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Incidence of allergen-specific and total immunoglobulin E positivity
in children undergoing adenotonsillectomy
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Aim: To conduct a prospective, consecutive cohort study to evaluate the incidence of allergen-specific and total immunoglobulin E (IgE) in a
paediatric population undergoing adenotonsillectomy for sleep-disordered breathing.
Methods: A total of 64 consecutive patients presenting for adenotonsillectomy at a single centre were recruited over a period of 3 months. All
patients underwent adenotonsillectomy and had allergen-specific and total IgE serum testing at the time of anaesthesia induction. Pre-operative
history and examination were conducted to determine clinical allergy. Caregivers completed the Sleep-Related Breathing Disorder scale of the
Paediatric Sleep Questionnaire and the Mini Rhinoconjunctivitis Quality of Life Questionnaire at baseline and at 6 weeks post-operatively.
Results: A total of 37 (57.8%) patients had either allergen-specific or total IgE positivity. House dust mite was the most prevalent allergen-
specific IgE finding, being present in moderate to high levels in 14 (21.9%) patients. A total of 17 (26.6%) patients had a history of atopy, while
34 (53.1%) had examination findings suggestive of allergy. Neither serum IgE testing nor clinical history and examination were independently asso-
ciated with residual symptoms post adenotonsillectomy. Patients with concomitant serum IgE positivity and clinical allergy had higher residual
symptom scores compared to those who did not using both Sleep-Related Breathing Disorder scale of the Paediatric Sleep Questionnaire
(P = 0.035) and Mini Rhinoconjunctivitis Quality of Life Questionnaire (P = 0.02) questionnaires.
Conclusions: Our prospective, consecutive cohort of patients reflect a greater incidence of serum IgE positivity compared to historical figures.
When utilised with clinical findings on history and examination, serum IgE is a useful adjunct that is associated with greater residual symptoms
post-adenotonsillectomy.
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What is already known on this topic

1 Adenotonsillar hypertrophy is the most recognisable contribut-
ing factor to sleep-disordered breathing in children.

2 Allergic rhinitis is associated with sleep-disordered breathing in a
bidirectional manner.

3 Retrospective data suggest there is a correlation between immu-
noglobulin E positivity and residual sleep symptoms post-
tonsillectomy.

What this paper adds

1 Prospective data demonstrating a correlation between residual
sleep symptoms post-adenotonsillectomy and patients who have
clinical findings of allergy and immunoglobulin E positivity.

2 Contemporary data on the incidence of clinical and serum
allergy in an urban Australian population.

Sleep-disordered breathing (SDB) refers to a spectrum of disor-

ders that range from primary snoring to obstructive sleep apnoea

(OSA). Its aetiology in children is linked to structural and neuro-

muscular factors, including airway obstruction, hypercapnic

response and arousal threshold.1 The health effects on a paediat-

ric population are well known, including growth impairment,

neurocognitive deficits, behavioural disturbances,2 nocturnal

enuresis3 and adverse cardiovascular impact.4

Adenotonsillar hypertrophy is the most recognised treatable

contributing factor to SDB in children.5 The rate of reported

symptom resolution post-adenotonsillectomy is variable (from

60% to 85%).6,7 Incomplete resolution is often associated with

individual anatomical, physiological and pathological factors. Pos-

tulated causes of residual symptoms include ethnicity, craniofa-

cial abnormalities, elevated body mass index and allergic

rhinitis (AR).8

AR is a prevalent disorder characterised by immunoglobulin E

(IgE)-mediated inflammation of the nasal mucosa. It is often
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diagnosed based on clinical symptoms of rhinorrhoea, nasal

