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Abstract. Regulatory B cells (Bregs) are a subset of B cells, 
which reportedly exert significant immunomodulatory effects 
through the production of interleukin (IL)-10, IL-35 and 
transforming growth factor‑β. Over the last decade, studies 
have indicated that Bregs function in autoimmune and allergic 
diseases through antigen‑specific and non‑specific immuno-
regulatory mechanisms. However, only a limited number of 
reviews have focused on the role of Bregs during infection, 
particularly their functions in intracellular infections. The 
present review discusses the role of Bregs in infectious 
diseases in animal models and human studies, and provides 
an overview of the immunoregulatory mechanisms used by 
Bregs.
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1. Introduction

B lymphocytes, also known as B cells, are well known for their 
ability to mediate the humoral immune response by differen-
tiating into antibody-secreting cells. In previous years, a novel 
subset of B cells, which exert immunomodulatory effects 
through the production of interleukin (IL)‑10 and transforming 
growth factor-β (TGF-β) have been identified and classified as 
regulatory B cells (Bregs). To date, Bregs have been described 
in a number of reports (1-3), some of which refer to Bregs as 
IL-10-producing B cells or B10/Br1 cells (4,5). The role of 
IL‑10‑producing B cells was first demonstrated in a murine 
model of chronic intestinal inflammation (6), however, Bregs 
have also been reported to function in autoimmune diseases (7), 
allergic diseases (8,9), graft-versus-host disease (10,11) and 
cancer (12) through antigen‑specific and non‑specific immu-
noregulatory mechanisms. Previously, a novel subset of Bregs 
possessing a plasma cell phenotype, which expresses CD138 
and produces anti‑inflammatory IL‑10 and IL‑35 cytokines 
during Salmonella infections and experimental autoimmune 
encephalomyelitis (EAE) was reported. Accordingly, studies 
investigating Bregs have become more extensive (13,14).

A previous report described a naturally occurring subset 
of Bregs, which facilitated the maintenance of homeostasis 
within adipose tissue and suggested that Breg cell dysfunction 
may be pivotal in the progression of adipose tissue inflam-
mation in obesity (14). However, corresponding data on the 
role of Bregs during infection, particularly their functions 
during intracellular infections, are limited. The present review 
aimed to discuss the role of Bregs in various infections and 
attempt to uncover potential markers or valuable targets for 
the development of therapeutic interventions for the treatment 
of infectious diseases.

2. Breg phenotypes

Although several potential markers for Bregs have been 
described, the unequivocal identification of Bregs in infec-
tious disease has not been achieved. In mice, the most widely 
accepted Breg subsets are CD19+CD5+CD1dhi Bregs (5,15,16) 
and CD19+CD21+CD23+ Bregs (15,17). However, controversy 
remains over the identification of Bregs in mice. A subset of 
Bregs possessing a CD138+ plasma cell phenotype were previ-
ously reported to produce IL-10 and IL-35 during Salmonella 
infection in mice (18). In addition, Wilson et al reported the 
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identification of a population of Bregs expressing high levels 
of CD23 in the absence of CD5 and CD1d in the mesenteric 
lymph nodes of helminth‑infected mice (19).

In humans, reports of the identification of Bregs are 
more diverse. Generally, the established Breg subsets in 
humans include CD19+CD24+CD38+Bregs (1,2,20,21) and 
CD19+CD24+CD27+Bregs (22), although reports have also 
included the identification of CD19+CD5+CD1d+ Bregs (23,24) 
and CD19+TIM-1+Bregs (17) in humans. However, certain 
phenotypes are not supported by evidence in human immu-
nodeficiency virus (HIV)‑infected individuals, which suggests 
human ‘Bregs’ lacking the expression of CD1d may not be 
Bregs.

