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Unexpected Role of CD8 T Cells in Accelerated Clearance of
Salmonella enterica Serovar Typhimurium from H-2 Congenic
mice

Jasmine C. Labuda,a Claire E. Depew,a Oanh H. Pham,a Joseph M. Benoun,a Nora A. Ramirez,a Stephen J. McSorleya

aCenter for Comparative Medicine, Department of Anatomy, Physiology and Cell Biology, School of Veterinary Medicine, University of California, Davis, Davis,
California, USA

ABSTRACT Salmonella infection can cause gastroenteritis in healthy individuals or a
serious, systemic infection in immunocompromised patients and has a global im-
pact. CD4 Th1 cells represent the main lymphocyte population that participates in
bacterial clearance during both primary and secondary infections in mice of the H-2b

haplotype. Previous studies have used congenic mice to examine the function of
major histocompatibility complex (MHC) molecules in elimination of this pathogen
from the host. In this study, we further characterized the ability of H-2b, H-2k, and
H-2u molecules to influence adaptive immunity to Salmonella in MHC congenic mice.
By depleting different cell populations during infection, we unexpectedly found that
CD8 T cells, in addition to CD4 T cells, play a major role in accelerated clearance of
bacteria from H-2k congenic hosts. Our data suggest that CD8 T cells accelerate
clearance in some MHC congenic mouse strains and could therefore represent an
unexpected contributor to the protective efficacy of Salmonella vaccines outside the
typical studies in C57BL/6 mice.

KEYWORDS CD4 T cells, CD8 T cells, MHC, Salmonella

Enteric fever, caused by Salmonella enterica serovar Typhi, continues to be a major
health concern in the developing world, infecting over 26 million people annually

(1). Salmonella serovars can also cause gastroenteritis and invasive nontyphoidal sal-
monellosis (NTS), a systemic disease prevalent in sub-Saharan Africa (1–3). Although
there are vaccines available for treatment of infections by Salmonella Typhi, none are
currently available for other Salmonella serovars, including Salmonella Typhimurium (4,
5). Since Salmonella Typhi replicates only in a human host, it has been difficult to model
this disease in vivo, and Salmonella Typhimurium infection of inbred mice is widely used
as a model of systemic typhoidal and nontyphoidal disease (6, 7).

Mouse models have uncovered several mechanisms by which Salmonella spp. are
able to invade and disseminate within the infected host. The bacteria initially exploit
intestinal epithelial M cells to gain entry into Peyer’s patches, where they subsequently
infect dendritic cells and macrophages (8, 9), before migrating to the mesenteric lymph
node and blood via the lymphatic system (10). Under some circumstances, Salmonella
spp. also infect lamina propria phagocytes that directly sample intestinal contents
(11–13) or breach the epithelial barrier by disrupting tight junctions (14). Once infection
is initiated in the intestine, it rapidly spreads to systemic tissues, where Salmonella
replicates in the liver, spleen, and bone marrow (10).

Host innate and adaptive immune responses are initiated rapidly after Salmonella
infection (15, 16). The major mechanism of bacterial killing during systemic salmonel-
losis is via the activation of macrophages by Th1 cell-secreted gamma interferon (IFN-�)
(17–19). Mice lacking CD4 T cells demonstrated delayed bacterial clearance and had
higher bacterial burdens after a month of infection (14, 20). Data from human studies
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support a strong association between individual resistance to enteric fever and allelic
variation within the HLA class II HLA-DRB1 gene (21). On the basis of these observations
in both mice and humans, the relationships among major histocompatibility complex
(MHC) class II gene variation, CD4 T cell activation, and mouse resistance to Salmonella
infection deserve further investigation.

