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It was the aim of this study to investigate possible dysfunctions of the
humoral immune system in asthmatic children with frequent respiratory
infections. Forty-one severe asthmatics (7-15 years of age), classified
according to the Second Brazilian Consensus in Asthma (1998), were
divided into two groups: group I (n=12) had recurrent respiratory
infections; and group II (n=29) were without recurrent respiratory
infections. Immunoglobulin (Ig)G,IgA andIgM levels (nephelometry),and
IgE (radioimmunoassay) and IgG subclasses (enzyme-linked
immunosorbent assay), were evaluated using standard methods.
Asthmatics with recurrent infections presented with worse clinical
evolution, anincreased number of hospital admissions, and a higher need of
medication than the children without recurrent infections. There were no
significant differences between the mean values of IgG, IgA or IgM levels, or
IgE orIgG subclasses, in patients of both groups. A complete IgA deficiency
wasdetected intwo patientsof group I (onewasassociated with IgG subclass
deficiency). Deficiency of one or more IgG subclasses was verified in eight of
12 (66%) children from group I and in 16/29 (55%) from group I1. The
following deficiencies were found in both groups: IgG; (10/41), IgGy (three
of41),1gG, (two of41), IgG (oneof41), IgG5-1gG4 (four of 41), IgG;-1gG3
(twoof41),andIgG;-1gG;-1gG4(oneof41). There were a higher proportion
of children with low IgGy4 levels in group I than in group II (p = 0.01). To
conclude, IgA and IgG subclass deficiencies were detected in both severely
asthmatic groups, with a predominance of IgG; subclass deficiency.
However, low IgG subclasslevelsappearnot to beasuitable predictor of the
development of infections in asthmatic children.
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Upper respiratory infections are reported to be
trigger factors of acute attacks of asthma in
children, with viruses appearing to be the primary
causative agents. There are few data available
that correlate bacterial respiratory infections
(except sinusitis) with the acute symptoms of
asthma. Although bacterial infections do not
represent an important risk factor for asthma,
they have been associated with secondary com-
plications of viral infections (1). Severely asth-
matic patients present several conditions that
predispose to an increased susceptibility to
infections of the respiratory tract, which are
either directly associated with the pathophysiol-

ogy of asthma or occur as a result of medication
influencing the immunologic response. Decreased
levels of immunoglobulins or immunoglobulin G
(IgG) subclasses may then further increase the
risk for infection.

The principal immune response against differ-
ent infectious agents invading the respiratory
tract is humoral. Different immunoglobulin
isotypes, and even the four IgG subclasses
(serum distribution: 58-71.5% IgGy, 19-31%
I1gG,, 5-8.4% I1gGs;, and 0.7-5% IgGy), exert
distinct biological activities. The humoral
immune response to a certain antigen may be
restricted to one subclass. Isolated or combined

195



de Moraes Lui et al.

immunoglobulin subclass deficiencies, even with-
out a decrease in total IgG serum concentrations,
have been described (2,3).

The absence or deficiency of one or more IgG
subclasses has been associated with an increased
risk of infections (4). The severity of clinical
manifestations is unrelated to the degree of IgG
subclass deficiency (3). Asymptomatic patients
with a complete IgG subclass deficiency caused
by vy heavy chain deletions, have been described
(5). Antibodies against protein antigens, includ-
ing bacterial, viral and autologous proteins, are
usually of IgG; and IgG; subclasses. The IgG,
subclass predominates in the response to poly-
saccharide antigens, although specific antibodies
of other immunoglobulin subclasses have also
been observed. An increased susceptibility to
pathogens of the respiratory tract has been
described for IgG, deficiencies, which is asso-
ciated with the inability to mount a specific
antibody response against polysaccharides (4).

The molecular background of IgG subclass
deficiencies is currently not well understood. The
defect is probably related to an impaired regula-
tion of IgG gene expression in B cells during
isotype switching. In some cases it occurs as a
consequence of abnormal T-cell control or
altered B-cell function (6). The reduction of T-
lymphocyte help directed to specific subclass
induction or excessive T-cell suppression may
result in subclass deficiency (7).

