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Background: Although much is known about the fact that IgE-mediated allergic inflammatory response
contributes to airway inflammation, bronchial hyperresponsiveness, and asthma severity, little is known
about the degree of IgE response in allergic asthmatics during treatment.

Objective: To determine the amount of total serum IgE among allergic asthmatic patients with various asthma
controls.

Material and Method: A total of 190 non-smoking patients with allergic asthma were divided into three
groups by using the asthma control definition according to the GINA 2006 criteria. There were 64 well-
controlled, 88 partly-controlled, and 38 uncontrolled. After study entry, patients underwent lung function
test, methacholine challenge and skin prick test to establish allergic status. Peripheral venous blood speci-
mens were collected to measure total IgE and absolute eosinophil numbers. The data are expressed as mean +
SD.

Results: The logarithm of total serum IgE was significantly higher in subjects with uncontrolled allergic
asthma than in those with well-controlled disease (p < .0001). IgE response in uncontrolled asthmatics was
still high despite having been treated with ICS at a dose which was significantly high when compared with
well-controlled subjects (1075.4 + 420 vs. 703.5 + 355, p < .0001). The logarithm of total serum IgE was
associated with increased blood eosinophil counts (r = 0.25, p .0007) among three asthmatic groups and with
decreased prebronchodilator FEV, (r = -0.42, p =.0075) and PC,, (r = -0.36, p = .04) only in uncontrolled
group.

Conclusion: In allergic asthmatic patients with various disease control stages, there are differences in IgE
immune response. Both high and non-suppressible total serum IgE response may be involved in the develop-
ment of uncontrolled asthma.
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Allergic asthma is a chronic inflammatory air-
way disease which is driven by Th2-derived cytokines
such as interleukin (IL)-4, IL-5and IL-13®. IL-5is re-
quired for eosinophil activation and survival@?. I1L-4
induces the differentiation of naive T-cells into Th2
cells®® and B-cell isotype switching to IgE®, enhances

Correspondence to: Maneechotesuwan K, Division of Respira-
tory Diseases and Tuberculosis, Faculty of Medicine Siriraj
Hospital, Mahidol University, 2 Prannok Street, Bangkok 10700,
Thailand. Phone: 0-2419-7757, Fax: 0-2419-7760. E-mail:
sikmn@mahidol.ac.th

J Med Assoc Thai Vol. 91 Suppl. 3 2008

high-affinity and low-affinity IgE receptor expression
and promotes the accumulation of eosinophils in the
airways, all of which cause allergic inflammation in re-
sponse to an aeroallergen. The allergic inflammatory
cascade is initiated with the interaction of the allergen
with IgE that occurs on the surface of mast cells which
mediates intracellular signaling through the high affin-
ity IgE receptors (FceR1) and results in mast cell acti-
vation and degranulation®. An array of mediators re-
leased from mast cells can, in turn, regulate eosinophil
activation®.

The Global Initiative for Asthma (GINA) guide-
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line recommends evaluating asthma control status af-
ter treatment at intervals in order to step up or step
down asthma medications®. The evaluation of the
therapeutic response to asthma treatment is based on
the levels of asthma control which are well-controlled,
partly-controlled and uncontrolled stages, according
to the criteria of GINA using the frequency of noctur-
nal and daytime symptoms, the need of reliever medi-
cation, lung function test and the number of exacerba-
tions. The presence of asthma exacerbation is one of
the most important parameter in differentiating between
well-controlled and uncontrolled asthma. After the main-
tenance treatment patients with well-controlled asthma
do not develop an exacerbation whereas patients with
uncontrolled asthma may exacerbate at any time. In
patients with moderate or severe persistent asthma,
control may not be achieved with an inhaled corticos-
teroid or even a combination inhaler containing a corti-
costeroid and a long-acting B3, agonist which is often
more effective than the former in preventing asthma
exacerbation. Maintenance recombinant anti-IgE mono-
clonal antibodies may be given because the strategy
has been shown to be effective for severe asthma in
reducing the number of exacerbations as demonstrated
in several studies“**%, Although the studies suggested
the involvement of aeroallergen-triggered IgE response
in asthma exacerbation and worsening of airway in-
flammation, little is known about IgE production in pa-
tients with various asthma controls.

