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Abstract 

Background: Factors associated with IgG levels in adults with IgG subclass deficiency (IgGSD) are incompletely 
understood. We studied adults with IgGSD with subnormal IgG1 only, subnormal IgG1/IgG3, or subnormal IgG3 only 
without other subnormal IgG subclasses, IgA, or IgM. We compiled: age; sex; autoimmune condition(s) (AC); atopy; 
IgG, IgG subclasses, IgA, IgM; IgGsum (IgG1 + IgG2 + IgG3 + IgG4); and D (percentage difference between IgGsum 
and IgG). We compared attributes of patients with/without subnormal IgG (< 7.00 g/L; subnormal IgG1 subclass 
groups only) and analyzed IgGsum and IgG relationships. We performed backward stepwise regressions on IgG using 
independent variables IgG subclasses, age, and sex and on D using independent variables age and sex.

Results: There were 39 patients with subnormal IgG1 only (89.7% women), 53 with subnormal IgG1/IgG3 (88.7% 
women), and 115 with subnormal IgG3 only (91.3% women). Fifteen patients (38.5%) and 32 patients (60.4%) in the 
respective subnormal IgG1 subclass groups had subnormal IgG. Attributes of patients with/without IgG < 7.00 g/L 
were similar, except that AC prevalence was lower in patients with subnormal IgG1 only and IgG < 7.00 g/L 
than ≥ 7.00 g/L (p = 0.0484). Mean/median IgG1 and IgG2 were significantly lower in patients with IgG < 7.00 g/L 
in both subnormal IgG1 subclass groups (p < 0.0001, all comparisons). Regressions on IgG in three subclass groups 
revealed positive associations with IgG1 and IgG2 (p < 0.0001 each association). Regressions on D revealed no signifi-
cant association. IgG1 percentages of IgGsum were lower and IgG2 percentages were higher in patients with subnor-
mal IgG1 subclass levels than subnormal IgG3 only (p < 0.0001 all comparisons).

Conclusions: We conclude that both IgG1 and IgG2 are major determinants of IgG in patients with subnormal IgG1, 
combined subnormal IgG1/IgG3, or subnormal IgG3 and that in patients with subnormal IgG1 or combined subnor-
mal IgG1/IgG3, median IgG2 levels are significantly lower in those with IgG < 7.00 g/L than those with IgG ≥ 7.00 g/L.
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Background
Immunoglobulin (Ig) G (IgG) is the predominant of five 
classes of Ig (IgG, IgA, IgM, IgE, and IgD). Igs differ in 
heavy chain structure and effector function [1]. IgG1, 
the largest IgG subclass, represents ~ 60% of IgG [1, 2] 
and has a half-life of 21 days [3]. Antibody responses to 
soluble protein and membrane antigens primarily induce 
IgG1 [1, 4], although polysaccharides and allergens also 

elicit IgG1 responses [1]. In two studies, adults with fre-
quent or severe respiratory tract infection had subnor-
mal IgG1 (< 2 standard deviations (SD) below respective 
means) in the absence of subnormal levels of other IgG 
subclasses, subnormal IgA, or subnormal IgM [5, 6].

In normal adults, IgG2 represents ~ 30% of serum IgG 
[1, 2]. IgG2 activates complement less readily than IgG1 
and IgG3 [1], has low affinity for Fc receptors on phago-
cytes (FcγR) [1], crosses the placenta less freely than 
other IgG subclasses [7, 8], and has a half-life of 21 days 
[3]. IgG2 is the predominant antibody that responds to 
bacterial polysaccharide antigens [9–12]. Some persons 
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with frequent or severe respiratory tract infection have 
subnormal IgG2 (< 2 SD below respective means) 
[13–16].

In normal adults, IgG3 represents ~ 4% of serum IgG [1, 
17]. IgG3 activates complement more readily than other 
IgG subclasses [1], has high affinity for Fc receptors on 
phagocytes (FcγR) [1], crosses the placenta less readily 
than IgG1 and IgG4 but more so than IgG2 [18], and has 
an overall half-life of ~ 7 days [1, 3]. Some adults with fre-
quent or severe respiratory tract infection have subnor-
mal IgG3 (< 2 SD below respective means) [19–21].

IgG subclass deficiency (IgGSD) is characterized by 
frequent or severe upper or lower respiratory tract infec-
tion, one or more subnormal IgG subclass level(s) (≤ 2 
SD below respective means) unexplained by other causes, 
and decreased IgG response to pneumococcal polysac-
charide vaccination (PPSV) [20–25]. The predominance 
of women with IgGSD [21, 24, 25] becomes evident at 
ages ≥ 16 y [22]. IgGSD occurs in ~ 1 in 10,000 persons 
[26]. In two studies, IgG levels were subnormal in 38% 
and 46% of adults with IgGSD who had subnormal IgG1 
only [5, 6] and in three adults with IgGSD and subnor-
mal IgG2 in whom IgG1 levels were not subnormal [16]. 
These observations suggest that both IgG1 and IgG2 are 
determinants of IgG in adults with IgGSD.

