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SUMMARY

Exposing bovine dendritic cells (DC) and macrophages (MF) to Salmonella typhimurium at a ratio

of 1 cell to 10 bacteria had a cytotoxic effect that was not evident with a ratio of 1000 cells to 1

bacterium. This lower dose was considered to mimic more closely the in vivo situation and a

comparison was made with this model of the consequences of infection for MF and DC. DC

infected with S. typhimurium up-regulated cell surface expression of major histocompatibility class

I (MHC-I), MHC-II, CD40, CD80 and CD86. In contrast, infected MF did not exhibit detectable

changes in expression of cell surface molecules, except for a marginal increase in CD40. mRNA

transcription for tumour necrosis factor-a, interleukin (IL)-1b, IL-6 and inducible nitric oxide

synthase was up-regulated in both infected DC and infected MF, although mRNA transcription for

granulocyte–macrophage colony-stimulating factor and IL-12p40 was up-regulated only in

infected DC and for IL-10 was only in infected MF. Infected DC had an increased ability to

stimulate both allogeneic and antigen-specific T-cell responses compared to non-infected controls.

In contrast, infected MF showed an increased ability to induce allogeneic responses but this was

less than seen for DC and no enhancement of ability to induce antigen-specific T cell responses was

seen. Thus, in a low-dose infection model that does not result in the cytotoxicity of a substantial

percentage of antigen presenting cells, bovine MF and DC respond differently to infection with S.

typhimurium and this could have important implications for the development of the immune

response.

INTRODUCTION

Salmonella enterica serovar Typhimurium (Salmonella typhi-

murium) is a Gram-negative facultative intracellular bacterium

that can infect a variety of hosts. It causes gastroenteritis in

calves similar to the disease induced by this Salmonella serovar

in humans, and that is a serious problem in both the livestock

industry and for public health. In mice, it causes a typhoid-like

systemic infection that provides a surrogate model of typhoid

fever in humans, but is of limited value in elucidating the

mechanisms of gastroenteritis caused by S. typhimurium in

humans and cattle. Thus, the study of S. typhimurium infection

in cattle, as well as being important in its own right, is a useful

model for understanding S. typhimurium infection in humans.1,2

Macrophages (MF) and dendritic cells (DC) are not only

important as antigen-presenting cells (APC), but they can also

provide a site where Salmonella can potentially escape from

attack by immune effector cells.3 MF have been used to study

the host–pathogen interaction and the pathogenicity of Salmo-

nella4,5 because MF are actively phagocytic and crucial in host

defence. Following infection with Salmonella in vitro, murine

MF produce proinflammatory cytokines, and up-regulate major

histocompatibility complex class I (MHC-I), MHC-II and cost-

imulatory molecules in a manner similar to that noted following

exposure to lipopolysaccharide (LPS).6 Recent evidence sug-

gests that DC also phagocytose Salmonella and can process and

present bacterial antigen. Cytokines critical to the immune

response such as interleukin (IL)-6 and IL-12 are produced

by both DC and MF infected with Salmonella.3,7 Thus, it would

appear that infection of DC and MF by Salmonella have a

number of similar consequences for the ensuing immune

response to the pathogen.
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The majority of studies on the interaction between Salmo-

nella and MF and DC have used a ratio of 0�5 bacterium to 1

host cell or higher.3,7–9 These doses have been useful in

elucidating many aspects of bacterial pathogenicity. However,

use of a high ratio of bacteria to host cells can result in a toxic

effect on host cells. DC are considered to be the only APC

population capable of inducing primary immune responses10–12

and appropriate in vitro models would be expected to depict

differences between the interactions of Salmonella and DC and

MF that are related to pathogenicity in vivo and development of

the immune response.

In this study, we compared the interaction of S. typhimurium

with either MF or DC using a low dose infection model that

does not result in cytotoxicity of a substantial percentage of

APC. MF and DC reacted differently to infection with S.

typhimurium and these differences are in line with the expected

roles of each cell type during an infection in vivo.

MATERIALS AND METHODS

Bacteria and preparation of bacterial inocula

The virulent S. typhimurium strain 4/7413 was used throughout.

Bacteria for inocula were grown overnight at 378 in static Luria

Bertani (LB) broth cultures without shaking. Appropriate dilu-

tions were made in RPMI-1640 media to obtain the number of

bacteria required and the inocula numbers were confirmed by

colony counts on LB agar.