Multiple Breg cell surface markers have been reported, 
a number of which have been identified in humans and mice 
(Fig. 1). However, discrepancies in the phenotypes reported 
across studies are apparent. These differences are most likely 
due to the use of an imperfect panel of markers to charac-
terize the B cell subsets, different disease models and organic 
sources, and the use of different induction methods, including 
Toll-like receptor (TLR) ligands or CD40 and B cell receptor 
(BCR) agonists, all of which can affect phenotype (Table I).

3. Immunomodulation by Bregs

Although the regulatory mechanism of Bregs in infectious 
disease remains to be fully elucidated, data from multiple 
studies have indicated that a diverse array of immunomodu-
latory cytokines follow the emergence of Bregs, of which 
IL‑10 is the most frequently investigated. Although IL‑10 is 
produced by various cell types and exhibits several pleiotropic 
effects, the expression of IL‑10 by human and mouse Bregs 
is central to their negative regulation of adaptive and innate 
immune responses (1-3,5,15,20,22,25).

The differentiation of T cells into T helper cells (Th), 
including Th1, Th2 and Th17 cells, all of which possess a 
protective capacity during infection, can be inhibited by 
IL-10 (23-27), as shown in Fig. 2. In other circumstances, IL‑10 
can suppress the secretion of IL-22, IL-17 and interferon-γ 
(IFN-γ) by CD4+ T cells (3,21,23,24,28). In addition, IL-10 
can attenuate the differentiation of CD8+ T cells into cytotoxic 
T lymphocytes (CTLs) under certain stimuli. Breg depletion 
in vitro leads to enhanced CTL activity in CD8 +T cells, 
whereas activated Bregs may contribute to the attenuation of 
CTL functions (2,22,29) (Fig. 2). Other reports have indicated 
that increased numbers of Bregs potentially contribute to 
elevated levels of IL-10 and induce forkhead box P3 (FOXP3) 
+ regulatory T cells (Tregs), which exhibit broader suppressive 
functions (1,16).

Following TLR activation, innate CD5+ Bregs are able to 
suppress dendritic cell (DC) IL-12 secretion by producing 
high levels of IL-10 (15,30). In a separate study, Qian et al 
demonstrated that regulatory DCs can induce splenic B cells to 
differentiate into a distinct subtype of IL-10-producing Bregs 
with a unique CD19hiFcγIIbhi phenotype (31). Other reports 
have indicated that Bregs produce the immunomodulatory 
cytokine, TGF-β, in allergic (9,32,33) and infectious (3,34) 
diseases. Although the potential co-expression of TGF-β and 
IL‑10 remains to be fully elucidated, the expression of TGF‑β 
and IL-10 by different Breg subsets, and the presence of an 

increased percentage of CD24hiCD27+ and CD1dhi B cells 
in Schistosoma‑infected mice expressing TGF‑β and IL-10, 
respectively, has been determined (3). However, the distinct 
role of human TGF‑β-expressing Bregs in infectious diseases 
requires elucidation.

A previous study revealed that B cells activated by TLR4 
and CD40 can upregulate the expression of Epstein-Barr 
virus-induced gene 3 (Ebi3), also known as IL-27β, and p35, 
also known as IL12a, which dimerize to generate IL‑35 (18) 
(Table I). The development of Salmonella infection in mice 
lacking either the Ebi3 or the p35 subunit in B cells was found 
to be exacerbated, which indicated that IL-35 was essential for 
the suppressive functions of B cells. Wang et al (35) reported 
that IL‑35 induced B cells and promoted their conversion into 
Breg subsets, which produced IL-35 and IL-10 by activating 
signal transducer and activator of transcription 1 (STAT1) and 
STAT3. However, whether the differential expression of IL‑35 
and IL-10 by these subsets was due to instructive or stochastic 
mechanisms remains to be elucidated. The increased expres-
sion of serine protease granzyme B (GraB) by a subset of 
Bregs, termed GraB cells, is another regulatory B cell mecha-
nism, which weakens T cell responses (36).

