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Abstract
Introduction: We aimed to assess the prevalence of IgE-
mediated sensitization to two perennial (dust mite and
animal) and four seasonal allergen sources (tree, grass,
weed, and mold/fungi) using data from a national clinical
reference laboratory (Quest Diagnostics). Methods: Pa-
tients tested in 2019 for ≥1 specific serum IgE toward 4
dust mites, 14 animals, 32 trees, 12 grasses, 21 weeds, or
19 mold/fungi allergens were included. Patients with ≥1
specific IgE ≥0.10 kU/L within a source were considered
sensitized for the source. Chi-square tests and
multivariate logistic regression were used to compare
the estimated prevalence of allergic sensitization related
to demographics, geography, and clinical diagnosis.
Results: Sensitization for dust mite, animal, tree, grass,
weed, and mold/fungi sources was 38.0% (21,161/
55,735), 32.1% (21,888/68,035), 34.5% (22,975/66,567),
30.3% (21,664/71,575), 31.2% (22,960/73,605), and 19.7%
(13,514/68,574), respectively. Across allergen sources,
males had higher prevalence (from lowest to highest:
25.3% mold/fungi to 43.0% dust mite) compared to

females (from lowest to highest: 16.1% mold/fungi to
34.6% dust mite); prevalence peaked in 10–19 years
(from lowest to highest: 29.7% mold/fungi to 54.2%
dust mite) and then decreased with increasing age;
large metropolitan areas (from lowest to highest:
39.6% dust mite to 20.7% mold/fungi) had higher
prevalence compared to small-to-medium metro (from
lowest to highest: 36.6% dust mite to 17.9% mold/fungi)
or nonmetro areas (from lowest to highest: 32.4% dust
mite to 19.5% mold/fungi); a higher prevalence was
observed in patients with asthma, atopic dermatitis, or
rhinitis than in those with none of these diagnoses
reported. Sensitization to perennial and seasonal
allergens showed regional variation. Conclusions:
Prevalence of allergic sensitization to perennial and
seasonal allergens is associated with patient age and sex,
census regions, level of urbanization, and allergic disease
states. These factors should be considered when de-
signing and selecting allergen panels for diagnosing and
treating symptomatic patients. © 2025 The Author(s).
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Introduction

Allergic disease prevalence, including asthma, al-
lergic rhinitis, and atopic dermatitis remains high in the
United States (US), causing a significant health burden
among those afflicted [1, 2], including healthcare uti-
lization, quality of life, and societal productivity [3].
Central to pathogenesis of these allergic diseases is
allergic inflammation driven by specific IgE (sIgE) to
inhalant allergens to which patients are sensitized [4].
Identifying sIgE antibodies against these allergens is
pivotal to diagnose allergic diseases [5]. Accurate
identification of culprit allergens is especially impor-
tant to clinically manage allergic diseases, including
therapy selection (e.g., allergen avoidance/mitigation,
design of allergen immunotherapy, and choice of bi-
ologic agents) [6].

Several large-scale surveys on the prevalence of in-
halant allergen sensitization in the US exist, including
three National Health and Nutrition Examination Sur-
veys (NHANES) where allergen-sIgE levels toward
multiple environmental allergens were measured during
various time periods from 1976 through 2006, but each
has limitations. While these studies were geographically
comprehensive, including a wide range of age-groups and
a large random sample of the general US population, they
surveyed a limited number of representative allergens [7,
8]. Only two species of fungi, trees, and weeds were
included in the NHANES 2005–2006. Other large-scale
studies that included more allergens had limited geo-
graphic coverage. For instance, an extensive survey of
allergen sensitization to 36 species of trees, grasses, and
weeds among children 2–8 years of age was limited to the
Great Basin area of Nevada [9].

There is an unmet need to accurately characterize
patterns of sensitization to a wide range of inhalant al-
lergens in a geographically comprehensive fashion; such a
study would help optimize diagnosis and treatment of
allergic diseases. Using data from a large US national
reference laboratory (Quest Diagnostics) with over
400,000 specimens tested in 2019, this study aimed to
investigate the sensitization prevalence in allergen-sIgE
tests to two perennial and four seasonal allergen sources,
consisting of 102 inhalant allergens, across the US.
Furthermore, the distinct patterns of allergic sensitization
regarding age-group, gender, geography, and disease state
were examined, thus identifying the potential risk factors
for IgE-mediated sensitization to these six allergen
sources. This knowledge can help guide patient evalua-
tion and management through more informed allergen
test selection.

