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Abstract
EPOS 2012 states that investigation is needed to study a possible role for food allergy in the initiation and perpetuation of chronic
rhinosinusitis with nasal polyps (CRSwNP). Our main goal was to compare serum levels of food-specific immunoglobulin G (IgG)
and IgE antibodies in patients with CRSwNP and controls. A prospective case–control study with 33 patients with CRSwNP and
31 controls without CRS was carried out. Clinical data were gathered through a systematic interview and blood sample was
collected. Enzyme-linked immunosorbent assay tests using OmegaDiagnostics kit with 40 food allergens for detection of specific
IgG antibodies were performed and food-specific IgE antibodies were determined by immunoassay using ImmunoCAP. Immu-
noglobulin classes and IgG subclasses levels were also evaluated. Statistical analysis was performed using SPSS v.23. The overall
sum of food IgG antibodies was significantly lower in CRSwNP compared to control group, and this difference was also observed
for different specific IgG antibodies (corn, soya, grain legumes, pear and apple, berries, citric fruit). In controls, a positive
correlation between IgG1 and the sum of food IgG antibodies was seen, but in CRSwNP group a negative correlation was found.
In addition, a significant higher level of IgG1 and lower IgG2 and IgG3 was found among patients with CRSwNP. Levels of serum-
specific IgE antibodies against multiallergen food mix (fx5) and against shrimp, strawberry, orange, rye, or egg yolk, as well as the
sum of food IgE antibodies, did not differ significantly between the groups. These findings suggest that food allergy does not have
an important role in CRSwNP etiopathogenesis, whether it is IgG or IgE mediated. Moreover, the observed suppression of
specific IgG antibodies against food allergens, its negative correlation with IgG1 and the IgG1 switching in CRSwNP, can be related
to deviated IgG responses against other targets (eg, airborne particles) and warrants future investigation.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP) is a com-

mon chronic inflammatory disease with high morbidity that

results in a significant decrease in patient quality of life. The

etiopathogeny of CRSwNP remains obscure, and it is still con-

sidered a difficult-to-treat pathology. There is, however, a

movement away from the pathogen-driven hypotheses, and

an emerging consensus that the persistent inflammation that

defines chronic rhinosinusitis (CRS) results from a dysfunc-

tional host–environment interaction, involving various exogen-

ous agents and changes in the sinonasal mucosa.1 This overall

concept is in agreement with the current understanding of the

etiopathogenesis of chronic mucosal inflammatory disorders in

general, driven by an imbalance between the host, commensal
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flora, potential pathogens, and exogenous stresses.1,2 Chronic

rhinosinusitis with nasal polyps and asthma (mainly non-

immunoglobulin E [IgE]-mediated asthma) frequently coexist

in the same patients,1 and although their etiopathogenesis may

be linked, their interrelationship and subjacent mechanisms

are unclear.

Food allergy is an adverse food reaction that involves abnor-

mal immune responses to food allergens, which can involve

IgE-mediated (immediate food responses) or non-IgE-mediated

reactions (delayed food responses).3 The prevalence of food

allergy is known to be higher in patients with allergic rhinitis,4

and cross-reactivity is known to occur between aeroallergens and

food allergens.5 Moreover, food allergy is known to be a risk

factor for asthma development and lower respiratory symptoms

may be seen in food-induced allergic reactions in asthmatic

patients.3 In addition, it is known that inhalation of food allergens

can induce respiratory symptoms, for example, in occupational

asthma in workers handling food products and derivates.6

A possible role of food allergy in CRSwNP has been raised

in 2 case–control studies7,8 that found 70% and 81% positivity

for intradermal food tests in patients with CRSwNP and only

34% and 11% in the control group, respectively. The authors

argued that the fact that intradermal food test correlated poorly

with serum-specific IgE levels pointed to the involvement of

other non-IgE-mediated food hypersensitivities.8 Meanwhile,

EPOS 2012 states that further research is needed to investigate

a possible role for food allergy in the initiation and perpetuation

of CRSwNP.1

Controversial evidence exists about IgE food sensitization in

patients with CRSwNP, with authors reporting prevalence

between 22% and 74% depending on used technique (skin prick

test [SPT] vs radioallergosorbent test [RAST]).9,10 In 2016, a

comparative study between patients with CRSwNP and chronic

rhinosinusitis without nasal polyps (CRSsNP) using enzyme

allergosorbent test (EAST) found no significant difference

between food IgE sensitization prevalence, type, and severity,

concluding that food atopy is unlikely to be a major factor in

nasal polyposis etiopathogenesis.11 The prevalence of food

allergy is difficult to estimate mainly due to diagnosis issues.

