4, and
IgA may have serum and nasal inhibitory activity for IgE after
SCIT [46-48], with large increases in serum concentrations
of IgG, especially IgG4. SLIT administration has also shown
induction of allergen-specific IgG1, IgG4, and IgA antibodies
[44]. The inhibitory effects of IgG4 on IgE-dependent events
have been demonstrated in several studies. IgG can compete
with IgE for allergen [49], which blocks allergen-IgE com-
plex formation and prevents cross-linking of high-affinity IgE
receptors on basophils and mast cells. This inhibits histamine
release. IgE-facilitated antigen presentation (FAP) to T cells,
a major pathway for allergen-specific Th2 responses, can be
inhibited by IgG/IgG4 blocking the binding of allergen-IgE
complexes to low-affinity receptors on B cells [50, 51]. These
inhibitory blocking antibodies are maintained by both SCIT
and SLIT even after AIT is stopped [46, 52].

SCIT and SLIT inhibit early- and late-phase responses by
effector cells. Inhibition of late responses has been associated
with decreased eosinophil numbers [53] and Th2 cytokine lev-
els, including IL-4, IL-5, IL-9, and IL-13 [54, 55]. AIT also
has an effect on levels of the CC chemokine eotaxin, which is
known for eosinophil recruitment. Grass pollen SCIT has been
shown to decrease mast cell, basophil, and eosinophil numbers
in the nasal mucosa, with concomitant decreases in seasonal
symptoms and rescue medication use [44]. Direct correlations
between IL-5 reductions and nasal mucosal eosinophil num-
bers and between eosinophil numbers and seasonal symptom
severity were also noted. SLIT for HDM inhibited local muco-
sal VCAM-1 expression and decreased local eosinophilia [56].
SCIT and SLIT are effective in decreasing recruitment and
activation of effector cells in tissues affected by the allergic
process.

AIT causes a significant decrease in Th2 cytokines and Th2
effector cell activity, increased numbers and activity of T reg-
ulatory cells, and increased secretion of anti-inflammatory
cytokines such as interleukin (IL)-10 and transforming growth
factor-beta (TGF-B), all which diminish the allergic reaction
to specific allergens [57]. The Th2-associated allergic inflam-
mation found in both AR and AA is strongly associated with
eosinophils [58], which infiltrate the upper and lower airways
and release proinflammatory mediators. Eosinophil numbers
correlate well with spirometric findings FEV, and BHR [59,
60]. Studies have shown AIT may inhibit increases in nasal
eosinophilia in seasonal AR [61]; however, reductions in spu-
tum eosinophilia have not been found [62, 63]. Patients receiv-
ing SCIT or SLIT for 2 years experienced clinical improvement
in their AR with decreases in Th2 cell numbers, along with
decreased levels of Th2-associated cytokines 1L-4, IL-5, and
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IL-13 in nasal fluid. However, Th2 cell numbers and Th2
cytokine levels rebounded during the 3rd year, along with an
increase in seasonal symptoms once AIT was stopped. This is
in contrast to several studies that have shown AIT of at least 3
years duration being essential for long-lasting benefits [52, 64,
65]. After 3 years of AIT, benefits lasted for at least 2 years [66],
suggesting disease modification in addition to effective symp-
tomatic treatment.

Increases in allergen-specific Treg cell numbers during AIT
have also been noted in a number of studies [39, 67, 68].
Treg cells release regulatory cytokines like IL-10 and TGEF-
B, thereby reducing Th2-driven immune responses. The sup-
pressive effects of Treg cells on Th2 cells result in immune
deviation toward a Th1 response [69]. Regulatory B (Breg)
cells also produce IL-10 and are able to inhibit T-cell- and
DC-mediated inflammatory responses and main natural
immunologic tolerance. Bregs are also able to suppress spe-
cific immune responses through the production of TGF-f and
IL-35 [70].

Th2 immunity suppression during SCIT and SLIT has also
been associated with immune deviation and induction of Th1
cells [71, 72]. In a study by Durham et al. [72], grass pollen
SCIT significantly increased IFN-y mRNA* cells, with signifi-
cant negative correlations found between these cells and hay
fever symptoms and rescue medication requirements during
the 11-week pollen season. SCIT inhibited immediate (0 to 60
minutes) increases in sneezing and nasal blocking and late (0 to
24 hours) nasal symptoms. There were significant reductions in
total eosinophils and activated (ie, eosinophil cationic protein
[ECP]-releasing) eosinophils.

