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Total and allergen-specific immunoglobulin E in the serum and nasal mucosa

of a nonallergic population
William R. Reisacher, MD, FACS, FAAOA

Background: There has been a growing interest in measur-
ing allergen-specific immunoglobulin E (sIgE) directly from
the nasal mucosal epithelium of individuals with sinonasal
disease. However, there is currently no normative data with
which to estimate sensitivity, specificity, and the appropri-
ate positive cutoff level for new testing methods.

Methods: Twenty individuals with no history of sinonasal
disease or food allergies underwent serum IgE testing and
nasal mucosal brush biopsy (MBB) testing for total and sIgE
to 7 common airborne allergens and 1 food allergen. The
correlation between slgE in serum and nasal samples was
determined at both the 0.10-kU/L and 0.35-kU/L positive
cutoff levels.

Results: sIgE at the 0.35-kU/L cutoff level was detected for
at least 1 allergen in 7 of 20 (35%) participants in both the
serum and nose. At the 0.10-kU/L cutoff level, 8 of 20 (40%)
and 19 of 20 (95%) participants had slgE to at least 1 aller-
gen in the serum and nose, respectively. At the 0.35-kU/L
cutoff level, total serum IgE levels were significantly higher

when at least 1 allergen was detected in the nose (p = 0.01).
There was a strong association between slgE in the serum
and nasal mucosa (p < 0.0001) at both cutoff levels.

Conclusion: The significant association between serum and
nasal samples for both total and sIgE suggests that nasal
IgE and serum IgE are not independent of one another. Un-
derstanding levels of IgE in the nonallergic population will
help answer the questions surrounding sensitization as new
diagnostic tests for locally-present IgE become available.
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mmunoglobulin E (IgE) is a 190-kDa protein that plays

a key role in many inflammatory conditions, including
allergic rhinitis (AR), asthma, eczema, and anaphylaxis.! In
early human history, IgE-mediated inflammation was ben-
eficial for fighting parasitic infections, a significant cause
of infant mortality. However, with the decline in para-
sitic infections in the developing world, food and airborne
substances, which share structural similarities with more
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dangerous pathogens, have become important triggers for
allergen-specific IgE (sIgE) production.?

In atopic individuals, sIgE is produced when an anti-
gen presenting cell (APC) contacts a sensitizing protein or
carbohydrate (allergen) and exposes it to a T helper type
2 (Th2) cell. Under the influence of cytokines, particularly
interleukin 4 (IL-4), the Th2 cell stimulates a naive B cell
to undergo isotype-switching, or class-switching, and be-
gin production of IgE specific to that allergen.? sIgE can
be produced either in the larger lymphoid structures of the
body, such as the spleen and regional lymph nodes, or di-
rectly in the mucosal tissues of the aerodigestive tract.* As
a result, local sIgE levels may be present even when serum
sIgE levels are absent.’” Local production of sIgE has been
demonstrated in the mucosal epithelium of the sinonasal
cavity,®? bronchial mucosa,'’ esophageal mucosa,'! and
adenotonsillar tissue'? in individuals with clinical disease,
regardless of atopic status.

New tests have recently emerged that directly measure
local sIgE levels from mucosal epithelium, such as surgical
biopsy!® and mucosal brush biopsy (MBB).!* These tests
may be particularly useful in cases where the results of
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standard allergy testing are not consistent with the clinical
history. Estimates of serum IgE sensitization in the general
population range between 40% and 50%, but the preva-
lence of local IgE sensitization in individuals without al-
lergic disease is currently unknown.'> This gap in knowl-
edge has limited the determination of sensitivity, speci-
ficity, and the appropriate positive cutoff level for local sIgE
testing.

The purpose of this study was to measure total IgE and
sIgE levels from the nasal mucosal epithelium of individuals
without allergic disease, using MBB, and to explore the
association between the presence of sIgE in the nose and
in the serum, both overall and for individual allergens. The
primary hypothesis is that the prevalence of sIgE will be
higher in the nose than in the serum, reflecting the region of
initial allergen exposure. The secondary hypothesis is that
participants with higher levels of total IgE in the serum will
be more likely to have sIgE present in the nose.

