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Hyposensitization Therapy Reduced Exhaled Nitric Oxide in
Asthmatic Children with Corticosteroid Dependency

CHIH-HSING HUNG,  MING-YUNG LEE,  YI-GIIEN TSAI,  SHIN-NAN CHENG,  KUENDER D. YANG1

Measurement of exhaled nitric oxide (FeNO) is a simple and noninvasive method for assessment of
airway inflammation severity in asthmatic patients.  The aim of this study was to investigate whether
hyposensitization with extracts of Dermatophagoides pteronyssinus (Der p) and Dermatophagoides
farinae (Der f) could decrease airway inflammation as determined by FeNO levels.  Ten asthmatic
children with corticosteroid dependency were recruited for the study.  Eight subjects completed a ten
months mite hyposensitization regimen.  FeNO concentrations,  asthma symptom scores and peak
expiratory flow rates (PEFR) were measured monthly before and after treatment.  FeNO levels from
asthmatic patients were found to be higher before treatment (65.34±31.63 ppb).  FeNO levels fell
significantly after four months' treatment (39.89±21.13 ppb;  p<0.05).  PEFR increased significantly
five months after hyposensitization treatment (214.38±49.38 vs 251.25±28.00;  p<0.05).  Asthma
symptom scores decreased 5 months after hyposensitization treatment (6.84±1.22 vs 5.80±0.67,  p<0.05).

Hyposensitization with extracts of Der p and Der f appears to improve clinical symptoms and
reduce airway inflammation as determined by FeNO concentrations in children with mite allergy
asthma.  (Acta Paediatr Tw 2004; 45:89-93)
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INTRODUCTION

H y p e r se n s i v i t y  to  th e  h o u se  d u s t  m i t e s
Dermatophagoides pteronyssinus (Der p)  and
Dermatophagoides farinae (Der f) is common in many
countries.  Together,  Der p and Der f allergens are
responsible for about 90% of allergic sensitization in
Taiwanese asthmatic children.1 Hyposensitization therapy
with standard extracts of Der p and Der f has been found
to be effective for the treatment of asthmatic children.2-5

Additionally,  hyposensitization therapy with Der p
antigen has been shown to decrease the late asthmatic
reaction (LAR) to bronchial provocation with the antigen
in asthmatic children.4

Exhaled nitric oxide (FeNO) is a noninvasive marker
that can be used to assess airway inflammation.6-8 Nitric
oxide (NO) is synthesized from the amino acid,  L-
arginine,  and molecular oxygen through the action of
constitutive and inducible NO synthase (NOS) isoforms.9

Inducible NOS is expressed in various respiratory

inflammatory cells after exposure to certain cytokines.
10-12 Several studies have demonstrated increased FeNO
concentrations in patients with asthma.6-8 This study
attempted to determine whether hyposensitization with
extracts of Der p and Der f could decrease airway
inflammation as determined by FeNO changes and
whether changes in FeNO were also correlated with
therapeutic effects.

MATERIALS AND METHODS

A total of 10 asthmatic children aged between 6 and
17 years that attended the outpatient department of Tri-
Service General Hospital were enrolled in the study after
obtaining informed consent from their parents.  Asthmatic
subjects recruited for the study were those with six or
more episodes of asthma in a year and with fluorescent
immunoabsorbent assay-proven hypersensitivity to Der
p and Der f (Multiple Allergen Simultaneous Test
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[MAST],  Medical Pharmacy Enterprise,  San Jose,  CO).
Patients with Der p and Der f hypersensitivity were
chosen because Der p and Der f were responsible for
about 90% of asthma hypersensitivity in Taiwan1 and
evidence revealed that FeNO concentrations were
elevated in patients with atopic asthma but not in those
with nonatopic asthma.13

The diagnosis of asthma was based on a clinical
history of repeated episodes of wheezing associated with
impaired peak expiratory flow rates (PEFR) in addition
to detectable IgE specific to Der p and Der f (MAST).14

All subjects were receiving high-dose inhaled budesonide
more than 800 ug per day.  Once they experienced
asthmatic attack,  they received 5 days' course of oral
prednisolone (1 mg/day).  Corticosteroid dependency
was defined as a requirement for oral prednisolone in
doses of  > 0.25 mg/kg/d for at least two months prior
to the study.15 The patients' steroid dosage was calculated
in milligrams of prednisolone per kilogram per day,
averaged over the preceding two months.  The average
was determined by calculating the patient's cumulative
dose of steroids,  dividing by 60,  and then dividing
by the patient's body weight.  The study was approved
by the institutional review board of the Tri-Service
General Hospital.