Among clinical manifestations, severe or
recurrent respiratory infections are those most
frequently observed, mainly if 1gG, is absent (4).
In addition, a high frequency of atopic diseases
has been described in IgG subclass-deficient
individuals (6).

Immunoglobulin or IgG subclass deficiencies
in asthmatic patients have been described (8-10).
The patterns of humoral immunity dysfunction
observed in asthmatic patients are variable.
Increased IgGy levels (11-13), as well as selective
or associated deficiency of IgG subclasses, were
found (14); high IgE concentrations and IgA
deficiency often occurs (8,9). Hoeger et al.
described IgG subclass levels in 200 asthmatic
children with variable severity of the disease, and
without previous systemic steroid treatment, to
be within the normal range and comparable to
those in healthy children of the same age (15).
There was, however, a tendency to find higher
concentrations of IgG; and IgG, and decreased
levels of IgG, in those patients.

Patients with recurrent infections have been
described to respond favorably to intravenous
gamma globulin. Page et al. observed fewer sino—
pulmonary infections, an improvement of asthma
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severity, and a reduction in the necessity for
medication in asthmatics with IgG subclass
deficiency upon intravenous immunoglobulin
treatment (9). In contrast, Niggemann et al. did
not achieve a significant reduction in the
incidence of upper respiratory tract infections
in a prospective, double-blind, placebo-con-
trolled study (16).

With respect to the possible complications
caused by recurrent respiratory infections in
severely asthmatic patients, the aim of this
study was to analyze parameters of humoral
immunity in these children and adolescents.

Materials and methods

Forty-one patients (19 male, 22 female; 7-15
years of age) with severe asthma were included in
the study. They were followed-up during a
15-month time-period in the Allergy and
Immunology Unit at the Department of
Pediatrics, University of Sdo Paulo (Sao Paulo,
Brazil).

A diagnosis of asthma and its severity were
determined according to the Third International
Pediatric  Consensus  Statement on  the
Management of Childhood Asthma (17) and
included the following criteria:

* persistent symptoms;

« school absence or symptoms after exercise;

« frequent hospitalizations or steroid depen-
dency;

« nocturnal symptoms;

« use of bronchodilators >2 times/dayj;

« continuous use of steroids;

» peak flow below 75% of the expected value
and pulmonary functions.

Patients were classified into two groups
according to the presence or absence of recurrent
respiratory infections:

o Group I comprised 12 (four male and eight
female) patients with respiratory infections (three
or more episodes of pulmonary infections per
year and/or six or more infections of the upper
respiratory tract as sinusitis or otitis per year.

e Group II comprised 29 (15 male and 14
female) patients without recurrent infections.

During routine diagnosis, the following tests
were performed on all patients: blood smear; stool
parasitologic tests; delayed cutaneous hyper-
sensitivity test for tuberculosis (purified protein
derivative [PPD]); pulmonary function tests;
thoracic, sinusal and adenoid X-rays; and imme-
diate cutaneous prick tests with Dermatopha-
goides pteronyssinus, cat and dog dander, house
dust, a mixture of fungal antigens, and wool.
Blood samples were collected during remission



when the patients were clinically well and showed
no signs of infection.

Immunoglobulin levels were analyzed by neph-
elometry, using a Behring Nephelometer 100
(Software version N 1,1 A (Behring, Marburg,
Germany) with normal standards (Behring).
Normal age-related values, as a Brazilian refer-
ence, were as reported by Fujimura et al. (18). IgA
deficiency was defined for plasma concentrations
< 7 mg/dl (3). IgE levels were obtained by radio-
immunoassay (RIA), using lyophilized particles
of polystyrene coated with rabbit anti-human IgE.

