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Gastrointestinal colonization and systemic dissemination by Candida albicans and Candida tropicalis were
compared in intact and immunocompromised mice. Five-day-old CFW mice were inoculated by the
oral-intragastric route with 1.0 x 107 CFU of two C. albicans and two C. tropicals strains isolated from the
blood of patients with acute leukemia and with C. albicans 4918 and its cerulenin-resistant mutant 4918-10. C.
albicans and C. topicalis spread to the lungs, liver, and kidneys within 30 min postinoculation, and organ CFU
of the two species were comparable over the following 10 days. Close association of blastoconidia with the
villous surface of the small intestine resulted in lysis of microvilli and then progressive invasion of villi.
Blastoconidia within villi were surrounded by a conspicuous zone of clearing. Persistent colonization of the
small and large intestines by C. albicans blood isolates and strains 4918 and 4918-10 was similar for 31 days
after inoculation, but consistently exceeded that of C. tropicalis. In mice colonized with C. albicans,
immunosuppression with cortisone acetate and cyclophosphamide on days 30 and 33 after inoculation increased
stomach CFU 40- to 370-fold and intestinal CFU 30- to 80-fold. In contrast, persistent colonization by C.
tropicalis was undetectable before immunosuppression and only became apparent after treatment. C. albicans
disseminated more frequently and with higher organ CFU than C. tropicais. Despite this fact, 20%o of mice
infected with C. tropicalis died, compared with 4% infected with C. albicans blood isolates. Indirect
immunofluorescence revealed penetrative growth by Candida hyphae exclusively in the mucosa and submucosa
of the stomach from immunosuppressed, persistently colonized mice. Taken together, the data indicate that C.
tropicalis appears to be more virlent than C. albicans and that factors responsible for gastrointestinal
colonization, systemic dissemination, and mortality in immunocompromised mice may not be identical.

Invasive candidiasis is the most frequent opportunistic
fungal infection in immunocompromised patients, especially
those with acute leukemia (3, 28). Penetration of the Can-
dida species through the gastrointestinal mucosa is thought
to be the most frequent mechanism leading to systemic
dissemination (39). Autopsy studies conducted in patients
who had culture-proven disseminated C. albicans or C.
tropicalis infections with involvement of the alimentary tract
have demonstrated submucosal invasion by blastoconidia
and pseudohyphae, preceded by a band of advancing tissue
necrosis only in those with C. tropicalis infections (40).
Investigations of the pathophysiology of this process in
experimentally infected animals have suggested a complex
interplay (15) involving lysis of the mucin layer, microvilli,
and vili by candidal hydrolytic enzymes (13), adherence to
gastrointestinal mucosa (19, 22, 36, 37), suppression of the
strictly anaerobic intestinal microflora by antibiotic therapy
(20, 21), and neutropenia secondary to cytotoxic chemother-
apy (12, 18). Depletion of CD4+ lymphocytes, however,
predisposes to mucosal candidiasis of the alimentary tract
but not to systemic dissemination (1, 6-8, 29).

Several animal models have been devised to reproduce
gastrointestinal and systemic candidiasis as they occur in
humans (10-13, 15, 16, 18, 20-23, 30, 31, 34, 41). Ideally,
persistent gastrointestinal colonization by the Candida spe-
cies should precede immunocompromising treatments which
give rise to invasion and systemic dissemination. Persistent
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colonization of adult mice in the absence of compromising
procedures has only been achieved with prolonged feeding
of C. albicans incorporated in solid chow, which may
partially protect the fungus from gastric acidity (34). The
infant mouse model, however, circumvents these problems
since gastrointestinal colonization with C. albicans initiated
in infancy persists for at least 30 days (16, 31). Immunosup-
pression of the persistently colonized mice with cortisone
and cyclophosphamide results in penetrative growth by the
filamentous form of Candida species in the cardial-atrium
fold of the stomach and dissemination to deep organs (10-12,
18).
C. tropicalis is an increasingly frequent cause of invasive

candidiasis in neutropenic patients being treated for acute
leukemia or undergoing bone marrow transplantation (35,
43). The virulence of C. albicans and C. tropicalis was
similar after intravenous inoculation of intact mice (2, 42)
and was comparably enhanced in animals rendered neutro-
penic with cyclophosphamide (2) or cytarabine (41). How-
ever, dissemination of C. tropicalis was greater than that of
C. albicans after gastrointestinal inoculation of adult mice
pretreated with gentamicin and cytarabine (41, 42). In this
study, the infant mouse model was used to compare the
gastrointestinal persistence of these two species and their
invasiveness after immunosuppression.
Candida species may need to adhere to gastrointestinal

epithelium before invasion can take place. C. albicans 4918
differs from its cerulenin-resistent mutant 4918-10 in the
capacity to adhere to vaginal mucosa (25) or fibrin-platelet
clots (5), but not to disks of mouse duodenal tissue in vitro
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(38). Gastrointestinal colonization and invasion by the pa-
rental and mutant strains were also compared in the infant
mouse model.

