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Abstract

Purpose of Review Allergy immunotherapy has been a mainstay of treatment of inhalant allergy for years. Controversy still exists
regarding best methods of allergy testing and immunotherapy. We aim to review the evidence supporting single-, pauci-, and
multi-allergen testing and immunotherapy.

Recent Findings The efficacy of immunotherapy has been well-established. The majority of research regarding allergy immu-
notherapy has focused on single-allergen treatment for mono- or poly-sensitized patients. There is a small heterogeneous group of
studies that evaluate the efficacy of multi-allergen immunotherapy. There is a need for further research comparing single- and
multi-allergen immunotherapy in poly-sensitized patients.

Summary We review the efficacy, relevant immunology, and persistent benefits of immunotherapy. We also review the most recent
research examining the efficacy of single-allergen and multi-allergen immunotherapy in mono-, pauci-, and poly-allergic patients.

Keywords Allergy - Asthma - Allergy testing - Immunotherapy - Sensitization

Introduction

Allergic rhinitis (AR) and allergic asthma (AA) are prevalent
conditions with a significant societal healthcare burden and
impact on individual quality of life. The prevalence of asthma
is increasing with 25.7 million people, or 8.7% of the US
population, affected in 2010. [1] The total cost of the US
asthma in 2013, including costs incurred by absenteeism and
mortality, has been estimated at $81.9 billion [2¢]. Allergic
rhinitis affects 30—60 million people in the USA annually. It
is estimated that 10-30% of the US adults may be affected,
and the cost of AR treatment is estimated at $3.4 billion [3].
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There are different approaches to testing for sensitivity to
inhalant allergies. Skin-prick testing (SPT) for immunoglobulin
E (IgE)-mediated hypersensitivity is a commonly utilized tech-
nique. Intradermal testing (ID) or serum immunoglobulin E
testing (sIgE) are also used in the evaluation of allergy.
Allergic patients may be mono-sensitized (testing positive for
just one allergen), pauci-sensitized (testing positive for 2—4 al-
lergens), or poly-sensitized (testing positive to multiple aller-
gens) [4]. Allergy immunotherapy can be administered as sub-
cutaneous immunotherapy (SCIT), aqueous sublingual immu-
notherapy (aqSLIT), or sublingual tablets (tabSLIT) with the
number of allergens that could be delivered differing among
these techniques. There is no clinical dilemma when treating a
mono-allergic patient with single-allergen immunotherapy.
However, there is debate as to whether poly-sensitized or
poly-allergic patients can be effectively treated with immuno-
therapy directed at only one or a few allergens, regardless of
technique. This manuscript will review the topic and the current
evidence, practices, and recommendations of mono- or pauci-
immunotherapy in poly-sensitized and poly-allergic patients.

Sensitization Versus Allergy

There is an accepted distinction between an individual
being sensitized and being allergic. Sensitization refers
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to positive allergy testing, either sIgE or skin testing. It
has been shown that those without allergic symptoms
can commonly have positive allergy tests. For example,
a recent study of 100 healthy volunteers without known
allergic symptoms found that 42 had a positive skin
prick test for at least one allergen using a 16 allergen
panel. The median number of sensitized allergens was 2
(range 1-7) [5]. It has also been observed that individ-
uals with allergic symptoms can have negative allergy
testing. Some allergists utilize intradermal (ID) skin test-
ing if clinical suspicion is high after negative skin prick
testing (SPT). In one study, 34 patients underwent SPT
followed by ID testing for 12 inhalant allergens; of 339
negative SPT results, 56.3% (191/339) were positive on
ID testing [6]. There are multiple theories for these false
positive and false negative results including the similar-
ity between allergic and nonallergic rhinitis, local aller-
gy (sIgE in the respiratory system not represented in the
skin), and variations between the allergens used for test-
ing and those occurring naturally. In this manuscript,
allergic individuals are defined as those having allergic
symptoms that plausibly correlate with their allergy test-
ing results.

Definitions and Epidemiology of Mono-,
Pauci-, and Poly- sensitization and Allergy

Prior to discussing the current evidence supporting
mono-, pauci-, or poly-allergen testing and immunother-
apy, it is important to define key terms. An allergen is a
protein or glycoprotein capable of binding IgE. A bio-
logic source, e.g., cat or short ragweed, usually has
multiple allergens, and each allergen may have different
epitopes that bind different IgEs. Often the term aller-
gen refers to allergens from single biologic source, such
as “cat allergens” which can be a source of confusion
but is generally decipherable from context.

