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ABSTRACT

Background: The most important infectious trigger of asthma is the virus and patients with
immunoglobulin deficiencies are prone to recurrent respiratory infections.

Objective: We investigated the relationship between immunoglobulin G subclass and
recurrent respiratory symptom exacerbation and explored possible therapeutic effects of
intravenous immunoglobulin administration.

Methods: Twenty-eight infants less than 24 months old with 2 or more recurrent wheezing
episodes (infantile wheezer group) and 29 asthmatic children aged 24 months to 15 years
(bronchial asthma [B-asthma] group) visited our hospital from October 2010 to January 2018.
Serum immunoglobulin G, A, M, E, G1, G2, G3, and G4 were measured in each group and
compared. In both groups, serum immunoglobulin and symptoms were compared before
and after intravenous immunoglobulin administration.

Results: The 2 study groups exhibited several statistically significant differences when
comparing respiratory virus infection rate (p < 0.001), coinfection rate (p < 0.0001),

most commonly found viral infection (human bocavirus vs. human rhinovirus), and
immunoglobulin A (p < 0.001), E (p=0.008), G2 (p < 0.001), and G4 (p = 0.011) levels. In

the infantile wheezer group, there was an inverse correlation between immunoglobulin G4
levels and wheezing numbers (R = -0.5538, P=0.0022). Both groups showed significant
changes in immunoglobulin levels and respiratory symptom exacerbations (recurrent
wheezing, shortness of breath, chest tightness, cough, and fever) over 1 year after intravenous
immunoglobulin administration.

Conclusion: There was an association between recurrent wheezing and specific
immunoglobulin G deficiencies. We suggest that intravenous immunoglobulin therapy
significantly elevates specific immunoglobulin G levels though it lasts only for short term and
might be associated with decreased respiratory symptoms. Therefore, low 1gG4 levels among
infants with recurrent wheezing may be indicative for intravenous immunoglobulin therapy.

Keywords: Child; Immunodeficiency; Intravenous immunoglobulins; Intrinsic asthma;
Respiratory tract infections; Viruses
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INTRODUCTION

Asthma can be classified into extrinsic asthma and intrinsic asthma, depending on the
cause. Extrinsic asthma is an immunoglobulin E (IgE)-mediated allergic asthma that is
symptomatic when exposed to the causative antigen and is positive in skin tests or bronchial
challenge tests for allergens. Intrinsic asthma is clinically evident in patients with asthma
who are unresponsive to skin prick tests and have not been shown to be (IgE) mediated [1].
These patients are susceptible to viral respiratory infections, exercise, anxiety, and changes
in climate and humidity, which trigger or aggravate their asthma. Intrinsic asthma is often
induced in young children under 2 years old.

The most significant contributory factor to bronchial asthma in children is the respiratory
infection [2], and a deficiency of immunoglobulin G (IgG) subclass may contribute to
recurrent respiratory infections [3]. However, the IgG subclass differs greatly in normal
values according to age and individual immunophysiology. In particular, since IgG2 and IgG4
increase rapidly after infancy to levels found in adults, the relationship between IgG subclass
deficiency and bronchial asthma exacerbation is highly dependent on age [4].

The most important infectious trigger of asthma is the virus, with respiratory syncytial

virus (RSV) and parainfluenza virus (PIV) in younger children and influenza virus in older
children [5]. Studies have shown that chronic bronchial infections occur frequently in young
immunodeficient children and that these bronchial infections may contribute substantially to
asthma development [6]. It is known that one or more blood immunoglobulins are associated
with severe chronic asthma, including one or more IgG subclass deficiencies in children with
asthma and nonallergic chronic respiratory symptoms [7]. Intravenous immunoglobulin
(IVIG) contains all subclasses of IgG and has been used as a supplementary therapy in
primary and secondary immunodeficiency diseases, as well as in many autoimmune diseases
in clinical trials [8, 9]. Most adverse events (AEs) associated with IVIG are mild and transient.
Late-occurring AEs are rare [10].

In this study, we investigated the relationship between IgG subclass and recurrent wheezing
and/or asthma exacerbation by comparing levels of immunoglobulins G, A, M, E, and IgG
subclasses in 2 groups: infantile wheezers and older children with bronchial asthma. In
addition, IVIG was administered to patients with recurrent asthma exacerbation due to
respiratory infections as a supplementary therapy and their IgG subclasses were also compared.

