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Relevance of Serum IgE Estimation in
Allergic Bronchial Asthma with
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SUMMARY Studies suggest the importance of serum total and specific IgE in clinical evaluation of allergic mani-
festations. Such studies are lacking in Indian subcontinent, though a large population suffer from bronchial asthma.
Here relevance of serum total and specific IgE was investigated in asthmatics with food sensitization. A total of 216
consecutive patients (mean age 31.9 years, S.D. 11.8) were screened by various diagnostic testing. Out of 216 pa-
tients, 172 were with elevated serum total IgE (201 to > 800 IU/ml). Rice elicited marked positive skin prick test re-
actions (SPT) in 24 (11%) asthma patients followed by black gram 22 (10%), lentil 21 (9.7%) and citrus fruits 20
(9.2%). Serum total IgE and specific IgE showed significant correlation, p = 0.005 and p = 0.001, respectively, with
positive skin tests. Blinded food challenges (DBPCFC) with rice and or black gram confirmed food sensitization in
28-37% of cases. In summary, serum total IgE of 265 IU/ml or more with marked positive SPT (4 mm or more) can
serve as marker for atopy and food sensitization. Specific IgE, three times of normal controls correlates well with
positive DBPCFC and offers evidence for the cases of food allergy.

Inflammation is the hallmark of bronchial
asthma, which results in airway hyperresponsiveness
and resistance to flow in the lower airways of
lungs.*? Various stimuli such as environmental al-
lergens, psychic disturbances, infection, etc. are re-
sponsible for triggering inflammation and causing
mild, moderate or severe airflow obstruction in
asthmatics.>* After discovery of IgE antibody,’ at-
tempts have been made to classify extrinsic asthma
from intrinsic asthma.® Earlier studies suggest the
importance of serum total IgE in the pathophysiol-
ogy of asthma and the development of airflow ob-
struction.>*’ Besides, a close association has been
reported between the presence of elevated total IgE
levels and symptomatic asthma.

Incidence of asthma has increased world
over including Asian countries.®® In India about 2-

8% population is estimated to suffer from bronchial
asthma with or without rhinitis® Like pollen and
other allergens, foods are also known to cause severe
systemic reactions and asthma in atopic individuals.
But in India, very few attempts are made to study
food sensitization and the allergic manifestations.'®**
Currently, the methods used to diagnose food allergy
include skin prick tests, measurement of food spe-
cific IgE, oral food challenges and double blinded
placebo controlled food challenge. Determination of
serum total IgE distinguishes atopic and/or non-
atopic status of individuals.*>** Skin prick testing
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with allergen extracts is carried out to find out sensi-
tization against offending allergens. Specific IgE es-
timation against respective allergen offers further
evidence™™ to skin test results. However, all these
methods of diagnosis, even double blinded placebo
controlled food challenge may sometimes be mis-
leading.’® In view of the shortcomings in individual
methods, the present study was undertaken to vali-
date relevance of specific IgE estimations in diag-
nosing food allergy in asthmatics. Serum total IgE
levels in these patients were also correlated with skin
prick tests, oral food challenge and pulmonary ob-
struction.

MATERIALS AND METHODS
Subjects

Two hundred sixteen patients of bronchial
asthma with or without rhinitis were included in the
present study from referred cases to Out Patient De-
partment of V.P. Chest Institute, Delhi, in the years
2003-2004. These patients aged 8-65 years com-
prised 115 (53.2%) males and 101 (46.7%) females.
The patient’s were with history of food allergy as re-
corded using a standard questionnaire.!’ The diag-
nosis of asthma was made based on history and
clinical investigation following the criteria of Ameri-
can Thoracic Society 1991."® More than 15% re-
versibility of airway obstruction with 200 ug of sal-
butamol was taken as criteria for diagnosing asthma.
The rhinitis® was assigned to patients having any
two of the symptoms such as sneezing, rhinorrhea,

nasal blockade, post nasal drip, etc. Various steps
involved in patient selection and testing in present
study are described in Fig. 1.

