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Background and purpose: Primary hypogammaglobulinemia has been proposed to be associated with an 
increased incidence of allergic diseases, but the correlation between the clinical presentation and the serum 
immunoglobulin E (IgE) level has not been studied in this patient group. This study investigated the correlation 
of IgE levels and allergic condition in patients with primary hypogammaglobulinemia.
Methods: Thirty five patients with primary hypogammaglobulinemia were enrolled from September 2004 to 
March 2005. Serum IgE levels were measured at clinic follow-up. Information regarding the patient’s history of 
allergic diseases, including atopic dermatitis, allergic rhinitis, allergic conjunctivitis, and asthma, were collected 
from chart review and clinic interviews.
Results: Significantly lower mean ± standard deviation serum IgE levels were found in allergic patients with 
primary hypogammaglobulinemia (123.9 ± 148.8 IU/mL) than in the healthy control group (376.2 ± 471.7 IU/mL) 
[p < 0.005] or in allergic patients without primary hypogammaglobulinemia (544.1 ± 309.1 IU/mL) [p < 0.001]. 
Conclusions: Serum IgE level is not a suitable diagnostic criterion or treatment guide for allergy in patients with 
primary hypogammaglobulinemia.

Key words: Agammaglobulinemia; Allergy and immunology; Immunoglobulin E

Original Article

J Microbiol Immunol Infect.
2009;42:271-275

Introduction

Hypogammaglobulinemia may be caused by either B-
cell immunodeficiencies or combined B-cell and T-cell 
deficiencies. B-cell immunodeficiencies might result 
from defects in signal transduction through Bruton’s 
tyrosine kinase (X-linked agammaglobulinemia), lead-
ing to a selective or generalized failure to progress from 
the immature B-cell stage to the plasma cell stage (im-
munoglobulin A [IgA] immunodeficiency or common 
variable immunodeficiency [CVID]). Severe combined 
immunodeficiency (SCID) consists of a group of ge-
netic disorders characterized by profoundly defective 
T-cell differentiation with or without abnormal B-cell 
differentiation [1]. Many reports have documented a 

variety of abnormalities in concentrations of the 3 major 
Igs — IgG, IgA, and IgM — in patients with primary 
hypogammaglobulinemia [2]. The association between 
primary immunodeficiency diseases and allergic dis-
eases has been well established. In Taiwan, allergic 
diseases are noted in 76% of patients with CVID [1]. In 
Hong Kong, morbidities such as autoimmune disease 
(6%) and allergic disease (20%) are common in patients 
with primary immunodeficiency diseases [3].

To the authors’ knowledge, there have been no 
reports in the literature regarding IgE levels in allergic pa-
tients with primary hypogammaglobulinemia. This study 
was performed to investigate the serum IgE levels in 
allergic patients with primary hypogammaglobulinemia.

Methods

Thirty five patients with primary hypogammaglob-
ulinemia were enrolled, and categorized according to 
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the following diseases: X-linked agammaglobulinemia 
(3 boys), CVID (15 boys and 10 girls), transient 
hypogammaglobulinemia of infancy (1 boy), IgG 
subclass deficiencies (1 boy with IgG3 deficiency and 
1 girl with IgG2 deficiency), and SCID (4 boys) [Table 
1]. The diagnosis of primary hypogammaglobulinemia 
was confirmed by clinical manifestations and bio-
chemistry data.

Hypogammaglobulinemia was defined as an IgG 
level 2 standard deviations below the mean level for 
the corresponding chronologic age. Quantifications of 
serum Igs were done by nephelometry in the central 
laboratory at the National Taiwan University Hospital, 
Taipei, Taiwan.

Twenty six of 35 patients with primary hypogam-
maglobulinemia (74%) had symptoms of allergic 
diseases (Table 1). Three patients had X-linked agam-
maglobulinemia, 21 had CVID, and 2 had selective 
immunodeficiencies.

Sixty two age-matched patients with allergic dis-
eases were randomly selected from the clinic to serve 
as controls. Serum IgE levels were measured in all 
participants. Diagnoses of allergic diseases, including 
atopic dermatitis, allergic rhinitis, allergic conjunc-
tivitis and asthma, were confirmed by medical chart 
review and clinic-based interviews.

Determination of total and allergen-specific 
serum immunoglobulin E levels
Total and allergen-specific serum IgE levels were 
measured using the Pharmacia CAP System (Pharma-
cia, Uppsala, Sweden) according to the manufacturer’s 
instructions. Values are represented as mean ± stand-
ard deviation. The assay was calibrated against the 
World Health Organization standard for total serum 

IgE with a range of 0.35-100.00 kU/L for allergen-
specific IgE and 2-2000 kU/L for total serum IgE. 
Titers were considered positive for sensitization when 
the observed allergen-specific serum IgE level was 
above 0.35 kU/L.

Data analysis
The comparison of IgE levels was statistically ana-
lyzed with a non-parametric Mann-Whitney test. A 
2-tailed p value of <0.05 was considered statistically 
significant.

