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Allergic asthma in patients with common variable

immunodeficiency

Common variable immunodeficiency (CVID) is a primary
humoral immunodeficiency that displays multiple pheno-
types, all of which feature hypogammaglobulinemia. The
diagnosis of CVID cannot be made until other known
causes of hypogammaglobulinemia have been excluded.
Although CVID is considered to be a humoral immuno-
deficiency, approximately 40% of CVID patients have
low T-cell counts or abnormal T-cell function (1).
The most common clinical manifestations of CVID

are recurrent and chronic bacterial infections, especially
of the respiratory and gastrointestinal tracts, and there
is a high prevalence of autoimmune phenomena and
cancer among CVID patients (1–4). The standard treat-
ment for CVID is periodic infusion of intravenous
immunoglobulin, which reduces the prevalence of recur-
rent infections (2, 3, 5). As the diagnosis is frequently
established at a later stage, patients with CVID can also
present bronchiectasis and other pulmonary complica-
tions (2, 5).
Obstructive diseases, such as asthma and bronchiecta-

sis, are present in more than 50% of CVID patients (5).

The prevalence of bronchiectasis in these patients is high
(33–73%), especially when more sensitive investigation
techniques are used, computed tomography of the chest
being preferable to chest X-ray (5–7). Silent progression
of pulmonary alterations has been reported, even in
patients receiving adequate intravenous gamma globulin
replacement therapy (7).

As recurrent or chronic pyogenic sinopulmonary
infections constitute the most common clinical manifes-
tation, pulmonary function testing should be regarded as
a routine exam (2, 5).

Asthma is highly prevalent worldwide and occurs in
approximately 10% of the Brazilian population. Asthma
is defined based on clinical findings and pulmonary
function test results (8). Airflow obstruction that is
reversible and bronchial hyperresponsiveness are features
that support a diagnosis of asthma (8).

In one study evaluating respiratory comorbidities in
CVID patients, the prevalence of asthma was found to
be 15% (9). In CVID patients, asthma can be masked
by recurrent respiratory infections. However, asthma
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patients are more susceptible to protracted respiratory
infections, which might delay a possible diagnosis of
humoral immunodeficiency.
Similar to what is seen in IgA deficiency, the mucosal

immunodeficiency observed in CVID patients could
facilitate the development of allergic reactions to aeroal-
lergens, inflammation, bronchial hyperresponsiveness,
and consequently, asthma (10).
Studies on IgE biology have indicated a correlation

between serum IgE concentrations and IgE concentra-
tions in other body fluids. However, some studies have
demonstrated that allergen-specific IgE can be present in
certain body fluids, despite normal serum levels of specific
IgE (11).
Many patients with CVID have a clinical history

suggestive of allergic respiratory disease. However, the
role that atopy plays in these individuals has not been
well established, as levels of total IgE or specific IgE are
often low. In such patients, reports of rhinitis and asthma
can be confused with a history of recurrent respiratory
infections.
This study had multiple objectives: to evaluate pul-

monary function in patients with CVID; to identify
asthma in those same patients; and to investigate the role
that IgE plays as a trigger of asthma in patients with
CVID.

Methods

This study included 62 patients with a clinical history and diagnosis
of CVID who were being monitored at our Primary Immunodefi-
ciency Outpatient Clinic. The study was carried out between March
of 2007 and November of 2008. All patients met the criteria for a
diagnosis of CVID, presenting serum levels of IgG, IgA and IgM
that were below two standard deviations of the age-specific normal
value, together with an inability to synthesize specific antibodies (1).
Other causes of immunodeficiency were ruled out. Patients were
informed of the study procedures, including the proposed tests and
the need of hospitalization. All participating patients then gave
written informed consent.

Study design

Clinical histories were taken, and all patients underwent physical
examination. Subsequently, the patients were submitted to spi-
rometry and skin prick tests for the investigation of specific IgE for
aeroallergens, as well as determination of serum specific IgE levels
using the ImmunoCAP system (Pharmacia Diagnostics, Uppsala,
Sweden).
All patients who accepted to perform bronchial challenges, and

did not present exclusion criteria, were hospitalized and underwent
three bronchial provocation tests: with histamine on day 1; with an
allergen on day 2; and again with histamine on day 3 (the final day
of the hospitalization). Exclusion criteria for bronchial provocation
were: FEV1 < 70%; severe asthma exacerbation during the last
6 months; systemic corticosteroid administration during the last
month; respiratory infection during the last month; inability to
perform lung function test; noncontrolled systemic severe diseases;
pregnancy.

