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Transient hypogammaglobulinemia of 
infancy (THI) is a primary immune deficiency 
disease that is a subclass of predominantly 
antibody deficiencies.1 THI is characterized 
by prolongation of the physiological 
hypogammaglobulinemia period due to the 
delay in the production of immunoglobulin 
(Ig).2 In THI, mainly IgG levels, prevalently IgA 

and IgM levels, are lower than two standard 
deviations (SDs).3 Although the actual incidence 
of this disease is unknown because most patients 
are asymptomatic and severe infections are rare, 
different results have been reported in studies of 
various centers.3-6 According to Kılıç et al.5, 73.9% 
of primary immunodeficiencies were primary 
antibody deficiencies, and THI constituted 
31% of primary antibody deficiencies (22.9% in 
primary immunodeficiencies) in Turkey.

Clinically, THI is characterized by recurrent 
lower respiratory tract infection (LRTI) and 
upper respiratory tract infection (URTI), urinary 
tract infections, gastroenteritis, and invasive 
infections.3 THI can be distinguished from 
other immunodeficiencies by its intact cellular 
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ABSTRACT

Background. Transient hypogammaglobulinemia of infancy (THI) is a heterogeneous disorder caused by an 
abnormal delay in reaching normal IgG levels in the first three years of life. Although THI is a common primary 
immune deficiency, its pathogenesis has not been fully elucidated. We aimed to investigate the role of regulatory 
T cells (Tregs) and B cells (Bregs) in the pathogenesis of THI.

Methods. T and B cell subsets were evaluated in 40 patients with THI aged 6–41 months and 23 healthy controls 
aged 6–51 months using flow cytometry. CD4 and interleukin-2 receptor-α alpha (CD25) expression and a lack 
of interleukin-7 receptor-α (CD127) were used for Treg identification. FoxP3 expression in Tregs was determined 
as a percentage and mean fluorescence intensity. B cell subsets (plasmablast, mature naive, primarily memory, 
new memory) and Bregs were defined according to CD19, CD38, and CD24 expressions.

Results. Patients with THI (15 females and 25 males; mean age: 18.8 ± 8.6 months) and controls (10 females and 
13 males; mean age: 22.6 ± 13.1 months) participated in this study. While the proportion of Tregs of children 
with THI were significantly increased compared to the controls, primarily memory B cells were reduced. 
Additionally, the proportions of CD127 in CD3+ and CD3+CD4+ T cells were significantly reduced in the patients 
with THI compared to the control. No significant difference was detected in the FoxP3 expression of Tregs and 
the frequency of Bregs in the children with THI.

Conclusions. Increased Tregs and decreased primarily memory B cells may cause antibody production delay 
in children with THI. Changes in the T and B cell compartments may be related to chronic immune activation 
and affected cellular immunity in THI. Further studies are needed to use T and B cell subsets in the prediction 
of IgG level recovery.
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immunity, protective antibody response, and 
clinical improvement in serum Ig levels.6 
Spontaneous clinical improvement occurs in the 
9th–15th month, but normalization of IgG levels 
can be delayed up to 2-5 years of age.7 

The cause of the immune system disorder 
leading to hypogammaglobulinemia has not 
been fully understood in THI.8 Studies have 
reported reasons for low Ig levels in THI 
as abnormalities in the B cell compartment, 
decreased numbers of the CD19 complex and 
memory B cells, defects in T helper cell (Th) 
maturation and function, aberrant cytokine 
production, and increased number of regulatory 
T cells (Tregs) and myeloid-derived suppressor 
cells.6,9-13 

In studies involving children with THI, it 
has been reported that antibody production 
deficiency is associated with delayed 
maturation of Th cells.6 IL-2 receptor-α (CD25) 
and IL-7 receptor-α (CD127) play an essential 
role in T cell development and antigen-specific 
T cell responses. As a result of the binding of 
IL-7 to its receptor (CD127), antiapoptotic 
molecules upregulate in T cells, and the T cell 
receptor–mediated signaling pathway initiates, 
leading to IL-2 production and proliferation 
in newly activated T cells. After activation by 
antigens and IL-7 binding, T cells lose CD127 
surface expression. Therefore, CD127 is used 
to distinguish between effector, memory, and 
regulatory T cells.14 CD25+CD127low/- cells (Tregs) 
have regulatory functions and play an essential 
role in suppressing excessive inflammatory 
responses, preventing reactions to harmless 
environmental molecules, and suppressing the 
autoantibody response to self-antigens.15,16 

