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B-1 cell response in immunity against parasites
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Abstract
The peritoneal cavity has a microenvironment capable of promoting proliferation, differentiation, and activation of the resident
cells and recruitment of blood cells through the capillary network involved in the peritoneum. Among the cells found in the
peritoneal cavity, B-1 cells are a particular cell type that contains features that are not very well defined. These cells differ from
conventional B lymphocytes (B-2) by phenotypic, functional, and molecular characteristics. B-1 cells can produce natural
antibodies, migrate to the inflammatory focus, and have the ability to phagocytose pathogens. However, the role of B-1 cells
in immunity against parasites is still not completely understood. Several experimental models have demonstrated that B-1 cells
can affect the susceptibility or resistance to parasite infections depending on the model and species. Here, we review the literature
to provide information on the peculiarities of B-1 lymphocytes as well as their interaction with parasites.
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An overview of the B-1 cell

The immune system is a complex, remarkably adaptive
homeostatic system that has developed in vertebrates
and includes functions such as protection against infec-
tious microorganisms and tumor cells. This system

includes innate, adaptive, and memory responses and has
been adapted and refined to meet the challenge of elimi-
nating pathogens more efficiently. In addition, the im-
mune system must be tolerant and distinguish between
self and non-self; thus, substances that are identified as
non-self stimulates an immune response, while no harm is
inflicted on the self. However, pathogenic microbes can
evade the host response and generate different kinds of
disease. Among the immunological cells mobilized
against the presence of some pathogenic microorganisms,
one cell type remains poorly described, B-1 cells.

Two B lymphocytes lines, designated B-1 and B-2, were
identified based on their origins, anatomical distribution, cell
surface markers, antibody subtypes produced, and self-
renewing ability (Bao et al. 1998). In mice, B-1 cells are found
in the peritoneal and pleural cavities, spleen, and at low de-
tectable number in the lymph nodes (Table 1) (Hayakawa et al.
1983; Herzenberg et al. 1986a). Phenotypically, B-1 cells dif-
fer from B-2 cells because they have unusual surface marker
expression; they are usually CD19+, CD43± , CD23−, IgMhigh

and IgDlow, and CD11b± (Baumgarth 2011), but the CD11b
expression is fluid on these cells, depending upon their migra-
tion status (Ghosn et al. 2008). These cells are still subdivided
into B-1a (CD5+) and B-1b (CD5−) subsets (Herzenberg
2000; Hardy and Hayakawa 2001; Berland and Wortis
2002). Moreover, B-1 cells have a peculiar morphology when
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compared to B-2 cells when observed under the electron mi-
croscope (Abrahão et al. 2003). B-1 cells have been charac-
terized as B lymphocytes due to their ability to rearrange im-
munoglobulin genes, synthesize IgM and IgD, and express
characteristic B lymphocyte surface markers such as B220
and CD19 (Herzenberg et al. 1986b). Ontologically, B-1 cells
originate during fetal development from precursors that are
distinct from those of B-2 cells (Ghosn et al. 2011).
Evidences suggest that during embryonic development and
in the neonate B-1 cells arise in waves from several and dis-
tinct progenitors present in multiple tissues (Montecino-
Rodrigue et al. 2016).

Comparing to B-2 cells, B-1 cells have a less diverse rep-
ertoire of immunoglobulins which are reflected by their ability
to respond to antigens (Hardy et al. 1989). B-2 cells respond
efficiently to protein antigens and, with the help of T lympho-
cytes, undergo affinity maturation and changes immunoglob-
ulin heavy chain, leading to the formation of different anti-
body isotypes. In contrast, B-1 cells respond mainly to
thymus-independent antigens, producing immunoglobulins
that recognize molecules with repetitive epitopes such as in
carbohydrates (Dorshkind and Montecino-Rodriguez 2007;
Montecino-Rodrigue et al. 2016).

