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Neonates and young children are acutely susceptible to infec-
tions by gastrointestinal bacterial pathogens, such as Salmonella
enterica serovar Typhimurium (S. typhimurium). To reveal age-
related differences in susceptibility to this pathogen, we used in
vivo bioluminescence imaging (BLI) to monitor the progression
of infection in neonatal (1-wk-old), suckling (2-wk-old), juvenile
(4-wk-old), and adult (6-wk-old) BALB/c mice. Mice were
orally infected with various doses of a bioluminescent-labeled
wild-type or mutant S. typhimurium strain, and progression of
infection was monitored by BLI for 2 wks. We found that
neonatal and suckling mice were more susceptible to the wild-
type strain at inoculum sizes 4 and 2 log10’s lower for neonatal
and suckling mice, respectively, than those for adult mice. At the
lower inocula, newborn mice showed disseminated systemic
infection as indicated by the pattern of photon emission assessed
by BLI, whereas no bioluminescent signals were detectable in

adult mice. In addition, an orgA� mutant strain of S. typhi-
murium with reduced virulence in adult mice produced systemic
infection in newborn, suckling, and juvenile mice. Furthermore,
as low as 3 log10 CFU could be detected by BLI in tissue. The
present study demonstrates that susceptibility to S. typhimurium
infection decreases with age. Also, we established that BLI can
be used to monitor the progression of infection in mice. Thus,
this model of age-related susceptibility to S. typhimurium using
BLI can be used to advance our understanding of the mecha-
nisms involved in newborn susceptibility to infection. (Pediatr
Res 58: 153–158, 2005)

Abbreviations
BLI, bioluminescence imaging
CFU, colony-forming units
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Newborn and young children are acutely susceptible to
infections by gastrointestinal microbes, such as Salmonella
spp. The course of these infections in adults is usually self-
limiting, but in neonates, it may progress to disseminated
systemic disease (1,2). Moreover, infected newborns and in-
fants are at high risk for complications such as severe sepsis,
meningitis, and intracranial sequelae (1,3–5). Gram-negative
enteric bacilli are one of the leading causes of neonatal sepsis
in both developing and developed countries (3,6), where the
mortality rate of infants as a result of neonatal sepsis ranges
from 15 to 50% (3).

The exact mechanisms of increased neonatal susceptibility
and the progression to serious life-threatening diseases remain
essentially unknown. We hypothesized that key protective
mediators that are present in adults may be absent in neonates
as a result of immaturity of their neonatal host immune system.
However, other factors, such as differences in resident gastro-
intestinal flora (7), gastric pH (8), gastric emptying rates, and
the intestinal barrier, may also play a role in susceptibility
(7,9,10). Because age-related susceptibility is not well under-
stood, a well-defined neonatal animal model of bacterial infec-
tion would advance our understanding of the mechanisms
involved in this process.

Infection of mice with Salmonella enterica serovar Typhi-
murium (S. typhimurium), which causes a human typhoid-like
disease in BALB/c mice, is an ideal model system. Both host
response and pathogen genetics have been well studied, resulting
in a well-defined system that is easily adapted to evaluate the
maturation steps in the development of effective host defenses.

Traditional susceptibility studies use as the end point the
measurement of the dose at which 50% of animals die (LD50).
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This model, however, does not afford the ability to monitor
infection and spread to distant organs. To establish an in vivo
neonatal model of infection, we used a noninvasive imaging
technology to monitor S. typhimurium infection in BALB/c
mice of various ages. The use of in vivo bioluminescence
imaging (BLI) was first demonstrated using three strains of
bioluminescent S. typhimurium, which were shown to elicit
distinct patterns of infection in adult mice (11). The advantage
of BLI is that the technology can not only reveal spatiotem-
poral patterns of infection but also guide the timing of ex vivo
assays and the selection of tissues for labor-intensive and
time-consuming assays. Because study groups survive nonin-
vasive assays, this approach also offers the opportunity to study
the same group of animals over the entire disease course
(12–14).

METHODS

Bacterial strains. Three strains of S. typhimurium strain were selected on
the basis of known and predicted virulence properties previously characterized
in adult BALB/c mice (15,16). The wild-type virulent strain SL1344 has been
shown to cause systemic disease after oral inoculation of adult BALB/c mice
(17). BJ66, an orgA- mutant of SL1344, is �60-fold reduced in virulence
compared with SL1344 after oral infection (18). LB5000, a LT2 laboratory
strain of S. typhimurium that has multiple auxotrophic mutations and does not
result in systemic infection of adult mice, was used as a control (15,19).
SL1344, BJ66, and LB5000 were obtained from Dr. B.A.D. Stocker (Stanford
University, Stanford, CA).