We sought to identify factors associated with IgG lev-
els in adults at diagnosis of IgGSD. We performed a 
retrospective chart and data review to identify adults 
diagnosed with IgGSD in a hematology clinic who had 
subnormal IgG1 only, combined subnormal IgG1/

IgG3, or subnormal IgG3 only at diagnosis without 
other subnormal IgG subclasses, subnormal IgA, or 
subnormal IgM. We compiled these data: age at diag-
nosis; sex; autoimmune condition(s) (AC); atopy; 
serum levels of IgG, IgG subclasses, IgA, IgM; IgGsum 
(IgG1 + IgG2 + IgG3 + IgG4); and the D-parameter 
(D), the percentage difference between IgGsum and 
IgG [27]. In subnormal IgG1 only or combined subnor-
mal IgG1/IgG3 subclass groups, we compared clinical 
and laboratory attributes of patients with and without 
IgG < 7.00 g/L. In each of the three subnormal Ig subclass 
groups, we analyzed relationships of IgGsum and IgG, 
performed backward stepwise regression on IgG and D 
using appropriate variables, computed correlations of 
IgG1 and IgG2, and determined IgG subclass proportions 
of IgGsum. We discuss the present results in the context 
of factors that influence IgG and IgG subclass levels in 
adults with IgGSD.

Results
39 adults with subnormal IgG1 only
General characteristics. There were 35 women (89.7%). 
IgG < 7.00  g/L was observed in 15 patients (38.5%). 
Clinical attributes of patients with IgG < 7.00  g/L 
and ≥ 7.00 g/L were similar, except that the prevalence of 
AC was significantly lower in patients with IgG < 7.00 g/L 
(Table  1). Mean IgG was significantly lower in patients 
with IgG < 7.00  g/L, by definition. Median IgG1 and 
median IgG2 were also significantly lower in patients 
with IgG < 7.00 g/L (Table 1).

Table 1 Characteristics of 39 adults with IgGSD and subnormal IgG1  onlya

a IgGSD, IgG subclass deficiency; SD, standard deviation. Subnormal IgG1 is defined as a value < 2 SD below the mean. No patient had subnormal serum levels of IgG2, 
IgG3, IgG4, IgA, or IgM. One of 35 women (2.9%) had elevated IgG3. Six of 35 women (17.1%) had elevated IgM. Neither elevated IgG3 nor elevated IgM was observed 
in the four men represented herein
b Autoimmune condition(s) were diagnosed in 19 patients: ankylosing spondylitis (2); autoimmune thyroiditis (9); Behçet disease (1); Graves disease (2); inflammatory 
arthritis (1); myasthenia gravis (1); pernicious anemia (1); psoriasis (2); rheumatoid arthritis (1); Sjögren syndrome (3); systemic lupus erythematosus (2); and 
undifferentiated connective tissue disorder (2). Seven of the 19 patients (36.8%) had two or more autoimmune conditions
c Atopy was diagnosed in 10 patients (7 allergic asthma, 4 allergic rhinitis, 1 allergic dermatitis). Two of the 10 patients (20.0%) had two atopy conditions

Characteristics IgG < 7.00 g/L, % (n = 15) IgG ≥ 7.00 g/L, % (n = 24) Value of p

Women, % (n) 100.0 (15) 83.3 (20) 0.1458

Mean age at diagnosis, y ± 1 SD 53 ± 15 45 ± 14 0.1196

Autoimmune condition(s), % (n)b 26.7 (4) 62.5 (15) 0.0484

Atopy, % (n)c 33.3 (5) 20.8 (5) 0.4633

Autoimmune condition(s) and atopy, % (n) 3.3 (2) 4.2 (1) 0.5470

Mean IgG, g/L ± 1 SD 6.10 ± 0.57 8.19 ± 0.85  < 0.0001

Median IgG1, g/L (range) 3.21 (2.82, 4.12) 3.89 (3.27, 4.18)  < 0.0001

Median IgG2, g/L (range) 2.28 (1.25, 3.92) 3.04 (1.66, 5.96) 0.0147

Median IgG3, g/L (range) 0.55 (0.41, 1.14) 0.66 (0.43, 1.38) 0.1057

Median IgG4, g/L (range) 0.12 (0.01, 0.86) 0.16 (0.01, 0.54) 0.9424

Mean IgA, g/L ± 1 SD 1.74 ± 0.82 1.91 ± 0.73 0.5374

Median IgM, g/L (range) 1.18 (0.50, 4.08) 0.96 (0.40, 2.79) 0.3054
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IgG and IgGsum
The difference between mean IgGsum and mean IgG 
was not significant (7.34 ± 1.31  g/L vs. 7.39 ± 1.27  g/L, 
respectively; p = 0.8816). The correlation of IgGsum 
and IgG was significant (Pearson correlation coeffi-
cient = 0.8063; adjusted  r2 = 0.6406; p < 0.0001). Mean 
IgGsum was lower in patients with IgG < 7.00  g/L than 
IgG ≥ 7.00 g/L (6.40 ± 0.84 g/L vs. 7.93 ± 1.22 g/L, respec-
tively; p < 0.0001). Mean D was also lower in patients 
with IgG < 7.00  g/L than IgG ≥ 7.00  g/L (− 11.0 ± 5.4 vs. 
4.9 ± 8.7, respectively; p < 0.0001). Thus, the mean differ-
ence in IgG and IgGsum in adults with subnormal IgG1 
only subgrouped by IgG1 levels (< 7.00 g/L vs. ≥ 7.00 g/L) 
was ~ 15.9%.