B-1 are unique cells in the immune response since they
are able to produce immunoglobulins, phagocytose, pres-
ent antigens to T lymphocytes, and produce immunomod-
ulatory cytokines (Fig. 1) (Baumgarth 2017; Popi et al.
2016; Popi 2015). Thus, these functions may allow that
B-1 cells to contribute to immunity against parasites.
Parasitic infections remain one of the most important
causes of morbidity and mortality worldwide (Cox 2002).
Although many studies have focused on the pathogenesis
and immune response against parasitic infections, few
studies have been performed to better understand the role
of B-1 cells in both protozoa and helminth infections. In
this review, we aimed to summarize the major findings in
the field of research on B-1 and parasitic diseases. Next,
we describe and detail the functions of B-1 cells that may
be relevant for parasite infection immunity.

Spontaneous and induced antibody
production

B-1 cells play a role in the first line of defense established in
mammals, a function that is attributed to the production of
natural antibodies (Baumgarth et al. 2005). These antibodies
are produced even in the absence of external antigenic stimuli,
providing an initial protective barrier upon entry of certain
pathogens and allowing enough time for B-2 cells to establish
a more specific, long-lasting, complex, and larger response
(Baumgarth et al. 2005). Among the antibodies produced by
B-1 lymphocytes, many recognize self-antigens, such as Thy-
1 (CD90) (Hayakawa et al. 2003), DNA (Casali et al. 1987),
and phosphatidylcholine (Hayakawa et al. 1983). For this rea-
son, it is believed that these antibodies recognize and remove
senescent cells and antigens released by apoptotic cells, lim-
iting the development of autoimmune diseases (Baumgarth
et al. 2005).

B-1a cells produce low-affinity polyreactive natural IgM
(nIgM) antibodies that bind to conserved epitopes. Thus,
nIgM can also contribute to innate protection in the host
(Briles et al. 1981; Masmoudi et al. 1990). Moreover, B-1b
cells produce thymus-independent antibodies type 2 (TI-2)
against polysaccharide antigens on the cell wall of certain
bacteria and fungi (Haas et al. 2005; Rapaka et al. 2010).
Natural IgM produced by B-1 cells provides a crucial barrier
against the replication of microbes prior to the establishment
of specific immune responses (Cole et al. 2009; Choi and
Baumgarth 2008; Gil-Cruz et al. 2009). Despite their low
general affinity and broad cross-reactivity, these preexisting
antibodies directly neutralize and partially activate the classi-
cal pathway of the complement system (Baumgarth et al.
2000; Jayasekera et al. 2007), inhibiting the early replication
of the microorganism (Baumgarth et al. 2000; Haas et al.
2005).

Some examples of the importance of these nIgMs in the
initial response to infectious diseases have been shown using
experimental models. It was demonstrated that nIgM fromB-1
cells contributes to initial protection against influenza virus

Table 1 Distribution and
frequency of B-1 cells in mice
tissues

Species Site Tissue site Frequency (%) References

Mouse Immunological sites Spleen 1–2 Yang et al. (2007)

Bone marrow 0.1–0.2 Choi et al. (2012)

Lymph nodes 0.1–0.3 Choi and Baumgarth
(2008)

Non-immunological sites Peritoneal cavity 35–70a Herzenberg (2000)

Pleural cavity 35–70a Review in Yenson and
Baumgarth (2014)

Intestinal lamina propria < 50 Kroese et al. (1989)

a Frequency depends on the mice lineage, age, sex, and housing conditions
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(Baumgarth et al. 2000). Mice that lacked IgM produced by
B-1 cells had increased mortality after challenge with influen-
za virus, demonstrating the role of these antibodies in the
initial protection to the virus (Baumgarth et al. 2000).
Interestingly, B-1 cells are also able to produce natural anti-
bodies against galactose terminal resides (anti-α gal
antibodies) (Ohdan et al. 2000). These anti-α gal antibodies
can contribute to malaria defense because they target
Plasmodium sporozoites and induce complement-mediated
cytotoxicity (Yilmaz et al. 2014), control transmission, but
their role in blood stage is not completely understood
(Yilmaz et al. 2014). Anti-alpha gal antibodies also recognize
epitopes present in T. cruzi and Leishmania (Avila et al. 1989).
In Chagas disease these antibodies appear to be related with
extensive localized Bautoimmune-like^ inflammatory reac-
tions (Travassos and Almeida 1993), but the importance of
anti-alpha gal antibodies released by B-1 cells on the Chagas
disease is still unclear.