MATERIALS AND METHODS

The subjects were 28 infants less than 24 months who had 2 or more recurrent wheezing
episodes (infantile wheezer group) and 29 asthmatic children aged 24 months to 15 years
(bronchial asthma [B-asthma] group) who visited the Asthma and Allergy Center at Inje
University Sanggye Paik Hospital, Seoul, South Korea from October 2010 to January 2018.
The inclusion criteria for the infantile wheezer group are infants under 24 months of age
who had wheezing more than 2 times regardless of fever, and the inclusion criteria for the
B-asthma group included symptomatic or asymptomatic asthma. Exclusion criteria included
congenital hypogammaglobulinemia, active malignancy or hematologic disease, protein-
losing enteropathy, nephrotic syndrome, or treatment with systemic corticosteroids > 20 mg/
day of methylprednisolone or equivalent doses.
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Asthma diagnoses were established on a history of respiratory symptoms, such as wheezing,
shortness of breath, chest tightness, and coughing associated with variable expiratory airflow
limitation before hospitalization, according to the Global Initiative for Asthma [11]. Allergic
rhinitis was defined as a disease of the nasal lining presenting with symptoms of nasal

itch, sneezing, runny and/or blocked nose with no cold. A child was considered to have had
allergic rhinitis in the first year of life if their mother reported at least one episode without

a cold [12, 13]. Atopic dermatitis was diagnosed by clinical examination mainly based on
morphological features and distribution of lesions. Number of wheezing episodes from birth
was determined by recording the doctor's auscultation findings when visiting the clinic and
the number of times parents observed an episode.

A multiplex reverse transcription-polymerase chain reaction (RT-PCR) test (The Anyplex II
RV16 Detection kit, Seegen Inc., Seoul, Korea) of nasopharyngeal aspirates was conducted
for 15 items, as follows: influenza virus A and B (IFA, IFB), RSV A and B (RSV A, RSV B), PIV
1-4 (PIV 1, PIV 2, PIV 3, PIV 4), human coronavirus 229E and OC43 (hCV-229E, hCV-OC43),
human rhinovirus (hRV), human enterovirus (hEV), adenovirus (AdV), human bocavirus
(hBoV), and human metapneumovirus (hMPV).

Serum IgG, IgA, IgM, IgE, 1gG1, 1gG2, IgG3, and IgG4 were measured in each group and
compared. In addition, the correlation between the number of wheezing episodes from birth
and serum Ig levels were analyzed and compared among the groups.

Serum total IgE levels were measured by IgE fluorometric enzyme immunoassay (Stratus,
Boxter Diagnostic Inc., Farmers Branch, TX, USA), and, for the measurement of IgG, IgA,
IgM, and IgG subclass, the human IgG subclasses monoclonal radial immunodiffusion

kit from the Green Cross Clinical Research Institute (Yongin, Korea) was used. Results

were compared by finding the mean and standard deviation of each group, while statistical
analyses were done using the Mann-Whitney U test and 2 calculations (2-way contingency
table tests) by SPSS ver. 10.0 (SPSS Inc., Chicago, IL, USA). A pvalue of <0.05 was considered
statistically significant.

For subjects in which informed consent was given (nonrandomized), IVIG was administered
(atotal of 2 infusions at 1 g/kg per day) (Green Cross Corp., Yongin, Korea).

This study was approved by the Institutional Review Board of Inje University
(#INJE201707011-UE002).

RESULTS

Subject characteristics

Subject characteristics are shown in Table 1. The infantile wheezer group had a mean age of 1.6
years, while the B-asthma group was 6.5 years old (p < 0.01). Regarding concomitant allergic
diseases, the B-asthma group had a higher incidence of rhinitis (p < 0.001). In the PCR test

for respiratory virus, the positive rate was 65.8% in the infantile wheezer group and 37.9%

in the B-asthma group (p < 0.001). In the coinfection rate of respiratory virus, the figure was
66.7% in the younger infantile wheezer group and 16.7% in the B-asthma group (p < 0.0001).
There was no gender ratio difference between the 2 groups, and there was no difference in the
prevalence of other allergic diseases such as atopic dermatitis and food allergy.
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Table 1. Subject characteristics

Characteristic Infantile wheezer (n = 28) B-asthma (n = 29) p value
Age (yr) 1.6 (1-2) 6.5 (3-15) <0.01
Sex, male:female 18:10 14:15 NS
Additional history
Food allergy 2 (7.1) 2 (6.9) NS
Atopic dermatitis 2 (7.1) 3(10.3) NS
Allergic rhinitis 1(3.5) 12 (41.4) <0.001
Virus-PCR"
Positive 18 (65.8) 12 (37.9) <0.001
Coinfection 12/18 (66.7) 2/12 (16.7) <0.0001

Values are presented as median (range) or number (%).
PCR, polymerase chain reaction; NS, not significant.
*Virus-PCR positive at presentation.

