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BACKGROUND: The biased immune reactions of the
adenotonsillar tissues are not always reflected by the serum
immunoglobulin E (IgE); thus, we hypothesize that the
systemic atopic status may not be changed after the
adenotonsillectomy (AT) in children.
METHODS: Twenty-five children with AT and 23 age-
matched healthy children were enrolled into this study, and
followed up for ~ 4 years. Nasal Symptoms Scores (NSS),
Quality of Life Scores (QOLS), specific IgE (sIgE), cytokines, and
inflammatory cell were documented in all the subjects before
and after study.
RESULTS: Fourteen patients and three healthy controls had
positive serum sIgE levels (40.35 kU/l) at the study-start that
was not changed by the study-end. Two patients and two
sIgE-negative healthy controls showed the Dermatophagoi-
despteronyssinus sensitization at the study-end. NSS and QOLS
showed significant improvement after the surgery in the sIgE-
positive patients (Po0.05), whereas no significant changes
were found in the sIgE-negative patients (P= 1.00). In addition,
the serum sIgE-negative patients showed significant increases
in interleukin (IL)-4, IL-5, and IL-10 levels in the serum
(Po0.001), although no significant differences were found
post surgery (P= 0.667, 0.408, and 0.714, respectively).
CONCLUSIONS: Our study showed that AT did not affect the
pediatric atopic status. The systemic atopy may be indepen-
dent of the tonsillar and adenoid tissues in children.

Nasopharynx-associated lymphoid tissue is an important
site for the induction and regulation of mucosal

immunity. Shin et al. detected local immunoglobulin E
(IgE)-mediated hypersensitivity to Staphylococcus only in
atopic patients, whereas local IgE-mediated hypersensitivity to
Alternaria was detected in both atopic and non-atopic
patients (1,2). We previously reported that in childhood
adenotonsillar hypertrophy, patients were sensitized to more
than two allergens in both the tonsillar and adenoidal tissues,

despite the fact that half of the patients were serum-specific
IgE (sIgE)-negative (3). These data imply that there may be
biased immune reactions in the adenotonsillar tissues that are
not always reflected by the serum IgE.
Published data indicate that adenotonsillectomy (AT) has

no significant effect on the systemic immunity (4), and no
detectable changes in serum IgE levels can be found after AT
(5,6). However, in a group of 274 adenoidectomized children
followed up for 16 months, the incidence of atopy was 23.6%
at study-start, which was even increased to 39.0% (ref. 7).
Thus, we hypothesize that the systemic atopy may be
independent of the tonsillar and adenoid tissues in children.
In the present study, the serum sIgE levels were measured for
~ 4 years after AT. Eosinophils, mast cells, and cytokines were
examined in both blood samples and adenotonsillar tissues.
The differential inflammatory cells and germinal centers were
counted in histology sections of the surgically removed tonsil
and adenoid tissues. This study provides new evidence to
investigate the relationship between systemic immunity and
adenotonsillar atopy in children.

METHODS
Study Subjects and Design
A total of 48 children were enrolled in this study. Twenty-five of
them received AT surgery between February 2010 and May 2012 in
our department. The inclusion criteria were the same as our previous
report (3). The exclusion criteria were as follows: (i) signs of acute
infections at the time of sample collection in children; (ii) steroid
or other immunosuppressor consumption by patients during the
study period. Twenty-three children who visited our hospital for
routine health examinations without any history and symptoms of
adenotonsillar hypertrophy, allergic rhinitis, and asthma were
enrolled into this study as controls. All patients were re-examined
on February to May 2016. Table 1 shows the demographic data. The
Nasal Symptoms Scores (NSS) and the Quality of Life Scores (QOLS)
were recorded pre-surgery and at the time of follow-up. This study
was approved by the Ethics Committee at Guangzhou Medical
University, and an informed written consent was obtained from the
legal caregiver of each participant.
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sIgE Analysis in Adenotonsillar Tissues and Serum
Adenotonsillar tissue samples were divided into three pieces: the
first piece was processed for the detection of sIgE as previously
described (3); the second piece was used to extract proteins for
cytokine detection; and the third piece was fixed overnight in
4% formaldehyde (pH 7.4) and then embedded in paraffin wax
for histological evaluation. The sera were obtained from whole-blood
samples after centrifugation and stored at − 80 °C until use. Serum
sIgE against 31 common allergens was measured pre- and post
surgery using the Pharmacia Immuno-CAP system according to the
manufacturer’s instructions (Pharmacia Diagnostics, Clayton, NC).
The analysis for the presence of a sIgE was defined as positive when
the serum level of sIgE was ≥ 0.35 kU/l.