CD19+ B cell subsets at different maturation 
stages have been defined according to their CD38 
and CD24 expressions.17 CD38 is a coreceptor in 
mature B cells and leads to apoptosis in early B 
cells while increasing survival in B cells derived 
from the lymph node germinal center.18 CD24 is 
a cell surface receptor responsible for regulating 
the maturation stage of B cells in the bone 
marrow, similar to CD38.19 Together with the 

B cell receptor, CD24 functions in the apoptosis 
of autoreactive B cells. CD24 can regulate B cell 
receptor–mediated B cell selection in the bone 
marrow, thereby producing and leading to the 
migration of regulatory B cells (Bregs).20 Bregs 
(CD19+CD38hiCD24hi B cells) regulate T and 
B cell responses, including the maintenance 
of Tregs.21,22 The functions of Bregs have been 
demonstrated in autoimmunity, allergy, 
infections, and cancer.22-24 Inborn errors of 
immunity associated with Breg deficiency have 
not been described so far. However, a decrease 
in CD19+CD38hiCD24hi B cells (Bregs) of patients 
with common variable immune deficiency has 
been reported.25,26 

Although B cells have often been investigated 
due to hypogammaglobulinemia in THI, the role 
of Bregs is unclear. In this study, we investigated 
Tregs and Bregs to elucidate the immunological 
mechanisms causing hypogammaglobulinemia 
in children with THI.

Material and Methods

Study participants

Forty patients diagnosed with THI aged 6–41 
months and 23 healthy controls aged 6–51 
months were included in this study. Informed 
consent was obtained from the parents of the 
children with THI before they were included 
in the study. This study was approved by the 
Ethical Committee of Selcuk University Medical 
Faculty (2015/265).

The diagnosis of THI was based on the 
following criteria: (i) low serum levels of mainly 
IgG (< 2 SDs below age-defined norms) with 
and/or without reduced IgA and IgM levels 
diagnosed in the first three years of life; (ii) 
normal vaccine responses, isohemagglutinins, 
peripheral blood lymphocyte subpopulations, 
and cellular immunity; and (iii) defined causes 
of hypogammaglobulinemia (such as other 
primary immunodeficiencies, genetic disorders, 
chromosomal abnormalities, and other systemic 
illnesses or drugs) were excluded.3,27 
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The initial indications for testing 
immunoglobulin levels were recurrent URTI 
and/or LRTI, recurrent otitis media, and 
gastroenteritis.28 The patients’ demographic 
data and clinical history (such as age, gender, 
types and frequency of infections in the last year, 
hospitalizations, and history of allergic diseases 
and other systemic diseases) were obtained 
from their medical records. Hemoglobin, 
leukocyte, lymphocyte, and platelet levels, as 
well as IgG, IgA, and IgM levels, were recorded 
on admission. Clinical observation was 
performed regularly every three months, and 
immunoglobulin levels were checked every six 
months. Infections and treatments (antibiotic 
prophylaxis, inhaled steroid, or intravenous 
immunoglobulin) of the patients were recorded 
during the follow-up.

Flow cytometric analysis

Peripheral lymphocyte subsets, Tregs, and 
Bregs in ethylenediamine tetra-acetate 
anticoagulated peripheral blood samples of 
the patients with THI and the control group 
were analyzed using FACSAria III flow 
cytometer (Becton–Dickinson, CA, USA) and 
FACSDiva version 6.1.3 software package. 
Peripheral blood mononuclear cells were 
isolated from heparinized blood using Ficoll-
Histopaque density gradient centrifugation, 
and flow cytometric analysis of these cells was 
performed on at least 50,000 acquired events. 
Treg staining was performed using CD3 (APC), 

CD4 (PerCP), CD25 (PE), FoxP3 (Alexa fluor 
488), and CD127 (Alexafluor 700) monoclonal 
antibodies (Biolegend, San Diego, USA). In 
the flow cytometric analysis, lymphocytes 
were gated, and then CD25+CD127low/- Tregs, 
CD25low/-CD127+ T, and CD25-CD127- T cells 
were identified at the CD3+CD4+ Th gate (Fig. 1A 
and 1B).15 FoxP3 expression of CD25+CD127low/- 
Tregs was determined as a percentage and 
mean fluorescence intensity (MFI).