Virus profiles

Table 2 shows virus profiles of the 2 groups derived from the RT-PCR. A multiplex RT-PCR
test of nasopharyngeal aspirates was conducted for 15 items, as follows: IFA, IFB, RSV A, RSV
B, PIV 1, PIV 2, PIV 3, PIV 4, hCV-229E, hCV-OC43, hRV, hEV, AdV, hBoV, and hMPV. Total
viral infection rate was higher in infantile wheezing group than B-asthma group (64.2% vs.

41.3%, p < 0.001).

In the infantile wheezer group, hBoV was the most common virus, and the infection rate
was significantly higher (27.0% vs. 6.3%, p < 0.001) when compared with the B-asthma
group, followed by RSV, HRV, and hEV. However, hRV was the most common infection in
the B-asthma group and the infection rate was significantly higher than that of the infantile
wheezer group (43.8% vs 13.5%, p < 0.0001). There was no significant difference in the
infection rates of hCV, RSV, hEV, PIV, AdV, or hMPV between the 2 groups.

Immunoglobulin levels
The basic immunoglobulin and IgG subclass values of the infantile wheezer and B-asthma
groups are shown in Table 3. IgA level in the infantile wheezer group was 59.0 * 30.6 mg/
mL, which was significantly different from the 118.5 + 30.6 mg/mL found in the B-asthma
group (p < 0.001). The infantile wheezer group had an IgE level 0f113.6 + 233.1 IU/L,

which was significantly lower (p = 0.008) than that of the B-asthma group (180.0 +2 74.4
IU/L). Comparing IgG2 levels, the results were 167.6 + 1391 mg/mL and 329.4 + 273.9 mg/
mL, respectively (p < 0.001). In the comparison of serum IgG4 concentration, the result of
infantile wheezer group was 17.4 + 16.7, which was significantly lower than 29.1 + 20.2 of the

Table 2. Virus profiles of infantile wheezer and B-asthma groups

Virus Infantile wheezer (n =18/28) B-asthma (n =12/29) p value
hcv 2 (5.4) 1(6.3) NS
hRV 5 (13.5) 7 (43.8) <0.0001
RSV 6 (16.92) 2 (12.5) NS
hBoV 10 (27.0) 1(6.3) <0.001
hEV 5 (13.5) 1(6.3) NS
PIV 4(10.8) 1(6.3) NS
AdV 4(10.8) 2 (12.5) NS
hMPV 1(2.7) 1(6.3) NS

Nasopharyngeal aspirates from all patients were obtained within 48 hours of admission for multiplex RT-PCR
assay to detect the following 15 common respiratory viruses: influenza virus A and B (IFA, IFB), respiratory
syncytial virus A and B (RSV A, RSV B), parainfluenza virus 1-4 (PIV 1, PIV 2, PIV 3, PIV 4), human coronavirus 229E
and 0C43 (hCV-229E, hCV-0C43), human rhinovirus (hRV), human enterovirus (hEV), adenovirus (AdV), human
bocavirus (hBoV), and human metapneumovirus (hMPV).

NS, not significant.

¥ calculations: 2-way contingency table tests.
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Table 3. Baseline serum Ig and IgG subclass levels in infantile wheezer and B-asthma groups

Ig and 1gG subclass Infantile wheezer (n = 28) B-asthma (n = 29) p value
1gG (mg/mL) 899.0 + 305.2 997.2 + 495.3 NS
IgA (mg/mL) 59.0 +30.6 118.5 + 30.6 <0.001
IgM (mg/mL) 112.0 + 44.3 109.6 + 32.6 NS
IgE (IU/L) 113.6 + 233.1 180.0 + 974.4 0.008
IgG1 (mg/mL) 577.1 + 278.0 761.6  491.3 NS
1gG2 (mg/mL) 167.6 = 139.1 3929.4 = 273.9 <0.001
18G3 (mg/mL) 39.6+18.6 45.9+35.3 NS
18G4 (mg/mL) 17.4 +16.7 929.1+20.2 0.011

Values are presented as mean = standard deviation.
NS, not significant.