The study was conducted in an open label fashion.
Der p and Der f antigen injections were administered
once weekly over ten months until the maintenance dose
was reached.  Hyposensitization therapy was started by
a protocol consisting of an increase of allergen doses
weekly from 10 allergen units (AU) 0.05 ml to 1000
AU 0.5 ml.  The standardized Der p and Der f extracts
were purchased from Allermed Laboratories Inc (San
Diego,  CA).  Injections were only given under medical
supervision that continued for at least 30 minutes after
the injection.  FeNO and PEFR values were determined
before and 30 minutes after each hyposensitization
treatment.  The same assessment was performed monthly
after the treatment.  The parents were instructed to keep
a daily diary card of asthma scores during the
hyposensitization course.  The asthma scores,  modified
from a previous study,16 were based on clinical
assessment that included coughing,  wheezing,  chest
tightness and difficulty sleeping.  In this scoring system,
a score of 0 to 3 was assigned to each variable.  The
final scores ranged from 0 to 12.  PEFR values were
measured using the peak flow meter supplied by Astech
Co.  (Port Washington,  NY).  FeNO was measured using
a fast response chemiluminescence analyzer (NOA 280;
Seivers Instrument Inc.,  Boulder,  CO.) using the
validated single-breath technique previously described.17

In short,  subjects exhaled against a fixed resistance
at a constant mouth pressure (15 cm H2O mmHg) that
corresponded to expiratory flow (75 ml/sec),  a maneuver

that closed the velum of the posterior nasopharynx and
prevented nasal NO contamination.  In order to maintain
a steady flow,  mouth pressure was displayed on a
computer screen as a reference for the children.17 The
FeNO values were recorded at the plateau phase of the
last part of exhalation.  Measurements were only recorded
when three values over three measurements showed less
than 10% variability.  Most patients were able to
complete three measures without needing further trials.
The final values were then determined by averaging the
three values.  Ambient NO levels were monitored during
the studies to correct for any influence from ambient
NO.17,18 Patients were required to record PEFR and daily
β-agonist consumption on a daily card.

Statistical analysis
Changes in FeNO,  asthma scores and PEFR after

hyposensitization were analyzed using Wilcoxon signed
rank test.  Correlations between FeNO changes and PEFR
changes were analyzed using Pearson coefficients.
Changes in FeNO and PEFR values taken before and
30 minutes after hyposensitization therapy were also
analyzed with Wilcoxon signed rank test.

RESULTS

Subjects studied
A total of 10 patients were recruited for the study.

Eight subjects (mean age,  11.25±2.96 years) completed
the study.  Two patients were excluded from the study
because of painful injections.

Changes in eNO after hyposensensitization therapy
Patients with Der p and Der f allergic asthma

exhibited elevated FeNO (65.34±31.63 ppb) relative
to age-matched healthy children (8.51±4.94 ppb).
FeNO levels decreased significantly after four months'
hyposensitization therapy (39.89±21.13 ppb;  p=0.002).
FeNO levels remained low as the hyposensitization
therapy continued for a further 6 months (except 6th

month) (Table 1).

Asthma symptom score and PEFR changes after
hyposensitization therapy

Patients' PEFR were found to be significantly
increased at months 5 (251.25±28.00;  p=0.014),  6
(262.50±49.79;  p=0.023),  7 (267.50±45.28;  p=
0.004),  8 (258.75±41.90;  p=0.02),  9 (268.75±
38.34;  p=0.009) and 10 (273.13±42.84;  p=0.002)
following treatment (Table.  1).  FeNO (46.03±30.97
vs 48.98±30.70,  p>0.05) and PEFR (249.55±47.46
vs 251.25±47.89,  p>0.05) were not changed
significantly 30 minutes after treatment.  Asthma
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symptom scores decreased after hyposensitization was
completed (6.84 ±1.22 vs 3.03±0.56,  p<0.05).  There
was a significant inverse correlation between the changes
in FeNO and PEFR (r=-0.725,  p=0.042) (Fig.  1).  In
addition to high-dose inhaled budesonide 800 ug per
day,  patients' received average oral steroid consumption
was oral prednisolone 0.089 mg/kg/d two months after
the study was completed.  Mean inhaled β-agonist
consumption decreased after 10 month hyposensitization
therapy (3.56±1.23 puff/day vs 1.45±0.82 puff/day,
P<0.05).

