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Abstract
X-linked agammaglobulinaemia (XLA) is a primary immunodeficiency (PID) resulting from a defect in the B cell develop-
ment. It has conventionally been thought that T cells play a major role in the development and function of the B cell compart-
ment. However, it has also been shown that B cells and T cells undergo bidirectional interactions and B cells also influence 
the structure and function of the T cell compartment. Patients with XLA offer a unique opportunity to understand the effect 
of absent B cells on the T cell compartment. In this review, we provide an update on abnormalities in the T cell compartment 
in patients with XLA. Studies have shown impaired memory T cells, follicular helper T cells, T regulatory cells and T helper 
17 in patients with XLA. In addition, these patients have also been reported to have abnormal delayed cell-mediated immune 
responses and vaccine-specific T cell-mediated immune responses; defective T helper cell polarization and impaired T cell 
receptor diversity. At present, the clinical significance of these T cell abnormalities has not been studied in detail. However, 
these abnormalities may result in an increased risk of viral infections, autoimmunity, autoinflammation and possibly chronic 
lung disease. Abnormal response to SARS-Cov2 vaccine in patients with XLA and prolonged persistence of SARS-Cov2 
virus in the respiratory tract of these patients may be related to abnormalities in the T cell compartment.
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coronavirus 2 (SARS-Cov2) · Bruton tyrosine kinase (BTK) · T cell receptor (TCR) · T follicular helper cells (TFH)

Abbreviations
XLA	� X-linked agammaglobulinaemia
PID	� Primary immunodeficiency
BTK	� Bruton tyrosine kinase
BCR	� B cell receptor
GC	� Germinal centre
APC	� Antigen-presenting cells
TCR​	� T cell receptor
MHC	� Major histocompatibility complex
FDCs	� Follicular dendritic cells
CVID	� Common variable Immunodeficiency
ELISPOT	� Enzyme-linked immunospot
CTL	� Cytotoxic T lymphocytes
Tfh	� T follicular helper cells
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Th17	� T helper 17 cells
RTE	� Recent thymic emigrants
DCs	� Dendritic cells
CDR3	� Complementarity determining region 3
GvHD	� Graft versus host disease
EBV	� Epstein-Barr virus
CMV	� Cytomegalovirus

Introduction

X-linked agammaglobulinaemia (XLA) is one of the pri-
mary immunodeficiency (PID) that manifests due to a defect 
in the humoral arm of the immune system [1]. XLA was first 
identified in 1952 by Colonel Ogden Bruton in an 8-year-old 
boy who had recurrent episodes of pneumococcal sepsis and 
absent gamma globulins. In 1993, the associated molecular 
defect in the Bruton tyrosine kinase (BTK) gene was iden-
tified [2]. BTK gene is located on the long arm of the X 
chromosome (Xq21.3-Xq22) [3]. Monogenic defect in BTK 
results in complete arrest in B cell at the pre-B cell stage of 
differentiation in the bone marrow [4].
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Recurrent infections caused by encapsulated organisms 
are the hallmark clinical manifestation in patients with XLA 
[1]. Patients with XLA have a marked decrease in B cell 
numbers in peripheral blood, absent B cell-dependent lym-
phoid tissue and undetectable levels of serum immunoglob-
ulins, and these patients fail to generate specific antibody 
responses [3].