SCIT and SLIT induce similar, but not identical changes in
immune response. SCIT and SLIT share the following cellular
immunity features: induction of allergen-specific Tregs, Th2-
to-Th1 immune deviation, and induction of IL-10 and TGF-f.
In addition to these mechanisms, SCIT also induces selective
apoptosis of CD27- allergen-specific T cells and reduction of
group 2 innate lymphoid cells, whereas SLIT induces TGF-f3*
allergen-specific T helper 3 cells. Humoral immunity mecha-
nisms activated by both SCIT and SLIT include transient rise
and long-term inhibition of allergen-specific IgE and increase
in allergen-specific IgA and IgG4. SCIT also rapidly decreases
allergen component IgE and inhibits FAP [73]. The difference
in therapeutic mechanisms may occur because of the difference
in administration but also because of the level of allergen expo-
sure. Although the dose administered through SLIT is signifi-
cantly higher, the effective dose is much lower than SCIT due
to the reduced absorption through the oral mucosa because of
the neutralizing effects of saliva. SCIT also uses adjuvants that
boost immune response. Because of the difference in immune
response, SCIT is often reported as being more efficacious than
SLIT.

5. Efficacy

Recommended treatments for AR are: (1) avoiding allergens;
(2) symptomatic therapy; and (3) AIT [74]. Of the 3, AIT is the
only treatment for AR and asthma with a disease-modifying
effect [75]. Continuous AIT for at least 3 years may modify
the underlying pathophysiology of the disease [64, 65]. In chil-
dren with AR due to grass pollen, both types of AIT (SCIT
and SLIT) have been effective in preventing asthma onset [8].
And for pediatric patients with asthma, AR treatment may also
improve asthma control [76]. A recent systematic review and
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meta-analysis by Dhami et al. [77] found dozens of published
studies demonstrating the positive effects of AIT on asthma.
Benefits included significantly reduced symptom and medica-
tion scores, increased asthma control, and improved quality

of life.

6. Biomarkers for eosinophilic inflammation

Eosinophilic inflammation is a hallmark of many allergic dis-
eases, including AA, AR, atopic dermatitis (AD), and eosino-
philic esophagitis. Many studies have demonstrated associations
between AIT administration and reductions in eosinophilic
numbers and/or activity [41, 49, 53, 59, 61, 72, 74,75, 78, 79].
The increased adhesion of peripheral blood eosinophils and
increased chemotactic activity of eosinophils into the airways
during seasonal birch pollen exposure in asthmatics were sup-
pressed by AIT [80, 81]. AIT has also been shown to attenuate
eosinophil adhesion, chemotactic, and transendothelial migra-
tion activity in house dust mite (HDM)-sensitized allergic asth-
matics [80, 82]. A recently published study [79] of children with
AA and AR compared traditional therapy (ie, inhaled cortico-
steroids [ICS] + short-acting beta,-agonist) versus traditional
therapy + AIT using eosinophils as a biomarker for efficacy. The
addition of AIT to the 2nd group resulted in a greater reduction
in nasal eosinophilia over the 3-year treatment period than in
the traditional therapy group and a significant reduction in spu-
tum eosinophilia. Significantly greater improvements in bron-
chial hyperresponsiveness, symptom scores, and skin reactivity
were also observed in the AIT group. Another published study
[83] comparing ICS and AIT for treatment of mild persistent
asthma and AR. ICS was administered during the pollen sea-
son while SLIT was administered continuously for 5 years. Both
groups had significantly reduced bronchial symptom scores and
bronchodilator use, but the improvements were greater in the
SLIT group at 3 and 5 years. Nasal symptom scores, nasal ste-
roid use, and nasal eosinophilia significantly decreased in only in
the SLIT group. Because of its major role in allergic disease, the
eosinophil has been the gold standard for measuring underly-
ing inflammation. Along with eosinophils, IgE plays a vital role
in many allergic diseases. Together, they have been proposed as
a simple, economical, and reliable diagnostic duo for AR [84,
85], and correlations between the two have been found in AR
patients [86, 87]. Playing such an important role in allergic dis-
ease both locally and systemically, and with the ease of obtain-
ing it from a number of different bodily fluids (eg, blood, serum,
nasal and sputum secretions), the eosinophil should be utilized
more often as a good biomarker for AIT efficacy.