Depending on the site of infection, B-1 cells will have
different fate (Baumgarth 2011). Infections of mucosal sur-
faces lead to the redistribution of B-1a cells to regional lymph
nodes which differentiate into IgM-secreting cells in a poly-
clonal response, independent of the B cell receptor (BCR)
(Choi and Baumgarth 2008). Already systemically inoculated
antigens induce the migration of B-1 cells from the body cav-
ities to the spleen or to the lamina propria where they differ in
IgM- or IgA-secreting cells (Martin et al. 2001; Yang et al.
2007; Ohdan et al. 2000). On the other hand, B-1b cells appear
to undergo clonal expansion in response to antigen exposure
and produce increased amounts of specific antibodies, al-
though the tissue where this production occurs is still
controversial.

The role of antibodies produced by B-1 cells was evaluated
in few models of parasite infections. BALB/c mice intraperi-
toneally infected with Trypanosoma cruzi showed a decrease

in the percentage of peritoneal B-1 cells after 15 days of in-
fection (highest parasitemia period) (Merino et al. 2010). In
this model, the reduced number of peritoneal B-1 cells was
associated with an increase in their differentiation in antibody-
secreting plasmocytes induced by components produced by
the parasite (Merino et al. 2010). Thus, B-1 differentiation in
antibody-producing plasmocytes appears to be linked to an
increased susceptibility of BALB/c animals to T. cruzi infec-
tion. B-1 cells showed to be involved in the pathogenesis of
toxoplasmosis in an experimental model, but their role re-
mains controversial (Chen et al. 2000). In response to infec-
tion with the parasite, B-1 cells from BALB/c and C57BL/6
mice produced IL-10 and antibodies against heat shock pro-
tein 70 (HSP70), which regulates susceptibility to infection by
Toxoplasma gondii (Chen et al. 2003a). In contrast, the trans-
fer of primed B-1, but not naïve B-1, to B cell-deficient mice
(muMT) protected these animals after challenge with T. gondii
(Chen et al. 2003a; Chen et al. 2003b). Therefore, in this
model, B-1 cells showed a protective role during infection.

Besides the production of IgM, IgG, and IgA, few reports
have shown IgE production by B1 cells (Takatsu et al. 1992;
Vink et al. 1999; Perona-Wright et al. 2008; Savage and
Baumgarth 2015). A recent work demonstrated that B-1 cells
produced poly-specific IgE during infection with the nema-
tode paras i tes Nippostrongylus brasi l iens is and
Heligmosomoides polygyrus bakeri (Martin et al. 2018). The
B-1 cell-derived IgE reduced mastocyte cell degranulation by
a probably mechanism of IgE saturation of FcεRI, leading to a
decrease in helminth clearance (Martin et al. 2018). This work
proposes a regulatory mechanism to IgE produced by B1
cells. Although several works have demonstrated the antibod-
ies production by B-1 cells, few studies have shown the in-
duction of memory cells (Cole et al. 2009; Yang et al. 2012).