obstruction, itching and sneezing.9 Nasal obstruction in SDB may

contribute to partial or complete airway obstruction and conse-

quent increased upper airway resistance, often more pronounced

during sleep. In addition to other atopic conditions (asthma and

eczema10), AR is closely associated with SDB in a bidirectional

manner.11 Children with a history of AR and other atopic condi-

tions are more likely to have habitual snoring12 and higher rates

of SDB symptom recidivism following treatment.8,13 Diagnosis of

AR is usually clinical,9 with laboratory tests used to define types

of allergy.14 Total and allergen-specific serum IgE levels (previ-

ously radioallergosorbent test ‘RAST’) are contemporary mea-

sures of IgE-mediated allergy. Tests can be directed to common

inhalant allergens such as grasses/pollens, dust mite, animal mix

and dander and moulds. We have previously identified an associ-

ation between allergen-specific IgE positivity or elevated total IgE

titres with residual snoring or sleep symptoms post-operatively in

a large retrospective cohort of paediatric patients undergoing

adenotonsillectomy.8

We aimed to conduct a consecutive, prospective cohort study

to evaluate the incidence of specific and total IgE positivity in a

paediatric population undergoing adenotonsillectomy for SDB, as

well as residual symptoms post treatment, using validated symp-

tom and quality of life instruments.

Methods

Ethics approval was obtained from the University of Wollongong

Human Research Ethics Committee (HE16/155).

A power analysis to determine the number of patients required

to assess incidence accurately was undertaken. A prospective,

consecutive cohort study of 69 paediatric patients with SDB was

conducted over a period of 3 months between September 2016

to November 2016. All patients met clinical or polysomnographic

criteria for adenotonsillectomy. Informed consent to perform

total and specific IgE assessment was obtained at enrolment. Of

these 69, two patients did not have total IgE performed. Three

patients were lost to follow up or did not complete all of the

questionnaires required, leaving 64 complete data sets for

analysis.

Patient ages and gender were collected. Other demographic

data was de-identified. A proportion of patients (n = 30) under-

went polysomnography testing following clinical assessment and

prior to their operation. Key indicators of OSA severity in chil-

dren including apnoea-hypopnoea index (AHI) and lowest oxy-

gen saturation were compared and contrasted in this subgroup.

Accompanying caregivers completed two questionnaires

(Appendix S1 and S2, Supporting Information) to assess symp-

toms of SDB and AR, respectively: the Sleep-Related Breathing

Disorder scale of the Paediatric Sleep Questionnaire (PSQ:SDB)15

and the Mini Rhinoconjunctivitis Quality of Life Questionnaire

(MiniRQLQ).16 Questionnaires were completed at baseline and

6 weeks post-operatively.

Pre-operative history was obtained to establish the severity,

chronicity and impact of sleep, daytime and rhinitis symptoms.

Examination findings of tonsil size, rhinoscopy and otoscopy,

presence of allergic stigmata, orthognathic and occlusal abnor-

malities were documented. If patients had examination findings

of allergic stigmata (rhinitic nasal mucosa, mucous stranding,

inferior turbinate hypertrophy or eye ‘shiners’) and/or previous

documented medical history of AR, asthma, reactive airways dis-

ease or eczema they were considered as ‘clinically atopic

patients’.
All operations were performed under the care of a single sur-

geon in both public and private institutions. Patients underwent

adenotonsillectomy. A proportion of patients also underwent

concomitant procedures for other indications: insertion of middle

ear ventilation tube(s) (n = 8), microear toilet (n = 5), flexible or

rigid laryngoscopy/bronchoscopy/oesophagoscopy/sleep endos-

copy (n = 5), division of tongue tie (n = 1) and cautery to promi-

nent Little’s area vessels (n = 1).

If patients were already prescribed intranasal corticosteroid

medication and their allergic symptoms were significant, they

were allowed to remain on such therapy up until surgery (n = 3).

Definition of specific and total IgE positivity

Caregivers consented to testing of allergen-specific IgE and total

IgE. Samples were analysed at an independent laboratory via

ImmunoCAP assays. Allergens tested included grasses/pollens,

house dust mite, staple food, animal mix and dander and

mould mix.

The test was considered positive if the specific IgE for each

allergen was greater than 0.1 kU/L. In addition, the laboratory

also provided three tiers of reactivity: low (0.1–1 kU/L), moderate

(1–4 kU/L) or high (>4 kU/L). Total serum IgE was considered

significant for allergy if greater than 55 IU/mL based on norma-

tive values provided by the laboratory.

If specific IgE reactivity to airborne allergens was identified at a

moderate level or above (>1 kU/L) concomitant with clinical

symptoms or history suggestive of allergy, patients were rec-

ommended to continue or commence intranasal corticosteroids

on a regular basis post-operatively (n = 12).

