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BACKGROUND AND OBJECTIVES: Chronic rhinosinusitis (CRS) is a commonly diagnosed disease that has a
significant impact on a child’s quality of life. However, no useful biomarker is available to identify antibiotic-
responsive CRS. We determined the significance of eosinophil-related markers and total IgE levels in childhood
CRS with regard to antibiotic response.

DESIGN AND SETTING: This was a case-control study of patients admitted to Uijeongbu St. Mary’s Hospital
between November 2010 and November 2011 and diagnosed with CRS.

PATIENTS AND METHODS: In this analytical cross-sectional study, we identified children whose symptoms
and radiologic abnormalities did not resolve after 12 weeks despite appropriate antibiotics (non-responder CRS
group), children whose symptoms and radiologic abnormalities resolved after 12 weeks with appropriate antibi-
otics (responder CRS group), and healthy controls selected from clinic patients. Skin prick tests were performed
along with serum total IgE, total eosinophil count (TEC), serum eosinophil cationic protein (ECP) level, and
ImmunoCAP analysis for common allergens.

RESULTS: This study included 36 responders, 22 nonresponders and 22 healthy controls. The prevalence of al-
lergic diseases, atopy, and a family history of allergic diseases were significantly higher in the non-responder
group than in the responder and control groups. TEC, ECP, and total IgE levels were significantly higher in the
non-responder group than in the responder and control groups (all P<.05). Multiple linear regression analysis
showed that no response to appropriate antibiotics and TEC was positively associated with ECP concentration.

CONCLUSION: These findings suggest that there is a high prevalence of allergic diseases in the non-responder
group, that the TEC and ECP levels in the non-responder group are significantly higher than those in the re-
sponder group and controls, and that no response to antibiotics may be due to eosinophilic inflammation. The
measurement of serum ECP may be useful in monitoring the progress of childhood CRS with regard to antibiotic
response.

hinosinusitis (RS) is one of the most com-

monly diagnosed diseases worldwide, affecting

5-20% of the pediatric population every year.!

It is characterized by inflammation of the nasal and pa-
ranasal sinus mucosa.? The diagnosis is based upon the
presence of typical symptoms and clinical examination

findings. There are medications available that may re-
lieve symptoms related to RS and its comorbidities such
as allergic rhinitis (AR).

Several studies suggest a close correlation between
AR and acute’ and chronic RS.** Underlying condi-
tions, including allergic diseases and specifically aller-
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gic rhinitis, are not only predisposing factors for CRS,
but are also associated with more severe diseases and
decreased rate of success following antibiotic therapy, if
the “allergic components” are not contemporarily treat-
ed.%” Therefore, allergy biomarkers, such as TEC, ECP
and total serum IgE levels may predict patient response
to antibiotic therapy. We assessed disease-specific
marker at initial presentation. The aim of the present
study was to determine the significance of eosinophil
related markers and total IgE levels in childhood CRS

with regard to antibiotic response.
MATERIALS AND METHODS

Participants

This study included patients younger than 15 years
of age who presented with typical RS symptoms
at the Department of Pediatrics, Uijeongbu Saint
Mary’s Hospital, The Catholic University of Korea in
Uljeongbu, South Korea, between November 2010 and
November 2011. Healthy controls volunteered to par-
ticipate in this study. All patients were evaluated accord-
ing to the diagnostic criteria developed by consensus
reports of the Joint Task Force on Practice Parameters®
and the Subcommittee on the Management of Sinusitis
and Committee on Quality Improvement.”