Thus, the natural and inducible antibodies produced by B-1
cells can affect immunity against the parasites by the classical

Fig. 1 Immune functions of B-1 and B-2 cells. B-1 cells are able to
phagocytose, but recent studies (RD*) have shown that B-2 cells also
have the ability to phagocytose. As B-2 lymphocytes, B-1 cells produce
and secrete antibodies, but IgM is the major secreted isotype. Both B-1

and B-2 cells produce cytokines, but B-1 cells spontaneously release IL-
10. As B-2 cells, B-1 cells may present antigen to T lymphocytes. The
activation of B-2 lymphocytes can induce production of memory cells,
but few studies demonstrated such properties in B-1 cells
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complement activation, antibody-dependent cell-mediated cy-
totoxicity (ADCC), regulatory mechanisms, and phagocyto-
sis. Further studies using other protozoa and helminths models
are necessary to better understand the pathophysiology of nat-
ural and induced antibodies secreted by B-1 cells.

Cytokine production

B-1 cells spontaneously produce IL-10 (O'Garra et al. 1992;
Griffin and Rothstein 2012), a cytokine with anti-
inflammatory properties (Mosser and Zhang 2008). This cy-
tokine shows pleiotropic effects on immune system since it
inhibits antigen presentation, T cell proliferation, acts regulat-
ing the production of inflammatory cytokines, among other
functions (Mosser and Zhang 2008). Several studies have
demonstrated that natural and induced production of IL-10
by B-1 cells can contribute to modulate the immune response
in some experimental infections (Barbeiro et al. 2011;
Gonzaga et al. 2015; Gonzaga et al. 2017). In visceral leish-
maniasis, IL-10-knockout mice (IL-10KO) mice that receive
adoptive transfer of B-1 cells from wild-type were more sus-
ceptible to Leishmania chagasi infection than IL-10KO mice
(Gonzaga et al. 2015), suggesting that IL-10 produced by B-1
cells contribute to the susceptibility to parasite infection. In
addition, B-1 cells from IL-10KO mice were more resistance
to Leishmania major infection than B-1 cells from wild-type
(Arcanjo et al. 2015). Thus, it is possible to speculate that IL-
10 from B-1 can participate in the immunoregulation,
allowing the parasite growth and contributing to disease
progression.

However, other cytokine types are also produced by B-1
cells. Mice intraperitoneally treated with Propionibacterium
acnes had an increase in the number of B-1b cells that were
positive for IL-4, IL-5, and IL-12 (Mussalem et al. 2012). The
soluble polysaccharide from bacteria increased B-1b cell ex-
pression of IL-10 and IL-12 cytokines (Mussalem et al. 2012).
The cytokine expression was also altered in B-1 cells from
mice intraperitoneally infected with Leishmania amazonensis.
After 24 h of infection, peritoneal B-1 cells increase the ex-
pression of both IL-10 and TNF-α cytokines (Geraldo et al.
2016). These studies support the hypothesis that these cells are
plastic and respond differently depending on the stimulus. A
better understanding of the activation profiles of this cell, as
well as the mechanisms by which B-1 cells are activated, can
uncover the role of these cells in infectious and parasitic
diseases.

Phagocytic function

Consistent with the expression of surface markers character-
istic of macrophages, some authors have described the ability

of B-1 cells to differentiate into phagocytic cells (Gao et al.
2012; Almeida et al. 2001). Borrello and Phipps (1995) were
the first authors to demonstrate that the populations of CD5+

splenic B cells from the spleen, co-cultured with fibroblasts,
expressed macrophages markers, such as F4/80 and Mac-1,
and exhibited phagocytic capacity (Borrello and Phipps 1995,
1996). It has been shown that during the differentiation of B-1
cells to phagocytes, the gene expression was altered with re-
duced expression of genes related to the lymphoid lineage and
a concomitant increase in the expression of genes related to
the myeloid lineage (Popi et al. 2009), clearly showing that
these cells have the molecular mechanisms to change their
phenotype.