IgG subclass analysis was performed by
enzyme-linked immunosorbent assay (ELISA).
In brief, each well of a microtiter plate (Nunc,
Wiesbaden, Germany) was coated with 100 ul of
subclass-specific monoclonal antibodies (mAbs)
to IgG; (1 ug/ml), IgG, (1 ug/ml), IgG; (10 ng/
ml), and IgG,4 (10 pg/ml) (Calbiochem, Bad
Soden, Germany) and incubated for 18 h at
—4°C. Blocking solution (a 10% solution of dried
milk powder in phosphate-buffered saline [PBS])
(200 wl) was added and incubated for 90 min at
room temperature. After washing six times with
PBS-Tween-20, 0.1 ul of diluted standard serum
(1:500, 1:1000, 1:2000, 1:4000 and 1:8000;
‘Binding site-code KC1, Batch CS253’) or diluted
patients’ sera (1 : 1000 and/or 1 :4000) were added
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and incubated for 90 min at room temperature.
After washing, 100 ul of peroxidase-conjugated
goat anti-human IgG (Sigma, Deisenhofen,
Germany), diluted 1:1000 for IgG; and IgG,
and 1:500 for IgG; and IgG,, was added and
incubation continued for 90 min at room tem-
perature. Orthophenylenediamine (OPD)/H,0O,
was added as the reaction was terminated with
100 ul of sulfuric acid (12%) and the absorbance
was measured in an ELISA reader at A =492.
Subclass deficiency was defined for values <2 SD
of normal concentrations for the respective age-
group, as established by Ribeiro (19).

Upon receiving informed consent of the
parents/guardians of the patients, blood samples
were collected at the same time that routine tests
were performed. The protocol was approved by
the Ethical Committee of the Department of
Pediatrics and Hospital das Clinicas, University
of Sdo Paulo.

Descriptive data are presented in tables.
Differences in concentrations of immunoglobulin
classes and IgG subclasses were calculated for
statistical significance by using analysis of
variance. For continuous variables, variance
analysis was performed by the Fischer and
Student’s z-tests. Clinical symptoms were com-
pared between both groups by using the chi-

Table 1. Clinical and laboratory data and diagnostic criteria for severe asthma, according to the Second Brazilian Consensus on Asthma and International Consensus

of Asthma (19), as applied in group | (Gl) and group I (Gll)

Group
| Il p-value

Total number of patients 12 29
Male : female 4:8 15: 14 NS
Age < 10 years (%) 4 (33.3) 12 (41.4) NS
Age of first symptoms <12 months, n (%) 9 (75) 14 (48.3) p=0.0094
Other atopic diseases, n (%) 10 (83.3) 28 (96.5) NS
Family history of atopy, n (%) 12 (100) 27 (93.1) NS
Thoracic deformity, n (%) 7 (58.3) 6 (20.7) p=0.0239
Positive stool parastiologic tests, n (%) 112 2/27 NS
Continuous symptoms, n (%) 11(91.7) 20 (69) NS
Hospital assistance/year, n (%)

In-patient > 4 4 (33.3) 2(6.9) 0.0293

ER > 10 9 (75) 7 (24) p=0.02
Use of bronchadilator, n (%) 10 (83.3) 18 (62) NS
Steroid use, n (%)

Oral 6 (50)* 10 (34.5)* GI>Gll, p<0.0028

Inhalatory 6 (20.7) 20 (69) NS
Infections/year, n (%)

BCP >3 9 (75) 0 p<<0.0001

URI>6 3(25) 0 p=0.005
Positive allergy tests, n (%) gm 24/25 NS
Lung function, n (%)

(FEV < 65%) 9/Mm 16/25 NS
*Corticodependent.

BCP, bronchopneumonia; ER, emergency room; FEV, forced expiratory volume; NS, not significant; URI, upper respiratory infection.

Thoracic deformity: increased antero-posterior diameter, kyphosis, sternum retraction.

Group |, asthmatics with recurrent infections; group II, asthmatics without recurrent infections.
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Table 2. Immunoglobulin A (IgA) and immunoglobulin G (IgG) subclass deficiencies

Group | Group Il Total

Deficiencies® (n=12) (n=29) (n=41) p-value
IgA 1 0 1 p=0.2927
lgG; 0 1 1 p=10
lgG, 1 1 2 p=0.5049
lgGs 1 9 10 p=0.2313
lgG,4 1 2 3 p=1.0
19G+-1gG, 0 2 2 p=1.0
lgGa-lgG, 3 1 4 p=0.0679
19G1-1gG3-1gG, 1 0 1 p=0.2927
IgA/19Ga/1gG, 1 0 1 p=0.2927
Totalt 9 16 25 p=0.3054

Group |, asthmatics with recurrent infections; group I, asthmatics without recurrent infections.