Mono-sensitization is defined as a response or sIgE
elevation to one allergen test. The European and the US
studies estimate 15.5-19.6% of the general population is
mono-sensitized. Poly-sensitization is defined as sensiti-
zation to more than one allergen and is believed to
affect 12.8-38.8% of the general population [7]. Of
poly-sensitized patients, those demonstrating sensitivity
to 2—4 allergens are more specifically characterized as
pauci-sensitized. Sensitization itself, as defined by skin
testing or sIgE assay, is common but provides no infor-
mation on symptomatology in patients. Poly-allergy is
the term that describes one who is both poly-sensitized
and who reports symptoms upon exposure to multiple
offending antigens of interest (Table 1) [4].
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Evidence of Allergen-Specific
Immunotherapy

Historical Evidence

Allergen-specific immunotherapy has a history spanning
more than a century with substantial evidence demonstrating
its value in treating inhalant allergy. In 1911, Noon performed
a landmark study in which 28 patients were treated with pre-
seasonal and co-seasonal subcutaneous injection of boiled
grass pollen extract. He observed, “that the sensibility of hay
fever patients may be decreased, by properly directed dosage,
at least a hundredfold, while excessive or too frequent inocu-
lations only serve to increase the sensibility” [8].

In 1949, the first controlled study in immunotherapy was
performed by Bruun [9]. In 1963, Lowell and Franklin per-
formed the first double-blind randomized study of immunother-
apy against ragweed — the best defined pollen season in New
England from mid-August to mid-September [10]. All subjects
were symptomatic and had skin testing consistent with ragweed
allergy but were also treated for other pollens. Subjects were
then paired by severity of symptoms and randomized to immu-
notherapy with or without ragweed extract (but continued with
the non-ragweed pollen immunotherapy). Those in the group
that continued to receive immunotherapy to ragweed had sig-
nificant symptomatic improvement during ragweed season,
and, as ragweed extract was the variable between groups, the
authors concluded that the effect was specific [11].

In 1967, Lowell and Franklin studied the effect of extract
concentration using a double-blind study. Twenty-five pa-
tients receiving a mixture of pollen extracts were paired and
separated into two groups, with one receiving a ragweed ex-
tract dosage 20 x that of the other group. The higher-dose
group was noted to have fewer symptoms, and again this
effect was concluded to be specific to the concentration of
ragweed extract [12].

In 1978, Norman and Lichtenstein showed that ragweed
sensitivity was due to Amb a 1 — the major ragweed allergen.
They also demonstrated that subcutaneous injection of puri-
fied Amb a 1 had similar clinical efficacy to treatment with
whole-plant extract [13]. In 1999, Durham et al. showed the
persistent immunologic benefits of immunotherapy even after
cessation of treatment. Even 3 years following completion of a
3—4 year course of subcutaneous immunotherapy patients not-
ed persistent reduction in symptom scores and skin lympho-
cyte infiltration following intradermal testing [14].

Immunologic Mechanisms

Patients suffering from inhalant allergies can have significant
symptoms that are uncontrolled by medical therapy such as
antihistamines and inhaled steroids. In such cases, allergen-
specific immunotherapy has been shown to effectively reduce
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symptom scores and medication use [15, 16]. Allergy immu-
notherapy is also the only treatment shown to have persistent
effects well beyond completion of therapy [14]. The mecha-
nism of these effects is poorly understood, but immunologic
observations suggest that immunotherapy alters the underly-
ing disease process through allergen-specific and allergen
non-specific mechanisms. [17]