Definition of residual symptoms

Residual symptoms related to SDB after tonsillectomy were

divided into categories of snoring, sleepiness and behaviour

according to the PSQ:SDB. Raw scores for each of these catego-

ries were obtained, and an overall percentage score was derived

from the sum of these categories divided by the number of ques-

tions to which the caregiver responded. A total score greater than

0.33 (33%) was considered suggestive of persisting SDB, as

defined by Chervin et al.15

Residual symptoms related to AR were categorised into: activi-

ties, practical problems, nasal, eye and other symptoms (tired-

ness, thirst, irritability) according to the MiniRQLQ. Any other

caregiver concerns not stipulated on the questionnaires were

noted.

Data collection and analysis

All data were collated using Microsoft Excel (Microsoft Corpora-

tion, Redmond, WA, USA). Statistical analysis and figures were

created using Prism 8 (GraphPad Software Inc., La Jolla, CA,

USA). An alpha level of 0.05 was used for all statistical tests. Nor-

mality was determined using Shapiro–Wilk test. Fisher’s exact

test and χ2 test were used to evaluate sensitivity and specificity of
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clinical examination and history with serum findings and ques-

tionnaire subdomains. Wilcoxon-signed rank test was used to

compare pre- and post-operative questionnaire scores. Mann–

Whitney test was used to compare questionnaire scores of serum

positive and serum negative patients pre- and post-operatively.

Results

Patient demographics

Participants were 54.7% (35/64) male and 45.3% (29/64) female

(male : female 1.2:1) aged 2–14 years, with median age 4.5

(interquartile range (IQR) 3–6). Age was non-normally distrib-

uted, with skewness of 1.44 and kurtosis of 2.31.

Total and specific IgE positivity

Median total IgE was 26 IU/L (IQR 11.25–143.8). Specific IgE

reactivity as stratified by the strength of the response to allergens

is summarised in Table 1.

A total of 50% (32/64) of patients had a positive allergen-

specific IgE test, while 34.4% (22/64) had total IgE >55 IU/L. A

total of 26.6% (17/64) patients had both elevated allergen IgE

and total IgE. A total of 57.8% (37/64) patients had either posi-

tive allergen-specific IgE or total IgE, with 42.2% (27/64) having

neither (Fig. 1). One patient had specific reactivity to staple food

mix alone with no aeroallergen reactivity and was therefore

analysed in the total/specific IgE negative group. Mould mix

results were not reported in the same patient.

Correlation with clinical history and examination

A total of 26.6% (17/64) of patients who had a previous diagno-

sis of asthma, AR or reactive airways disease were considered to

have a history of atopy. On examination 53.1% (34/64) patients

who had appearances consistent with allergic nasal mucosa, infe-

rior turbinate hypertrophy or eye ‘shiners’ were considered to

have clinical features of allergy. Sensitivity of specific/total IgE

testing for a history of atopy was 64.7% (95% confidence inter-

val = 41.3–82.6), and sensitivity of specific/total IgE testing for

clinical features of allergy was 58.8% (95% confidence inter-

val = 42.2–73.6). Neither of these were significant on Fisher’s

exact test (Table 2).

Tonsil grade was documented for 63 patients with sizes grade

2 (17.5%, 11/63), 3 (60.3%, 38/63) and 4 (22.2%, 14/63). In

instances where tonsils were asymmetrical the larger size was

taken. χ2 test for trend did not demonstrate a significant correla-

tion between tonsil size and serum IgE positivity (Table 2).

Ear findings were documented for 64 patients with some

patients demonstrating unilateral or bilateral (20.3%, 13/64)

middle ear effusions, significant quantities of wax or normal

appearing ears (79.7%, 51/64). χ2 test comparing children with

effusions to normal or waxy ears was not significant (Table 2).

Hard palatal phenotype was documented for 64 patients with

patients exhibiting narrow, high arch palate (20.3%, 13/64),

broad palate or normal appearances (79.7%, 51/64). Fisher’s

exact test showed no significance in the relation between palatal

phenotype and IgE positivity (Table 2).