MATERIALS AND METHODS

Microorganisms and culture conditions. C. albicans 177
and 194 and C. tropicalis 117 were donated by G. St-
Germain (Laboratoire de sante publique du Quebec, Sainte-
Anne-de-Bellevue, Quebec, Canada), and C. tropicalis 83-
48062 was obtained from the collection of E. Reiss (Centers
for Disease Control, Atlanta, Ga.). All four strains were
originally isolated from the blood of patients with acute
leukemia and immediately lyophilized. C. albicans 4918 and
its cerulenin-resistant mutant strain 4918-10 were kindly
provided by R. A. Calderone (Georgetown University,
Washington, D.C.) (5). Yeasts were cultured in 100 ml of
Sabouraud dextrose broth (GIBCO Laboratories, Grand
Island, N.Y.) for 18 h at 37°C. The culture was washed once
by centrifugation, counted in a hemacytometer, and diluted
in sterile 0.01 M phosphate-buffered saline (PBS) (pH 7.2), to
yield 2.0 x 108 yeast cells per ml.

Infant mouse model. The infant mouse model (18, 31) was
used to assess long-term colonization and systemic dissem-
ination by C. albicans and C. tropicalis. Pregnant Crl: CFW
(SW) BR mice (Charles River Canada Inc., St-Constant,
Quebec, Canada) were housed in individual cages and main-
tained with their offspring after delivery. Five-day-old infant
mice were isolated from their mothers and kept at 37°C for
1 h before inoculation with 1.0 x 107 CFU of C. albicans or
C. tropicalis contained in 50 ,ul of PBS. Mice inoculated with
PBS alone, or uninoculated, served as controls. The mice
were returned to their respective mothers after inoculation.
Quantitative cultures of lung homogenates and gastric con-
tents performed immediately after gavage demonstrated no
pulmonary aspiration of Candida species and reproducible
delivery of greater than 95% of the inoculum into the
stomach. After weaning at 3 weeks of age, mice were
maintained under conventional conditions and fed mouse
chow (Prolab Animal Diet; Agway Inc., Syracuse, N.Y.) and
water ad libitum.
Acute dissemination to deep organs. Three mice per Can-

dida strain tested were sacrificed by cervical dislocation 30
min, 3 h, 3 days, and 10 days after inoculation. Individual
mice were dissected, and the lungs, kidneys, and liver were
mechanically homogenized (Stir-R model S63C; Tri-R In-
struments, Rockville Center, N.Y.) in 10 ml of sterile
isotonic saline. Samples were serially diluted and plated on
Sabouraud dextrose agar (GIBCO) containing 50 ,ug of
chloramphenicol per ml. Plates were incubated for 48 h at
37°C, and the number of CFU per organ was calculated.

Persistence in small and large intestines. Three mice per
Candida strain studied were sacrificed 17, 24, and 31 days
after oral-intragastric inoculation. Total contents from the
small or large intestine were serially diluted in sterile iso-
tonic saline and spread on Sabouraud dextrose agar with
chloramphenicol. Plates were incubated at 37°C for 48 h, and
the number of CFU per intestinal segment was determined.
Weights of control and inoculated mice were recorded at 3,
10, 17, 24, and 31 days after gavage.
Immunosuppression and systemic dissemination in persis-

tently colonized mice. Systemic dissemination and mortality
were examined in mice persistently colonized by C. albicans
or C. tropicalis and immunosuppressed with cortisone ace-
tate and cyclophosphamide (18). A portion of the mice
surviving oral-intragastric inoculation were sacrificed after

28 days to verify long-term colonization of the stomach and
small intestine and to exclude persistent infection of the
lungs, liver, or kidneys before immunosuppression. Persis-
tently colonized mice were immunosuppressed with 1.25 mg
of cortisone acetate (Merck, Sharp & Dohme Canada, Kirk-
land, Quebec, Canada) per g and 0.10 mg of cyclophospha-
mide (F. W. Homer Inc., Town of Mount Royal, Quebec,
Canada) per g intraperitoneally on days 30 and 33 after
inoculation, and survivors were sacrificed on day 36. Control
mice including colonized animals sham-immunosuppressed
with saline intraperitoneally, uninoculated mice immunosup-
pressed with cortisone and cyclophosphamide, and mice
inoculated with PBS were also sacrificed. All mice were
dissected, and the number of Candida CFU was quantitated
in the stomach, small intestine, lungs, liver, and kidneys.
Weights of the mice were recorded in each group before and
after immunosuppression.