Allergy is characterized by a predominantly T-helper cell
type 2 (Th2) rather than T-helper cell type 1 (Thl)-mediated
immune response [18]. Activated Th2 cells secrete interleukin
(IL)-4, IL-5, and IL-13, which induce class switching of B-
cells to IgE production and eosinophil activation and recruit-
ment [19]. These immune responses result in mucosal inflam-
mation, mucus production, and the resultant symptoms of al-
lergy [20]. Though the exact mechanism is unclear, studies
indicate allergen-specific immunotherapy results in a down-
regulation of the Th2 immune response [21]. Allergy immu-
notherapy facilitates this immunologic shift by activating T-
regulatory cells that produce anti-inflammatory cytokines, in-
cluding IL-10 and tumor growth factor-beta (TGF-[3) that
down regulate allergic inflammation to all sensitized aller-
gens. IL-10 has generalized inhibition of inflammation and
has been shown to inhibit B cell production of total and
allergen-specific IgE [22], inhibit mast cell activation [23],
suppress IL-5 production and subsequent eosinophil activa-
tion [24], and promote cell death of eosinophils [25].
Additionally, IL-10 stimulates production of IgG4, which is
a protective, noninflammatory antibody isotype [26]. IgG4
may block the binding of allergen to IgE bound to mast cells,
thus limiting the release of histamine through an allergen-
specific mechanism [21]. Peripheral blood IgG4 memory B
cells remain elevated long after the completion of treatment
[27], which may contribute to the lasting clinical tolerance
attributed to immunotherapy. [14]

Single- and Pauci-Allergen Versus Multi-allergen
Immunotherapy

Despite years of research showing the benefits of allergy im-
munotherapy, currently debate exists among experts regarding
the most appropriate method of allergy testing and immuno-
therapy. Worldwide, some practitioners support mono- or
pauci-allergen testing and immunotherapy, and others support
a multi-allergen approach.

Although many patients are sensitized to multiple aller-
gens, there are geographic preferences regarding selection of
extracts for use in immunotherapy. Practitioners from some
countries may pursue subcutaneous mono-allergen immuno-
therapy or pauci-allergen immunotherapy. There are no large
double-blinded controlled studies directly comparing the two
approaches of mono/pauci-allergen immunotherapy versus
poly-allergen immunotherapy in poly-allergic patients. There
are, however, some studies that have examined whether

Table 1  Definitions

*Allergen — a protein or glycoprotein capable of binding IgE

*Mono-sensitization — sensitization (as confirmed by skin testing or sIgE
assay) to 1 allergen

*Poly-sensitization — sensitization to < 2 allergens
*Pauci-sensitization — sensitization to 2—4 allergens

*Poly-allergy — clinically confirmed allergy (positive
skin/sIgE + symptoms on exposure) to > 5 allergens

Adapted from Migueres M, et al. Clin Transl Allergy. 2014;4:16.
doi:https://doi.org/10.1186/2045-7022-4-16.; Creative Commons
Attribution License [http://creativecommons.org/licenses/by/2.0 [5].

immunotherapy limited to one or a few allergens can provide
cross-benefit in poly-allergic patients beyond the allergens
being targeted.

Effects of Single-Allergen Immunotherapy
on Pauci-Allergic Patients

To initially investigate whether single allergen immunothera-
py could provide benefit upon an unrelated allergen in
pauci(dual)-allergic patients, Norman et al. performed a ran-
domized, double-blind controlled trial on 87 patients allergic
to both grass and ragweed pollen.[13]. One group received
mono-immunotherapy directed towards ragweed pollen,
while the other group served as the control and remained im-
munotherapy-naive. Upon allergen exposure, the ragweed-
immunotherapy group demonstrated decreased symptoms in
the setting of ragweed, but there was no cross-benefit demon-
strated in this group upon exposure to grass. As expected, the
control, immunotherapy-naive group continued to demon-
strate symptoms to both conditions.

A more recent study, performed in 2012, further ex-
amined this question with similar findings. Dual-allergic
patients to both Dermatophagoides farinae and Timothy
grass were treated with mono-immunotherapy to one of
the two allergens and assessed for cross-benefit to the
untreated allergen. On yearly conjunctival provocation
testing (CPT) over consecutive years, both the dust mite
group and the timothy grass group demonstrated a de-
creased response to the respective allergen for which
they had been treated, but neither group demonstrated
a cross-benefit to the untreated allergen [28].