RS was defined as the presence of two or more of
the following symptoms that lasted at least 10 days:
anterior and/or posterior mucopurulent drainage,
nasal congestion or blockage, cough, facial pain, pres-
sure, or dullness, or a reduced or absent sense of smell.>
Subjects who did not show anterior and/or posterior
mucopurulent drainage were excluded in order to con-
firm the diagnosis of bacterial RS. An empirical regi-
men of amoxicillin (90 mg/kg) plus clavulanic acid (6.4
mg/kg) and second or third generation of cephalospo-
rin with adjunctive therapy such as saline irrigation and
nasal corticosteroids was given to all RS subjects. The
RS subjects were followed up every 4 weeks. The sub-
jects who required at least 12 weeks of antibiotics were
considered to have CRS* and thus recruited into the
study. Antibiotic-responsive CRS was defined as CRS
subjects with no residual respiratory symptoms and
signs with improvement of radiologic abnormalities af-
ter 12 weeks of antibiotic treatment (responder CRS
group). CRS that was non-responsive to antibiotic
treatment was defined as CRS subjects with persistent
residual respiratory symptoms and signs or radiologic
abnormalities despite 12 weeks of antibiotic treatment
(non-responder CRS group). All the patients older
than 24 months of age in the non-responder group re-
ceived anterior nasal endoscopy to evaluate the nasal
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cavity and associated structures. Gastrointestinal dis-
eases, ciliary dyskinesia, bronchiectasis, or anatomical
problems of the nose were diagnosed by confirmative
tests, including radiological tests, respiratory mucosal
biopsies, and 24-hour pH monitoring, when necessary.
Nasal corticosteroid was prescribed and normal saline
irrigation was recommended as adjunctive treatments
to both responder and non-responder CRS subjects.
Patients with a history of recurrent acute RS, history
of prematurity, hematologic malignancy or immuno-
logic deficiency were excluded. A respiratory healthy
control group was selected from patients who visited
the well baby clinic and those who visited the hospital
for minor surgery without any history of medication.
The following medications were not permitted in the
time frame specified prior to entering the study: nasal
and oral decongestants: 24 h; nasal or oral antihista-
mines: 72 h; nasal or inhaled corticosteroids, leukot-
riene receptor antagonists, 5-lipoxygenase inhibitors,
methylxanthines, non-prescription drugs: 7 days;
short course oral corticosteroids: 12 weeks; chronic
oral corticosteroids: 6 months.® Written informed
consent was obtained from guardians or parents. The
Institutional Review Board at The Catholic University
approved this study.

Demographic and clinical data were recorded and
assessed including the presence of physician-diag-
nosed allergic diseases, known anatomic problems of
the nose, and family history of allergies. Allergic dis-
eases were diagnosed based on skin prick tests and
specific IgE assays in addition to patient history and
physical examination.

Clinical parameters

Allergic skin-prick testing was performed with 8 com-
monaeroallergens:housedustmite(Dermatophagoides
pteronyssinus and Dermatophagoides farinae), birch,
mugwort, Alternaria alternata, dog, cat, and cockroach
at the beginning of the study. Histamine at a concen-
tration of 10 mg/mL was used as a positive control.
A positive response to an allergen was defined as
a wheal equal to or greater than that of the positive
control. Total and specific IgE levels were measured
using the Pharmacia CAP assay (Uppsala, Sweden).
A specific IgE test was performed with six allergens
common in Korea: Dermatophagoides pteronyssi-
nus, Dermatophagoides farinae, egg whites, cow milk,
German cockroach, and Alternaria alternata. A level
>0.35 IU/mL was considered positive, as specified by
the manufacturer. Atopy was defined as sensitization
to one or more inhalant allergens in the above tests
with clinical features of allergic diseases. We per-
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formed a stool exam to rule out parasite infestation in
patients with eosinophilia.

Blood eosinophil markers and total IgE levels

To find a disease-specific marker, we assessed serum
total IgE, aeroallergen specific IgE, total peripheral
blood eosinophil counts (TEC), and serum eosinophil
cationic protein (ECP) levels in children with CRS at
initial presentation. The number of peripheral blood
eosinophils was counted with blood samples contain-
ing EDTA using an automated hematology analyzer
(Model: XE2100 D, Sysmex, Japan). Serum total IgE
level was measured using InmumoCAP tests (Phadia
AB, Uppsala, Sweden) according to the manufac-
turer’s instructions. Serum ECP level was measured
using a commercially available fluoroimmunoassay kit
(Phadia AB, Uppsala, Sweden), which had a detection
limit of less than 2.0 pg/L. Blood sample collection,
serum preparation, and serum ECP measurement
were performed at the beginning of the study accord-
ing to the manufacturer’s instructions,

Imaging studies

Waters' view x-rays were performed in all responder
CRS patients at the beginning of the study to deter-
mine the radiopacity in the paranasal sinuses. A lateral
X-ray view of the skull was obtained to assess adenoid
hypertrophy when clinically indicated. Anatomic
anomalies of the nose were diagnosed by perform-
ing confirmative tests, including radiological tests, in

Table 1. Clinical characteristics of subjects.