Enzyme-Linked Immunosorbent Assay Measurements of
Cytokines in the Serum and Adenotonsillar Tissue
The tonsils and/or adenoid tissues were minced into small pieces and
homogenized with cold phosphate-buffered saline on ice. The lysates
were further sonicated. After centrifuging for 15 min at 5,000g, the
supernatant was collected. The protein concentration in the samples
was determined using the BCA assay method (Thermo Scientific
Pierce, Waltham, MA). The levels of interleukin (IL)-2, IL-4, IL-5,
IL-10, IL-13, IL-17, interferon (IFN)-γ, and tumor necrosis factor
(TNF)-β in the samples were determined using commercial enzyme-
linked immunosorbent assay (ELISA) kits from Cayman Chemical
(Ann Arbor, MI) according to the manufacturer’s instructions.

Differential Inflammatory Cell and Germinal Center Counts
Paraffin sections were prepared with the tonsil and adenoid tissues,
and were stained with hematoxylin and eosin. Different inflammatory
cells were counted using the following criteria: macrophage cells were
based on evidence of red blood cell phagocytosis, the presence of
phagocytosed pigment, non-distinct nucleoli, and on whether the cells

possessed an irregular shape. Eosinophils were identified based on the
presence of a band-shaped nucleus, two bean-shaped nuclei, or a
nucleus with three lobes; additional criteria were the presence of a
pinkish granular cytoplasm and an irregular multilobed nucleus.
Neutrophils were identified based on the presence of neutrophil
granules in the cytoplasm, filaments connecting nuclear lobes, and
coarse chromatin. Lymphocyte cells were identified based on the
presence of azurophilic granules in a light-blue cytoplasm. The
germinal centers were identified based on the presence of distributed
uniform and dense small lymphocytes, surrounded with flat reticular
cells; the boundary is clear and the central part of the nodule is stained
relatively light. At least 500 macrophages, eosinophils, neutrophils, and
lymphocytes on one section were counted using microscopy.

Statistical Analysis
The statistical package of SPSS (Version 16; SPSS, Chicago) was used
in data analysis. All the data are presented as mean± SEM. The
results of NSS and QOLS were compared between pre- and post-
study with Student's t-test. The differences of cytokines, inflamma-
tory cell, and germinal center counts between serum sIgE-positive
and -negative patients or controls were determined by Student's
t-test. A P value o0.05 was considered statistically significant.

RESULTS
Improvement of Clinical Symptoms after Surgery
In atopic (serum sIgE-positive) patients post surgery, the NSS
and QOLS were reduced 71.4 % and 72.2%, respectively,
(Po0.01) as compared with those in patients pre-surgery.
In contrast, no significant differences in NSS and QOLS were
found between post- and pre-surgery samples in non-atopic
(serum sIgE-negative) patients (Figure 1). These findings
suggest that the AR-related symptoms in serum sIgE-positive
patients were relieved after surgery.