Cross-benefit of immunotherapy directed towards timo-
thy grass was again tested in 2018 (n = 87); this study ex-
amined for cross-benefit in patients who were dual-allergic
to both timothy grass and birch tree pollen. After 4 months
of timothy grass sublingual immunotherapy, no cross-
benefit was demonstrated upon birch pollen exposure
[29e¢]. It was concluded that symptomatic benefits of grass
immunotherapy are likely allergen-specific.
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Effects of Single-Allergen Immunotherapy
on Poly-sensitized Patients

There has also been an effort to demonstrate the benefits of
single-allergen immunotherapy in poly-sensitized and poly-
allergic patients. In a double-blind placebo-controlled study
performed in 2006, Frew et al. investigated the efficacy and
safety of 2 doses of single-allergen grass immunotherapy on
patients with moderately severe seasonal allergic rhinitis with
symptoms refractory to standard pharmacotherapy — including
antihistamines, topical steroids, and/or cromoglycate eye
drops. The 203 patients included in the study had a history
of grass pollen-induced seasonal allergic rhinitis and grass
pollen sensitivity confirmed with skin and blood testing.
Patients with other sensitizations were included unless they
had sinusitis, rhinoconjunctivitis, or asthma outside of grass
season or daily symptomatic contact with animals.

Results showed that during the whole pollen season, mean
symptom and medication scores were 29% and 32% lower in
the treatment group than the control group. Quality of life
measures also showed superior results of single-allergen im-
munotherapy to placebo [30].

The benefits of single-allergen immunotherapy on poly-
sensitized patients were again investigated in a 2008 study
by Malling et al. They performed a post hoc analysis of a
multinational double-blind placebo-controlled trial of once
daily sublingual grass pollen tablet immunotherapy. Both
mono-sensitized and poly-sensitized patients were included.
Poly-sensitized patients were included if their non-grass sen-
sitivities did not present confounding symptoms during grass
pollen season. Of the 628 patients included, over 51% were
poly-sensitized. The average rhinoconjunctivitis total symp-
tom score (RTSS) showed that symptoms were reduced by
27.4% and medication use by 46.1% in patients allocated the
300 IR grass pollen tablets compared with those given place-
bo. No differences in efficacy or safety were observed in pa-
tients who were poly-sensitized. Regardless of sensitization
(mono-sensitized/poly-sensitized) or concomitant mild asth-
ma, both the 300 IR and 500 IR doses resulted in a signifi-
cantly improved RTSS compared with placebo. The authors
concluded that sensitization status (mono- vs poly-sensitiza-
tion) was not a necessary criteria for the use of single-allergen
immunotherapy given its favorable risk-benefit ratio [7, 31].

Another post hoc analysis investigating the benefits of
treating poly-sensitized allergic rhinitis patient with a single-
allergen immunotherapy tablet treatment was performed by
Emminger et al. in 2009 (published meeting abstract). 568
patients with skin prick testing confirmed sensitivities who
participated in the first year of a double-blind placebo-con-
trolled trial of mono-allergen treatment for grass allergy were
included. Data were analyzed in patients sensitized to (a) grass
only (mono-sensitized — 161 patients), (b) grass + tree + any
other allergen (tree poly-sensitized — 191 patients), and (c)
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grass + any allergen except tree allergens (non-tree poly-
sensitized — 216 patients). Single-allergen immunotherapy
was found to reduce symptom and medication scores in
mono- and poly-sensitized patients regardless of presence or
absence of tree-related sensitivities [7, 32].

Evidence for the Efficacy of Multi-allergen
Immunotherapy

There are very few studies looking at the efficacy of multi-
allergen immunotherapy. In a 2009 review, Nelson et al.
reviewed a total of 877 articles regarding allergen immuno-
therapy searching for studies simultaneously using 2 or more
distinct allergen extracts. Thirteen studies were identified,
and, of these, 7 studies used non-cross-reacting allergens.
Four of these studies reported outcomes superior to placebo
and comparable to single-allergen immunotherapy. The three
remaining studies did not report multi-allergen and single-
allergen treatment separately. In the five studies that used mul-
tiple allergens, 3 studies reported efficacy and 2 did not. The
authors believed this “lack of efficacy might have been due to
inadequate doses of extract or omission of clinically relevant
allergens.” There was significant heterogeneity between stud-
ies in the subjects, primary condition being treated, immuno-
therapy regimen, and outcome reporting.