The patients (asthmatics) from both sexes
and non-smokers were included with history sugges-
tive of atopy (inclusion criteria). Patients with other
associated pulmonary diseases including tuberculo-
sis, COPD and systemic diseases, e.g. diabetes, hy-
pertension and heart diseases were excluded (exclu-
sion criteria) from the study. Patients with mechani-
cal causes of airway obstruction, steroid dependent
and psychologically unstable cases were also ex-
cluded.

The written consent of each patient was ob-
tained for participation in the study. The patients
were persuaded to give blood for serum total and
specific IgE estimation. The study protocol is ap-
proved by human ethics committee of the Institute.

Pulmonary function test

Spirometric evaluation of patients was done
as per American Thoracic Society guidelines'® with
Morgan Pulmolab equipment, England. The best of
the three readings were taken for assessing their
pulmonary function.

Skin prick tests (SPT)

Skin tests were carried out in 216 patients
with history suggestive of sensitization to food and

216 asthma patients (referred cases)

History & clinical investigation
(blood, X-ray, stool, physical examination, PFT [n = 182] etc.)

!
Skin prick tests (n = 216),
Normal (n = 41)

Serum total IgE estimation (n = 216)
NHS (n = 41 normal control)

!
Specific IgE estimation (n = 144)
NHS (n = 41 normal control)

Open food challenge
(n =40, SPT+ELISA positive cases)

!
Blinded oral food challenge (DBPCFC)
(n =30, SPT + ELISA positive cases)

Fig. 1 Flow chart describing the steps involved in patients’ selection and testing for the present study.
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common environmental allergens. The skin test re-
actions were graded after 20 minutes® in comparison
to the wheal size of positive control, i.e. histamine
diphosphate (5 mg/ml). Skin tests with mean diame-
ter of wheal three mm and above were considered as
marked positive reaction. For SPT, the allergen ex-
tracts (1:10 w/v, 50% glycerinated) were obtained
from Antigen Laboratory, Institute of Genomics and
Integrative Biology (CSIR), Delhi.

Total IgE estimation

Serum total IgE estimation®* was carried out
for each patient and normal control by enzyme-
linked immunosorbent assay (ELISA) using
Pathozyme IgE kit (Omega Diagnostic Ltd, UK).
Monoclonal anti-IgE was coated into wells as per
manufacturer’s instruction. After washing, patient’s
serum diluted 1:10 v/v with the zero buffer was in-
cubated for 30 minutes at 25°C. Followed by wash-
ing, horse radish peroxidase conjugated anti-human
IgE was added and incubated for 30 minutes. The
color was developed by adding tetramethyl ben-
zidene. The enzyme reaction was stopped with 100
pl of hydrochloric acid. Absorbance was read at 450
nm using Dynatech ELISA reader.

Specific IgE estimation

Sera of patients showing marked positive
skin reactions were evaluated by ELISA for specific
IgE? against respective food extract. Briefly, 2 pg
protein (extract) was coated (100 pl) per well in car-
bonate-bicrbonate buffer (pH 9.0) overnight at 4°C.
After washing five times with phosphate buffered sa-
line (PBS), unbound sites were blocked with 3%
BSA. Following washing, wells were incubated with
1:10 v/v diluted patients’ sera (100 pl) overnight at
4°C. The plate was washed again with PBS-Tween-
20 and incubated with horse radish peroxidase con-
jugated anti-human IgE for 4 hours at 37°C. The
color was developed using O-phenylenediamine. The
reaction was stopped by adding 50 ul of sulphuric
acid. Absorbance was read at 490 nm using an
ELISA reader.

Open food challenge (OFC)

In open food challenge test, the patients were
given orally 20-60 g of suspected food(s) as per the
history and kept under observation for 20 to 60 min-
utes. Spirometry evaluation was done before and af-

ter food challenge and fall in force vital capacity was
recorded. OFCs were performed under medical su-
pervision and patients were asked to stay in the clinic
for at least 2 hours after the test. During the observa-
tion time blood pressure, pulse rate, forced expira-
tory volume in 1 second and peak expiratory flow
were measured. Subjects showing a positive OFC
were subsequently tested with DBPCFC.