Therefore, we investigated IgE responses in
patients with allergic asthma who achieved well-con-
trolled or partly-controlled status and who were un-
controlled with an inhaled corticosteroid or a combina-
tion inhaler containing a corticosteroid and a long-act-
ing B, agonist or other additional asthma medications,
with the exception of systemic corticosteroids and re-
combinant anti-lIgE monoclonal antibodies. We found
that patients with uncontrolled allergic asthma showed
higher IgE production than those with well-controlled
and partly-controlled asthma and this response nega-
tively correlated with FEV, and PC, and the levels of
IgE among all asthmatic patients positively correlated
with peripheral blood eosinophilia.

Material and Method
Subject participants

Non-smoking allergic asthmatic subjects were
recruited from asthma clinics at Siriraj Hospital. Eligible
subjects were between the ages of 15 and 80 years, had
physician-diagnosed asthma according to the Ameri-
can Thoracic Society criteria. Subjects demonstrated
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a reversibility of FEV, after therapy with nebulized
albuterol (2.5 mg) of > 12% and a provocative concen-
tration of a methacholine causing a 20% fall in FEV,
(PC,,) of < 4 mg/mL and their asthma medications
were not adjusted within 3 months prior to study entry.
Allergic status was defined by the presence of a
positive skin prick test to at least one of four
common aeroallergens (grass pollen, cat dander,
Dermatophagoides pteronyssinus, Aspergillus
fumigatus). None had received therapy with oral corti-
costeroids in the 3 months and with recombinant anti-
IgE monoclonal antibodies prior to the study nor had
they had any asthma exacerbation or respiratory tract
infection within 4 weeks before the study or co-morbid
medical illnesses. Subjects with history or clinical signs
of parasitic infection, chronic inflammatory diseases,
and HIV-infection were excluded. Written informed con-
sent was obtained from each patient, and the study
was approved by the Ethics Committee of Siriraj Hos-
pital.

All subjects underwent thorough clinical
evaluation (age, sex, occupation, smoking status, physi-
cal examination) and their current asthma medications
were reviewed, skin prick test with allergen extracts
and lung function test (spirometry) were performed, as
well as nonspecific bronchial provocation (methacho-
line) to verify bronchial hyperresponsiveness (but not
if baseline FEV, was less than 50% predicted or 1.0
L), A blood sample was drawn to determine serum
total IgE levels.

The level of asthma control was determined
by the GINA 2006 criteria that used information gath-
ered from a questionnaire and spirometric data®. The
assessment of asthma control was made while all sub-
jects were on the regular use of appropriate asthma
medications. All subjects were classified as having well-
controlled or partly controlled or uncontrolled asthma
on the basis of 6 criteria:

1. Use of reliever/rescue treatment

2. Presence of daytime asthma symptoms

3. Presence of nocturnal asthma symptoms

4. FEV, < 80% of race-corrected predicted
(measured at the study visit)

5. Limitation of daily activities

6. Presence of > 1 exacerbation of the previ-
ous year

Subjects were classified as well controlled if
they did not meet any of the above criteria, were classi-
fied as partly controlled if they met any of the above
criteria in any week, and were classified as uncontrolled
if they met > 3 of the above criteria.
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Lung function measurements and methacholine chal-
lenge

FEV, and FVC were measured using a dry
wedge spirometer (Vitalograph, Buckingham, UK). Val-
ues are expressed as the percent of predicted normal
values. Baseline values were measured after 15 min of
restand were taken as the highest of three readings.
Single readings only were taken at other times. The
methacholine PC20 was determined by the linear inter-
polation of the concentration-FEV, response curve as
previously described®.