Patients were classified as having asthma if reporting a clinical
history suggestive of asthma, as described in the 2006 Global
Initiative for Asthma statement, and presenting bronchodilator-
responsive obstructive lung disease (OLD) (lung function test) or a
positive response to bronchial provocation with histamine or with a
specific allergen (12).
Patients were considered atopic if presenting a clinical history

suggestive of allergic respiratory disease (rhinitis and asthma
symptoms associated with aeroallergen exposition; early onset of
symptoms; and a personal/family history of atopy), as described
by the World Allergy Organization, and presenting evidence
of specific IgE antibodies (skin prick test or ImmunoCAP)
or a positive response to bronchial provocation with allergen
(13).

Skin prick test and serum levels of specific IgE

We used a modified version of the Pepys skin prick test, in
duplicate (14). The test battery was carried out using extracts
obtained from Alergia Clı́nica Laboratorial e Comércio Ltda (São
Paulo, Brazil) and including the following allergens: Dermato-
phagoides pteronyssinus (Der p); Dermatophagoides farinae;
Blomia tropicalis; Cladosporium herbarum; Alternaria alternata;
Penicillium notatum; Aspergillus fumigatus; Canis familiaris; Felis
domesticus; Lolium perenne; Periplaneta americana; and Blatella
germanica.
The ImmunoCAP technique used in this study included the same

allergens used in the skin prick tests (15). The ImmunoCAP test result
was considered positive if IgE levels were higher than 0.35 kU/l.

Spirometry

Spirometry was performed using a Koko spirometer (Ferraris
Respiratory, Louisville, CO, USA). All spirometry tests were con-
ducted between 7:00 am and 9:00 am, always by the same techni-
cian. The spirometry techniques employed and the method of
interpreting the results were those set forth in the American
Thoracic Society/European Respiratory Society consensus of 2005
(16). Spirometry findings were therefore classified as follows:
normal; OLD; or suggestive of restrictive lung disease (RLD). A
positive response to bronchodilator agents was defined as an
increase of at least 12% and 200 ml in forced expiratory volume in
1 s (FEV1) or forced vital capacity.

Bronchial provocation test with histamine

All bronchial provocation tests were performed, in a respiratory
investigation chamber, between 8:00 am and 10:00 am on the des-
ignated days. The first nonspecific (histamine) bronchial provoca-
tion test was carried out on the morning of day 1 of hospitalization,
and the second nonspecific bronchial provocation test was carried
out on day 3 of hospitalization.
The technique used for the bronchial provocation tests was based

on that described by the American Thoracic Society in 2000 (17, 18).
We used six different histamine dilutions (0.065; 0.25; 1; 4; 10 and
16 mg/ml). A dosimeter was used for nebulization. The first inha-
lation was performed with saline, and subsequent inhalations were
with the abovementioned graded histamine dilutions. The FEV1 was
determined at 30 and 90 s after the end of each inhalation series.
Histamine inhalations continued until a reduction in FEV1 ‡ 20%
(in relation to the FEV1 determined after saline inhalation) was
observed or until the maximum concentration of 16 mg/ml was
reached.
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The test outcome was considered normal when the provocative
concentration of histamine that induced a 20% decrease in FEV1

(histamine PC20) was >16 mg/ml. The test outcome was considered
positive when the histamine PC20 was £ 8 mg/ml; and an inter-
mediate result was defined as a histamine PC20 between 8 and
16 mg/ml (17–19).
The aim of the second bronchial provocation test with histamine,

after the specific bronchial provocation test with Der p allergen, was
to identify a possible increase in baseline bronchial hyperrespon-
siveness after allergen inflammation.