Systemic Atopic State was not Changed after Surgery
All patients with ATH were sensitized to more than two
allergens as revealed by the sIgE levels in the tonsil and/or
the adenoid tissues, in which 14 (56%) of the patients and 3
(13%) of the controls also had positive results of serum sIgE
(i.e., one or more anti-allergen serum sIgEs were detected).
The atopic state was not changed post surgery in these
patients. Two (18.2%) of the serum sIgE-negative patients and
two (10%) of the serum sIgE-negative controls showed the

Table 1. Characteristics of study participants (preoperation)

Patients Healthy controls P value

Atopy Non-atopy Atopy Non-atopy

Subjects
(numbers)

14 11 3 20 0.002

Age (years) 8.05± 3.21 8.25 ± 2.78 7.56 ± 2.23 6.48 ± 1.45 0.89

Gender (male,
numbers)

8 5 2 10 0.99

Follow-up
(years)

4.35± 1.70 3.78 ± 1.69 3.62 ± 1.50 3.94 ± 1.80 0.75
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Figure 1. Improvement in clinical symptoms post surgery. The Nasal Symptoms Score (NSS; a) and the Quality of Life Scores (QOLS; b) were both
significantly reduced in serum sIgE-positive patients post surgery vs. pre-surgery (decreases of 71.4% and 72.2%, respectively; both Po0.01), whereas
no significant changes in NSS or QOLS were found in serum sIgE-negative patients post-surgery vs. pre-surgery or all healthy controls pre-study vs.
post-study. The data presented are mean± SEM. ** denotes Po0.01.
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Dermatophagoides pteronyssinus (house dust mite) sensitiza-
tion in the period of follow-up.

Th2-Predominant Responses relate to Systemic Allergy
To further explore the difference between local and systemic
immunity, we examined the expression of cytokines (IL-2,

IL-4, IL-5, IL-10, IL-13, IL-17, IFN-γ, and TNF-β) in the
serum and adenotonsillar tissues, respectively. The results
showed that, in both pre-surgery patients and pre-study
controls, the levels of IL-4, IL-5, and IL-10 in the serum of
atopic children (serum sIgE-positive) were higher than those
in pre-surgery patients (Po0.05, Figure 2). There were no
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Figure 2. Increased levels of Th2 cytokines in serum from atopic children. The serum levels of IL-4 (b), IL-5 (c) and IL-10 (d) in all atopic children
(both patients and healthy controls) were significantly enhanced compared to the levels of these same cytokines in all non-atopic children (Po0.05);
there were no significant changes between pre- and post-surgery. The serum levels of interleukin (IL)-2 (a), IL-13 (e), IL-17 (f), interferon (IFN)-γ (g),
and tumor necrosis factor (TNF)-β (h) were not significantly different between atopic and non-atopic children or between pre- and post-operation.
The data presented are mean± SEM. * denotes Po0.05.
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differences in the serum levels of IL-2, IL-13, IL-17, IFN-γ,
and TNF-β in both atopic group and non-atopic group in pre-
and post surgery. We also compared the expression of IL-2,
IL-4, IL-5, IL-10, IL-13, IL-17, IFN-γ, and TNF-β in surgically
removed tissues between atopic and non-atopic groups; no
significant difference was found in any of the cytokines tested
(Figure 3). The results suggest that Th2 responses relate to
the systemic immune response.

Local Inflammatory Cell and Germinal Center Counts Showed
no Significant Differences between Atopic and Non-Atopic
Children
Differential inflammatory cell counts (macrophages, eosino-
phils, and lymphocytes) and germinal center counts were
conducted in adenotonsillar tissues from all the patients post
surgery; no significant difference in any of the counts of the
five cell types was observed between atopic and non-atopic
children (Figure 4), which is consistent with the lack of
difference in tissue cytokine levels between these children
(Figure 3).