Skin prick test (SPT)

Skin prick test carried out by aeroallergen skin
prick testing of the right forearm of each subjects us-
ing extracts of Dermatophagoides pteronyssinus,
Amaranthus hybridus, Periplaneta americana,
Cynodon dactylon, cat epithelium (Felis catus), dog
epithelium (Canis familiaris), Ceiba pentandra, mold
mix (Alternaria alternata, Aspergillus niger, Bipolaris
sorokiniana, penicillium notatum and Cladosporium
sphaerospermum), and Aspergillus mix (Amstelodami,
A. flavus, A. fumigatus, A. nidulans, A. niger). Saline
and histamine were used as negative and positive con-
trols, respectively. Wheal size was read after 15 min-
utes and the SPT response was considered positive
with a wheal diameter to the particular allergen of 3 mm
or larger than that produced by NaCl.

IgE measurement

Total serum IgE was measured in duplicate
for all subjects with asthma by using latex agglutina-
tion test (N latex IgE mono, Dade Behring, Germany)
with automatic system (BN prospec version 1.12, Dade
Behring Inc, Germany). Total IgE levels were expressed

Table 1. Subject demographics and medication use

as lU/ml. The range of detection limit was between 4.76
IU/ml and 40,000 IU/ml.

Statistical analysis

Data are presented as mean + SD. Total IgE
(adjusted for age and sex), blood eosinophils, and PC,,
methacholine data were log-transformed to achieve a
normal distribution. The differences in clinical charac-
teristics of three asthma control groups (well-controlled,
partly-controlled, and uncontrolled asthma) were ex-
amined by Pearson Chi-square test. For continuous
variables, an ANOVA was performed to examine sig-
nificant differences between asthma control groups.
Tukey method was performed for individual compari-
sons when an overall F-test indicated significant dif-
ferences among mean values. Kruskal-Wallis test was
performed for ordinal data. The relationship between
the serum total IgE and FEV,, PC,,, and peripheral blood
eosinophil numbers was achieved using Spearman’s
rank correlation test. Two tailed tests were performed
anda p-value of less than 0.05 was considered signifi-
cant. The SPSS V. 10.5 statistical analysis software was
used for this analysis (SPSS Ino., Chicago, IL).

Results
Subject characteristics

One hundred and ninety allergic asthmatic
patients who were on the regular use of anti-inflamma-
tory therapy for three months without adjusting treat-
ment before the evaluation of achievement in asthma
control were recruited into the study. Table 1 summarises
their clinical characteristics. According to the GINA
criteria, 64 patients were well-controlled asthmatics, 88
partly-controlled, and 38 uncontrolled. The age of pa-
tients with uncontrolled asthma was higher than well-

Group 1: Group 2: Group 3: p-value
Well controlled  Partly controlled  Uncontrolled
(n=64) (n=88) (n=38)
Demographics
Current age (y) 50.2 +15.1 50.3+14.1 57.2+11.2 0.024@3
Age of asthma onset(y) 285+ 19.5 29.6 + 16.6 27.8+17.7 0.86
Asthma duration 21.7+17.3 20.7 +14.7 29.4+154 0.016@3
Number of asthma medications 1.26 + 0.6 1.71+0.8 1.92+0.9 <0.0001®2

Means + SD are shown.

pvalues for comparison among groups were derived from ANOVA and Chi-Square test as

appropriate. 1 =comparison between group 1 and 2; 2 = comparison between group 1 and 3; 3 = comparison between group

2and 3.
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controlled and partly controlled asthmatics. Duration
of being asthma in uncontrolled asthmatics was longer
than the other two groups. In addition, the number of
asthma medications which patients in uncontrolled and
partly controlled groups administered more than the
well-controlled group.