For example, SPT positivity does not necessarily prove that the

food is causal as the positive predictive value is less than 50%
but if negative essentially confirms the absence of IgE-mediated

allergic reactivity since negative predictive value is greater than

95%.3 In vitro assays are also useful modalities in food allergy

study. Initially, RAST were used, but more recently quantitative

measurement of food-specific IgE antibodies such as Immuno-

CAP have been utilized and studies have found them to be more

predictive of symptomatic IgE-mediated food allergy.3 More-

over, ImmunoCAP (Thermo Fisher Scientific, Uppsala,

Sweden) has the advantage of the lack of interference from

allergen-specific immunoglobulin G (IgG) antibodies.12 How-

ever, undetectable serum food-specific IgE levels may be asso-

ciated with clinical reactions as well and the double-blind

placebo controlled food challenge is still considered the gold

standard for food allergy diagnosis, but because of its metho-

dological difficulties, it is rarely conducted in clinical practice.

Recently, IgG antibodies against food antigens have been

suggested to cause low-grade inflammation in irritable bowel

syndrome, with symptoms improvement after dietary elimina-

tion based on specific IgG profile of the patient.13 This theory,

called the ‘‘leaky gut syndrome’’ (LGS), proposes that it is the

increased permeability of the gut wall to macromolecules that

leads to activation of the immune system, which may initiate

production of specific IgG antibodies against food, resulting in

chronic inflammation sustained by repeated intake of allergenic

foods.2,14 The LGS and the IgG-mediated food allergy have been

investigated in different chronic inflammatory pathologies, such

as obesity,15 type 1 and type 2 diabetes,16,17 chronic liver dis-

ease,18 chronic kidney disease,19 chronic heart failure,20 depres-

sion,14,21 and asthma.22 The role of IgG antibodies against food

remains controversial, namely because they can be detected in

healthy individuals and there are no standardized cutoff values.

In fact, IgG food detection is still only recommended for inves-

tigational purpose and not for individual use.23 The development

of commercial kits with standardized food antigen extraction and

purification, using an optimized and validated enzyme-linked

immunosorbent assay (ELISA) method, permits to overcome

matters of reproducibility and variability.

Our main goal was to compare specific IgG and IgE anti-

bodies dosage against food allergens in patients with CRSwNP

and controls, trying to clarify if food allergy can be associated

with CRSwNP.

To our knowledge, this is the first study to investigate the

hypothesis of IgG-mediated food allergy in CRSwNP patho-

genesis and to use ImmunoCAP technology to evaluate IgE

food sensitization in CRSwNP.

Patients and Methods

A case–control observational study was performed according

to established ethical guidelines and approval of ethics com-

mittee at the Cova da Beira Hospital Centre (deliberation num-

ber 82/2015). A signed informed consent was obtained from

each participant in the study.

Sample

All the cases were about to undergo endoscopic sinus surgery

for CRSwNP refractory to medical treatment (topical long-

term and systemic short-term steroids), in a district hospital

center, from January 2016 to October 2018. Diagnosis of

CRSwNP was established using the definition of EPOS

2012.1 The cases were selected consecutively from the waiting

list and had their disease confirmed endoscopically by com-

puted tomography (CT) scan and histological examination of

the subsequent surgical specimen. Patients were selected after

applying the following exclusion criteria: concomitant benign

or malignant sinonasal tumors, CRSsNP, antrochoanal polyps,

polyps associated with fungal rhinosinusitis, primary ciliary

dysfunction, cystic fibrosis, innate or acquired immunodefi-

ciency (eg, human immunodeficiency virus; immunosuppres-

sive drugs), autoimmune diseases (eg, systemic vasculitis,
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inflammatory bowel disease), or patients with history of or

under allergen-specific immunotherapy. No course of oral cor-

ticosteroids was given to patients with CRSwNP at least

3 months before serum specimen collection.