Pre-operative sleep studies were performed in a total of

30 patients, and divided into specific and total IgE positive

(n = 14) and negative (n = 16). Median AHI was 7.5 events/h

(IQR 5–10) in IgE positive and 9 events/h (IQR 6–11) in IgE neg-

ative patients. There were no significant differences between

these two groups in their AHI as measured with Mann–Whitney

test (U = 83.5, P = 0.24). This was also the case for lowest oxygen

saturation for positive (standard error of mean (SEM)

85.7 � 3.7%) and negative patients (SEM 86.1 � 4.0%), as mea-

sured with unpaired t-test, t(28) = 0.29, P = 0.77.

Correlation with questionnaires

PSQ:SDB questionnaire were divided into specific/total IgE posi-

tive and negative groups (Table 3).

Within each group, patients experienced an improvement in

PSQ:SDB scores after adenotonsillectomy. Wilcoxon matched

pairs signed rank test demonstrated a median improvement of

0.30 (IQR 0.21–0.39) in specific/total IgE positive (W = −664,
P < 0.001) and 0.36 (IQR 0.26–0.43) in negative groups (W =

−351, P < 0.001).

Between each group, patients who had specific/total IgE posi-

tivity were not significantly different to those who had negative

Table 1 Specific allergen immunoglobulin E (IgE) breakdown

Specific IgE reactivity
Grass

(n = 64), n (%)
Dustmite

(n = 64), n (%)
Staple food mix
(n = 64), n (%)

Animal mix
(n = 64), n (%)

Mould mix
(n = 63), n (%)

Negative 60 (93.8) 43 (67.2) 43 (67.2) 56 (87.5) 45 (71.4)
Low (0.1–1 kU/L) 3 (4.7) 7 (10.9) 16 (25) 6 (9.4) 18 (28.6)
Moderate (1–4 kU/L) 0 (0) 6 (9.4) 3 (4.7) 2 (3.1) 0 (0)
High (>4 kU/L) 1 (1.6) 8 (12.5) 2 (3.1) 0 (0) 0 (0)

Fig 1 Total and allergen-specific immunoglobulin E positivity.
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testing in overall outcomes, using a Mann–Whitney test pre- and

post-operatively.

Further analysis for residual symptoms was undertaken. A

total of 53 patients were identified as having an overall pre-

operative PSQ score greater than 0.33 and analysed according

to specific/total IgE positivity (56.6%, 30/53) and negativity

(43.4%, 23/53). If the corresponding post-operative scores for

this cohort remained greater than 0.33 they were considered

to have residual symptoms of SDB.15 Fisher’s exact test did

not demonstrate any significant difference between the two

groups.

Raw scores were also taken from all 64 completed PSQs and

divided into categories of snoring, sleepiness and behaviour. A

score greater than 0 post-operatively was considered evidence of

residual symptoms. Fisher’s exact test did not demonstrate any

significant difference between the groups.

MiniRQLQ questionnaires were also divided into specific/total

IgE positive and negative groups, compared within themselves

and between each other (Table 3).

Within each group, patients also experienced an improvement

in MiniRQLQ scores after adenotonsillectomy. Wilcoxon matched

pairs signed rank test demonstrated a median improvement of

13 (IQR 6–19) in positive (W = 606, P < 0.001) and 19 (IQR

10–26) in negative groups W = −374, P < 0.001).

Between each group, there was no significant difference

between positive and negative groups in terms of their scores

either pre- or post-operatively (Mann–Whitney).

Residual symptoms in MiniRQLQ scores were divided into the

pre-defined categories of activities, practical, nose, eye and other.

A score greater than 0 post-operatively was considered evidence

of residual symptoms. Fisher’s exact test demonstrated a signifi-

cant difference in the post-operative subdomain of practical prob-

lems with residual symptoms being present to a greater degree in

the IgE positive group. No difference of statistical significance was

seen in the other subdomains of RQLQ.

Correlation with history, examination and
questionnaires

Further analysis was performed on patients who had either his-

tory or examination findings correlated with serum IgE positivity

at a moderate level or above (>1 kU/L) (Table 4). Of 64 patients,

14 had clinical findings that were concomitant with positive

blood testing. These patients had higher median PSQ and RQLQ

scores both pre-operatively and post-operatively. These scores

were compared with Mann–Whitney testing. Pre-operative scores

had a trend towards significance with PSQ and RQLQ, while

post-operative scores were significantly different for both PSQ

and RQLQ.