IgE levels and other study parameters among the vari-
ous GINA asthma control groups

Serum total IgE concentrations were signifi-
cantly higher in patients with uncontrolled asthma than
in those with well-controlled and partly-controlled dis-
ease (p <.0001) (Table 1). We found that the onset of
asthma did not affect the levels of IgE production.

In comparison with patients with well-con-
trolled asthma, FEV,, FVC, FEF,, ., and PC, values of
patients with uncontrolled asthma showed statistically
lower significance, whereas peripheral blood eosino-
phil counts were significantly higher in those with un-
controlled disease compared to those with well con-
trolled disease (p = .004) (Table 2). However, the num-
bers of prick test positivity to common seven allergens
were not different among the various GINA asthma
control groups.

Relationships between total serum IgE and
lung function indices, PC, and peripheral blood eosi-
nophil counts

Table 2. Lung function indices and other study parameters

Mean basal prebronchodilator FEV, and PC,
but not FEV /FVC ratios and FEV % were inversely
associated with logarithm serum IgE values in uncon-
trolled asthma group (r =-0.42, p=.0075,r=-0.36,p =
.04, respectively; Fig. 1), whereas peripheral blood eosi-
nophil counts were positively associated with serum
total IgE levels (r=0.25, p .0007; Fig. 1). However, none
of these associations between log IgE and lung func-
tion indices was demonstrated in other asthma control
groups.

Discussion

The present study demonstrates that the lev-
els of serum total IgE in subjects with uncontrolled
allergic asthma are significantly higher than those in
well-controlled asthmatics. In addition, the results of
our study suggest that the regular use of appropriate
anti-inflammatory treatment, in particular inhaled corti-
costeroids, did not have much effect on serum total
IgE levels.

Several studies suggested that total serum
IgE correlated with asthma severity as evaluated be-
fore anti-inflammatory therapy®>*®. However, little is
known about IgE responses in allergic asthmatic sub-
jects during a period on therapy. Our data suggested
that patients with uncontrolled allergic asthma had sig-
nificantly high serum IgE levels compared to those with

Group 1: Group 2: Group 3:

well controlled partly controlled uncontrolled

n Mean + SD n Mean + SD n Mean + SD  P-value

Baseline lung function

FEV % 64 86.8+10.3 88 65.1+18.6 38 63.1+20.8 <0.0001¢2
Pre-bronchodilator FEV, (L) 64 1.99+0.64 88 1.49+0.58 38 135+0.55 <0.0001¢2
FVC (L) 64 261+0.75 88 222+0.7 38 194+0.77  <0.0001¢2
FEV, %FVC 64 765+ 127 88 67.5+1838 38 73.7+304 0.02®
FEF,, .. % 64 1.58+0.59 88 1.1+0.6 38 096+0.48 <0.0001¢2
Methacholine PC,, (log, mg/mL) 60  0.42 +0.72 60 -0.31+0.83 32 -0.31+0.93 <0.0001¢2
Blood eosinophils (log) 62 1.98+0.47 84 213+0.64 32 238+0.45 0.004@
Total serum IgE (log) 64 1.89+0.57 88 2.45+0.57 38 272+0.34  <0.0001%®
Number of positive skin test* 61  4[1, 9] 88 5[1,9] 35 5[1,9] 0.942
Dose of ICS (mg/d) 63  703.5+355 88 904.3 +448 37 1075.4 +420 <0.0001%2

Means + SD are shown. P-values for comparison among groups were derived from ANOVA.
* represents Median [Min, Max], 1 = comparison between group 1 and 2; 2 = comparison between group 1 and 3; 3 =

comparison between group 2 and 3.