Methods

In this cross-sectional, retrospective study, 107,877
patients were tested for at least one of 102 inhalant al-
lergens for two perennial allergen sources (4 dust mites
and 14 animals) and four seasonal allergen sources (32
trees, 12 grasses, 21 weeds, and 19 mold/fungi allergens)
in 2019 using allergen-sIgE testing at Quest Diagnostics, a
national reference laboratory serving patients in every US
state (except Hawaii) and the District of Columbia. Quest
Diagnostics annually serves one in three adult Americans
and half the physicians and hospitals in the US, and it
maintains one of the world’s largest databases of de-
identifiable clinical laboratory results [10]. All included
allergens were ordered individually, as opposed to by
regional respiratory allergy panels, for the patients across
the US who received testing for any cause. The focus on
individually ordered allergens aimed to mitigate the in-
fluence of arbitrary geographic regional variations in-
troduced by panel testing, thereby ensuring a more
clinically based, nationally representative dataset. Testing
was performed using the ImmunoCAP™ (ThermoFisher
Scientific, Waltham, MA, USA) sIgE blood test that uses a
fluoroenzyme immunoassay (non-RAST) method. In this
study, the threshold for a positive allergen-sIgE test,
which was considered indicative of sensitization, was the
level of detection (≥0.10 kU/L). This threshold was
chosen instead of 0.35 kU/L for a positive test result based
on recent recommendations suggesting that sIgE con-
centrations between 0.10 kU/L and 0.35 kU/L may be
clinically relevant in some patients [11]. Within an al-
lergen source, patients with at least one positive allergen
sIgE were considered sensitized or atopic for the source.

Patient characteristics including age, sex, and state of
residence for determining census regions and divisions
were extracted and included in analysis; they were
recorded in a manner to avoid identification or linkage to
individual patients.

Disease states were categorized based on International
Classification of Diseases, Tenth Revision, Clinical Mod-
ification (ICD-10-CM) diagnosis codes. In this study,
specific ICD-10 codes were grouped into larger cate-
gories: asthma, atopic dermatitis, and rhinitis. Within a
disease state, patients with no ICD-10 code or other ICD-
10 codes were classified as “not indicated.” ICD-10 codes
for sinusitis were excluded because sinusitis has multiple
causes with similar symptoms in many other conditions
beyond allergy.

Levels of urbanization categorized to describe the
characteristics of sensitized patients were based on ERS’
2023 Rural-Urban ContinuumCodes [12], a classification
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scheme that distinguishes big metropolitan (metro)
counties with a population of ≥1 million, small-to-
medium metropolitan counties with a population <1
million, and nonmetropolitan (nonmetro/rural) counties
with a population of any size, adjacent or not adjacent to a
metro area. Chi-square tests and multivariate logistic
regression (modeling sensitized vs. not sensitized) were
employed to compare the estimated prevalence of allergic
sensitization related to demographics, census regions,
level of urbanization, and clinical diagnosis. In logistic
modeling, adjusted odds ratios with 95% confidence
intervals were estimated and compared with reference to
different levels of patient age and sex, census regions, level
of urbanization, and disease state.

The need for informed consent was waived because
this study was deemed exempt by the WCG Institutional
Review Board, an independent ethical review board,
based on federal regulation 45 CFR Parts 46 and 164. The
study followed the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) reporting
guideline for cross-sectional studies [13]. Data analyses
were performed using SAS Studio 3.6 on SAS version 9.4
(Cary, NC, USA).

