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MyD88-dependent pro-inflammatory
activity in Vi polysaccharide vaccine
against typhoid promotes Ab
switching to IgG

Rohini Garg*, Ajay Suresh Akhade, Jitender Yadav and
Ayub Qadri

Abstract

Vi capsular polysaccharide is currently in use as a vaccine against human typhoid caused by Salmonella Typhi. The vaccine

efficacy correlates with IgG anti-Vi Abs. We have recently reported that Vi can generate inflammatory responses through

activation of the TLR2/TLR1 complex. In the present study, we show that immunization with Vi produces IgM as well as

IgG Abs in wild type mice. This ability is not compromised in mice deficient in T cells. However, immunization of mice

lacking the TLR adaptor protein, MyD88, with Vi elicits only IgM Abs. These results suggest that MyD88-dependent pro-

inflammatory ability of the Vi vaccine might be vital in generating IgG Abs with this T-independent Ag.
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Introduction

Abs to polysaccharides are known to play a crucial role
in controlling systemic infection with encapsulated
bacteria.1 These Abs are generated independent of
T-cell help that is normally provided to B cells during
humoral response against protein Ags. Although the
Ab response to these Ags is predominantly IgM, IgG
Abs are also produced, albeit at low levels. Unlike
T-dependent protein Ags, immunization with these
T-independent polysaccharide Ags does not generate
memory B cells.1 Many of these polysaccharide Ags
carry repetitive determinants, which enables them to
engage simultaneously multiple Ag receptors on B
cells. This engagement constitutes the first signal for
B-cell proliferation, and the second signal that is
required for immunoglobulin secretion and class
switching can be provided by TNF family members
such as B lymphocyte stimulator/B-cell activating
factor (BLyS/BAFF) and a proliferation-inducing
ligand (APRIL), or by cytokines such as IL-5 and
IFNs.2–4 Recent studies suggest that TLR activation
might also contribute to Ab responses against polysac-
charide Ags either directly through cross-talk with the
B-cell receptor or through activation of dendritic cells

and macrophages. The latter provide soluble mediators
that can promote B cell differentiation, immunoglobu-
lin secretion and isotype switching.5,6

Vi is a polymer of a-(1!4)-linked 2-acetamido-2-
deoxy-D-galacturonic acid (GalpANAc) with variable
O-acetylation at C-3. It forms a capsule around
Salmonella Typhi, the causative agent of typhoid in
humans.7 Vi protects S. Typhi from complement-
mediated killing and from the action of anti-O
(lipopolysaccharide (LPS)) Ab.8 Abs against this
polysaccharide provide protection against typhoid and
this protection correlates with IgG.9 Our recent study
demonstrated that Vi can induce secretion of pro-
inflammatory cytokines through engagement of the
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TLR2/TLR1 complex on monocytes.10 Schreibelt et al.
have shown that Vi vaccine can induce expression of
co-stimulatory molecules and secretion of cytokines
from human monocyte-derived dendritic cells.11 In the
present study, we show that pro-inflammatory ability of
Vi might regulate switching of anti-Vi Abs to IgG type
in mice immunized with this polysaccharide.

Materials and methods

Reagents

Vi capsular polysaccharide (Vi) derived from S. Typhi
was obtained from Bharat Biotech International
Limited (Hyderabad, India). It was dialyzed against
PBS before use in cellular experiments. LPS isolated
from S. Typhi was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Anti-mouse Ig Abs labeled
with HRP were purchased from Jackson Laboratories
(West Grove, PA, USA). Alkaline phosphatase (AP)-
conjugated isotype-specific Abs were procured from
Southern Biotech (Birmingham, AL, USA).

Mice

C57BL/6, MyD88 null, TCR b null and TCR d null
mice were obtained from Jackson laboratories (Bar
Harbor, ME, USA) and maintained in the small
animal facility of the National Institute of
Immunology. Animal experiments were carried out
according to the guidelines provided by the institutional
animal ethics committee.

Analysis of anti-Vi Ab response in mice

Mice (5–8 per group) were immunized i.p. with 10 mg Vi
dissolved in sterile PBS or with a mixture of Vi and LPS
(10 mg each, both derived from S. Typhi). Sera samples
were obtained from mice before immunization (d 0) and
d 14 after immunization. IgM and IgG anti-polysac-
charide Abs were determined by ELISA. Briefly, Vi
was coated in a 96-well microtitre plate overnight at
4�C (0.5 mg/50ml/well diluted in 100mM carbonate
buffer, pH 9.5). The plate was washed twice with
PBST (PBS containing 0.05% Tween-20) and blocked
with PBS-BSA (PBS supplemented with 1% BSA;
100 ml/well) for 1 h at 37�C. Sera samples diluted in
PBS-BSA were added to each well (50 ml/well) and the
plate was incubated for 1 h at 37�C. Subsequently, the
plate was washed and incubated with HRP or AP-
labeled anti-mouse Ig Ab diluted in PBST-BSA-1%
(PBS-BSA containing 0.05% Tween-20) for 1 h. The
plate was washed thoroughly with PBST and the reac-
tion was developed by adding freshly prepared sub-
strate solution [75 ml/well; TMB/TBABH/H2O2 for
HRP; TMB, 3,3’,5,5’-tetramethyl benzidine (41mM);
TBABH, tetrametylammonium borohydride (8.2mM);