Labeling of S. typhimurium strains. Two S. typhimurium strains were
labeled via chromosomal integration of a Tn5 transposon (Table 1). The
suicide vector pUT-Tn5-luxCDABE-Km (20,21) was engineered to constitu-
tively express the luxCDABE genes required for the production of biolumi-
nescent light (22) by 5' insertion of the EM7 promoter (Invitrogen, Carlsbad,
CA), a synthetic promoter developed for constitutive gene expression. SL1344
and BJ66 were labeled following the method described previously (23). The
gene of chromosomal integration of the transposon for SL1344-Tn5lux was

identified as the hha gene. After completion of a majority of our experiments,
Hha was subsequently identified by Fahlen et al. (24) to be a negative regulator
of invasion gene expression, and an hha mutant was more invasive in vitro than
wild-type S. typhimurium. In addition, we found no significant differences in
infection between labeled strains and their parent strain (Table 1).

Oral infection. BALB/c mice were obtained from the breeding colony of
the Department of Comparative Medicine (Stanford, CA). All mice were
maintained under strict adherence to IACUC guidelines. Labeled S. typhi-
murium strains were grown in static conditions in Luria broth (LB) medium
(GIBCO BRL, Rockville, MD) to induce invasiveness (25) at 37°C for 2–3 h
to an OD of 0.2–0.3 (OD600). Mice were infected orally by feeding an
inoculum at doses ranging from 1–3 � 102 to 109 colony forming units (CFU)
in 10 �L of LB (dose confirmed by plating aliquots of inocula) using a pipette
tip placed in the mouth of animals. A volume of 10 �L can be delivered
reliably to 1- and 2-wk-old mice. This inoculation method was chosen over
oral gavage because of the difficulty and potential complications associated
with gavage feeding young, preweaning mice, such as esophageal perforation
and/or aspiration pneumonitis. After inoculation of mice (n � 4–5 for each
dose), infection progression was monitored daily by BLI (as described below)
for 8 d and/or up to 14 d for infections that did not result in overt disease. Mice
were killed when systemic dissemination of infection was apparent, as revealed
by BLI, and/or when mice displayed overt signs of systemic disease, such as
ruffled fur, lethargy, hunched posture, ataxia, tremor, and eye discharge, for up
to 30 d after inoculation (26).

CFU determinations. Time points and tissues were selected for determi-
nations of CFU as guided by the spatiotemporal patterns revealed by BLI.
After mice were killed and tissues were removed, intestinal tissues were
flushed with PBS. Tissues were weighed and then homogenized in sterile
stomacher bags (Fischer Scientific, Santa Clara, CA) that contained PBS.
Dilutions were performed, and samples were plated on LB agar plates. Plates
were incubated overnight at 37°C, luminescent colonies were counted, and
CFU were determined.

In vivo BLI. In vivo BLI was performed using an In Vivo Imaging System
(IVIS100) equipped with a cooled CCD camera and a Navitar f0.9 lens
(Xenogen Corp., Alameda, CA) as previously described (11). Mice were
anesthetized with pentobarbital at the following doses: 18–35, 25–40, and
50–70 mg/kg for 1-, 2-, 4-, and 6-wk-old mice, respectively, and then placed
in the In Vivo Imaging System. A grayscale reference image was first taken
under weak illumination, followed by a 5-min image of light (emitted photons)
transmitted through the animal’s tissues taken in the dark. After photon
collection, a pseudocolor representation of light intensity (red, most intense;
blue, least intense) was superimposed over the grayscale body surface refer-
ence image. Data acquisition and analyses were performed using the LivingIm-
age (Xenogen Corp.) software that runs as an overlay on the IgorPro analysis
package (Wavemetrics, Seattle, WA).

Statistical analyses. For susceptibility studies, �2 analyses were performed
comparing each inoculum dose and rate of infectivity for each age and between
all ages of mice. Fisher’s exact t test then was used to determine the level of
significance (p � 0.05). Linear regression analysis was performed to determine
the correlation between tissue luminescence and recoverable CFU. Significant
differences in CFU between tissues of infected mice were determined by
unpaired t test (p � 0.05). All computations were performed using StatView v.
5.0 (SAS Institute Inc., Cary, NC).