B cell subsets were determined according to 
their expression at maturation stages using 
CD19 (FITC), CD24 (APC), CD38 (Alexa fluor 
700) monoclonal antibodies (Biolegend, San 
Diego, USA) (Fig. 2).29 At the CD19+ B cell gate in 
the lymphocyte population, the CD38hiCD24hi 
Bregs, CD38intCD24int mature naive B cells, 
CD38hiCD24- plasmablast, CD38-CD24+ 
primarily memory B cells, and CD38-CD24- new 
memory B cells were determined (Fig. 3A).30

Statistical analysis

Statistical analysis of the data was performed 
using IBM SPSS for Windows 17.0 software 
package (IBM Corp, Armonk, NY, USA). 
Tregs and B cell subsets were determined and 
compared in the patients with THI and the 
control groups. Descriptive statistics such as 
the number of patients in the THI and control 
groups, geometric mean, arithmetic mean, 
minimum and maximum values, and mean ± 
2 SD values were given for both groups. When 

Fig. 1. Flow cytometric analysis of Tregs according to CD127 and CD25 expressions (A - B), statistically 
comparison of Tregs (C) in THI and control groups. CD3+CD4+ Th cells were classified as CD25low/-CD127+ T 
cells (I), CD25−CD127− T cells (II) and CD25+CD127low/- Tregs (III).
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examining the differences in the comparison 
of means between two groups, the student 
t-test was used in independent groups for data 
showing normal distribution, while the Mann-
Whitney U test was used for data without 
normal distribution. The significance level was 
accepted as p < 0.05.

Results

Demographic characteristics and clinical 
features of the study population

The THI group had 15 females and 25 males 
with a mean age of 18.8 ± 8.6 months (range: 
6–41 months), while the control group consisted 
of 10 females and 13 males with a mean age of 
22.6 ± 13.1 months (range: 6–51 months). There 
was no significant difference between the 
patient and control groups based on sex and 
age distribution.

When the clinical findings of the patients 
with THI were evaluated, the most common 
clinical presentations were recurrent URTIs in 
24 patients (60%), LRTIs in 27 patients (67.5%), 
diarrhea in 10 patients (25%), urinary tract 
infection in 2 patients (5%), and allergic disease 

in 8 patients (20%). Twenty patients (50%) were 
hospitalized at least once due to infection. 
The main causes of hospitalization were acute 
bronchiolitis (70%), gastroenteritis (20%), and 
pneumonia (10%). Etiological agents were 
determined in 10 of 20 patients. Rhinovirus, 
human metapneumovirus, and respiratory syncytial 
virus were identified as causative pathogens of 
bronchiolitis cases. Rotavirus and Streptococcus 
pneumonia were detected as etiological agents 
for gastroenteritis and pneumonia cases, 
respectively. None of these patients had severe 
infections, including sepsis or meningitis. Four 
patients (10%) received intravenous IgG, and 
one of them had Kawasaki disease. Thirty-one 
patients with THI (77.5%) were taking antibiotic 
prophylaxis during months 2–29 (Table I). The 
serum levels for IgG reached age-matched 
normal values in the median age of 32 months 
(range: 24–58 months).

Laboratory studies

The laboratory findings of the study groups 
are shown in Tables II and III. Serum IgG, IgA, 
and IgM levels at diagnosis were 406.4 ± 119.1, 
19.2 ± 14.9, and 62.1 ± 22.8 mg/dL, respectively. 
Twenty-eight patients (70%) had low IgA, and 

Fig. 2. B cell differentiation pathways and B cell subsets identified in this study. Immature B cells that develop 
in the bone marrow differentiate into regulatory B cells or mature naive B cells. Upon activation by antigen, 
mature naive B cells either give rise to plasmablasts or enter the germinal center reaction, in which somatic 
hypermutation, affinity maturation and class switch recombination to differentiate memory B cells.29
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23 patients (57.5%) had low IgM titers. There 
was no significant difference between the 
patients in the THI and those in the control 
group based on leukocyte, lymphocyte, platelet, 
and hemoglobin levels (p > 0.05) (Table II).