Double blinded placebo controlled food challenge
(DBPCFC)

Double blinded placebo controlled food
challenges (DBPCFCs) were performed as per the
guidelines described earlier.”® Briefly, the active
food was masked to make it indistinguishable from
the placebo and was administered in double blinded
fashion, i.e. neither the patient nor the observer re-
cording clinical manifestation knew about the con-
tent. The initial dose of food administered in
DBPCFC was chosen based on the results of OFC.
Approximately 20-30 g of the test food was suffi-
cient to provoke allergic reactions in susceptible pa-
tients.

Spirometry evaluation, forced expiratory
volume at one second (FEV;) was made prior and af-
ter food challenge. The airflow obstruction (PFT)
was noted after food challenge test and obstruction
of more than 15% in FEV; or 200 ml change was
taken as significant value. The patients who devel-
oped symptoms such as breathlessness, cough,
sneezing, rhinorrhea, vomiting and significant
changes in spirometry were scored as DBPCFC posi-
tive. The patients were kept under observation for at
least 2 hours after the food challenge test. In case of
anaphylactic reaction as a result of provocation the
patients were given epinephrine and avil and were
nebulized with salbutamol and ipratropium bromide.

Same ingredients of placebo were used in
both the active food and placebo. Placebo was se-
lected from food materials which showed negative
SPT, ELISA (Specific IgE) and oral challenge test in
patients. The test recipe was usually prepared in the
ratio of 3:1 (Placebo:test food).

Statistical analysis

The statistical analysis was performed using
SPSS (Statistical Package for Social Sciences) ver-
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sion 10.5 software. The data was analyzed for all
variables using the Chi-square test. The comparison
was made between serum total IgE levels with pul-
monary function, serum total IgE with skin prick test
and specific IgE with skin prick test and oral food
challenge test. The differences were considered to be
statistically significant at p = 0.05.

RESULTS

Out of 216 patients included in the present
study, 54 were suffering with asthma alone, whereas
162 had associated rhinitis. Most of the patients
were in the age group of 21-40 years with mean age
31.9 (SD 11.8). Serum total IgE was estimated in all
cases (n = 216) by ELISA. Age wise distribution of
total IgE values (IU/ml) has been presented in Table
1. Maximum patients (n = 56) with elevated IgE
(201 to > 800 1U/ml) were in 21-30 years age group
followed by 31-40 years (n = 54) and least (n = 12)
were in 51 years and above group. The serum total
IgE data was analyzed in two groups of patients: (a)
bronchial asthma alone and (b) asthma with associ-
ated rhinitis (Table 2). Altogether 61 patients showed

total IgE in the range of 201-400 1U/ml, 28 patients,
IgE 401-600 1U/ml and 44 patients showed IgE val-
ues, 601-800 IU/ml. Thirty-nine patients demon-
strated serum total IgE > 800 1U/ml.

Out of the 216 cases, pulmonary function
test could be performed in 182 asthma patients to re-
cord air flow obstruction. The patients were catego-
rized as normal (> 80% of the predicted FEV;), mild
(60-80% of the predicted FEV,), moderate (40-60%
of the predicted FEV,) and severe (< 40% of the pre-
dicted FEV,) on the basis of airflow obstruction.
Pulmonary obstruction (FEV,) and serum total IgE
values were analyzed for all asthmatics (with or
without rhinitis) and presented in Fig. 2. The total
IgE values in normal healthy volunteers (NHS, n =
41) ranged from 6-231 IU/ml. Mean £ 2SD was cal-
culated and values > 265 1U/ml IgE were taken to
classify ELISA cut off for patients with significantly
elevated IgE levels (Fig. 2). Among the patients
with mild (n = 55) to moderate (n = 40) airflow ob-
struction, 40 and 27 patients, respectively demon-
strated remarkably elevated IgE levels (265 1U/ml).
Severe airflow obstruction was recorded in 19 cases

Table 1 Serum total IgE values in different age groups of asthma patients

Age group Total IgE (1U/ml) Total
(years)
6-200 201-400 401-600 601-800 > 800

08-20 09 08 02 10 10 39
21-30 17 16 11 16 13 73
31-40 07 20 09 14 11 61
41-50 07 1" 03 03 03 27
51 & above 04 06 03 01 02 16

Table 2 Distribution of serum total IgE in two groups of asthma patients

Total IgE (1U/ml) Bronchial asthma  Asthma with rhinitis Total
No. No. No. (%)
6-200 11 33 44 (20.4)
201-400 14 47 61 (28.2)
401-600 11 17 28 (13.0)
601-800 12 32 44 (20.4)
> 800 06 33 39 (18.1)
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and 15 of them demonstrated significantly elevated
IgE levels. Comparative analysis of the data showed
no statistically significant correlation (p = 0.815) be-
tween serum total IgE levels and pulmonary obstruc-
tion (PFT).