There are several different models for studying Salmonella infection in mice. Some
laboratories choose to infect resistant mouse strains, while others predominantly use
susceptible mouse strains that lack the protective SLC11A1 gene (22). Infection of
susceptible C57BL/6 mice with an attenuated strain of Salmonella Typhimurium elicits
robust CD4 T cell responses that contribute to bacterial clearance (20, 23, 24). In
contrast, infecting resistant mouse strains with virulent Salmonella typically elicits
strong antibody-mediated protection (25, 26). Despite robust expansion of CD4 T cells
during Salmonella infection, depleting CD4 T cells increases bacterial replication only
modestly (by around 1 to 2 log) (20), suggesting that other protective mechanisms are
important. Previous work has shown that different mouse strains eliminate Salmonella
Typhiumurium at vastly different rates, with C57BL/6 mice among the slowest to
eradicate bacteria (27). MHC alleles themselves are influential in determining how
quickly congenic mice can eradicate Salmonella infection (27). On the basis of these
historical data, we hypothesized that the I-Ab molecule was particularly poor at
initiating protective CD4 T cell responses and that stronger protective CD4 T cell
responses would develop in C57BL/6 mice expressing other MHC haplotypes. The
present study therefore examined whether H-2 congenic mouse strains with enhanced
resistance to Salmonella infection elicited superior CD4 T cell-dependent protective
responses. Surprisingly, our results show that, although CD4 T cells contribute to
anti-Salmonella immunity in different MHC congenic strains, CD8 T cells are essential to
the enhanced protection evident in comparisons between strains.

RESULTS
Congenic mice expressing H-2k and H-2u molecules demonstrated rapid clear-

ance of Salmonella Typhimurium. We initially examined whether MHC congenic mice
displayed different rates of Salmonella clearance, as had been previously reported (27).
Mice possessing variant H-2 molecules at the class I and class II alleles, as well as
congenic control strains, were infected intravenously with 5 � 105 CFU of Salmonella
Typhimurium, and bacterial burdens were assessed over the course of 28 days. Mice
were infected intravenously because NTS is a systemic disease that is not typically
associated with high bacterial burdens in the gut lamina propria (10). No significant
differences were observed in the rates of bacterial clearance from the spleen or liver of
two control strains [C57BL/6ByJ (H-2b) and BALB/cJ (H-2d)], or from those of their MHC
congenic counterparts B6.C-H-2d/bByJ and C.B10-H2b/LilMcdJ, at any time point over
the 4 weeks of infection (Fig. 1A and B). Thus, allelic substitutions of b and d haplotypes
at the MHC locus had no discernible effect on Salmonella infection in C57BL/6ByJ or
BALB/cJ mice.

Next, we compared the clearance rates of Salmonella in C57BL/10SnJ mice possess-
ing H-2b MHC haplotype with the clearance rates in congenic strains expressing H-2k

and H-2u haplotypes [strains B10.BR-H2k2H2-Tl8a/SgSnJJre and B10.PL-H-2uH2-Tl8a/
(73NS)SnJ], respectively. C57BL/10SnJ mice with the H-2k haplotype or the H-2u hap-
lotype cleared S. Typhimurium from the spleen and liver at a higher rate than the
control strain expressing H-2b (Fig. 1C and D). Bacterial burdens began to significantly
diverge as early as 2 weeks after infection, and there was an approximately 100-fold
difference in tissue bacterial loads between the H-2k-expressing or H-2u-expressing
MHC congenic mice and the H-2b-expressing control mice by 28 days after infection.
This finding is broadly in agreement with a previous study by Nauciel et al., which
reported that MHC alleles influence the ability of mice to resolve infection with
Salmonella Typhimurium (27).

To test whether the enhanced protection observed in MHC congenic strains was
specific to Salmonella, we next examined host immunity to another intracellular
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bacterium, Chlamydia muridarum. We chose this intracellular bacterium because pro-
tection against this pathogen in C57BL/6 mice is mediated by CD4 T cells, which
disseminate to the spleen (28). Congenic and control strains were infected vaginally
with Chlamydia, and bacterial burdens were assessed regularly by intermittent swab-
bing of the vaginal vault. The rate of clearance of C. muridarum from the reproductive
tracts of MHC congenic strains expressing H-2k or H-2u molecules was not statistically
different from that seen with the control strains (see Fig. S1A and B in the supplemental
material). Thus, the protective effect of these H-2 alleles is specific to Salmonella
infection and not does not represent a general form of resistance to intracellular
bacterial infections.