Susceptibility to cerulenin. The stability of susceptibility or
resistance to cerulenin in vivo was verified by testing C.
albicans 4918 and 4918-10 isolated from stomach, intestine,
liver, kidneys, and lungs of persistently colonized and immu-
nosuppressed mice sacrificed 36 days after oral-intragastric
inoculation. Sixteen isolates of each strain were cultured on
L agar (20 g of agar, 10 g of Bacto Peptone, 5 g of yeast
extract) with or without 5 ,ug of cerulenin (Sigma Chemical
Co., St. Louis, Mo.) per ml for 48 h at 37°C (9). Pairs of
plates were compared for the presence and abundance of
growth.

Immunofluorescence and immunoperoxidase. Indirect im-
munofluorescence and immunoperoxidase assays were con-
ducted to specifically visualize Candida species in sections
of the esophagus, stomach, and small intestine. Fresh tissues
were fixed in 10% buffered neutral Formalin, processed for
embedding in paraffin, and cut in sections 4 p,m thick. Tissue
sections were deparaffinized with toluene and hydrated in a
graded ethanol series. The sections were washed in PBS for
10 min, and nonspecific adsorption was blocked by incubat-
ing with normal goat serum for 20 min. The sections were
incubated with a 1/10 dilution of rabbit anti-C. albicans
3181A (serotype A) cell wall antiserum for 1 h at 22°C. After
being washed four times with PBS, fluorescein-conjugated
heavy- and light-chain-specific goat anti-rabbit immunoglob-
ulin G (Meloy Laboratories, Inc., Springfield, Va.) diluted
1/20 in PBS was added. The sections were incubated for 45
min, washed four times with PBS, and examined in a
fluorescence microscope. The indirect immunoperoxidase
assay was conducted identically except for the use of per-
oxidase-conjugated heavy- and light-chain-specific goat anti-
rabbit immunoglobulin G (Meloy Laboratories) diluted 1/20
in PBS. The sections were incubated for 45 min, washed four
times with PBS, and substrate, a solution containing diami-
nobenzidine tetrahydrochloride (0.1% in 0.1 M Tris buffer
[pH 7.2] mixed with an equal volume of 0.02% hydrogen
peroxide), was added. The color was developed in the dark
for 5 min at 22°C, and the reaction was stopped by washing
the sections several times in distilled water. The slides were
examined by light microscopy.

Electron microscopy. Fresh portions of the esophagus,
stomach, and small intestine were fixed in 0.1 M cacodylate-
buffered 2.5% glutaraldehyde (pH 7.4) for 2 h at 4°C.
Specimens were postfixed with 1% osmium tetroxide for 2 h
at 22°C. After fixation, samples were washed in the same
buffer, dehydrated through a series of graded ethanols, and
embedded in Araldite 502. Thin sections were mounted on
400-mesh naked-nickel grids and counterstained with uranyl
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FIG. 1. Total viable units of C. albicans or C. tropicalis in the
liver, lungs, and kidneys of infant mice inoculated intragastrically.
Each value represents the mean of three mice.

acetate and lead citrate. The sections were examined in a

Philips EM 300 electron microscope.

RESULTS
Acute dissemination to deep organs. All C. albicans and C.

tropicalis strains disseminated to the lungs, liver, and kid-
neys within 30 min postinoculation, and total numbers of
viable units of the two species were similar after 30 min, 3 h,
3 days, and 10 days, decreasing continuously over this
period (Fig. 1). Cultures of organs from mice inoculated with
PBS alone, or uninoculated, were uniformly negative. Cu-
mulative mortalities scored 28 days after inoculation ranged
from 0 to 32% for C. albicans strains and 0 to 19% for C.
tropicalis isolates (Table 1). No mortalities were recorded in
uninoculated control mice or animals inoculated with PBS
alone.
Numerous blastoconidia were observed in the stomach

and small intestine 30 min after oral-intragastric inoculation
with C. albicans or C. tropicalis, but could not be seen after
24 h, 4 days, or 8 days. Immunoperoxidase staining revealed