RESULTS

Bioluminescent labeling of S. typhimurium strains. Three
strains of S. typhimurium—SL1344, an isogenic orgA- mutant
strain, BJ66, and a nonvirulent strain, LB5000—representing a
broad range of virulence to BALB/c mice, were selected to
reveal age-related differences in susceptibility and to further
test susceptibility of young mice to mutant strains. SL1344 and
BJ66 were labeled as described in “Methods.” Because no
significant differences in infection were observed between the
labeled and parent strains, we concluded that the labeled strains
maintained the virulence properties of the parent strain (“Meth-
ods” and Table 1).
Monitoring S. typhimurium infection using BLI. For dem-

onstrating the ability to monitor infection by BLI, adult
BALB/c mice were orally inoculated with a lethal dose of
SL1344-Tn5lux of 5.6 log10 CFU (Fig. 1A). BLI revealed the

Table 1. Age-related susceptibility of BALB/c mice to S.
typhimurium strains

Log10 CFU

Age

1 wk 2 wk 4 wk 6 wk

SL1344 4.6 3/5
5.6 4/5
6.6 5/5

SL1344-Tn5lux 1.6–1.9 4/5* 0/5 0/5
2.5 5/5
3.6 5/5 5/5‡
4.6 1/5
5.6 5/5 4/5‡
6.1 5/5 5/5

BJ66 6.2 1/5
7.2–7.4 5/5 3/5 2/5

8.2 3/5

BJ66-Tn5lux 2.3 4/5
3.3–3.6 4/5

4.3 4/5
5.3–5.6 5/5† 5/5† 0/5 0/5
6.1–7.4 5/5 5/5 5/5‡ 1/4

8.9 2/5

LB5000 7.5 0/5 0/5 0/5

* p � 0.05 vs 2-, 4-, and 6-wk-old mice.
† p � 0.05 vs 4- and 6-wk-old mice.
‡ p � 0.05 vs lower dose.
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spatial and temporal progression of infection as shown by
luminescent signals detected in the abdominal region early in
the disease course (day 2) and then at secondary sites late in the
disease course—indicative of systemic spread to distant tis-
sues, such as the liver, spleen, superficial cervical lymph nodes,
and lung (Fig. 1B).
Sensitivity of detection by BLI. The numbers of labeled S.

typhimurium detectable by BLI were determined for the spleen
(large, dark tissue) and the superficial cervical lymph node
(small, translucent tissue). Tissues from mice with and without
detectable bioluminescent signals were selected for subsequent
CFU determinations to determine the minimal detectable level
of CFU by BLI. Bioluminescent signals were quantified over
the region of the spleen for 2-wk-old mice (n � 10) with a
luminescent signal over background, and the spleen was re-
moved for CFU determination. Signal intensity was plotted
relative to CFU (Fig. 2A). Images of two representative mice

are shown in Fig. 2A with corresponding CFU data. From
regression analysis, the minimum detectable number of CFU
from the spleens of 2-wk-old mice by BLI was 6.3 log10 CFU
for SL1344-Tn5lux (r � 0.914, p � 0.0002). A similar analysis
of adult mice (n � 27) that were infected with the same labeled
strain confirmed that the minimum detectable CFU from the
spleens was also ~6.3 log10 CFU (data not shown). Minimal
detectable CFU in the superficial cervical lymph nodes of
2-wk-old mice (n � 3) was �3 log10 CFU (Fig. 2B).
Age-related susceptibility of BALB/c Mice to S. typhi-

murium. For assessing the susceptibility of young mice to S.
typhimurium, BALB/c mice at four different ages, representing
neonatal (1-wk-old), suckling (2-wk-old), juvenile (4-wk-old),
and adult mice (6-wk-old), were orally inoculated with various
doses of the labeled wild-type strain SL1344-Tn5lux and im-
aged daily. Susceptibility was defined as when 80% of mice
displayed signs and symptoms of overt disease and/or spread of
infection as monitored by BLI. Neonatal and suckling mice
succumbed to inoculum sizes of 1.6 and 3.6 log10 CFU,
respectively, compared with adults that are susceptible to 5.6
log10 CFU (p � 0.05; Table 1). Thus, 1- and 2-wk-old mice are
susceptible to 4 and 2 log10’s less CFU than are adult mice,
respectively.
Age-related susceptibility of BALB/c mice to a reduced