Controls were selected from patients in the waiting list for

septoplasty, after excluding patients with symptoms and endo-

scopic or imagiological signs (in CT scan) of CRS; controls

with innate or acquired immunodeficiency, autoimmune dis-

eases, or patients with history of or under allergen-specific

immunotherapy were also excluded.

Data Collection

Clinical data were gathered through a systematic interview.

Dietary habits were collected using the Portuguese-validated

Food Frequency Questionnaire (QFA).24 Every questioned

food item was scored between an intake of 0 (never or less

than 1 per month) and 8 (6 or more per month).

Chronic lower respiratory diseases diagnosis was estab-

lished by a respiratory physician. Blood sample was collected

to determine immunoglobulin classes, IgG subclasses levels

and specific IgG and IgE against food allergens. Immunoglo-

bulin classes were determined by electrochemiluminescence

immunoassay using Cobas 6000 analyzer (Roche Diagnostics,

The Binding Site Group, Birmingham, United Kingdom) and

IgG subclasses through the Optilite turbidimetric analyzer

(Binding Site).

Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay tests for semiquantitative

analysis of serum IgG antibodies to 40 food allergens were

performed using OmegaDiagnostics (Littleport, Cambridge-

shire, United Kingdom) detection kit. A microplate reader with

450-nm filter was used to read the final absorbance of each well.

The given concentration of the 2 standards provided on the kit

allowed to infer about antibody IgG concentration (arbitrary

units/mL [AU/mL]) on each well. Some food antigens are

grouped in the same well as food mixtures, confering in total

21 wells (corn; oat; rice; rye; wheat; cow’s milk; egg white; egg

yolk; white fish misture [cod, haddock, plaice]; shellfish mis-

ture [crab, lobster, prawn]; soya; legume bean misture [haricot,

kidney, pea]; mustard mixture [cabbage, broccoli, cauliflower];

gluten, apple, and pear; berries misture [rasperry, strawberry,

blackberry]; citrus mixture [orange, lemon, grapefruit]; nut mix-

ture [almond, cashew, hazelnut, peanut]; yeast [bakers and

brewer’s]; chicken and turkey; and pork and beef). A positive

response was considered if concentration value was�8 AU/mL,

and the response of the reaction was classified as grade 1þ if�8

and <12.5, grade 2þ if �12.5 and <25, and grade 3þ if �25

AU/mL, according to suggested ranges of the manufacturer.

ImmunoCAP Food Allergen Test

Specific IgE antibodies for food antigens were determined by

immunoassay using ImmunoCAP Food Allergen tests by

Thermo Fisher Scientific (Uppsala, Sweden) for the following

food allergens: fx5—egg white, milk, fish, wheat, peanut, and

soybean; f24—shrimp; f44—strawberry; f33—orange; f5—

rye; and f75—egg yolk. Positive results were considered if

serum concentration was above 0.35 KUA/L.

Statistical Analysis

Statistical analysis was performed with Statistical Package for

Social Sciences (IBM SPSS Statistics for Windows, version

23.0). Descriptive statistics was used in sample characteriza-

tion. Mann-Whitney U test for independent samples was used

to compare continuous variables between the 2 groups. Pearson

w2 test (or Fisher exact test when appropriate) was used to test

association between categorical data. A nonparametric Spear-

man correlation was used to examine the relation between

quantitative variables.

A P value <.05 was considered statistically significant.

Results

Sixty-four individuals were included: 33 patients with

CRSwNP and 31 controls. Demographics, body mass index

(BMI), and QFA scores of patients with CRSwNP and controls

are presented and compared in Table 1. There were no signif-

icant differences between CRSwNP and control groups based

on age, gender distribution, and BMI. According to QFA total

score and subscores, no significant difference in the food con-

sumption pattern was observed between groups.