Btk protein is required for the sustained calcium signal-
ling in response to B cell receptor (BCR) engagement and 
regulates downstream transcriptional events required for B 
lineage growth and survival [5]. Btk belongs to the family 
of non-receptor tyrosine kinases that catalyse the transfer of 
phosphate group from ATP to tyrosine residues of a protein. 
It consists of 5 structural domains, i.e. at the N terminus 
pleckstrin homology domain (PH), Tec homology domain 
(TH), Src homology 3 (SH3) domain, SH2 domain and 
the catalytic kinase (SH1) domain [4]. Various mutations 
such as point mutations, insertions or deletions in each of 
these domains have been reported to result in XLA. These 
mutations often lead to reduce Btk mRNA transcript and 
subsequently altered protein expression and kinase activ-
ity. Btk protein is selectively expressed in haematopoietic 
cell lineages. In non-haematopoietic cell lineages, Btk is 
mainly associated with other non-receptor tyrosine kinases 
[4]. Additionally, expression of Btk is found in erythroid 
precursors, myeloid cells, mast cells and megakaryocytes. 
Mutations in Btk other than B cells have not been associ-
ated with clinically significant consequences [6]. The role 
of btk has also been described in dendritic cells (DCs) which 
play a pivotal role in generating the innate immune response 
by recognizing pathogens associated molecular patterns 
(PAMPs) through toll-like receptors (TLRs). XLA patients 
with defective btk have been reported to have impaired 
TLR signalling and reduced production of TNF-α, thereby 
increasing the susceptibility to severe bacterial and viral 
infections among these patients [7].

Btk protein is expressed from the CD34+ pro-B cell stage till 
the mature B cell stage [4]. However, it has been shown to be 
selectively downregulated in plasma cells and T lymphocytes [8].

It has been reported that T cells have profound effects on 
the function of B cells at various stages [9] [10]. It has also 
been suggested that the absence of B cells in circulation and 
lymphoid tissues may affect the composition and function 
of T cells [11]. Moreover, several clinical manifestations in 
patients with XLA such as predisposition to develop viral 
infections, autoimmune and inflammatory complications 
may be related to a more generalized immune defect that 
may not be limited to the B cell compartment [12]. Patients 
and animal models of XLA, therefore, offer a unique oppor-
tunity to investigate the effect of absent B cells on the T cell 
compartment [13]. In this review, we provide an update on 
T cell abnormalities reported in patients with XLA.

B Cell‑T Cell Bidirectional Interaction

The immune system is capable of recognizing, interpreting 
and responding to various stimuli. The adaptive immune 
system has a unique property of developing a memory 
response following first exposure to a stimulus and can 
identify this stimulus again on re-exposure. This protec-
tive immune memory response is because of humoral and 
cellular components of the adaptive immune system pro-
vided by B and T cells respectively [14, 15]. B and T cells 
undergo cognate bidirectional interactions that leads to the 
generation of immune memory (Fig. 1).

T cells play a vital role in generating and shaping antigen-
specific B-cell responses through the formation of a germinal 
centre (GC) in the secondary lymphoid organs where B cells 
experience isotype switching and affinity maturation. The GC 
reaction is predominantly regulated by follicular helper T cells 
(TFH). TFH cells are CD4+ helper T cells that express B cell 
homing receptor CXCR5 on their surface. The first encounter 
that results in cross-linking between TFH and their cognate fol-
licular B cells takes place at the follicular borders in the spleen 
or interfollicular region in lymph nodes. These interactions 
trigger the formation and maintenance of germinal centres 
through CD40 ligand (CD40L, CD154)-CD40 interaction 
expressed on the surface of T and B cells respectively. This 
interaction is indispensable for effective B cell polarization 
into long-lived plasma cells or memory cells [16].

B cells also play several important roles in providing 
sequential inputs for maintaining T cell immunity [17]. B cells 
act as key antigen-presenting cells (APCs) due to their pecu-
liar ability to uptake antigens through surface immunoglobu-
lins. As a result, B cells play a fundamental role in the TFH cell 
differentiation by providing sustained antigenic stimulus. In 
the absence of B cells, TFH cell precursors fail to achieve the 
mature phenotype [16]. This suggests that both B and T cells 
complement each other in generating a mature GC reaction.

The antigen-presenting property of B cells may also 
modulate the generation and maintenance of effective 
memory T cell responses. T cells recognize antigens by 
engaging their T cell receptors (TCRs) with the antigenic 
peptide bound to the major histocompatibility complex 
(MHC) present on the surface of APCs [17].

B cells may also influence the cytokine pattern of T 
helper cells. T cells release various types of cytokines like 
interferon-γ or interleukin-4 (IL-4), IL-5 and IL-13 that 
polarize T cell response towards Th1 or Th2 respectively. 
Polarization of T cell is, therefore, determined by B cells 
that influence cytokine pattern [18].