TABLE 1. Cumulative mortalities of mice 28 days after oral-
intragastric inoculation with C. albicans or C. tropicalis

Strain No. dead/no. Mortality (%)inoculated

C. albicans
177 0/43 0
194 24/76 32
4918 3/51 6
4918-10 0/55 0

C. tropicalis
117 4/21 19
83-48062 0/62 0

blastoconidia in the lumen of the small intestine and deep
between villi (Fig. 2a and b). Close association of blastoco-
nidia with the villous surface resulted in lysis of microvilli
and then progressive invasion of villi (Fig. 2b to d). Blasto-
conidia within vili were surrounded by a conspicuous zone
of clearing (Fig. 2d).

Persistence in small and large intestines. Colonization of
the small and large intestines by two C. albicans blood
isolates and strains 4918 and 4918-10 was similar for 31 days
after oral-intragastric inoculation. However, persistent col-
onization by the four C. albicans strains consistently ex-
ceeded that of the two C. tropicalis strains (P < 0.001,
two-way analysis of variance with multiple comparisons)
(Fig. 3). Infant mice inoculated with C. albicans gained
weight less rapidly than uninoculated controls or mice
inoculated with C. tropicalis strains (17 to 26 mice per strain;
P < 0.05, weighted linear regression [14]).

Immunosuppression and systemic dissemination in persis-
tently colonized mice. Persistent colonization of the stomach
and small intestine was demonstrated 28 days after inocula-
tion with the C. albicans strains but was undetectable in
mice inoculated with C. tropicalis or PBS (Table 2). No
deaths or systemic dissemination was observed in uninocu-
lated mice, in animals inoculated with PBS, C. albicans, or
C. tropicalis and sham-immunosuppressed, and in immuno-
suppressed mice inoculated with PBS. However, immuno-
suppression increased stomach CFU 40- to 370-fold and
intestinal CFU 30- to 80-fold in mice colonized with C.
albicans. Gastrointestinal colonization by C. tropicalis, un-
detectable before immunosuppression, only became appar-
ent after treatment with cortisone and cyclophosphamide. C.
albicans disseminated to the liver, kidneys, and lungs more
frequently and with higher organ CFU than C. tropicalis (P
< 0.002, Wilcoxon two-sample test). Despite this fact, 14 of
69 mice (20%) infected with C. tropicalis died, compared
with 3 of 70 mice (4%) infected with C. albicans blood
isolates (P = 0.004, chi-square). C. albicans 4918 dissemi-
nated to a greater extent than strain 4918-10 (P < 0.001,
Wilcoxon) and produced higher mortality (15 of 48 mice
[31%] compared with 1 of 55 mice [2%]; P < 0.001, chi-
square). All isolates of C. albicans 4918 and 4918-10 recov-
ered from persistently colonized and immunosuppressed
mice remained susceptible and resistant to cerulenin, respec-
tively.
Candida cells disseminated most extensively to the liver

and then to the kidneys and lungs (Table 2). Typical candidal
microabscesses were most abundantly observed on the
surface of the liver, but were also found on the kidneys,
stomach, intestine, lungs, skin, urinary bladder, and myo-
cardium of immunosuppressed mice infected with C. albi-
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FIG. 2. Blastoconidia of C. tropicalis 117 in sections of small intestine 1 h after oral-intragastric inoculation. Immunoperoxidase staining
(a, b, and d) revealed blastoconidia in the lumen (a) and deep between viHi (b). Close association of Candida cells with intestinal epithelium
resulted in lysis of the villous surface (b, arrow) and destruction of microvilli (c). A conspicuous zone of clearing surrounded blastoconidia
within villi (d, arrow). Magnification (a, b, and d), x 1,008.

cans or C. tropicalis. No microabscesses were seen in
immunosuppressed mice inoculated with PBS or in animals
inoculated with C. albicans or C. tropicalis but not immu-
nosuppressed. Marked atrophy of the thymus and spleen
was observed in control and infected mice immunosup-
pressed with cortisone and cyclophosphamide. Uninfected
mice and animals inoculated with C. albicans or C. tropicalis
steadily lost about 17% of their body weight in the 6 days
following the initiation of immunosuppression, while sham-
immunosuppressed animals continued to gain weight.

Indirect immunoperoxidase and immunofluorescence as-
says performed on sections of the esophagus, stomach, and
small intestine from immunosuppressed, persistently colo-
nized mice 36 days after inoculation revealed penetrative
growth by hyphae of C. albicans or C. tropicalis exclusively
in the mucosa and submucosa of the stomach. Candida cells
were not seen in sections from uninoculated control mice.