Specific bronchial provocation test with Dermatophagoides
pteronyssinus

The technique used for specific bronchial provocation test with Der
p has previously been described (19). We chose Der p because it is
the allergen that is most common in our environment, as well as
because monosensitization to an agent other than Der p is
uncommon (20).
The specific bronchial provocation test, which required approxi-

mately 2.5 h to complete, was performed on day 2 of hospitaliza-
tion, beginning between 7:30 am and 9:00 am.
We used the Der p extract at a concentration of 0.95 mg/ml (prick

test concentration). In patients presenting skin reactivity to Der p,
the initial dilution used in the bronchial provocation test was
equivalent to two dilutions lower than the dilution provoking a
2 · 2 mm wheal on the skin prick test. In patients with negative skin
prick test results, the Der p extract was used at an initial dilution of
1 : 256. To limit test duration and ensure patient safety, the maxi-
mum dilution employed was 1 : 8, and no more than six dilutions
were used.
As in the histamine provocation test, we used a nebulizer with a

dosimeter, and the initial inhalation was of saline. For each Der p
dilution used thereafter, five inhalations were administered. The
FEV1 was determined at 90 s and 20 min after each series. The Der
p bronchial provocation test was stopped when the maximum
concentration was reached or when FEV1 dropped to ‡15% of that
determined after saline inhalation. This drop characterized a posi-
tive test.
The response to the specific bronchial provocation test was also

considered positive when there was a ‡20% post-test log drop in
histamine PC20 (difference between PC20 measurements performed
before and after specific bronchial test) (21).

Peak expiratory flow

Peak expiratory flow (PEF) was measured using a Mini-Wright
flow meter (Clement Clarke, Harlow, UK) and was determined
hourly for 10 consecutive hours after the bronchial provocation
tests performed on days 1 and 2.

Statistical analysis

The unpaired Student�s t-test was used to compare independent
samples. The chi-square test was used to evaluate differences
between groups in terms of gender, skin prick test result, serum
concentration of specific IgE and spirometry parameters.
In the evaluation of bronchial provocation test results, we

considered all FEV1 measurements and a regression analysis was
performed to determine the PC20 for each patient. Changes in
PC20 histamine were analyzed using logarithmic transformation
and Spearman�s correlation coefficient was used to evaluate the
samples.

Results

The study sample included 62 patients (30 men and 32
women) in outpatient treatment for 1–30 years (mean,
6.5 years). Ages ranged from 18 to 74 years (mean,
35.9 years), and all patients were receiving gamma
globulin replacement therapy. Age at symptom onset,
age at diagnosis and the interval between the two are
shown in Table 1.

Of the 62 patients, 29 (46.7%) had a clinical history
suggestive of asthma. Of those 29 patients, 18 (29.0% of
the sample) were under treatment with asthma controller
medication. Twenty-seven patients (43.5%) had a clinical
history of atopy, and 18 of those 27 patients (29.0% of
the sample) also had a clinical history suggestive of
allergic asthma.

Total IgE in serum was abnormal (>100 IU/ml) in
only two of the patients (both male; 159 and 1450 IU/
ml), one of whom had a history of allergic rhinitis.
Among the remaining 60 patients, total IgE was between
4 and 16 IU/ml in 18, whereas it was undetectable in 42
(68%).

The skin prick test for aeroallergens was performed
in 61 of the 62 participating patients and yielded two
positive results. Both of the patients testing positive had
a history of allergic rhinitis; one had a history sugges-
tive of allergic asthma and had presented IgA deficiency
prior to developing CVID. Using the ImmunoCAP
method, we found the serum concentration of specific
IgE to Der p in those same two patients to be 0.56 and
3.23 kU/l.

All but one of the patients underwent spirometry.
Of those 61 patients, 25 (41%) presented normal spiro-
metry results, 29 (47.5%) presented findings of OLD, and
seven (11.5%) presented findings suggestive of RLD.
Table 2 demonstrates the severity of OLD based on
FEV1.

Of the 29 patients with a history suggestive of asthma,
19 (65.5%) were diagnosed with OLD, and asthma was
confirmed in six (20.7%), all of whom also responded to
the administration of a bronchodilator.

Table 1. Characteristics of patients with common variable immunodeficiency (CVID)
monitored at the Hospital das Cl�nicas of the School of Medicine of the University of
S¼o Paulo

Characteristic Men (n = 30) Women (n = 32) Total (n = 62)

Mean age at study
outset (years)

35.7 € 14.4 36.1 € 13.8 33.0

Mean age at symptom
onset (years)

14.0 € 9.8 13.5 € 12.2 13.8

Mean age at diagnosis
(years)

27.6 € 13.4 29.8 € 13.4 28.7

Mean time to diagnosis
(years)