FIG 1 Congenic mice expressing H-2k and H-2u molecules demonstrate rapid clearance of Salmonella Typhimurium. Levels
of clearance of Salmonella Typhimurium from the spleen (top panels) and liver (bottom panels) were determined over 4
weeks. All mice were intravenously infected with 5 � 105 CFU of S. Typhimurium strain BRD509. Data represent results of
analyses of the kinetics of eradication of S. Typhimurium from C57BL/6ByJ (H-2b) mice and the B6.C-H-2d/bByJ congenic
strain (A), BALB/cJ (H-2d) mice and the C.B10-H2b/LilMcdJ congenic strain (B), C57BL/10SnJ mice (H-2b) and the B10.BR-
H2k2H2-Tl8a/SgSnJJrep strain (C), and the B10.PL-H-2uH2-Tl8a/(73NS)SnJ congenic strain (D). Significance values were
determined using Holm-Sidak t tests (*, P � 0.05; **, P � 0.01; ***, P � 0.001; ****, P � 0.0001). n � 3 to 4 mice per group
per time point, and data are representative of results from two experiments. p.i., postinfection.
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Protection in MHC congenic mice is not due to an increase in the percentage
of T cells. To initially determine which leukocyte subsets responded to S. Typhimurium
infection in the MHC congenic strains, a general screen of splenic leukocyte populations
was performed at 2 weeks postinfection (a time when both MHC congenic strains
started to display faster clearance). This analysis showed significant increases in the
percentages of Gr-1� and CD11b� cells, but not in the T cell populations, which we
suspect may be responsible for the greater rate of clearance in the MHC congenic mice
(Fig. S2). Although increased T cell percentages did not correlate with enhanced
protection in MHC congenic mice, it was possible that the levels of T cell effector
functions were elevated and contributed to Salmonella clearance. Therefore, we fo-
cused subsequent analysis on comparisons of T cell effector properties in these MHC
congenic mice.

Accelerated Salmonella clearance in MHC congenic mice correlates with en-
hanced IFN-� production from CD8 T cells, but not CD4 T cells. IFN-� production by
Th1 cells is essential for the successful resolution of Salmonella infection (19). Given that
H-2k and H-2u C57BL/10 mice displayed faster clearance of Salmonella than H-2b mice,
we examined the functional capacity of T-bet-expressing Th1 cells during infection. At
2 weeks after infection with Salmonella Typhimurium, mice were stimulated with
lipopolysaccharide (LPS) to activate CD4 and CD8 T cells via noncognate stimulation
(29). Antigen-experienced Th1 cells were identified by gating on CD44 and T-bet-
expressing CD4 T cells, while effector CD8 T cells were identified using CD44 surface
staining (Fig. 2A and B). Consistent with previous studies (20), around 60% of the Tbet�

CD4� T cells from H-2b mice produced IFN-� (Fig. 2B and D), indicative of a strong Th1
response to Salmonella infection. Despite the accelerated bacterial clearance evident in
H-2k-expressing and H-2u-expressing mice, both strains displayed lower percentages of
IFN-�-positive Th1 cells than control mice (Fig. 2B and D). As expected, the level of CD8
T cell production of IFN-� in all mouse strains was considerably lower than that seen
with CD4 Th1 cells (Fig. 2A and C). While H-2b mice and H-2u mice had similar
frequencies of IFN-�-producing CD8 T cells, this population was significantly increased
in H-2k mice, correlating with a greater role of CD8 T cell-mediated control of Salmo-
nella infection (Fig. 3B and C). These data suggest that greater protection against
Salmonella infection in these MHC congenic mouse strains is likely to be independent
of Th1 IFN-� production.