Results

This study analyzed 404,091 test results from 107,877
patients aged 37.1 ± 24.1 (mean ± SD) years, including
39.0% males and 61.0% females for whom perennial or
seasonal allergen-sIgE testing was ordered. The demo-
graphics, census regional distribution, levels of urbani-
zation, and disease diagnoses were reported for two
perennial and four seasonal allergens sources (Table 1).
Of patients tested, the mean (±SD) ages in years ranged
from 38.1 ± 24.3 for molds/fungi to 35.1 ± 24.3 for
animals. Across all allergen sources, females comprised
60–61% of the study population; patients were mostly
from the South (32.1%weed to 39.0% dust mite), followed
by the Northeast (24.0% dust mite to 31.9% weed), the
West (16.6% dust mite to 18.7% mold/fungi), and then
the Midwest (6.8% dust mite/tree/weed to 7.4% mold/
fungi); more patients lived in the big metro counties
(57.9% dust mite to 61.3% weed), followed by small-to-
medium metro counties (21.8% weed/mold/fungi to
23.4% tree) and then by nonmetro (rural) counties (5.8%
animal to 6.3% grass). Across all allergen sources, about
8–9% of patients had a diagnosis of asthma (8.1% tree to
9.5% grass), 2–3% a diagnosis of atopic dermatitis (2.3%
weed/mold/fungi to 3.0% dust mite/animal), and 43–47%
a diagnosis of rhinitis (43.6% mold/fungi to 46.6% tree).

For two perennial sources, prevalence of allergen
sensitization was 38.0% for dust mites and 32.2% for
animals; for the four seasonal sources, prevalence of
allergen sensitization was 34.5% for trees, 30.3% for
grasses, 31.2% for weeds, and 19.7% for molds/fungi
(Table 2). Within each source of allergens, there was a
wide range of sensitization to individual antigens
(online suppl. Fig. E1–E6; for all online suppl. material,
see https://doi.org/10.1159/000545508). In two peren-
nial sources, the lowest was to duck feathers (1.5%) and
highest to Dermatophagoides pteronyssinus (36.6%); in
four seasonal sources, the lowest was to Chaetomium
globosum (3.5%) and highest to Western ragweed
(43.3%) (Table 2).

Across allergen sources, prevalence of allergic sen-
sitization to all inhalant allergens peaked in 10–19 years
(29.7% mold/fungi to 54.2% dust mite), then declined
into senescence, for males and females combined; males
had higher prevalence (25.3% mold/fungi to 43.0% dust
mite) compared to females (16.1% mold/fungi to 34.6%
dust mite), for all age-groups combined (data not
shown). Sensitization rates to all allergens sources,
perennial and seasonal, appeared to plateau in the el-
derly and increase slightly among elderly males (70–79
to ≥80 years: 20.2%–23.2%) as did sensitization toward
house dust mites (70–79 to ≥80 years: 29.3%–29.2%).
The percentage of males sensitized to all sources of
inhalant allergens was significantly higher across all
age-groups compared to females (all p < 0.01); the
largest difference in prevalence between males and fe-
males was in 20–29 years for weeds (16.2%) and grasses
(15.7%) (Fig. 1).

Allergic sensitization toward inhalant allergens varied
significantly by the US census region. Grass (40.3%), tree
(39.4%), and weed (37.1%) allergens were most prevalent
in the West, dust mite allergens were more prevalent in
the Northeast (40.4%) and South (39.0%), and animal
(35.2%) and mold/fungi (23.2%) allergens were most
prevalent in the Midwest (all p < 0.01) (Fig. 2). Patients
residing in large metropolitan areas had higher sensiti-
zation rates to all inhalant allergens (20.7% mold/fungi to
39.6% dust mite) compared to those living in small-to-
medium metro (17.9% mold/fungi to 36.5% dust mite)
and nonmetro regions (19.5% mold/fungi to 32.4% dust
mite) (all p < 0.01) (Fig. 3).