13.6 € 13.4 16.3 € 9.8 15.0

Asthma in hypogammaglobulinemia
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By the end of the study, 62 patients had undergone
testing for serum IgE (total and specific) and 61 had been
submitted to skin prick testing and spirometry.
In many cases, it was not possible to perform all three

bronchial provocation tests, as most of the patients had
severe respiratory disease and others were unable to
remain in the hospital for 3 days. Therefore the full
battery of bronchial provocation tests was administered
in only 15 patients, five of whom had a history suggestive
of allergic asthma.
During the initial phase of the nonspecific bronchial

provocation test with histamine, asthma was confirmed in
three patients with a history suggestive of asthma. One of
those patients presented spirometry results consistent
with OLD and was responsive to bronchodilator admin-
istration.
During the bronchial provocation test with Der p, none

of the patients presented a drop in FEV1 ‡ 15%, at any
dilution. Serial peak expiratory flow measurements per-
formed after the specific bronchial provocation test did
not detect any late phases of the allergic reaction.
Nevertheless, during the third bronchial provocation

test, which was performed with histamine on day 3 of
hospitalization, we observed a difference between the
patients with a history suggestive of allergic asthma and
those without such a history (Fig. 1). After the third
bronchial provocation test, four of the five patients with a
history suggestive of allergic asthma had a drop in FEV1

>20% when compared with the result obtained during
the first histamine test. This was a statistically significant
difference in comparison with the results obtained for the
patients without a history suggestive of allergic asthma
(P = 0.0012).
In accordance with the criteria of this study, asthma

was confirmed in nine of the 29 patients with a history
suggestive of asthma, and four of those nine were
diagnosed with allergic asthma (Table 3).

Discussion

This study was carried out to increase the understanding
of the pathophysiology and diagnosis of respiratory
atopy in patients with CVID. In comparison with the
findings of most such studies, our patients were younger

at symptom onset and the diagnosis of CVID was
established earlier. Nevertheless, the interval between
the onset of symptoms and the diagnosis was longer (2, 3,
22, 23).

In brief, we found that 46.7% of the patients evaluated
had a history suggestive of asthma, 43.5% had atopy, and
29.0% had a history suggestive of allergic asthma. Of the
29 patients with a history suggestive of asthma, only six
had OLD and presented a positive bronchodilator
response. Bronchial provocation testing was performed
in 15 patients, and four of the five patients with a history
suggestive of allergic asthma presented a positive
response.

It is difficult to evaluate asthma and atopy in patients
with CVID. Some patients present respiratory symptoms
that might represent only the infectious complications
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Figure 1. The log histamine PC20 values before and after
bronchial provocation with Der p in the two groups of patients
(those suspected of having allergic asthma and those not under
such suspicion).

Table 2. Distribution of obstructive lung disease

OLD severity (FEV1) Men Women Total

Mild (‡70%) 9 6 15
Moderate (69–60%) 2 4 6
Moderately severe (59–50%) 0 0 0
Severe (50–35%) 2 2 4
Extremely severe ( £ 34%) 2 2 4
Total 15 14 29

OLD, obstructive lung disease; FEV1, forced expiratory volume in 1 s.

Table 3. Asthma and allergic asthma diagnosis

Patient Diagnosis OLD with BR AHR (histamine) SBC

1 Asthma Positive Negative Negative
2 Asthma Positive Negative Negative
3 Asthma Positive Negative Negative
4 Asthma Positive Negative Negative
5 Asthma Positive Negative Negative
6 Allergic Asthma Positive Positive Positive
7 Allergic Asthma Negative Positive Positive
8 Allergic Asthma Negative Positive Positive
9 Allergic Asthma Negative Negative Positive

OLD with BR, obstructive lung disease with bronchodilator response; AHR, airway
hyperresponsiveness; SBC, specific bronchial challenge.
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of CVID or might actually be manifestations of respi-
ratory allergy. Unfortunately, late diagnosis is charac-
teristic of this immunodeficiency. In one study, it was
reported that a case of panhypogammaglobulinemia
was treated as allergic respiratory disease for 40 years
before the diagnosis of immunodeficiency was made (24).
In this study, spirometry revealed that most (59.0%) of

the patients presented obstructive or restrictive altera-
tions. Pulmonary function testing should be a routine
procedure, as 36.1% of the symptom-free patients
presented abnormal spirometry results and others under-
estimated their respiratory symptoms.
When we consider clinical history alone, the prevalence