CD4 and CD8 T cells control Salmonella burden in H-2k congenic mice. Given the
relatively minor differences in levels of T cell IFN-� production between MHC congenic
strains, it was important to directly test whether accelerated clearance is dependent on
CD4 and/or CD8 T cells. From this point on, we narrowed our studies to focus on the
H-2k congenic mice. As previously reported (20), antibody depletion of CD4 T cells in
control H-2b-expressing mice resulted in bacterial burdens in the spleen and liver that
were 1 to 2 log higher (Fig. 3), demonstrating the essential role of CD4 T cells in
bacterial clearance. The effects of depletion of both CD4 and CD8 T cells in H-2b mice
did not differ markedly from the effects of depletion of CD4 T cells alone with respect
to affecting bacterial clearance from the spleen or liver (Fig. 3B). However, depletion of
CD8 T cells alone resulted in significantly increased bacterial burdens in the liver,
although the effect was modest overall (Fig. 3B). Thus, CD8 T cells made a small
contribution to primary clearance in H-2b mice, as previously reported (16). Surprisingly,
the depletion of both CD4 and CD8 T cells from H-2k mice resulted in significantly
greater bacterial growth than CD4 depletion alone (Fig. 3). In the spleens of the H-2k

mice, CD8 T cells apparently provided more protection against Salmonella than CD4 T
cells, since individual depletion of CD8 T cells had a stronger effect. There seemed to
be a redundant protective effect of CD4 and CD8 T cells in the liver of H-2k mice, since
depleting either of the cell types alone did not result in any loss of protection. These
data suggest that CD8 T cells play an important role in the accelerated bacterial
clearance observed in H-2k-expressing MHC congenic mouse strains.

CD8 T cells display enhanced effector phenotypes during S. Typhimurium
infection in H-2k mice. Because of the marked role of CD8 T cells in controlling
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Salmonella infection in the H-2k congenic strain, we examined functional markers of
CD8 T cell activation and effector differentiation that might explain their protective
capacity. At 14 days after infection, we observed a significantly greater proportion of
CD44hi KLRG1� CD8 T cells in both the spleen and liver of H-2k mice (Fig. 4).
Additionally, there were significantly fewer CD44hi PD-1� CD4 T cells in the spleen of
the H-2k congenic strain (Fig. 4). The increase in the level of CD8 T cells expressing the
cytotoxic marker KLRG1 and the reduction in the level of CD4 T cells expressing the
inhibitory marker PD-1 suggest an overall enhanced proinflammatory state in H-2k mice
that was likely responsible for the accelerated clearance of Salmonella Typhimurium in
this congenic strain.

Congenic mice expressing H-2k are more resistant to challenge with virulent
Salmonella. Given that virulent Salmonella challenge is quickly lethal in C57BL/10 mice,
we wondered whether the congenic H-2k allele would show enhanced survival in
response to lethal Salmonella challenge. Congenic mice were challenged intravenously
with Salmonella Typhimurium SL1344, analyzed for bacterial burdens after 4 days, and

FIG 2 Accelerated Salmonella clearance in congenic mice correlates with enhanced IFN-� production from CD8 T cells but not from CD4 T cells.
Mice were infected intravenously (i.v.) with 5 � 105 CFU S. Typhimurium, restimulated after 2 weeks i.v. with 10 �g of LPS, and euthanized after
4 h. (A) Gating strategy for identification of activated CD4 T and CD8 T cells. (B) IFN-� production in CD44�Tbet� CD4� and CD44�CD8� T cells
determined by flow cytometry. (C and D) Summary of the percentages of IFN-�� CD44hi CD8� T cells (C) and IFN-�� Tbet� CD44hi CD4� T cells
(D) as a proportion of the total population of Tbet� CD4� T cells. Significant differences were calculated using Holm-Sidak t tests (*, P � 0.05; **,
P � 0.01; ***, P � 0.001; ****, P � 0.0001; n � 1 to 4 mice per group). Data are representative of results from two separate experiments. Error bars
represent standard deviations.
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monitored for overall survival. H-2k congenic mice did not control initial bacterial
growth any better than the H-2b controls at 4 days after challenge (Fig. 5A). However,
the H-2k mice did survive significantly longer than the H-2b mice (Fig. 5B). Together,
these observations indicate that mice with the congenic H-2k allele were able to
tolerate the infection slightly longer than the H-2b mice.