Subjects and methods
Study population

Approval for this study was obtained from the Institutional
Review Board of Weill Cornell Medical College, New York
City (Protocol #1206012451). Inclusion criteria included
healthy individuals, 18 years of age or older, who were will-
ing to participate in the study. Individuals with a history
of chronic rhinitis (allergic or nonallergic), chronic rhinos-
inusitis (with or without nasal polyps), allergic fungal rhi-
nosinusitis, immediate pruritus or edema (local, distant or
systemic) after consuming certain foods, asthma, or eczema
were excluded from the study. Individuals who were uncer-
tain about their allergic status on initial interview were also
excluded from participating in the study.

Seven common airborne allergens and 1 food allergen
were chosen for this study: White oak, Timothy grass,
ragweed, cat, Alternaria, Dermatophagoides farinae, cock-
roach, and peanut. A food allergen was included because
species-specific IgE to food allergens have previously been
identified in the nasal cavity using MBB.'® The actual sen-
sitization of the participants to these allergens, based on
either serum IgE testing, skin testing, or local IgE testing,
was unknown prior to enrollment. The age and gender of
the enrolled participants were recorded. All testing and data
collection was performed at a single institution, Weill Cor-
nell Medical College, during the month of August 2014.
Timothy grass and ragweed were the most active outdoor
allergens during that period.

MBB

Prior to local IgE harvest, the nasal cavity was decongested
and anesthetized on both sides with topical 2% lidocaine
and 1% phenylephrine. After waiting 5 minutes, a 7.75-
inch cytology brush (Aeromed, Glastonbury, CT) was in-
serted along the medial surface of the anterior third of
the inferior turbinate as described.'* While avoiding direct

pressure on the septum, the brush was rotated and moved
back and forth approximately 10 times. After the procedure
was repeated on the opposite side with a separate brush,
the brushes were rinsed for 2 minutes in phosphate-buffered
saline (PBS) to extract mucus and epithelial cells.

Measurement of total IgE, sIgE and total protein
(nose)

The suspensions of nasal epithelial cells from each partici-
pant were lysed using an ultrasonicator at 45% amplitude
for 2 minutes at 15-second intervals (Branson Digital Soni-
fier, Danbury, CT). Up to 4 additional 15-second pulses
were performed until the lysates appeared clear and Trypan
Blue exclusion test demonstrated that no viable cells were
present. Total protein concentrations for the lysates were
determined using a bicinchoninic acid assay (BCA assay;
Thermo Fisher Scientific, Rockford, IL). Each lysate was
sent frozen to a reference laboratory for immunofluores-
cent assay to determine total IgE levels as well as sIgE levels
for the 8 study allergens (PiRL Laboratories, Portage, MI).
Because levels of locally-present sIgE are generally lower
than serum sIgE levels, 2 positive cutoff levels were cho-
sen and analyzed separately: 0.10 kU/L and 0.35 kU/L.'3
Total nasal IgE levels were standardized for total protein
(corrected total nasal IgE).

Measurement of total IgE and sIgE (serum)

Venipuncture was performed on all participants, and serum
samples were sent frozen to a reference laboratory for im-
munofluorescent assay to determine total IgE levels as well
as sIgE levels for the 8 study allergens (PiRL Laboratories,
Portage, MI).

Statistical analysis

Data are presented as mean values + standard deviation
(SD). Using a linear regression model, the Pearson product-
moment correlation coefficient was calculated to test the
strength of the correlation between total serum IgE lev-
els and corrected total nasal IgE levels. The nonparametric
Mann-Whitney U test was used to compare total IgE lev-
els in the serum vs total IgE in the nasal samples and be-
tween participants who tested positive for sIgE in the nose
vs those who tested negative at each cutoff level. Fisher’s
exact probability testing was used to test the associations
between sIgE in the serum vs sIgE in the nasal samples,
outdoor vs indoor sensitization, and gender differences in
sensitization at each cutoff level. Two-tailed p values were
calculated for each comparison using VassarStats online
statistical software package'” and a value of p < 0.05 was
considered statistically significant.

