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Abstract
The purpose of this study is to describe both clinical and immunological features in large cohort of adult patients with IgG 
subclass deficiency, and response to immunoglobulin therapy. This is a retrospective study of data obtained from electronic 
medical records and paper charts of 78 patients with IgG subclass deficiency seen and followed at our immunology clinics 
from 2010 to 2016. Both isolated selective IgG subclass deficiency as well as combined (two) subclass deficiencies were 
observed. IgG3 subclass deficiency, isolated and in combination with other IgG subclass deficiency, is the most frequent of 
IgG subclass deficiency. A majority of patients presented with upper and lower respiratory tract infections, especially chronic 
sinusitis. Both allergic and autoimmune manifestations are common; however, there is no subclass preference. The propor-
tions and absolute numbers of  CD3+ T cells,  CD4+ T and  CD8+ T cells,  CD19+ B cells, and  CD3−CD16+CD56+ NK cells 
were normal in the majority of patients in all IgG subclass deficiencies. Total serum IgG levels did not correlate with IgG 
subclass levels across all IgG subclass deficiencies. Anti-pneumococcal polysaccharide antibody responses were impaired 
in 56% of patients. IgG3 subclass deficiency is the most common IgG subclass deficiency, and anti-polysaccharide antibody 
responses are distributed among IgG subclasses with modest preference in IgG2 subclass. The majority of patients treated 
with immunoglobulin responded by reduction in frequency of infections and requirement of antibiotics.

Keywords IgG subclass deficiency · Autoimmunity · Allergic asthma · Specific antibodies · Immunoglobulin therapy

Introduction

Grey and Kunkel (1964) identified four subclasses of immu-
noglobulin G (IgG), which were designated as γG1, γG2, 
γG3, and γG4. Later, their structural and biological differ-
ences were defined (Natvig et al. 1967; Kronvall and Wil-
liams 1969). IgG subclass deficiency was first described by 
William Terry (1968) in a patient associated with recurrent 
infections. Selective IgG subclass is defined by a significant 
decrease (below 2 SD of mean) in the serum concentrations 
of one or more subclasses of IgG with normal total IgG, IgA, 

and IgM levels. In 2009, we published clinical and immuno-
logical features of 15 patients with IgG3 subclass deficiency, 
and reported the beneficial effect of immunoglobulin therapy 
in symptomatic patients who demonstrated impaired spe-
cific anti-pneumococcal polysaccharide antibody responses 
(Abrahamian et al. 2010). IgG subclass deficiency has been 
described in association with several other primary immu-
nodeficiency, including selective IgA deficiency, selective 
IgM deficiency, and ataxia–telangiectasia (Kalfa et al. 2003; 
Oxelius et al. 1981, 1982; Plebani et al. 1986; Yel et al. 
2009), and secondary immunodeficiency diseases, includ-
ing growth hormone deficiency, Down syndrome, cystic 
fibrosis (Annerén et al. 1992; Garside et al. 2005; Wilson 
et al. 1990), and those associated with the use of certain 
pharmacological agents (Ishizaka et al. 1992; Kato et al. 
2003; Klaustermeyer et al. 1992; Leickly and Buckley 1986; 
Maeoka et al. 1997). In this retrospective study, we describe 
clinical and immunological features of 78 adult patients with 
reproducible selective IgG subclass deficiency (determina-
tions made on two separate occasions at more than 1 month 
apart), and response to immunoglobulin therapy; other 
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primary immunodeficiencies, secondary immunodeficiency 
diseases, and use of pharmacological agents known to be 
associated with IgG subclass deficiency were excluded from 
the analysis.

Materials and Methods

Study Design

This is a retrospective study of adult patients with a diag-
nosis of IgG subclass deficiency seen in Immunology Clin-
ics at University of California at Irvine between the years 
1998–2016. Institutional Review Board (Human) of the Uni-
versity of California, Irvine approved this study.

