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Listeriosis is an important food-borne disease that causes high rates of morbidity and mortality. For reasons
that are not clear, most large outbreaks of human listeriosis involve Listeria monocytogenes serotype 4b.
Relatively little is known about the pathogenesis of listeriosis following gastrointestinal exposure to food-borne
disease isolates of L. monocytogenes. In the present study, we investigated the pathogenesis of systemic infection
by the food-borne isolate Scott A in an intragastric (i.g.) mouse challenge model. We found that the severity
of infection with L. monocytogenes Scott A was increased in mice made neutropenic by administration of
monoclonal antibody RB6-8CS5. This observation was similar to a previous report on a study with the laboratory
strain L. monocytogenes EGD. Prior administration of sodium bicarbonate did not enhance the virulence of L.
monocytogenes strain Scott A for i.g. inoculated mice. Following i.g. inoculation of mice, two serotype 4b strains
of L. monocytogenes (Scott A and 101M) achieved a greater bacterial burden in the spleen and liver and elicited
more severe histopathological damage to those organs than did a serotype 1/2a strain (EGD) and a serotype
1/2b stain (CM). Of the four strains tested, only strain CM exhibited poor survival in synthetic gastric fluid
in vitro. The other three strains exhibited similar patterns of survival at pHs of greater than 5 and relatively
rapid (<30 min) loss of viability at pHs of less than 5.0. Growth of L. monocytogenes Scott A at temperatures
of 12.5 to 37°C did not affect its ability to cause systemic infection in i.g. inoculated mice. These observations
suggest that the serotype 4b L. monocytogenes strains Scott A and 101M possess one or more virulence
determinants that make them better able to cause systemic infection following inoculation via the g.i. tract than

do the serotype 1/2 strains EGD and CM.

Listeriosis is an important food-borne disease that causes
considerable morbidity and relatively high mortality rates (15,
18, 25, 33). It is estimated that L. monocytogenes infection
causes approximately 2,500 cases of serious illness and as many
as 500 deaths per year in the United States (25). Risk factors
for listeriosis include age (>65 years), pregnancy, human im-
munodeficiency virus infection, immunosuppressive therapy,
diabetes, kidney disease, and cancer (25). Because of the risk
posed to these susceptible individuals, the United States has a
very stringent regulation (less than 1 CFU/25 g of product) for
L. monocytogenes contamination in ready-to-eat foods. The
resulting recalls of L. monocytogenes-contaminated food prod-
ucts result in large costs to the food industry and, ultimately,
consumers on an annual basis.

Sporadic cases of listeriosis can be caused by serotype 4b,
1/2a, or 1/2b L. monocytogenes. However, human epidemics of
listeriosis in both the United States and Europe are usually
caused by serotype 4b (3, 18, 25, 33). The reason for this
association is not known. Some of the more prominent sero-
type 4b epidemics include an outbreak associated with inges-
tion of contaminated coleslaw in Nova Scotia (25), a major
outbreak resulting from ingestion of soft-style Mexican cheese
made with nonpasteurized milk in Los Angeles in the mid-
1980s (25), and a huge outbreak in 1997 that involved more
than 1,700 individuals and resulted in 292 hospitalized people
in Italy (1). What is particularly noteworthy about the latter
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outbreak is that many of those affected had no known risk
factor (other than the relative youth of the schoolchildren
involved). The source of exposure in this outbreak was a corn
salad, distributed at several school cafeterias, that was heavily
contaminated with L. monocytogenes (up to 10° CFU/g). More
recently, there was a large U.S. outbreak in 1998 and 1999
resulting from ingestion of frankfurters contaminated with a 4b
serotype possessing an unusual ribotype of L. monocytogenes
(18). Although most of the cases occurred in people for whom
some risk factor could be identified, a few cases occurred in
individuals with no known risk factors.