As a close interaction exists between B and T cells 
which is necessary for the generation of memory cells 
and their activation, a deficit in either arm of the immune 
system will affect the memory responses [19].
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The effect of absent B cells on T cells has been studied in 
various experimental animal models. However, these studies 
are difficult to replicate in humans. Therefore, XLA provides 
a disguised potential opportunity to study the effect of the 
absence of B cells on the number and function of various T 
cell subsets [13].

T Cell Abnormalities in Patients with XLA

There are conflicting results from various studies that 
have assessed the T-cell-mediated immune responses in 
patients with XLA [20, 21]. While some studies have 
reported that T cells may generate specific responses 
to foreign and self-antigens in the absence of B cells, 
others have reported that B cells act as an indispensable 
component in generating and maintaining T cell-specific 
immune responses [22–24]. A few studies have shown 
the impact of absent B cells on the memory T cell com-
partment, TFH compartment and the development of TCR 
structure [17, 25, 26] (Fig. 2).

Naïve and Memory T Helper Cell Abnormalities 
in Patients with XLA

T cell memory generation in patients with XLA is subject 
to controversy. Available data suggest that neither B cells 
nor antigen persistence is essential for maintaining either 
the CD4+ or CD8+ T-cell memory, as both cell populations 
have a long life span [13, 22, 27].

On the other hand, data from various studies suggests 
that B cells are essential for the maintenance of the T cell 
memory pool especially the CD4+ T cells. Few studies have 
proposed that memory CD4+ lymphocytes need chronic 
antigenic stimulus from follicular dendritic cells (FDCs) 
[24]. These FDCs form the immune complexes containing 
antigens on their surface. These immune complexes serve 
as an antigenic reservoir for chronic T cell stimulation. B 
cells contribute to this process by producing antibodies that 
form immune complexes and thereby providing a conducive 
environment that is essential for the entrapment of antigens 
and T cell stimulation [15, 28].

Crockard et al. reported an impaired memory T cell 
population with preserved naïve T cell population in 

Fig. 1   T-B cell cognate interaction in the germinal centre leading to 
activation and differentiation of T cells along with the generation of 
long-lived plasma and memory B cells. Activated B cells present the 
peptide antigen via MHC class II molecule to cognate T cells that 
recognize the MHC peptide complex through TCR. CD40/CD40L 
costimulation along with the release of cytokines enables the differ-
entiation of both B and T cells. B cells undergo class switch recom-
bination and somatic hypermutation to produce long-lived antibody-
secreting plasma cells and memory cells. T cells become activated 

as effectors or differentiate into memory T cells to sustain the cell-
mediated immune response. Tfh follicular helper T cells, GC  ger-
minal centre B cells, CD40L  cluster of differentiation 40 ligand, 
CD40  cluster of differentiation 40 receptor, TCR​  T cell receptor, 
MHC II major histocompatibility class II, CD4 cluster of differentia-
tion 4, CXCR5  C-X-C chemokine receptor type 5, IL21  interleukin 
21, IL21R  interleukin 21 receptor, BCR  B cell receptor, CSR  class 
switching and recombination, SHM somatic hypermutation
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patients with XLA when compared to healthy controls 
and patients with common variable immunodeficiency 
(CVID) [21]. In this study, the CD4+ T cells subset was 
further classified into CD4+CD45RA+ naïve T cells and 
CD4+CD45RO+ memory helper T cells. Further char-
acterization defined helper T cells as helper inducers 
(CD4+CD29+, CD4+CD45RO+) that help B cells in the 
production of immunoglobulins and suppressor inducers 
(CD4+CD45RA+, CD4+Leu8+) that play a role in induc-
ing suppressor cell activity [29]. CD29 is a marker which 
is expressed on previously activated T cells. A significant 
depletion of CD4+CD45RO+ and CD4+CD29+ T cells was 
seen in patients with XLA with preserved CD4+CD45RA+ 
and CD4+Leu8+ cells, thereby suggesting a reduced mem-
ory CD4+ T cell pool and defective transition from naïve 
to memory T cells [21]. The authors also suggested that 
these observations are unlikely to be because of age or 
the effect of immunoglobulin replacement therapy [21]. 
Failure of differentiation of naïve T cells in patients with 
XLA is supported by the fact that in the absence of B 
cells the bidirectional communication between T and B 
cells is impaired and as a result, T cell activation does 
not take place [19]. A large multicentre cohort of patients 
with XLA published from our own centre reported reduced 
absolute CD4+ T cell counts in 2 patients [30]. In addition, 