DISCUSSION

The efficacy of hyposensitization therapy for patients
with asthma has been the subject of some debate.19 Some
studies of Der p hyposensitization therapy demonstrated
that hyposensitization therapy could reduce the severity
of LAR evoked by Der p in allergic asthmatic patients.
4,20,21 LAR is largely due to chronic inflammation and
nonspecific bronchial responsiveness.22 Employing
noninvasive detection of FeNO levels as an airway
inflammation marker,  the present study demonstrated
that hyposensitization over four months was able to
decrease FeNO.  Several researchers have demonstrated
that increased FeNO concentrations are found in patients
with asthma attacks,6,7 and FeNO levels have been
thought to reflect asthma severity.6 Results from the
present study suggest that mite hyposensitization therapy
over four months can reduce airway inflammation,  as
demonstrated by reduced levels of FeNO.  Van Bever
et al.23 suggested that hyposensitization therapy helps
to inhibit the proliferative response,  inhibiting not only
the degree of the allergen-induced lymphocyte
proliferation but also the sensitivity of the proliferating

lymphocytes to interleukin-2.  Asthma is an allergen-
induced airway inflammation disease that involves T
helper 2 (Th2) reactions.24,25 Accordingly,  the various
effects on lymphocytic activation may be responsible
for the anti-inflammatory effects of hyposensitization.

House dust mites are the major allergens responsible
for asthma throughout the world.  Hyposensitization with
standardized Der p extract has been demonstrated to
be effective for the treatment of asthma after short course
therapy.2 The results of long-term treatment with various
extracts suggest that hyposensitization is more effective
in children than in adults,5 and that the results of
treatment are apparent within a few months.5 In this study,
FeNO was reduced and PEFR improved four to five

Table 1. Monthly Changes of FeNO and PEFR After Hyposensitization

month FeNO (mean±sd) PEFR (mean±sd) Asthma scores (mean±sd)

0 65.34 ± 31.63 214.38 ± 49.38 6.84 ± 1.22
1 52.56 ± 46.44 222.50 ± 65.41 6.68 ± 1.11
2 47.50 ± 40.09 228.75 ± 56.68 6.65 ± 1.01
3 53.73 ± 40.98 232.50 ± 50.36 6.24 ± 1.16
4 39.89 ± 21.13* 247.50 ± 30.12 6.29 ± 0.89
5 45.69 ± 23.81* 251.25 ± 28.00* 5.80 ± 0.67*
6 55.66 ± 24.55 262.50 ± 49.79* 4.34 ± 0.85*
7 40.11 ± 36.35* 267.50 ± 45.28* 3.93 ± 0.84*
8 39.26 ± 28.24* 258.75 ± 41.90* 3.61 ± 0.97*
9 32.95 ± 21.35* 268.75 ± 38.34* 3.40 ± 0.73*

10 33.66 ± 11.51* 273.13 ± 42.84* 3.03 ± 0.56*

* p< 0.05 in comparison to the initial status.

Fig.  1. Correlation between changes of FeNO levels
and PEFR after hyposensitization treatment for
5 months (r= -0.725,  P= 0.042).
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months after hyposensitization had begun with
standardized Der p and Der f extracts.  This suggests
that once allergen-induced airway inflammation has been
controlled,  pulmonary function as reflected by PEFR
can improve.

Various parameters can be used to evaluate the
efficacy of hyposensitization for childhood asthma,
including bronchial allergen challenge test responses,
symptom scores,  and medication scores.3,26,27 None of
these parameters directly reflect airway inflammation,
however.  On the other hand,  FeNO is a sensitive marker
for assessing the response to anti-inflammatory treatment
in asthmatic children.6-8 Stirling et al.28 proposed that
FeNO measurement in combination with symptom scores
could be a useful tool for monitoring asthma control
in patients with difficult or severe asthma where changes
in lung function can have limited sensitivity.  In this
study,  FeNO levels and asthma scores were reduced
significantly in asthmatic children after 4-5 months'
hyposensitization therapy.  PEFR improved significantly
after 5-6 months' treatment.