Chronic lower respiratory diseases were more prevalent in

patients with CRSwNP (21 patients, 63.6%) than that in the

control group (2 participants, 6.5%), in a statistically signifi-

cant way (P < .001, Fisher exact test; Table 1). In CRSwNP

group, 16 (48.4%) participants were under treatment with

inhaled steroids with b2-agonists, whereas in the control group,

only 2 (6.4%) were being treated with inhaled steroids.

Using the ELISA tests for serum IgG antibodies to 40 food

allergens analysis, we found the overall sum of IgG levels to be

significantly lower in patients with CRSwNP compared to the

control group (P ¼ .013) and this difference was also observed

for specific IgG antibodies against corn (P ¼ .009), soya

(P ¼ .002), grain legumes (P ¼ .004), pear and apple

(P ¼ .0025), berries (P ¼ .0005), and citric fruit (P ¼ .007;

Figure 1). Moreover, the prevalence of patients with positive

food IgG antibodies was significantly lower in patients with

CRSwNP (48.5%) compared to the control group (74.2%;

Table 2). The overall sum of specific food IgG antibodies did

not correlate significantly with BMI (P ¼ .719) or age (P ¼
.228).

No correlation between specific food IgG antibodies and the

frequency of consumption that particular food was observed:

IgG antibodies against cow’s milk and dairy products consump-

tion frequency (P ¼ .710); IgG antibodies against egg white and

egg consumption frequency (P ¼ .505); and IgG antibodies

against wheat and cereals consumption frequency (P ¼ .676),

among others. In global, considering the all sample, the specific

Veloso-Teles et al 3



Table 1. Comparison of Sample Demographics, Body Mass Index (BMI), Presence of CLRDs (Chronic Lower Respiratory Diseases), Food
Frequency Questionnaire (QFA) Score, and Subscores Between Patients With CRSwNP and Controls (N ¼ 64).a

CRSwNP Group, n ¼ 33 Control Group, n ¼ 31 P Value

- Demographics
Age 58.4 + 2.4; [30; 82] 52.9 + 2.2; [32; 75] .073
Gender: male/female, n 17/16 19/12 .461

- BMI 27.4 + 0.6; [19; 37] 26.17 + 0.9; [17; 34] .282
- CLRDs, n (%) 21 (63.6) 2 (6.5) <.001

Atopic asthma 6 (18.2) 2 (6.5) .149
Nonatopic asthma 9 (27.3) 0 (0) .001
COPD 9 (27.3) 0 (0) .033

- QFA 155.27 + 8.9; [79; 301] 153.19 + 5.6; [91; 219] .481
Dairy products 12.55 + 5.50 9.94 + 5.45 .070
Eggs 2.21 + 1.08 2.61 + 1.05 .102
Cereals 16.45 + 1.26 16.03 + 1.22 .783
Rice 2.76 + 1.00 2.94 + 0.57 .153
White fish 7.06 + 2.64 5.87 + 0.47 .110
Shellfish 0.73 + 0.94 1.19 + 0.21 .083
Legumes 3.52 + 2.42 3.13 + 1.86 .984
Vegetables 8.73 + 5.08 9.77 + 5.08 .319
Apple and pear 3.76 + 1.64 3.61 + 1.38 .618
Berries 1.82 + 1.78 2.48 + 1.61 .069
Citrus fruits 4.45 + 2.45 3.42 + 2.22 .092
Chicken and turkey 3.48 + 1.71 4.19 + 1.78 .124
Pork and beef 6.48 + 3.75 6.90 + 2.86 .398

Abbreviations: COPD, chronic obstructive pulmonary disease; CRSwNP, chronic rhinosinusitis with nasal polyps.
aData are expressed as mean + standard error of mean. Comparison was made using Mann-Whitney U test for continuous variables and Pearson w2 test for
categorical data.