Results

Study population

All of the participants tolerated the serum and MBB
testing well with no adverse events reported. Of the 20
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FIGURE 1. Correlation of total IgE in the serum with corrected total IgE in the nasal mucosa. IgE = immunoglobulin E.

participants, 7 (35%) were male and 13 (65%) were
female. The mean age was 29.2 years (range, 19-54
years). There was no significant association noted between
gender and the rate of sensitization in the serum or nasal
mucosa at either the 0.10-kU/L cutoff level (p = 1.0) or
the 0.35-kU/L cutoff level (p = 1.0).

Total IgE

The range of total IgE in serum samples was 2.35 to
472 kU/L, and 2.58 to 26.6 kU/L in nasal samples. One
major outlier, with a total serum IgE of 1393 kU/L and
tota xI nasal IgE of 72.5 kU/L, was excluded from the to-
tal IgE comparisons. The mean serum IgE level (50.87 +
104.74 kU/L) was significantly higher than the mean nasal
IgE level (5.60 &+ 5.76 kU/L) (p < .0001).

As shown in Figure 1, there was a strong correlation
between total serum IgE and corrected total nasal IgE
(r = 0.81; p <.0001). At the 0.35-kU/L cutoff level, the
mean total serum IgE in participants who tested positive
for at least 1 of the test allergens in the nose was 120.65 +
174.62 kU/L, compared to 18.67 £ 13.81 kU/L in partic-
ipants who tested negative for sIgE to all allergens in the
nose (p = 0.01). Because only 1 participant tested negative
to all allergens in the nose at the 0.10-kU/L cutoff level, a
comparison between the mean total serum IgE levels could
not be made.

slgE

The numbers and percentages of participants who tested
positive to each individual allergen, or positive to at least
1 allergen overall, at both cutoff points, are presented in
Table 1. At the 0.35-kU/L cutoff level, 7 of 20 (35%)
participants tested positive for IgE to at least 1 allergen in
both the serum and nose. However, at the 0.10-kU/L cutoff
level, 8 of 20 (40%) participants tested positive to at least
1 allergen in the serum, while 19 of 20 (95%) participants
tested positive in the nose. The grade distribution for all 320
tests is shown in Figure 2, and the prevalence of positive
tests in serum and the nose for each cutoff level is shown in
Table 2.

The associations between the presence of serum sIgE
and nasal sIgE for individual allergens and all allergens
taken together, at both cutoff levels, are also presented in
Table 1. At the 0.10-kU/L cutoff level, 25% of participants
were sensitized to outdoor allergens in the serum, whereas
90% of participants were sensitized to outdoor allergens
in the nose (p <.0001). At the 0.35-kU/L cutoff level,
25% of participants were sensitized to outdoor allergens
in the serum, whereas only 10% of participants were
sensitized to outdoor allergens in the nose (p = 0.41).
For indoor allergens, at the 0.10-kU/L cutoff level, 30%
of participants were sensitized to allergens in the serum,
whereas 40% of participants were sensitized to allergens
in the nose (p = 0.74). At the 0.35-kU/L cutoff level, 30%
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TABLE 1. Participants who tested positive for each study
allergen and overall for at least 1 study allergen, at both
positive cutoff levels, and the associations between serum
slgE and nasal sIgE”

0.10-kU/L cutoff 0.35-kU/L cutoff

+ Serum| + Nose
(n=20) | (n = 20) (n=20) | (n = 20)
Allergen n (%) n (%) P n (%) n (%) P

+ Serum| + Nose

Outdoor

White oak 3(15) | 18(90)| 1.0 2(100 | 0(0) | 1.0

Timothy grass| 4 (20) | 4(20)| 0.01 4(20) | 2(10) | 0.03

Ragweed 4(0) | 735 0007 | 3(15) | 15 | 0.15
Alternaria 00 | 2¢0)| 1.0 | 0@ |o0@© | 1.0

Indoor

D.farinae | 7/(35) | 8(40)| 0.004 | 6(30) | 6(30) | <0.0001
Cat 3(15) | 4(0)| 0.004 | 3(15) | 2(10) | 0.02
Cockroach | 2(10) | 2(10)| 0.005 | 2(10) | 2(10) | 0.005
Peanut 1) | 200)| 010 | 15 |0@© | 1.0

Overall 8 (40) | 19 (95) | <0.0001| 7 (35) | 7(35) | <0.0001

“Values of p are based on Fisher’s exact testing. Statistically significant values are
in bold.
slgE = allergen-specific immunoglobulin E.

of participants were sensitized to indoor allergens in both
the nose and the serum (p = 1.0).

