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Summary

Background: Patients with Immunoglobulin G
(1gG) subclass deficiency may suffer from
recurrent infections, mainly sino-pulmonary
infection.

Obijective: To determine the epidemiology of 1gG
subclass deficiency in Thai children at a tertiary
care hospital and to compare the differences
between children who were diagnosed with 19gG
subclass deficiency by using low level criteria
[less than 2 standard deviation (SD) of normal
levels for age] and by using low percentage
criteria (proportion of each IgG subclasses/total
1gG).

Methods: The study was a descriptive study of 55
children up to 15 years old with recurrent
infections diagnosed as having 1gG subclass
deficiency but no acquired or other primary
immune deficiencies except for IgA and/or IgM
deficiency.

Result: Isolated 1gG3 subclass deficiency was the
most common 19G subclass deficiency (56.4%).
IgG3 subclass deficiency, either isolated or
combined with other IgG subclass deficiency, was
found in 85.5% of the cases. The common age of
onset was between birth and five years of age.
The most common presenting symptom was
recurrent sinusitis (83.6%). Majority of the cases
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(89.3%) were diagnosed by low percentage
criteria while 12.7% were diagnosed by low level
criteria. All cases with low levels of 1gG subclass
antibodies also had low percentages. There were
no statistically significant differences in the
clinical manifestations and management methods
between the children who were diagnosed by low
level and low percentage.

Conclusion: 1gG3 subclass deficiency was the
most common 1gG subclass deficiency in Thai
children. The most common presenting symptom
was recurrent sinusitis. Although the diagnosis
could be made in the patients with recurrent
upper respiratory infection by using low level
criteria, but the diagnosis should be considered
when the low percentage criteria are met. (Asian
Pac J Allergy Immunol 2011;29:332-7)
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Abbreviations

IgG = Immunoglobulin G
SD = Standard deviation
PID = Primary immune deficiency
IVIG = Intravenous immunoglobulin

Introduction

Immunoglobulin G (IgG) subclass deficiency is
one of the four most common primary immune
deficiency (PID) diseases in children. Patients with
IgG subclass deficiency may suffer from recurrent
infection, mainly sino-pulmonary infection. Some
patients are subclinical but some experience severe
infection that can be the cause of death.” Cases with
chronic or severe infection may need long-term
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antibiotics, intravenous immunoglobulin (IVIG)
and/or hospital admission which, affects the quality
of life of the patients as well as their families. They
may also become a financial burden to society and
the country.’

IgG has four subclasses (IgGl, 2, 3 and 4)
according to the difference in the proteins in the
heavy chain. Each 1gG subclass possesses different
biological activities. 1gG subclass deficiency can
be coincident with other primary immune
deficiency, such as IgA or IgM deficiency. Each 1gG
subclass deficiency can be found separately or
together with other 1gG subclass deficiencies,
especially 1gG1 with IgG3 deficiency and 1gG2 with
lgG4 deficiency.” The level of IgG subclass
antibodies increases with age. The normal
percentages of 1gG subclass 1, 2, 3 and 4 to total
IgG are 60-70, 20, 5-7 and 1-3% respectively.® IgG
subclass deficiency is suspected when the children
suffer from recurrent infections, especially sino-
pulmonary infection. The diagnosis should be
confirmed by measuring serum 1gG subclass levels.
According to the widely accepted criteria, the
diagnosis is made when each IgG subclass level is
less than 2 standard deviations (SD) of normal range
for age group.*®

In our experience, most children with recurrent
bacterial infection have normal levels of IgG, 1gG
subclasses and normal results from other
immunological investigations. In some of them, IgG
subclass deficiency is still the most likely diagnosis.
We proposed that the diagnosis of IgG subclass
deficiency should be considered if the percentages
of IgG 1, 2, 3 and 4 are less than 60, 20, 5 and 1%
respectively.?

This study was performed to determine the
epidemiology of IgG subclass deficiency in Thai
children at a tertiary care hospital and to compare
the differences between children who were
diagnosed with 1gG subclass deficiency by using
low level criteria (less than 2 SD of normal levels
for age) and by using low percentage criteria.

Methods

This is a descriptive study of children up tol5
years old with recurrent infection during the last 15
years (1993-2008). Investigations to determine the
underlying causes of recurrent infection were
performed. Allergic rhinoconjunctivitis, asthma and
infections were treated as recommended in the
international clinical practice guideline for each
disease. To be diagnosed with 1gG deficiency
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Table 1. Distribution of IgG subclass deficiency in 55
Thai children.