Figure 1. Comparison of the mean concentration values of specific IgG antibodies for different food allergens in patients with CRSwNP and
controls, obtained in ELISA test. N ¼ 64. **P < .01 using Mann-Whitney U test. CRSwNP indicates chronic rhinosinusitis with nasal polyps;
ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G.
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IgG antibodies against food with higher mean concentration

values in our sample were cow’s milk (12.25 AU/mL), egg white

(9.49 AU/mL), citrus fruits (7.68 AU/mL), bakers and brewer’s

yeast (7.78 AU/mL), and corn (6.17 AU/mL).

No correlation between total serum IgG level and sum of

specific IgG against food was observed (P ¼ .748). However,

considering subclasses and the 2 sample groups, we found a

negative correlation between IgG1 serum levels and sum of

food-specific IgG concentration values in patients with

CRSwNP and a positive correlation between IgG1 serum

levels and sum of food-specific IgG concentration values in

controls (Table 3).

Moreover, in CRSwNP, a statistically significant higher

level of IgG1 subclass in the serum was detected compared

to controls (P ¼ .041) and lower levels of IgG2 (P ¼ .048) and

IgG3 (P ¼ .014). Concerning total IgG and IgG4 subclass

levels, no difference was identified.

No significant difference in IgE food sensitization was

observed in relation to the overall sum of specific food IgE

concentrations or the prevalence of positive IgE values

between CRSwNP and control group (Table 4). Concerning

specific food IgE dosage, no significant differences were

observed for fx5: egg white, milk, fish, wheat, peanut,

and soybean (P ¼ .271); shrimp (P ¼ .629); strawberry

(P ¼ .207); orange (P ¼ .509); rye (P ¼ .585); or egg yolk

(P ¼ .066).

A positive correlation between total serum IgE levels and

total specific IgE against food was observed (P¼ 5.12� 10�9).

Total IgE serum levels were significantly elevated in patients

with CRSwNP compared to controls (P ¼ .03). No correlation

between the overall sum of specific IgG and IgE antibodies

against food was observed (P ¼ .936).

Discussion

Our results do not support the existence of an important role for

food allergy in CRSwNP pathogenesis, independently of being

an IgE- or IgG-mediated immune response. As already stated,

the possible role of food allergy in CRSwNP has been raised in

2 case–control studies7,8 that found 70% and 81% positivity for

intradermal food tests in patients with CRSwNP and only 34%
and 11% in the control group, respectively, with statistically

significant differences. Meanwhile, some authors have criti-

cized the value of intradermal food tests, namely for their

increased risk of systemic reactions comparatively with SPT,

noncorrelation to specific IgE levels, and high frequency of

false-positive results.25 Moreover, these 2 case–control studies

have been carried out in the same investigational center and

until now no replication of their results has been published

elsewhere.

Table 3. Correlation Between the Overall Sum of Food Specific IgG
Concentration and Total IgG and IgG Subclasses Levels in the Serum
Among Patients With CRSwNP and Controls (N ¼ 64).a

CRSwNP
Group, n ¼ 33

Control Group,
n ¼ 31

R P Value R P Value

Correlation between sum of
[Food IgG] and total IgG

�0.014 .937 0.197 .289

Correlation between sum of
[Food IgG] and IgG1

�0.295 .048 0.302 .049

Correlation between sum of
[Food IgG] and IgG2

0.242 .174 �0.036 .845

Correlation between sum of
[Food IgG] and IgG3

0.103 .568 �0.225 .223

Correlation between sum of
[Food IgG] and IgG4

0.094 .603 0.076 .686

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; IgG, immu-
noglobulin G.
aCorrelation was performed with Spearman test.

Table 4. Comparison Between the Overall Sum of Serum Levels of
Specific Food IgE Antibodies and the Prevalence of Test Positivity
Between Patients With CRSwNP and Controls (N ¼ 64).a

CRSwNP Group,
n ¼ 33

Control Group,
n ¼ 31

P
Value

Sum [Food IgE],
AU/mL

0.49 + 0.21;
[0.01; 5.91]

0.40 + 0.23;
[0.01; 7.03]

.234

Positive food IgE, n (%) 5, 15.2 4, 12.9 1.000
Multiple positive food

IgE, n (%)
3, 9.1 2, 6.5 1.000

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; IgE, immu-
noglobulin E.
aData are expressed as mean + standard error of mean. Comparison was
made using Mann-Whitney U test for continuous variables and Pearson w2 test
for categorical data.