Discussion

This is the first study to estimate the prevalence of local sIgE
sensitization in individuals without allergic disease. Using
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the 0.35-kU/L cutoff level, the prevalence of sensitization in
this study population in both the serum and nasal mucosal
epithelium was 35%. An estimate of serum sensitization
in the general U.S. population over the age of 6 years, as
reported by the National Health and Nutritional Exam-
ination Survey (NHANES), which also uses the 0.35-kU/L
cutoff level, is 44.6%.'% Similarly, for people living in a
metropolitan area, outdoor allergen sensitization was 25%
in the current study vs 37.8% in the NHANES data. It is
possible that the sensitization prevalence was lower com-
pared to the NHANES data because the population in the
current study only included adults with no allergic history.

It is unknown whether atopy is present in all humans,
but it seems likely that this primitive feature of the adap-
tive immune system would exist at some level. The finding
that 95% of participants had sIgE in their nasal mucosa
when using the 0.10-kU/L cutoff level suggests that sIgE is
universal in the aerodigestive tract, but perhaps not always
in a sufficient amount to collect and measure. The current
study showed almost a 10-fold lower level of total IgE in
the nasal mucosa than in the serum. Although the possi-
bility of false-positive detection must be considered when
results are at the lower limit of the assay, the cluster of
grade 0/1 sensitizations in the nasal mucosa (between the
0.10-kU/L and 0.35-kU/L cutoff levels) was not seen in the
serum, using the same assay.

Of the 12 participants with at least 1 grade 0/1 sensitiza-
tion in the nose, 11 of them were sensitized only to outdoor
allergens, notably White oak and ragweed. It has also been
reported that individuals with nonallergic rhinitis (NAR)
were more likely to test positive for oak and ragweed IgE
in the nasal cavity using MBB if the epithelium was sampled
during the outdoor pollen season.” In a study of Japanese
cedar pollen, sIgE in tears peaked sooner than serum IgE
during the pollen season (March-June) and decreased dur-
ing the rest of the year, while serum levels remained high.'®

B Serum

¥ Nose

4

In Vitro Testing Grade

FIGURE 2. Grade distribution of allergen-specific IgE levels in both the serum and nasal mucosa. IgE = immunoglobulin E.
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TABLE 2. Prevalence and percentage of positive tests from
both the nasal mucosa and serum, at both positive cutoff

levels
0.10 kU/L 0.35 kU/L
(n = 160) (n = 160)
n (%) n (%)
Nasal MBB 47/160 (29.4%) 13/160 (8.1%)
Serum 24/160 (15%) 21/160 (13.1%)

MBB = mucosal brush biopsy.

Considering that the participants in the current study were
all tested during the outdoor pollen season, these observa-
tions suggest that local sIgE levels might reflect current or
recent allergen exposure more so than serum sIgE levels.

The ability to determine which allergens are most respon-
sible for producing symptoms in a particular region of the
body, at a particular time, is 1 of the potential benefits
of local sIgE testing. This might provide the clinician with
guidance concerning which allergens their patient should
avoid or which extracts to include in the immunotherapy
treatment vial. Another clinical use for this testing is to
gain supplemental information when conventional skin or
serum testing does not correlate with the clinical history,
as is often the case with NAR. In 1 study, local sIgE in the
nasal mucosa was found in 100% of patients with the diag-
nosis of NAR, based on negative skin and serum testing.”
Other studies have confirmed that sIgE may be present
in locally-symptomatic regions with no evidence of serum
or skin sensitization.!”2! This preferential sensitization in
symptomatic individuals is not well understood, but may
be related to the location and extent of the initial exposure.