of asthma in patients with CVID might be overestimated,
as some individuals present respiratory symptoms as a
result of repeated infections and cicatricial alterations.
Therefore, some patients without asthma might be
receiving asthma treatment.
We found spirometry and bronchial provocation test-

ing to be useful for the confirmation of a diagnosis of
asthma. At the study outset, we questioned whether
pulmonary manifestations of CVID per se would result
in airway inflammation and hyperresponsiveness. Such
hyperresponsiveness was not confirmed. However, the
fact that few patients suspected of having asthma
presented OLD with a positive bronchodilator response
in spirometry and positive bronchial provocation with
histamine might be a consequence of the treatment with
inhaled anti-inflammatory drugs that some patients were
receiving.
Our difficulty in determining specific IgE using tradi-

tional methods might be related to the extremely low IgE
concentrations observed in patients with CVID. Never-
theless, a number of studies have evaluated the produc-
tion of local specific IgE, even in situations in which total
or specific serum IgE were normal. (11, 25, 26).
For decades, bronchial provocation tests have been

extensively used as a model for asthma investigation.
These tests made a significant contribution to the
understanding of asthma pathophysiology and of the
mechanisms involved in the effects of asthma medication
(27).
Bronchial provocation tests with allergens frequently

result in immediate and late reactions, as well as
inducing nonspecific bronchial hyperresponsiveness,
which increases 2–3 h after allergen exposure, peaking
in intensity at 24 h after the exposure. The bronchial
hyperresponsiveness can persist for days or weeks
(21,28,29).
The aim of this study was to evaluate local allergy to a

relevant allergen, using specific bronchial provocation
testing. Therefore, we focused on indirect investigation of
local specific IgE through specific bronchial provocation
tests.
Despite the negative results obtained with the methods

routinely used in atopy investigations, the specific bron-

chial provocation test with allergen employed in this
study detected an increase in bronchial responsiveness in
four (80.0%) of the five patients with a history suggestive
of allergic or atopic asthma.

Our results suggest that an IgE-mediated response
could play a role in the pathogenesis of asthma in
patients with CVID. However, we were unable to
demonstrate the participation of this antibody in the
inflammatory process, as we did not collect the bron-
chial material that would be needed to characterize such
participation. Otherwise, the absence of an immediate
response to the bronchial provocation test with Der p,
followed by positive late response, might represent a
form of allergic asthma with a Th2 inflammatory profile,
albeit through IgE-independent mechanisms. Animal
models have been used to study the development of
allergen-induced eosinophilic inflammation and bron-
chial hyperresponsiveness without IgE involvement (30–
32). In such situations, there is an inflammatory process
that includes cell activation, synthesis of mediators (such
as IL-4, IL-5, IL-13, eotaxin and RANTES) and
expression of adhesion molecules. However, this does
not preclude the knowledge that IgE plays an important
role in triggering and amplifying Th2-driven allergic
reactions.

One patient, despite having a history suggestive of
allergic asthma, did not present a positive response to
bronchial provocation with Der p. This might be because
the patient had been sensitized to an aeroallergen other
than Der p, because the quantity of allergen was not
sufficient to trigger symptoms, or because the regular
asthma medication had been discontinued only 3 days
prior to the test (16, 18, 33–35).

By the end of this study, asthma had been confirmed in
nine (14.5%) of the patients with CVID, whereas atopy
had been confirmed in six (9.7%), and allergic asthma
had been confirmed in four (6.5%). The four patients
diagnosed with allergic asthma corresponded to 22.2% of
18 patients suspected of having allergic asthma and to
80% of the five patients with a history suggestive of
allergic or atopic asthma who were able to complete the
investigation.

To our knowledge, this is the first time that a
positive response to bronchial provocation test with
allergen has been reported in CVID patients suspected
of having allergic asthma and presenting negative
results on specific IgE investigations. We also found
OLD to be the most common spirometry alteration (in
47.5%), and that, in the majority of cases, OLD was
accompanied by asthma. However, OLD was also
observed in patients with no history of asthma, some
of whom also presented bronchiectasis, a common
complication in such patients. Therefore, the evaluation
of allergic asthma in CVID is feasible in patients with a
history suggestive of allergic asthma and testing nega-
tive on traditional tests.