Most previous studies of murine listeriosis required rela-
tively high (often 10* CFU or greater) numbers of L. monocy-
togenes bacteria to cause systemic infection via the gastrointes-
tinal (g.i.) tract in normal mice (2, 8, 11, 14, 19, 22, 24, 30).
There is one report (27) that intragastric (i.g.) inoculation had
a lower 50% lethal dose than intraperitoneal (i.p.) inoculation,
but that has not been confirmed by other investigators and may
have been related, in part, to the use of young mice (15 g) in
that study. We hypothesized that the observed relationship
between serotype 4b L. monocytogenes and large outbreaks of
listeriosis is related to the greater ability of serotype 4b strains
of L. monocytogenes to translocate across the g.i. mucosa and
cause systemic infection. It has been reported that a greater
proportion of serotype 4b strains than of other serotypes can
cause systemic infection via the g.i. tract in mice (2). However,
a difference in the mean numbers of CFU recovered from the
spleens and livers of mice inoculated with serotype 4b versus
serotype 1/2 strains of L. monocytogenes was not observed in
that study. In the present study, we found that L. monocyto-
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FIG. 1. Effects of neutrophil depletion (MAb RB6-8C5 treatment) and sodium bicarbonate (bicarb) administration on the severity of systemic
infection of mice inoculated i.g. with L. monocytogenes strain Scott A. Groups of five mice were injected i.p. with 150 wg of MAb RB6-8CS5 or saline
(control). Twenty-four hours later, some mice received sodium bicarbonate (50 pl of a 10% solution) 15 min before all of the mice were
anesthetized with sodium pentobarbital (10 mg/kg given i.p.). Once the mice were sedated, they received 10° CFU L. monocytogenes Scott A i.g.
Three days later, the mice were euthanized and the numbers of CFU of listeriae present in spleen (m) and liver ((J) homogenates were determined
as described in Materials and Methods. The data are the mean * the standard error of the mean of five mice per group.

genes strain Scott A (serotype 4b) caused a more severe infec-
tion in i.g. inoculated outbred (ICR strain) mice than did L.
monocytogenes strain EGD (serotype 1/2a). A second serotype
4b strain of L. monocytogenes (101M) was also more virulent
than strain EGD or a serotype 1/2b strain (CM). The findings
suggest that at least some serotype 4b L. monocytogenes strains
possess one or more virulence determinants that make them
more effective pathogens in the g.i. tract than serotype 1/2
strains of L. monocytogenes.

MATERIALS AND METHODS

Strains of L. monocytogenes. One strain of L. monocytogenes from our labora-
tory (EGD) and three from the culture collection of the Food Research Institute
(Madison, Wis.) were used in this study. For serotype 4b isolates, we chose strain
Scott A, which was a clinical isolate obtained from a food-borne disease outbreak
(32, 36), and strain 101M, which was isolated at the Food Research Institute
from ground beef (unpublished observations). For comparison, we chose the
serotype 1/2a strain EGD (previously used in g.i. challenge studies described by
our laboratory and those of others) (5, 8,11, 18, 21, 30) and a serotype 1/2b strain
(hereafter designated CM) isolated from an unusual outbreak in which people
developed g.i. symptoms following ingestion of L. monocytogenes-contaminated
chocolate milk (28).

Preparation of L. monocytogenes. L. monocytogenes was inoculated into brain
heart infusion (BHI) broth and incubated overnight with shaking at 37°C. Fol-
lowing this, the bacteria were harvested by centrifugation, resuspended in BHI
broth containing 20% glycerol, and stored at —70°C as 0.75-ml aliquots. Before
each experiment, an aliquot was thawed, inoculated into 50 ml of BHI broth, and
incubated at 37°C with shaking until mid-log-phase growth was reached (approx-
imately 4 h). The numbers of CFU of L. monocytogenes were extrapolated from
a standard growth curve. To prepare the inoculum for mice, the bacterial cells
were harvested by centrifugation (800 X g at room temperature for 20 min). The
bacterial pellet was resuspended in the original volume of phosphate-buffered
saline, and appropriate dilutions were made in sterile phosphate-buffered saline
to achieve the desired bacterial concentration. The actual number of CFU in the
inoculum was verified by plating on blood agar.