Corroborating the differentiation capacity of B-1 cells in
phagocytes, Almeida et al. (2001) demonstrated that peritone-
al B-1 cells spontaneously differentiate into macrophage-like
cells capable of phagocytizing sheep red blood cells and zy-
mosan. The ability of B-1 cells to phagocytose opsonized
latex beads and microbes by using classical phagocytic recep-
tors were also reported (Gao et al. 2012; Ghosn et al. 2006).
In vivo, these cells also differentiated into cells with macro-
phage phenotypes (Popi et al. 2012; Gambero et al. 2016) and
phagocytosed apoptotic blebs, Escherichia coli and
Leishmania amazonensis (Gao et al. 2012; Novaes et al.
2010; Geraldo et al. 2016). The phagocytose ability of B-1
cells is well documented in the literature but recent works
have demonstrated that B-2 lymphocytes can also phagocyto-
se bacteria and latex beads (Zhu et al. 2016; Martínez-Riaño
et al. 2018).

The in vitro models have contributed to better clarifying the
role of B-1 cells in differentiated into phagocytes in the re-
sponse to Leishmania. Arcanjo et al. (2015) demonstrated that
B-1 cells phagocyzed promastigotes of L. major in an IL-10
production-dependent process. Our group demonstrated that
these cells were more permissive to infection in vitro with
L. amazonensis promastigotes than peritoneal macrophages.
B-1 cells had a significantly higher phagocytic index com-
pared with peritoneal or medullar macrophages at 16 and
24 h (Geraldo et al. 2016). Recently, Arcanjo et al. (2017a)
showed that B-1 cells promoted the growth of L. major
amastigotes inside peritoneal murine macrophages due to el-
evated levels of PGE2 and IL-10 produced by these cells.
Understanding the complex interactions of B-1 cells perform
with other cells of the immune system during the course of
Leishmania infection and other parasites may help to better
determine the roles of these cells in the pathogenesis of the
leishmaniasis as well as other infection diseases.

Antigen-presenting cell function

Several studies demonstrated that B-1 cells express MHC
class II, CD40, CD80, and CD86, and therefore, it has been
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proposed that these cells could have the ability to present
antigens (Vigna et al. 2002; Gambero et al. 2016;Tumang
et al. 2004). Corroborating this hypothesis, Zhong et al.
(2007) demonstrated that peritoneal B-1 cells were able to
present OVA peptide to OVA-responsive transgenic T cells
since their promoted proliferation of these CD4+ T cells. In
addition, Margry et al. (2013) showed that peritoneal B-1a
cells present antigen to CD4+ T cells in vivo. However, there
are few reports showing B-1 cells acting as antigen-presenting
cells (APCs) (Margry et al. 2013; Sato et al. 2004; Vigna et al.
2002; Wang and Rothstein 2012; Popi et al. 2016).

Besides these antigen-presenting capacities, B-1 cells in-
duce the differentiation of T cells. Peritoneal B-1a cells stim-
ulated the increase in vitro of IL-10, IL-4, and IFN-γ-
producing CD4+ T cells, suggesting that these cells have abil-
ity to induce peripheral adaptive immune responses (Margry
et al. 2013). On the other hand, in vitro peritoneal B-1 cells
stimulated T cell to express IL-17 and IFN- γ in the presence
of TGF-β and IL-2, thus leading these cells to differentiation
in Th17 and Th1 profiles, respectively (Zhong et al. 2007;
Wang and Rothstein 2012). However, further studies are nec-
essary to investigate the role of B-1 cells in inducing T cell
differentiation in the context of parasite infections. Although
speculative, the possibility that the B1 cell-mediated genera-
tion of Th1/Th17 cells may have a role in inducing inflamma-
tory reactions and immune responses against parasites cannot
be ruled out.

In vivo models to study B-1 cells in parasite
infections

To better assess the role of B-1 cells in homeostasia and im-
munity, some studies have used X-linked immune-deficient
mice (XIDs) that are genetically devoid of the Bruton enzyme
tyrosine kinase (Btk). This defect leads to impairments in the
development of B cells (Khan et al. 1995; Rawlings et al.
1993), especially in the subset of B-1 cells which shows sig-
nificant reduction in the peritoneal cavities of XID mice
(Hayakawa et al. 1983).