Table 2. Comparison Between Serum Levels of Specific Food IgG
Antibodies and Prevalence of Test Positivity Between Patients With
CRSwNP and Controls (N ¼ 64).a

CRSwNP Group,
n ¼ 33

Control Group,
n ¼ 31

P
Value

Sum [food
IgG],
AU/mL

48.24 + 3.9; [18; 89] 115.5 + 32.1; [22; 940] .013

Positive food
IgG, n (%)

16, 48.5 23, 74.2 .032

Multiple
positive
food IgG,
n (%)

9, 27.3 16, 51.6 .041

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; IgG, immu-
noglobulin G.
aPositive food IgG was considered if at least 1 food-specific IgG concentration
was �8 AU/mL and multiple positive if 2 or more food-specific IgG antibodies
were �8 AU/mL. Data are expressed as mean + standard error of mean.
Comparison was made using Mann-Whitney U test for continuous variables
and Pearson w2 test for categorical data.
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Regarding IgE-mediated food hypersensitivity, we did not

find any significant difference in ImmunoCAP results consid-

ering IgE food serology test positivity or even in the sum of

specific IgE class against food between CRSwNP and controls,

in accordance to a previous publication that used EAST tech-

nique.11 In that study, published in 2016, a positive correlation

between total serum IgE level and sum of specific IgE antibo-

dies against food was observed,11 as we also found in this

investigation. We report here prevalence of IgE food sensitiza-

tion in patients with CRSwNP (15%) and in controls (13%),

which are similar to the values described by Lill et al10 (22% in

CRSwNP and 14% in controls). Lill et al reported that patients

with CRSwNP had higher rates of IgE positivity for milk com-

pared to controls using RAST. However, this result was not

replicated in other studies so far and the fact that they did not

find any control with IgE positivity for milk must be seen with

caution since milk has been reported as one of the most fre-

quently food allergens in IgE dosage screenings in general

population.26 We did not find significant difference comparing

fx5-multifood allergen panel (that includes milk) or in single

specific IgE antibody dosage for milk in case of fx5 positivity.

The discrepancy in the prevalence of IgE-mediated food

allergy among CRSwNP between published studies might be

due to different methodologies used, such as food allergy SPT,

intradermal food allergy test, RAST, or EAST. The Immuno-

CAP is considered to have higher sensitivity and better diag-

nostic capacity compared to RAST,27 and this study was to our

knowledge the first to use this technique in CRSwNP.

Concerning IgG-mediated food hypersensitivity, our results

did not show higher antibodies dosage in CRSwNP, otherwise

revealing an immune suppression of IgG response against food

allergens in CRSwNP. The overall sum of food-specific IgG

antibodies concentration was significantly reduced in CRSwNP

comparing to controls and was not correlated with BMI or age.

Moreover, a statistically significant reduction in IgG concen-

tration against particular foods, such as corn, soya, legume

beans, pear and apple, berries, and citric fruits, was observed

in the CRSwNP group, irrespective of food-type consumption.

We hypothesize that this suppression of IgG-mediated immune

response against food allergens could be the result of deviated

IgG responses to other agents (eg, airborne particles) in

CRSwNP, which must be clarified in future investigations.

In accordance with this hypothesis, it is interesting to note that

in the CRSwNP group, a significant inverted correlation was

observed between the sum of food-specific IgG antibodies and

IgG1 subclass level in serum, as opposed to the control group in

which a positive correlation was found. Moreover, we observed

that patients with CRSwNP showed a subclass switching

toward IgG1, with significant higher values of this IgG subclass

and lower levels of IgG2 and IgG3, compared to controls.