and para-nitrophenyl phosphate for AP). The plates
were read at 405 nm for AP and 450 nm for HRP.
The absorbance values were plotted against sera dilu-
tions and Ab titers were calculated from the linear por-
tion of the curve, as described by Marshall et al.12 IgM
and IgG anti-Vi mAbs previously generated in the
laboratory were used for reference purposes.13

Western blotting

Different concentrations of LPS derived from S. Typhi
(Sigma Chemical Co.) and Vi vaccine were separated in
a 10% SDS-polyacrylamide gel, transferred to nitrocel-
lulose and probed with anti-S. Typhi LPS mAb
reported previously.14 The nitrocellulose was washed
and incubated with HRP-labeled anti-mouse Ig Ab
and after washing developed using enhanced chemilu-
minescence (ECL) reagent.

Stimulation of cells and determination of cytokines

Peritoneal cells obtained from WT and MyD88-defi-
cient C57BL/6 mice were allowed to adhere to plastic
for 1–2 h and stimulated with Vi (1 and 5 mg/ml) for
24 h. Cytokines, KC and IL-6, were determined in cul-
ture supernatants using commercially available ELISA
kits from BD Biosciences (San Jose, CA, USA) follow-
ing the manufacturer’s instructions.

Splenocytes (3� 105 cells/well in a 96-well plate) iso-
lated from C57BL/6 mice were stimulated with different
concentrations of LPS and Vi for 48 h, after which
cells were pulsed with 3H-thymidine. 20 h later, the
amount of radioactivity incorporated in cells was deter-
mined by liquid scintillation spectroscopy (Perkin
Elmer, Waltham, MA, USA). Data expressed as
mean CPM� SD of triplicate cultures are representa-
tive of three independent experiments.

Statistical analysis

Probability of significance was calculated by two tails with
a type 3 test for unequal variances using Student’s t-test
in Microsoft Excel (Redmond, WA, USA).
P-Values< 0.05 were considered statistically significant.

Results and discussion

C57BL/6 mice immunized with Vi produced IgM, as
well as IgG, Abs, with IgM levels being much higher
(Figure 1A). Analysis of isotypes in sera obtained from
these mice showed that IgG anti-Vi Abs were mainly of
IgG3 type (Figure 1A). This response was not affected
by the absence of T cells as mice lacking ab T cells or gd
T cells also elicited similar Ab response upon immun-
ization with Vi (Figure 1). In fact, IgG anti-Vi Abs were
considerably higher in TCR b–/– as compared with wild
type (WT) and TCR d–/– mice (Figure 1A). These Abs
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were also mainly of IgG3 type (Figure 1A). In contrast,
the levels of IgG anti-Vi Abs in TCR d–/– mice were
comparable with those seen in WT mice. These data
suggested that T cells are not directly involved in

bringing about switching of anti-Vi Abs to IgG,
which is in agreement with a recent study by Marshall
et al.12 We believe that increased IgG anti-Vi Ab levels
in TCR b–/– mice might be due to increased number of
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Figure 1. T cells do not contribute to Ab response against Vi. (A) C57BL/6 WT, TCR b–/– and TCR d–/– mice were immunized

intradermally with Vi (10 mg/mouse) and anti-Vi IgM and IgG Abs were determined in sera collected before immunization (d 0) and d

14 after immunization by ELISA. Sera were also analyzed for different IgG isotypes. (B) Splenocytes from WT, TCR b–/– and TCR d–/–

mice were stained with biotin-labeled anti-CD11b and anti-B220 Ab or isotype matched Ab followed by PE-conjugated avidin.

Cells were washed and analyzed by flow cytometry. Data are representative of three independent experiments. *P< 0.05, **P< 0.01,

***P< 0.001.
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inflammatory monocytes in these mice (Figure 1B).
These increased numbers have been suggested to be
an outcome of age-dependent deregulated inflamma-
tory responses in these mice.15 These cells might have
contributed to higher IgG anti-Vi Abs through ampli-
fied inflammatory responses with Vi.