Using this model, B-1 cells showed a protective role in
exper imenta l in fec t ion wi th Giardia muris and
Encephalitozoon cuniculi (Snider et al. 1988; Langanke Dos
Santos et al. 2018). XID mice developed prolonged infections
and produced lower levels of serum IgG anti-G. muris com-
pared with background controls. The inability to elicit an ap-
propriate humoral immune response probably contributed to
the inability to eliminate the parasite in XID animals (Snider
et al. 1988). The protection related with the presence of B-1
cells was also demonstrated in infection with the
microsporidia Encephalitozoon cuniculi.XIDmiceweremore
susceptible to infection with the parasite than the background
BALB/c (Langanke Dos Santos et al. 2018).

On the other hand, XID mice infected with Trypanosoma
cruzi exhibited low levels of specific and non-specific immu-
noglobulins in serum, and were able to control parasitemia in
comparison to the control (Minoprio et al. 1993). Analysis of
mRNA transcripts in the spleen of infected animals showed
that XID mice produced high mRNA levels of mRNA for
IFN-γ, IL-2, and IL-4, and low mRNA levels of IL-10 after
4 days of infection. The administration of anti-IFN-γ in XID
led to an increase in parasitemia, demonstrating the important
role of IFN-γ in these animals as one of the factors associated
with parasite resistance (Minoprio et al. 1993).

For leishmaniasis, the role of B-1 cells is still unclear. XID
mice infected with Leishmania major (one of the species re-
sponsible for the cutaneous form of the disease) presented a
higher parasitic load in lymphatic organs (Hoerauf et al.
1994). In contrast, animals depleted of B-1 cells and infected
with L. major developed similar disease as compared to the
control mice (Babai et al. 1999). Our group has been studying
the role of B-1 cells in experimental leishmaniasis, and we
demonstrated that XID mice infected with L. chagasi showed
a significantly reduced parasite load in the spleen compared
with control animals (Gonzaga et al. 2015). The transfer of B-
1 cells to XID mice restored susceptibility, suggesting that
such cells may be related to susceptibility to infection
(Gonzaga et al. 2015). The putative mechanisms involved in
the susceptibility seem to be linked to IL-10 since the adoptive
transfer of B-1 cells from wild-type animals to IL-10KO mice
led to increased susceptibility of recipients (Gonzaga et al.
2015). Corroborating these findings, Arcanjo et al. (2017b)
showed that B-1-deficient mice infected with L. chagasi de-
veloped reduced splenomegaly with diminished splenic para-
site burden and lower levels of IL-10 secretion of splenocytes
at 30 days post-infection (Arcanjo et al. 2017a). In contrast,
XID were more susceptible to L. amazonensis infection (etio-
logical agent of the cutaneous form of leishmaniasis) than
background control mice (Gonzaga et al. 2017), suggesting
that B-1 cells can contribute to improving the control of cuta-
neous infection caused by L. amazonensis (Gonzaga et al.
2017). Thus, the participation of B-1 cells in leishmaniasis
depends on the causal species of disease.

To helminth infections, the B-1 cells generally contribute
positively to defense against these parasites. XID mice have
demonstrated a reduced ability to control infections by Brugia
pahangi (Paciorkowski et al. 2000), Brugia malayi
(Paciorkowski et al. 2000), Strongyloides stercoralis
(Herbert et al. 2002), and Schistosoma mansoni (Gaubert
et al. 1999). Mechanisms of B cell-mediated protection have
already been identified and include antibody production, an-
tigen presentation, and cytokine secretion.