Results

Serum immunoglobulin E concentrations
The mean age of allergic patients with primary hypo-
gammaglobulinemia was 12.5 ± 5.4 years. The mean 
age of non-allergic patients with primary hypo-
gammaglobulinemia was 13.8 ± 6.2 years. Among 
the allergic control patients (40 boys and 22 girls), 
the mean age was 12.2 ± 4.6 years. The mean serum 
IgE concentration for all patients with primary hypo-
gammaglobulinemia was 112.2 ± 136.7 IU/mL. The 
mean serum IgE concentration for allergic patients 
with primary hypogammaglobulinemia was 123.9 
± 148.8 IU/mL. The mean serum IgE concentration 
of non-allergic patients with primary hypogamma-
globulinemia was 81.56 ± 11.26 IU/mL. Among the 
allergic control patients, the mean serum IgE concen-
tration was 544.1 ± 309.1 IU/mL (Table 2).

Group comparisons
The mean IgE level of the allergic patients with primary 
hypogammaglobulinemia (123.9 ± 148.8 IU/mL) was 
significantly lower than that of allergic patients with-

Table 1. Demographic characteristics of patients with primary hypogammaglobulinemia.

		  X-linked	 Common	 Transient 	 Immunoglobulin G	 Severe

Characteristic
	 agamma-	  variable	 hypogamma-	 subclass	 combined	

Total
		  globulinemia	 immuno-	 globulinemia	 immuno-	 immuno-
			   deficiency	 of infancy	 deficiencies	 deficiency

No. of patients	 3	 25	 1	 2	 4	 35
	 Allergic 	 3	 21	 0	 2	 0	 26
	 Non-allergic	 0	 4	 1	 0	 4	 9
Sex (male:female)	 3:0	 15:10	 1:0	 1:1	 4:0	 22:13
	 Allergic 	 3:0	 11:10	 -	 1:1	 -	 15:11
	 Non-allergic 	 -	 4:0	 1:0	 -	 4:0	 9:0
Age (years) [mean ± 	 14.0 ± 9.3	 17.0 ± 3.5	 1	 11.0 ± 1.4	 12.3 ± 5.5	 12.9 ± 7.6
standard deviation]
	 Allergic 	 14.0 ± 9.3	 19.0 ± 2.6	 -	 11.0 ± 1.4	 -	 12.5 ± 5.4
	 Non-allergic	 -	 12.2 ± 3.5	 1	 -	 12.3 ± 5.5	 13.8 ± 6.2
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out hypogammaglobulinemia (544.1 ± 309.1 IU/mL; 
p < 0.001) [Fig. 1]. The mean serum IgE concentration 
of allergic patients with primary hypogammaglobuline-
mia (123.9 ± 148.8 IU/mL) was significantly lower than 
the mean serum IgE concentration of the age-appropriate 
controls (376.2 ± 471.7 IU/mL; p < 0.005) [Fig. 2]. 
The mean serum IgE concentration of the non-allergic 
patients with primary hypogammaglobulinemia (81.56 
± 11.26 IU/mL) was lower than the mean serum IgE 

concentration of the allergic patients with primary hypo-
gammaglobulinemia (123.9 ± 148.8 IU/mL). The mean 
serum IgE concentrations between non-allergic and 
allergic patients with primary hypogammaglobulinemia 
showed no significant difference (p = 0.792) [Fig. 3].

Relationship between primary 
hypogammaglobulinemia and allergic disease
Twenty six of 35 patients with primary hypogamma-
globulinemia (74%) had symptoms of allergic disease 
[Table 3]. Three patients had X-linked agammaglob-
ulinemia, 21 had CVID, and 2 had selective immuno-
deficiencies.

Nine of 35 patients with primary hypogamma-
globulinemia (26%) had no symptoms of allergic dis-
ease [Table 3]. Four patients had CVID, 1 had transient 
hypogammaglobulinemia of infancy, and 4 had SCID.

Positive CAP results were found for 13 of 26 al-
lergic patients with primary hypogammaglobulinemia 
(50%) [Table 4]. Twelve of these patients had CVID 
and 1 had selective immunodeficiency.

Discussion

Allergy can be divided into 2 distinct variants, the ex-
trinsic or allergic variant and intrinsic or non-allergic 

Table 2. Serum immunoglobulin E level in different study populations.

	 Patients with	 Allergic patients with	 Non-allergic patients	 Allergic control 
	 hypogammaglobulinemia	 hypogammaglobulinemia	 with hypogammaglobulinemia	 patients

No. of patients	 35	 26	 9	 62
Mean immunoglobulin E	 112.2 ± 136.7	 123.9 ± 148.8	 81.6 ± 11.3	 544.1 ± 309.1
level (IU/mL)
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Fig. 1. Comparison of serum immunoglobulin E concentrations 
between allergic patients with primary hypogammaglobulinemia 
and allergic patients (p < 0.001).

Fig. 2. Comparison of serum immunoglobulin E concentrations 
between allergic patients with primary hypogammaglobuline-
mia and controls (p < 0.05).
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Fig. 3. Comparison of serum immunoglobulin E concentra-
tions between non-allergic and allergic patients with primary 
hypogammaglobulinemia (p < 0.792).
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variant. The extrinsic variant occurs in the context 
of sensitization toward environmental allergens and 
is accompanied by elevated serum IgE levels. The 
intrinsic variant is known to have no detectable sensi-
tization and low serum IgE levels. However, the exact 
pathophysiology of non-allergic atopic disease is not 
fully understood [4-6].