In addition to the aforementioned secretory factors, Bregs 
are involved in pathophysiological processes by directly 
inhibiting autoreactive T cells and innate immune cells. Bregs 
can make contact with effector T cells through CD40/CD40L, 
which accelerates the process of T cell apoptosis (5). 
Previously, enhanced bacterial clearance in mice lacking 
IL-10-producing Bregs (B10 cells) was found to correspond 
with improved bacterial phagocytosis by macrophages, and 
to significant increases in the ex vivo production of IFN-γ, 
TNF-α and nitric oxide by macrophages (5,23). The expres-
sion of major histocompatibility complex (MHC) class II 
molecules and CD21R by B10 cells supports the argument 
that B10 cells require cognate interactions with CD4+ T cells 
to induce their regulatory effector functions during infection. 
Therefore, macrophage function is likely to be regulated 
downstream of B10 cell interactions with CD4+ T cells (5,25) 
(Fig. 2). Bregs have also been shown to represent a signifi-
cant source of serum immunoglobulin (Ig)M and IgG during 
adoptive transfer experiments, and produce antigen‑specific, 
polyreactive and autoreactive antibody (Ab) specificities (30). 
However, their antibody‑mediated immune responses in infec-
tious diseases remain to be fully elucidated.

4. Bregs in infections

Role of Bregs in viral infections. The effects of B cell‑medi-
ated humoral immunity on the clearance of intracellular 
infection are limited. Only a few studies have focused on 
the role of Bregs in intracellular infections, and investiga-
tion in viral infections has focused predominantly on the 
HIV and hepatitis B virus (HBV). The involvement of Bregs 
in viral infections is primarily through IL‑10‑mediated 
immunological effects. Das et al (22) provided the first 
demonstration that Bregs regulate antigen‑specific CD8+ T 
cells in HBV infection. It was found that IL‑10‑producing 
B cells (25) and serum levels of IL‑10 correlated with spon-
taneous flare‑ups of liver disease in patients with chronic 
HBV infection (CHB), but not in patients with acute HBV 
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infection or in healthy subjects. In vitro, the inhibition of 
IL‑10 may restore HBV‑specific CD8+ T cell polyfunction-
ality (22). In addition Bregs contribute to increased levels 
of IL‑10 in HVB non‑responders and leads to an induction 
of suppressive FOXP3+ Tregs, which exert broader suppres-
sive functions (1,25) (Table I). In the absence of stimulation, 
IL‑10‑producing B cells predominantly exhibit an immature 
phenotype; however, these are the only B cell subset to corre-
late with hepatic flares (22) (Table I).

Previous studies have demonstrated that Bregs contribute 
to immune dysfunction associated with HIV infection through 
T cell impairment, specifically by the expression of IL‑10 
and possibly programmed death (PD)‑L1, a member of the 
B7‑H1 family. The suppressive properties of Bregs in HIV 
infection are associated with a systemic prevalence of TLR 
ligands and CD40L, as demonstrated by an in vitro experi-
ment in which TLR2‑, TLR9‑ and CD40L‑costimulated Bregs 
from healthy controls led to increased expression of PD‑L1 
and a higher frequency of IL-10-positive cells (2). Although 
the percentage of B10 cells in the CD19+CD24hiCD38hi B 
cell population is increased following ex vivo stimulation, a 
reduction in CD19+CD24hiCD38hi B cell frequency has been 
reported in HIV‑infected individuals. This may be due to the 
suppression of CTL functions by activated Bregs, which lead 
to viral persistence (2) (Table I). Ex vivo, the frequency of 
IL-10-producing B cells has been negatively associated with 
contemporaneous T cell responses, which supports the role of 
B10 cells in HIV‑1‑specific CD8+ T cell dysfunction (17).