Regressions
Backward stepwise regression on IgG using age at diag-
nosis, sex, and IgG subclasses as independent variables 
revealed two positive associations: IgG1 (p < 0.0001) 
and IgG2 (p < 0.0001) (ANOVA p < 0.0001). This model 
accounted for 71.1% of the deviance of IgG. Backward 
stepwise regression on D using age at diagnosis and 
sex as independent variables revealed no significant 
associations.

53 adults with combined subnormal IgG1/IgG3
General characteristics. There were 47 women (88.7%). 
IgG < 7.00  g/L was observed in 32 patients (60.4%). 
Clinical attributes of patients with IgG < 7.00  g/L 
and ≥ 7.00  g/L were similar (Table  2). Mean IgG was 

significantly lower in patients with IgG < 7.00  g/L, by 
definition. Mean IgG1 and mean IgG2 were significantly 
lower in patients with IgG < 7.00 g/L (Table 2).

IgG and IgGsum
Mean IgGsum and mean IgG did not differ signifi-
cantly (6.94 ± 1.51  g/L vs. 7.12 ± 1.60  g/L, respectively; 
p = 0.5392). The correlation of IgG and IgGsum was 
significant (Pearson correlation coefficient = 0.9064; 
adjusted  r2 = 0.8181; p < 0.0001). Mean IgGsum was 
lower in patients with IgG < 7.00 g/L than IgG ≥ 7.00 g/L 
(6.04 ± 0.73  g/L vs. 8.61 ± 1.35  g/L, respectively 
(p < 0.0001). Median D in patients with IgG < 7.00  g/L 
and those with IgG ≥ 7.00 g/L did not differ significantly 
(− 2.2 (− 32.3, 21.8) vs. − 2.7 (− 30.9, 9. 9), respectively; 
p = 0.1561).

Regressions
Backward stepwise regression on IgG using age at diag-
nosis, sex, and IgG subclasses as independent variables 
revealed two positive associations: IgG1 (p < 0.0001) 
and IgG2 (p < 0.0001) (ANOVA p < 0.0001). This model 
accounted for 82.5% of the deviance of IgG. Backward 
stepwise regression on D using age at diagnosis and sex as 
independent variables revealed no significant association.

115 patients with IgGSD and subnormal IgG3 only
General characteristics. Mean age of these patients was 
47 ± 13 y. There were 105 women (90.3%). Clinical and 
laboratory attributes are displayed in Table 3.

Table 2 Characteristics of 53 adults with IgGSD and combined subnormal IgG1/IgG3a

a IgGSD, IgG subclass deficiency; SD, standard deviation. Subnormal IgG1/IgG3 is defined as values < 2 SD below the respective means. No patient had subnormal 
serum levels of IgG2, IgG4, IgA, or IgM. Three of 47 women (6.4%) had elevated IgA. Six of 47 women (12.8%) had elevated IgM. Neither elevated IgG3 or elevated IgM 
was observed in the six men represented herein
b Autoimmune condition(s) were diagnosed in 17 patients: ankylosing spondylitis (1); autoimmune thyroiditis (9); Graves disease (1); multiple sclerosis (1); pernicious 
anemia (1); polymyalgia rheumatica (1); rheumatoid arthritis (2); Sjögren syndrome (1); and undifferentiated connective tissue disorder (1). One of the 18 patients 
(5.6%) had two autoimmune conditions
c Atopy was diagnosed in 18 patients (15 allergic asthma, 3 allergic rhinitis, 2 allergic dermatitis). Two of the 18 patients (11.1%) had two atopy conditions

Characteristics IgG < 7.00 g/L, % (n = 32) IgG ≥ 7.00 g/L, % (n = 21) Value of p

Women, % (n) 93.8 (30) 50.9 (17) 0.1995

Mean age at diagnosis, y ± 1 SD 52 ± 14 50 ± 10 0.5653

Autoimmune condition(s), % (n)b 28.1 (9) 38.1 (8) 0.5511

Autoimmune condition(s) and atopy, % (n) 0 0 1.0000

Atopy, % (n)c 31.3 (10) 38.1 (8) 0.4633

Mean IgG, g/L ± 1 SD 6.07 ± 0.68 8.73 ± 1.20 < 0.0001

Mean IgG1, g/L ± 1 SD 3.11 ± 0.55 3.70 ± 0.41 < 0.0001

Mean IgG2, g/L ± 1 SD 2.41 ± 0.67 4.02 ± 1.15 < 0.0001

Mean IgG3, g/L ± 1 SD 0.29 ± 0.09 0.31 ± 0.07 0.4188

Median IgG4, g/L (range) 0.21 (0.02, 0.49) 0.21 (0.01, 0.88) 0.5010

Median IgA, g/L (range) 1.77 (0.86, 13.09) 1.94 (1.26, 4.47) 0.2713

Median IgM, g/L (range) 0.98 (0.41, 4.07) 1.19 (0.45, 4.15) 0.6364
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IgG and IgGsum
The difference between mean IgGsum and mean IgG 
was not significant (9.71 ± 2.01 g/dL vs. 10.00 ± 1.87 g/L, 
respectively; p = 0.2680). The correlation of IgGsum 
and IgG was significant (Pearson correlation coeffi-
cient = 0.8859; adjusted  r2 = 0.7828; p < 0.0001).