Studies involving experimental infections with Brugia
malayi and Brugia pahangi in B lymphocyte-deficient mice
demonstrated that these animals were permissive to infection
by the genus Brugia while the immunocompetent mice were
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resistant (Paciorkowski et al. 2000). In addition, XID animals
were as permissive as those that did not have all B cells,
suggesting that B-1 cells should be responsible for the host
protection (Paciorkowski et al. 2000). The reconstitution of
(Rag)-1−/− mice with B-1b cells conferred resistance against
Brugia infection, proposing that B1-b cells are required to
mediate host resistance to this parasite (Paciorkowski et al.
2000). The same profile was observed in animals infected
with the pathogenic filariae Litomosoides sigmodontis. XID
mice showed significantly more adult worms compared to the
background control. The susceptibility observed in XID mice
can be explained by lower antibody production in response to
dominant parasite antigen and by diminished B cell-derived
IL-10, which led to deficient parasite-driven Th2 cytokine
production (Al-Qaoud et al. 1998). Corroborating these find-
ings, in vitro studies have demonstrated that ES-62 antigen (a
protein from Acanthocheilonema viteae, a filarial nematode of
rodents that share well-conserved epitopes with B. malayi and
Onchocerca volvulus) activated peritoneal B-1 cells, leading
to an increase in cell proliferation and IL-10 secretion (Wilson
et al. 2003).

The importance of B-1 cells has also been investigated in
XID mice immunized with Strongyloides stercoralis larvae
stage 3 (L3) (another helminth nemathelminthe) (Herbert

et al. 2002). The immunization led to insignificant levels of
IgM and a significant IgG response, which was approximately
half the level detected in immunized wild-type mice. The au-
thors purposed that B-1 cells could participate in immunity
against Strongyloides stercoralis infection, not as a source of
immunoregulatory molecules but by producing parasite-
specific antibodies (Herbert et al. 2002).

Infection of XID mice with the plathelminthe
Schistosoma mansoni showed that, compared with the
background control, B-1 cell-deficient mice had more sus-
ceptibility to parasite infection, as demonstrated by an
increase in the number of eggs found in tissues, signifi-
cant mortality, and an increase in the densities of granu-
lomas (Gaubert et al. 1999). The immune responses in
infected XID mice demonstrated high levels of IFN-
gamma and IL-4 and low quantities of IL-10. The anti-
body profile was also altered in XID mice, suggesting that
the absence of B-1 cells interfered with the quality of the
protective immune response against S. mansoni (Gaubert
et al. 1999). In addition, peritoneal B-1 cells proliferated
and secreted large amounts of IL-10 after stimulation with
carbohydrate antigens from S. mansoni egg, but the mech-
anisms and the receptors involved in these responses are
not yet clear (Velupillai et al. 1997).

Table 2 Contribution of B-1 cells in immunity to different parasites

Parasites Species Contribution of B-1
cells in immunity

Effector mechanism
(*speculative)

References

Helminth Brugia malayi and Brugia
pahangi

Resistance Humoral response, raise of IL-10
and Th2 response*

Paciorkowski et al. (2000)

Litomosoides sigmodontis Resistance Production of IL-10 and antibodies,
Th2 response*

Al-Qaoud et al. (1998)

Nippostrongylus brasiliensis
and Heligmosomoides
polygyrus bakeri

Susceptibility Production of IgE by B-1 cells Martin et al. (2018)

Schistosoma mansoni Resistance Production of IL-10 and antibodies* Gaubert et al. (1999)

Strongyloides stercoralis Resistance Antibody production* Herbert et al. (2002)

Protozoa Encephalitozoon cuniculi Resistance Production or stimulation of production
of pro-inflammatory cytokines
(IFN-γ, IL-6, TNF-α)

Langanke Dos Santos et al.
(2018)

Giardia muris Resistance Humoral response* Snider et al. (1988)

Leishmania amazonensis Resistance Production of IL-10 and TNF-α Geraldo et al. (2016))
and Gonzaga et al. (2017)

Leishmania chagasi Susceptibility Production of IL-10 Gonzaga et al. (2015)
and Arcanjo et al. (2017a)

Leishmania major Resistance/no effect Production of IL-10/PGE2 Hoerauf et al. (1994), Arcanjo
et al.
(2015)/Babai et al. (1999)