Inoculation of mice. Outbred female ICR mice were obtained (Harlan
Sprague-Dawley, Indianapolis, Ind.) at 7 to 8 weeks of age and housed under

microisolator caps at the School of Veterinary Medicine animal care facility.
Mice received food and water ad libitum until 5 h prior to an i.g. inoculation
experiment, at which time food was removed from the cage. This prevented
physical blockage of the delivery of the L. monocytogenes inoculum into the
stomachs of mice that might otherwise be engorged with mouse chow. We were
concerned that if this occurred it might lead to aspiration of the inoculum into
the lungs. Mice were anesthetized by i.p. injection of sodium pentobarbital (1 mg
per mouse). Once mild sedation occurred, the listerial inoculum was introduced
(in a total volume of 0.2 ml) via an infant feeding tube (3.5 French) attached to
a 1-ml syringe as described previously (8, 11, 30).

In those experiments in which we wanted to investigate the effects of neutro-
phil depletion on anti-Listeria resistance, neutropenia was achieved by i.p. injec-
tion of monoclonal antibody (MAb) RB6-8C5 (11) 24 h before i.g. inoculation of
L. monocytogenes. This treatment substantially depletes mice of neutrophils for
at least 4 days without adversely affecting the numbers of other leukocytes or
causing any obvious adverse effects in the mice (5, 11, 21). In those experiments
in which we wished to neutralize gastric acidity, mice were given sodium bicar-
bonate (50 wl of a 10% [wt/vol] solution in sterile water) 15 min before i.g.
inoculation of L. monocytogenes.

Recovery of L. monocytogenes from the tissues of infected mice. At the desired
time points, mice were humanely euthanized by asphyxiation with CO,, followed
by cervical dislocation. The abdominal cavity was then aseptically opened, and
portions of the spleen and liver were removed, weighed, and placed in sterile
tissue grinders that contained 1 ml of cold sterile saline. The above-described
tissues were then homogenized, diluted in sterile saline, and plated in duplicate
on blood agar. Additional portions of the above-described organs were removed,
placed in plastic cassettes, and fixed in 10% buffered formalin. Following fixation,
the tissues were cut into thin sections, mounted on glass slides, and stained with
hematoxylin-and-eosin stain and a tissue Gram stain.

Survival of L. monocytogenes strains in synthetic gastric fluid in vitro. To
assess in vitro the relative susceptibility of the different strains of L. monocyto-
genes to inactivation at the low pH found in the stomach, we used a synthetic
gastric fluid solution (8.3 g of Proteose Peptone, 3.5 g of p-glucose, 2.05 g of
Nacl, 0.6 g of KH,PO,, 0.11 g of CaCl,, 0.37 g of KCl, 0.1 g of lysozyme, 50 mg
of bile, and 13.3 mg of pepsin per liter of distilled water) as described previously
(7). The synthetic gastric fluid was adjusted to pH 2.5 by addition of HCI, and
then various amounts of sodium bicarbonate (10% [wt/vol] solution) were added
to achieve final pHs ranging from 2.5 to 7.0. To test the effects of pH on the
survival of each of the strains of L. monocytogenes, 1 ml of log-phase organisms
(in sterile saline) was added to 9 ml of gastric fluid (prewarmed to 37°C) and
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FIG. 2. Systemic infection is more severe in mice inoculated i.g. with L. monocytogenes strains Scott A (ScA) and 101M (both serotype 4b) than
in those inoculated with strains CM and EGD (serotypes 1/2b and 1/2a, respectively). Mice were anesthetized with sodium pentobarbital and then
inoculated i.g. with 10° CFU of the indicated strains of L. monocytogenes. One and 3 days later, the mice were euthanized and the numbers of CFU
of listeriae present in spleen (@) and liver ((J) homogenates were determined as described in Materials and Methods. The data are the mean *
the standard error of the mean of five mice per group. Bars marked with the letter a differ at P < 0.05 from strain Scott A; those marked with
the letter b differ at P < 0.05 from strain 101M as determined by analysis of variance, followed by the Newman-Keuls multiple-comparison test.