SPT reactivity of these patients (n = 216)
was evaluated with different food extracts (Table 3).
Rice extract elicited marked positive SPT in 24
(11%) patients followed by black gram 22 (10%),
lentil 21 (9.7%) and citrus fruits 20 (9.2%). The
food extracts such as pea, maize, French bean, Lima
bean, fish and mustard exhibited marked positive
skin reactivity in 5-6% patients. Many food extracts
demonstrated marked positive skin reactions in 2-4%
of the cases tested. Beside food extracts, these pa-
tients were skin tested with 9 dominant pollen aller-
gen extracts. Some of the patients positive to foods
also showed marked positive skin reactivity to pollen
extracts. This may be due to co-sensitization or pres-
ence of cross reactive proteins in the extracts.

Specific IgE estimations were carried out in
sera of patients against 9 major food allergens (Table
4). About 60-91% of SPT positive patients showed
raised specific IgE levels. Specific IgE values three
times of normal control (OD = 0.27 or more) were
designated as ELISA positive. Comparative analysis
of marked positive SPT and specific IgE (n = 144)
showed significant correlation (p = 0.001). Serum
total IgE values (n = 216) showed highly significant
correlation (p = 0.005) against marked positive skin
tests.

Open food challenge (OFC) was carried out
in 40 SPT and ELISA (specific IgE) positive asthma
patients. The OFC was positive in 27 (67.5%) cases
tested with rice, black gram, citrus fruits, banana,
French bean and lentil. DBPCFCs conducted with
rice (n = 16) and black gram (n = 14) in SPT positive
cases, demonstrated positive challenges in 6 (37.5%)
and 4 (28.5%) cases, respectively. The patients’ suf-
fered with breathlessness, cough, sneezing, rhinor-
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Fig. 2 Analysis of total IgE levels and airflow obstruction in bronchial asthma patients. Out of
182 asthma patients, 55 showed mild, 40 moderate and 19 severe airflow obstruction.
The remaining 68 asthmatics showed normal airflow obstruction at the time of testing
(data not included) mean + 2 SD of normal human sera (NHS, n = 41) was calculated
as given in parenthesis (ODs > 265 |U/ml).
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rhea, vomiting, stomach upset etc. after the challenge
test. Specific IgE and DBPCFCs with rice and black
gram were correlated for 30 patients. The patients
with specific IgE, three times of normal control or
more (OD > 0.27) demonstrated positive DBPCFC.

DISCUSSION

Open food challenge (OFC) and/or double
blinded placebo controlled food challenge
(DBPCFC) are recommended to achieve definitive
diagnosis of food allergy.?> DBPCFCs are cumber-
some, associated with risk and results of OFCs are
not always reliable. In recent years, some studies
have related the total and specific IgE levels in se-
rum and respiratory symptoms in patients sensitized
to food or inhalant allergens.****** Choi et al.?® ob-
served that sensitivity of skin test was higher than
specific IgE test, whereas the specificity of IgE test
was better than skin test. Therefore, both the tests

should be used in a complimentary manner.
Sampson and Ho?" have established cut off points in
the specific IgE serum levels for different foods that
can predict clinical reactivity after ingestion in 90-
95% of the group studied. In the present study, rele-
vance of serum total IgE levels was evaluated in
terms of airway responsiveness, i.e. pulmonary ob-
struction in allergic asthmatics. The data for serum
total IgE and specific IgE against respective food al-
lergen were collected, analyzed and correlated for
clinical use.