FeNO levels are increased in acute asthma attacks
and are reduced by anti-inflammatory treatment,  such
as steroids and leukotriene receptor antagonists.28,29 In
this study,  mite hyposensitization treatment was also
able to reduce FeNO in steroid-dependent asthmatic
patients.  FeNO levels were elevated in these patient
despite steroid use,  but decreased nevertheless after
mite hyposensitization.  However,  the effect of
corticosteroid on FeNO expression could not be
excluded.  It is possible that mite hyposensitization
treatment may have synergic effect to corticosteroid to
reduce FeNO in the treatment of steroid-dependent
asthmatic children.  It is still hard to reach a conclusion
because the case numbers were too small and there was
no control group in this study.

The efficacy of hyposensitization for asthma was
debated some years ago,  but significant progress has
been made with the availability of standardized allergen
extracts.  Hyposensitization represents a viable treatment
strategy for allergic asthma,  but its use should be
restricted to select cases.  Further study with greater
case numbers is needed to confirm the efficacy of
hyposensitization therapy in asthmatic patients with
variable asthma severity.

REFERENCES

1. Chang YC,  Hseih KH.  The study of house dust mites
in Taiwan.  Ann Allergy 1989; 62:101-6.

2. Bousquet J,  Calvayarac P,  Guerin B,  et al.  Specific
immunotherapy with a standardized Dermatophagoides
pteronyssinus extract.  I.  In vivo and in vitro parame-
ters after a short course of treatment.  J Allergy Clin
Immunol 1985; 76:734-44.

3. Crimi E,  Voltolini S,  Troise C,  et al.  Local immuno-
therapy with Dermatophagoids extract in asthma.  J Allergy
Clin Immunol 1991; 87:721-8.

4. Van Bever HP,  Stevens WJ.  Effect of hyposensitization
upon the immediate and late asthma reaction and upon
histamine reactivity in patients allergic to house dust mite
(Dermatophagoides pteronyssinus).  Eur Respir J 1992;
5:318-22.

5. Price JF,  Warner JOP,  Hey EN,  Turner MW,  Soothill
JF.  A controlled trial of hyposeneitization with adsorbed
tyrosine Dermatophagoides pteronyssinus antigen in
childhood asthma in vivo aspects.  Clin Allergy 1984; 14:
209-19.

6. Frank TL,  Adisesh A,  Pickering AC,  et al.  Relationship
between exhaled nitric oxide and childhood asthma.  Am
J Respir Crit Care Med 1998; 158:1032-6.

7. Artlich A,  Hagenah JU,  Jonas S,  Ahrens P,  Gortner
L.  Exhaled nitric oxide in childhood asthma.  Eur J Pediatr
1996; 155:698-701.

8. Nelson BV,  Serars S,  Woods J,  et al.  Expired nitric
oxide as a marker for childhood asthma.  J Pediatr 1997;
130:423-7.

9. Moncada S,  Higgs EA.  The L-arginine-nitric oxide
pathway.  N Engl J Med 1993; 329:2002-12.

10. Jorens PG,  van Overveld FJ,  Bult H,  Vermeire PA,
Herman AG.  L-arginine-dependent production of nitrogen
oxides by pulmonary macrophages.  Eur J Pharmacol
1991; 200:205-9.

11. Jorens PG,  van Overveld FJ,  Vermeire PA,  Bult H,
Herman AG.  Synergism between interleukin-1β and nitric
oxide synthase inducer,  interferon-γ,  in rat lung
fibroblasts.  Eur J Pharmacol 1992; 224:7-12.

12. Nakayama DK,  Geller DA,  Lowenstein CJ,  et al.  Cytokines
and lipopolysaccharide induce nitric oxide synthase in
cultured rat pulmonary artery smooth muscle.  Am J Respir
Cell Mol Biol 1992; 7:471-6.

13. Frank TL,  Adisesh A,  Pickering AC,  et al.  Relationship
between exhaled nitric oxide and childhood asthma.  Am
J Respir Crit Care Med 1998; 158:1032-6.