*Group | vs. group Il, not significant.

‘tlsolated and combined IgG, subclass deficiency: group | (six of 12) >group Il (three of 29); p=0.0106. IgA deficiency was defined as IgA <7mg/dl and IgG subclass deficiencies

were defined as values <2.5%.

square test. Values were considered significant at
a p-value of <0.05.

Results

Clinical and laboratory data, as well as the main
characteristics for asthma classification, are
summarized in Table 1. A statistical difference
between both groups was detected for the
frequency of emergency visits (p=0.02). Group
I comprised eight (67%) female and four (33%)
male patients (mean age 10.7 years: 7-10 years,
n=4; 10-13 years, n=4; 13-15 years, n=4).
Group II comprised 14 (48%) female and 15
(52%) male patients (mean age 11 years: 7-10
years, n=12; 10-13 years, n=9; 13-15 years,
n=28). Nine patients (75%) of group I presented
three or more pulmonary infections/year and
three children (25%) had six or more episodes of
sinusitis/year. The mean age at the first asthmatic
symptoms was lower in group I than in group II
(p = 0.0094). Most of the children of groups I and
I1 (10/12 and 28/29, respectively) were affected by
other atopic conditions besides asthma, with
rhinitis being the most common (10/12 and 27/29
in groups I and II, respectively). All the patients
from group I (n=12) and 27/29 of group II
presented a family history of atopic diseases.
There were a significantly greater number of
corticodependent children in group I than in
group II (p= 0.0028).

Comparative mean IgG (p=0.1773) and IgA
(p =0.7568) levels were found in both groups.
Two children of group I were IgA deficient. Mean
IgM levels of group I patients exceeded the upper
limit for age (p = 0.0036), whereas IgM concen-
trations in group II were within the normal range.
There was no statistical difference between both
groups for IgM levels (p= 0.2661).
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Fig. 1. Immunoglobulin levels in severe asthmatics with
recurrent infections (group I [GI]) or without infections
(group II [GII]). (a) immunoglobulin (Ig)G levels; (b) IgM
levels; (c) IgA levels. Boxes represent variability of
concentrations from percentile 2.5 to 97.5 in healthy
individuals.



Fig. 2. Distribution of

IgG subclasses and asthma
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IgG subclass deficiencies are summarized in
Table 2. IgA or IgG subclass deficiency was
found in nine of 12 patients from group I (75%)
and in 16/29 from group II (55%). Isolated 1gGs;
deficiency was the most frequent (10/41; 24.3%)
subclass deficiency, followed by 1gGy (three of 41;
7.3%), 1gG, (two of 41; 4.8%), 1gG; (one of 41;
2.4%), and IgA (one of 41; 2.4%). Combined
subclass deficiencies were: 1gG3-1gGy4 (four of 41;
9.7%), 1gG1-1gG3 (two of 41; 4.8%), 1gG-1gGs-
IgGy4 (one of 41; 2.4%), and IgA-I1gG3-1gG4 (one
of 41-2.4%). The distribution of IgG, IgM and
IgA levels, and of IgG subclasses, are presented in
Fig. 1 and Fig. 2, respectively. IgE levels are pre-
sented in Fig. 3 (group I vs. group II; p=0.3856).
No correlation was found between IgE and IgGy
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Fig. 3. Immunoglobulin E (IgE) concentrations in asth-
matics with recurrent infections (group I [GI]) or without
infections (group II [GII]). GIXGII=not significant.

concentrations (group I: p=0.2567; group II:
p=0.0650).

A higher number of single and combined 1gGy-
deficient patients was detected in the group of
children with recurrent infections (p=0.0312)
(Table 2). Increased numbers of immunoglobulin
deficiencies were not necessarily associated with
the occurrence of infections: IgG;, p=0.8293;
IgG,, p=0.961; IgG3, p=0.2503; 1gGy4, p=0.6883
(the p-value refers to IgG subclass vs. occurrence
of infections).