Contingency analysis was performed with Fisher’s exact test

for question domains in both PSQ and RQLQ. PSQ subgroups

Table 2 Clinical findings compared with serum immunoglobulin E
(IgE) positivity

Feature
Specific/total IgE
positive (+), n (%)

Specific/total IgE
negative (−), n (%)

P value
(* < 0.05)

History
History of atopy 11 (17.2) 6 (9.4) 0.58
No history of atopy 26 (40.6) 21 (32.8)

Examination
Allergic examination 20 (31.3) 14 (21.9) >0.99
Normal examination 17 (26.6%) 13 (20.3%)

Palatine tonsil grade
4 9 (14.3) 5 (7.9) 0.60
3 21 (33.3) 17 (27)
2 6 (9.5) 5 (7.9)

Ear findings
Unilateral effusion 2 (3.1) 0 0.76
Bilateral effusions 6 (9.4) 5 (7.8)
Wax 5 (7.8) 3 (4.7)
Normal 24 (37.5) 19 (29.7)

Palatal phenotype
High arch palate 9 (14.1) 4 (6.3) 0.53
Broad/normal palate 28 (43.8) 23 (36)

Table 3 Questionnaire scores compared with serum immunoglobulin
E (IgE) positivity

Questionnaires
Specific/total
IgE positive (+)

Specific/total
IgE negative (−)

P value
(* < 0.05)

Overall PSQ scores, median (IQR)
Pre-op median 0.50 (0.38–0.63) 0.5 (0.36–0.58) 0.74
Post-op median 0.20 (0.08–0.27) 0.13 (0.08–0.21) 0.19

Pre-op (n = 64), n (%)
>0.33 30 (46.9) 23 (35.9) 0.75
<0.33 7 (10.9) 4 (6.3)

Post-op (n = 53), n (%)
>0.33 (residual
symptoms)

4 (7.5) 2 (3.8) 0.69

<0.33 26 (49.1) 21 (39.6)
Raw PSQ scores, n (%)

Snoring > 1 12 (18.8) 10 (15.6) 0.79
Snoring 0 25 (39.1%) 17 (26.6)
Sleepiness > 1 18 (28.1) 12 (18.8) 0.8
Sleepiness 0 19 (29.7) 15 (23.4)
Behaviour > 1 27 (42.2) 19 (29.7) >0.99
Behaviour 0 10 (15.6) 8 (12.5)

Overall RQLQ scores, median (IQR)
Pre-op median 23.5 (11.5–37.5) 25 (18–40.3) 0.73
Post-op median 6.5 (2–13) 4 (1–9.3) 0.14

Raw MiniRQLQ scores, n (%)
Activities > 1 23 (35.9) 15 (23.4) 0.62
Activities 0 14 (21.9) 12 (18.8)
Practical > 1 21 (32.8) 8 (12.5) 0.043*
Practical 0 16 (25) 19 (29.7)
Nose > 1 20 (31.3) 14 (21.9) >0.99
Nose 0 17 (26.6) 13 (20.3)
Eye > 1 9 (14.1) 6 (9.4) >0.99
Eye 0 28 (43.8) 21 (32.8)
Other > 1 27 (42.2) 20 (31.3) >0.99
Other 0 10 (15.6) 7 (10.9)

IQR, interquartile range; PSQ, Paediatric Sleep Questionnaire; RQLQ,
Rhinoconjunctivitis Quality of Life Questionnaire.
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were not significant for residual snoring, sleepiness or behaviour.

RQLQ subgroup analysis was significant for activities

(P = 0.035) only.

Discussion

Key findings

Higher rates of residual symptoms of SDB were seen in clini-

cally atopic patients with simultaneously positive total and/or

specific IgE tests. This was significant when a specific IgE result

was at a moderate level or above (>1 kU/L). Clinical findings of

allergy or serum IgE positivity diagnosed independently were

not significantly associated with residual symptoms post-

adenotonsillectomy.