DISCUSSION
Our results showed that AT did not change the atopic status
of patients with adenoidectomy after a follow-up for an
average of 4.1 years. Moreover, two (18.2%) new cases of
atopy developed during the follow-up period. The data
suggest that systemic atopy may be independent of the
inflammation of tonsillar and adenoid gland in children.
Kjellman et al. reported that the incidence of atopic disease

was inconsistent with the laboratory findings (7). It was noted
that adenoidectomized children of any age did not have
higher levels of sIgE. It seems that allergy is either over-
diagnosed clinically or is insufficiently detected by serology
among the adenoidectomized children (8). The conclusion
that no change in serum IgE levels after AT is to be further
tested. With the CAP method, which is the gold standard for

identification of allergy, our result showed that atopy children
after AT were still sensitized to more than one allergens in the
serum. The data suggest that atopy still exist after AT.
Interestingly, a 6-year-old boy and a 15-year-old girl, who

were serum sIgE-negative before AT, developed Dermato-
phagoides pteronyssinus sensitization after AT (64 months and
38 months, respectively). A similar observation was reported
by Rondon et al. (9), which followed the natural evolution of
180 non-allergic rhinitis patients for 3–7 years and found that
24% of the patients became sensitive to aeroallergens. Sheehan
et al. reported that cats, dogs, and dust mites were the
predominant offending allergens in younger children, whereas
trees and dust mites were the offending allergens in older
children and adolescents. They also showed that in contrast to
grass and ragweed, tree sensitization was more common than
expected in very young children (10).
Increased local IgE production in polyp tissues might

contribute to mucosal mast cell activation and eosinophilic
inflammation independent of systemic atopy (11,12). In the
present study, the adenotonsillar tissue inflammatory cell
(macrophages, eosinophils, neutrophils, and lymphocytes)
counts as well as the adenotonsillar tissue germinal center
counts revealed that there were no significant differences
between atopic and non-atopic patients. Because of the
inability to measure inflammatory cells in normal adenoton-
sillar tissue, we could not confirm that only eosinophils and
mast cells were the two chief effector cells in the allergic
response. Zhang et al. suggested that nasal IL-4(+) T follicular
helper cells might be involved in local IgE production in
eosinophilic nasal polyps (13). Our results showed enhanced
levels of the cytokines of IL-4, IL-5, and IL-10 in the serum
from atopic children compared with those from non-atopic
children, and it was interesting that no significant differences
were found in the same patients pre- and post surgery. The
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Figure 4. Local inflammatory cell and germinal center counts. No
significant differences were found between atopic and non-atopic
children post surgery. The data represent mean± SEM.
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results suggest that the Th2 response is related to systemic
allergy, but not to local allergy. The underlying mechanisms
remain to be further investigated.
Regardless of the lack of effect of AT on cytokines, both the

NSS and the QOLS were significantly improved after AT in
subjects with atopy, suggesting that AT still has some benefit.
Bhattacharjee et al. suggested that the adenotonsillar tissue
removal may improve asthma (14). Another study showed that
AT modulates chitinase activity, affects airway inflammation,
and improves airway function (15). Kim and Han found that
patients with worsened QOLS had higher total IgE levels and
they complained of rhinitis symptoms more frequently;
children with atopy were more likely to experience deteriora-
tion in QOLS than those without AT (16). It is worth noting
that, from the evidence provided in the current study, AT does
not change long-term pediatric atopic status and does not
prevent the development of new atopy. Continued anti-allergic
treatment is still necessary for atopic patients after AT.

Limitations
There were several limitations to this study. First, this was a
single-center study with a relatively small sample size. Second,
we evaluated changes in sIgE for all subjects at a single time
point and not over a period of time; thus, we could have missed
changes in any of the parameters measured. Third, cytokine
levels were assessed using commercial ELISA kits; the
measurements of number and identity of inflammatory cells
could be significantly improved if flow cytometry were used.

CONCLUSIONS
To the best of our knowledge, this is the first report that AT
did not change pediatric atopic status and new atopy
development. The data suggest that systemic atopy may be
independent of tonsillar and adenoid tissues in children.
Therefore, continuous anti-allergy treatment after AT is still
necessary for patients with atopy.
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