Patients with a reported ICD-10 diagnosis of any
atopic-related disease (asthma, atopic dermatitis, or
rhinitis) had higher prevalence of sensitization to all
inhalant allergens compared to those with no such di-
agnosis indicated. Across all allergen sources, prevalence
of sensitization was higher for patients with asthma
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(28.0%mold/fungi to 44.8% dust mite) compared to those
with no asthma indicated (18.9% mold/fungi to 37.3%
dust mite); similarly a higher prevalence among patients
with atopic dermatitis (31.4% mold/fungi to 52.7% ani-
mal) than those with no atopic dermatitis reported

(19.4% mold/fungi to 37.8% dust mite); a higher prev-
alence for patients with rhinitis (21.1% mold/fungi to
40.1% dust mite) than those with no reported rhinitis
(18.6% mold/fungi to 36.2% dust mite) (all p < 0.01)
(Fig. 4). In multivariate logistic regression (modeling

Table 1. Characteristics of study populations

Characteristics Dust mite Animal Tree Grass Weed Mold/fungi

(n = 55,735) (n = 68,035) (n = 66,567) (n = 71,575) (n = 73,605) (n = 68,574)

Age, years
Mean±SD 35.6±24.6 35.1±24.3 36.3±24.1 37.3±24.0 37.4±23.8 38.1±24.3
Median 35.0 34.0 36.0 38.0 38.0 39.0
IQR (25th Pctl–75th Pctl) 46.0

(11.0, 57.0)
45.0
(11.0, 56.0)

44.0
(13.0, 57.0)

44.0
(14.0, 58.0)

44.0
(14.0, 58.0)

45.0
(14.0, 59.0)

Age-group, n (%)
0–5 years 7,180 (12.9) 8,702 (12.8) 7,184 (10.8) 7,233 (10.1) 7,091 (9.6) 6,988 (10.2)
6–9 years 4,897 (8.8) 6,065 (8.9) 5,811 (8.7) 5,846 (8.2) 5,905 (8.0) 5,349 (7.8)
10–19 years 7,760 (13.9) 9,768 (14.4) 9,518 (14.3) 9,510 (13.3) 9,804 (13.3) 8,832 (12.9)
20–29 years 4,670 (8.4) 6,033 (8.9) 5,859 (8.8) 6,617 (9.2) 7,015 (9.5) 5,774 (8.4)
30–39 years 5,940 (10.7) 7,343 (10.8) 7,390 (11.1) 8,167 (11.4) 8,532 (11.6) 7,655 (11.2)
40–49 years 6,386 (11.5) 7,834 (11.5) 8,021 (12.1) 8,820 (12.3) 9,158 (12.4) 8,372 (12.2)
50–59 years 6,716 (12.1) 8,105 (11.9) 8,208 (12.3) 9,148 (12.8) 9,512 (12.9) 8,945 (13.0)
60–69 years 6,791 (12.2) 7,947 (11.7) 8,145 (12.2) 8,986 (12.6) 9,258 (12.6) 9,101 (13.3)
70–79 years 4,162 (7.5) 4,826 (7.1) 4,981 (7.5) 5,549 (7.8) 5,617 (7.6) 5,779 (8.4)
≥80 years 1,233 (2.2) 1,412 (2.1) 1,450 (2.2) 1,699 (2.4) 1,713 (2.3) 1,779 (2.6)

Gender, n (%)
Female 33,561 (60.2) 41,211 (60.6) 40,163 (60.3) 43,754 (61.1) 45,153 (61.4) 41,669 (60.8)
Male 22,174 (39.8) 26,824 (39.4) 26,404 (39.7) 27,821 (38.9) 28,452 (38.7) 26,905 (39.2)

Census region, n (%)
Northeast 13,353 (24.0) 18,352 (27.0) 16,884 (25.4) 20,687 (28.9) 23,511 (31.9) 18,031 (26.3)
Midwest 3,812 (6.8) 4,963 (7.3) 4,520 (6.8) 4,964 (6.9) 5,004 (6.8) 5,059 (7.4)
South 21,742 (39.0) 24,533 (36.1) 24,596 (37.0) 25,905 (36.2) 23,628 (32.1) 23,812 (34.7)
West 9,435 (16.9) 12,203 (17.9) 12,376 (18.6) 12,238 (17.1) 13,430 (18.3) 12,809 (18.7)
No data 7,393 (13.3) 7,984 (11.7) 8,191 (12.3) 7,781 (10.9) 8,032 (10.9) 8,863 (12.9)

Metro levela, n (%)
Big metro (population ≥1 million) 32,262 (57.9) 40,991 (60.3) 38,684 (58.1) 42,935 (60.0) 45,089 (61.3) 40,484 (59.0)
Small-to-medium metro
(population <1 million)