Regressions
Backward stepwise regression on IgG using age at diag-
nosis, sex, and IgG subclasses as independent variables 
revealed two positive associations: IgG1 (p < 0.0001) 
and IgG2 (p < 0.0001) (ANOVA p < 0.0001). This model 
accounted for 80.7% of the deviance of IgG. Backward 
stepwise regression on D using age at diagnosis and sex as 
independent variables revealed no significant association.

IgG subclasses as percentages of IgGsum
IgG1 percentages of IgGsum were significantly lower and 
IgG2 percentages of IgGsum were significantly higher 
in patients with subnormal IgG1 subclass levels than in 
patients with subnormal IgG3 only (Table 4). Other com-
parisons of these data are displayed in Table 4, along with 
presentation of IgG subclass percentages of IgGsum in 
ostensibly healthy adults in four studies from the litera-
ture (Table 4). We also compared ratios of levels of IgG1, 
IgG2, and IgG3 subclasses to that of IgG4 for each sub-
ject group. This revealed that the ratio of IgG2: IgG4 is 

higher for the three present subject groups than has been 
reported in previous studies of ostensibly healthy adults 
(Table 4).

Correlations of IgG1 and IgG2
In patients with subnormal IgG1 only, the Pearson cor-
relation coefficient of IgG1 vs. IgG2 was 0.0277 (adjusted 
 r2 =  ~ 0; p = 0.8816) (Fig.  1). In patients with combined 
subnormal IgG1/IgG3, the Pearson correlation coeffi-
cient of IgG1 vs. IgG2 was 0.2456 (adjusted  r2 = 0.0419; 
p = 0.0762) (Fig.  2). In patients with subnormal IgG3 
only, the Pearson correlation coefficient of IgG1 vs. IgG2 
was 0.2185 (adjusted  r2 = 0.0393; p = 0.0190) (Fig. 3).

Elevated IgA in IgGSD patients
Elevated IgA levels (> 4.00  g/L, > 2 SD above the mean) 
were observed only in women (Tables 1, 2 and 3). Alto-
gether, nine women (4.8%) and none of 20 men had ele-
vated IgA (p = 0.6047).

Elevated IgM in IgGSD patients
Elevated IgM levels (> 2.30  g/L, > 2 SD above the mean) 
were observed only in women (Tables 1, 2 and 3). Alto-
gether, 28 of 187 women (15.0%) and none of 20 men had 
elevated IgM (p < 0.0001).

Discussion
This study of adults with IgGSD demonstrates that both 
IgG1 and IgG2 are major determinants of IgG in patients 
with subnormal IgG1, combined subnormal IgG1/IgG3, 
or subnormal IgG3, after adjustment for other variables. 
In patients with subnormal IgG1 or combined subnor-
mal IgG1/IgG3, we also demonstrate that median IgG2 
levels are significantly lower in those with IgG < 7.00 g/L 
than those with IgG ≥ 7.00  g/L. In the present study, 
IgG < 7.00  g/L occurred in 39% of patients with sub-
normal IgG1 only and 60% of patients with combined 
subnormal IgG1/IgG3. These latter observations are 
consistent with two respective reports that IgG was sub-
normal (< 7.00 g/L) in 38% and 46% of adults with IgGSD 
who had subnormal IgG1 only without other subnormal 
IgG subclasses, subnormal IgA, or subnormal IgM [5, 6], 
contradicting previous suggestions that patients with low 
IgG1 will most likely be identified without IgG subclass 
testing [31, 32].

In the present patients with subnormal IgG1 subclass 
patterns, mean IgG1 was significantly lower in those 
with IgG < 7.00  g/L than IgG ≥ 7.00  g/L. Regressions on 
IgG revealed significant positive associations of IgG1, 
both in patients with subnormal IgG1 only and patients 
with combined subnormal IgG1/IgG3, after adjustment 
for other variables. In 12 adult patients with IgGSD 
and subnormal IgG2 and subnormal IgG, nine also had 

Table 3 Characteristics of 115 adults with IgGSD and subnormal 
IgG3  onlya

a IgGSD, IgG subclass deficiency; SD, standard deviation. Subnormal IgG3 is 
defined as a value < 2 SD below the mean. No patient had subnormal serum 
levels of IgG1, IgG2, IgG4, IgA, or IgM. Six of 101 women (5.9%) had elevated 
IgA. Sixteen of 101 women (15.8%) had elevated IgM. Neither elevated IgA nor 
elevated IgM was observed in the ten men represented herein
b Autoimmune condition(s) were diagnosed in 36 patients: anti-nuclear 
antibody > 1:80 without other explanation (5); anti-phospholipid antibody 
syndrome (1); autoimmune thyroiditis (2); Behçet syndrome (1); Crohn’s disease 
(2); Graves disease (1); mixed connective tissue disorder (1); psoriasis (3); 
psoriatic arthritis (2); rheumatoid arthritis (8); sarcoidosis (1); Sjögren syndrome 
(6); systemic lupus erythematosus (3); ulcerative colitis (1); and vitiligo (1)
c Atopy was diagnosed in 32 patients (22 allergic asthma; 10 allergic rhinitis; 3 
allergic eczema). Three of the 32 patients (9.4%) had two atopy conditions