Preparation of monocyte-derived MF and DC

All animal experiments were conducted according to the

requirements of the Animal Scientific Procedures Act (1986).

Friesian calves were reared conventionally.14 Peripheral blood

mononuclear cells (PBMC) were isolated from heparinized

blood by density-gradient centrifugation (1�083 g/ml of Histo-

paque; Sigma Chemical Co., Poole, UK) and then MF and DC

were generated as described by Werling et al.15 with some

modifications. CD14þ cells were isolated using super-paramag-

netic particles labelled with antibodies to human CD14 (Milte-

nyi-Biotech, Bergisch Gladbach, Germany). The purity of the

cells was evaluated by flow cytometry and shown in each case to

be >90%. Cells were adjusted to 106/ml in RPMI-1640 medium

containing Glutamax-1 (Life Technologies, Paisley, UK), 10%

heat-inactivated fetal calf serum (FCS), 5� 10�5
M 2-mercap-

toethanol and 50mg/ml of gentamicin (tissue culture medium;

TCM). To generate MF and DC, 0�2 U/ml of recombinant (r)

bovine (b) granulocyte–macrophage colony-stimulating factor

(GM-CSF) alone or 0�2 U/ml of rbGM-CSF and 200 U/ml of

rbIL-4 were added to TCM, respectively. After 3–4 days, fresh

TCM and cytokines was added to cells. Cells were harvested

with Cell Dissociation Solution (Sigma) after 6–8 days of

culture, washed three times, adjusted to 2�2� 105/ml in TCM

without gentamicin. Unless otherwise stated, 0�9 ml of this

suspension was added to each well of 24-well plate. Cells were

incubated overnight and used for bacterial infection.

Infection of MF and DC with S. typhimurium

MF and DC cultures prepared as above were added bacteria in

0�1 ml of RPMI-1640. RPMI-1640 alone was added for non-

infected negative control. The ratios of bacteria to APC were 1

bacterium to 1000 APC (200 bacteria/well) for low-dose infec-

tion and 10 bacteria to 1 APC (2� 106 bacteria/well) for high

dose infection. In the low dose infection, APC were incubated

with bacteria for 4 hr, this allowed the interaction of bacteria and

APC to occur without the bacteria overgrowing the culture.

After 4 hr gentamicin was added at 50mg/ml and incubated for

an additional 20 hr. In the high-dose infection, APC were

infected with bacteria for 1 hr to allow the interaction between

bacteria and APC to occur without the bacteria overgrowing the

culture. After 1 hr gentamicin at 50 mg/ml and incubated for a

further 23 hr. Cells were harvested using cell dissociation

solution for further analysis.

Determination of intracellular and extracellular

viable bacteria

To quantify extracellular viable bacteria, supernatants of cul-

tures were collected 1 hr after infection (high dose infection) or

4 hr after infection (low-dose infection and negative control)

and plated onto LB agar after serial dilution. To quantify

intracellular viable bacteria after infection, gentamicin at

50 mg/ml was added and the cultures were incubated for 2 h

more. Cells were washed 3 times with sterile phosphate-buf-

fered saline (PBS) to remove the gentamicin and lysed with 1%

Triton-X-100 (Sigma). Lysates were titrated on LB agar. The

number of colony forming units was determined after overnight

incubation of the agar plates at 378.

Determination of cytotoxicity in infected MF and DC

using the lactate dehydrogenase (LDH) assay

Cytotoxicity in MF and DC cultures was evaluated by deter-

mining the release of LDH into the culture supernatant using a

Cytotoxicity Detection Kit (Boehringer Mannheim, Mannheim,

Germany). Supernatants were collected by centrifugation at 1

and 24 hr following high dose infection or 4 and 24 hr after low

dose infection. Maximum LDH release was determined by

measuring the amount of LDH in non-infected control cell

lysates, prepared by lysing the cells with 1% Triton-X-100 after

the supernatants were taken. Percentage cytotoxicity was deter-

mined according to the following formula: [(OD sample�OD

medium)/(OD maximum LDH release�OD medium)]� 100.