virulent strain of S. typhimurium. BLI of mice that were

Figure 1. Monitoring oral S. typhimurium disease progression. Six-week-old
BALB/c mice were inoculated by oral administration of 105 CFU of the
bioluminescent-labeled wild-type S. typhimurium strain SL1344-Tn5lux and
monitored by BLI 1 h after inoculation (day 0) and daily over a 14-d time
course (A). Days after inoculation are indicated in the top left corner of each
image. Light intensity is represented by a color scale in counts. *Day of killing
or death. Patterns of light emission indicate the progression of infection from
the abdominal region (initial site) to secondary tissue sites, which is indicative
of systemic infection. Examples of secondary sites of infection (liver, spleen,
superficial cervical lymph nodes, and lung) are shown by the yellow circles in
B from 2-wk-old (suckling) mice that were infected with SL1344-Tn5lux.
(Note: mice were inoculated at various doses, and images were taken at
different time points after inoculation.)

Figure 2. Detectable CFU in the spleen of 2-wk-old (suckling) BALB/c mice.
(A) Two-week-old (suckling) mice (n � 10) were infected with SL1344-
Tn5lux (lethal dose ranging from 104 to 105 CFU) and luminescent signals
(over background) emitting from the anatomic region of the spleen (colored
ovals) were quantified as total counts, then compared with CFU determined
from the harvested spleens, and are shown in the scatter plot. Regression
analysis showed a strong correlation between total counts and CFU (r � 0.914,
p � 0.0002). The dotted line shows that the minimal detectable CFU by BLI
is 1 � 106. Two representative images (a and b) are shown with their
luminescent signals plotted in green and red, respectively. (B) Representative
images of mice with luminescent signals emanating from the superficial
cervical lymph nodes. Total counts and the CFU isolated from the lymph nodes
are shown below the images. Light intensity is represented by a color scale in
counts.
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infected with 5.4 log10 CFU of the labeled mutant strain
BJ66-Tn5lux showed that 1- and 2-wk-old mice had high
signal intensities in the abdominal region and distant sites
indicative of systemic infection. In contrast, 4- and 6-wk-old
mice had no detectable luminescent signals and, therefore, no
sign of infection or systemic spread (Fig. 3A). When inoculated
with 7.4 log10 CFU, 1-, 2-, and 4-wk-old mice had luminescent
signals indicative of systemic infection, whereas 6-wk-old
mice show no signals and no signs of infection (Fig. 3B). In
addition, temporal analysis documented in Fig. 3B revealed
that younger mice succumbed to infection at earlier time points
compared with juvenile mice (an average of 5.7 d for 1- and
2-wk-old mice versus 8.0 d for 4-wk-old mice; p � 0.05).

Further analysis of systemic infection in 2-wk-old mice that
were infected with reduced inoculum sizes of BJ66-Tn5lux
revealed that they were susceptible to as few as 2.3 log10 CFU
(Table 1). Because 6-wk-old mice were not susceptible to an
inoculum size of 8.9 log10 CFU, there is a �6 log10 difference
in susceptibility between 2- and 6-wk-old mice to the mutant
labeled strain BJ66-Tn5lux. It is interesting that 2-wk-old mice
were as susceptible to the orgA� mutant as they were to the
wild-type strain.

Because younger mice showed an increased susceptibility to
the wild-type and mutant strain of S. typhimurium, we tested
susceptibility to the nonlabeled orgA� mutant strain and to a
nonvirulent common lab strain, LB5000. Two-week-old mice
were as susceptible to 7.4 log10 CFU of BJ66 compared with

the labeled strain, BJ66-Tn5lux (Table 1). In addition, mice
were not susceptible to an inoculum size of 7 log10 CFU of
LB5000 at all ages.
Assessing infection of 2- and 6-wk-old mice by tissue CFU

determination. BLI of infected 2- and 6-wk-old mice revealed
low bioluminescent signals from the abdominal region during
the first 4 d of infection. Therefore, we determined CFU from
selected tissues on days 1 and 4 after infection. To assess
disease burden in suckling versus adult mice, we chose an
inoculum size of 104 CFU of SL1344-Tn5lux, a dose above the
LD50 of suckling mice and below for adult mice (Table 1).
Intestinal tissues (small intestine, cecum, colon), spleen, and
liver were removed from orally infected 2- and 6-wk-old mice
(n � 5 per age group). At day 1 after infection, intestinal
tissues from 2-wk-old mice had �5 log10 CFU/g tissue com-
pared with no detectable CFU (p � 0.0001) in 6-wk-old mice
(Table 2). Spleen and liver of both 2- and 6-wk-old mice had
no detectable CFU. By day 4 after infection, bioluminescent
bacteria were present in the intestinal tissues, spleen, and liver
in 2-wk-old mice but not in 6-wk-old mice (Table 2). All CFU
comparisons of 2- and 6-wk-old mice at day 4 after inoculation
had p values that were significant except for the cecum (p �
0.056).