DISCUSSION

The objective of this study was to examine whether CD4 T cells restricted to H-2b

molecules were particularly poor at Salmonella clearance compared to CD4 T cells
restricted to other MHC molecules. Such a conclusion could be inferred from previous
data showing that C57BL/6 mice show considerably slower clearance than almost all
other MHC congenic mouse strains (27). Furthermore, a recent epitope discovery has
allowed better analysis of Salmonella-specific CD4 T cells within H-2b-expressing
C57BL/6 mice and these data paint a somewhat confusing picture of multiple low-
frequency I-Ab-restricted clones, some of which lack the ability to survive and propa-
gate into the memory pool (22). This is an important issue to resolve since almost every
study of CD4 T cells in the mouse model of salmonellosis has focused narrowly on
I-Ab-restricted CD4 T cells.

The results of analysis of bacterial clearance in MHC congenic mouse strains in this
study support the conclusions of previous studies which suggested that differences in
MHC haplotypes drastically affect primary clearance of Salmonella (27, 30). Examination
of Chlamydia infection indicates that this is a particular feature of Salmonella clearance
in these inbred mice, since there was little effect on Chlamydia shedding using these
same mouse strains. At face value, these data might indicate that the overall frequency
or functional activity of Salmonella-specific CD4 T cells is amplified in certain MHC
congenic mouse strains or, alternatively, that those other mouse strains lack a major
suppressive activity with respect to CD4 T cells that is evident in C57BL/6 mice.
However, a basic characterization of splenocyte populations in Salmonella-infected
MHC congenic strains demonstrated that there are no obvious differences in CD4 and

FIG 3 CD4 and CD8 T cells control Salmonella burden in H-2k congenic mice. Mice were infected i.v. with 5 � 105

CFU of S. Typhimurium and treated with anti-CD4 antibody alone, with anti-CD4 and anti-CD8 antibody, or with
an isotype control (Isotope ctrl) every 3 to 4 days from day 7 to day 30. (A) Gating strategy for analysis of CD4 and
CD8 T cells. (B) Log CFU of S. Typhimurium in the spleen (top panel) and liver (bottom panel) of B10 strains H-2b,
H-2k, and H-2u on day 30 after infection. n � 3 to 6 mice per group; data represent results from 3 experimental
replicates. Significant differences between strains were calculated using Mann-Whitney t tests (*, P � 0.05; **,
P � 0.01; ***, P � 0.001; ****, P � 0.0001). Error bars represent standard deviations.
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CD8 T cell percentages during active bacterial clearance. When the requirement of
these cells was examined directly by antibody depletion of CD4 and CD8 T cells in each
of the congenic lines, we observed a similar requirement of CD4 T cells for protection
in these congenic lines. However, CD8 T cells make a larger contribution to protection
in the H-2k congenic mice. Thus, while it is true that some MHC congenic mice display
faster clearance of Salmonella, it is unrelated to the number and/or functional activity
of CD4 T cells in these mice.

Depletion of CD8 T cells alone or in conjunction with CD4 T cells had an exaggerated
impact on bacterial burdens in congenic mice displaying accelerated Salmonella clear-
ance. This is surprising since the impact of MHC class-I-restricted T cells is relatively
modest in C57BL/6 mice (16). However, CD8 T cells are activated in humans and mice

FIG 4 CD8 T cells displayed an enhanced effector phenotype during S. Typhimurium infection in H-2k mice. Mice were infected i.v.
with 5 � 105 CFU S. Typhimurium and analyzed after 2 weeks. (A) Flow plots of CD4 and CD8 T cell marker expression in the liver. Data
represent a summary of the percentages of CD44hi KLRG1� and CD44hi PD-1� CD4 and CD8 T cells in the spleens and livers of H-2b

and H-2k congenic mice. (B) Log CFU of S. Typhimurium in the spleen (left panels) and liver (right panels) of B10 strains H-2b and H-2k

on day 14 (d14) after infection. Significant differences were calculated using Holm-Sidak t tests (*, P � 0.05; **, P � 0.01; ***, P � 0.001;
****, P � 0.0001; n � 3 mice per group). Data are representative of results from one experiment.
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during Salmonella infection (23, 31–33) and our data would suggest that they could
play a more important role in these mouse strains. Given that all of these mouse strains
are congenic for the MHC class I allele, it is not surprising that they might have an
altered CD8 response to the typical H-2b strain. The protection mediated by the CD8
response implies that different or unique Salmonella antigens are displayed on MHC
class I molecules, resulting in an amplification of CD8-dependent protective immunity.
It might be instructive to examine some of these epitopes in further studies.