CD3+ Total T cell, CD3+CD4+T cells, CD3+CD8+ 
cytotoxic T cells, CD19+ B cells, CD16+56+ 
natural killer cell counts, and CD4/CD8 T cell 
ratio were within normal ranges according 
to age in patients with THI.31 There was no 
significant difference between the patients in 
the THI group and the control group based on 
lymphocyte subsets (p > 0.05) (Table II).

In the CD127 expression of T cells, although the 
percentage of CD127 in CD3+ T and CD3+CD4+ T 
cells reduced (p = 0.00, p = 0.00, respectively), the 
CD127 MFI of these cells increased in patients 

Table I. Clinical features and treatment of the patients 
with THI.

THI group (N = 40)
n %

Clinical features
LRTI 27 67.5
URTI 24 60
Diarrhea 10 25
Allergic symptoms 8 20
UTI 2 5

Treatment
Antibiotic prophylaxis 31 77.5
Hospitalization 20 50
The use of IVIG 4 10

THI: transient hypogammaglobulinemia of infancy, LRTI: 
lower respiratory tract infections, URTI: upper respiratory 
tract infections, UTI: urinary tract infection, IVIG: 
intravenous IgG

Table II. Serum immunoglobulin levels and lymphocyte subsets in THI and control groups.
THI Control

p
Mean ± SD Min – Max Mean ± SD Min – Max

IgG (mg/dl) 406.4 ± 119.1 169 - 575 640.1 ± 163.9 358 – 950 0.000*
IgA (mg/dl) 19.2 ± 14.9 6.7 – 81 48.9 ± 38.8 8.1 – 166 0.00**
IgM (mg/dl) 62.1 ± 22.8 19.8 – 152 78.1 ± 35.6 30.1 – 209 0.02**
WBC (x109) 9.1 ± 2.5 5.2 – 15.5 9.4 ± 2.7 6 – 16.4 0.76**
Lymphocyte

% 56.0 ± 9.9 29 – 74 53.6 ± 11.6 34 – 76 0.38*
Absolute (x109) 5.1 ± 1.5 2.8 – 9 5.0 ± 1.7 2.6 – 8.9 0.55**

CD3
% 65.9 ± 6.8 51 – 88 65.5 ± 7.3 49 – 77 0.91**
Absolute number 3261.5 ± 1094.5 1711 – 6686 3246.0 ± 1266.5 1328 – 6590 0.89**

CD3+CD4+ T cells
% 42.3 ± 7.0 30.6 – 56.3 41.1 ± 9.2 26.1 – 59.1 0.49**
Absolute number 2083.2 ± 719.8 1151 – 4090 2078.7 ± 1015.0 703 – 4717 0.63**

CD3+CD8+ T cells
% 19.9 ± 4.7 10.2 – 28 19.9 ± 4.4 10.4 – 26.8 0.96*
Absolute number 1002.0 ± 436.9 399 – 2429 963.7 ± 349.2 357 – 1687 0.72*

CD19+ B cells
% 23.3 ± 6.3 7.9 – 35.5 23.4 ± 6.3 14.1 – 36 0.68**
Absolute number 1215.2 ± 707.7 288 – 4089 1137.8 ± 526.1 616 – 2601 0.62**

CD16+CD56+ NK Cells
% 6.7 ± 3.5 1.3 – 14.7 6.2 ± 4.3 0.5 – 18.0 0.27**
Absolute number 333.2 ± 264.1 44 – 1669 313.4 ± 227.8 110 – 782 0.45**

SD: standard deviation, IgG: immunoglobulin G, IgA: immunoglobulin A, IgM: immunoglobulin M, WBC: white blood cell,
* Independent sample t-test **Mann–Whitney U test
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with THI compared to the control group (p = 
0.04, p = 0.05, respectively). In the analysis of 
CD4+ Th cell subsets according to CD25 and 
CD127 expressions, the CD4+CD25low/-CD127+ Th 
cells decreased (p = 0.00), while the CD4+CD25-

CD127- Th cells and the CD4+CD25+CD127-/low 
Tregs increased in the THI group (p = 0.00, p = 
0.01) (Table III) (Fig. 1).