There is recent evidence suggesting that occupational expo-

sure to dust can be related to the occurrence and persistence of

CRS28,29 and specifically to CRSwNP phenotype.30,31 These

studies point to a risk factor for CRS that is mainly due to the

inhalation of lower-molecular-weight (LMW) particles (<5 kDa)

which, contrary to high-molecular-weight particles that induce a

well-known IgE-mediated immune response, induce airway

inflammation through mechanisms that are far less known. It

can include the classical ‘‘irritant response’’ plus LMW sensiti-

zation of the adaptive immune system by acting as hap-

tens.28,31,32 High-molecular weight agents are generally

proteins from animal and vegetal origin while LMW agents

include a wide variety of organic and inorganic compounds. In

contrast to protein allergens, LMW agents are incomplete anti-

gens (ie, haptens) that must bind to carrier macromolecules to

become immunogenic. For example, LMW agents causing occu-

pational asthma are typically highly reactive electrophilic com-

pounds that are capable of combining with hydroxyl, amino, and

thiol functionalities on airway proteins.33 The innate chemical

reactivity of most LMW agents has largely hampered the inves-

tigation of immunological mechanisms, owing to uncertainty

about the antigens that elicit immunological responses.33 The

understanding of the interaction between LMW particles and

respiratory proteins can lead to the identification of antigenic

determinants involved in CRSwNP and non-IgE-mediated

asthma and to the development of hapten-specific monoclonal

antibodies to clarify the subjacent immunologic mechanisms.

Immunoglobulin G1, which was significantly elevated in the

CRSwNP group, is an important subclass in antibody response

to soluble protein antigens, membrane proteins, and allergens;

has the longest serum half-life; is capable of complement acti-

vation by C1q binding; and is the main IgG subclass to cross

placental and mucosal barriers.34 The neonatal Fc receptor

(FcRn), the receptor involved in IgG transport across mucosa

barriers, has been demonstrated to be expressed in many adult

tissues and cell types, including nasal mucosa,35 has a strong

binding affinity of IgG1 to FcRn compared to other sub-

classes,36,37 and in animal models, it has been demonstrated a

predominant expression in the airways compared to the intes-

tine, skin, liver, spleen, and skeletal muscle.38 In both human

asthmatics and animal models of allergy, it has been showed

that allergen-specific IgG-mediated response can contribute to

Th2-mediated inflammation,39 the predominant type of inflam-

mation seen in Western patients with CRSwNP.1 One study in

patients with asthma has showed that IgG1 ratio between

bronchoalveolar fluid and serum concentrations had the highest

value among IgG subclasses.40 Another study in patients with

CRSwNP demonstrated that the relative concentration of IgG1

subclass was significantly higher among nasal tissue homoge-

nates in CRSwNP compared to controls.41 It is possible that an

augmented IgG1 response mounted in airways could make the

immune system more tolerant to food allergens in the intestinal

mucosa, mainly to protein food antigens.

To our knowledge, this is the first investigation concerning

food-specific IgG antibody levels in CRSwNP. Since food IgG

sensitization seems to be reduced compared to controls, it

seems unlikely to be an important factor in nasal polyposis

pathogenesis. Our results showed an association between

CRSwNP and an immune suppression of IgG response against

food allergens, and additional studies are needed to confirm

and explain this phenomenon. The use of a randomly selected
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group of patients with non-CRS from the general population as

a control group would be of benefit in future investigations.

Our study has some limitations, namely a relatively small

sample size from a single institution, the use of patients waiting

for septoplasty as controls, and a high percentage of CRSwNP

under inhalant steroids, which can bring together some bias to

interpretation of immunological parameters. Nonetheless,

patients were taking a combination of inhaled steroids with

long-acting b2-agonists that allows asthma control at lower

corticosteroids doses, with negligible systemic side effects.42

In conclusion, our findings suggest that food allergy does

not have an important role in CRSwNP etiopathogenesis,

neither through IgE-mediated mechanisms nor through IgG-

mediated hypersensitivity. Moreover, we observed a suppres-

sion in development of IgG sensitization against food allergens

in patients with CRSwNP, which may be related to deviated

IgG responses against other important targets (eg, airborne

particles). Supporting this theory is the fact that an IgG1 sub-

class switching was observed in patients with CRSwNP and its

values were negatively correlated to the sum of food-specific

IgG concentration values.
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tária [PhD]. 2000.