Non-
Responder
E‘:g onder CRS group Control P value
group (n=22) (n=22)
(n=36)
Age,y 5.8(3.0) 5.6 (2.7) 43(1.8) 089
Sex (M/F) 25/11 13/9 14/8 716
Allergic rhinitis 14/30 5/18 0/21 <.001
Asthma 9/30 3/18 0/22 <.001
Atopic dermatitis 13/30 10/17 2/22 .004
Atopy® 24/31 9/20 0/22 <001
Der for Derp
positivity 21/31 6/19 0/20 <.001
Family history of 21/30 27 6/22 <001

allergies

Values are expressed as actual numbers or mean (standard deviation).

2Atopy: Positivity to InmunoCAP or skin prick test.

CRS, chronic rhinosinusitis.
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all patients in the non-responder CRS group. Waters’
view x-rays were performed in all CRS patients at the
end of the study to determine the clearance of radi-
opacity in the paranasal sinuses. Coronal CT scans in
bone window settings were performed at the end of
the study to determine in all the CRS patients who
showed abnormalities in Waters' view x-ray to confirm
the presence of abnormal findings in the paranasal si-
nuses.’

Determination of response to antibiotics

Response to antibiotic therapy was determined by
complete clearing of the initial radiologic abnormali-
ties or, in cases of mucosal thickening, by a significant
decrease in thickness to <6 mm within the maxillary
sinuses that was associated with improvement of the
clinical signs and symptoms of RS."

Statistical analysis

All continuous variables are presented as means and
standard deviations, ECP was approximately nor-
mally distributed, and therefore analysis of variance
(ANOVA) was used for analysis. TEC and total
IgE were not normally distributed, and therefore the
Kruskal-Wallis and Mann—Whitney U two-tailed
tests were used for analysis. The chi-square test was
used to examine differences between categorical vari-
ables between groups. The Spearman test was used
for correlation analysis. To examine independent cot-
relates of serum ECP concentrations, multiple regres-
sion analysis was conducted with ECP level as the
dependent variable. All statistical analyses were per-
formed with IBM SPSS Statistics for Windows, Ver.
21.0 (IBM Corp., Armonk, NY, USA). All statistical
tests were two-sided and statistical significance was
determined at a P value <.05.

RESULTS

A total of 36 non-responder patients, 22 responder
patients, and 22 controls were included in the final
analysis.

Characteristics of study participants

Eighty subjects including 36 non-responder CRS
patients, 22 responder CRS patients, and 22 con-
trols were recruited and included in the final analysis.
The clinical characteristics of each group are shown
in Table 1. There were no significant differences by
age or sex. The prevalence of allergic diseases such as
asthma, allergic rhinitis, and atopic dermatitis and a
family history of allergies were significantly higher
in the non-responder CRS group as compared to the
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responder CRS and control groups. The control sub-
jects were found to have no atopy by skin prick or blood
tests. There were 24 (77.4%) atopic patients in the non-
responder group and 9 (45.0%) atopic patients in the
responder group. Saline irrigation and nasal corticoste-
roids were not successful in either the atopic and non-
atopic non-responder groups (data not shown). No
patients in the non-responder group received surgery.

Comparison of serum eosinophil cationic protein
levels, total eosinophil count, serum total Igk in the
three groups

All the biomarkers of allergic sensitization, i.e. total se-
rum IgE, total eosinophil count and ECP levels were
significantly elevated (P<.001, P=.006 and P<.001, re-
spectively) in children whose symptoms (and radiologic
abnormalities) did not resolve after antibiotics (Figure
1). After CRS was stratified by atopy, atopic non-re-
sponders had higher ECP and total IgE levels than the
atopic responders (P=.007 and P=.011, respectively)
(Table 2). No significant differences were observed in
ECP and TEC between the non-atopic non-responders
and the non-atopic responders, except total IgE levels
(Table 2). There were 2 patients who were sensitized to
birch and mugwort in our study and they were enrolled
in November, which is not during seasonal allergy pe-
riod in Korea (data not shown).