reversed CD4:CD8 ratio has also been reported in patients 
with XLA with chronic sinusitis [31].

The presence of underlying chronic respiratory disease 
in patients with XLA has been reported to significantly 
alter the T lymphocyte proportions [32]. Sharapova et al. 
also reported reduced memory T cells (CD4+CD45RO+) 
proportions with increased naïve T cell proportions 
(CD4+CD45RA+) in patients with XLA as compared to 
control [32]. However, a subset of patients with XLA who 
had the chronic respiratory disease was found to have higher 
memory CD4+ T cells proportions. Similarly, patients with 
XLA who had the chronic respiratory disease were found 
to have higher naïve and memory CD8+ T cell counts. This 
difference was, however, not seen in patients with XLA who 
had no chronic respiratory disease [32].

Memory T cells preferentially respond to antigens presented 
by B cells while naïve T cells become tolerant when exposed 
to antigens presented by B cells; this could be one reason that 
patients with XLA have downregulated memory subset [33].

Vaccine‑Specific T Cell Responses in Patients 
with XLA

Paroli et al. reported in vitro hepatitis B envelope antigen 
(HBenv Ag)-specific CD4+ T-cell response in patients with 

Fig. 2   T cell abnormalities reported in patients with X-Linked agammaglobulinaemia. Th0 naïve T helper, Th1  type 1 T helper, Th2  type 2 T 
helper, TFH T follicular helper cells, Th17 T helper 17, Treg regulatory T cell
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XLA following vaccination against hepatitis B virus. The pro-
liferative capacity of T cells that quantifies the expansion of 
circulating-specific memory T cells and frequency of T helper 
cell responses was measured. It was observed that peripheral 
blood mononuclear cells from both patients with XLA as well 
as control group showed equal proliferative capacities when 
stimulated with HBenvAg [13]. Moreover, the frequencies 
of HBenvAg-specific T helper cell response as recorded by 
enzyme-linked immunospot (ELISPOT) and intracellular 
IFN-γ and IL-4 production were similar in T cells of patients 
with the XLA and control group. These observations suggest 
that neither T-cell memory nor the Th1 and Th2 cell polariza-
tion is impaired by B-cell deficiency in humans. Furthermore, 
the impact of impaired pre-B cell differentiation in shaping 
the central (CD27+) and effector memory T (CD27−) cells 
was investigated through ELISPOT. It was observed that both 
populations were retained in patients with XLA 24 months 
after vaccination [34]. These results indicate that neither of 
the pool of memory T cells (effector or central memory) was 
affected because of absent B cells [13].

Similarly, Liu et al. studied the influenza vaccine-spe-
cific CD4+ and CD8+ T cell responses in patients with XLA 
after administration of inactivated trivalent influenza vac-
cine (TIV). In vitro frequencies of CD4+ and CD8+ T cell 
responses recorded before and after vaccination (at an inter-
val of 1 week, 1 month, 3 months and 6 months) showed no 
difference between the control and XLA group. This study 
also evaluated the vaccine-specific memory CD8+ cytotoxic 
T lymphocytes (CTLs) induction in patients with XLA. 
Memory response to influenza virus vaccine (pre- and post-
vaccination) showed similar trends in the control group and 
in patients with XLA. These results suggest that the absence 
of B cells may not impair the generation of virus-specific T 
cell immunity [35].