A previous report indicated that B cells from untreated 
patients with HIV differentiated into Bregs overexpressing 
GraB when cultured with autologous IL-21+CD40L-Th cells. 
These GraB cells are distinct from traditional B10 cells, and 
exhibit increased expression levels of CD5, CD86, CD43 and 
CD147, but do not produce IL-10 (36) (Table I). A feedback 
mechanism has been identified in HIV‑infected children 
whereby the increased circulating Bregs induced by robust 
humoral and cell‑mediated immunity following vaccination 
may contribute to poor vaccine responses (37).

Compared with other diseases, CD1d is not a marker for 
Bregs in HIV infection (20), despite its apparent downregula-
tion during HIV‑1 infection (38). These observations may be 
explained by differences in the immune systems of infected 
individuals, or by the effects of HIV on Breg phenotypes. 
In addition, CD19+CD1dhiCD5+ B cells have been reported to 
infiltrate the brain and control neuroinflammation in a chronic 
infection model, as evidenced by reduced CD8+T cells/microg-
lial responses and enhanced accumulation of Tregs (29).

Although IL‑10 likely originates from different cell types 
including T cells (39), macrophages (40), and natural killer 
cells (41), several reports have indicated that Bregs may be 
a primary source of IL‑10 and that the production of IL‑10 
begins to increase in the early stage of infection in tandem with 
viral load (22,25) (Table I). However, whether or not Bregs are 
in the primary source of IL‑10 during host response to infec-
tion remains to be elucidated. Accordingly, current data are 
based on a ‘relative depletion’ model of IL‑10‑expressing cells, 
which means a certain level remains present in the system. 
Therefore, the possibility exists that other cell types are simi-
larly responsible for the production of IL-10.

Role of Bregs in parasitic infections. Studies of allergic inflam-
mation have demonstrated that chronic parasitic (protozoa 
and helminth) infections are often associated with a reduced 
prevalence of hyper‑inflammatory responses, including aller-
gies (42,43). The prevalence of autoimmune disease inversely 
correlates with parasitic infections, and increasing evidence 
has shown that parasitic worm infection may protect against 
autoimmune conditions (44). ES‑62, a molecule secreted by 
the parasitic filarial nematode Acanthocheilonema viteae, 
had therapeutic potential in the treatment of rheumatoid 
arthritis due to its properties associated with the restoration 
of IL‑10‑producing Bregs and reduced plasma cell infiltration 
in the joints (45). The induction of immune regulatory cells 
and soluble cytokines upon helminthic infection is important 
for understanding the control of autoimmunity and allergic 
inflammation. Until now, the majority of studies investigating 

Figure 1. Signals for the development of Bregs in infectious disease. Following viral, parasitic or bacterial infection, Bregs can be activated via BCR and/or 
TLR cross‑linking plus CD40 ligation. Typical Breg cell markers differ between humans and mice, however, partial overlap exists. Bregs, regulatory B cells; 
BCR, B cell receptor; TLR, Toll-like receptor.
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Bregs in helminthic infection have involved adoptive transfer 
experiments and used alleviated disease symptoms and/or 
protection against disease development as read‑outs for Breg 
activity (43).

The shift in Th1/Th2 balance triggered by infection 
induces the Th2 response, and likely leads to a concomitant 
suppression of the Th1 involved in different stages of parasite 
infections (15,27,46). Th1 responses were found to be exagger-
ated in Schistosoma‑infected B‑cell‑deficient mice, indicating 
that Schistosoma-induced B cells suppressed Th1 cells in 
wild‑type mice (27). A previous study (15) also revealed 
that IL-10 produced by Bregs is required for susceptibility to 
Leishmania major LV39 infection in BALB/c mice and for 
polarization of the Th cell response toward the Th2 pheno-
type. This is consistent with a previous report that B cells from 
Schistosoma‑infected mice secrete IL‑10 and promote devel-
opment of the Th2 immune response (46). In a separate study, 
B cells from patients with visceral Leishmaniasis exhibited 
enhanced ability to differentiate into B10 cells, which potently 
inhibited the activation, proliferation and cytokine secretion of 
CD4+T cells, compared with healthy controls (21). Following 
stimulation by Leishmania major, the IL-10 secreted by B 
cells also stems the production of IL‑12 by DCs (15) (Table I). 
These IL‑10‑producing Bregs may be derived from existing 
circulating B cells or from progenitor Bregs following stimula-
tion with CD40 ligand and/or BCR ligation for 2 days (47,48). 
van der Vlugt et al found that, in Schistosoma-infected 
individuals, IL‑10 and membrane‑bound latency‑associated 
peptide (LAP)/TGF-β were predominantly expressed by the 
Breg subsets CD1dhi B cells and CD24hiCD27+ B cells, respec-
tively (3). However, the role of LAP/TGF‑β is not addressed in 
this review.

