












patches and mesenteric lymph nodes, colonization of these
GALT seems to be dispensable for the initiation of systemic
infection. It is a bit more complicated to judge the involvement
of M cells: due to the lack of M-cell markers, it has been
difficult to formally prove the absence of all M cells in
LT�R�/� mice. In addition, a rapid increase in the number of
M cells might occur shortly after bacterial infection (6, 7, 70).
However, LT�R�/� mice presumably have at least significantly
reduced numbers of M cells (18, 25), which suggests that al-
ternative pathways such as CD18� phagocyte/dendritic cell
transport (67, 80) might represent the major route for breach-
ing the intestinal barrier in the initiation of systemic disease.

What is the role of organized lymphatic tissues in serovar
Typhimurium colitis? A multitude of defense mechanisms, in-
cluding the mucous layer, bactericidal peptides, innate immune
responses, and the gut-associated immune system, ensure that
potentially pathogenic intestinal microorganisms are detected
and eliminated (48, 58, 60). As discussed above, it has been a
matter of dispute whether serovar Typhimurium colitis is in-

FIG. 14. Cecal inflammation in serovar Typhimurium-infected LT�R�/� and wild-type C57BL/6 mice. Representative images of the ceca of the
LT�R�/� and wild-type C57BL/6 mice from the experiment in Fig. 13 are shown. Each cecum was cryoembedded, and 5-�m thin sections were
stained with H&E (A to D) or processed for immunofluorescence microscopy (E to P). (A, E, I, and M) Streptomycin-pretreated LT�R�/� mice
infected with serovar Typhimurium; (B, F, J, and N) streptomycin-pretreated LT�R�/� mice mock infected with PBS; (C, G, K, and O)
streptomycin-pretreated wild-type C57BL/6 mice infected with serovar Typhimurium; (D, H, L, and P) streptomycin-pretreated wild-type C57BL/6
mice mock infected with sterile PBS. In panels A to D, the cecum sections of LT�R�/� and wild-type C57BL/6 mice were stained with H&E. In
panels E to H, infiltration and transmigration of CD18� cells is shown. Cecum sections were stained with DAPI, rat �-mouse CD18, and �-rat
IgG-FITC antibodies (DNA 	 blue; CD18 	 green). In panels I to L, induction of ICAM-1 expression is shown. Cecum sections were stained with
DAPI, hamster �-mouse ICAM-1, and �-hamster IgG-TRITC antibodies (DNA 	 blue, ICAM-1 	 red). In panels M to P, the distribution of
B220high B cells is shown. Cecum sections were stained with DAPI, rat �-mouseB220, and �-rat IgG-TRITC antibodies (DNA 	 blue, B220 	 red).
L, intestinal lumen; e, edema; p, PMN; er, erosion or ulceration of the epithelial layer; g, goblet cell; sa, submucosa; lp, lamina propria; c, crypt.
Magnifications are indicated by bars. “S. Tm � or �” indicates whether the mice were infected with serovar Typhimurium SL1344 or mock infected
with sterile PBS; “Sm � or �” indicates whether the mice were pretreated with streptomycin or with water.

TABLE 4. Statistical analysis of disease parameters in wild-type
C57BL/6 and LT�R�/� mice infected for 2 days with

wild-type serovar Typhimurium SL1344a

Comparison
P in C57BL/6 vs LT�R�/� miceb

� �

Feces CFU NS NS
Spleen CFU NS NS
Liver CFU NS NS
Cecum wt NS NS
Combined score NS NS
Edema NS NS
PMN infitration NS NS
Goblet cells NS NS
Epithelium NS NS

a The data shown in Fig. 13 were analyzed by using the Mann-Whitney U test
(see Materials and Methods). NS, not significant (P � 0.05).

b �, streptomycin pretreated; �, not streptomycin pretreated.
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duced by direct interaction of the bacteria with intestinal epi-
thelial cells or as a consequence of colonization of Peyer’s
patches and mesenteric lymph nodes (79). We found that cecal
inflammation actually precedes colonization of the mesenteric
lymph nodes (Fig. 8). Furthermore, we found that serovar
Typhimurium colitis in LT�R�/� mice, which lack all orga-
nized GALT, is just as strong as in wild-type C57BL/6 mice
(Fig. 13 and Table 4). This suggests that Peyer’s patches and
mesenteric lymph nodes are not essential for the initiation of
serovar Typhimurium colitis.

In conclusion, our results provide the first direct evidence
that neither colonization of Peyer’s patches and mesenteric
lymph nodes nor host responses dependent upon these lym-
phoid structures are required for intestinal inflammation or
spread of serovar Typhimurium to internal organs. This is
further supported by preliminary results obtained with im-
munodeficient mice (SCID, BALB/c genetic background; un-
published data). However, the presence of bacteria (and pre-
sentation of their antigenic determinants) in the GALT is
required later for the efficient development of protective im-
mune responses (56, 60). The effects of such a response are not
expected to affect our short-term infection experiments be-
cause adaptive immune responses generally take longer to
come into effect.

In summary, pretreatment of SPF mice with streptomycin
renders them susceptible to serovar Typhimurium colitis that
closely resembles the inflammatory responses observed in the
human colon and animal models for intestinal salmonellosis.
The virulence defects that we have observed with serovar Ty-
phimurium SPI1 mutants lend further support to this notion.
In contrast to the other models that have been used so far to
study the pathogenesis of enteric salmonellosis, streptomycin-
pretreated mice offer several important advantages. (i) There
is a wide variety of tools for immunohistologic analyses of
inflammatory responses. (ii) A multitude of knockout mouse
strains lacking specific organs, cell types, or proteins are avail-
able. (iii) Innate and adaptive immune responses have been
studied in great detail in mice. This allows for the first time
detailed analysis of the role of host responses in enteric sal-
monellosis. Our data demonstrate that the possibility to com-
bine manipulation of both serovar Typhimurium and the mu-
rine host provides a very powerful system for unraveling the
molecular pathogenesis of serovar Typhimurium colitis.
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