Plebani et  al. reported preserved T cell functions in 
patients with XLA. They studied the in vitro prolifera-
tive capacity and cytokine production of T cells following 
stimulation with polyclonal T cell activators and unaffected 
memory T cell responses assessed after immunization with 
T cell-dependent tetanus toxoid antigen [20]. These studies 
suggest that T cell responses are not dependent on B cells, 
and therefore, vaccines targeting T cell-mediated response 
may be effectively used in patients with XLA.

On the other hand, Morales et al. reported the role of 
B cells in T cell memory generation and maintenance in 
patients with XLA with Neisseria meningitidis outer mem-
brane vesicles (Nm OMVs) antigen [17]. It was observed that 
patients with XLA had impaired T cell memory response 
to Nm OMV antigen while the response to influenza anti-
gen was preserved. Nm OMVs upregulate the expression of 
MHC class II, CD40 and CD86/80 on the surface of mucosa-
associated B cells that serve as APCs in the induction of T 
cell memory response. The possible explanation for reduced 

meningococcal specific proliferative capacity of T cells may 
be due to the impaired CD40-CD40L interaction due to the 
absence of B cells that act as APCs. Authors have suggested 
that CD40-CD40 ligand interaction is indispensable for 
memory T cell response to Nm OMVs while memory T cell 
response to influenza antigen may not utilize this pathway. 
This is further substantiated by the observation that mem-
ory T cell response to Nm OMV antigen is also impaired in 
patients with X-linked Hyper IgM syndrome [17].

T Follicular Helper Cells in Patients with XLA

A recent study by Edwards et al. reported a significantly 
reduced number of follicular T helper cells (Tfh) that are 
critical for B cells in germinal centre reaction [36]. Simi-
larly, Barbosa et al. reported low Tfh cells in 6 patients with 
congenital agammaglobulinaemia (2 with XLA) [25]. Low 
Tfh cells seen in patients with XLA are likely because of 
impaired GC formation. Sharapova et al. assessed Tfh cells 
in 11 patients with XLA. It was observed that patients with 
XLA without the chronic respiratory disease (7 patients) had 
significantly reduced CD4+CD45RO+CXCR5+ follicular 
memory T cells and CD4+CXCR5+PD1+ follicular helper 
T cells in comparison to healthy controls. These cells were 
found to be normal in patients with XLA with chronic res-
piratory disease [32].

Cell‑Mediated Immunity in Patients with XLA

In addition to the decreased number of specific T cell sub-
sets, a severe reduction in the cell-mediated immunity in 
terms of reduced inflammation indicative of poor delayed 
hypersensitivity response to common recall antigens 
has been reported in patients with XLA. Rozynska et al. 
observed that T cells from patients with XLA when cultured 
in vitro along with B cells and DCs of control subjects failed 
to provide help for the IgG and IgM production against poke-
weed mitogen [37]. In vitro increased suppressive activity 
of T cells from patients with XLA towards normal T cells 
was observed [37]. Crockard et al. reported impaired in vivo 
cell-mediated immunity assessed using skin prick in patients 
with XLA when compared with healthy controls. Defective 
functional T cell responses in XLA represent the state of 
energy that arises due to the low number of CD4+CD45RO+ 
and CD4+CD29+ cells, thereby indicating an inability to 
respond to recall antigens [21, 38].

Various factors contribute to the responsiveness of T cells 
such as the type of antigens, cytokines or chemokine micro-
environment and the type of APC involved [18]. Animal 
studies have shown that B cells are essential for the main-
tenance of long-term T cell memory as well as in shaping 
the T helper cell outcome [13]. Similar results have been 
reported from human studies [17].
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Impaired Th1/Th2 Balance in Patients with XLA