Despite these differences, the authors still concluded that
the review suggested simultaneous delivery of multiple unre-
lated allergens can be effective [33].

Discussion

The majority of patients with inhalant allergy are sensi-
tized to multiple allergens. Most of the US patients are
treated with multi-allergen immunotherapy with the mean
number of extracts being eight [34]. The US consensus is
that there may be benefit in treating as many actual or
potential sensitizations as possible — especially given the
time-consuming buildup phase of modern immunothera-
py. European practice patterns are significantly different
than the US, and patients are often treated with single-
allergen immunotherapy. Less than 10% of European for-
mulations contain more than 1 non-cross-reacting aller-
gen. Usually treatment is focused on the most trouble-
some allergen. The practice in Europe is that poly-
sensitized patients are not necessarily poly-allergic and
that, depending on the seasonality of exposure, poly-
allergy is not always clinically significant. This practice
difference has led to a longstanding difference between
the US and European allergy communities about the effi-
cacy of multi-allergen immunotherapy [7, 35]. The major-
ity of clinical immunotherapy trials have been investiga-
tions of single-allergen immunotherapy. More than a
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century of historical data has shown the efficacy of single-
allergen immunotherapy in reducing patient symptoms
and medication use — both during treatment and persisting
following cessation of immunotherapy. Basic science re-
search has confirmed that specific allergen proteins are
the targets of IgE that elicit an immune response.

Several studies have demonstrated the specific nature
of single-allergen immunotherapy without noted cross-
benefit in pauci-allergic patients [13, 28, 29e¢¢]. Despite
the specificity of the immune response and single-
allergen immunotherapy, there are noted benefits of
single-allergen immunotherapy in poly-sensitized patient.
Multiple studies have shown that poly-sensitized pa-
tients have symptomatic and quality of life benefit from
single-allergen immunotherapy despite known sensitivi-
ties to different environmental allergens [30-32]. Some
of these studies are difficult to interpret as poly-
sensitized patients were limited to those without season-
al or perennial allergen sensitivities that might present
confounding symptoms during the allergen season of
interest — usually grass. It is difficult to elucidate if
the benefit seen in poly-sensitized patients is due purely
to the seasonal effects of treatment, efficacy against the
most clinically relevant sensitivity, or some other cross-
benefit occurring perhaps from T cell-mediated down-
regulation of allergic inflammation. It has been shown
that single-allergen immunotherapy can result in persis-
tent immunologic changes that may benefit the allergic
responses and symptoms of the patient in general.

As illustrated in the literature review above, the
sparse studies investigating the efficacy of multi-
allergen immunotherapy have produced conflicting re-
sults. Among this small heterogeneous group of studies,
some have shown significant clinical improvement com-
pared to placebo. Other studies have shown no benefit
over that expected from environmental control measures
and standard pharmacotherapy. This paucity of data has
led to a recent practice parameter recommendation
underlining the importance of treating patients “only
with relevant allergens” (Statement 72) [36].

A review of this topic suggests a need for further research.
The scientific basis for the current broad application of multi-
allergen immunotherapy is largely extrapolated from data re-
garding single-allergen immunotherapy in mono- or poly-
allergic patients. There are known risks of allergen immuno-
therapy, and it is used throughout the world to help patients
with inhalant allergies. The choice of single- vs multi-allergen
immunotherapy may be influenced by training and geography
given the limited scientific comparisons. Further study fo-
cused on the efficacy of multi-allergen immunotherapy versus
single-allergen immunotherapy in the treatment of poly-
sensitized patients would be helpful in determining the safest
and most efficacious approach for patients worldwide.

Conclusion

There is currently controversy whether to use single-allergen
or multi-allergen immunotherapy in poly-allergic patients.
While there are very few studies investigating the efficacy of
multi-allergen immunotherapy, there is robust clinical experi-
ence. Further research into the efficacy of multi-allergen im-
munotherapy as compared to single-allergen or pauci-allergen
immunotherapy in poly-allergic patients is needed. Variances
involving shared patient decision-making and differences in
provider practices are expected given the current state of the
evidence.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Human and Animal Rights and Informed Consent  This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M,
Johnson CA, et al. Trends in asthma prevalence, health care use,
and mortality in the United States, 2001-2010. NCHS Data Brief.
2012;(94):1-8.

2. Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of
asthma in the United States, 2008-2013. Ann Am Thorac Soc.
2018;15(3):348-56. https://doi.org/10.1513/AnnalsATS.201703-
2590C. Data reported from this study quantify the current
societal cost of asthma in the United States.

3. Meltzer EO, Bukstein DA. The economic impact of allergic rhinitis
and current guidelines for treatment. Ann Allergy Asthma
Immunol. 2011;106(2 Suppl):S12—6. https://doi.org/10.1016/j.
anai.2010.10.014.

4. Migueres M, Davila I, Frati F, Azpeitia A, Jeanpetit Y, Lheritier-
Barrand M, et al. Types of sensitization to aeroallergens: defini-
tions, prevalences and impact on the diagnosis and treatment of
allergic respiratory disease. Clin Transl Allergy. 2014;4:16.
https://doi.org/10.1186/2045-7022-4-16.

5. Supakthanasiri P, Klaewsongkram J, Chantaphakul H. Reactivity of
allergy skin test in healthy volunteers. Singap Med J. 2014;55(1):
34-6. https://doi.org/10.11622/smedj.2014007.

6. Simons JP, Rubinstein EN, Kogut VJ, Melfi PJ, Ferguson BJ.
Comparison of multi-test II skin prick testing to intradermal
dilutional testing. Otolaryngol Head Neck Surg. 2004;130(5):
536—44. https://doi.org/10.1016/j.0tohns.2004.02.005.

7. Calderon MA, Cox L, Casale TB, Moingeon P, Demoly P.
Multiple-allergen and single-allergen immunotherapy strategies in
polysensitized patients: looking at the published evidence. J

@ Springer


https://doi.org/10.1513/AnnalsATS.201703-259OC
https://doi.org/10.1513/AnnalsATS.201703-259OC
https://doi.org/10.1016/j.anai.2010.10.014
https://doi.org/10.1016/j.anai.2010.10.014
https://doi.org/10.1186/2045-7022-4-16
https://doi.org/10.11622/smedj.2014007
https://doi.org/10.1016/j.otohns.2004.02.005

Curr Otorhinolaryngol Rep (2020) 8:1-6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Allergy Clin Immunol. 2012;129(4):929-34. https://doi.org/10.
1016/j.jaci.2011.11.019.

Noon L. Prophylactic inoculation against hay fever (historical doc-
ument). Ann Allergy. 1955;13(6):713-6; passim.

Bruun E. Control examination of the specificity of specific desen-
sitization in asthma. Acta Allergol. 1949;2(2):122-8. https://doi.
org/10.1111/§.1398-9995.1949.tb03295.x.

Lowell FD, Franklin W. "double-blind" study of treatment with
aqueous allergenic extracts in cases of allergic rhinitis. J Allergy
Ther. 1963;34:165-82.

Lowell FC, Franklin W. A double-blind study of the effectiveness
and specificity of injection therapy in ragweed hay fever. N Engl J
Med. 1965;273(13):675-9. https://doi.org/10.1056/
NEJM196509232731302.

Franklin W, Lowell FC. Comparison of two dosages of ragweed
extract in the treatment of pollenosis. JAMA. 1967;201(12):915-7.
Norman PS, Lichtenstein LM. The clinical and immunologic spec-
ificity of immunotherapy. J Allergy Clin Immunol. 1978;61(6):
370-7. https://doi.org/10.1016/0091-6749(78)90116-1.

Durham SR, Walker SM, Varga EM, Jacobson MR, O'Brien F,
Noble W, et al. Long-term clinical efficacy of grass-pollen immu-
notherapy. N Engl J Med. 1999;341(7):468-75. https://doi.org/10.
1056/NEJM199908123410702.

Varney VA, Gaga M, Frew AJ, Aber VR, Kay AB, Durham SR.
Usefulness of immunotherapy in patients with severe summer hay
fever uncontrolled by antiallergic drugs. BMJ. 1991;302(6771):
265-9. https://doi.org/10.1136/bm;j.302.6771.265.

Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: ther-
apeutic vaccines for allergic diseases. A WHO position paper. J
Allergy Clin Immunol. 1998;102(4 Pt 1):558-62. https://doi.org/
10.1016/s0091-6749(98)70271-4.