Asthma in hypogammaglobulinemia

� 2009 John Wiley & Sons A/S Allergy 2009



References

1. Notarangelo L, Casanova J-L, Conley
ME, Chapel H, Fischer A, Puck J et al.
Primary immunodeficiency diseases: an
update from the International Union of
Immunological Societies Primary
Immunodeficiency Disease Classifica-
tion Committee Meeting in Budapest,
2005. J Allergy Clin Immunol
2006;117:883–896.

2. Cunningham-Rundles C, Bodian C.
Common variable immunodeficiency:
clinical and immunological features of
248 patients. Clin Immunol 1999;92:
34–48.

3. Kokron CM, Errante PR, Barros MT,
Baracho GV, Camargo MM, Kalil J
et al. Clinical and laboratory aspects of
common variable immunodeficiency. An
Acad Bras Cienc 2004;76:707–726.

4. Rosen FS, Eibl M, Roifman C, Fisher
A, Volanakis J, Aiuti F et al. Primary
Immunodeficiency Diseases: Report of
an IUIS Scientific Committee. Clin Exp
Immunol 1999;118:1–28.

5. Busse PJ, Farzan S, Cunningham-
Rundles C. Pulmonary complications of
common variable immunodeficiency.
Ann Allergy Asthma Immunol
2007;98:1–9.

6. Tanaka N, Kim JS, Bates CA, Brown
KK, Cool CD, Newell JD et al. Lung
diseases in patients with common vari-
able immunodeficiency: chest radio-
graphic and computed tomographic
findings. J Comput Assist Tomogr
2006;30:828–838.

7. Kainulainen L, Varpula M, Liippo K,
Svedsrtröm E, Nikoskelainem J,
Ruuskanen O. Pulmonary abnormalities
in patients with primary hypogamma-
globulinemia. J Allergy Clin Immunol
1999;104:1031–1036.

8. Global Initiative for Asthma (GINA).
Global strategy for asthma management
and prevention. GINA 2007 Report.
Available at www.ginasthma.com.

9. Thickett KM, Kumararatne DS,
Banerjee AK, Dudley R, Stableforth
DE. Common variable immune defi-
ciency: respiratory manifestations, pul-
monary function and high-resolution CT
scan findings. Q J Med 2002;95:655–662.

10. Papadopoulou A, Mermiri D, Taousani
S, Triga M, Nicolaidou P, Priftis KN.
Bronchial hyper-responsiveness in
selective IgA deficiency. Pediatr Allergy
Immunol 2005;16:495–500.

11. Platts-Mills TA. Local production of
IgG, IgA and IgE antibodies in grass
pollen hay fever. J Immunol
1979;122:2218–2225.

12. Global Initiative for Asthma (GINA).
Global strategy for asthma management
and prevention. GINA 2006 Report.
Available at www.ginasthma.com.

13. Johansson SGO, Bieber T, Dahl R,
Friedmann PS, Lanier BQ, Lockey RF
et al. Revised nomenclature for allergy
for global use: report of the nomencla-
ture review committee of the World
Allergy Organization. J Allergy Clin
Immunol 2004;113:832–836.

14. Demoly P, Piette V, Bousquet J. In vivo
methods for study of allergy: skin tests,
techniques, and interpretation. In:
Adkinson NF Jr, Yunginger JW, Busse
WW, Bochner BS, Holgate ST, Simons
FER, editors. Middleton�s allergy:
principles and practice. 6th Edn,
St Louis: CV Mosby, 2003:631–643.

15. ImmunoCAP� Technology. Phadia –
www.phadia.com.br

16. Miller MR, Hankinson J, Brusasco V,
Burgos F, Casaburi R, Coates A et al.
Standardization of spirometry. Eur
Respir J 2005;26:319–338.

17. Cockcroft DW. Bronchoprovocation
methods. Clin Rev Allergy Immunol
2003;24:19–26.

18. Crapo RO, Casaburi R, Coates AL,
Enright PL, Hankinson JL, Irvin CG
et al. Guidelines for Methacholine and
Exercise Challenge Testing – 1999. Am J
Respir Crit Care Med 2000;161:309–329.

19. Sterk PJ, Fabbri LM, Quanjer PhH,
Cockcroft DW, O�Byrne PM, Anderson
SD et al. Airway responsiveness: stan-
dardized challenge testing with phar-
macological, physical, and sensitizing
stimuli in adults. Eur Respir J
1993;6(Suppl. 16):53–83.