The mere presence of eosinophils in tissues yields very little
information on their activity. Atopic inflammation is a complex
process with the release of various cytokines affecting eosino-
phil activation, proliferation, differentiation, and survival. Thus,
it would be challenging using peripheral eosinophilia alone as a
biomarker for atopic disease activity. Instead, eosinophil activ-
ity is best measured by eosinophil degranulation [88], which is
the extracellular release of granule proteins like EDN and ECP.
There is a serious lack of studies using these eosinophil gran-
ule proteins as biomarkers in AIT. One such study used ECP as
a biomarker investigating AIT efficacy in AR patients. Again,
traditional therapy (budesonide spray) was compared to AIT
(SLIT) and significant decreases in ECP were found in both
groups after treatment [89]. ECP was at 1 time the most studied
of the eosinophil granule proteins but times have changed, as
EDN appears to be superior in a multitude of studies on its use
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as a biomarker for allergic disease [22, 90, 91]. It has been con-
cluded by many research groups that the presence of increased
EDN levels in active allergic disease suggests it has a role in
pathogenesis and could be useful as a diagnostic and even prog-
nostic biomarker. Elevated levels have been found in patients
with asthma [22, 90, 91], AD [22, 92], AR [22], chronic rhinosi-
nusitis [93], and urticaria [94]. EDN is more easily recovered
from measuring instruments and cell surfaces than other eosino-
phil biomarkers, it can be measured in a number of bodily fluids
(blood, serum, urine, sputum, nasal secretions, and broncho-
alveolar lavage), and is also stable for extended periods when
frozen. Its use as a biomarker has been validated in the above
specimen types [22-24, 91, 92], with serum being the most com-
mon [22, 24, 91]. In addition, fecal EDN shows promise as a
biomarker for food allergy [23]. All these characteristics add to
its utility as a biomarker. Despite this, there appears to be no
published studies using EDN as a biomarker for AIT efficacy.
Future studies should be done to explore this possibility.

7. Other biomarkers for AIT

Increased IgE levels are a key patient characteristic for initiat-
ing AIT [15, 95, 96]. Some long-term AIT studies have shown
specific IgE (sIgE) levels decrease over time [48, 97], while other
studies have shown no change or even an increase [44]. The
ratio of sIgE to total IgE (sIgE/tIgE ratio, hereafter referred to as
the “IgE ratio”) has been used as a predictive marker for treat-
ment efficacy in patients receiving either grass pollen or HDM
AIT for 4 years. The IgE ratio in this study predicted successful
AIT with a sensitivity of 97.2% and specificity of 88.1% [98].
Other studies have shown similar correlations between IgE ratio
and clinical outcomes of AIT [50, 99]. A study by Fujimura et al.
[100] found the IgE ratio to be a good candidate as a biomarker
for treatment response and prognosis in SLIT. IgE ratio has not
been validated as a biomarker for AIT efficacy; therefore, fur-
ther validation studies are needed.

IL-4 is a typical Th2 cytokine, along with IL-5 and IL-13,
and has elevated levels in AR patients with associated allergic
symptoms. A recent study found Th2 cytokine levels decreased
after AIT and the change in cytokine levels was closely associ-
ated with efficacy [69]. A very recent study by Xie et al. [101]
found IL-4 levels to be closely associated with SCIT efficacy
in pediatric AR patients and was predictive for treatment
response. Treatment efficacy was based on improvement of
clinical symptoms and reduction in rescue drug consumption.
After the initial study on the discovery cohort was completed
and potential biomarkers were identified, an independent val-
idation cohort was created. After 1 year of SCIT treatment,
the validation cohort was divided into 2 groups: “effective”
and “ineffective.” For the treatment to be considered “effec-
tive,” a >30% reduction in symptom and medication score
was required. In the effective group, baseline IL-4 levels were
higher than in the ineffective group, and serum IL-4 demon-
strated a strong ability to predict SCIT efficacy. When a ROC
curve was done for IL-4’ potential as a biomarker for SCIT
efficacy, the calculated area under the curve (AUC) was 0.840
with a P < 0.001.

Eotaxin, a CC chemokine ligand, is a key mediator of eosin-
ophil migration, activation, and maturity and is known to
facilitate local and systemic eosinophil recruitment in many
inflammatory diseases [102-104]. Serum eotaxin levels were ele-
vated in pediatric HDM-induced AR patients who responded to
SCIT, suggesting eotaxin may be involved with SCIT mechanisms
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[101]. Furthermore, Xie et al. [101] validated the use of eotaxin
as a biomarker capable of predicting AIT efficacy (AUC =
0.681, P = 0.006). Type 2 inflammation and eosinophilia are key
components of AR pathogenesis and may be the basis for the
therapeutic mechanism of SCIT [105-107]. It is known that AIT
regulates Th1/Th2 response balance and attenuates eosinophilic
inflammation in AR, and upregulation of Th1 Bregs and Tregs
has been considered prognostic [108, 109].

8. Conclusion

The benefits of AIT for treatment of some of the most common
immunologic diseases in the world like AA and AR are evident.
Eosinophilic inflammation is a cardinal feature of the allergic
process; consequently, when using AIT as treatment it is impera-
tive to find biomarkers that accurately and reliably represent the
underlying inflammation responsible for many of the short- and
long-term debilitating effects of allergic diseases. Eosinophils
have been used in the past, but their mere presence gives little
information on their activity. Eosinophil granule proteins like
EDN and ECP are easily obtainable and accurately reflect the
eosinophil activity so commonly found in allergic diseases. It
is imperative clinicians use validated biomarkers for diagnosis,
treatment, and monitoring of allergic disease. A biomarker such
as EDN can be used to identify patients that would benefit most
from treatments like AIT, thus optimizing critically scarce health
funding and minimizing the ill effects of using treatments that
don’t work.
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