1gG subclass deficiency Number of patients

n (%)
Isolated 1gG 3 deficiency 31 (56.4)
19G 2, 3 deficiency 9 (16.4)
1gG 2, 4 deficiency 6 (10.9)
1gG 1, 3 deficiency 5(9.1)
Isolated 1gG 2 deficiency 1(1.8)
Isolated 1gG 4 deficiency 1(1.8)
19G 3, 4 deficiency 1(1.8)
19G 2, 3, 4 deficiency 1(1.8)

patients should have serum IgG subclass levels
lower than 2 SD of the normal levels for age or
lower than 60, 20, 5 and 1% of IgGl, 2, 3, 4
respectively. They should have normal total serum
IgG level without any acquired or other primary
immune deficiencies, except IgA and/or IgM
deficiency.

IgG subclasses were measured by nephelometry,
using reagents and an automated system
(SIEMENS). Pre-immunization  and post-
immunization pneumococcal antibody titers were
performed by using an ELISA test for a combination
of 23 serotypes. The patients had been followed
with regard to their clinical and 1gG subclass
profiles for at least 2-3 years. This study was
approved by ethics committee, Faculty of Medicine
Siriraj Hospital, Mahidol University, Thailand.
After receiving informed consent from parents,
demographic data such as age, sex, clinical
manifestations, type of IgG subclass deficiency and
treatment were recorded.

Statistical analysis

Data analysis was performed using computer
database and SPSS statistical software (version
11.0). Fisher’s exact test was used to compare the
data of the patients diagnosed by low level and low
percentage criteria.

Results

Fifty five children with recurrent infection (34
boys and 21 girls) were included in this study. Two
of them were dizygotic twins (a boy and a girl). All
of the cases had low percentages of 1gG subclasses.
Seven cases (12.7%) had 1gG subclass levels lower
than 2 SD of the normal level for their age, together
with low percentages. Forty eight cases (87.3%) had
only low percentages of IgG subclasses. There was
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no significant difference between the demographic
data of the patients diagnosed by low level and low
percentage criteria. Isolated 1gG subclass deficiency
was found in 33/55 cases (60%) as shown in Table 1.
The most common isolated IgG subclass deficiency
was isolated 1gG3 (56.4%). Forty seven out of 55
patients (85.5%) had 1gG3 subclass deficiency,
either isolated or combined with other IgG subclass
deficiency. 1gG2 together with 1gG3 deficiencies
and 19gG2 together with 1gG4 deficiencies were
found in 16.4 and 10.9% of the cases respectively.
Two cases also had IgA deficiency (3.6%) and one
had IgM deficiency (1.8%). None of them had
autoimmune diseases or malignancies. Pre-
immunization and post-immunization pneumococcal
antibody titers were performed in 33 out of 55
patients. The result showed that 17 patients had
specific antibody deficiency (30.9% of total and
51.52% of the tests performed). The prevalence of
specific antibody deficiency was not different
between the groups diagniosed with low level and
low percentage criteria.

The most common age of onset of IgG subclass
deficiency was birth to less than 5 years of age
(78.1%), followed by 5 to less than 10 years of age
(20%) and 10 to 15 years of age (1.8%). The mean
age of onset was 3 years and 4 months old
(minimum 2 months, maximum 10 years and 11
months).

The most common age of diagnosis was 5 to less
than 10 years old (47.3%), followed by less than 5
years old (43.6%) and 10 to less than 15 years old
(9.1%). Mean age at diagnosis was 5 years and 9
months (minimum 2 months, maximum 14 years
and 8 months). Mean duration from the onset of
symptom to the diagnosis was 2 years and 5 months.
The most common clinical presenting symptom was
recurrent upper respiratory infections (89.1%). The
most common infection was sinusitis as shown in
Table 2. Thirty patients (54.5%) had co-morbid
diseases at the time of diagnosis, as shown in Table
3. The most common co-morbid disease was allergic
rhinitis (21.8%), followed by asthma (14.6%).

In all of the patients, recurrent infection was
treated with antibiotics. Six patients were admitted
for intravenous antibiotics. Forty seven patients
(85.5%) had recurrent infections after antibiotic
therapy and needed preventative measures for
recurrent infections. The methods of prevention of
recurrent infections were oral antibiotic prophylaxis
(69.1%) and intravenous immunoglobulin (IVIG)
400 mg/kg/every four weeks (36.4%). Forty two of