Previously serum total IgE levels were
shown to be related with age, genetic predisposition,
race, immune status and some disease processes.28
The upper limit for IgE in normal adults has been re-
corded in the range of 40.9 IU/ml to 200 1U/ml in
different studies.”®® Lindeberg and Arroyave® have
defined 100 1U/ml as the cutoff to differentiate aller-
gic and non-allergic subjects. For children less than

Table 3 Skin prick tests (SPT) with food allergen extracts on patients of asthma (n = 216)

Sample Allergen extracts 2+ 3+ 4+ Total

number No. No. No. No. %
1 Rice 23 1 - 24 111
2 Black gram 19 3 - 22 10.1
3 Lentil 21 - - 21 9.7
4 Citrus fruits* 15 4 1 20 9.2
5 Pea 10 3 - 13 6.0
6 Maize 11 2 - 13 6.0
7 Lima bean 9 3 - 12 5.5
8 French bean 11 1 - 12 5.5
9 Fish 9 2 - 11 5.0
10 Mustard 10 1 - 11 5.0
11 Peanut 8 1 - 09 4.1
12 Banana 9 - - 09 4.1
13 Soybean 5 1 1 07 3.2
14 Coconut 6 1 - 07 3.2
15 Chicken 4 3 - 07 3.2
16 Radish 5 1 - 06 2.7
17 Almond 5 - - 05 2.3
18 Carrot 5 - - 05 2.3
19 Cashew nut 5 - - 05 2.3
20 Wheat 3 1 - 04 1.8

Total food extracts tested (n = 38); food extracts (n = 15) not included here showed SPT +ve reac-
tions in < 1% cases; 2+ to 4+ = markedly positive skin reactions.

*Citrus fruits include orange, grapes, mausami and lemon.
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positive asthma patients

Table 4 Specific IgE levels against food allergen extracts in skin prick test (SPT)

Sample Allergen extracts SPT +ve Specific IgE positive*
number
No. %

1 Rice 24 16 66.6
2 Black gram 22 16 72.7
3 Lentil 21 16 76.1
4 Citrus fruits 20 12 60.0
5 Pea 13 09 69.2
6 French bean 12 11 91.6
7 Lima bean 12 08 66.6
8 Mustard 11 07 63.6
9 Banana 09 07 7.7

* ELISA positive = ODs > 0.27 (three times of normal control), Normal control = 0.09.

one year of age, the cut off value of 10 1U/ml pro-
vided 100% specificity and sensitivity. In the pre-
sent study, 265 1U/ml serum total IgE (mean + 2SD
of NHS) was taken as cutoff for ELISA positive.
Based on this, 82 (45.1%) asthmatics showed mild,
moderate or severely impaired lung function (Fig. 2).
The patients with significantly elevated IgE levels
(201 to > 800 1U/mI) were in 21- 40 years age group.
But no statistically significant correlation was ob-
served between age and total IgE levels in our study
(p = 0.12). Burrows et al.*? reported similar findings
about serum total IgE and rate of disease in different
age group patients. Shadick and co-workers® ob-
served association between serum total IgE concen-
trations at the early life with lower level of pulmo-
nary function. But it is not predictive of accelerated
rate in decline of FEV1 among middle aged and
older man. Taylor and coworkers® observed in a 7.5
years follow up study, that decline in FEV1 was un-
related to total serum IgE levels. This is in agreement
to our findings since no statistically significant corre-
lation (p = 0.815) was observed between total IgE
levels and pulmonary obstruction in allergic asthmat-
ics.

Earlier studies suggest that quantitation of
food specific IgE is a useful test for diagnosing al-
lergy to milk, egg, peanut and fish."*** This could
eliminate the need of double blinded placebo con-
trolled challenges in a significant number of subjects.
Garcia-Ara et al.** also stated that, milk allergic

cases with positive SPT and 2.5 kU/I specific IgE or
greater should not be subjected to oral food chal-
lenges. In the present study, many asthmatics
showed food sensitization as evaluated by history
and skin prick tests (SPT). Specific IgE estimation
with 9 common food allergen extracts showed sig-
nificantly raised levels in SPT positive cases. The
data for marked positive skin tests and specific IgE
showed statistically significant (p = 0.012) correla-
tion. Among 40 SPT and ELISA positive (specific
IgE 3 times of control) cases, 27 (67.5%) patients
gave OFC positive test. However, no statistically
significant correlation (p = 0.608) was observed be-
tween higher specific IgE and open food challenge
positivity. DBPCFC carried out with rice and black
gram showed positive challenges in 37.5% to 28.5%
cases tested. The patients showing DBPCFC positive
were with marked positive skin tests (4 mm or more
wheal) and significantly elevated specific IgE (OD >
0.27, i.e. three times or more of normal control)
against respective food.