Toxoplasma gondii Susceptibility/resistance Production of IL-10 and
antibodies/production
or stimulation of high expression
of both Th1 and Th2-type cytokines
and a high level of NO

Chen et al. (2000), Chen et al.
(2003a))/Chen et al. (2003b)

Trypanosoma cruzi Susceptibility Production of cytokines* and
differentiation into plamocytes

Minoprio et al. (1993)
and Merino et al. (2010)
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Although the use of XID mice to study B-1 cells is some-
what limited, since defects in other B cell populations are also
found in these animals, several studies using the adoptive
transfer of B-1 cells to these animals corroborated the findings
in XID animals. The effects caused by the absence of these
cells were total or partial reversed after the adoptive transfer of
B-1 cell to XID mice. Thus, the studies with XID animals
showed that B-1 cells can contribute to resistance or suscep-
tibility depend on the protozoa infection. On the other hand, to
helminth infections, these cells seem to be linked to protection
since the IL-10 and the antibodies produced by B-1 cells,
especially IgM, can also directly contribute to defense against
helminthes. Table 2 summarizes the role of B-1 cells in the
parasite infections.

Human B-1 cells

Studies to characterize human B-1 cells in the peripheral
blood have shown that populations expressing CD20+,
CD27+, and CD43+ share some characteristics with mouse
B-1 cells, especially those involved with production of natural
antibodies and secretion of antibodies with autoreactive fea-
tures (Rothstein et al. 2013; Quách et al. 2016). However, this
issue is still under debate in the literature. The better charac-
terization of human B-1 cells and their impact on the outcome
of infections could bring more understanding of the impor-
tance of these cells in protection against parasitic infections
and homeostasis.

Concluding remarks

Parasites are widely distributed in the world and are responsi-
ble for several important diseases that affect millions of peo-
ple, especially in countries with a low index of human

development. To ensure survival and dissemination, parasitic
protozoans have developed the ability to subvert host immune
responses (Lopes et al. 2012). The adopted strategy depends
on the organism since protozoans are highly variable in terms
of life cycle, tissue tropism, and other features.

After infection B-1 cells and their products can influ-
ence the outcome of a parasite infection by producing
different kind of anti-inflammatory and inflammatory cy-
tokines, secreting natural and specific antibodies against
parasite antigens, presenting antigen and phagocytosing
pathogens (Table 3). The versatility of B-1 cells makes
them unique in the context of the immune response. The
abilities to phagocytose, present antigen, and produce nat-
ural antibodies link these cells with the innate immune
response, but the ability to produce specific antibodies
includes B-1 cells in adaptive response. The role of B-1
cells in protozoan infection is still not clear because it is
dependent on the model, parasite, and life stage of the
parasites. However, during helminthic infections, the pres-
ence of B-1 cells in most models is associated with ap-
propriate defense and the development of a protective
response. A deeper understanding of the biological prop-
erties of B-1 cells will be key to determining how these
cells operate and how to modulate their responses to con-
tribute to improved treatment of parasite diseases.
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Table 3 B-1 cells properties
versus future advances in the
context of parasitic diseases

B-1 cell properties Effector mechanisms Future advances

Natural and/or inducible
antibody production

Classical complement activation,
antibody-dependent
cell-mediated
cytotoxicity (ADCC), regulato-
ry
mechanisms, and phagocytosis

To evaluate the effector mechanisms
of natural and induced antibodies
produced by B-1 cells on helminths
and/or protozoa infections

Releasing of pro- and/or
anti-inflammatory cytokines

Depend on the cytokine produced To understand the activation of B-1
cells in the context of parasitic in-
fections

Phagocytosis Engulfing, activation, and killing
of parasites (protozoa)

To better understand the molecular
mechanisms of B-1 cell
differentiation in phagocytic cells

Antigen presentation and
inducing of T cell
differentiation

Differentiation of T lymphocytes
into effector cells (Th1, Th2,
Th17)

To evaluate the induction of Th
subtypes by B-1 cells in immunity
against parasites
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