incubated at 37°C. At 30-min intervals, samples were removed from the tubes, Statistical analysis. Data were analyzed by a repeated-measures analysis of
diluted in 1% sterile peptone broth, and plated on blood agar. The plates were variance. If a significant F value was obtained (P < 0.05), then the Newman-
incubated at 37°C for 48 h, and the resulting numbers of CFU of L. monocyto- Keuls multiple-comparison test was performed to compare relevant pairs of data.

genes were calculated. Statistical significance for all comparisons was set at P < 0.05. All calculations
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were performed with GraphPad Prism version 3.0 (GraphPad Software, Inc., San
Diego, Calif.).

RESULTS

Because most large outbreaks of listeriosis have been caused
by serotype 4b L. monocytogenes (3, 18, 32), in this study, we
decided to investigate the virulence of strain Scott A and a
second serotype 4b strain (101M) of L. monocytogenes to cause
systemic infection in a previously described mouse model of g.i.
listeriosis (11, 30). For comparison, we included the well-char-
acterized laboratory strain EGD (serotype 1/2a) and a serotype
1/2b strain (CM) of L. monocytogenes.

We first tested the serotype 4b food-borne isolate Scott A.
We and others have reported previously that normal mice are
relatively resistant to i.g. inoculation with L monocytogenes
EGD (serotype 1/2a) and that resistance was greatly impaired
by injecting mice with a MAb that causes neutropenia (5, 11,
20). As a result, we assumed that rendering mice neutropenic
might also be necessary to facilitate invasive systemic infection
of mice inoculated i.g. with strain Scott A. However, greater
numbers of CFU of strain Scott A were recovered from the
spleens and livers of nonneutropenic mice (Fig. 1) than were
expected on the basis of our prior experience with L. monocy-
togenes EGD (30). Neutropenia, resulting from injection of
antigranulocyte MAb RB6-8C5, increased the ability of L.
monocytogenes Scott A to translocate across the intestinal ep-
ithelium and cause systemic infection (Fig. 1). In addition, we
found previously that oral administration of sodium bicarbon-
ate shortly before i.g. inoculation enhanced the virulence of L.
monocytogenes EGD for mice (9). Although sodium bicarbon-
ate pretreatment resulted in a small additional increase in the
numbers of L. monocytogenes Scott A bacteria recovered from
the spleens and livers of neutropenic mice, the effect was not
statistically significant (P > 0.05). In separate experiments,
sodium bicarbonate did not increase the severity of infection of
L. monocytogenes Scott A in nonneutropenic mice (data not
shown).

The above-described results suggested that L. monocyto-
genes strain Scott A (serotype 4b) might be more virulent for
i.g. inoculated mice than for the previously studied strain EGD
(serotype 1/2a). We therefore decided to directly compare the
virulence of strains Scott A and EGD and two other strains
(serotypes 4b and 1/2b) of L. monocytogenes following i.g.
inoculation of normal (nonneutropenic) mice. As illustrated in
Fig. 2, there was no difference in the numbers of CFU of
listeriae recovered from the spleens and livers of mice 1 or 3
days after i.g. inoculation with L. monocytogenes strains Scott A
and 101M (both serotype 4b). Likewise, there was no signifi-
cant difference (P > 0.05) between mice infected with strains
EGD and CM (serotypes 1/2a and 1/2b, respectively). How-
ever, greater numbers of CFU were recovered from the
spleens and livers of mice inoculated with L. monocytogenes
strains Scott A and 101M (both serotype 4b) than from those
inoculated with strains CM (serotype 1/2b) and EGD (serotype
1/2a). Strain CM, in particular, yielded low numbers of CFU
from the spleen and liver, whereas strain EGD was somewhat
variable and yielded slightly greater numbers of CFU.

Examination of the histopathological response of spleens
and livers from infected mice confirmed the greater virulence

APPL. ENVIRON. MICROBIOL.