Discussion

Asthma is considered to be one of the most
important chronic diseases in childhood with
respect to its high incidence and the increasing
morbidity/mortality observed in the last years.
Considering the fact that a subgroup of severe
asthmatics present upper respiratory infections,
we were interested in studying whether certain
immunologic parameters reflected a higher risk of
infections in these children. In particular, this
study was performed to identify possible defi-
ciencies of immunoglobulins and IgG subclass
levels in severe asthmatics, as a possible explana-
tion of an increased susceptibility to infections in
these children.

The asthmatic patients were diagnosed and
classified according to a previous publication
(17), and additional criteria (functional pulmon-
ary tests, thoracic deformation and psychological
problems) were included. Patients of group I
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(those with recurrent infections) had an increased
number of hospitalizations and visits to the
emergency room, a more pronounced thoracic
deformation, worse pulmonary function, and a
stronger need for steroids and bronchodilators
than patients of group II.

Classification of the patients into two groups
also took into account the frequency of infections
and the age, being limited to 7-18 yr. Seven years,
as the lower age limit for study entry, was chosen
to exclude children with immunologic immatur-
ity, together with lower levels of immuno-
globulins and/or an inappropriate response to
polysaccharide antigens.

Mean IgA levels were comparable in both
groups. However, two IgA-deficient patients were
identified in group I, one also presenting with a
combined IgG3-IgG, deficiency. It is estimated
that = 50% of IgA-deficient patients are asymp-
tomatic but may develop severe allergy at a
frequency three times higher than in those who
are not IgA deficient (20). In =50% of 60
symptomatic IgA-deficient patients followed up
in our Unit we have observed symptoms of
allergy, mainly asthma (21). Ayres & Thompson
evaluated asthmatic patients with mild, persistent
asthma, or affected by infections, and detected a
reduction of mean IgA and IgG; levels, but
observed no cases of IgA deficiency (22).

The association of IgA and IgG subclass
deficiencies (mainly of IgG, or IgG,) with
respiratory infections has been described pre-
viously (23,24). These patients present with a
greater number of infections compared to those
with isolated IgA deficiency. Impaired pulmonary
function, bronchiectasia, and poor prognosis
were described in these patients (24). Both of
the [gA-deficient patients described in the present
study were detected in the group with recurrent
infections and one of them had associated 1gGs-
IgG, subclass deficiency.

Patients of group I had higher levels of IgM
than those of group II, confirming previous
findings (25). Stanley et al. (26) detected high
concentrations of IgG, IgA, IgM, IgG; or IgG; in
27% of 47 patients with chronic or recurrent
respiratory infections. Ribeiro (19) also observed
similar elevated mean IgM levels in asthmatics,
independently of the existence of any pulmonary
infections.

Although mean IgG concentrations were
almost never affected, we observed an increased
frequency of IgG subclass deficiency. The four
IgG subclasses have different biological activities,
and the humoral immune response to a certain
antigen may be restricted to one subclass. A
deficiency may result in a defective response to a
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pathogen of the respiratory tract, as described for
IgG, deficiency with a lack of antibodies against
polysaccharides (4).

Since Schur et al. (27) described I1gG subclass
deficiencies in patients with recurrent bacterial
infections, many studies have been performed
aiming to better define the associated clinical
syndrome. Alterations in serum concentrations of
IgG subclasses have been reported in recurrent or
chronic respiratory infections (4,10,19,25,26,28)
and also in asthmatic patients (8,10). Establishing
normal ranges of plasma levels for each IgG
subclass in a given population is hampered by a
lack of comparability, as a result of methodolo-
gical variations (29). In the present study, we
compared our data with those of a Brazilian
study (19), applying the same methodology
(ELISA).