DISCUSSION

BLI is a noninvasive and versatile in vivo imaging modality.
Light transmission through tissues depends on the wavelength
of luciferase emission and depth of tissue. Thus, photons that
emit from superficial and translucent tissues, such as lymph
nodes, bones, or skin, will transmit with less scattering and
absorption than from opaque organs such as liver and spleen
(27–30). Here, we used BLI to reveal the tempo of disease
progression and location of sites of infection as well as to guide
the timing and selection of tissues for ex vivo assays. We found
that BLI is a useful tool to understand age-related differences in
susceptibility to infection without the need to use death as an
end point, thus reducing the suffering and number of animals
used compared with conventional blind LD50 studies.

In addition, by using BLI, we were able predict the number
of bacteria (CFU) in murine tissues and confirm these predic-
tions by traditional CFU determination. In superficial cervical
lymph nodes, we detected as few as 103 CFU. Using the entire
organ for CFU measurements, we were able to detect a mini-
mum of 106 CFU in the spleens in both 2-wk-old and adult
mice. However, for intestinal tissues, the correlation between
CFU and signal intensity was poor and likely due to variable
positioning of the intestine within the abdomen, resulting in
inconsistent signal intensities, or to the presence of bacteria in
an anaerobic compartment, where the organisms express the
reporter gene but do not produce light as a result of oxygen
limitation (11). Nonetheless, luminescent signals can be de-
tected over the abdominal region of 4- and 6-wk-old mice
within hours after inoculation with 105 CFU of BJ66-Tn5lux
(Fig. 2A). Detectable numbers of luminescent bacteria in in
vivo models have the potential to improve. For example, in BLI
models of cancer, as low as a few hundred luminescent cancer
cells can be detected in vivo (31).

Figure 3. (A) Oral Inoculation with 105 BJ66Tn5lux. (B) Oral Inoculation
with 107 BJ66Tn5lux. Age-related susceptibility of BALB/c mice to oral
inoculation with BJ66Tn5lux. Labeled BJ66-Tn5lux was orally inoculated into
1- (neonatal), 2- (suckling), 4- (juvenile), and 6-wk-old (adult) mice (n � 4–5
per group) at a dose of 105 (A) or 107 (B). Mice were imaged 1 h after
inoculation (day 0) and daily over a 14-d time course. Days after inoculation
are indicated in the top left corner of each image (A) or in the left column (B).
A dose of 105 BJ66 did not cause systemic disease in 4- and 6-wk-old mice as
indicated by no or low signals throughout the study period. In contrast, signals
were strong and persistent in 1- and 2-wk-old mice throughout the study
period. At a dose of 107, 1-, 2-, and 4-wk-old mice were susceptible as shown
by the intense and persistent luminescence in the abdominal region throughout
the study period. In contrast, weak signals were observed only 1 h after
inoculation in 6-wk-old mice and therefore were not susceptible. Light inten-
sity is represented by a color scale in total counts. *Day of killing or death.
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In this study, we applied BLI with an infection technique
and developed a neonatal model of bacterial infection. Using
two strains of bioluminescent-labeled S. typhimurium with
differing abilities to cause disease in adult mice, we found that
1- and 2-wk-old BALB/c mice are more susceptible to inocula
orders of magnitude smaller than those for adult mice. Two-
week-old mice at days 1 and 4 after infection also had signif-
icantly greater CFU compared with adult mice from intestinal
tissue (days 1 and 4), liver (day 4), and spleen (day 4).

In addition, BLI revealed that the tempo of progression and
dissemination of infection in young mice was earlier and
greater compared with that of adult mice. We observed that
susceptibility to infection decreased with age, as 1-wk-old
mice are more susceptible to doses orders of magnitude lower
than 4-wk-old mice. Garland et al. (32) also found that rats that
were 2 to 12 wks of age and inoculated with 109 S. enteriditis
by the orogastric route had a mortality rate dependent on age.
The age at weaning (~3 wks) has been thought to be an
important time of neonatal development and acquisition of
resistance to infection. This seems to hold true in our model as
well. In addition, 4-wk-old mice were more susceptible than
6-wk-old mice to BJ66, a mutant strain of SL1344 that was
selected for its inability to invade mammalian cells (18,33).
This suggests that steps in the maturation process and factors
that are necessary to limit the course of infection are not fully
developed until 6 wk of age.