Table 2. Presenting symptoms of IgG subclass deficiency

Presenting symptoms Number of patients

n* (%)
Recurrent sinusitis 46 (83.6)
Recurrent pneumonia, bronchitis, 6 (10.9)
atelectasis
Recurrent otitis media 3(5.4)
Recurrent rhinitis with positive 2 (3.6)
family history of primary
immunodeficiency
Recurrent skin infection 1(1.8)
Chronic diarrhea with 1(1.8)

malabsorption

* Some children had more than one presenting symptom

48 patients (87.5%) diagnosed by low percentage
criteria received prevention, 35 patients with
antibiotic prophylaxis and 18 patients with IVIG.
Five out of 7 patients (71.4%) diagnosed by low
level criteria received prevention, 3 patients with
antibiotic prophylaxis and 2 patients with IVIG as
shown in Table 4. The patients also received
treatment for co-morbidities, according to the
standard treatment of each disease. There was no
significant difference in antibiotic prophylaxis and
IVIG usage between the group diagnosed by
percentage or level criteria (p <0.05). There were 6
cases (10.9%) admitted to the hospital because of
severe infection, 5 with serious sinusitis and one
with secondary bacterial infection from severe
atopic dermatitis.  All of the cases needed
intravenous antibiotics. The mean duration of
admission was 11 days (4-29 days). All of the
admitted cases were diagnosed by low percentage
criteria.

In the 2-to-10 year follow-up, half of the cases
showed normal level or percentage of 1gG
subclasses for age especially in the younger age
group. The episodes and severity of bacterial
infection decreased in most of the cases.
Prophylactic antibiotic or IVIG could be stopped in
more than half of the cases who need prophylaxis.
The patients in this group had no frequent or serious
bacterial infection although the 1gG subclass levels
or the percentage were still lower than normal levels
for age in some of them.

Discussion
Antibody deficiency is the most common PID in
Thailand (46%)° similar to other countries worldwide."

334



Table 3. Co-morbidities in children with IgG subclass
deficiency.
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Table 4. The prevention of recurrent infection for each
criterion of diagnosis.

Co-morbidities Number of patients

N=30* (%)

Allergic rhinitis 12 (21.82)
Asthma 8 (14.55)
Non allergic rhinitis 7 (12.73)
Allergic conjunctivitis 3 (5.45)
Obstructive sleep apnea 2 (3.64)
Atelectasis 1(1.82)
Nasal polyp 1(1.82)
Cow milk protein allergy 1(1.82)
Gastroesophageal reflux 1(1.82)
IgM Nephropathy 1(1.82)
B-Thal/HbE 1(1.82)

Methods of Criteria of diagnosis n* (%) Total n*
prevention Percentage Level+Percentage (%)
(N=48) (N=7) (N=55)

Antibiotic

. 35(72.9) 3(42.9) 38(69.1)
prophylaxis
Intravenous
. ) 18 (37.5) 2(28.6) 20 (36.4)
immunoglobulin
Total cases with

42 (87.5) 5(71.5) 47 (85.5)

prevention

* Some children had more than one co-morbid

Ig G subclass deficiency was found in 32.84% of
Thai children with immunodeficiencies.® 1gG3
subclass deficiency was the most common 19G
subclass deficiency (85.5%) in our study group with
recurrent infections, followed by 1gG2 subclass
deficiency (30.9%). This finding is supported by
previous studies in children”® and adults.®®
However, some studies have shown that 1gG2
deficiency was the most prevalent 1gG subclass
deficiency in pediatric patients.10-12 This also
differed from the results of another previous study
that showed that IgG4 deficiency was the most
common IgG subclass deficiency in children and
IgG3 subclass deficiency was the most common in
adults.13

IgG2 subclass deficiency is associated with a
reduced immune response to polysaccharide
antigens so the patients with 1gG2 subclass
deficiency are prone to infections with encapsulated
organisms. 10

Whether 19G3 subclass deficiency really persists
is still controversial. 19G3, comprising 4—-8% of total
serum IgG, is the most susceptible to proteolytic
digestion. The half-life of IgG3 is much shorter (7-9
days) in comparison to the half-lives of the other
IgG subclasses (21-23 days). 1gG3 is also an
excellent activator of the complement system and it
is directed predominantly towards protein
antigens.'4 Furthermore, 1gG3 binds with high
affinity to Fc receptors on macrophages and thus
may be important in  antibody-mediated
phagocytosis.’®> These factors may explain why
patients with isolated 1gG3 deficiency present with

*Some children received more than one treatment

recurrent upper respiratory tract infections. 1gG3 is
responsible for the primary immune response to
Moraxella catarrhalis and the M component of
Streptococcus pyogenes, which are the pathogens
responsible for upper and lower respiratory
infections.1617 In contrast, there was a report that
patients with complete absence of 1gG3 due to gene
deletion in the heavy chain constant regions have no
infectious complications.8 Some authors who
believe that 1gG3 subclass deficiency is not the
cause of recurrent bacterial infection have suggested
that during bacterial infection, the 19G3 subclass is
low because of its short half life.