20. Giavina-Bianchi PF Jr, Fidalgo S,
Duarte AJS. Hipersensibilidade dos
pacientes com asma e rinite na cidade de
São Paulo. Arch Argentina Allergia
Imunol Clin 1996;27:12–16.

21. Cartier A, Thompson NC, Frith PA,
Roberts R, Tech M, Hargreave FE.
Allergen-induced increase in bronchial
responsiveness to histamine: relation-
ship to the late asthmatic response and
change in airway caliber. J Allergy Clin
Immunol 1982;70:170–177.

22. Busse PJ, Razvi S, Cunningham-
Rundles C. Efficacy of intravenous
immunoglobulin in the prevention of
pneumonia in patients with common
variable immunodeficiency. J Allergy
Clin Immunol 2002;109:1001–1004.

23. Bondioni MP, Duse M, Plebani A,
Soresina A, Notarangelo LD, Berlucchi
M et al. Pulmonary and sinusal changes
in 45 patients with primary immunodefi-
ciencies: computed tomography evalua-
tion. J Comput Assist Tomogr
2007;31:620–628.

24. Celestin J, Welker D, Edwards TB,
Bonilla F. Undiagnosed pan-
hypogammaglobulinemia masquerading
as atopy. J Allergy Clin Immunol
1999;103 (1 pt 2):S146.

25. Wilson DR, Merret TG, Varga EM,
Smurthwaite L, Gould HJ, Kemp M
et al. Increases in allergen-specific IgE
in BAL after segmental allergen
challenge in atopic asthmatics. Am J
Respir Crit Care Med 2002;165:
22–26.

26. Metzger WJ, Zavala D, Richerson HB,
Moseley P, Iwamota P, Monik M et al.
Local allergen challenge and bronc-
hoalveolar lavage of allergic asthmatic
lungs. Am Rev Respir Dis
1987;135:433–440.

27. Mellilo G, Bonini S, Cocco G,
Davies RJ, de Monchy JGR, Frolund L
et al. Provocation tests with allergens.
Allergy 1997;52(Suppl. 35):5–36.

28. Cockcroft DW, Ruffin RE, Dolovich J,
Hargreave FE. Allergen-induced
increase in non-allergic bronchial
reactivity. Clin Allergy 1977;7:
503–513.

29. MacIntyre D, Boyd G. Factors influenc-
ing the occurrence of a late reaction to
allergen challenge in atopic asthmatics.
Clin Allergy 1984;14:311–317.

30. Mehlhop PD, van de Rijn M, Goldberg
AB, Brewer JP, Kurup VP, Martin TR
et al. Allergen-induced bronchial
hyperreactivity and eosinophilic
inflammation occur in the absence of
IgE in a mouse model of asthma. Proc
Natl Acad Sci USA 1997;94:
1344–1349.

31. van de Rijn M, Mehlhop PD, Judkins A,
Rotenberg ME, Luster AD, Oettgen
HC. A murine model of allergic
rhinitis: studies on the role of IgE in
pathogenesis and analysis of the
eosinophil influx elicited by allergen
and eotaxin. J Allergy Clin Immunol
1998;102:65–74.

32. Hammelmann E, Takeda K, Schwarze J,
Vella AT, Irvin CG. Development of
eosinophilic airway inflammation and
airway hyperresponsiveness requires
interleukin-5 but not immunoglobulin E
or B lymphocytes. Am J Respir Cell Mol
Biol 1999;21:480–489.

Agondi et al.

� 2009 John Wiley & Sons A/S Allergy 2009



33. Corry DB, Kheradmand F. Induction
and regulation of the IgE response
(Review article). Nature 1999;402:
B18–B23.

34. Juniper EF, Kline PA, Vanzieleghem
MA, Ramsdale EH, O�Byrne PM,
Hargreave FE. Effect of long-term
treatment with an inhaled corticosteroid
(budesonide) on airway hyperrespon-
siveness and clinical asthma in nonste-
roid-dependent asthmatics. Am Rev
Respir Dis 1990;142:832–836.

35. Freezer J, Croasdell H, Doull IJM,
Holgate ST. Effect of regular inhaled
beclomethasone on exercise and meth-
acholine airway responses in school
children with recurrent wheeze. Eur
Respir J 1995;8:1488–1493.

Asthma in hypogammaglobulinemia

� 2009 John Wiley & Sons A/S Allergy 2009