Women, % (n) 87.8 (105)

Mean age at diagnosis, y ± 1 SD 47 ± 13

Autoimmune condition(s), % (n)b 31.3 (36)

Atopy, % (n)c 27.8 (32)

Autoimmune condition(s) and atopy, % (n) 6.1 (7)

Mean IgG, g/L ± 1 SD 10.00 ± 1.87

Median IgG1, g/L (range) 5.77 (4.23, 10.70)

Mean IgG2, g/L ± 1 SD 3.23 ± 1.20

Mean IgG3, g/L ± 1 SD 0.28 ± 0.08

Median IgG4, g/L (range) 0.23 (0.01, 2.37)

Median IgA, g/L (range) 1.85 (0.71, 5.55)

Median IgM, g/L (range) 1.19 (0.43, 5.16)
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subnormal IgG1 [16]. These observations demonstrate 
that IgG1 is a major component of IgG in adults with 
IgGSD as it is in subjects unselected for subnormal IgG 
subclass levels [2, 4, 28–30].

IgG2 levels in the present patients were within refer-
ence limits, by definition. Regardless, mean or median 

IgG2 levels in patients with subnormal IgG1 subclass lev-
els were significantly lower in patients with IgG < 7.00 g/L 
than in patients with IgG ≥ 7.00  g/L. Regressions on 
IgG revealed significant positive associations of IgG2 in 
both subnormal IgG1 subclass groups, after adjustment 
for other variables. In 12 adults with IgGSD selected for 

Table 4 IgG subclasses as percentages of  IgGsuma

Each row of italics corresponds to the non-italics font entries above
a IgGsum = sum of subclass levels (IgG1 + IgG2 + IgG3 + IgG4); IgGSD, Ig subclass deficiency. Data from the present study are expressed as mean ± 1 SD or median 
(range) of individual IgG subclass measurements as proportions of IgGsum (± 1 standard deviation)
b Data cited from the literature are expressed as the aggregate mean IgG subclass level as a proportion of the sum of aggregate mean total IgG subclass 
(IgG1 + IgG2 + IgG3 + IgG4) values
c Mean percent IgG1 in both subnormal IgG1 subclass groups is lower than mean percent IgG1 in subnormal IgG3 group (p < 0.0001, both comparisons). The 
difference in mean percent IgG1 between the two subnormal IgG1 subclass groups is not significant (p = 0.5856)
d Mean percent IgG2 in subnormal IgG1 only group is lower than mean percent IgG2 in combined subnormal IgG1/IgG3 group (p = 0.0106). Mean percent IgG2 in 
subnormal IgG3 group is lower than mean percent IgG2 in either subnormal IgG1 subclass group (p < 0.0001, both comparisons)
e Median percent IgG3 is higher in subnormal IgG1 group than median percent IgG3 in combined subnormal IgG1/IgG3 or subnormal IgG3 groups (p < 0.0001, both 
comparisons). Median percent IgG3 in combined subnormal IgG1/IgG3 group is higher than that in subnormal IgG3 group (p < 0.0001)
f Median percent IgG4 is lower in subnormal IgG1 group than in combined subnormal IgG1/IgG3 group (p = 0.0377). There is no significant difference in median 
percent IgG in subnormal IgG1 only and subnormal IgG3 only groups (p = 0.4634). Median percent IgG4 in combined subnormal IgG1/IgG3 group is higher than that 
in subnormal IgG3 group (p = 0.0453)

Subjects IgG1, %c IgG2, %d IgG3, %e IgG4, %f Reference

Adults with IgGSD and subnormal IgG1 alone
(n = 39)

50.2 ± 8.3 37.9 ± 8.7 8.1 (5.2, 17.3) 2.0 (0.2, 11.7) Present study

Ratios of subclasses compared to IgG4 25.1 19.0 4.1 1.0

Adults with IgGSD and combined subnormal IgG1/IgG3 (n = 53) 49.2 ± 8.4 42.8 ± 9.1 4.3 (1.7, 7.1) 2.7 (0.2, 9.6) Present study

Ratios of subclasses compared to IgG4 18.2 15.9 1.6 1.0

Adults with IgGSD and subnormal IgG3 alone (n = 115)b 61.3 ± 8.1 32.7 ± 8.1 2.9 (0.7, 5.4) 2.4 (0.1, 12.4) Present study

Ratios of subclasses compared to IgG4 25.5 13.6 1.2 1.0

Normal adults (n = 108)b 62.8 30.5 2.4 4.4 [28]

Ratios of subclasses compared to IgG4 14.3 6.9 0.5 1.0

Laboratory personnel (n = 107)b 58.4 31.3 5.4 4.9 [29]

Ratios of subclasses compared to IgG4 11.9 6.4 1.1 1.0

Healthy adults (n = 172)b 60.3 31.0 6.2 2.5 [2]