Confocal microscopy

After 6–8 days of culture, APC were washed and adjusted to

2�2� 105/ml in TCM without gentamicin and 0�45 ml added to

wells in a 24-well plate containing a sterile 13-mm diameter

coverslip. After overnight incubation, 100 S. typhimurim 4/74 in

50 ml of RPMI-1640 was added to wells. After 4 hr incubation,

gentamicin was added and the cells were incubated for a further

20 hr. Cells were fixed with 1% paraformaldehyde in PBS for

10 min at room temperature. To stain the cytoskeleton, Phal-

loidin-Alexa Fluor 488 conjugate (Molecular Probes, Eugene,

OR) was used according to the manufacturer’s instructions. To

determine the presence of S. typhimurium, cells were stained

with anti-S. typhimurium LPS rabbit serum followed by incuba-

tion with Alexa Fluor 568-conjugated goat IgG anti-rabbit

immunoglobulin (Molecular Probes). To stain the nuclei, To-

PRO-3 (1/10 000 PBS, Molecular Probes) was used. Confocal

microscopy was performed using a Leica TCSNT Confocal

Microscope (Leica Microsystem, Milton Keynes, UK).
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Flow cytometry

The sources of mouse mAb and their isotypes, secondary

reagents and methods for flow cytometry have been described

in detail.16 The defined surface antigens assessed and mono-

clonal antibodies (mAb) used to detect the molecules were as

follows: MHC class I (IL-A88; immunoglobulin G2a (IgG2a)),

MHC class II (CC158; IgG2a), CD40 (IL-A156; IgG1), CD80

(N32/52-3; IgG1) and CD86 (IL-A190; IgG1). Isotype-matched

controls were murine mAb against chicken surface proteins

AV20 (Bu-1, IgG1) and AV37 (chicken spleen cell subset,

IgG2a). Bound mAb were detected with rabbit anti-mouse

immunoglobulin conjugated to fluorescein isothiocyanate

(FITC). APC were also stained with propidium iodide (PI) to

determine viability. Immunofluorescent staining was analysed

using the FACSCalibur (Becton-Dickinson, San Jose, CA) and

FCS Express software (De Novo Software, Ontario, Canada). PI

negative cells with high forward and side scatter angle were

used for analysis.

T-cell proliferation assay

CD4þ T cells were isolated from PBMC following staining with

a mouse mAb to bovine CD4 (CC8; IgG2a). PBMC were

incubated with super-paramagnetic beads coated with rat immu-

noglobulin to mouse IgG2a (Miltenyi-Biotech) according to the

manufacturer’s instructions. Either allogeneic or S. typhimur-

ium-specific CD4þ T cells (105/well) were incubated in tripli-

cate with 104/well MF or DC in a total volume of 200 ml of

TCM. Cultures were incubated for 5 days at 378. Thirty-seven

mBq of [3H]thymidine (3H-TdR; DuPont, Stevenage, UK) was

added to each well for the final 18 hr of culture.

Reverse transcriptase–polymerase chain reaction (RT–PCR)

mRNAwas extracted from APC using the DynabeadsTM mRNA

DIRECT Kit (Dynal UK Ltd, Wirral, UK). The mRNA was

processed for reverse transcription with Reverse Transcription

System (Promega, Southampton, UK) using oligo-(dT)15

primer. cDNA was then analysed for the presence of sequences

encoding for bovine iNOS, IL-1b, IL-6, IL-10, IL-12 p40,

GM-CSF and tumour necrosis factor-a (TNF-a) by PCR, as

described previously17 with some modifications. The primers

used to detect bovine cytokines and their annealing temperatures

are shown in Table 1. The performance of RT–PCR was moni-

tored using plasmids containing the expected product as positive

control or diethyl pyrocarbonate-treated water as negative con-

trol. Products were analysed by electrophoresis on 1% agarose

gel with ethidium bromide staining and compared by normal-

izing the target signal to the b-actin signal from each sample.

Statistical analysis

Statistics was performed by analysis of variance using the

StatView 4�0 (Abacus Concepts, Inc., Berkeley, CA).

RESULTS

MU and DC survive better in a low-dose infection

model than in a high-dose infection model

MF and DC were infected with S. typhimurium at a multiplicity

of infection (MOI) of 0�001 (low dose infection) or 10 (high

dose infection). Similar proportions of S. typhimurium were

recovered from both MF and DC depending on the inoculation

dose (Fig. 1a,b), of which approximately 10% were intracellu-

lar. As can be seen from Fig. 1, in the low-dose infection the

number of S. typhimurium recovered intracellularly is approxi-

mately 103 colony forming units (c.f.u.). Assuming 1 c.f.u.

would be recovered from one cell, then at most 1% of the DC or

MF were infected with S. typhimurium.