Flow cytometric analysis of B cells showed that 
the CD38-CD24+ primarily memory B cells were 
reduced in the THI group (p = 0.00). There was 
no significant difference in the CD38hiCD24hi 
Bregs, the CD38intCD24int mature naive B cell, 
the CD38briCD24- plasmablast cells, and CD38-

CD24- new memory B cell subset (p > 0.05) 
(Table III) (Fig. 3).

Correlation analysis showed that there was no 
relationship between Tregs/Bregs and serum 
IgG, IgA, and IgM levels; frequency of infection; 

and intravenous IgG requirement. However, 
the ratio of FoxP3 in Tregs was negatively 
correlated with IgG recovery age.

Discussion

In this study, to elucidate the pathophysiology 
of THI, we analyzed, for the first time, Th 
subsets in regards to CD127 and CD25 
expressions and B cell subsets according to 
CD38 and CD24 expressions in 40 children with 
THI. This study demonstrated that patients 
with THI had some changes in the Th subsets, 
including CD4+CD25+CD127-/low Tregs and B 
cell subsets. While the percentage of CD127 
of CD3+ T and CD3+CD4+ Th cells decreased 
in children with THI, CD127 expression (MFI) 
increased. The children with THI had higher 
CD4+CD25+CD127low/- Tregs than the controls, 
but their CD19+CD38-CD24+ primarily memory 
B cells were low.

Table III. T and B cell subsets in THI and control groups.
THI Control

p
Mean ± SD Min – Max Mean ± SD Min – Max

CD3+ T cells
CD127 (%) 82.46 ± 10.20 43.4 – 96.3 89.97 ± 7.95 66.3 – 97.2 0.00**
CD127 (MFI) 6574.3 ± 3471.3 1438 – 18537 5271.8 ± 3946.9 1458 – 20343 0.04**

CD3+CD4+ T cells 
CD127 (%) 77.6 ± 13.0 34.5 – 96.6 87.9 ± 9.7 58.1 – 96.1 0.00**
CD127 (MFI) 6114.8 ± 3207 1197 – 15962 4989.7 ± 3821 1335 – 19573 0.05**

CD3+CD4+T cell subsets (%)
CD25+CD127low/- Tregs 2.6 ± 2.3 0.2 – 12.7 1.5 ± 1.1 0.4 – 4.9 0.01**
CD25low/-CD127+ 68.0 ± 13.6 29.1 – 89.6 77.4 ± 9.8 44.7 – 86.5 0.00**
CD25-CD127- 19.4 ± 11.8 2.8 – 56.7 10.4 – 8.6 3.1 – 36.9 0.00**

CD25+127low/- Tregs - FoxP3 Expression 
Level

FoxP3 (%) 29.0 ± 21.4 1.5 – 72.9 25.7 ± 13.4 2.4 – 49.2 0.79**
FoxP3 (MFI) 300.4 ± 65.1 210 – 535 300.2 ± 113.3 207 – 764 0.30**

CD19+ B cell subsets (%)
CD38hiCD24hi Bregs 10.1 ± 3.8 2.7 – 23.5 9.0 ± 2.4 5.4 – 14.6 0.22*
CD38hiCD24- Plasmablast 2.4 ± 3.1 0.1 – 14.1 2.1 ± 2.1 0 – 8.4 0.96**
CD38intCD24int Mature Naive B Cell 58.7 ± 8.6 39.1 – 77.1 55.0 ± 9.8 38.1 – 73.6 0.13*
CD38-CD24+ Primarily Memory B Cell 14.2 ± 5.6 5.7 – 26.0 18.9 ± 5.3 11.1 – 30.1 0.00*
CD38-CD24- New Memory B Cell 4.9 ± 3.6 0.1 – 21.1 6.4 ± 3.2 2.4 – 12.3 0.06**

Treg: Regulatory T cells, Bregs: Regulatory B cells, * Independent sample t-test, **Mann–Whitney U test
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Fig. 3. Flow cytometric gating strategy of B cell subsets (A) in patients with THI and control groups (B-F). CD19+ 
B cells were classified as CD38-CD24+ primarily memory B cell (B), CD38hiCD24hi Bregs (C), CD38intCD24int 
mature naive B cell (D), CD38-CD24- new memory B cell (E), CD38hiCD24-plasmablast (F).
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In our study, CD4+CD25+CD127-/low Tregs 
were found to increase in children with THI. 
CD4+CD25+FoxP3+ Tregs in THI were first 
studied by Rutkowska et al.11-13, and they 
reported elevated Treg numbers in children 
with THI11, which is consistent with our 
findings. We found no significant difference in 
FoxP3 expression of Tregs in patients with THI 
compared to the control. However, the FoxP3 
ratio of Tregs was negatively correlated with 
the IgG recovery age in THI.

