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Study of skin prick test, total IgE, blood eosinophil and
exhaled nitric oxide (FENO) for classifying allergic or non-
allergic asthma and for asthma management
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ABSTRACT

Background. Asthma is a common respiratory disorder, characterized by local infiltration and activation of a variety of
inflammatory mediators and cells. In allergic asthma, increased blood or tissue eosinophilia, total concentration or specific
IgE, fraction exhaled nitric oxide are frequently reported.

Method. 1t was a prospective study on 67 asthmatic patients. Eosinophil count, IgE concentrations, lung function, and
measurements of nitric oxide in exhaled breath (FENO) were done. The patient had positive skin prick test were classified
as allergic asthma patients and patients with negative skin prick test were considered as non-allergic asthmatic patients.
Results. More than 70% of patients had a history of allergy, in which allergic rhinitis is the most common comorbidity.
Positive skin test of Df, Dp and Blomia house dust mites were higher. Total IgE and blood eosinophil level were high than
normal limit. FENO concentrations were higher in allergic asthmatic patients. All asthmatic patients had a good response
to ICS with moderate to high doses. The asthma control was achieved after 6 months of standard treatment.

Conclusion. Asthmatic patients have mainly allergic characteristics with increased inflammatory biomarkers, especially
FENO level. Therefore, the use of FENO is useful for management of asthma.
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RESUME

Contexte. L'asthme est une maladie respiratoire courante caractérisée par une infiltration locale et l'activation de divers
médiateurs et cellules inflammatoires. Chez les asthmatiques, une augmentation de 1'éosinophilie sanguine ou tissulaire,
une concentration totale ou des IgE spécifiques, de monoxide d’azote (NO) dans l'air expiré sont souvent rapportés.
Meéthode. 11 s'agissait d'une étude prospective sur 67 patients asthmatiques. La numération des éosinophiles, les concentra-
tions d’ IgE, la fonction respiratoire et la mesure du NO dans 1'air exhalée (FENO) ont été effectuées. Les patients avec un
test cutané positif ont été classés comme patients asthmatiques allergiques et les patients avec un test cutané négatif ont été
considérés comme des patients asthmatiques non allergiques.

Résultats. Plus de 70% des patients avaient des antécédents d'allergie, dans laquelle la rhinite allergique est la comorbidité
la plus courante. Les tests cutanés positifs pour les acariens de la poussiere de maison Df, Dp et Blomia étaient plus fré-
quents. Les niveaux d'IgE totales et d'éosinophiles étaient plus élevés que la normale. Les concentrations de FENO étaient
plus élevées chez les patients asthmatiques allergiques. Tous les patients asthmatiques ont bien répondu aux CSI avec des
doses modérées a élevées. Le controle de 1'asthme a été atteint apres 6 mois de traitement standard.

Conclusion. Les patients asthmatiques ont principalement des caractéristiques allergiques avec une augmentation des bio-
marqueurs inflammatoires, en particulier le niveau de FENO. L'utilisation de FENO est utile pour la gestion de l'asthme.
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INTRODUCTION METHOD
Asthma is a common respiratory disorder, character- Study subjects

ized by local infiltration and activation of a variety of
inflammatory mediators and cells. The finding that
eosinophils are harmful to human lung tissue and
that their presence in the bronchial mucosa may cor-
relate with morphological damage to the bronchial
[1]. Non-invasive markers (biomarkers) to assess the
presence and the intensity of airway inflammation in
adult and children have been recommended. Meas-
urements of several blood markers of inflammation
have been reported in the monitoring of asthma [2,3]
as well as fraction exhaled nitric oxide (FENO) has
been proposed as to assess airway inflammation in
asthmatic patients [4-8].