12,709 (22.8) 15,078 (22.2) 15,586 (23.4) 16,308 (22.8) 16,036 (21.8) 14,964 (21.8)

Nonmetro 3,322 (6.0) 3,924 (5.8) 4,048 (6.1) 4,491 (6.3) 4,385 (6.0) 4,205 (6.1)
No data 7,442 (13.4) 8,042 (11.8) 8,249 (12.4) 7,841 (11.0) 8,095 (11.0) 8,921 (13.0)

Asthma diagnosis, n (%)
Indicated 4,758 (8.5) 5,591 (8.2) 5,367 (8.1) 6,823 (9.5) 6,641 (9.0) 6,216 (9.1)
Not indicated 50,977 (91.5) 62,444 (91.8) 61,200 (91.9) 64,752 (90.5) 66,964 (91.0) 62,358 (90.9)

Atopic dermatitis diagnosis, n (%)
Indicated 1,687 (3.0) 2,034 (3.0) 1,610 (2.4) 1,722 (2.4) 1,716 (2.3) 1,585 (2.3)
Not indicated 54,048 (97.0) 66,001 (97.0) 64,957 (97.6) 69,853 (97.6) 71,889 (97.7) 66,989 (97.7)

Rhinitis diagnosis, n (%)
Indicated 25,322 (45.4) 30,619 (45.0) 31,015 (46.6) 31,357 (43.8) 32,827 (44.6) 29,883 (43.6)
Not indicated 30,413 (54.6) 37,416 (55.0) 35,552 (53.4) 40,218 (56.2) 40,778 (55.4) 38,691 (56.4)

aClassification derives from the Rural-Urban Continuum Codes (RUCC) published by the USDA Economic Research Service
(2013).
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sensitized vs. not sensitized), adjusted odds ratios (with
95% confidence intervals) showed the same patterns
demonstrated in the univariate analysis (Fig. 5).

Discussion

Using data from a national laboratory (Quest Diag-
nostics), this study is among the largest cross-sectional
studies to examine perennial and seasonal inhalant al-
lergen sensitization in the US. Over 400,000 test results
were used, including patients from all age ranges (Table 1;
Fig. 1–5; online suppl. Fig. E1–E6). Inhalant allergen
sensitization trends and risk factors found in this study
are similar to those reported by other investigators, al-
though there are few similar studies of this size. Previ-
ously, the largest and most comprehensive population-
based study on allergen sensitization was NHANES
2005–2006 that showed similar results. However, the
NHANES study only included 10,348 participants, albeit
randomly sampled, and measured sIgE antibodies toward
only 15 inhalant allergens [8]. The largest US compre-
hensive allergen sensitization study involved 8 million
patients tested by a national reference laboratory (Lab-
Corp) and showed trends and risk factors for allergen
sensitization similar to those reported in the NHANES
2005–2006 and our study; however, the LabCorp results
only included fungal allergens [14]. Other similar studies
are limited in scope (geographic sampling limitations,

number of allergens measured, included ages) [9, 15–17].
Adding our results to existing data provides a strong,
updated evidence-based rationale for design of effective
clinical allergy testing.

This study demonstrates that sociodemographic
factors are associated with distinct sensitization pat-
terns. Similar to NHANES 2005–2006 and multiple
similar studies, this study shows that prevalence of both
seasonal and perennial allergen sensitization peaks in
late childhood and early adulthood then decreases with
age (Fig. 1) [8, 14–17]. This may be due to interplay
between developmentally regulated host immune re-
sponse and allergen exposure. Young atopic children can
mount robust IgE responses to food allergens as ex-
emplified by high prevalence of food allergies in early
childhood, but they may not be sensitized to inhalant
allergens due to insufficient duration and quantity of
allergen exposure [18]. Conversely, elderly adults may
have age-related changes in immune function that
lowers rates of sensitization despite many more years of
allergen exposure [19].