TABLE 1. Comparative histopathological evaluation of spleens
and livers from mice inoculated i.g. with several
strains of L. monocytogenes®

Listerial strain ~ Splenic Splenic Hepatic Hepatic ~ Hepatic
and mouse no. necrosis’ organisms® inflammation necrosis organisms
Scott A
1 4+ 1+ 4+ 3+ 3+
2 4+ 2+ 3+ 2+ 3+
3 2+ 2+ 2+ 2+ 2+
4 1+ — 1+ — —
101M
1 4+ 4+ 4+ 4+ 4+
2 4+ 4+ 4+ 4+ 4+
3 1+ 1+ 2+ 1+ —
4 1+ — 1+ 1+ —
CM
1 1+ — 1+ — —
2 1+ — 1+ — —
3 1+ — 1+ 1+ —
4 — — 1+ 1+ —
5 — — 1+ 1+ —
EGD
1 — _ _ _ _
2 — — — — —
3 — _ _ _ _
4 _ _ _ _ _
5 _ _ — _ _

“ Mice were anesthetized and inoculated i.g. with 10° CFU of the indicated
strains of L. monocytogenes. Mice were euthanized 3 days after infection, and
portions of the spleen and liver were removed to buffered formalin. These were
used to prepare slides that were stained with hematoxylin and eosin or a tissue
Gram stain and evaluated microscopically by an American College of Veterinary
Pathologists board certified pathologist (H.S.). One mouse each died after in-
fection with strain Scott A and strain 101M, and both were lost to histopatho-
logical analysis.

b Splenic and hepatic necrosis and suppurative inflammation were graded as
follows: —, none; 1+, minimal; 2+, mild; 3+, moderate; 4+, severe.

¢ Microscopic semiquantitative evaluation of gram-positive rods at a magnifi-
cation of X400 was graded as follows: —, none seen; 1+, rare; 2+, small
numbers; 3+, moderate numbers; 4+, large numbers.

of strains Scott A and 101M (serotype 4b) of L. monocytogenes.
As summarized in Table 1, generally greater levels of inflam-
mation and necrosis were observed in mice inoculated i.g. with
the serovar 4b strain Scott A (Fig. 3A) or 101M (Fig. 3B) than
in those infected with the serovar 1/2 strain CM (Fig. 3C) or
EGD (Fig. 3D). Likewise, gram-positive rods were observed
within hepatocytes from mice infected with the L. monocyto-
genes serotype 4b strains Scott A and 101M but not in those
from mice infected with the serotype 1/2 strains (data not
shown).

Most naturally occurring outbreaks of human listeriosis in-
volve growth of the listeriae in some food product at ambient
or refrigerator temperatures rather than at the 37°C commonly
used in studies of pathogenesis and host defense (1, 18, 32).
We did not observe any difference in the severity of infection
among mice inoculated with strain Scott A grown in static BHI
broth cultures at temperatures ranging from 12.5 to 37°C (data
not shown). This is similar to our previous report that growth
of L. monocytogenes EGD at lower temperatures did not en-
hance its virulence for i.g. inoculated mice (8).

We considered the possibility that the greater virulence of
strains Scott A and 101M might reflect their greater resistance
to inactivation by the low pH in the stomach. To test this
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FIG. 3. Representative histopathological lesions in the livers of mice at 3 days after i.g. inoculation with L. monocytogenes strains Scott A (A),
101M (B), CM (C), and EGD (D). Slides were stained with hematoxylin and eosin. Original magnification, X200.The arrows in panels A and B

indicate regions of hepatic necrosis and suppurative inflammation.

possibility, we compared the survival of the four strains of L.
monocytogenes in synthetic gastric fluid as described previously
(7). As illustrated in Fig. 4, strains Scott A, 101M, and EGD
displayed similar survival patterns in synthetic gastric fluid,
being readily inactivated within 30 min at pHs of less than 5. In
contrast, strain CM was highly susceptible to inactivation in
synthetic gastric fluid, even at pH 7. Although these data may
provide some insight into why strain CM is relatively avirulent
in our mouse model, they do not explain the relative differ-
ences in virulence noted between the serotype 4b strains Scott
A and 101M, and the serotype 1/2a strain EGD.