Wilson DR, Lima MT, Durham SR. Sublingual immunotherapy for
allergic rhinitis: systematic review and meta-analysis. Allergy.
2005;60(1):4—-12. https://doi.org/10.1111/1.1398-9995.2005.00699.x.
Tan HP, Lebeck LK, Nehlsen-Cannarella SL. Regulatory role of
cytokines in IgE-mediated allergy. J Leukoc Biol. 1992;52(1):
115-8. https://doi.org/10.1002/j1b.52.1.115.

Deo SS, Mistry KJ, Kakade AM, Niphadkar PV. Role played by
Th2 type cytokines in IgE mediated allergy and asthma. Lung India.
2010;27(2):66—71. https://doi.org/10.4103/0970-2113.63609.
Moote W, Kim H, Ellis AK. Allergen-specific immunotherapy.
Allergy, Asthma Clin Immunol. 2018;14(Suppl 2):53—-10. https://
doi.org/10.1186/s13223-018-0282-5.

Akkoc T, Akdis M, Akdis CA. Update in the mechanisms of
allergen-specific immunotherapy. Allergy, Asthma Immunol Res.
2011;3(1):11-20. https://doi.org/10.4168/aair.2011.3.1.11.

Akdis M, Akdis CA. Therapeutic manipulation of immune toler-
ance in allergic disease. Nat Rev Drug Discov. 2009;8(8):645-60.
https://doi.org/10.1038/nrd2653.

Royer B, Varadaradjalou S, Saas P, Guillosson JJ, Kantelip JP,
Arock M. Inhibition of IgE-induced activation of human mast cells
by IL-10. Clin Exp Allergy. 2001;31(5):694-704. https://doi.org/
10.1046/.1365-2222.2001.01069.x.

Schandene L, Alonso-Vega C, Willems F, Gerard C, Delvaux A,
Velu T, et al. B7/CD28-dependent IL-5 production by human rest-
ing T cells is inhibited by IL-10. J Immunol. 1994;152(9):4368-74.

@ Springer

26.

27.

28.

20 o0

30.

31.

32.

33.

34.

35.

36.

Ohkawara Y, Lim KG, Xing Z, Glibetic M, Nakano K, Dolovich J,
et al. CD40 expression by human peripheral blood eosinophils. J
Clin Invest. 1996;97(7):1761-6. https://doi.org/10.1172/
JCI118603.

Eckl-Dorna J, Villazala-Merino S, Linhart B, Karaulov AV,
Zhernov Y, Khaitov M, et al. Allergen-specific antibodies regulate
secondary allergen-specific immune responses. Front Immunol.
2018;9:3131. https://doi.org/10.3389/fimmu.2018.03131.
Heeringa JJ, McKenzie CI, Varese N, Hew M, Bakx A, Aui PM,
et al. Induction of IgG2 and IgG4 B-cell memory following sublin-
gual immunotherapy for ryegrass pollen allergy. Allergy. 2019.
https://doi.org/10.1111/all.14073.

Dreborg S, Lee TH, Kay AB, Durham SR. Immunotherapy is al-
lergen-specific: a double-blind trial of mite or timothy extract in
mite and grass dual-allergic patients. Int Arch Allergy Immunol.
2012;158(1):63—70. https://doi.org/10.1159/000330649.

Ellis AK, Tenn MW, Steacy LM, Adams DE, Day AG, Walker TJ,
et al. Lack of effect of Timothy grass pollen sublingual immuno-
therapy tablet on birch pollen-induced allergic rhinoconjunctivitis
in an environmental exposure unit. Ann Allergy Asthma Immunol.
2018;120(5):495-503 e2. https://doi.org/10.1016/j.anai.2018.02.
003. Findings in this study did not support hypothesized
cross-benefit from mono-allergen immunotherapy in pauci-
allergic patients.

Frew AJ, Powell RJ, Corrigan CJ, Durham SR, Group UKIS.
Efficacy and safety of specific immunotherapy with SQ allergen
extract in treatment-resistant seasonal allergic rhinoconjunctivitis. J
Allergy Clin Immunol. 2006;117(2):319-25. https://doi.org/10.
1016/j.jaci.2005.11.014.