Host cell viability was determined by measuring the level of

LDH in the culture supernatants. No difference in host cell

viability was detected 1 or 4 hr after high- or low-dose infection

compared to non-infected controls (Fig. 2a,b). However, 24 hr

after infection, more cytotoxic effects were seen in cells

infected with the high dose of bacteria compared to the non-

infected control. In contrast, no significant cytotoxic effect was

seen in cells exposed to the low dose of infection compared to

the negative controls. Thus, the high-dose infection generated

more cytotoxic effect than the low-dose infection. Therefore,

the low-dose infection model was used for subsequent analysis

of the response of MF and DC to S. typhimurium.

DC but not MU undergo morphological changes in

response to infection with S. typhimurium

Twenty-four hr after infection with S. typhimurium, DC, but not

MF, had developed distinctive processes (Fig. 3a) which were

not present in the non-infected controls (Fig. 3b). To determine

the time point at which cells underwent change, cultures were

monitored using time-lapse photography. Five hr after infection

Table 1. Sequences and annealing temperature for primers used in RT–PCR analysis

Target

Primer

Annealing

temp (8)
Product

size (bp)Sense (50�30) Antisense (50�30)

IL-1b AGTGAAGTTCAGGCTGCAGCT TGACGCACCCGTTCAGTCAAT 59 564

IL-6 AGGCAGACTACTTCTGACCAC CAGCTACTTCATCCGAATAGC 59 505

IL-10 GCAGCTCAGCACTGCTCTGTT CGTTGTCATGTAGGTTTCTAT 59 518

IL-12 p40 GCAGTACACCTGTCACAAAG GACCACGACCTCAATAAGC 55 325

GM–CSF AGTCCTCAAGAGGATGTGGC TGGCCTGCTTCACTTCTGG 59 457

iNOS TAGAGGAACATCTGGCCAGG TGGCAGGGTCCCCTCTGATG 59 372

TNF-a ACTCAGGTCCTCTTCTCAAGCC ATGATCCCAAAGTAGACCTGCC 60 464

b-actin CCAGACAGCACTGTGTTGGC GAGAAGCTGTGCTACGTCGC 55 270
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approximately 10% of the cell population were mobile and

changing shape. Twelve to 18 hr after infection approximately

80% of cells had undergone morphological changes. Although

most DC in the culture were affected, it is clear that, given the

number of bacteria, not all the cells had been infected with S.

typhimurium. The association between cells undergoing mor-

phological changes and infection with S. typhimurium was

Figure 1. Bacterial recovery from MF and DC after exposure to S.

typhimurium. MF and DC were exposed to S. typhimurium 4/74 at a

ratio of 10 bacteria to 1 APC and incubated for 1 hr in a high-dose

infection (a) or at a ratio of 1 bacterium to 1000 APC and incubated for

4 hr in a low-dose infection (b). As positive controls, each dose of

inoculum was added to medium only without APC and processed

following the same procedure. Closed bars: extracellular bacteria, Open

bars: intracellular bacteria. Results presented are representative data

from three experiments. Values are expressed as meanþ SD of tripli-

cates. Notice the different scales between a and b.

Figure 2. LDH released to supernatant after exposure to S. typhimur-

ium. LDH in supernatants from the high dose and the low dose cultures

was measured 1 (High) or 4 (Low and NC) hr after infection (open bars)

and 24 hr after infection (closed bars). Gentamicin was added to all the

cells 1 (High) or 4 (Low and NC) hr after infection. Multiplicity of

infection was 10 (High), 10�3 (Low) and 0 (NC), respectively. Data

presented are representative data from three experiments. Values are

expressed as percentage relative to cell lysate of negative control

(meanþSD of triplicates).

Figure 3. Morphological change of DC 24 hr after exposure to S.

typhimurium. Morphological change of DC 24 hr after exposure to

low dose of S. typhimurium (a) and negative control (b). Bar 25 mm.

Confocal microscopy showed morphological change occurred to some

cells without intracellular bacteria (c). Equally, there were some extra-

cellular Salmonella. Green: phalloidin, Red: anti-S. typhimurium LPS,

Blue: To-PRO-3 (nuclei). Bar 50mm.
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determined by staining with phalloidin, to stain F-actin, and

with antibodies to S. typhimurium, to determine the presence of

S. typhimurium (Fig. 3c). We confirmed that not all DC were

infected with Salmonella and that not all Salmonella were

intracellular. No difference was observed in the distribution

of F-actin compared with negative controls.