An electronic medical record (EMR) search was per-
formed to identify patients with IgG subclass deficiency as 
defined by the presence of reproducible decreases in one 
or more IgG subclasses, with normal total IgG, IgM, and 
IgA. For those patients whose diagnoses were given prior to 
the use of EMR, paper charts were obtained and reviewed. 
Clinical characteristics such as infectious history and his-
tory of allergic, autoimmune, and malignant disease were 
recorded. Patients that had reproducible low levels of IgG 
subclass (es), on two separate occasions, at least 1 month 
apart, and measured when patients had no acute infections, 
were included. IgG subclass deficiency was diagnosed 
with levels < 2SD below the mean for controls. None of the 
patients were on any medications, including steroids, immu-
nosuppressive agents, and anti-epileptics, known to produce 
Ig or IgG subclass deficiencies. Patients with lupus, rheu-
matoid arthritis, and undifferentiated mixed connective dis-
eases were receiving Plaquenil. None of the asthma patients 
were on steroids. None of the patients had renal disease or 
proteinuria.

Laboratory data at the time of diagnosis and prior to 
intravenous immunoglobulin (IVIG) therapy were ret-
rospectively gathered. Total serum IgG, IgG subclasses, 
IgA, and IgM were measured by nephelometry, and  CD3+ 
(T cells),  CD3+CD4+ (CD4 T cells),  CD3+CD8+ (CD8 
T cells),  CD19+ (B cells), and  CD3−CD16+CD56+ (NK 
cells) cells were assayed by flow cytometry with specific 
monoclonal antibodies and isotype controls. Complement 
C3, C4, (ELISA) and CH50 (functional assay) levels, and 
tetanus and diphtheria IgG antibodies by ELISA assay. All 
these tests were performed by CLIA-certified laboratories in 
the Department of Pathology of our institution. All normal 
ranges are from healthy normal donors of both genders (a 
requirement for CLIA-certified laboratory).

Proliferative responses of lymphocytes to recall antigens 
(mumps, Candida albicans, tetanus toxoid) and mitogens 
(PHA, Con A, PWM) were measured by 3H thymidine 
incorporation, and pre and 4 weeks post-vaccination (with 

Pneumovax-23), pneumococcal polysaccharide antibody 
titers were measured using multiplexed immunoassay (that 
remove cross-reactive antibodies) which were performed by 
ARUP Laboratories (Salt Lake City, UT, USA). Impaired 
response to Pneumovax-23 vaccine was considered if the 
post-vaccination titers were unprotected (< 1.3  μg/ml) 
or less than twofold increase over pre-vaccination titers. 
Normal ranges for serum immunoglobulins and lympho-
cyte subsets are as follows: serum immunoglobulins (mg/
dl); IgM: 48–271, IgA: 81–463, IgG: 694–1618, IgG1: 
342–1117, IgG2: 147–525, IgG3: 21–114, IgG4: 7–161; 
Lymphocyte phenotype % (absolute numbers):  CD3+ (T 
cells): 57–85 (840–3060),  CD3+CD4+ (T helper cells): 
30–61 (490–1470),  CD3+CD8+ (cytotoxic T cells): 12–42 
(180–1170),  CD19+CD3− (B cells): 6–29 (110–660), and 
 CD3−CD16+CD56+ (NK cells): 4–25 (70–760).

Statistical analysis was done by one-way ANOVA, 
Brown–Forsythe test, linear regression, and unpaired T test 
using PRISM 7 software.

For patients on immunoglobulin treatment, dose and 
route of immunoglobulin administration, number of infec-
tions, severity of infections (pneumonia, meningitis) that 
required hospitalization, courses of antibiotics per year, and 
subjective patient response determined clinical responses 
were recorded.

Results

The demographic and clinical features of 78 adult patients 
with IgG subclass deficiency are summarized in Table 1.

Distribution of IgG Subclass Deficiencies

The most common subclass deficiency was isolated selective 
IgG3 deficiency followed by selective IgG1 subclass defi-
ciency, and the least common was isolated selective IgG4 
deficiency. In addition, combined IgG subclass deficien-
cies were identified. IgG3 subclass deficiency alone, and in 
combination with other subclasses was the most common 
subclass deficiency comprising of 50% of all IgG subclass 
deficiency patients. Serum levels of IgG subclasses are 
shown in Fig. 1.