Relationships between serum eosinophil cationic
protein levels and total eosinophil counts, between total
eosinophil count and IgE, and between serum eosino-
phil cationic protein levels and IgE in the non-responder
chronic rhinosinusitis group

Independent correlates of serum ECP concentra-
tions and multiple regression analysis was conducted
with ECP level as the dependent variable. In addition,

significant correlations were found in the non-responder
CRS group between ECP and total eosinophil counts
(P=.003), total eosinophil count and total IgE (P=.016)
and ECP and total IgE (P=.026). Multiple regression
analysis showed that no response to antibiotic therapy
and total eosinophil counts were positively associated
with serum ECP concentrations (Table 3). No corre-
lations were found in the responder CRS group or in
the controls between ECP, TEC, and total IgE (data not
shown).

Radiologic findings

Coronal CT scans in bone window settings obtained in
the non-responder CRS group revealed mucosal thick-
ening in all patients, a finding suggestive of mucosal in-
flammation in the paranasal sinuses. No subjects were
found to have anatomical abnormalities on coronal CT
images.

DISCUSSION

In this study, we found that TEC, ECP, and total IgE
levels in the non-responder CRS group were signifi-
cantly higher than those in the responder CRS group
and the controls. Additionally, non-responder CRS
patients with positive biomarkers of allergic sensitiza-
tion who showed no response to appropriate antibiot-
ics should be treated with additional treatments such as
antihistamines, oral or inhaled corticosteroids.

‘The high prevalence of allergic diseases and atopy in
the CRS patients, especially in the non-responder CRS
group, in the present study is in accordance with previ-
ous studies which reported that nasal allergic inflam-
mation may favor viral infections in the upper airways,
leading to acute and eventually chronic sinusitis,'"'*
There are several possible explanations to account
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Figure 1. Comparison of eosinophil cationic protein levels (A), total eosinophil count (B), and total IgE (C) in the three groups. The
bottom and top of the boxes are the first and third quartiles, and the band inside the box is always the second quartile (the median).
The ends of the whiskers represent the minimum and maximum of all of the data.
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Table 2. Comparisons between the atopic responders and the atopic non-responders and between the non-atopic responders and the non-atopic non-
responders in total eosinophil counts, eosinophil cationic protein levels, and total IgE.

Atopic CRS Non-atopic CRS
Non-responders Responders P value Non-responders Responders P value
(n=24) (n=10) (n=7) (n=11)

ECP (ug/L) 18.9(10.7) 9.1(3.7) .007 12.7 (8.4) 8.5 (4.6) 341

350.0 335.0 240.0 350.0
3

TEC (cells/mm?) (2500-710.0) (250.0-452.5) e (150.0-570.0) (200.0-460.0) 986
365.0 105.5 45.0 0.0

Total IgE (1U/mL) (165.3-840.0) (29.9-272.3) e (22.7-60.7) (0.0-18.0) 028

Values for ECP are expressed as mean (standard deviation), TEC and total IgE are expressed as median (interquartile range). *Atopy: Positivity to InmunoCAP or skin prick test. CRS, chronic rhinosinusitis; ECP,
eosinophil cationic protein; TEC, total eosinophil count. Atopic non-responders had higher ECP and total IgE levels than the atopic responders (P=.007 and P=.011, respectively).

Table 3. Results of multiple regression analysis assessing relationships between
eosinophil cationic protein concentration and clinical variables.?

Variable B SE P value
Sex (male) -3.003 2,513 .239
Age (year) -0.171 0.434 .696
H_istory of allergic 2028 3.081 332
disease

Non-responder 6.118 2928 043
patients (yes)

Total eosinophil 0.013 0.004 005
count

Total IgE 0.0008 0.004 .837
Atopy? 1.376 2.754 .620

*Multiple linear regression analysis included sex, age, past history of allergic disease, non-responder patients (yes),
total eosinophil count, total IgE, and atopy. "Atopy: Positivity to ImmunoCAP or skin prick test.
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for the group of CRS patients that did not respond to
appropriate antibiotic therapy. First, the non-responder
CRS patients may have been infected with microbes
that protect against antibiotics using mechanisms such
as biofilms in the mucosal linings of the sinuses.”
However, if saline irrigation and nasal corticosteroids
were successful in the treatment of the non-responder
CRS group, the hypothesis that biofilm formation is in-
volved in the failure of antibiotic treatment is unlikely,
while it is possible that ECP might be released from eo-
sinophils in the nasal mucosa and stimulate the release of
TGEF-o in atopic children with CRS."* TGF-a synthesis
and release is known to be inhibited by corticosteroids.'*
However, in our study, no evidence of remodeling of the
sinus extracellular matrix was seen by CT scan in the
non-responder CRS group.* Second, it is speculated
that the inflammatory response to bacteria is respon-
sible for the pathogenesis of CRS rather than the action
of microbes in adults.”” The finding of a sinus mucosal
infiltrates of eosinophils, plasma cells, and lymphocytes