Cell surface expression of costimulatory molecules

increased in DC but not MU in response to S. typhimurium

The changes in expression of a number of molecules involved in

antigen presentation and stimulation of T cells in MF and DC

24 hr after S. typhimurium infection were evaluated by flow

cytometry. Compared to non-infected cultures, infected DC

showed increased expression of MHC-I, MHC-II, CD40,

CD80 and CD86 (Fig. 4b). On the other hand, infected MF
showed a marginal increase of CD40, but no detectable increase

in expression of the other surface markers compared to non-

infected control cultures (Fig. 4a).

MU and DC increase transcription of pro-inflammatory

cytokine mRNA after infection with S. typhimurium

Expression of cytokine mRNA was analysed by RT-PCR 24 h

after infection (Fig. 5). Infected MF and DC up-regulated

transcription of mRNA for TNF-a, IL-1b, IL-6 and iNOS

Figure 4. Expression of surface molecules on MF and DC 24 h after

exposure to S. typhimurium. MF (a) and DC (b) were stained with

monoclonal antibodies to bovine MHC-I, MHC-II, CD40, CD80 and

CD86 24 hr after exposure to a low dose of Salmonella (thick lines) or

non-infected negative control (thin lines). These cells were also stained

with isotype-matched control antibody, of which data only for non-

infected cells were shown (dotted lines) since infected cells showed the

same staining pattern with the isotype-matched control antibody. Data

are representative of at least four independent experiments.

Figure 5. Synthesis of mRNA transcripts for cytokines 24 h after

exposure to S. typhimurium by RT–PCR. MF: macrophages, DC:

dendritic cells, Lanes 1: cells infected with S. typhimurium, 2: non-

infected cells, 3: positive plasmid control. Data are representative of at

least three independent experiments.

Figure 6. Stimulatory capacity of MF and DC for CD4þ T cells. MF
(a) and DC (b) were harvested 24 hr after exposure to a low dose of S.

typhimurium. Cells were washed and processed for a T-cell proliferation

assay. Either allogeneic or autologous CD4þ T cells (105 cells/well)

were incubated in triplicate with 104 cells/well of MF or DC. Auto-

logous CD4þ T cells were isolated from a calf previously vaccinated

with an isogenic aroA aroD mutant strain. Cultures were incubated for

6 days as indicated in Materials and Methods and pulsed with [3H]TdR

for the final 18 hr of culture. Results are expressed as average of counts

per minute (c.p.m.)þ SD. Data are representative of at least three

independent experiments.
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compared to non-infected control cultures, suggesting a proin-

flammatory response was induced in both cell types. IL-12 p40

mRNA and GM-CSF mRNA were up-regulated in infected DC,

but not in infected MF. However, MF but not DC up-regulated

transcription of IL-10 mRNA, suggesting MF have the potential

to down-regulate the initial pro-inflammatory responses.

MU and DC show increased ability to stimulate T-cell

responses after infection with S. typhimurium

The response of MF and DC to infection with S. typhimurium in

terms of morphology, expression of costimulatory molecules

and cytokine transcription, suggests that these cells had been

activated and might be more effective APC. To test this, the

ability of DC and MF exposed to Salmonella to stimulate

proliferation of CD4þ T cells was tested and compared to that

of non-infected MF and DC. Both MF (Fig. 6a) and DC

(Fig. 6b) exposed to S. typhimurium for 24 hr stimulated greater

proliferative responses of allogeneic CD4þ T cells than their

non-infected counterpart. DC induced more proliferation than

MF. Furthermore, DC but not MF exposed to S. typhimurium

stimulated Salmonella-specific autologous T-cell proliferative

responses, suggesting that DC are more efficient APC than MF
in immunized cattle.

DISCUSSION

Salmonella species have been reported to infect both DC and

MF derived from mice and humans.3,7,8,18 However, the inter-

action of Salmonella with MF or DC may differ in many ways,

being influenced by the properties of the APC. Broadly, the role

of DC is to uptake and present the processed antigens to T cells

while MF are highly developed for the killing and degrading of

bacteria.19,20 The effect on cells is also affected by bacterial

virulence.8,21,22 Given the different role of MF and DC as

APC19 it would be expected that infection of these APC with

salmonellae would cause different effects in the cells and these

would influence the development of the immune response.