Comparison to literature

This consecutive, prospective analysis of a symptom and IgE posi-

tivity in children undergoing adenotonsillectomy for SDB demon-

strates a higher rate of atopy/allergy than the baseline population

rate. In our consecutive cohort, 26.6% of patients had a history

suggestive of atopy and 57.8% of patients had either an elevated

specific or total IgE level. As expected, elevated house dust mite

specific IgE was the most prevalent finding, with moderate to

high levels of reactivity seen in 21.9% of all patients.

Griffin et al. compared children undergoing adenotonsillectomy

for all indications (including recurrent sore throats) and found a

21% rate of IgE positivity (compared with 20% in their control

arm).17 A recent Korean series found 52.4% of patients undergoing

surgery had symptoms of AR and a positive skin prick test or multi-

ple allergen simultaneous test (MAST).18 Finally, a series of British

children with OSA diagnosed by type 4 sleep study who were

undergoing surgery and RAST testing found a similar 20.8% posi-

tive for house dust mite allergens but no report on overall or total

IgE rates.19 In a comparable population of Australian children, high

levels of self-reported rhinitis were seen in 6–7-year-olds (up to

29.9%) and 13–14-year-olds (up to 41.5%).20

Allergy has been shown to be associated with SDB and

adenotonsillar hypertrophy11,12,21 and been linked to recidivism

of symptoms up to 1 year post-treatment.13 Treatments aimed at

allergic targets, such as leukotriene receptor antagonists22 and

intranasal corticosteroids23 have been found to be effective at

partially mitigating SDB.

Our findings are consistent with a significant improvement in qual-

ity of life in both sleep-specific and rhinitis-specific symptom scores

associated with adenotonsillectomy. The improvement in RQLQ with

adenotonsillectomy, although unexpected, could be partially explained

by a small proportion of patients treated with intranasal corticosteroids

and crossover in symptom improvement associated with

adenoidectomy. The presence of atopy/allergy at baseline has been

shown to be predictive for residual sleep symptoms.13,18 Our results

are compatible with a retrospective study demonstrating an associa-

tion between elevated total and specific IgE and residual snoring.8

Significant geographical and temporal differences are seen in

the incidence of rhinitis and atopy; however, the high rates of

positive findings in this cohort are likely reflective of sampling

patients with SDB in a developed urban centre. Disconcordance

between serological and clinical findings in children with rhinitis

is common in the literature24 and our findings (26.6% versus

57.8%) are no exception.

Drawbacks of the study

Follow-up outcomes were measured at 6 weeks after surgery

which is consistent with routine practice in our clinic; however,

this study was not designed to measure long-term incidence of

disease recrudescence or its relationship to atopy, rhinitis or aller-

gen sensitisation. Longer follow-up (up to 1 year) may have

demonstrated a closer association between IgE positivity and re-

emergence of symptoms of SDB.

Serum IgE is easily accessible, sensitive and of low impact to a

child when sampled under general anaesthesia. By comparison

skin prick testing can be time consuming and uncomfortable for

children. However, both methods lack specificity, and a drawback

of this study is the usage of allergen mixes in which low to very

low reactivity (<1 kU/L) may be of no significance.24

Conclusion

The results of this study provide prospective data that supports

the notion that persistent short- to medium-term symptoms of

SDB after adenotonsillectomy may be attributable to AR. Those

who present pre-operatively with clinical atopy should have total

and specific IgE testing considered at the time of anaesthetic

induction. If positive, discussion with parents should occur

regarding potential treatment of allergy as a cause of residual

SDB with medical therapy such as intranasal corticosteroids or

leukotriene receptor antagonists.

Table 4 Concomitant clinical and serum immunoglobulin E findings compared with questionnaire scores

Clinical and serum allergy (n = 14) No clinical or serum allergy (n = 50) Median difference P value (* < 0.05)

Total Paediatric Sleep Questionnaire score, median (IQR)
Pre-op 0.60 (0.39–0.71) 0.48 (0.35–0.58) 0.12 0.074
Post-op 0.26 (0.06–0.37) 0.13 (0.08–0.22) 0.13 0.035*

Total Rhinoconjunctivitis Quality of Life Questionnaire score, median (IQR)
Pre-op 28.5 (19–60.8) 23.5 (12.5–32.5) 5 0.11
Post-op 13 (3.5–14.5) 4 (1–8.5) 9 0.02*

IQR, interquartile range.
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