25. Nesselroad TD, Hrabak TM. Concerns for food allergen intrader-

mal skin testing in nasal polyposis patients. Otolaryngol Head

Neck Surg. 2007;137(4):692-693.

26. Benninger MS, Daly T, Graffmiller K. Positivity rates of in vitro

inhalant/respiratory and food allergy tests in the northern mid-

western United States. Ear, Nose Throat J. 2018;97(9):296-322.

27. Alonso R, Botey J, Pena JM, Eseverri JL, Marı́n A, Ras RM.

Specific IgE determination using the CAP system: comparative

evaluation with RAST. J Investig Allergol Clin Immunol. 1995;

5(3):156-160.

28. Hox V, Delrue S, Scheers H, et al. Negative impact of occupa-

tional exposure on surgical outcome in patients with rhinosinusi-

tis. Allergy. 2012;67(4):560-565.

29. Gao WX, Ou CQ, Fang SB, et al. Occupational and environmental

risk factors for chronic rhinosinusitis in China: a multicentre

cross-sectional study. Respir Res. 2016;17(1):54.

30. Veloso-teles R, Cerejeira R, Roque-farinha R, Von Buchwald C.

Higher prevalence of nasal polyposis among textile workers: an

endoscopic based and controlled study*. Rhinology. 2018;56(2):

99-105.

31. Veloso-Teles R, Cerejeira R. Endoscopic sinus surgery for chronic

rhinosinusitis with nasal polyps: clinical outcome and predictive

factors of recurrence. Am J Rhinol Allergy. 2017;31(1):56-62.

32. Hox V, Steelant B, Fokkens W, Nemery B, Hellings PW. Occu-

pational upper airway disease: how work affects the nose. Allergy

Eur J Allergy Clin Immunol. 2014;69(3):282-291.

33. Sastre J, Vandenplas O, Park H. Pathogenesis of occupational

asthma. Eur Respir J. 2003;22(2):364-373.

34. Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allo-

types: from structure to effector functions. Front Immunol.

2014;5:1-17.

35. Heidl S, Ellinger I, Niederberger V, Waltl EE, Fuchs R. Localiza-

tion of the human neonatal Fc receptor (FcRn) in human nasal

epithelium. Protoplasma. 2016;253(6):1557-1564.

36. Zhao C, Gao Y, Yu N, et al. Unidirectional transport of IgG by

neonatal Fc receptor in human thyrocytes varies across different

IgG subclasses. Mol Cell Endocrinol. 2018;477:103-111.

37. Stapleton NM, Andersen JT, Stemerding AM, et al. Competition

for FcRn-mediated transport gives rise to short half-life of human

IgG3 and offers therapeutic potential. Nat Commun. 2011;2(1):599.

38. Tian Z, Sutton BJ, Zhang X. Distribution of rat neonatal Fc recep-

tor in the principal organs of neonatal and pubertal rats. J Recept

Signal Transduct. 2014;34(2):137-142.

39. Williams JW, Tjota MY, Sperling AI. The contribution of

allergen-specific IgG to the development of Th2-mediated air-

way inflammation. J Allergy. 2012. doi:org/10.1155/2012/

236075.

40. Out TA, van de Graaf EA, van den Berg NJ, Jansen HM. IgG

subclasses in bronchoalveolar lavage fluid from patients with

asthma. Scand J Immunol. 1991;33(6):719-727.

41. Van Zele T, Gevaert P, Holtappels G, Van Cauwenberge P,

Bachert C. Local immunoglobulin production in nasal polyposis

is modulated by superantigens. Clin Exp Allergy. 2007;37(12):

1840-1847.

42. Barnes PJ. Inhaled corticosteroids. Pharmaceuticals. 2010;3(3):

514-540.

8 Ear, Nose & Throat Journal



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