IgG, deficiency was detected in one of 12 group
I patients and in three of 29 group II patients (one
of whom had additional isolated IgG; deficiency).
IgG; constitutes the dominant isotype against
viral proteic antigens. Smith et al. described the
occurrence of an isolated IgG; deficiency in a
family where a 5-year-old girl suffered from
asthma and recurrent respiratory infections. Her
father and maternal grandfather were also IgG;
deficient and had asthma, but no infections. Her
aunt and maternal grandfather with the same
deficiency were asymptomatic (30). Increased
IgG; values in the patient and her father were
interpreted as a compensatory mechanism.

Isolated IgG, deficiency was detected in one
patient in each of group I and group II, a
frequency lower than reported previously
(23,26,28). Isolated IgG, deficiency has been
described in asthmatics with recurrent respiratory
infections (10).

IgG; deficiency was the most common defi-
ciency in this study, affecting six (50%) patients of
group I and 12 (41%) of group II. IgGs; is the
predominant subclass involved in the primary
Immune response to proteic viral antigens. In
addition, IgG; is reponsible for the primary
immune response to Moraxella catarrhalis and to
the M component of Streptococcus pyogenes. As
IgG; shares functional properties with the IgG;
subclass, complete IgGs-deficient individuals may
remain asymptomatic (31).

In a previous study evaluating IgG subclasses
in IgA-deficient patients, radial immunodiffusion
demonstrated IgG, deficiency in = 50% (32).
With respect to the limited sensitivity of this
method, a partial deficiency cannot be distin-
guished. To improve sensitivity, enabling us to
distinguish complete from partial immunoglobu-



lin deficiency, all measurements of immunoglo-
bulins were performed by ELISA (19,29).

In our study, IgG, deficiency was detected in
six (50%) patients of group I and only in three
(10%) of group II, with a significant difference
between both groups. Other studies, using
different diagnostic methods, have frequently
demonstrated 1gG, deficiency in patients affected
by recurrent pulmonary infections. Beck &
Heiner studied IgG subclasses (using radioimmu-
noassay) in 422 individuals; four of 29 IgG-
deficient patients presented recurrent infections
(25). Moss et al. detected an IgG, deficiency in
21/123 children with recurrent respiratory infec-
tions (17.1%) (33).

Treatment of severely asthmatic patients with
steroids may influence immunoglobulin or IgG
subclass levels (34). Klaustermeyer et al. (35)
detected low levels of IgG subclasses in six of 12
corticosteroid-dependent asthmatics with sino-—
pulmonary infections, whereas none of 12 asth-
matics without steroid treatment had decreased
IgG subclass levels. The underlying mechanism of
the impact of steroids on immunoglobulin
synthesis is still obscure. Multiple effects have
been described, including inhibition of antigen
uptake by antigen-presenting cells and a
decreased number and function of CD4" T cells,
leading to impaired immunoglobulin production
(35). However, we could not detect a significant
correlation between steroid doses received and
immunoglobulin or IgG subclass concentrations
in both groups of the present study. Continuous
steroid use was significantly higher in group I and
may have influenced immunoglobulin levels and/
or the occurrence of recurrent infections.

The molecular mechanisms responsible for IgG
subclass deficiency are not entirely clear. The
defect is probably related to an impaired regula-
tion of IgG gene expression in B cells during
isotype switching. In some cases, it also may
occur as a consequence of abnormal T-cell
control or altered B-cell function (6).
Diminished T-lymphocyte function directed to
specific subclass induction or excessive T-cell
suppression may result in subclass deficiency (7).

Severe asthma may become associated with an
increased susceptibility to infections if immuno-
globulin or IgG subclass levels are suppressed as
a result of various diseases or treatment-asso-
ciated conditions. Considering that many healthy
individuals present with IgG subclass deficiencies
(7,31), a direct relationship of these immunode-
ficiencies to infections should be considered with
special care, especially with respect to the need for
gamma globulin treatment. Some studies show an
improvement of clinical conditions in patients

IgG subclasses and asthma

with established immunodeficiencies upon treat-
ment with gamma globulin (36). However, this
effect was not observed in asthmatic patients with
low immunoglobulin subclass levels (16). In our
study, the detection of a relative humoral
immunodeficiency was not related to the occur-
rence of pulmonary infections. However, a higher
frequency of partial immunoglobulin deficiency
could be demonstrated in severe asthmatics.
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