The percentage of positive allergic history in pa-
tients with primary hypogammaglobulinemia was 
74% in this study, which is evidently higher than that 
of the healthy population. In addition, the percent-
age of positive CAP results in allergic patients with 
primary hypogammaglobulinemia was 50% in this 
study, which is higher than that usually observed in 
allergic patients. Therefore, allergic patients with 
primary hypogammaglobulinemia are more likely to 
have a non-allergic variant.

It is estimated that approximately 50% to 60% of 
patients with primary immunodeficiency disease have 
humoral immunity, 15% to 20% have combined hu-
moral and cellular immunity, 10% to 15% have phago-
cytic immunity, and 1% to 3% have the complement 
system.

In this study, 21 of 26 allergic patients with pri-
mary hypogammaglobulinemia had CVID, which is 
the most prevalent human primary immunodeficiency. 
The etiology of CVID has not been well studied. 
There are several possible causes of CVID, including 
inducible costimulatory receptor deficiency, which 
accounts for less than 1% of patients. In addition, it 
has been reported that mutations in the tumor necrosis 
factor receptor family member transmembrane activa-
tor, calcium modulator and cyclophilin ligand interac-
tor, which mediates isotype switching in B cells, have 
been found in 10% to 20% of patients with CVID [7,8].

Although deficient production of Ig by B cells 
is the immunologic hallmark of CVID, T-cell ab-
normalities are also present in a high proportion of 
these patients. Dendritic cells of patients with CVID 
have a significantly reduced capacity to secrete 
interleukin-12 (IL-12). Deficient dendritic cell func-
tion could lead to attenuated T-cell activation and 
defective immunization [9].

Some studies have demonstrated reduced secre-
tion of IL-10 from T cells in CVID. Reduced IL-10 
secretion by T cells may contribute to the deficient 
B-cell function in CVID [10]. More specifically, IL-10 
and transforming growth factor-β secreted by allergen-
specific type 1 regulatory cells skew the antibody 
production from IgE towards the non-inflammatory 
isotypes IgG4 and IgA [11]. This might explain why 
patients with CVID have a higher incidence of allergic 
disease but a lower IgE level.

In this study, allergic diseases were seen in 100% 
of patients with X-linked agammaglobulinemia or IgG 
subclass deficiencies, but in 0% of patients with SCID 
or transient hypogammaglobulinemia of infancy. 
However, it is hard to draw any conclusion from this 
observation due to the small sample size.

These results demonstrated that the mean serum 
IgE concentration of allergic patients with primary 
hypogammaglobulinemia was significantly lower than 
that of allergic patients. One reason may be the lower 
IgE level in the former patients, which may be at-
tributed to the ubiquitous use of intravenous immune 
globulin (IVIG) therapy in patients with primary 
hypogammaglobulinemia.

In the past 20 years, IVIG therapy has become 
the standard treatment for antibody deficiency syn-
drome, and has significantly decreased the occurrence 

Table 4. Positive CAP findings in allergic patients with primary hypogammaglobulinemia.

	 X-linked	 Common variable	 Immunoglobulin G	
Total

	 agammaglobulinemia	 immunodeficiency	 subclass immunodeficiencies

Positive CAP finding	 0/3 (0)	 12/21 (57)	 1/2 (50)	 13/26 (50)
No. (%)

Table 3. Positive allergic history in patients with primary hypogammaglobulinemia.

		  X-linked	 Common	 Transient	 Immunoglobulin G	 Severe
		  agamma-	 variable	 hypogamma-	 subclass	 combined	

Total
		  globulinemia	 immunodeficiency	 globulinemia	 immuno-	 immuno-
				    of infancy	 deficiencies	 deficiency

Positive allergic historya	 3/3 (100)	 21/25 (84)	 0/1 (0)	 2/2 (100)	 0/4 (0)	 26/35 (74)
No. (%)

aHistory of atopic dermatitis, allergic rhinitis, or asthma.
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of pneumonia in patients with agammaglobulinemia 
[12,13]. In this study, 20 of 26 allergic patients with 
primary hypogammaglobulinemia had regular IVIG 
therapy at the outpatient department to maintain a 
relatively high trough level of 700 mg/dL. Some papers 
have reported that IVIG therapy may suppress IgE pro-
duction by inhibiting anti-CD40 and IL-4–stimulated 
B-cell proliferation. Diminution of IgE production in 
anti-CD40/IL-4–stimulated B cells by IVIG is due to 
inhibition proliferation and progression early in the cell 
cycle [14-17].

It remains difficult to determine the causal rela-
tionship between primary hypogammaglobulinemia 
and IgE deficiency from this study. The limitations of 
the study were the small number of patients and the 
confounding factor of IVIG therapy.

Nevertheless, the authors suggest that serum IgE 
level is not an appropriate reference for diagnosis or 
treatment guidelines for allergy in patients with pri-
mary hypogammaglobulinemia.
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