More than 50% of patients older than age 5 and 30% of
patients younger than age 5 were sensitized to at least one
inhalant allergen. Dust mite sensitization had highest
prevalence (38.0%) while fungi sensitization was lowest
(19.7%) when patients of all age-groups were combined
(Table 2). During early childhood, sensitization to animal
allergens was highest, followed by dust mites and tree
allergens. Prevalence of dust mite and tree sensitization

Table 2. Prevalence of sensitization by allergen source

Allergen
source

Species, within
source, n

Prevalence of sensitization
for sourcea

Lowest to highest prevalence of sensitization for individual
species, within sourceb

Dust mite 4 38.0 (21,161/55,735) 23.9 (344/1,437 for storage mite) to 36.6 (17,904/48,865 for
Dermatophagoides pteronyssinus)

Animal 14 32.2 (21,888/68,035) 1.5 (69/4,722 for duck feathers) to 30.4 (16,787/55,185 for dog
dander)

Tree 32 34.5 (22,975/66,567) 6.4 (418/6,542 for queen palm) to 42.1 (430/1,021 for hazelnut
tree)

Grass 12 30.3 (21,664/71,575) 22.5 (4,034/17,939 for Bahia grass) to 32.4 (1,144/3,527 for red
top grass)

Weed 21 31.2 (22,960/73,605) 16.2 (571/3,526 for yellow dock weed) to 43.3 (2,736/6,313 for
Western ragweed)

Mold/fungi 19 19.7 (13,514/68,574) 3.5 (48/1,384 for Chaetomium globosum) to 16.9 (1,468/8,674
for Candida albicans)

aNumerator: number of patients with at least one positive test (sIgE ≥0.1 kU/L) for any species within the source; denominator:
number of patients with at least one test for any species within the source. bNumerator: number of patients with a positive test
result (sIgE ≥0.1 kU/L) for an individual species; denominator: number of patients tested for an individual species.
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continued to be the highest during adulthood with animal
allergen sensitization rates decreasing with age. Exposure
to more ubiquitous allergens such as dust mites and
animals during early childhood likely contributes to this
pattern [20]. In contrast to our study, other surveys
showed low prevalence of tree antigen sensitization in
early life (NHANES 2005–2006) [8]. These older studies,
however, included fewer seasonal allergens. For instance,
only a few species of trees were included, while the
current study used up to 32 tree species [8]. The pattern of
fungal allergen sensitization was different from other
pollen allergens in that after a decrease from early
adulthood, fungal sensitization plateaued without further
reduction into elderly age (Fig. 1). It is possible that
certain patients are persistently exposed to fungal aller-
gens such as dermatophytes, throughout life, resulting in
continued new sensitizations [21, 22]. For instance,
prevalence of sensitization to Candida species was per-
sistently higher than other fungi in the LabCorp fungal
allergen sensitization study [8].

In the current study, male sex was associated with
allergic sensitization at all age ranges. We found

higher positive percentages of sIgE tests among males
compared to females with seasonal and perennial al-
lergens, suggesting that there are sex-associated dif-
ferences in expression of IgE (Fig. 1). Our data are
consistent with other similar studies, although
NHANES 2005–2006 found higher male prevalence
among participants 6 years and older but no differ-
ences in younger children [8]. Higher rates of allergen
sensitization among males contrast with higher
prevalence of allergic disease such as asthma among
female patients, especially in older age-groups [23, 24].
This suggests that pathogenesis of some atopic dis-
eases involves pathways in addition to IgE-mediated
allergic sensitization.

The prevalence of sensitization to individual allergens
was substantially different across different geographic
regions (Fig. 2). These observations were consistent with
other large epidemiological studies such as NHANES 3
and LabCorp’s national study on fungal sensitization [7,
14]. Persistent exposure to allergens is usually required
for allergic sensitization and atopic patients will be ex-
posed to different fauna in different geographic locations

Fig. 1. Sensitization by gender and age, within a source. p value from chi-square test: all <0.0001.
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resulting in differential sensitization to seasonal pollen
allergens across the country. Patterns of sensitization to
animal allergens likely depend upon patterns in pet and
domestic animal ownership unique to various regions.
Dust mite allergens have been shown to be more prev-
alent in warmer more humid climates, which may explain
the higher prevalence of sensitization to these antigens in
the South [6].