B-asthma (p = 0.011). There was no significant difference in total IgG, IgM, 1gG1, or IgG3
between the 2 groups.

Respiratory symptoms, immunoglobulin levels, and immunoglobulin therapy
The association between wheezing number and immunoglobulin and IgG subclass levels showed
a significant inverse correlation in IgG4, indicating a tendency of increasing wheezing number
with lower serum IgG4 levels in infantile wheezer group (Fig. 1) (R =-0.5538, p=0.0022).

Within the infantile wheezer group, serum IgG4 levels were compared between children
positive for respiratory virus infection and children negative for viral infection (mean +
standard deviation: 10.27+12.44 mg/mL vs. 30.62 + 16.82 mg/mL, respectively; p = 0.0014)
(Fig. 2). In addition, there were no differences in IgG4 levels when comparing virus positive
and virus negative subgroups within the B-asthma group.

IVIG administration was conducted on 18 patients in the infantile wheezer group, and the
respective differences in Ig and IgG subclass levels are shown in Table 4. Ig and IgG subclass
tests were conducted within 1 week after IVIG administration. In the infantile wheezer group,
total IgG was 759.5 + 171.2 mg/mL and 2588.6 + 457.2 mg/mL, respectively before and after
administration of IVIG, indicating a significant increase (p < 0.0001). Serum IgG1 showed a
significant increase after IVIG administration (from 558.4 +136.7 to 1,873.9 + 359 mg/mL,

p <0.0001). Serum IgG2 also showed a significant increase after administration (from

164.5 £ 101.4 to 862.7 + 245.7 mg/mL, p < 0.0001). Serum IgG3 (from 43.6 + 18.9 t0 97.4 +

15 1 =-0.5538
p = 0.0022
=9
o n=28
>
10 o o o

Wheezing numbers

1gG4 (mg/mL)

Fig. 1. Correlation between serum 1gG4 and wheezing numbers in infantile wheezer group.
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Fig. 2. comparison of serum IgG4 levels between virus positive and virus negative subjects in infantile wheezer
group.

23.2 mg/mL, p < 0.0001) and IgG4 (from 19.0 + 14.1 to 29.2 + 13.5 mg/mL, p = 0.025) also
showed significant increases after administration. There were no significant changes in the
concentrations of IgA, IgM, and IgE after the IVIG administration.

In the B-asthma group, IVIG administration was performed on 13 patients, and the
corresponding changes in Ig and IgG subclass levels are shown in Table 4. Ig and IgG subclass
tests were conducted within 1 week after IVIG administration. Total IgG was 998.8 * 613.2 mg/
mL and 22,392 + 982.3 mg/mL before and after IVIG administration, respectively, indicating a
significant increase (p < 0.0001). Serum IgG1 showed a significant difference before and after
IVIG administration (from 721.2 + 479.2 to 1,564.1 + 701.3 mg/mL, p < 0.001). Serum IgG2
(from 271.5 £ 223.8 to 768.2 * 333.9 mg/mL, p < 0.001) and IgG3 (from 35.2 +17.5 to 68.5 +
26.7 mg/mL, p < 0.01) also showed significant increases after administration. However, serum
IgG4 did not show any significant difference before and after administration (from 26.7 + 20.5
to 33.8 £19.1 mg/mL, p = not significant). There was no significant difference in the IgA, IgM,
and IgE concentrations before and after the IVIG administration.