Young mice were more susceptible not only to the wild-type
strain SL1344 but also to a mutant strain, BJ66. In fact, the
difference in susceptibility between 2- and 6-wk-old mice was
even greater for infection with BJ66-Tn5lux than the wild-type
strain. Two-week-old mice were 2 log10’s more susceptible to
SL1344-Tn5lux versus 6 log10’s more susceptible to BJ66-
Tn5lux than 6-wk-old mice. Susceptibility was not due to the
presence of the lux genes or chromosomal insertion site be-
cause 2- and 4-wk-old mice were also susceptible to the
unlabeled BJ66 strain. That neonatal mice are more susceptible
to reduced numbers of a mutant S. typhimurium raises concerns
regarding the potential use of a Salmonella-based vaccine in
vulnerable age groups. These results suggest that potential
vaccine strains may pose a threat to young children and
neonates. However, studies with labeled strains, SL7207, a
phoP mutant, and a tppR mutant strain, at inoculum sizes up to
109 do not seem to harm young mice (Burns et al., submitted).

The orgA mutation of BJ66 causes a defect in its ability to
invade the M cells of Peyer’s patches. Intraperitoneal inocula-
tion of this mutant does not affect its virulence (18). Our data
suggest that the invasive phenotype of SL1344 and BJ66 in
young mice is similar and that the bacteria may be gaining
systemic access by either breaching the intestinal barrier as a
result of physiologic differences between the neonatal and
adult gut or of lack of immune response to the pathogen.
Physiology of the immature gut, such as its neutral pH envi-
ronment in neonates (8), may account for their increased
susceptibility to small inocula, yet the increased susceptibility
of 4- compared with 6-wk-old mice to the mutant strain is more
likely due to differences in the maturity of host defenses
(10,34) or in cell populations in the neonatal gut versus that of
the adult (35) because physiologic differences between the
juvenile and the adult gut are less distinct.

The establishment of the resident gut microflora may also
contribute to an enhanced resistance to bacterial infection in
the adult (32). Although this resistance may be due to a
protective role of resident microflora by inhibition of coloni-
zation (32,36), recent evidence implicates that indigenous mi-
crobes may also modulate the expression of host genes from
intestinal cells such as Paneth cells (37–39), which are an
important component of gut innate immunity. In addition,
intestinal T cell colonization, although not well understood,
seems to be dependent on the presence of normal microbial
flora (40,41). Thus, the colonization of microflora may serve to
develop and prepare the immature neonatal immune system for
response to infection.

CONCLUSION

In summary, we have established and characterized a novel
neonatal model for studying age-related susceptibility using
noninvasive BLI. We have shown that neonatal and suckling
mice are acutely susceptible to both a wild-type and a mutant
strain of S. typhimurium. A model of age-related susceptibility
to infection, whereby we can not only monitor the progression
and spread of infection in vivo but also guide the specific
targeting of time points and tissues for ex vivo analyses, will
allow us to identify the key protective factors that are lacking
in the neonate.

Table 2. CFU/g of tissue from 2- and 6-wk-old BALB/c mice at days 1 and 4 after oral inoculation with 104 SL1344-Tn5lux

Tissue

Log10 CFU/g*

Day 1 Day 4

2-wk-old 6-wk-old p value 2-wk-old 6-wk-old p value

Liver ND ND — 4.2 � 1.5 ND 0.0053
Spleen ND ND — 4.9 � 0.9 ND 0.0081
Small intestine 5.0 � 0.6 ND �0.0001 4.6 � 1.6 ND 0.0046
Cecum 5.4 � 0.7 ND �0.0001 3.4 � 1.7† ND 0.0560
Colon 5.3 � 1.0 ND �0.0001 5.5 � 0.6‡ ND �0.0001

* Values are mean � SD of log10 CFU (n � 5 per group) except † (n � 3 per group) and ‡ (n � 4 per group) for tissues of 2- (suckling) and 6-wk-old (adult)
BALB/c mice at days 1 and 4 after oral inoculation with 104 SL1344-Tn5lux (a dose below and above the LD50 for adult and suckling mice, respectively). ND,
not detected with a detectable limit of 50 CFU. p values were determined for comparisons of CFU from 2- and 6-wk-old mouse tissue (using 50 CFU for the
undetected samples) by an unpaired t test.
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