DISCUSSION

Previous reports from our laboratory and those of other
investigators have generally found that relatively high numbers
of L. monocytogenes bacteria (10° CFU or greater) are re-
quired to cause significant systemic infection following i.g. in-
oculation of mice (2, 8,11, 14, 18, 19, 22-24, 30). These inoc-
ulation doses are substantially greater than what is generally

found in L. monocytogenes-contaminated food products. With
one notable exception (27), prior reports indicated that only
when the innate defense mechanisms of mice were compro-
mised (e.g., by elimination of neutrophils or T cells) was sys-
temic infection achieved with smaller i.g. challenge doses (5,
10, 11, 16, 24). However, some of these previous studies were
performed with serotype 1/2 laboratory strains of L. monocy-
togenes (i.e., EGD and others) that were not obtained from
contaminated food or food-borne disease outbreaks. In con-
trast, the present study demonstrates that two serotype 4b
strains of L. monocytogenes (i.e., Scott A and 101M) can cause
significant systemic infection in normal mice following i.g. in-
oculation with lower numbers of listeriae (10* to 10° CFU).
These challenge doses are closer to what one might expect to
find within contaminated food products. This finding suggests
that perhaps strain Scott A and other serotype 4b strains of L.
monocytogenes are better equipped to survive within the g.i.
tract or translocate across the intestinal mucosa and multiply
within internal organs. This, in turn, would allow the listeriae



2898 CZUPRYNSKI ET AL.

A.

Logio CFU/ml

O T T T T T 1

0 20 40 60 80 100 120
Minutes

Logie CFU/mI

0 T T T T T 1
0 20 40 60 80 100 120

Minutes

APPL. ENVIRON. MICROBIOL.

>

Logie CFU/mi

0 T T T T T 1
0 20 40 60 80 100 120
Minutes

Logie CFU/mI

O T T T T T 1
0 20 40 60 80 100 120
Minutes

FIG. 4. Survival curves of L. monocytogenes strains Scott A (A), 101M (B), EGD (C), and CM (D) in synthetic gastric fluid. Approximately 107
CFU of the indicated strains were suspended in synthetic gastric fluid (see Materials and Methods) to which various amounts of sodium
bicarbonate were added to adjust the pH to 7.0 (O), 6.0 (A), 5.0 (), 4.0 (A), 3.5 (m), or 2.5 (#®) and incubated at 37°C. As an additional control,
strain CM was incubated in the same concentration of Proteose Peptone as the synthetic gastric fluid without the other supplements (X). At the
indicated time points, samples were removed, diluted in 1% peptone broth, and plated on blood agar. Results are the mean * the standard error

of the mean of three experiments.

to multiply more rapidly if there were a concomitant impair-
ment of host defense mechanisms (i.e., neutropenia or immu-
nosuppression). Our observations are consistent with a recent
comparison of a number of strains of L. monocytogenes in
which serotype 4b strains, as a whole, were consistently able to
cause systemic infection in i.g. inoculated mice (2). However,
that study used a relatively large i.g. challenge dose (10° CFU)
and only examined the mice at a single time point. Further-

more, the mean number of CFU recovered from the spleen did
not differ between serotype 4b and 1/2 strains of L. monocyto-
genes (2)