DISCUSSION
C. tropicalis is an increasingly frequent cause of invasive

candidiasis in neutropenic patients being treated for acute
leukemia or undergoing bone marrow transplantation (35,
43). However, the precise microbial and host factors which
favor C. tropicalis as a cause of gastrointestinal and systemic
candidiasis in these patients are presently unknown (17). The
virulence of C. albicans and C. tropicalis was similar after

intravenous inoculation of intact mice (2, 42) and was
comparably enhanced in animals rendered neutropenic with
cyclophosphamide (2) or cytarabine (41). In contrast, dis-
semination of C. tropicalis was greater than that of C.
albicans after gastrointestinal inoculation of adult mice
pretreated with gentamicin and cytarabine (41, 42). To
reproduce the clinical condition in humans, however, per-
sistent gastrointestinal colonization by the Candida species
should preferably precede immunocompromising treatments
which give rise to invasion and systemic dissemination. The
infant mouse model is ideally suited for this purpose, since
oral-intragastric inoculation of 5-day-old mice results in
sustained colonization in the absence of compromising pro-
cedures (31). Immunosuppression of the persistently colo-
nized mice with cortisone acetate and cyclophosphamide
results in penetrative growth by the filamentous form of
Candida strains in the cardial-atrium fold of the stomach and
systemic dissemination (10-12). The model also reproduces
the human condition because patients with culture-proven
disseminated C. albicans or C. tropicalis infections and
involvement of the alimentary tract had submucosal invasion
by both blastoconidia and pseudohyphae (40). Findings
obtained after immunosuppression of persistently colonized
mice are thus considered to be more clinically relevant than
those produced immediately after oral-intragastric inocula-
tion, in which rapid transcytosis of Candida blastoconidia
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FIG. 3. Total viable units of C. albicans or C. tropicalis in the
small and large intestines of infant mice inoculated by the oral-
intragastric route. Each point represents the mean of three mice.

occurs in the absence of immunocompromising treatments.
Prompt passage of blastoconidia across the bowel wall
occurs after large inocula of C. albicans in normal mice (31),
dogs (39), and humans (24), but is not directly relevant to the
condition as it occurs in the immunocompromised host.

Oral-intragastric inoculation of 5-day-old mice with four
C. albicans and two C. tropicalis strains revealed passage of
blastoconidia across the bowel wall within 30 min postinoc-
ulation and no differences in dissemination to the lungs,
liver, and kidneys. However, this acute model may not
unmask differences in interactions of C. albicans and C.
tropicalis with bacteria (22) and may not reveal possible
differential effects of immunosuppression on penetrative
growth by the filamentous form of either species (10-12).
Nevertheless, the digestion of microvilli and villi in close
association with C. albicans or C. tropicalis raises the
possibility that an exported protease, possibly the candidal
aspartyl proteinase (26), may play a role as a virulence factor
in gastrointestinal candidiasis. Secretion of the proteinase in
vivo is common to blastoconidia and germ tubes of C.
albicans and C. tropicalis and was associated with cavitation
of underlying human nonkeratinized buccal epithelium (4) or
murine epidermis (32). In addition, partial digestion of the
stratified squamous epithelium surrounding Candida hyphae
was observed in the region of the cardial-atrium fold of

nonimmunocompromised, persistently colonized mice (10),
which may correlate with the band of advancing tissue
necrosis preceding submucosal invasion by blastoconidia
and pseudohyphae which was demonstrated in humans (40).

Little is known about the relative abilities of C. albicans
and C. tropicalis to persistently colonize the normal gastro-
intestinal tract. Sustained colonization of the small and large
intestines by C. albicans strains reproducibly exceeded that
of C. tropicalis strains for 31 days after oral-intragastric
inoculation and was correlated with significantly decreased
weight gain compared with mice colonized with C. tropicalis
or uninfected controls. Potential factors responsible for
lower colonization by C. tropicalis include enhanced suscep-
tibility to the suppressive effect of the anaerobic flora (20,
21), increased bacteria-yeast or yeast-yeast interactions (22),
and decreased adhesion to gastrointestinal epithelium. C.
tropicalis adheres less efficiently than C. albicans to fibrin-
platelet clots (27), but adhesion of the two species to
gastrointestinal epithelium in vitro has not been directly
studied (33). The decreased weight gain of mice colonized
with C. albicans may result from competition for or malab-
sorption of nutrients. The absence of systemic spread of
both Candida species in persistently colonized mice before
immunosuppression demonstrates that the normal gastroin-
testinal tract and host defense mechanisms effectively pre-
vent invasion by Candida species.