Measuring the level of nitric oxide (NO) in the diag-
nosis and treatment of asthma has been studied for
several years [4-6] and today has become a popular
tool in many countries due to its use. Handheld NO-
devices are very convenient and useful. The applica-
tion of the FENO method in the asthma management
guidelines has created a new step in the diagnosis
and treatment of asthma and has been included in
international recommendations [6,9]. Increased
FENO directly reflects inflammation in the airways
in asthmatic patients and has a strong correlation
between FENO and treatment response [10-15].

However, FENO is not only used as a marker of in-
flammation in asthma as it also correlates with the
incidence of asthma symptoms, as well as the level
of asthma control. Excessive fluctuation of FENO can
predict asthma attacks. In addition, FENO measure-
ments are also used for the purpose of evaluating
treatment response and optimizing treatment with
inhaled corticosteroid. Due to the close correlation
between FENO and response to inhaled corticoster-
oid therapy. Initial studies have shown that NO de-
creases with inhaled and systemic corticosteroid
therapy, which is rapid and inversely proportional
to the dose administered [14-17]. Increasing or de-
creasing FENO values between the two measure-
ments is a sign of decay or improvement in the level
of asthma control.

In Vietnam, the study on FENO measurement in
treatment guidelines in asthma patients is still very
little. Therefore, the study of FENO treatment for
asthma patients is necessary.

OBJECTIVES
This study was conducted to evaluate the allergy
status of asthmatic patients and the effect of using

FENO in diagnosis and treatment of allergic pa-
tients.
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Patients >18-year old who were diagnosed with
asthma at the Clinical Research Center of Bio-
Medical Center of Lam Dong Medical College from
January 2016 to January 2017.

Selection criteria for study subjects

Inclusion criteria

Subjects were more than 18 years.

Have not been in asthma control (never treated or
non-diagnosed patients) or quit at least three month
of daily treatment.

Correctly realized all clinical and functional tech-
niques as recommended.

Exclusion criteria

.Patients with asthma accompanied by other severe
diseases.

-Patients with severe asthma attacks.

-Patients being treated with systemic corticosteroids
(oral, injectable).

Criteria for diagnosis of asthma

Following 2016 Global Initiative for Asthma (GINA)
guidelines for adult to diagnose asthma, asthma se-
verity, and asthma exacerbation.

Methods

Study design

It was a prospective study with the intervention for
asthma treatment with inhaled corticosteroid accord-
ing to GINA 2016 guidelines. This study was ap-
proved to the Ethic Review Board (ERB) of Lam
Dong Medical College.

There was sixty-seven patients were enrolled and
performed skin prick test (SPT), lung function, and
exhaled NO and total IgE measurements.

If the patient has positive skin prick test, we class
allergic asthma patient and patient with negative
skin prick test was non-allergic asthma patient.

Patient classification

Included patients were selected for the study group.
Patient classification was categorized at intermittent,
mild, moderate, and severe asthma; and asthma con-
trol of GINA 2016 as following uncontrolled, partial-
ly controlled, and controlled.

Data collection

All the patients were asked for medical information
and clinical examination to determine asthma status
and levels.

Family and patients” history of allergies such as al-
lergic rhinitis, allergic conjunctivitis, eczema, urticar-
ia, drug allergy, food allergy, and allergic asthma.
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Laboratory tests

Lung function test (LFT)

Performed by phlethysmography or spirometry in-
struments. LFT was done by using whole-body
phlethysmography with Body Box 500 (Medisoft,
Sorinnes, Belgium).

The Body Box had been calibrated every day by us-
ing a standard three liter pump. Al the data such as
FVC, FEV1, FEV1/FVC, PEF, FEF25-75 were record-
ed for analyses. Each study subject beneficed three
best flow - volume curves for FEV1 and all values
were selected in accordance with the ATS (American
Thoracic Society)/ERS (European Respiratory Socie-
ty) recommendations (11). The data was presented
as percentage of theoretical normal values.

Blood count

The number of total IgE, and eosinophilia was done
by automatical machine.

Total amount of IgE in the blood was measured by
luminescence chemistry techniques.