After IVIG infusion, respiratory symptom exacerbations were recorded in a diary and
collected prospectively. In the infantile wheezer group, the clinical difference in respiratory
symptoms (recurrent wheezing, shortness of breath, chest tightness, cough, and fever) for 1
year between the group receiving IVIG administration and the group without administration

Table 4. Serum Ig and 1gG subclass levels in infantile wheezer and B-asthma groups before and 1 week after IVIG administration

Ig and 1gG subclass Infantile wheezer (n =19) B-asthma (n =13)

Before IVIG 1 Week after IVIG p value Before IVIG 1 Week after IVIG p value
IgG (mg/mL) 759.5 = 171.2 2,588.6 + 457.2 <0.0001 998.8 + 613.2 2,939.2 + 982.3 <0.0001
IgA (mg/mL) 61.2+97.4 56.7 + 251 NS 101.2 + 44.8 98.4 + 41.4 NS
IgM (mg/mL) 110.3 + 44.4 107.0 +33.3 NS 118.9 +35.2 131.5 + 43.8 NS
IgE (1U/L)t 45.6 +79.4 70.6 +191.3 NS 198.6 + 340.5 196.7 + 335.7 NS
1gG1 (mg/mL) 558.4 +136.7 1,873.9 £ 359 < 0.0001 721.2 + 479.2 1,564.1 +701.3 <0.001
18G2 (mg/mL) 164.5 +101.4 862.7 + 245.7 <0.0001 271.5 + 223.8 768.2 + 333.9 <0.001
18G3 (mg/mL) 43.6 +18.9 97.4 £ 23.2 <0.0001 35.2+17.5 68.5 + 26.7 <0.01
18G4 (mg/mL) 19.0 +14.1 29.9+13.5 0.025 26.7 + 20.5 33.8+19.1 NS

Values are presented as mean =+ standard deviation.
IVIG, intravenous immunoglobulin; NS, not significant.
TMedian before 25.0 after 20.7.
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Fig. 3. Respiratory exacerbations in 1 year with and without intravenous immunoglobulin (IVIG): infantile wheezer
group (A) and B-asthma group (B).

is shown in Fig. 3A. The IVIG-administered group (n =19) had 0.5 + 0.7 respiratory symptom
exacerbations in 1 year, which was significantly lower than the 3.9 + 3.0 respiratory symptom
exacerbations in the group without IVIG administration (n = 8, p=0.0015).

In the B-asthma group, the clinical difference in respiratory symptom exacerbation for 1 year
between the IVIG-administered group and the group without administration is shown in Fig. 3B.
The IVIG-administered group (n =11) had 0.7 £ 1.3 respiratory symptom exacerbations in 1 year,
which was significantly lower than the 2.5 + 2.6 respiratory symptom exacerbations in the group
without IVIG administration (n =17, p = 0.049).

It was found that the clinical effect of IVIG administration was greater in the infantile
wheezer group than in the B-asthma group. It should be noted that the infantile wheezer
group is significantly younger than the B-asthma group (p < 0.01).

DISCUSSION

In this study, we observed a significant inverse correlation between wheezing episodes and
IgG4 concentration in the infantile wheezer group, who are young children (younger than 24
months old). It was also observed that within the infantile wheezer group, those who were
positive for respiratory viral infection had significantly lower IgG4 levels than those who were
negative for viral infection. Within 1 week after IVIG administration, there were increases

in total IgG and IgG subclasses, including IgG4. These results suggest that viral infection

due to low IgG4 (blocking antibody) concentration is a potential reason for wheezing in
young children. Extrapolating from this result, delayed maturation of the immune system in
children younger than 2 years could lead to virus-induced recurrent wheezing.

IgG2 and IgG4 concentrations reach adult levels later in life unlike IgG1 and IgG3; however,
isolated IgG4 deficiency is difficult to confirm [14]. Heiner et al. [15] found that IgG4
deficiency is associated with important clinical disease, and that most IgG4 deficiency cases
(69%) are associated with other Ig deficiencies. Moss et al. [16] also reported an association
of isolated IgG4 deficiency with respiratory infections. IgG4-committed B cells are abundant
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in mucous membranes, and IgG4 is distributed around the mucous secretion rather than in
serum, which indicates the biologic role of IgG4 in secretory immunity [17, 18].

Reports on IgG subclass deficiency began in the late 1960s and these deficiencies

are related to immunodeficiency such as ataxia telangiectasia and common variable
hypogammaglobulinemia. After these initial reports, numerous cases of IgG subclass
deficiency with normal serum total IgG concentration have been described. However, even
among normal subjects, there have been selective deficiency of IgG1 and IgG2, as well as
reports of selective deficiency of IgG3 among healthy families. In 1981, Beck and Heiner [19]
reported 4 cases of recurrent respiratory infections with isolated IgG4 deficiency, 3 of which
were shown to have IgG2 deficiency. Smith et al. [20] reported IgG2 and IgG4 deficiency in
the majority of the 37 children with asthma and chronic respiratory infections. However,
IgG subclass concentrations can differ greatly among individuals and by age. It should be
noted that the immunodiffusion method used in the past is unable to measure IgG4 levels in
20%-30% of the entire population [21].