Questions still remain concerning the relationship be-
tween local and serum sIgE. This study demonstrated that,
similar to individuals with AR, local sIgE is more likely to
be detected in individuals without allergic disease when to-
tal serum IgE levels are higher.”> However, although there
was a strong correlation in this study between the presence
of sIgE in the nasal mucosa and in the serum, at both cutoff
levels, there was a weak association noted between nasal
sIgE from MBB and serum sIgE in individuals with symp-
tomatic AR and positive skin-prick testing.'* This suggests
that a shift in the production or distribution of sIgE occurs
as an individual begins to develop clinical symptoms related
to their sensitivity.

Along with the presence of clinical symptoms and serum
sensitization status, the positive cutoff level used also has an
impact on the prevalence of local sIgE sensitization. Com-
bining the data from this study with prior studies mea-
suring nasal sIgE levels in individuals with symptomatic
chronic rhinitis, both with and without serum or skin sen-
sitization, 100% of symptomatic individuals had local sIgE
present at the 0.10-kU/L cutoff level, regardless of serum
or skin testing results. In contrast, only about one-half of
the asymptomatic participants in this study were positive

at this cutoff level, regardless of serum testing results (55%
with negative serum sIgE; 40% with positive serum sIgE).
However, using the 0.35-kU/L cutoff level, nasal sIgE was
only detected in individuals when the serum or skin test-
ing was positive, whether they were symptomatic or not
(35% in asymptomatic individuals; 75% in asymptomatic
individuals).”

This study was limited by the small number of partic-
ipants. Although the majority of participants lived in the
same geographic region, New York City contains a very
heterogeneous population that comes from many other ar-
eas of the country and the world. Another limitation of this
study was that only local sIgE from the nasal mucosa was
examined. Allergen sensitization and sIgE fluctuation may
differ significantly based on the region of the aerodigestive
tract and the clinical disease being studied, such as food al-
lergy or eosinophilic esophagitis. Similarly, only 2 positive
cutoff levels were chosen, while the most appropriate level
may exist between the 2 and also depend on the region and
clinical scenario.

It is clear that for allergic inflammation to take place in a
locally-symptomatic region, such as the nose, sIgE must be
present. These antibodies can either be produced in that tis-
sue or transported there from the blood or regional lymph
tissue. Where initial sensitization occurs, when it occurs,
whether or not it occurs in all humans and at what level
does it produce clinical disease will be the subject of future
investigations. As our understanding of the importance of
local sIgE continues to evolve, along with the development
of more sensitive and specific assays and improved tissue
sampling techniques, the next steps involve careful analy-
sis of positive cutoff levels and expanding the investigation
into other age categories and different regions of the aerodi-
gestive tract.

Conclusion

In individuals with no history of allergic disease, the preva-
lence of sIgE in the nasal mucosa was similar to the preva-
lence in serum when using a 0.35-kU/L positive cutoff level.
At a 0.10-kU/L positive cutoff level, the prevalence of sIgE
was notably higher compared to serum, suggesting that
low levels of sensitization may be more common than pre-
viously considered. Individuals with higher levels of total
IgE in the serum were more likely to have sIgE in the nasal
mucosa, and there was a strong association between sIgE
in both regions at both cutoff levels. Further work will be
necessary to help clarify the relationship between sIgE in
local regions of the aerodigestive tract, sIgE in the serum,
and the development of clinical disease. €

Acknowledgments

I gratefully acknowledge Tharu Fernandez, PhD, Ari Mel-
nick, MD, Maria Bremberg, RN, and Teresa Valderrama,
MPH, for their valuable assistance in the completion of this
study.