Siegel et al.6 reported that antibody production 
deficiency might be related to immature or 
delayed development of Th cells. In the current 
study, we found the Th cell count to be normal. 
However, IL-7 receptor-α (CD127) expression of 
total T and Th cells was reduced. In our study, 
the low percentage of CD127 in T cells may be 
expected to affect cellular immunity. However, 
the increased expression of CD127 (MFI) in T 
cells may be compensating for developmental 
and functional defects in these cells.

Dunham et al.15, in their study of patients with 
AIDS, found that the CD25low/-CD127+ subset 
significantly decreased and the CD25−CD127− 
subset increased in HIV–infected adult patients. 
A study by Shen et al.32 among chronic patients 
with human hepatitis C virus (HCV) reported 
that all three Th cell subsets (CD25+CD127low/-, 
CD25low/-CD127+, and CD25−CD127−) increased 
compared to the healthy controls. In both 
studies among patients with HIV and HCV, the 
change in CD4+ T cell subsets defined according 
to CD127 and CD25 expression profiles may 
be associated with mitigating chronic immune 
activation. Rutkowska et al.12 reported that 
patients with THI had low serum IL-2 levels. 
These findings indicated that variations in 
different fractions of CD4+ T cells and low 
efficiency of the immune response might be 
associated with infection susceptibility in 
children with THI.

In this study, Bregs and other B cell subsets 
according to CD38 and CD24 expressions were 
first investigated in THI. Primarily memory B 
cells significantly decreased in the THI group 

compared to the control. However, there was no 
significant difference in the percentage of Bregs, 
plasmablast, mature naive B cell, and new 
memory B cell subsets between the groups. In 
Eroglu et al.28, memory B cell subsets were low 
in patients with THI, but there was no significant 
difference. Our previous study determined 
low immunoglobulin class switching and 
IgM+ memory B cells, and the percentage of 
CD21 and CD81 that constituted the CD19 
complex increased in THI.10 In this study, CD38 
expression in CD19+ B cells was also low in 
children with THI. CD38 controls a signaling 
pathway involved in the growth, survival, 
and activation of lymphoid cells.33,34 Deaglio et 
al.35 reported that CD38-mediated signals are 
regulated at three distinct levels, and the CD19/
CD81 complex mediates one of them. In vivo 
and ex vivo stimulation studies have revealed 
that B cells without CD81 have a hyperactive 
phenotype, and therefore, CD81 negatively 
regulates B cell activation.35 The increased 
number of CD81 may suppress CD38 expression 
and cause insufficient B cell activation due to 
developed hypogammaglobulinemia in THI.

In our series, IgG levels reached normal levels 
at 24–58 months. Although the upper cutting 
age of normal IgG production is reported as 3–4 
years, some studies indicate delayed recovery of 
IgG levels extending to 10 years.3 Most children 
with THI spontaneously recover their IgG 
levels, which is consistent with our findings.36,37 
These studies showed that if these patients with 
THI were not suffering from recurrent or severe 
infections during their follow-up, IgG levels 
achieved normal levels within the expected 
time.36,37 

Our study demonstrated that changes in the 
T cell compartment, including a decreased 
percentage of CD127 and increased CD127 
expression in T cells, may be related to immune 
compensation mechanisms in THI. The higher 
percentage of CD4+CD25+CD127-/low Tregs and 
lower primary memory B cells may cause a 
delay in antibody production in children with 
THI. To summarize, our observations about 
changes in the T cell and B cell subsets may 
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contribute to improving our understanding of 
the pathogenesis of THI. Further studies are 
needed to determine whether the changes in the 
T cell compartment are associated with chronic 
immune activation caused by recurrent viral 
and bacterial stimulation.
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