It has been reported that onset of clinical listeriosis and fecal
shedding of L. monocytogenes by humans are exacerbated by
antacid treatment (4, 33). In addition, neutralization of the
gastric pH has been reported to increase the severity of liste-
riosis in mice and rats inoculated via the g.i. tract (31, 32). In
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most cases, this was achieved through inhibition of gastric acid
release by H-2 antagonists, such as cimetidine, rather than via
neutralization of gastric acid with orally administered sodium
bicarbonate. Use of cimetidine in mice is problematic, since
experimental studies indicate that cimetidine can impair T-cell
production of interleukin-12 and enhance production of inter-
leukin-10 (13). This type of cytokine response would be ex-
pected to be detrimental to anti-Listeria resistance (34, 35). We
previously reported that oral administration of sodium bicar-
bonate 15 min before i.g. inoculation with L. monocytogenes
EGD enhanced the severity of infection of neutropenic mice
(9). However, in the present study, infections with serotype 4b
strain Scott A were not significantly affected by sodium bicar-
bonate administration. The reason for the different effects of
sodium bicarbonate on systemic infection of mice by i.g. inoc-
ulation with L. monocytogenes strains EGD and Scott A is
unclear. Although this finding might suggest that strain Scott A
is better able to survive transit through the low-pH environ-
ment of the stomach, our in vitro analysis of survival in syn-
thetic gastric fluid does not directly support this inference.
Only strain CM was markedly different in its ability to survive
in synthetic gastric fluid. Serotype 4b strains Scott A and 101M
and serotype 1/2a strain EGD exhibited similar survival pat-
terns in synthetic gastric fluid, being rapidly inactivated in 30
min at a pH of =5. In contrast, strain CM was rapidly inacti-
vated in synthetic gastric fluid even at pH 7. The reason for the
exquisite susceptibility of strain CM is not clear, but it may
reflect inactivation by the bile or enzymes in the synthetic
gastric fluid. It is interesting that this particular strain was
associated with a large outbreak in which most people devel-
oped g.i. illness (i.e., diarrhea) but less than 10% required
hospitalization for systemic infection (12) following ingestion
of chocolate milk that was stored at an improper temperature
and contained large numbers of listeriae (12, 28).

Perhaps there are other explanations for the virulence of L.
monocytogenes in the g.i. tract. For example, there is evidence
that acid-adapted or acid-resistant mutant strains of L. mono-
cytogenes may be more invasive in vitro (6) and virulent in vivo
(26). A two-protein environmental sensing system has been
reported in L. monocytogenes (7). Perhaps this or some other
transcription regulation system involved in the response of L.
monocytogenes to low pH and other environmental conditions
in the gi. tract (3, 14, 29) is more effective in serotype 4b
strains like Scott A. Recently, a novel gene cassette for the
teichoic acids responsible for the serotype 4b antigen pheno-
type was described (20). Perhaps these changes in the serotype
4b teichoic acids make L. monocytogenes more resistant to the
harsh conditions in the g.i. tract or better able to translocate
across the gut mucosa. Likewise, serotype 4b strains of L.
monocytogenes are reported to be more resistant to heat or
cold stress than serovar 1/2a isolates (3). A recent genomic
cross-hybridization study reported that 39 DNA fragments,
including 15 with homology to bacterial surface proteins, were
upregulated in epidemic-associated isolates of L. monocyto-
genes serotype 4b (17). Completion of the sequencing and
subsequent analysis of the genomes of L. monocytogenes Scott
A and EGD may further illuminate virulence determinants
between the two strains that might be associated with the
ability to cause systemic infection following g.i. listeriosis.

In summary, the results of this study demonstrate that strain
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Scott A and a second serotype 4b strain (101M) of L. mono-
cytogenes are more virulent when inoculated into the g.i. tracts
of normal mice than is the well-characterized laboratory strain
EGD (serotype 1/2a) or a serotype 1/2b strain (CM) isolated
from an outbreak of human g.i. illness. This finding is consis-
tent with epidemiological evidence that most large outbreaks
of listeriosis are caused by serotype 4b strains of L. monocyto-
genes. The severity of infection by all four strains was enhanced
in neutropenic mice (data not shown for strains 101M and
CM), suggesting that neutrophils are essential for host defense
against L. monocytogenes bacteria that have translocated
across the g.i. tract in mice. The mechanism that makes sero-
type 4b strains more effective at causing systemic infection
when they are introduced via the g.i. tract is unknown, but it
could reflect greater attachment to or invasion of intestinal
epithelial cells (19, 23) or a better ability to respond to the
environmental signals that listeriae encounter in the gut.
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