Ratios of subclasses compared to IgG4 24.1 12.4 2.5 1.0

Blood donors (n = 100)b 61.7 30.3 5.7 2.3 [30]

Ratios of subclasses compared to IgG4 26.8 13.2 2.5 1.0
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Fig. 1 Correlation of IgG1 and IgG2 in 39 adult patients with IgGSD 
and subnormal IgG1 only. Pearson correlation coefficient 0.0277 
(adjusted  r2 =  ~ 0; p = 0.8816)
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with IgGSD and combined subnormal IgG1/IgG3. Pearson correlation 
coefficient 0.2456 (adjusted  r2 = 0.0419; p = 0.0762)
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subnormal IgG2 levels who also had subnormal IgG, 
three had normal IgG1 [16]. These observations dem-
onstrate that IgG2 is also a major component of IgG in 
adults with IgGSD as it is in normal subjects [1, 2, 4, 28–
30]. In contrast, none of 115 adults with IgGSD and sub-
normal IgG3 only had subnormal IgG [20].

In patients with subnormal IgG1, the prevalence of AC 
was significantly greater in those with IgG ≥ 7.00 g/L than 
IgG < 7.00 g/L. This suggests that preferential synthesis of 
IgG1, IgG2, or both may occur as a consequence of one or 
more AC. In another study, respective mean serum levels 
of IgG1 were significantly higher and mean serum levels 
of IgG2 were significantly lower in patients with primary 
Sjögren syndrome (pSS), systemic lupus erythematosus 
(SLE), and systemic sclerosis than in healthy controls 
[33]. Two other studies found that serum IgG1, IgG2, and 
IgG3 levels were significantly higher in patients with pSS 
[34] and SLE [35] than in normal control subjects.

IgG1 percentages of IgGsum were significantly lower 
and IgG2 percentages of IgGsum were significantly 
higher in patients with subnormal IgG1 subclass levels 
than in patients with subnormal IgG3 only. Correlations 
of IgG1 and IgG2 values in patients with subnormal IgG1 
subclass levels were not significant. Although the corre-
lation of IgG1 and IgG2 was significant in patients with 
subnormal IgG3 only, the strength of the Pearson correla-
tion coefficient was low. Taken together, these observa-
tions suggest that a) IgG1 and IgG2 subclass proportions 
of IgGsum and absence of significant correlation of IgG1 
and IgG2 in the present patients with subnormal IgG1 
subclass levels are consequences of the subnormal IgG1 
selection criteria we used; and/or that b) that synthesis of 
IgG1 and IgG2 in adults with IgGSD and subnormal IgG1 
subclass levels is not regulated in tandem.

IgG1, IgG2 and IgG3 molecules have polymorphic 
antigens known as Gm (gamma marker) allotypes on the 

constant regions of their respective γ1, γ2, and γ3 heavy 
chains encoded in IGHG loci (chromosome 14q32.33) 
[36, 37]. Some Gm allotypes are associated with different 
serum Ig levels. For example, the “normal” IgG2 range 
for persons with allotype G2m(23)- is 35% lower than 
that of persons with G2m(23) + [38]. There was a three-
fold difference across mean serum IgG3 levels of normal 
adults grouped by G3m allotypes [29]. Few persons have 
deletions or other structural changes in IGHG loci that 
decrease the level of one or more IgG subclasses [39–43]. 
Most patients with IgGSD have dysfunctional regulation 
of IgG subclass production [44]. Intravascular distribu-
tions, fractional catabolic rates, and average biologic half-
lives of IgG1 and IgG2 are similar [3].

All patients in this study presented with frequent or 
recurrent upper or lower respiratory tract infection and 
some of them were discovered to have subnormal IgG1 
subclass levels. Adults in two other studies also had 
frequent or recurrent upper or lower respiratory tract 
infection and subnormal IgG1 only [5, 6]. In a California 
cohort of 78 adults with IgGSD, 27 (35%) had subnormal 
IgG1 (< 3.42 g/L), alone or in combination with subnor-
mal IgG3 or IgG4 [21]. In a study of 3005 persons ≥ one 
year of age who had frequent or severe episodes of infec-
tion (and their relatives) and other patients without 
infection discovered incidentally to have hypogamma-
globulinemia, 119 (4%) had subnormal IgG1 only [45]. Of 
these 119 patients, 83% had infections, especially sinusi-
tis [45]. These and related observations [46] suggest that 
the proportion of adults with subnormal IgG1 who have 
or eventually develop frequent or severe respiratory tract 
infection is high.

Mean IgG2 was significantly lower in patients with 
IgG < 7.00 g/L than IgG ≥ 7.00 g/L in this study, although 
the IgG2 level of each patient was within the reference 
limit. Subnormal IgG2 is associated with frequent or 
severe respiratory infection in some persons [13–16], 
whereas other persons with subnormal or absent IgG2 
are healthy [30, 40, 41, 47, 48]. Thus, it is unknown 
whether quantitative differences in IgG2 levels in the pre-
sent patients contributed to their frequent or severe res-
piratory tract infection.