In conclusion, elevated serum total IgE lev-
els (> 265 IU/ml) indicate towards atopic status of
patients, but it did not correlate with pulmonary ob-
struction in allergic asthmatics. Specific IgE three
times of control and skin prick tests 4 mm wheal or
more offer substantial evidence for food hypersensi-
tivity in asthmatics. Based on this, the patients can
be advised to undertake avoidance measures against
the offending food allergen.

197



198

KUMAR, ET AL.

ACKNOWLEDGEMENTS

This work was funded by grant from Indian

Council of Medical Research (ICMR), New Delhi.
The authors are thankful to Mr. Harsh Kumar (statis-
tical analyst) for analysis of data.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

Taylor KJ, Luksza AR. Peripheral blood eosinophil counts
and bronchial responsiveness. Thorax 1987; 42: 452-56.
Kuntz KM, Kitch BT, Fuhlbrigge AL, Paltiel AD, Weiss ST.
A novel approach to defining the relationship between lung
function and symptom status in asthma. J Clin Epidemiol
2002; 55: 11-8.

Peat JK, Salome CM, Woolcock AJ. Longitudinal changes in
atopy during a 4 year period, relation to bronchial hyperre-
sponsiveness and respiratory symptoms in a population sam-
ple of Australian school children. J Allergy Clin Immunol
1990; 85: 65-74.

Sherrill DL, Lebowitz MD, Halonen M, Barbee RA, Bur-
rows B. Longitudinal evaluation of the association between
pulmonary function and total serum IgE. Am J Respir Crit
Care Med 1995; 152: 98-102.

Johansson SGO, Bennich H. Immunological studies of an
atypical (myeloma) immunoglobin. Immunology 1967; 13:
381-94.

Humbert M, Menz G, Ying S, Corrigan CJ, Robinson DS,
Durham SR, Kay AB. The immunopathology of extrinsic
(atopy) and intrinsic (non-atopic) asthma: more similarities
than difference. Immunology Today 1999; 20: 528-33.
Annesi |, Oryszozyn MP, Frette C, Neukirch F, Orvoen-
Frija E, Kauffman F. Total circulating IgE and FEV; in adult
men; an epidemiologic longitudinal study. Chest 1992; 101:
642-48.

Anonymous. Worldwide variation in prevalence of symp-
toms of asthma, allergic rhinoconjunctivitis and atopic ec-
zema: ISAAC. Lancet 1998; 351: 1225-32.

Wong GWK, Leung TF, Fok TF. Asthma epidemiology and
hygiene hypothesis in Asia. Allergy Clin Immunol Int 2004;
16: 155-60.

Kumar R, Sridhara S, Verma J, Arora N, Singh BP. Clinico-
immunologic studies on allergy to pulses- a case report. In-
dian J Allergy Asthma Immunol 2000; 14: 7-12.

Patil SP, Niphadkar PV, Bapat MM. Chickpea a major food
allergen in the Indian subcontinent and its clinical and im-
munochemical correlation. Ann Allergy Asthma Immunol
2001; 87: 140-5.

Burrows B, Bloom JW, Traver GA, Cline MG. The course
and prognosis of different forms of chronic airway obstruc-
tion in a sample from the general population. N Engl J Med
1987; 317: 1309-14.

Klinke M, Cline MG, Halonen M, Burrows B. Problems in
defining normal limits for serum IgE. J Allergy Clin Immu-
nol 1990; 80: 440-4.

Clark MCA, Kilburn SA, Hourihane JOB, Dean KR, Warner
JO, Dean TP. Serological characteristics of peanut allergy.
Clin Exp Allergy 1998; 28: 1251-7.

Martinez TB, Garcia-Ara C, Diaz-Pena JM, Munoz FM,
Sanchez GG, Esteban MM. Validity of specific IgE antibod-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

198

ies in children with egg allergy. Clin Exp Allergy 2001; 31:
1464-9.

Niggemann B, Beyer K. Diagnostic pitfalls in food allergy in
children. Allergy 2005; 60: 104-7.