Allergic sensitization to seasonal and perennial al-
lergens was more prevalent in large metropolitan

versus smaller and nonmetropolitan areas (Fig. 3).
These data are similar to multiple studies and support
the “hygiene hypothesis” of increasing worldwide at-
opy; urbanization, removed from farming environ-
mental exposures, facilitates development of a
T2 lymphocyte-predominant immune axis and de-
velopment of IgE-mediated sensitization and inflam-
mation [25, 26].

Speculation exists that longer plant growing seasons
due to climate change results in increasing rates of

Fig. 2. Sensitization across 4 census regions within a source. p value from chi-square test: all <0.0001.

154 Int Arch Allergy Immunol 2026;187:148–159
DOI: 10.1159/000545508

Kwong et al.

D
ow

nloaded from
 karger.​com

/​iaa/​article-pdf/​187/​2/​148/​4382711/​000545508.​pdf by U
C

LA Biom
edical Library user on 22 O

ctober 2026

https://doi.org/10.1159/000545508


seasonal allergen sensitization [27, 28]. Anecdotally,
clinicians observed that allergy symptoms have in-
creased in recent years [29]. Currently, a few small-scale
reports show increased allergen sensitization over time
[30, 31]. Quest Diagnostics reported in 2011 a 15.0%
increase in ragweed and a 12.0% increase in mold
sensitization over a 4-year period in a large non-peer-
reviewed report involving a large cross-sectional analysis
of the US population tested with sIgE tests [32]. A
longitudinal study of a birth cohort of 651 Japanese
children showed the prevalence of allergic rhinitis in-
creased considerably over time (10.6%–31.2%) and the
sensitization prevalence to allergen sIgE also increased
from 57.8% at age 5 years to 74.8% at age 9 years [33].
We did not examine changes of allergen sensitization in
our study, but we found similar geographic patterns of
allergen sensitization compared to similar large studies
performed 20–30 years ago (e.g., NHANES) [7, 8]. These
data suggest that while sensitization rates may have
increased in the last few decades due to climate change,
these atmospheric effects have not influenced the gen-
eral geographic distribution of inhalant allergen sensi-
tization in the US. Our study did not examine whether
the prevalence of sensitization within geographic regions

has changed over time and such studies are needed to
answer this important question.

Many patients diagnosed with asthma and atopic
dermatitis were more likely to be sensitized to seasonal
and perennial allergens (Fig. 4). Detection of sIgE al-
lergens does not automatically equate with clinical
relevance to those antigens; however, it is generally
accepted that sensitizing allergens play a pivotal role in
pathogenesis of allergic disease [6]. In asthma and al-
lergic rhinitis, allergic inflammation, driven by these
antigens, decreases threshold of disease exacerbation in
response to re-exposure to these allergens and non-
specific triggers such as tobacco smoke, atmospheric
changes, and air pollutants [6, 34]. Data from this study
are highly congruent with results of other similar large
studies. In a previous study examining fungal sensiti-
zation, we demonstrated that patients with asthma and
atopic dermatitis were highly sensitized to seventeen
unique fungal species compared to patients with rhi-
nitis, chronic sinusitis and those with no ICD-10 coding
of any allergic disease [14]. Our study did not show an
association between rhinitis and allergic sensitization
even though allergens play central role in the patho-
genesis of allergic rhinitis [6, 35, 36]. This is most likely

Fig. 3. Sensitization by level of urbanization, within a source. p value from chi-square test: all <0.0001.

Inhalant Allergen Sensitization Int Arch Allergy Immunol 2026;187:148–159
DOI: 10.1159/000545508

155

D
ow

nloaded from
 karger.​com

/​iaa/​article-pdf/​187/​2/​148/​4382711/​000545508.​pdf by U
C

LA Biom
edical Library user on 22 O

ctober 2026

https://doi.org/10.1159/000545508


due to our use of rhinitis ICD-10 codes that include
patients with non-allergic forms of rhinitis such as
upper respiratory tract infections and cholinergic
gustatory rhinitis. Atopic dermatitis was highly asso-
ciated with allergen sensitization even though atopy and
allergic inflammation are not the only pathways in
development and exacerbation of this skin disease [6,
36]. Allergen immunotherapy is not universally effec-
tive for patients with atopic dermatitis [37, 38]. High
rates of sensitization in eczema patients may be ex-

plained by the loss of skin integrity in these patients,
resulting in early onset exposure of allergens to the
immune system with generation of sIgE in response to
these perceived danger signals [6, 36].