Skin prick test (SPT)

Negative control is a saline solution 0.9%; positive
control is histamine 1mg/ml. Six respiratory aller-
gens are made: Dermatophagoides Pteronyssius
(Dp), Dermatophagoides Farinae (Df), Blomia tropi-
calis (Blo), hair and epidermis of dogs, cats, cock-
roaches (Stallergen; UK). SPT is positive when red-
papular area >3x3 mm.

Measurement of exhaled NO

Exhaled NO was measured at multiple flow rates (50
mL/s, 100 mL/s, 150 mL/s, and 350 mL/s) before
methacholine challenge by using an electrochemical
based analyzer FeNO+ (Medisoft, Sorinnes, Bel-
gium).

Technical measurement of exhaled NO was conduct-
ed according to manufacturer’s instructions, as rec-
ommended by the ATS/ERS guideline [6]. The maxi-
mal bronchial production rate of NO (J'awNO) and
alveolar concentration of NO (CANO) were auto-
matically determined using the two-compartment
model and had been reported via Expair’s software
(Medisoft) as described previously [12,13].

Statistical analyses

Statistical analysis was performed by using SPSS
software (version 22.0; Chicago IL; USA). Values
were expressed as mean * standard deviation for
quantitative variables and percentage for qualitative
variables. The comparison between groups was done
by Student’s t-test. The Pearson coefficient was used
to evaluate the correlation between parameters and
statistical significance as determined by P value <
0.05.

40 VOLUME 9 - ISSUE 29

RESULTS

Clinical and functional des study subjects

TABLE1 Clinical characteristics of allergic

asthma of study subjects

Subject characteristics N =67
Age 32+13
Gender, Female (Male ), % 46 (54)
BMI, kg/m? 242+35
Individual allergy, % 79.3
Skin eruption , % 18.5
Allergis rhinitis, % 68.9
Conjuntivis, % 11.5
Eczema, % 25.6
Drug allergy, % 7.6
Food allergy, % 87
Family allergy history, % 74.2
Asthma level, %
Level 1 6.7
Level 2 48.6
Level 3 447
Level 4 0.0
Asthma at admission, %
Yes 68.6
No 31.4

TABLE2 Biological and functional characteris-
tics of allergic asthma of study

subjects
Laboratory features of N
patients
Eosinophils, % 66 62+£23
IgE, Ul/mL 65 1123.5
Median (min - max) (243 - 7232)
Bronchial FENO, ppb 67 47 +17
FEV1, % predicted 67 76 £12
FEV1/FVC, % predicted 67 81+9
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TABLE3  Clinical, functional and biological characteristics of allergic asthma

SPT Negative Positive P
Characteristics N=13 N =54
Male, % 46.1 46.2
Gender 0.814
Female, % 53.9 53.8
BMI 251+3.2 242+24 0.837
No, % 69.2 17.6
Individual allergy 0.001
Yes, % 30.8 824
1, % 3.2 0.0
Asthma levels 2, % 54.7 325 0.022
3, % 2.1 67.5 0.001
78 £5 74£7 0.124
FEV1, % predicted
N 12 53
Median 897 (243 - 2342) 1432 (543 - 7232) T
IgE, Ul/mL (min —max) '
N 12 53
313 £143 687 +218
Eosinophils, G/L 0.014
N 12 53
FeNO, ppb Mean 17 £5 53 £12 0.001

Clinical characteristics of asthmatic patient are pre-
sented in Table 1.

Average age of study group was 32+13 years old
with the average BMI of 24.2+3.5.
The ratio of male/female was 0.8/1.2; most of pa-
tients had allergic history with the percentage of
79.3%, in which patients with allergic rhinitis were
the most common with 68.9%.

There was 74.2% of asthmatic patients had medical
history of allergy. The majority of patients had asth-
ma with level 2 and 3 of severity with a rate 48.6%
and 44.7 %, respectively.