Vally H, de Klerk N, Thompson PJ. Asthma induced by al-
coholic drinks: a new Food Allergy Questionnaire. Aust NZJ
Public Health 1999; 23: 590-4.

American Thoracic Society. Lung function testing: selection
of reference values and interpretative strategies. Am Rev
Respir Dis 1991; 144: 1202-18.

Adamopoulous G, Monolopolous L, Giotakis I. A compari-
son of the efficacy and the patients acceptability of budeson-
ide and beclomethasone dipropionate aqueous nasal sprays
in patients with perennial rhinitis. Clin Otolaryngol 1995;
20: 340-4.

Dreborg S. Skin testing- the safety of skin tests and the in-
formation obtained from using different methods and con-
centration of allergen. Allergy 1993; 48: 473-5.

Kumari D, Kumar R, Sridhara S, Arora N, Gaur SN, Singh
BP. Sensitization to black gram in patients with bronchial
asthma and rhinitis: clinical evaluation and characterization
of allergens. Allergy 2006; 61:104-110.

Voller A, Bidwel DE, Barlett A. Enzyme-linked immu-
nosorbant assay. Manual of Clinical Immunology. Washing-
ton, DC, American Society of Microbiology, 1980.
Anonymous. American Gastroenterological Association
Medical Position Statement: guidelines for the evaluation of
food allergies. Gasteroenterology 2001; 120: 1023-5.
Pastorello EA, Incorvaia C, Ortolani C, et al. Studies on the
relationship between the level of specific IgE antibodies and
the clinical expression of allergy. I. Definition of levels dis-
tinguishing patients with symptomatic from patients with as-
ymptomatic allergy to common aeroallergens. J Allergy Clin
Immunol 1995; 96: 580-7.

Kerkhof M, Dubois AE, Postma DS, Schouten JP, de Mon-
chy JG. Role and interpretation of total serum IgE measure-
ments in the diagnosis of allergic airway disease in adults.
Allergy 2003; 58: 905-11.

Choi IS, Koh YI, Koh JS, Lee MG. Sensitivity of the skin
prick test and the specificity of the serum specific IgE test
for airway responsiveness to house dust mites in asthma. J.
Asthma 2005; 42: 197-202.

Sampson HA, Ho DG. Relationship between food specific
IgE concentrations and the risk of positive food challenges in
children and adolescents. J Allergy Clin Immunol 1997; 100:
444-51.

Martinez FD, Holberg CJ, Halonen M, Morgan WJ, Wright
AL, Taussig LM. Evidence for Mendelian inheritance of se-
rum IgE levels in Hispanic and non-Hispanic white families.
Am J Human Genet 1994; 55: 555-65.

Burrows B, Halonen M, Lebowitz MD, Knudsen RJ, Barbee
RJ. The relationship of serum immunoglobulin E, allergy
skin tests and smoking to respiratory disorders. J Allergy
Clin Immunol 1982; 70: 199-204.

Lindberg RE, Arroyave C. Levels of IgE in serum from
normal children and allergic children as measured by an en-
zyme immunoassay. J Allergy Clin Immunol 1986; 78: 614-8.
Shadick NA, Sparrow D, O’Connor GT, DeMolles D, Weiss
ST. Relationship of serum IgE concentration to level and rate
of decline of pulmonary function: The Normative Aging
Study. Thorax 1996; 51: 787-92.



RELEVANCE OF SERUM IgE IN ASTHMA

199

32. Taylor RG, Joyce H, Gross E, Holland F, Pride NB. Bron-

chial reactivity to inhaled histamine and annual rate of de-
cline in FEV; in male smokers and ex-smokers. Thorax

1985; 40: 9-16.

33. Sampson HA. Utility of food specific IgE concentrations in
predicting symptomatic food allergy. J Allergy Clin Immu-

nol 2001; 107: 891-6.

199

34. Garcia-Ara C, Martinez TB, Diaz-Pena JM, Martin-Munoz

F, Reche-Frutos M, Martin-Esteban M. Specific IgE levels in
the diagnosis of immediate hypersensitivity to cows’ milk
protein in the infant. J Allergy Clin Immunol 2001; 107:
185-90.