In the US, providers often use pre-determined sets of
“allergen panels” when testing for allergic desensiti-
zation in patient care, although as noted in the
methods, this study excluded testing ordered as part of
fixed regional panels. With the exception of food al-
lergens, inhalant allergen panels are recommended by

Fig. 4. Sensitization by allergic disease state, within a source. p value from chi-square test: all <0.0001.
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the US allergy guidelines to confirm sensitization in
patients with findings consistent with atopy [5]. The
number and types of allergens in panels, however, are
based upon outdated botanical data. This and other
studies show that there is high prevalence of allergic
sensitization to inhalant allergens that are not regularly
ordered by clinicians [11]. For instance, while most
laboratory panels test for two species of dust mites,
Dermatophagoides farinae and Dermatophagoides
pteronyssinus, there is a high rate of sensitization to
Blomia tropicalis and other mite species (online suppl.
Fig. E1) [39]. In the LabCorp study, investigators found
that practice guidelines recommended testing for only
five fungi, missing high rates of sensitization to other
fungal species [14]. This study confirms the finding
wherein testing only Aspergillus, Alternaria, Clado-
sporium, Penicillium, and Candida missed many pa-
tients sensitized to other mold species (online suppl.
Fig. E6). These data in combination with evidence of
geographic variability of sensitization suggest that
current inhalant allergen panels should be modified by

adding individual allergens guided by the parameters
addressed by this study.

This study is limited to the US, but its findings have
global implications. With a geographic area of 9 million
km2 and 15 broad level 1 eco regions, the US exhibits
diverse patterns of allergic sensitization, suggesting that
similar variations may exist in other regions worldwide
[40, 41]. While specific allergens will be different, re-
flective of local flora and fauna, it is likely that the
number of different allergen species will be similar to
our study. To the best of our knowledge, most large
global surveys of inhalant allergen sensitization have
not analyzed as many allergens as ours [42, 43]. Ex-
panding the number of allergens in global studies of
inhalant antigen sensitization can therefore provide
more information for clinicians in their management of
allergic patients.

This study must be interpreted with consideration of
associated limitations. First, this is a retrospective,
uncontrolled cross-sectional analysis and may not be
reflective of the general population. This limits the

Fig. 5. Adjusted odds ratios for independent predictors of allergic sensitization to at least one allergen with each
allergen source (95% CI) by allergen source, in multivariate logistic regression (modeling sensitized vs. not
sensitized).
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comparison of results to other prospective studies that
sampled large, randomized populations, such as
NHANES 2005–2006 [8]. Second, regarding asthma
and atopic dermatitis, we relied on provider-reported
ICD-10 codes to identify patients; these may not reflect
accurate, precise diagnoses. We did not differentiate
disease severity, which may correlate with sensitization.
It was not known when in the diagnostic process a
diagnosis was made, so we cannot tell whether some
patients’ diagnoses were influenced by testing or
whether testing was influenced by diagnoses. Finally,
significant cross-reactivity between tree, fungi, and
weed species exists, and patients with multiple allergen
sensitization may not be allergic to multiple species
within an allergen source. Use of resolved component
testing may provide better insight into co-sensitization
and clinical relevance.

In conclusion, many individuals in the US are
sensitized to seasonal and perennial inhalant allergens.
Sensitization to all allergens peaks in early adult years
and, for most allergens, decreases with age; more males
than females were sensitized at all ages. Fungal sen-
sitization appears not to decrease into senescence.
Patients with asthma and atopic dermatitis are highly
sensitized to all allergens compared to patients with no
atopic disease. Sensitization to different seasonal and
perennial allergens varied by geography. This study
yields valuable information in inhalant allergen sen-
sitization in the US, particularly regarding demo-
graphic, geographic, and disease states. Diagnostic
laboratories and payers should take these data into
consideration in design of inhalant allergen panels for
optimal detection of allergic sensitization in manage-
ment of allergy patients.
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