In this study, the most common age of onset was
birth to 5 years old. The majority of reported studies
for 19G subclass deficiency have been in children.*™
It is known that 1gG1 and 19gG3 levels increase as
children grow up and reach adult levels earlier than
the 1gG2 and 1gG4 subclasses.18 The 1gG subclass
level was reported to reach normal levels by the age
of 5. This is in contrast to the observation from our
study that more than half of the patients still had
symptoms after the age of 5 years.

A previous study suggested that the diagnosis of
IgG subclass deficiency should be based on strict
criteria: 1) a history of recurrent bacterial infections,
primarily respiratory; 2) impaired response to
immunization with protein and/or polysaccharide
antigens; 3) significant reductions in serum
concentrations of one or more IgG subclasses; 4)
age 4 vyears or older. (The last criterion is
controversial).19

In our study, all of the cases had low percentage
of IgG subclasses. Twelve point seven percent of
cases also had 1gG subclass levels lower than 2 SD
of normal level for age. There was no significant
difference between the demographic data of the
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patients diagnosed by low level criteria and low
percentage criteria. This might be due to small
number of the cases diagnosed by low level criteria.
However, low percentages of 1gG subclasses is a
valuable criterion for screening of IgG subclass
deficiency in the cases with chronic or recurrent
bacterial infections.

The standard method of diagnosis of IgG
subclass deficiency is the level less than 2 SD*° but
some papers showed that normal IgG subclass levels
did not exclude 19G subclass deficiencies. In this
study, we found that some of the patients with
recurrent bacterial infections had normal levels for
age but a low percentage of 1gG subclass. We
thought that it might be due to specific antibody
deficiency but this was found only in 51.5% of the
cases in which pneumococcal titers, pre and post
vaccination, were checked. Previous studies have
reported that 1gG subclass deficiency might found
together with specific antibody deficiency.?>* One
study showed that 42% of 19G subclass deficiency
cases had specific antibody deficiency.”* We found
that the prevalence of specific antibody deficiency
was not different between the group diagnosed using
low level criteria and that meeting low percentage
criteria.

The most common clinical presenting symptom
in our study was recurrent bacterial infection,
especially infection of upper and lower respiratory
tract. This is supported by previous reports.1-57-820-21
The most common co-morbid disease in our study
was allergic rhinitis (21.8%), followed by asthma
(14.6%). 1gG subclass deficiency has been reported
to occur with co-morbidities such as asthma, allergic
rhinitis and several autoimmune diseases.”*
Asthma has been found in 40-50% of subjects with
IgG3  subclass  deficiency.?®* One  paper
demonstrated 1gG3 deficiency in over 33% of a
cohort of 310 wheezy children below the age of 3
years.?? 1gG and 1gG subclass deficiency should be
considered in patients presenting with recurrent
upper and lower respiratory infections, particularly
in those with respiratory allergies or autoimmune
diseases.?*

In all of our patients, recurrent infection was
treated with antibiotics. Six patients were admitted
for intravenous antibiotics. Forty seven patients
(85.5%) had recurrent infections after antibiotic
therapy and needed preventive therapy, 69.1% with
oral antibiotic  prophylaxis and  36.4% with
intravenous immunoglobulin (IVIG). There was no
significant difference in the severity of symptoms,

the rate of admission, antibiotic prophylaxis and
IVIG usage between the group diagnosed by
percentage criteria and by level criteria, p >0.05.
Prophylactic antibiotics are the first line treatment
for recurrent infections.”*" IVIG treatment was
indicated in the case that bacterial infection was
serious or could not be treated with antibiotics alone
or occurred frequently.2”%% The dose should be
400-600 mg/kg/3-4 weeks intravenously or 100
mg/kg/week subcutaneously.’

During the 2-to-10 year follow-up period, half of
the cases developed normal levels or normal
percentages of IgG subclasses for age, especially in
the younger age group. More than half of the cases
were able to stop prophylactic antibiotics or IVIG
within 3 years without frequent or serious bacterial
infection, although their 1gG subclass levels or
percentages were lower than normal for their ages.
More cases should be studied for a longer period of
follow up to confirm this. A previous study
suggested that although IgG subclass levels might
normalize in 30 to 40% of the patients at about 6
years of age, most took longer to recover and the
deficiency might never resolve in some patients with
isolated 1gG2 deficiencies.’

In conclusion, 1gG3 subclass deficiency was the
most common 1gG subclass deficiency in Thai
children at a tertiary hospital. The most common
presenting symptom was recurrent sinusitis. The
diagnosis can be made in patients with recurrent
respiratory infections by using the criteria of 1gG
subclass levels lower than 2 SD of normal level for
age or the percentage of 1gG1, 2, 3, 4 to total IgG
lower than 60, 20, 5 and 1% respectively.
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