Malling HJ, Montagut A, Melac M, Patriarca G, Panzner P,
Seberova E, et al. Efficacy and safety of 5-grass pollen sublingual
immunotherapy tablets in patients with different clinical profiles of
allergic rhinoconjunctivitis. Clin Exp Allergy. 2009;39(3):387-93.
https://doi.org/10.1111/j.1365-2222.2008.03152.x.

Emminger WDS, Riis B, Maloney J, Nolte H. The efficacy of single
grass-allergen-immunotherapy-tablet treatment in mono- and multi-
sensitized allergic rhinitis patients: findings from a post hoc analy-
sis. J Allergy Clin Immunol. 2009;123:S75.

Nelson HS. Multiallergen immunotherapy for allergic rhinitis and
asthma. J Allergy Clin Immunol. 2009;123(4):763-9. https://doi.
org/10.1016/j.jaci.2008.12.013.

Esch RE. Specific immunotherapy in the U.S.A.: general concept
and recent initiatives. Arb Paul Ehrlich Inst Bundesamt Sera
Impfstoffe Frankf A M. 2003;(94):17-22 discussion 3.

Cox L, Jacobsen L. Comparison of allergen immunotherapy prac-
tice patterns in the United States and Europe. Ann Allergy Asthma
Immunol. 2009;103(6):451-9.

Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I,
et al. Allergen immunotherapy: a practice parameter third update. J
Allergy Clin Immunol. 2011;127(1 Suppl):S1-55. https://doi.org/
10.1016/j.jaci.2010.09.034.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.jaci.2011.11.019
https://doi.org/10.1016/j.jaci.2011.11.019
https://doi.org/10.1111/j.1398-9995.1949.tb03295.x
https://doi.org/10.1111/j.1398-9995.1949.tb03295.x
https://doi.org/10.1056/NEJM196509232731302
https://doi.org/10.1056/NEJM196509232731302
https://doi.org/10.1016/0091-6749(78)90116-1
https://doi.org/10.1056/NEJM199908123410702
https://doi.org/10.1056/NEJM199908123410702
https://doi.org/10.1136/bmj.302.6771.265
https://doi.org/10.1016/s0091-6749(98)70271-4
https://doi.org/10.1016/s0091-6749(98)70271-4
https://doi.org/10.1111/j.1398-9995.2005.00699.x
https://doi.org/10.1002/jlb.52.1.115
https://doi.org/10.4103/0970-2113.63609
https://doi.org/10.1186/s13223-018-0282-5
https://doi.org/10.1186/s13223-018-0282-5
https://doi.org/10.4168/aair.2011.3.1.11
https://doi.org/10.1038/nrd2653
https://doi.org/10.1046/j.1365-2222.2001.01069.x
https://doi.org/10.1046/j.1365-2222.2001.01069.x
https://doi.org/10.1172/JCI118603
https://doi.org/10.1172/JCI118603
https://doi.org/10.3389/fimmu.2018.03131
https://doi.org/10.1111/all.14073
https://doi.org/10.1159/000330649
https://doi.org/10.1016/j.anai.2018.02.003
https://doi.org/10.1016/j.anai.2018.02.003
https://doi.org/10.1016/j.jaci.2005.11.014
https://doi.org/10.1016/j.jaci.2005.11.014
https://doi.org/10.1111/j.1365-2222.2008.03152.x
https://doi.org/10.1016/j.jaci.2008.12.013
https://doi.org/10.1016/j.jaci.2008.12.013
https://doi.org/10.1016/j.jaci.2010.09.034
https://doi.org/10.1016/j.jaci.2010.09.034

	Single, Pauci, and Multi-allergen Testing and Immunotherapy
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Sensitization Versus Allergy
	Definitions and Epidemiology of Mono-, Pauci-, and Poly- sensitization and Allergy
	Evidence of Allergen-Specific Immunotherapy
	Historical Evidence
	Immunologic Mechanisms
	Single- and Pauci-Allergen Versus Multi-allergen Immunotherapy
	Effects of Single-Allergen Immunotherapy on Pauci-Allergic Patients
	Effects of Single-Allergen Immunotherapy on Poly-sensitized Patients
	Evidence for the Efficacy of Multi-allergen Immunotherapy

	Discussion
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