Abbreviations: FEV, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; PC

causing a 20% fall in FEV,
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well-controlled asthma and those with partly-controlled
asthma. The high IgE response could not be attenu-
ated although the uncontrolled allergic asthmatics were
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Fig 1.  Relationship between log IgE and pre-bronchodi-
lator FEV, (A), log PC, (B) in subjects with un-
controlled asthma and peripheral blood eosinophil
counts (C) in all asthmatic patients. Symbols rep-
resent asthmatic individuals. IgE production cor-
related negatively and significantly with FEV, and
PC,,, Whereas it correlated positively and signifi-

cantly with peripheral blood eosinophilia
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on a regular use regimen of inhaled corticosteroids at
higher dose compared with the others. In addition, sub-
jects with uncontrolled disease were treated with a sig-
nificantly greater number of asthma medications com-
pared with the well-controlled group. These data also
suggested that the uncontrolled condition might be as
a consequence of high IgE production.

As previous studies have failed to demon-
strate associations between asthma symptoms and
markers of atopic sensitization, investigators have con-
cluded that atopy may have a lesser role in determining
asthma control than in determining severity®. This
speculation is not supported by our own and recent
other studies'® demonstrating that patients with un-
controlled allergic asthma had high IgE response which
was significantly associated with FEV, and PC, . The
GINA guideline on asthma clearly defines the goals of
asthma therapy and identify persistent symptoms and
lung function abnormalities as evidence of poor asthma
control®, Apart from the above recommendations, the
present study may suggest that IgE response should
be evaluated among allergic asthmatic patients with
uncontrolled stage and also that future studies are re-
quired to determine whether calibrating the corticos-
teroid dose according to the level of total IgE is a fea-
sible approach in asthma management.

Many studies have shown the correlation of
BHR and serum total IgE levels®®-??, Present data indi-
cate that the presence of a high IgE concentration only
in subjects with uncontrolled allergic asthma relates to
BHR measured simultaneously. In addition, our study
indicates that IgE production was significantly albeit
not strongly associated with peripheral blood eosino-
philia, implying that development of BHR and eosino-
philic inflammatory responses requires IgE production,
which is inconsistent with murine models demonstrat-
ing equivalent degrees of eosinophilic inflammation
and BHR elicited by means of allergen inhalation in
wild-type and IgE deficient mice®?2%, In contrast to
uncontrolled allergic asthmatics, we observed no sig-
nificant relationship between BHR and IgE concentra-
tions in the well-controlled group. The different rela-
tionship of these factors among these asthma control
groups may imply the important role of IgE in the de-
velopment of uncontrolled asthma status.

Itis well known that corticosteroids are effec-
tive in increasing lung function, reducing bronchial
hyperresponsiveness, preventing exacerbations and
hospitalization®?® and in reducing airway inflamma-
tion@?, Topical corticosteroids have beneficial effect
on local IgE production only in patients with allergic
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rhinitis@*3 put not in those with asthma, despite be-
ing on systemic corticosteroids®Y. The mean baseline
FEV, and PC,, was relatively low in the uncontrolled
group in spite of having been treated with ICS for 3
months prior to evaluation of lung function test, possi-
bly indicating that our allergic asthmatics with poor
disease control experienced unimproved pulmonary
function connected with IgE binding on the surface of
effector cells, which causes the release of pro-inflam-
matory mediators. Although we did not measure local
IgE production which has been recently reported to be
present in the small airways®?, the possibility that ICS
could inhibit local IgE levels could be excluded be-
cause, if this is the case, we should demonstrate the
improvement of FEF,, __ values in allergic asthmatics
with uncontrolled disease who were persistently on a
high dose of ICS when compared with those with well-
controlled asthma.

Our study has a number of limitations. Be-
cause of high prevalence of parasitic infection, we could
not totally exclude the possibility that the increase of
IgE production may be immune response to parasitic
infections to some extent although stool examination
was tested in some patients who had extremely high
IgE levels. In addition, we did not do serial IgE mea-
surement so it remains unknown whether elevated IgE
levels in patients with partly controlled or uncontrolled
asthma were persistent or transient.

In conclusion, the present study suggests that
high and non-suppressible IgE production may lead to
the development of uncontrolled asthma.
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