B cells are efficient APCs and present antigens to primed 
T cells. In addition, B cells also influence T cell stimula-
tion during the primary response. B cells are believed to 
influence the balance between Th1/Th2 cells by affecting 
the function of dendritic cells (DCs). DCs are an APC that 
sensitize the Th0 cell population to develop into Th1 and 
Th2 cell types in the presence of IL-12 and IL-10 respec-
tively. B cells regulate the secretion of these cytokines from 
DCs. B cell-deficient animal models show increased produc-
tion of IL-12 from DCs, thereby leading to a Th1-polarized 
response. B cells suppress the release of IL-12 from DCs and 
maintain a balance between Th1 and Th2 responses [39, 40]. 
Studies from btk-mutant murine models (with B-cell defi-
ciency) have shown an inability to mount a response against 
extracellular pathogens due to predominant Th1-cell polari-
zation [41]. Amedei et al. have reported similar observations 
in patients with XLA. It was shown that patients with XLA 
have skewed Th1 profile as compared to a nonpolarized Th0 
profile with the ability to produce all cytokines in healthy 
individuals [42]. These studies reflect the role of B cells in 
providing signals to T cells that influence the outcome of T 
cell responses [40].

Th17 Cells, Treg Cells and Recent Thymic Emigrants 
(RTE) in Patients with XLA

Barbosa et al. reported 6 patients with congenital agamma-
globulinaemia (4 patients with XLA) with reduced Th17 
cells [25]. Sharapova et al. reported no significant difference 
in the absolute numbers of Treg cells and RTE in patients 
with XLA and healthy controls. However, it was observed 
that patients with XLA with the chronic respiratory disease 
had a significantly lower percentage of Treg cells and RTE 
[32]. In contrast, Shelyakin et al. have reported a reduced 
number of naïve regulatory T cells in patients with XLA 
[11]. Low Th17 cells with disseminated molluscum infection  
have been reported in a case with XLA [43]. Table 1 pro-
vides a review of studies that have reported T cell defects 
and T cell receptor abnormalities in patients with XLA.

Clinical Implications of Various T Cell 
Abnormalities in Patients with XLA

Patients with XLA often encounter recurrent bacterial infec-
tions. However, enteroviral infections are a major cause of 
mortality in these patients [44]. As btk deficiency hampers 
the memory T cell compartment and alters the function of 
DCs, it might be a possible reason for increased susceptibil-
ity to viral infections in patients with XLA. Even though 
patients with XLA have been reported to have low Th17 

cells, these patients are not predisposed to develop candida 
infections. It has been hypothesized that other pathways for 
the production of IL-17 such as myeloid cells, NK cells, and 
γδ T cells are intact in patients with XLA [25]. We reported 
a patient with XLA with disseminated molluscum contagio-
sum infection who was also found to have low T helper 17 
cells [43]. Impaired Treg cell populations may be a possible 
reason for the increased risk of autoimmune complications.

One study has reported a difference in proportions of Treg 
cells, Tfh cells, CD4+ and CD8+ naïve and memory T cells 
between patients with XLA with and without chronic lung 
disease [32]. Whether these cellular abnormalities are lead-
ing to chronic lung disease or these cellular abnormalities 
are developing as a results of chronic lung disease remains 
contentious at this point of time.

New immunization approaches targeting B cells APCs 
and DCs for effective immune response should be taken into 
consideration in patients with XLA [17].

T Cell Abnormalities in Patients 
with Acquired Loss of B Cells

Similar to patients with XLA who have congenital absence of 
B cells, patients who have acquired absence of B cells (such 
as patients with various autoimmune diseases and malignan-
cies who have been treated with anti CD20 therapy (rituxi-
mab) may also develop a spectrum of T cell abnormalities 
[45]. Me´let et al. reported T cell abnormalities in patients 
with rheumatoid arthritis who were treated with rituximab. 
Flow cytometry analysis of the T cell population in this study 
revealed depletion of CD3+, CD4+ and CD8+ T cells by 35%, 
37% and 24% respectively. The effect was more profound in 
CD4 + T cells with a severe reduction to 5.8% in some of the 
patients while the effect was equally prominent in both naïve 
and memory T cell compartment. It was also observed that T 
cell abnormalities result in decreased responsiveness to rituxi-
mab treatment and susceptibility to opportunistic infections. 
It has been hypothesized that this indirect effect on the T cell 
compartment results from B cell depletion as B cells act as 
APCs and stimulate the CD4+ T cell proliferation through 
DCs. B cells also provide chemokine and cytokines that play 
a role in cell migration and retention. Improvement in T cell 
subsets has been reported to be associated with B cell recov-
ery after a few months, indicating that B cells are important 
in shaping the T cell compartment [45]. Similar to this study, 
several other authors have also reported quantitative alterations 
in the T cell compartment following treatment with rituximab 
[46, 47]. Besides these studies, various authors have reported 
a qualitative reduction in T cell activation markers such as 
CD40L, CD69 or HLA–DR in patients with systemic lupus 
erythematous following treatment with rituximab. Reduction 
in the number of costimulatory molecule expressing B cells 
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resulted in reduced expression of costimulatory molecules in 
T cells [48].