In addition to the production of secreted factors, Bregs are 
able to induce other suppressive cell types by contact‑medi-
ated interactions. When co‑cultured with Breg cells from 

Schistosoma-infected individuals, CD4+ T cells produced 
lower levels of IFN-γ, IL-4 and IL-17. By contrast, the conver-
sion to CD25hiFoxP3+ and IL-10+ T cells was enhanced (3,28) 
(Table I).

Unlike trematode parasites, including Schistosoma, 
Babesia microti is a common protozoan parasite, which 
invades and replicates within erythrocytes. A previous study 
demonstrated that the adoptive transfer of Bregs enhanced 
susceptibility to protozoan parasite infection and suppressed 
allergic disease by inducing CD4+CD25+FoxP3+ Tregs. 
These suppressive Tregs were not induced in the absence of 
CD1dhiCD5+ Bregs (16). This was the first report on the expan-
sion of Bregs following infection, suggesting that Babesia 
microti infection in mice may serve as a suitable model for 
investigating Bregs in helminthic infections (16). Although 
the involvement of Tregs in helminthic infections has been 
investigated extensively (42), only a limited number of studies 
have investigated the role of Bregs in helminthic infections. 
Thus, several questions remain, including whether or not the 
induction of Bregs and Tregs persists in chronic infections or 
following clearance of the parasite, and whether or not any 
other molecules secreted by the parasite have therapeutic 
potential in autoimmunity and allergic diseases.

Role of Bregs in bacterial infections. Pathogens utilize 
multiple mechanisms to manipulate Breg functions in order to 
modulate immune responses and evade host defenses. During 
intracellular Listeria infection (5), B10‑mediated inhibition 
of bacterial clearance depends on the expression of IL-10, 
MHC class II molecules and CD21‑R. This finding suggested 
that B10 cells require cognate interactions with CD4+ T cells 
to exert their regulatory functions, but not CD8+ T cells. By 
contrast, the depletion of Bregs using CD22 mAb substan-
tially accelerated ex vivo bacterial clearance (92-97% higher, 
compared with wild‑type mice) as a result of significantly 

Figure 2. Immunomodulatory properties of Bregs during infectious disease. Through the contact‑mediated interaction and/or secretion of IL‑10, TGF‑β, 
IL‑35 or granzyme B, Bregs can suppress the activation and production of cytokines by pro‑inflammatory lymphocytes, including macrophage, certain Th 
cells, CD8+ T cells and DCs. Bregs can also induce the differentiation of Th2 cells and Treg cells, primarily through IL‑10. Breg, regulatory B cell; Treg, 
regulatory T cell; Th, T helper; DCs, dendritic cells; APC antigen‑presenting cell; BCR, B cell receptor; CTL, cytotoxic T lymphocyte; IL, interleukin; TGF‑β, 
transforming growth factor‑β; TLR, Toll-like receptor.
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reduced CD4+ T cell expansion, enhanced macrophage phago-
cytosis, and enhanced production of IFN-γ, TNF-α and nitric 
oxide (Table I).