In models in which ratios of 10 Salmonella to 1 APC have

been used with murine DC, infection with salmonellae can

reduce the viability of APC cells by up to 50%.3 Others have

reported that no cytotoxicity is observed in infected DC even

when using ratios of 15 bacteria to 1 eukaryotic cell.18 High

ratios of bacteria: APC are unlikely to equate to in vivo ratios in

early stages but maybe more relevant to later stages when

marked pathological changes are evident. A low-dose infection

model might be a more useful tool for the study of host pathogen

interactions more similar to the in vivo situation.

Despite only a small percentage of cells being infected with

Salmonella, morphological changes were evident in DC. None

were seen in MF indicating different responses of the two

types of APC to the bacteria. The time frame over which these

changes took place and the observation that only some DC were

infected indicates that, following infection/contact with salmo-

nellae, cells were able to secrete factors that induced the

remainder of the cells to change their morphology. It is known

that some cytokines such as TNF-a and some bacterial compo-

nents such as LPS and bacterial DNA can induce maturation of

DC accompanied by morphological change.11 Further analysis

is necessary to elucidate the exact mechanism of induction of

the changes induced in the cytoskeleton of DC triggered in

response to S. typhimurium infection.

Changes in the expression of MHC-I, MHC-II, CD80 and

CD86 after infection with S. typhimurium were evident with

DC. This is in accordance with reported data in mice with a high

ratio of bacteria: APC that showed maturation of DC, induced

by bacterial components, is accompanied by increased expres-

sion of costimulatory molecules.11 Our data suggest that DC

respond in a similar fashion to a low dose Salmonella infection.

On the other hand, in contrast to published observations in the

murine model7 MF did not show an increase in the expression

of cell surface MHC-I, MHC-II, CD80 or CD86 after low-dose

S. typhimurium infection.

S. typhimurium infection of both DC and MF resulted in an

increase in the levels of mRNA transcripts for TNF-a, IL-1b,

IL-6 and iNOS. This was in contrast to murine DC which have

been reported not to up-regulate iNOS or indeed not to produce

nitric oxide (NO) in response to Salmonella.3,7 This may be

caused by a species difference because it is known that iNOS in

bovine MF is induced by cytokines under much more restricted

conditions than in rodents.23

Of potentially great importance for the induction of an

immune response were the differences noted for DC and MF
in the low-dose model in the synthesis of IL-12, IL-10 and GM-

CSF. DC exposed to Salmonella up-regulated synthesis of IL-12

and GM-CSF, but MF did not. In contrast, MF up-regulated

synthesis of IL-10 but DC did not. This has significant implica-

tions for the developing immune responses and contrasts with

observation in mice with high dose infection in which IL-12 was

also produced by MF.3,7 GM-CSF would promote T-cell

responses and IL-12 bias a T helper 1 (Th1) response. IL-10

is considered to be anti-inflammatory in cattle, rather than

biasing a Th2 response, and would down-regulate responses.24

The changes detected in morphology, cell surface molecule

expression and cytokine transcription would be expected to

have consequences for the ability of MF and DC to present

antigens to T cells. Indeed, DC and MF exposed to low-dose

Salmonella infection showed an increased ability to induce

allogeneic T-cell responses. However, only DC were able to

induce Salmonella-specific autologous proliferative responses.

These data are in agreement with published observations that

DC are more potent antigen presenting cells than MF.25 Given

that MF showed little changes in the expression of cell surface

markers, it is of interest that these cells were able to induce

allogeneic proliferative responses. This might be the combined

result of small changes in cell surface markers (CD40), along

with the expression of some pro-inflammatory and anti-inflam-

matory cytokines. Thus, we report for the first time that clear

differences can be detected in the manner in which bovine DC

and MF respond to infection with Salmonella. This is of

importance for understanding how S. typhimurium induces

disease. From the results presented, it could be predicted that

infection of DC with Salmonella would result in the develop-

ment of a rapid immune response with a Th1 bias, given the

production of IL-12, which might result in the control of the

infection. On the other hand, infection of MF might result in a

delay in the establishment of the immune response, and this

response might not necessarily be a strong Th1 type response,
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given the lack of IL-12. This in turn might result in dissemina-

tion of the infection and disease. Thus, with a low-dose infection

as would be expected in vivo, the nature of the APC and its

response to infection with Salmonella could affect the outcome

of the infection.
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