Thus, abnormalities in the T cell compartment have been 
reported in patients with acquired loss of B cells following 
the use of rituximab [48]. However, it must be emphasized 
that these results may be difficult to compare with congenital 
absence of B cells as is seen in patients with XLA because of 
the following reasons:

1.	 In patients with XLA, because of the absence of B cells 
from the early stages of development of the immune sys-
tem and as B cells are also important for several devel-
opmental stages of T cells, it is possible that the effect 
on the T cell compartment is more profound in patients 
with XLA as compared to patients with low B cells fol-
lowing use of B cell-depleting therapies [48].

2.	 T cell abnormalities in patients with XLA are likely to 
persist for life while T cell abnormalities following the 
use of B cell depletion therapies may normalize later 
[49].

3.	 B cell-depleting therapies are used in patients with auto-
immune diseases and malignancies. These diseases may 
itself be associated with a spectrum of T cell abnormali-
ties [50].

T Cell Dysfunction in Patients with XLA: 
Evidence from Studies on SARS‑CoV2 
Infection and Vaccination

Patients with XLA are also predisposed to develop viral infec-
tions in addition to bacterial infections. It has also been reported 
that SARS-CoV2 infection in patients with XLA may be asso-
ciated with prolonged viral persistence and delayed recovery 
even though the CD8+ T cell responses were found to be nor-
mal in these patients [51]. Hence, the persistence of the virus 
in the respiratory tract for a prolonged duration could be related 
to an abnormal antibody response. However, it has also been 
shown that T cell responses to the COVID-19 vaccine are 
impaired in a few patients with XLA [52]. Salinas et al. evalu-
ated response to the SARS-CoV-2 vaccine in primary antibody 
deficiency patients (49 CVID patients and 6 XLA patients). 
It was observed that 5/6 patients produced IFN-γ against the 
spike-specific antigen indicating intact T cell response [53]. 
However, larger studies are needed on this subject to draw more 
specific conclusions.

T Cell Receptor (TCR) Structure in Patients 
with XLA

The structure of TCR depends on the usage of V (variable), 
D (diversity) and J (joining) gene segments and by recom-
binational events that give rise to an enormous degree of 

diversity. Insertions or deletions of n and p nucleotides even-
tually give rise to non-productive or productive sequences 
complementarity determining region 3 (CDR3) loop of TCR 
that forms the core of the antigen-binding site. The rear-
rangement of antigen receptor is central to the development 
of adaptive immune responses. The length and sequence 
heterogeneity of this CDR3 play a pivotal role as peptide-
binding residues in TCR [54].

The diversity in the structural framework of the T-cell 
receptor (TCR) is mainly attributed to combinatorial and 
junctional diversity generated during the process of gene 
rearrangement [55]. Studies from murine models indicate 
that B cells do regulate the generation of TCR diversity 
[56]. B cells with MHC class II molecule on their surface 
are involved in the development of T cell diversity [26]. 
Alterations in the TCR development due to absent B cells 
in patients with XLA have been demonstrated through high-
throughput sequencing studies.

In patients with XLA, defects in TCR due to few nucleo-
tide deletions and insertions in V, D and J gene segments in 
both the productive as well as non-productive sequences lead 
to a high degree of TCR clonal sharing. The functionality 
of TCR is also reported to be affected as individuals with 
XLA have been reported to have fewer charged amino acid 
sequences, one of the determining factors for the functional 
TCRs and greater surface hydrophobicity in the CDR3 loop 
[26].