Gender and Age Distribution

Table 1 shows female-to-male ratio of 3:1. All patients with 
IgG1, IgG1 plus IgG4, and IgG3 plus IgG4 deficiency were 
female (21/21). No significant difference in age distribu-
tion was observed among various IgG subclass deficiencies 
(Table 1).
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Clinical Presenting Manifestations

Most common clinical presentation was recurrent upper res-
piratory infections (pharyngitis, otitis media) in 28 patients, 
chronic sinusitis in 27 patients, and 10 patients with recur-
rent pneumonia. Other clinical presentations included bron-
chitis, bronchiectasis, recurrent urinary tract infections, 
chronic fatigue, undifferentiated mixed connective tissue 
disease, and meningitis (Table 1). Two patients with IgG3 
subclass deficiency who presented with bronchitis, and spu-
tum cultures for bacteria and fungus were found to be posi-
tive for Hemophilus influenzae and Aspergillus fumigatus. 
None of these patients had pneumonia or asthma.

Several other associated diseases were noted in this pop-
ulation. Allergic asthma or/and allergic rhinitis were the 
second commonest manifestations. Other associated auto-
immune diseases included pernicious anemia, Hashimoto’s 
thyroiditis, Addison’s disease, anti-phospholipid syndrome, 
systemic lupus erythematosus, discoid lupus, Graves dis-
ease, rheumatoid arthritis, undifferentiated mixed connective 
tissue disease, autoimmune thrombocytopenia, and celiac 
disease. Distribution of allergic and autoimmune diseases 
was observed among all subclass deficiencies without any 
subclass predominance.

Lymphocyte Phenotype

Data of lymphocyte subset in IgG subclass deficiency are 
shown in Fig. 2a–e. In general, the proportions and abso-
lute numbers of  CD3+ T,  CD4+ T,  CD8+,  CD19+ B, and 
 CD3−CD16+CD56+ NK lymphocyte subsets were com-
parable to ranges for healthy controls among various IgG 
subclass deficiencies. However, four patients were found to 
have low percentages and absolute numbers of  CD19+ B 
cells; one in each deficiency of IgG3, IgG1plus IgG3, IgG1 
plus IgG4, and IgG2 plus IgG3. Other isolated decreases 
were observed in the proportions and numbers of  CD8+ T 
cells and  CD3+ T cells in two patients with IgG3 deficiency, 
and one patient with IgG4 subclass deficiency had low total 

lymphocytes counts and absolute numbers of all subsets of 
lymphocytes.

Total IgG Levels in IgG Subclass Deficiency 
and Relationship with Each Subclass

Figure 3 shows that serum levels of total IgG among various 
IgG subclass deficiencies were similar. No significant cor-
relation was observed between total IgG levels and various 
IgG subclasses (data not shown).

Response to Pneumococcal Polysaccharide 
Vaccination

Specific antibody responses were measured at the time of 
diagnosis prior to institution of immunoglobulin therapy. 
Impaired response was defined by either lack of protective 
titers (less than 1.3 μg/dl) and/or less than twofold increase 
over pre-vaccination titers. The responses to pneumococ-
cal polysaccharide were assessed against individual 23 
serotypes. Forty-three of seventy-two (59.7%) patients 
had impaired anti-pneumococcal polysaccharide anti-
body response. Impaired specific antibody responses were 
observed across all IgG subclass deficiencies, however, 
impaired response were more common in selective isolated 
IgG2, and IgG2 plus IgG3 subclass deficiency. Distribution 
was as follows: IgG1 deficiency—8/15 (53.3%), IgG2 defi-
ciency—8/11 (72.7%), IgG3 deficiency—9/16 (56.2%; four 
patient declined vaccination), IgG4 deficiency—2/6 (33.3%), 
IgG1 plus IgG3 deficiency—6/10 (60%), IgG1 plus IgG4 
deficiency—1/2 (50%), IgG2 plus IgG3 deficiency—4/5 
(80%), IgG2 plus IgG4 deficiency—3/5 (60%), and IgG3 
plus IgG4 deficiency—2/2 (data were not available on two 
subjects). Impaired responses were not associated with any 
specific or group of serotypes in any of IgG subclasses.

Complement Components

Complement data, including C3, C4, and CH50, were avail-
able for 20 patients and were within normal limits.

Antigen and Mitogen Proliferation

Data on proliferative response to recall antigen and mitogen 
were available for 20 patients. Two patients were found to 
have significantly low antigen and mitogen proliferation val-
ues; these patients had IgG1 plus IgG3 deficiency as well as 
IgG3 plus IgG4 deficiency. Four other patients were found 
to have decreased antigen-induced proliferation (one each 
with IgG1, IgG2, IgG1 plus IgG3, and IgG2 plus IgG4 defi-
ciency) but normal mitogen response.