IgG3 exerts multiple effector functions against many 
viral and bacterial pathogens [1, 49]. Subnormal IgG3 
only is the most common IgGSD pattern in adults [19–
21, 25]. Nonetheless, IgG3 levels < 2 SD between popula-
tion means are common in ostensibly healthy adults [2, 
28–30] and in some patient groups unselected for fre-
quent or severe respiratory tract infection or subnormal 
Ig [50–52].

The mean difference in IgG and IgGsum in the pre-
sent adults with subnormal IgG1 only subgrouped by 
IgG1 levels (< 7.00  g/L vs. IgG ≥ 7.00  g/L) was ~ 16%. In 
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another study, IgG and IgGsum differed by > 15% in 11% 
of 571 consecutive clinical samples [53]. The difference 
between IgG and IgGsum correlated with the proportion 
but not level of IgG1 [53]. After dilution of samples with 
differences > 15%, repeat testing did not reduce the differ-
ences significantly [53]. In the present study, we did not 
observe significant mean differences in D in adults with 
combined subnormal IgG1/IgG3 subgrouped by IgG1 
levels (< 7.00 g/L vs. IgG ≥ 7.00 g/L).

Infection susceptibility was increased in persons with 
common AC [54–58] and atopy [59–62] who were unse-
lected for IgGSD. The odds of respiratory tract infection 
were significantly increased in male Finnish military 
recruits with mannose-binding lectin levels below the 
median, after adjustment for asthma status [63]. In con-
trast, the prevalence of mannose-binding lectin ≤ 50 µg/L 
in white adults with IgGSD did not differ significantly 
from that in general European white populations [64]. 
In persons with subnormal IgE, the prevalence of fre-
quent or severe respiratory tract infection [65, 66], other 
subnormal Ig isotypes [65, 67], and autoimmune condi-
tions [66, 67] was significantly greater than that of con-
trol subjects. Hypogammaglobulinemia E in adults with 
IgGSD was negatively associated with bronchitis, allergic 
asthma, IgG1, and levels of blood CD4 + lymphocytes, 
after adjustment for other variables [68].

In this study, there was a predominance of women in 
all IgGSD groups, consistent with other reports of IgGSD 
in adults [6, 16, 19–21, 24, 45, 69]. The predominance of 
females among persons with IgGSD becomes evident at 
puberty [70]. AC are common in adults with IgGSD [6, 
16, 19–21, 45] and women predominate among adults 
with AC [71, 72]. The prevalence of chronic rhinosinusi-
tis in women, the most common respiratory tract infec-
tion in adults with IgGSD [21, 64], is twice that of men 
[73]. Taken together, it is plausible that factors related 
to the X-chromosome, X-chromosome inactivation, or 
hormonal differences between women and men could 
explain the predominance of women in cohorts of adults 
with IgGSD, although this is unproven.

Elevated IgA occurred in 5% of 187 women and no 
men in this study, although the difference in prevalence 
was not significant. Elevated IgA occurs in some patients 
with AC [74, 75] and others with cirrhosis due to chronic 
hepatitis B [76]. In healthy women and men grouped by 
age, there was no significant difference in mean IgA levels 
[77].

Elevated IgM occurred in 15% of 187 women and none 
of 20 men in this study. Elevated IgM levels are com-
mon in AC [78]. In 404 adults in the U.S. ages 20–89 y 
without conditions known to affect Ig levels, women had 
significantly higher IgM levels than men, regardless of 
age [77]. In a population-based survey of 460 adults in 

Spain, there was a significant negative association of male 
sex with IgM levels, after adjustment for other variables 
[79]. Serum IgM levels in adults are directly related to the 
number of X-chromosomes [80].

The present regression analyses demonstrate that IgG1 
and IgG2 levels account for 71–82% of the variance of 
IgG levels in 207 adults with IgGSD. Thus, we infer that 
other factors not included in our analyses also influence 
IgG levels. We cannot exclude the possibility that AC, 
atopy, IgA, or IgM levels also influence IgG, although that 
possibility is not suggested by the results of the present 
univariate analyses. IgG subclass data from individual 
age- and sex-matched control subjects unselected for fre-
quent or severe upper or lower respiratory tract infection 
or IgGSD were not available for analysis. Results in other 
IgGSD cohorts could vary due to referral differences and 
between-laboratory variation in methods of analysis, 
control data, and consequent IgG and IgG subclass refer-
ence limits. Ascertaining Gm allotypes, studying specific 
antibody activity, quantifying IgGSD responses to PPSV, 
and measuring IgE and mannose-binding lectin levels 
were beyond the scope of this work.

Conclusions
We conclude that both IgG1 and IgG2 are major determi-
nants of IgG in patients with subnormal IgG1, combined 
subnormal IgG1/IgG3, or subnormal IgG3 and that in 
patients with subnormal IgG1 or combined subnormal 
IgG1/IgG3, median IgG2 levels are significantly lower in 
those with IgG < 7.00 g/L than those with IgG ≥ 7.00 g/L.

Methods
IgGSD definition
IgGSD was defined as frequent or severe respiratory tract 
infection, one or more subnormal IgG subclass level(s) 
(< 2 SD below respective means) unexplained by other 
causes, and decreased IgG response to PPSV [20–25]. 
Frequent respiratory tract infection was defined as four 
or more episodes per year that required antibiotic ther-
apy. Severe respiratory tract infection was defined as any 
respiratory tract infection that required in-hospital treat-
ment [81]. All patients were evaluated and diagnosed to 
have IgGSD during the interval November 1991–Decem-
ber 2019 using the same criteria [16, 20].