Similarly, Shelyakin et al. reported reduced TCR recep-
tor diversity in naïve CD4+ T cells in 10 young patients 
with XLA [11]. The pattern of TCR repertoire observed 
among these patients was similar to the TCR repertoire seen 
in the healthy elderly cohort suggesting that patients with 
XLA develop early thymic involution. Further evaluation 
of the TCR repertoire of naïve T regulatory cells in patients 
with XLA revealed increased repertoire convergence and 
decreased diversity due to few distinct nucleotide sequences 
in the CDR3 region. In addition, shorter length and few 
nucleotides insertion in the TCR-CDR3 region in patients 
with XLA exhibited a limited capacity for conformational 
changes and narrowed antigen specificities of naïve CD4+ 
cells [11]. This alteration in TCR was found to be more pro-
found in the naïve Treg subset. In addition to altered TCR 
profile, naïve Tregs of patients with XLA also exhibited 
altered transcriptome profile. There was upregulation of 
several genes (such as TNFRSF13B, IL1b, CXCL4, CCL20 
and S100A11) in naïve Tregs that usually do not show such 
high expression in these cells. Alteration in the TCR recep-
tor profile and transcriptome of the naïve Tregs in patients 
with XLA may be responsible for inflammatory complica-
tions [11].

The exact clinical implication of constricted TCR 
repertoire in patients with XLA is unclear. Diminished 
junctional diversity and lack of highly modified clones 



	 Clinical Reviews in Allergy & Immunology

1 3

have often been reported in several PIDs such as severe 
combined immune deficiency, MHC class II defects and 
common variable immunodeficiency (CVID). This leads to 
the inability of the immune system to expand T cell clones 
to full capacity following stimulation with antigens [57]. 
This may predispose an individual with low TCR diversity 
to develop infections.

TCR signalling regulates effective immunity and 
immune tolerance by controlling the development of T 
cells and peripheral T cell responses. Aberrations in TCR 
may result in altered TCR signalling and may also impair 
the central tolerance through an altered negative selection 
of autoreactive TCRs. These autoreactive TCRs may give 
rise to immune dysregulations that may present as autoim-
mune and inflammatory complications [58, 59].

Similar observations have also been reported in patients 
with acquired loss of B cells following the use of rituxi-
mab. Papalexandri et al. reported restricted T cell repertoire 
post-rituximab administration in patients who underwent 
allogenic haematopoietic cell transplantation for chronic 
graft versus host disease (GvHD) and Epstein-Barr virus 
(EBV) reactivation. Upon profiling of TCR beta gene rep-
ertoire (TRB), it was found that 3 TRBV (V β repertoire) 
genes constituted approximately half of the total repertoire, 
thereby indicating remarkable skewing. Clonal sharing of 
TRBV gene segments impairs the diversity and may give 
rise to oligoclonal rather than polyclonal TCR. A restricted 
TCR diversity was reported to be associated with EBV and 
cytomegalovirus (CMV) reactivation and chronic GvHD in 
patients with particular germ line encoded T cell clones [60].

As mentioned above, it may not be possible to compare 
the results of TCR alterations following the use of B cell 
depletion therapy from patients with XLA. However, results 
of the study on restricted TCR repertoire following acquired 
depletion of B cells suggest that the defect could be more 
profound in patients with XLA.

Conclusion

To conclude, B cells also play an important role in the devel-
opment and function of the T cell compartment. A spec-
trum of T cell abnormalities has been reported in patients 
with XLA. These may vary from the mild reduction in Tfh 
cells to markedly decrease Th17 cells, Treg cells, memory 
T cells and an altered TCR repertoire. At present, the clini-
cal significance of these T cell abnormalities has not been 
studied in detail. However, these abnormalities may result 
in an increased risk of viral infections, autoimmunity, auto-
inflammation and possibly chronic lung disease.
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