IgG1 IgG2 IgG3 IgG4
0
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200
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400
m
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IgG1 
IgG2 
IgG3 
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Fig. 1  Serum levels of IgG subclasses in individual IgG subclass 
deficiency
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Response to Immunoglobulin Therapy

Forty-two symptomatic patients were treated with Ig 
replacement therapy. Thirty-three received IVIG, seven 
received weekly conventional subcutaneous immunoglob-
ulin (SCIG), and two received enzyme-facilitated SCIG. 
The mean dose was 436 mg/kg/4 weeks for IVIG, 510 mg/
kg/4  weeks divided into weekly dose for conventional 
SCIG, and 450 mg/kg/4 weeks for HyQvia. Patients who 
had normal response to pneumococcal vaccine could not get 
authorization for immunoglobulin administration from their 
health insurance carriers, and, therefore, were not treated 
with immunoglobulin. Two patients decline treatment. The 
majority of these patients responded to immunoglobulin 
treatment with decreased frequency of upper respiratory 
tract infections, chronic sinusitis, bronchitis, and urinary 
tract infections, and only occasional use of antibiotics. 
The number of infections prior to immunoglobulin therapy 
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requiring prolonged use of oral antibiotics ranged from 4 
to 8 times per year. These were reduced to none to one epi-
sode of infection annually requiring oral antibiotics with 
the exception of a patient with bronchiectasis who received 
IVIG at 800 mg/dl but lost to follow-up after 4 months. 
During those 4 months, he had two episodes of infections 
requiring antibiotics. None of the patients who had history of 
pneumonia or meningitis had any further episodes of pneu-
monia or meningitis on immunoglobulin therapy.

Discussion

In this study, we report comprehensive clinical and immu-
nological findings in a large cohort of adult patients with 
IgG subclass deficiency, and response to Ig replacement 
therapy. IgG subclass deficiencies appear to be of clinical 
significance in patients who present with recurrent respira-
tory tract infections, and chronic sinusitis, and are benefited 
with immunoglobulin replacement therapy. In the present 
study, the frequency of isolated IgG subclass deficiency is 
IgG3 > IgG2 > IgG1 > IgG4. In the combined IgG subclass 
deficiency, the frequency is IgG1 plus IgG3 > IgG2 plus 
IgG3, > IgG2 plus IgG4, and > IgG1 plus IgG4. Patients 
with IgG subclass deficiency also have increased prevalence 
of allergic and autoimmune manifestations.

Since IgG1 subclass contributes to 65–70% of total IgG, 
it is believed that selective IgG1 deficiency with normal 
IgG is rare. However, in the present study, it is the second 
most common subclass deficiency. Majority of patients with 
isolated IgG1 subclass deficiency presented with upper and 
lower respiratory tract infections, which is in agreement with 
reports by Barton et al. (2016a) and Lacombe et al. (1997).

Anti-pneumococcal polysaccharide antibodies are mostly 
demonstrated in IgG2 subclass (Musher et al. 1990). How-
ever, Mikolajczyk et al. (2004) reported that, on a per mg of 
IgG subclass basis, IgG1 in seven different commercial prep-
arations of immunoglobulin G for intravenous administration 
contained approximately similar amounts of anti-pneumo-
coccal antibodies as in IgG2. Furthermore, Roberton et al. 
(1989) reported an increased in anti-pneumococcal-specific 
IgG1 and IgG3 following immunization with vaccine in 
patients with IgA deficiency. In our group of isolated IgG1 
subclass deficiency, 53% had impaired anti-pneumococcal 
polysaccharide antibody response. Barton et al. (2016a) and 
Van Kessel et al. (1999) each reported impaired pneumo-
coccal antibody responses in 39% of patients with selective 
IgG1 subclass deficiency. These observations of impaired 
anti-pneumococcal antibody response in isolated IgG1 sub-
class deficiency support that IgG1 subclass also contains 
significant titers of anti-pneumococcal antibodies.