As Vi activates inflammatory responses from mono-
nuclear phagocytes,10 we considered the possibility that
these TLR-dependent responses might be involved in
bringing about isotype switching during immunization
with this vaccine. We therefore compared Ab response
against Vi in WT mice and mice lacking the TLR adap-
tor, MyD88. Consistent with our previous findings,10

Vi induced secretion of KC and IL-6 from peritoneal
cells derived from WT mice but not from MyD88

knockout mice (Figure 2A). Immunization of
MyD88-deficient mice with Vi vaccine produced IgM
anti-Vi Ab levels that were comparable with those seen
in WT mice; however, unlike WT mice, MyD88-
deficient mice showed negligible IgG anti-Vi Ab
responses (Figure 2B), suggesting that MyD88-
dependent TLR-stimulating activity might be crucial
for generation of IgG anti-Vi Abs.

The Vi vaccine preparation used in this study con-
tained about 0.2% LPS contamination (20 ng LPS in
10 mg Vi—the amount that was used in immunization
experiments; Figure 3A). Such low levels of LPS are
unlikely to have contributed to inflammatory responses
that brought about isotype switching of anti-Vi Abs to
IgG. LPS at< 200 ng/ml and Vi up to 10 mg/ml did not
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Figure 2. MyD88-deficient mice do not produce IgG anti-Vi Abs. (A) Peritoneal cells were isolated from WT and MyD88-deficient

C57BL/6 mice and stimulated in vitro with Vi for 24 h. KC and IL-6 levels were determined in cell culture supernatant by ELISA. Error

bars represent SD. (B) WTand MyD88-deficient C57BL/6 mice were immunized with Vi (10 mg/mouse) i.p. and sera were analyzed for

Vi-specific IgM and IgG Abs by ELISA. Data are representative of three independent experiments. *P< 0.05, **P< 0.01, ***P< 0.001.

ns: not significant.
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bring about proliferation of murine splenocytes in vitro,
ruling out a possibility that LPS present in the Vi vac-
cine could stimulate proliferation of B cells and bring
about isotype switching (Figure 3B). Further, immun-
ization of mice with 10 mg Vi vaccine supplemented with
additional 10 mg LPS isolated from S. Typhi did not
lead to any measurable increase in anti-Vi IgG Ab
response (Figure 3C). These data rule out involvement

of LPS-activated responses in generation of anti-Vi IgG
Abs in mice immunized with the Vi vaccine.

Abs to Vi protect humans against infection with
S. Typhi and this protection is mainly conferred by
IgG anti-Vi Abs.9,16 Szu et al. have shown that
immunogenicity of Vi is closely related to the degree
of O-acetylation,17 and we have shown that O-acetyl
groups are required for the induction of
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Figure 3. LPS in the Vi vaccine preparation does not contribute to isotype switching of anti-Vi Abs. (A) LPS and Vi were separated in

SDS-PAGE, transferred to nitrocellulose and probed with anti-LPS mAb. The blot was developed using ECL. (B) Splenocytes isolated

from C57BL/6 mice were stimulated with different concentration of LPS and Vi. 48 h later, cells were pulsed with 3H-thymidine

and the amount of radioactivity incorporated in cells was analyzed after 20 h by liquid scintillation spectroscopy. Data shown as

mean cpm� SD of triplicate cultures are representative of three independent experiments. (C) Mice were immunized with 10 mg

Vi or 10 mg Vi supplemented with 10 mg LPS. Fourteen days later, Ab levels were determined in sera by ELISA. Data are repre-

sentative of two independent experiments. *P< 0.05, **P< 0.01, ***P< 0.001.
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TLR2-dependent inflammatory cytokines responses
with Vi.10 The results presented here suggest that this
inflammatory activity of Vi might regulate production
of IgG Abs against this polysaccharide in mice.
Whether this is through induction of pro-inflammatory
cytokines from mononuclear phagocytes, which can
bring about isotype switching with T-independent
Ags, or through direct activation of TLR on Vi-specific
B cells or through both these mechanisms needs to be
investigated in future studies.

Inflammatory cytokines have been previously impli-
cated in isotype switching with T-independent Ags
in vitro and in vivo.5,6 Similarly, direct involvement of
TLR agonists in promoting terminal plasma cell differ-
entiation of B1 and marginal zone B cells, which are
specialized in T-independent responses, has also been
demonstrated.18 Quintana et al. have shown that anti-
LPS specific IgG3 Abs might be generated as a result of
collaboration between TLR4 and LPS-specific BCR.19

Therefore, it is possible that a similar kind of co-opera-
tion between TLR2 and BCR on specific B cells might
bring about switching of anti-Vi Abs to IgG. The role
of TLR in eliciting Ab responses with Vi has also been
suggested by Majumder et al. through their analysis of
single nucleotide polymorphism in humans.20 Taken
together, our findings provide a previously unappreci-
ated mechanism for generation of IgG Abs with Vi
vaccine.
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