Patient selection
We reviewed the medical records of consecutive, unre-
lated, self-identified non-Hispanic white adults (ages ≥ 18 
y) referred to a single outpatient hematology clinic 
(Southern Hematology & Oncology, P.C., Birmingham, 
AL, USA) because they had frequent or severe upper or 
lower respiratory tract infection inadequately managed 
with antibiotic and ancillary therapy, were subsequently 
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diagnosed to have IgGSD, and had no first-degree rela-
tives with IgGSD or other Ig deficiency previously known 
to this clinic as described in detail previously [16, 20, 25, 
82]. Referring physicians diagnosed AC and atopy (aller-
gic asthma, allergic rhinitis, allergic dermatitis/eczema). 
There are no Hispanic adults with IgGSD in our clinic 
population.

Patient exclusions
We excluded patients who reported therapy with daily 
oral corticosteroids [16]. We also excluded patients: 
who reported taking hydroxychloroquine [83–86]; cap-
topril, carbamazepine, chloroquine, diphenylhydantoin, 
fenclofenac, gold, hydantoin, levamisole, penicillamine, 
sulfasalazine, valproic acid, or zonisamide [85]; oxcar-
bazapine [87]; leflunomide; methotrexate; or rituximab; 
with subnormal IgG2 [16] or subnormal IgA, or subnor-
mal IgM; with monoclonal gammopathy; and with sub-
normal IgG subclass, subnormal IgA, or subnormal IgM 
levels due to other defined causes [16]. We also excluded 
patients with subnormal IgG4 because: (1) we desired to 
avoid introducing an additional IgG subclass variable; (2) 
substantial minorities of healthy men and women do not 
have detectable IgG4 [2, 88]; and (3) IgG4 levels meas-
ured by our laboratory that are > 2 SD below the lower 
reference limit are reported as zero.

Laboratory methods
IgG at diagnosis in each patient was measured using tur-
bidimetry (Laboratory Corporation of America, Burling-
ton, NC, USA). IgG subclasses were measured using four 
separate quantifications on corresponding specimens 
using rate nephelometry (Laboratory Corporation of 
America, Burlington, NC, USA) and reported separately 
from IgG. IgG and IgG subclasses were measured before 
IgG replacement therapy was initiated. For all Ig meas-
urements, we defined mean ± 2 SD as reference limits [6, 
89, 90]: IgG 7.00–16.00  g/L; IgG1 4.22–12.92  g/L; IgG2 
1.17–7.47  g/L; IgG3 0.41–1.29  g/L; IgG4 0.01–2.91  g/L 
(0–2.9 g/L); IgA 0.70–4.00 g/L; and IgM 0.40–2.30 g/L. Ig 
reference ranges for diagnosis of IgGSD did not change 
during the interval 1991–2021. Subnormal Ig levels were 
defined as those below the corresponding lower reference 
limits. Subnormal Ig levels were documented twice in all 
adults at times they did not have acute infection. We used 
the second IgG subclass values for the present analyses.

Statistical analysis
Data for analyses consisted of observations on 207 adults: 
39 with subnormal IgG1 only; 53 with combined subnor-
mal IgG1/IgG3; and 115 with subnormal IgG3 only (see 
Additional file 1: Supplemental File "Observations in 207 
Adults with IgGSD"). We evaluated continuous data for 

normality using d’Agostino’s and Shapiro–Wilk tests. 
Descriptive data are displayed as enumerations, percent-
ages, means (± 1 SD), or medians (range). Age and serum 
Ig data are expressed to the nearest integer. To determine 
factors that affect the percentage difference between 
IgGsum and IgG, we computed the D-parameter [27], 
defined as:

where IgGsum is the sum of IgG subclasses 
(IgG1 + IgG2 + IgG3 + IgG4) and IgG is total serum IgG.

Mean values of data from normal distributions were 
compared using Student’s t test (two-tailed). Differences 
in median values of data from non-normal distributions 
were compared using the Mann–Whitney U test. We 
compared differences in proportions of dichotomous var-
iables using Fisher’s exact test (two-tailed). We compared 
some continuous data using Pearson’s correlation coef-
ficient. We ranked the strength of statistically significant 
positive Pearson correlation coefficients as low (0.1–0.3), 
medium (> 0.3–0.5), and large (> 0.5–1.0).

The number of observations in each of the present 
IgGSD patient groups was relatively small and thus we 
minimized the numbers of independent variables we 
used in regression analyses [91]. For regressions on IgG, 
we included IgG subclass values and also age and sex 
because some IgG subclass levels in healthy adults are 
significantly influenced by these latter variables [88, 92]. 
For regressions on D, we used only age and sex as inde-
pendent variables.

We defined values of p < 0.05 to be significant. Analyses 
were performed with Excel 2000® (Microsoft Corp., Red-
mond, WA, USA) and GB-Stat® (v. 10.0, 2003, Dynamic 
Microsystems, Inc., Silver Spring, MD, USA).
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