IgG2 subclass deficiency is more common in children 
than in adults (Javier et al. 2000; Jefferis and Kumararatne 

1990; Umetsu et al. 1985). In our patients group isolated and 
combined (with IgG3 or IgG4) IgG2 subclass deficiency was 
observed. Combined deficiency of IgG2 with IgG3 (Kitaura 
et al. 2017) or IgG4 (Oxelius 1984) has been reported. These 
associations of IgG2 with IgG3 and IgG4 are not surpris-
ing, since during class switch recombination, IgM switches 
to IgG3, and then to IgG1 and IgG2 (Kitaura et al. 2017). 
Furthermore, switching from IgG2 subclass produces IgG4. 
IgG2 is considered predominantly comprised of anti-pol-
ysaccharide antibodies, and therefore, patients with IgG2 
subclass deficiency display impaired anti-polysaccharide 
antibody responses and are at increased risk for infections 
with Streptococcus pneumoniae, Hemophilus influenzae 
type B, and Neisseria meningitis (Bass et al. 1983; Escobar-
Pérez et al. 2000; Shackelford et al. 1986; Siber et al. 1980). 
Impaired anti-pneumococcal antibody response was most 
commonly observed in IgG2 subclass deficiency. IgG2 sub-
class deficiency is associated with a number of autoimmune 
diseases (Eriksson et al. 1994; Garg et al. 2012; Jiménez 
et al. 1989). We also observed autoimmune diseases in our 
group of patients with IgG2 subclass deficiency.

IgG3 represents less than 10% of total IgG. IgG3 has 
higher molecular weight, and shortest half-life (7–9 days) 
than other subclasses, and is susceptible to proteolytic deg-
radation. Next-generation-based antibody repertoire analysis 
revealed that IgG3 genes are least somatic hypermutated 
among all four subclasses of IgG (Kitaura et al. 2017). Our 
study shows that isolated selective IgG3 and combined 
IgG3 subclass deficiency are most common IgG subclass 
deficiency.

Clinically, patients with IgG3 subclass deficiency com-
monly present with upper and lower respiratory tract infec-
tions, recurrent pneumonia, chronic sinusitis, mastoiditis, 
meningitis, and asthma (Abrahamian et al. 2010; Armenaka 
et al. 1994; Barton et al. 2016b; Meyts et al. 2006; Popa 
et al. 1993). In our group of patients with IgG3 subclass 
deficiency, a majority of patients presented with respiratory 
tract infections and sinusitis. Increased prevalence of allergic 
disorder are observed in IgG3 subclass deficiency (Abraha-
mian et al. 2010, Armenaka et al. 1994; Popa et al. 1993). 
In the present study, 20% patients had autoimmune diseases, 
which is in agreement with the published reports (Abraha-
mian et al. 2010; Barton et al. 2016b). Our observation of 
impaired anti-pneumococcal antibody response in selective 
IgG3 subclass deficiency is similar to those reported by oth-
ers (Abdou et al. 2009; Abrahamian et al. 2010; Barton et al. 
2016b; Meyts et al. 2006).

IgG4 is different from other IgG subclasses as it lacks 
ability to fix complement and binding effectively to Fcγ 
receptors IgG4. Next gene sequencing-based antibody 
repertoire analysis has demonstrated that IgG4-specific 
sequences have higher somatic hypermutation than other 
IgG subclasses (Kitaura et al. 2017). IgG4 contributes to 
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less than 10% to total IgG. In our present group of patients, 
16.6% have isolated or combined IgG4 subclass deficiency. 
Forty percent of patients with IgG4 subclass deficiency 
have impaired anti-pneumococcal antibody responses. Dur-
ing class switch recombination, IgG4 is primarily produced 
by switching from IgG2 (Kitaura et al. 2017), which may 
explain combined IgG4 plus IgG2 deficiency. An associa-
tion of IgG2 with IgG4 has been previously reported (Brag-
ger et al. 1989; Moss et al. 1992; Latiff and Kerr (2007). 
Wilson et al. (1990) described a patient of IgG4 plus IgG2 
subclass deficiency associated with autoimmune diseases 
and impaired response to polysaccharide antigens.