The accelerated Salmonella clearance rate seen in some congenic mice correlated
with a very modestly heightened IFN-� response by CD8 T cells which occurred in
concert with lower levels of IFN-� production from CD4 T cells. The lower Th1 cell
activity in these mice could be explained by reduced antigen availability, which would
be expected to reduce effector T cell activity (10). Since CD8 T cells did display
enhanced IFN-� production in H-2k mouse strains, this cytokine may be responsible for
some of the accelerated bacterial clearance observed in these mice. However, no
change in IFN-� production was observed in H-2u mice compared to H-2b mice. It
seems more likely that enhanced CD8 T cell responses rely on a perforin-dependent cell
killing mechanism or on the ability of CD8 T cells to rapidly recruit innate cells to
infected tissues. Indeed, we observed that the H-2k mice had a significantly higher
proportion of CD44hiKLRG1� CD8 T cells in the spleen and liver than the H-2b controls.
These congenic mice also had fewer PD-1-expressing CD4 T cells in the spleen,
indicating less inhibition of activated lymphocytes. KLRG1 expression is an indicator of
CD8 T cell cytotoxicity and is modulated by MHC class I molecules (34). It is possible that
this enhanced killing capacity is beneficial for killing Salmonella-infected phagocytes.
Indeed, data from previous studies support the idea that macrophages can execute
cross-presentation of vacuolar antigen and prime cytotoxic T lymphocyte (CTL) re-
sponses in mice and humans (35–37). It seems reasonable to hypothesize, then, that
these CTLs kill infected macrophages through recognition of Salmonella antigens
expressed on MHC class I molecules. Further studies will be required to better charac-
terize the precise mechanism of CD8 killing in MHC congenic mouse strains.

In conclusion, this study confirmed previous observations showing that MHC con-
genic mouse lines display marked differences in the speed of Salmonella clearance.
However, our data show that these differences are less dependent on CD4 responses
than would be expected and thus do not support the idea that particular murine MHC
alleles can elicit more-robust CD4 T cell responses. Instead, our data are consistent with
the idea of a larger role for CD8 T cells in some MHC congenic inbred mouse strains and
may indicate a greater role for cytotoxic T cell activity in clearing Salmonella infection.

MATERIALS AND METHODS
Mice. C57BL/10SnJ (Jax 000666), B10.BR-H2k2H2-Tl8a/SgSnJJrep (Jax 004804), B10.PL-H-2uH2-Tl8a/

(73NS)SnJ (Jax 000458), BALB/cJ (Jax 000651), C.B10-H2b/LilMcdJ (Jax 001952), C57BL/6ByJ (Jax 001139),
and B6.C-H-2d/bByJ (Jax 000359) mice were all purchased from the Jackson Laboratories at 6 to 8 weeks

FIG 5 Mice expressing H-2k are more resistant to challenge with virulent Salmonella. Mice were infected i.v. with
5 � 105 CFU S. Typhimurium SL1344 and analyzed 4 days later for bacterial burden and separately for overall
survival. (A) Comparison of Salmonella bacterial burdens 4 days after infection in the spleen and liver using multiple
t tests (n � 4 mice per group). (B) Comparison of survival rates of congenic strains using log rank Mantel-Cox test
(n � 3 to 4 mice per group). Data represent results from one experiment.
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of age. Mice were bred and housed at the Center for Comparative Medicine, University of California, Davis
(UC Davis). Male and female mice (6 to 12 weeks old) were used for all experimental studies. Congenic
mice were genotyped by PCR according to the recommended protocol provided by Jackson Laborato-
ries. All experiments in this study followed protocols approved by the Animal Care and Use Committee.