An earlier report (34) showed that B cell‑deficient mice 
exhibited markedly enhanced resistance to the intracellular 
bacterium Brucella abortus, reflecting the importance of 
non‑antibody‑mediated B cell effector mechanisms. Similarly, 
the depletion of Bregs by CD20 mAb during disease initiation 
has been shown to enhance the severity of EAE (49). Previously, 
it was reported that antibiotic treatment induces a population 
of CD5+ Bregs in mice (50). However, another murine study 
demonstrated that intestinal dysbacteriosis imposed by anti-
biotic treatment inhibited the production of IL‑1β and IL-6 in 
DCs and macrophages, and reduced the number and function 
of Bregs (51).

In Mycobacterium tuberculosis infections, active tubercu-
losis (TB) has been directly associated with high frequencies 
of CD19+CD1d+CD5+ Bregs, which exhibited higher suppres-
sive activity and selectively inhibited Th17 cell activation 
by direct cell contact in the absence of IL-10. The inhibition 
of CD4+ T cells by B cells did not involve the induction of 
Tregs (24). Subsequent investigations by Zhang et al (23) 
revealed that successful anti‑TB treatment in human TB 
induced an enhanced IL‑22 response, an important cytokine 
in the immune response to Mycobacterium tuberculosis 
infection, by reducing the frequencies of CD19+CD5+CD1d+ 

Bregs. Of note, it was found that patients with cavitary TB, 
which is more severe than TB without cavitation, had signifi-
cantly higher frequencies of CD19+CD1d+CD5+ B cells. This 
finding suggested that Bregs impaired protective immunity 
and increased disease severity. In addition, the results of our 
previous study indicated that CD19+ B cells in patients with 
active TB expressed Ebi3 and IL-12p35, the subunits of IL-35 
(data not published). Similar to IL‑10, IL‑35 is well known for 
its suppressive function in a several diseases (18,35). According 
to a report by Shen et al, mice with a B‑cell‑restricted defi-
ciency in p35 or Ebi3 exhibited higher survival rates, which 
were associated with increased macrophage and CD4+ T cell 
activation (18). However, further investigations are warranted to 
determine whether or not Bregs are a subset of IL‑35‑secreting 
B cells and to determine their exact role in immune regulation.

5. Conclusion

Bregs have emerged in the field of immune regulation and 
are critical in immune system balance (4). However, their 
indefinable phenotype, and the marked differences between 
humans and mice is a subject of debate. The identification 
and investigation of Bregs is complex as they do not demon-
strate regulatory activity in situ, and can only be investigated 
following stimulation ex vivo. In addition, the concentration of 
Bregs is only ~1‑2% in PBMCs or the mouse spleen (52,53). 
Despite this, Bregs are reported to have a distinctive role in 
infectious disease.

As previously described, increases in Bregs are positively 
correlated with viral and bacterial load, and can contribute 
to poor vaccine responses (1,37). Bregs can also facilitate 
pathogen survival, particularly in early stages of infection, and 
subsequently cause increased disease severity by inhibiting 
inflammatory T cell and macrophage activation, primarily 

through the production of IL-10 (5,22,25,34). In addition, Bregs 
afford protection against the hyper‑inflammatory response 
in parasitic infections (16,43,54), and an inverse correlation 
between the induction of B10 cells by parasites and the preva-
lence of autoimmune disease has been reported (44,55).

In conclusion, the current review describes the role of Bregs 
in infectious disease in animal and human investigations. 
However, a comprehensive understanding of the regulatory 
mechanisms exerted by Bregs is required prior to exploiting 
novel therapies. It is possible that the inhibition or depletion of 
Bregs may assist in the clearance of intracellular pathogens and 
improve the efficiency of vaccines in chronic infection states. 
Following confirmation of Breg phenotypes and elucidation of 
their associated suppressive mechanisms, cell therapies aimed 
at treating allergic and autoimmune disease using autologous 
Bregs induced by in vitro parasite antigens may be possible in 
the future.
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