Studies of lymphocyte subsets  (CD3+,  CD4+,  CD8+, 
CD19/CD20+,  CD3−CD16+CD56+) and T-cell functions in 
IgG1, IgG2, and IgG3 subclass deficiency are limited; no 
report for IgG4 subclass deficiency. In general, the major-
ity of patients with IgG subclass deficiency have normal 
distribution of T cells, T-cell subsets, B cells, and NK cells 
(Abrahamian et al. 2010; Barton et al. 2016b; Lacombe et al. 
1997). In our study, only isolated cases of both T-cell  (CD4+, 
 CD8+) and B-cell abnormalities were observed. There are 
only few reports for lymphocyte proliferative response to 
mitogens and antigens in selective IgG subclass deficiency; 
mostly in IgG3 subclass deficiency. Abrahamian et al. (2010) 
reported impaired mitogen and antigen responses in 30–40% 
of patients with selective IgG3 subclass deficiency. In the 
present study, we also observed impaired response to mito-
gen and/or recall antigens in 30% of patients. Since the num-
ber of subjects in these studies is small, larger number of 
patients needs to be evaluate before a definitive statement 
can be made regarding T-cell functions.

CH50, C3, and C4 were studied in a small number of 
patients and were found to be normal. Abrahamian et al. 
(2010) also reported normal CH50, C3, and C4 levels in 
patients with IgG3 subclass deficiency.

Few studies have examined the beneficial effects of 
immunoglobulin replacement therapy in treating IgG 
subclass deficiency. Ig prophylaxis in selective IgG2 sub-
class deficiency is generally accepted. Olinder-Nielsen 
et al. (2007) in a retrospective study reported response 
of weekly SCIG therapy (mean duration of 5.5 years) in 
132 patients with IgG1-3 subclass deficiency and res-
piratory tract infections that received ≥ 4 antibiotics per 
year. In 92 of 132 patients, a ≥ 50% reduction in the rate 
of respiratory tract infections requiring antibiotics was 
observed. Even though numbers of respiratory tract infec-
tions were higher in IgG2 and IgG3 subclass deficiency 
as compared to IgG1 subclass deficiency, response to 
Immunoglobulin treatment was similar in isolated IgG1, 
IgG2, and IgG3 subclass deficiencies or in combined IgG 
subclass deficiencies (IgG4 subclass deficiency was not 
studied). No difference was observed in effectiveness of 
treatment whether patients had lung involvement or not. 

In the study by Abrahamian et al. (2010), 13 of 17 patients 
with IgG3 deficiency who presented with recurrent infec-
tions were treated with IVIG; of those, 11 patients were 
reported to have an improvement in rates of infections 
and requirement for antibiotic. Meyts et al. (2006)also 
observed significant clinical improvement in the frequency 
of infections and use of antibiotics in children with IgG3 
deficiency children treated with IVIG. Barlan et al. (1993) 
also reported significant improvement in the incidence of 
sinusitis and otitis in patients with selective IgG3 subclass 
deficiency which were treated with IVIG following failed a 
year of prophylactic antibiotic treatment. Armenaka et al. 
(1994) reported clinical improvement in sinusitis in a sub-
set of patients with IgG3 subclass deficiency. Popa et al. 
(2002) reported improvement in symptoms, spirometry, 
and radiological findings in patients who had recurrent 
upper respiratory tract infections, interstitial lung disease, 
and isolated or combined IgG1, IgG2, IgG3, or IgG4 defi-
ciencies. Abdou et al. (2009) in an open label 15 month 
study of ten patients with IgG subclass deficiencies treated 
with IVIG observed a significant improvement in quality 
of life scores, number of infections, antibiotic usage, and 
hospitalizations. In our present study, majority of patient 
responded to all modes of immunoglobulin therapy (IVIG, 
SCIG, and enzyme-facilitated subcutaneous immunoglob-
ulin) with regard to frequency of infection, and require-
ment for antibiotics.

In summary, selective IgG subclass deficiency often pre-
sents with increased susceptibility to upper and lower respir-
atory tract infection and chronic sinusitis. Clinically symp-
tomatic patients with IgG subclass deficiency and specific 
antibody deficiency respond to the treatment with immuno-
globulin, regardless of mode of administration, and should 
be treated. The measurements of IgG subclass and specific 
antibody response to vaccination should be a part of work-
up for humoral immunity in patients with recurrent upper 
and lower respiratory tract infection, chronic sinusitis, and 
recurrent otitis. Larger prospective studies for other subsets 
of T cells (e.g., follicular helper cells) and B cells (naïve, 
memory, transition, IgM memory, switch memory, marginal 
zone, germinal center, and plasmablasts), and specific anti-
body responses within each IgG subclass are needed.
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