5

International Forum of Allergy & Rhinology, Vol. 00, No. 0, xxxx 2016



Internationsl Forum of

Allergy

o) J
Reisacher < Rhinology
)

References

1. Min YG. The pathophysiology, diagnosis and treat- 9.  Ghaffer O. Expression of IgE heavy chain transcripts 16. Reisacher W. Detecting local IgE from mucosal brush
ment of allergic rhinitis. Allergy Asthma Immunol Res. in the sinus mucosa of atopic and nonatopic patients biopsy (MBB) of the inferior turbinates using microar-
2010;2:65-76. with chronic sinusitis. Am | Respir Cell Mol Biol. ray analysis. Int Forum Allergy Rhinol. 2013;3:399—

2. Santiago HDC, Ribeiro-Gomes FL, Bennuru S, Nut- 1998;18:706-711. 403.
man TB. Helminth infection alters IgE responses to 10. Takhar P. Class switch recombination to IgE in the 17. VassarStats: Website for Statistical Computation.
allergens structurally related to parasite proteins. | bronchial mucosa of atopic and nonatopic patients http://www.vassarstats.net. Accessed January 19,
Immunol. 2015;194:93-100. with asthma. | Allergy Clin Immunol. 2007;119:213- 2016.

3. He]S, Narayanan S, Subramaniam S, et al. Biology of 218. 18. Ono T, Kawamura M, Arao S, et al. Quantitative
IgE production: IgE cell differentiation and the mem- 11. Vicario M, Blanchard C, Stringer KF, et al. Local B analysis of antigen specific IgE in tears in comparison
ory of IgE responses. Curr Top Microbiol Immunol. cells and IgE production in the oesophageal mucosa to serum samples. Asian Pacific | Allergy Immunol.
2015;388:1-19. in eosinophilic oesophagitis. Gut. 2010;59:12-20. 2005;23:93-100.

4. KleinJan A, Vinke JG, Severijnen LWFM, Fokkens 12. Zhang X, Sun B, Li S, Jin H, Zhong N, Zeng G. Local 19. Huggins KG, Brostoff J. Local production of specific
WJ. Local production and detection of (specific) IgE atopy is more relevant than serum sIgE in reflecting IgE antibodies in allergic rhinitis patients with nega-
in nasal B-cells and plasma cells of allergic rhinitis allergy in childhood adenotonsillar hypertrophy. Pe- tive skin tests. Lancet. 1975;2:148-150.
patients. Eur Respir J. 2000;15:491-497. diatr Allergy Immunol. 2013;24:422-426. 20. Sabirov A, Hamilton RG, Jacobs JB, et al. Role of lo-

5. Ohashi Y, Nakai Y, Kuroki K, et al. Topical immunol- 13. Ahn CN, Wise SK, Lather DMR, et al. Local pro- cal immunoglobulin E specific for Alternaria alternata
ogy of nasal allergy and mucosal IgE antibodies. Arch duction of antigen-specific IgE in different anatomic in the pathogenesis of nasal polyposis. Laryngoscope.
Otorhinolaryngol. 1985;241:169-174. subsites of allergic fungal rhinosinusitis patients. Oto- 2008;118:4-9.

6. Reisacher W, Cohen J. Brush biopsy of the oral cavity laryngol Head Neck Surg. 2009;141:97-103. 21. Rodon C, Dona I, Lopez S, et al. Seasonal idiopathic
to detect local, peanut-specific IgE. Int Forum Allergy 14. Reisacher W. Mucosal brush biopsy testing (MBBT) of rhinitis with local inflammatory response and spe-
Rhinol. 2013;3:636-641. the inferior turbinate to detect local, antigen-specific cific IgE in absence of systemic response. Allergy.

7. Reisacher WR, Bremberg MG. Prevalence of antigen- IgE. Int Forum Allergy Rhinol. 2012;2:69-74. 2008;63:1352-1358.
specific immunoglobulin E on mucosal brush biopsy 15. Salo PM, Arbes SJ, Jaramillo R, et al. Prevalence of 22. Merrett TG. Measurement of specific IgE antibodies
of the inferior turbinates in patients with non-allergic allergic sensitization in the United States: results from in nasal secretion—evidence for local production. Clin
rhinitis. Int Forum Allergy Rhinol. 2014;4:292-297. the National Health and Nutrition Examination Sur- Allergy. 1976;6:69-73.

8. Wise SK. Antigen-specific IgE in sinus mucosa of al- vey (NHANES) 2005-2006. ] Allergy Clin Immunol.

lergic fungal rhinosinusitis patients. Am | Rbinol.
2008;22:451-456.

2014;134:350-359.

International Forum of Allergy & Rhinology, Vol. 00, No. 0, xxxx 2016





