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FIG. 6. Immunohistochemical staining of a section of the cecum of mice colonized for 21 days by P. aeruginosa 1244 (b) or for 70 days
by P. aeruginosa PAK (c). Sections were reacted with sera specific for the homologous LPS. (a) Section of cecum obtained from a colonized
mouse and allowed to react with normal rabbit serum.
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organisms are recovered without evidence of clearance
despite an intense immune response to bacterial antigens
(16, 22, 44, 45). In this study, few P. aeruginosa organisms
were observed closely associated with epithelial cells;
rather, they were seen as microcolonies trapped within the
overlying mucus layer. The microcolony mode of growth
was described by Lam et al. (33) and was suggested to be
part of the bacterium's ability to resist host defenses, par-
ticularly phagocytosis (29, 68). Histochemical staining of
specimens obtained at autopsy from cystic fibrosis patients
studied by Baltimore et al. (3) as well as scanning and
transmission electron microscopy of cystic fibrosis lung
tissue obtained at autopsy or after heart-lung transplantation
(28) showed that P. aeruginosa was mostly associated with
the secretions from the surfaces of the airways. Baltimore et
al. (3) noted that in airways with diameters of 1 mm or
greater (bronchioles and bronchi), where epithelium re-
mained intact, the organisms did not appear to interact with
the epithelium. Studies by Nelson et al. (41) showed in vitro
adherence of P. aeruginosa to mucin monolayers; Plot-
kowski et al. (48) demonstrated adherence of P. aeruginosa
to mucus and not to cell surfaces of frog palates and further
showed that epithelial respiratory cells from cystic fibrosis
patients did not bind P. aeruginosa better than did compa-
rable cells from non-cystic fibrosis subjects (49). In this latter
study, Plotkowski et al. also showed that primary cultures of
nasal polyp cells from cystic fibrosis and non-cystic fibrosis
individuals bound P. aeruginosa in the extracellular matrix,
similar to what we observed in the mouse intestine. There-
fore, in the chronically colonized murine GI tract, the
presence of bacteria mostly in the secretions in the lumen
indicates a close relatedness of this model, in terms of
microanatomic site and mechanism, to colonization of the
lung of cystic fibrosis patients.
We are unaware of any histologic studies examining P.

aeruginosa in the GI tract of humans; however, the GI tract
can be a portal of entry of P. aeruginosa into the mesenteric
lymph nodes and systemic circulation in the presence of
underlying susceptibility, such as that associated with bum
injury and neutropenia (1, 7, 10, 24, 31, 42). In addition,
work in our laboratory indicates that P. aeruginosa interacts
with ocular mucus of both humans and animals in a manner
comparable to that seen in vitro with respiratory mucin (14,
15). Finally, the common mucosal immune system (9, 39)
and the putative role of local immunity in modulating muco-
sal colonization (39, 40) could potentially make the murine
model of chronic GI colonization suitable for studies of the
impact of preexisting immune effectors and immune modu-
lators on colonization by P. aeruginosa.

In conclusion, we have developed a murine model of
chronic mucosal colonization by P. aeruginosa that should
be useful for in vivo evaluation of the contribution of
bacterial and host factors to colonization. While effective
immunotherapeutic agents that control bacteremia are being
developed and investigated by a number of researchers (8,
34, 62), few studies have examined the mechanisms involved
in preventing the initial bacterial colonization of a mucosal
surface. Obviously, one of the most effective strategies for
the prevention of infection would be to inhibit initial bacte-
rial mucosal colonization as much as possible. Our model
provides an opportunity to examine the manner in which P.
aeruginosa interacts with a mucosal surface in vivo for long
periods and to study interventions with therapeutic promise.
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