suggests a process of “bacterial allergy.®In clinical prac-
tice, it is possible that the spectrum of the illness ranges
from infectious etiologies such as bacterial infection to
exclusively noninfectious inflammatory conditions such
as AR." Therefore, having concomitant AR could be a
reasonable explanation to account for how those with
CRS did not respond to appropriate antibiotic therapy.
This is reflected by the finding in the present study that
non-responder CRS patients had a significantly higher
prevalence of allergic disease and atopy compared with
those in the responder CRS patients and controls. ECP
levels in the serum and nasal cavity are known to reflect
ongoing eosinophilic nasal inflammation with a signifi-
cant correlation between serum and nasal cavity levels
of ECP*¥2 A previous study demonstrated that an al-
lergen challenge of the nose led to a significant increase
in maxillary sinus eosinophils and ECP level, suggesting
that they can be used to monitor maxillary sinus inflam-
mation.” Although the present study did not measure
eosinophil count or ECP level in the maxillary sinus or
the nasal cavity, we observed a significant increase in the
serum ECP levels of the non-responder CRS patients as
compared with the responder CRS patients and the con-
trols. The high serum ECP levels in the non-responder
CRS patients may be a result of the fact that most of
these patients had concomitant AR and an already high
sensitization to common inhalant allergens such as
house dust mite. This hypothesis is supported by the
finding in the present study that higher ECP levels were
observed in the atopic non-responders than in the atopic
responders and by the multivariate linear regression
analysis showing serum ECP levels were positively as-
sociated with no response to appropriate antibiotic ther-
apy. Within the non-atopic CRS group, non-responders
showed a higher level of ECP than the responder group,
although they failed to achieve statistical significance.
Further study will be needed to elucidate the relation-
ship between ECP and antibiotics response.
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Study patients with CRS were classified into the
non-responder group and the responder group with
respect to antibiotic response and improvement of ra-
diologic abnormality based on a previous study.”! The
reason for utilizing this classification is that we aimed to
determine whether serum ECP, which is released from
activated eosinophils during inflammation,* can be used
to differentiate antibiotic-responsive CRS patients from
those that are non-responsive to antibiotic treatment.
Based on the findings of the present study, we speculate
that ECP may be a more useful surrogate marker of vig-
orous eosinophilic inflammation than TEC . Further, if
the ECP level is high in patients with CRS, clinicians
can start early treatment with alternative options such
as nasal steroids, saline nasal irrigation, and antileukot-
rienes to reduce nasal eosinophilic inflammation in ad-
dition to antibiotic therapy for bacterial infection. Even
though ECP is costlier than total IgE or TEC, ECP can
predict antibiotics response more accurately than TEC
or total IgE, and the cost can be neutralized by the ap-
propriate prescription of antibiotics.

Our study had limitations. First, much to our regret,
we measured serum ECP level only once at the begin-

ning of the study. If we had also measured ECP level
at the end of the study and observed changes in ECP
level between groups, we could have presented more
convincing results, Second, we did not measure TGF-a.
level in our subjects, nor perform nasal mucosal biopsy;
however, coronal CT scans were performed in all non-
responder CRS patients to determine the presence of
abnormal findings, suggestive of mucosal inflammation
in the paranasal sinuses. Lastly, we did not differentiate
between perennial or seasonal allergic rhinitis.

In conclusion, childhood CRS that is not respon-
sive to appropriate antibiotic therapy is often caused by
eosinophilic inflammation reflected by elevated serum
ECP levels. Monitoring serum ECP concentration may
be useful for identifying eosinophil-mediated sinus in-
flammation that is not likely to respond to antibiotics.
Clinicians should take this into account when making
treatment plans for children with CRS.
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