Bacterial strains and infections. Salmonella infection experiments were performed using the
BRD509 ΔaroA or SL1344 strains of Salmonella enterica serovar Typhimurium. While BRD509 is typically
considered to be an ΔaroA ΔaroD mutant, genomic sequencing has revealed a functional aroD gene (38).
Mice were infected intravenously with 5 � 105 CFU of BRD509 that had been grown overnight in LB
broth at 37°C and resuspended in phosphate-buffered saline (PBS). Mice were challenged either
intravenously with SL1344 at 1 � 103 CFU or orally by water bottle administration at 1 � 109 CFU/ml (39).
Bacterial concentrations were determined by spectrophotometry at an optical density at 600 nm (OD600)
and adjusted to the correct challenge inoculum. For measurements of vaginal shedding of Chlamydia
muridarum, mice were injected with 2.5 mg of medroxyprogesterone acetate (Depo-Provera) subcuta-
neously and then infected a week later by pipetting of 105 IFU of Chlamydia into the vaginal vault (40).

Determination of bacterial loads. Livers and spleens of infected mice were collected in PBS on ice
and homogenized, and the final volume of the homogenate was recorded. After vortex mixing was
performed, serial dilutions of organ homogenate were plated onto MacConkey agar plates. Plates were
incubated overnight at 37°C for 16 h, and their contents were enumerated to determine the number of
CFU present. The total CFU count/organ was determined by back-calculation from the plate counts,
sample dilution, and homogenate volume. For measuring Chlamydia bacterial burdens, vaginal swabs
were collected every 3 to 4 days over a 28-day period. Supernatants from swabs were pipetted on a HeLa
cell monolayer, fixed, and stained using anti-Chlamydia antibody (40). Chlamydia inclusions were
enumerated under a fluorescence microscope.

In vivo LPS stimulation. A 10-�g volume of ultrapure lipopolysaccharide (LPS) from Escherichia coli
strain EH100R� (Alexis strain; Toll-like receptor [TLR] grade) was diluted in PBS and injected intravenously
into infected mice, 4 h before harvesting of organs and examination of T cell responses. This method-
ology has previously been shown to elicit noncognate T cell activation and to allow analysis of cytokine
production by determination of endogenous polyclonal T cell responses (20).

Flow cytometry. Single-cell suspensions of splenocytes were subjected to lysis using ACK lysis buffer
(0.15 M NH4Cl, 1 mM KHCO3, 0.1 mM EDTA) for 4 min and washed with fluorescence-activated cell sorter
(FACS) buffer. A range of 2 � 106 cells and 5 � 106 cells were Fc blocked for 15 min and stained with the
following antibodies: CD8 PercpEF710, CD11b AF488, CD45R PECy7, NK1.1 phycoerythrin (PE), CD11c
AF700, CD4 EF660, Gr-1 EF450, fluorescein isothiocyanate (FITC) (CD11b, CD11c, F4/80, B220), CD4 PECy7,
CD8 PE, CD44 EF450, IFN-� allophycocyanin (APC), T-bet Percp Cy5.5, CD4 BV650, IFN-� BV785, T-bet PE,
granzyme B EF450, KLRG1 APC, PD-1 PeCy7, and CD44 AF700. Cells were fixed and permeabilized
overnight using a Foxp3 staining kit (BD) before addition of intracellular stains. Cells were analyzed on
a BD Fortessa cell analyzer using appropriate compensation controls, and the resulting data were
analyzed using FlowJo analysis software.

Antibody depletion of CD4 and CD8 cells. CD4 and CD8 cells were depleted from infected mice by
administration of anti-CD4 clone GK1.5 and anti-CD8a clone 2.43 monoclonal antibodies (purchased from
Bio X Cell). Isotype control antibody clone LTF2 was used in nondepleted mice. Seven days after
intravenous infection with Salmonella, monoclonal antibodies were diluted in PBS and administered to
mice intraperitoneally every 3 to 4 days for up to 30 days postinfection. Mice received 200 �g of each
antibody at the first two time points and 300 �g for the remainder of the time points.

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/IAI

.00588-19.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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