14. Ownby DR.  Bailey J.  Comparison of MAST with radio-
allergosorbent and skin tests for diagnosis of allergy in
children.  Am J Dis Child 1986; 140:45-8.

15. Landwehr LP,  Jeppson JD,  Katlan MG,  et al.  Benefits
of high-dose i.v.  immunoglobulin in patients with severe
steroid-dependent asthma.  Chest 1998; 114:1349-56.

16. Businco L,  Cantani A,  Fazio DI,  Bernardini L.  A double-
blind,  placebo-controlled study to assess the efficacy
of nedocromil sodium in the management of childhood
grass-pollen asthma.  Clin Exp Allergy 1990; 20:683-8.

17. Tsai YG,  Lee MY,  Yang KD,  Chu DM,  Yuh YS,  Hung
CH.  A single dose of neublized budesonide decreases
exhaled nitric oxide in children with acute asthma.  J
Pediatr 2001; 139:433-7.

18. Silkoff PE,  McClean PA,  Slutsky AS,  et al.  Marked flow-
dependence of exhaled nitric oxide using a new technique
to exclude nasal nitric oxide.  Am J Respir Crit Care Med
1997; 155:260-7.

19. Adkinson NF Jr,  Eggleston PA,  Eney D,  et al.  A con-
trolled trial of immunotherapy for asthma in allergic
children.  N Engl J Med 1997; 336:324-31.

20. Van Bever HP,  Stevens WJ.  Suppression of the late
asthmatic reaction by hyposensitization in asthmatic
children allergic to house duct (Dermatophagoides
pteronyssinus).  Clin Exp Allergy 1989; 19:399-404.

21. Van Bever HP,  Bosmans J,  De Clerck LS,  Stevens WJ.
Modification of the late asthmatic reaction by hyposen-
sitization in asthmatic children allergic to house dust mite
(Dermatophagoides pteronyssinus) or grass pollen.  Allergy



C.H. HUNG,  M.Y. LEE,  Y.G. TSAI,  et al. 93Acta Paediatr Tw

1988; 43:378-85.
22. Crimi E,  Brusasco V,  Losurdo E,  Crimi P.  Predictive

accuracy of late asthmatic reaction to Dermatophagoides
pteronyssinus.  J Allergy Clin Immunol 1986; 78:908-13.

23. Van Bever HP,  Bridts CH,  Moens MM,  et al.  Lymphocyte
transformation test with house dust mite (Dermatophagoides
pteronyssinus) in normal children,  asthmatic children and
asthmatic children receiving hyposensitization.  Clin Exp
Allergy 1993; 23:661-8.

24. Walker C,  Bode E,  Boer L,  Hansel TT,  Blaser K,
Virchow JC.  Allergic and nonallergic asthmatics have
distinct patterns of T-cell activation and cytokine production
in peripheral blood and bronchoalveolar larvage.  Am Rev
Respir Dis 1992; 148:109-15.

25. Gemou-Engesaeth V, Bush A,  Kay AB,  Hamid Q,
Corrigan CJ.  Inhaled glucocorticoid therapy of childhood
asthma is associated with reduced peripheral blood T cell
activation and 'Th2-type' cytokine mRNA expression.
Pediatr 1997; 99:695-703.

26. Hedlin G,  Wille S,  Browaldh L,  et al.  Immunotherapy
in children with allergic asthma:  effect on bronchial
hyperreactivity and pharmacotherapy.  J Allergy Clin Immunol
1999; 103:609-14.

27. Pauli G,  Bessot JC,  Bigot H,  Delaume G,  Hordle DA.
Clinical and immunologic evaluation of tyrosine-adsorbed
Dermatophagoides pteronyssinus extract:  a double-blind
placebo-controlled trial.  J Allergy Clin Immunol 1994; 74:
524-35.

28. Stirling RG,  Kharitonov SA,  Campbell D,  et al.  Increase
in exhaled nitric oxide levels in patients with difficult asthma
and correlation with symptoms and disease severity despite
treatment with oral and inhaled corticosteroids.  Thorax
1998; 53:1030-4.

29. Bisgaard H,  Loland L,  Oj JA.  NO in exhaled air of
asthmatic children is reduced by the leukotriene receptor
antagonist montelukast.  Am J Respir Crit Care Med 1999;
160:1227-31.