According to our previous study [22], IgM concentrations in wheezing children and normal
control group at the age of 24 months or younger were respectively 150.0 + 4.1 mg/dL and 97.9
+4.6 mg/dL, which shows a significant increase in the wheezing children. This result was in
line with the results of Lin et al. [23] and Berger et al. [24]. While there was no investigation
as to the reason for these increases, it was suggested that the increases may have been due
to repeated viral infections. However, in our current study, no difference could be found in
IgM level, according to age or disease. Therefore, the contribution of IgM to the wheezing

is unclear. It should be noted, however, that in our 1995 study [18] the geometric means of
IgG4 concentration in wheezing children and normal control group of the age 24 months or
younger were 0.039 + 0.067 g/L and 0.128 + 0.110 g/L, respectively, indicating a significant
decrease in the wheezing children (p < 0.05). In wheezing children at the age of 24 months
or older, the figure was 0.206 * 0.181 g/L, which is within the normal range for the age. This
is an example of the relationship between repeated infection and wheezing in children 24
months or younger. On the other hand, IgE concentrations in the wheezing children and
normal control group of 24 months old or younger were respectively 20.9 + 5.3 IU and 26.9
+4.7 IU, indicating no statistically significant difference between the 2 groups. However,
wheezing children of 24 months old or older showed an increased value 0f 368.6 + 55.1 IU,
which was above the normal range, indicating that the IgE-mediated response is becoming a
major mechanism. In our current study, IgE concentration was higher in the older B-asthma
group with a lower viral infection rate than in the younger age group, indicating that, rather
than lower IgG4 levels, higher IgE levels may contribute to asthma exacerbation.

IVIG prevents bacterial infections, reduces the number of infections, and shortens the
duration of treatment in patients with X-linked agammaglobulinemia or common variable
immunodeficiency [25]. So far, however, except for severe bacterial infections in IgG
subclass deficiency, specific antibody deficiency, and transient hypogammaglobulinemia
in infants, the therapeutic mechanisms are unclear, which makes it difficult to choose
treatment. Ten percent liquid IVIG, which has recently been developed, is known to possess
antibodies against respiratory viruses, a major cause of infection [26]. Although IVIGs have
proven to be effective and tolerable, various side effects have been reported. Minor side
effects include flushing, headache, discomfort, fever, chills, and fatigue, but some rare
side effects, including kidney damage, thrombosis, arrhythmia, aseptic meningitis, and
anaphylactic reactions, especially in IgA-deficient patients are severe [10]. If viral infection
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due to IgG subclass deficiency is a major cause of recurrent wheezing in young children, we
suggest a selective use of IVIG in severe wheezing diseases that cannot be treated with other
medications [27, 28].

In this study, there was a significant inverse correlation between wheezing number and IgG4
concentration in the infantile wheezer group, which is comprised of children 24 months

old or younger. The lower the serum IgG4 level, the more wheezing number increases.

In addition, in the infantile wheezer group, those positive for respiratory viral infection
showed a significantly lower IgG4 level than those confirmed negative. Within 1 week after
administration of IVIG, total IgG and IgG subclasses (including IgG4) increased. There

were fewer respiratory symptoms during the 1 year in the group administered IVIG than in
the group without administration, and the difference was more prominent in the younger
infantile wheezer group. It should be noted that the increase in IgG levels post IVIG are most
likely temporary. Although we did not measure these levels over the long term, a recent study
found the half-life of total IgG was 36.1 days (range, 18.5-65.9 days), with similar values
reported for IgG1, IgG2, and 1gG4 (median, 30.7-38.0 days), and a lower value for IgG3 (26.7
days). For IgG3 and 1gG4, there was a greater degree of variability in half-life among patients
than for IgG1 and 1gG2 [29].

The above results show that viral infection due to low IgG4 (blocking antibody) may be
associated with infantile wheezing, and delayed maturation of the immune system at the age of 2
years old or younger may contribute to wheezing later in life. Therefore, low IgG4 levels among
infants with recurrent wheezing may be indicative for intravenous immunoglobulin therapy.
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