The lung function of asthmatic patients decreased
slightly, with FEV1 of 76+12% of the predicted theo-
ry (Table 2). The concentration of exhaled nitric oxide
(NO) levels were increased by 47+17 ppb. FENO was
increased highly. IgE levels and eosinophils were
significantly higher than normal.

Most patients were allergic to respiratory allergens,
most commonly allergic to house dust mites.
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There was no significant difference about gender
(male/female), BMI, or lung function in patients
with positive and negative skin prick test (SPT) with
P> 0.05 (Table 3).

Patients with positive respiratory allergen as house
dust mites, dog hair, cat hair or crockroach had high
percentage vs negative patient with significant dif-
ference with P<0.05 (Table 3).

Compare with non-allergic asthma patients evaluat-
ed by SPT, allergic asthma patients had significantly
higher degree of blood eosinophilia 687+218 G/L vs
313+£143 G/L; total concentration of IgE 1432 UI/mL
vs 897.0 Ul/mL with P=0.014 and P=0.013, respec-
tively (Table 3).

Exhaled NO measurements showed that patient with
allergic asthma had FENO level was higher than that
in non-allergic but no significant difference (53+12 vs
17+5; P=0.001; Table 3).

There was no significant difference in FEV1 value
between non-allergic and allergic patients (Table 3).
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FIGURE 1. Response to treatment of asthma patients.

Response to treatment of asthmatic patients

The results of the study showed that the complete
control of asthmatic patients was achieved after 3
months with high doses of inhaled corticosteroid
(ICS) for all study subjects. The proportion of pa-
tients with complete control of asthma after 6
months with long acting bronchodilator (LABA)
and high dose ICS in asthmatic patients who were
treated following FENO level was higher than pa-
tients treated by GINA recommendations plus
FENO and GINA alone. The result showed that the
daily dose of ICS in asthmatic patients treated fol-
lowing FENO level was significantly higher than
GINA at 9 months (Figure 1).

DISCUSSION

The result of present study showed that asthmatic
patients had a history of allergy such as eczema, al-
lergic rhinitis, allergic conjunctivitis, recurrent urti-
caria, drug allergies, and food allergies. Previous
studies, which have shown that almost asthmatic
patients were allergic asthma [18-20]. In these cases,
allergic rhinitis is the most common co-morbidity of
asthmatic patients.

The majority of patients in the study have mild to
moderate persistent asthma with mild airway ob-
struction. In the present study, the use of fractional
exhaled nitric oxide (FENO) is a non-invasive, safe,
and reliable technique for assessing airway inflam-
mation [21-24]. Previous studies have shown a link
between FENO and eosinophils in sputum and in
peripheral blood.
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FENO reflects eosinophilic inflammation in bron-
chial asthma and is used as a biomarker of inflam-
mation in asthma. In the present study, FENO con-
centrations were higher than normal (normal FENO
<25 ppb in healthy adult). As recommended by
ATS/ERS, FENO increasing is a relevant marker of
increased eosinophilia inflammation and response to
ICS [10]. In the present study, the total IgE concen-
tration in the study was highly increased than nor-
mal limit. In addition, the peripheral blood eosino-
philia was also increased.

The results of the study showed that the complete
control of asthmatic patients was done after treat-
ment with high doses of inhaled corticosteroid (ICS)
for all asthmatic patients. The proportion of patients
with complete control of asthma after long acting
bronchodilator (LABA) and high dose ICS in asth-
matic patients treated following FENO level was
higher than patients treated by GINA + FENO and
GINA alone. Moreover, the daily dose of ICS in
asthmatic patients titrated by FENO level was signif-
icantly higher than that followed by GINA.

CONCLUSION

Asthmatic patients have mainly allergic characteris-
tics with increased inflammatory biomarkers, espe-
cially FENO level. The use of FENO in combination
with international recommendations in monitoring
therapy for asthma control seems to be more advan-
tageous than using because of the reduction of daily
ICS dose.
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