Immunosuppression of persistently colonized mice with
cortisone acetate and cyclophosphamide resulted in weight
loss, increases in viable units in the stomach and small
intestine, and systemic dissemination especially to the liver,
all consistent with previous findings in studies on C. albicans
(12, 18). In contrast, C. tropicalis only became detectable in
the stomach and small intestine after immunosuppression.
C. albicans hyphae have been demonstrated in the stratified
squamous epithelium of the stomach of infant mice 10 days
after oral-intragastric inoculation (30) and may have been the
source of systemic dissemination by C. tropicalis after
immunosuppression. In addition, C. tropicalis appeared
more virulent than C. albicans, since it produced higher
mortalities despite lower viable units in the liver, kidneys,
and lungs. Taken together, these results suggest that factors
responsible for gastrointestinal colonization, systemic dis-
semination, and mortality by Candida species in mice immu-
nosuppressed with cortisone acetate and cyclophosphamide
may not be identical. The finding of invasive Candida
hyphae in the gastric mucosa but not other segments of the
gastrointestinal tract after immunosuppression identifies the
cardial-atrium fold as the portal of entry in mice with
gastrointestinal and systemic candidiasis, in agreement with
other reports (1, 6, 10-12, 18).

C. albicans 4918 disseminated to a greater extent than its
cerulenin-resistant mutant 4918-10 and produced higher mor-
talities. This may have resulted from the 37-fold-greater
stomach content of strain 4918 compared with strain 4918-10
before immunosuppression. Both strains have comparable
abilities to adhere to disks of mouse duodenal tissue in vitro
(38), but their relative adhesion to the cardial-atrium region
of the stomach has not been determined. Such a study would
be of interest to evaluate the potential role of adhesion in
persistence of colonization at this portal of entry for invasive
candidiasis.

Studies of the virulence factors of C. albicans and C.
tropicalis and their interactions with the microbial flora,
epithelial cells, and host defense mechanisms of the gastro-
intestinal tract should further our understanding of the

VOL. 60, 1992
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relative propensities of these two species to cause invasive
candidiasis.

ACKNOWLEDGMENTS

This study was supported by a grant from the Fonds de la
Recherche en Sante du Qu6bec. M.P. is the recipient of a student-
ship from the Fonds pour la Formation de Chercheurs et l'Aide a la
Recherche.
We thank Therese Gadbois, Annie-Claude Miailhe, and Serge

S6n6chal for technical assistance and Simon Garzon for performing
the electron microscopy. We also thank Christian Leger for the
statistical analysis and Raffaela Ballarano for preparation of the
manuscript.

REFERENCES

1. Balish, E., H. Filutowicz, and T. D. Oberley. 1990. Correlates of
cell-mediated immunity in Candida albicans-colonized gnotobi-
otic mice. Infect. Immun. 58:107-113.

2. Bistoni, F., A. Vecchiarelli, E. Cenci, G. Sbaraglia, S. Perito, and
A. Cassone. 1984. A comparison of experimental pathogenicity
of Candida species in cyclophosphamide-immunodepressed
mice. J. Med. Vet. Mycol. 22:409-418.

3. Bodey, G. P. 1984. Candidiasis in cancer patients. Am. J. Med.
77(Suppl. 4D):13-19.

4. Borg, M., and R. Ruchel. 1988. Expression of extracellular acid
proteinase by proteolytic Candida spp. during experimental
infection of oral mucosa. Infect. Immun. 56:626-631.

5. Calderone, R. A., R. L. Cihlar, D. Dong-Soo Lee, K. Hoberg,
and W. M. Scheld. 1985. Yeast adhesion in the pathogenesis of
endocarditis due to Candida albicans: studies with adherence-
negative mutants. J. Infect. Dis. 152:710-715.

6. Cantorna, M. T., and E. Balish. 1990. Mucosal and systemic
candidiasis in congenitally immunodeficient mice. Infect. Im-
mun. 58:1093-1100.

7. Cantorna, M. T., and E. Balish. 1991. Role of CD4+ lympho-
cytes in resistance to mucosal candidiasis. Infect. Immun.
59:2447-2455.

8. Cantorna, M. T., and E. Balish. 1991. Acquired immunity to
systemic candidiasis in immunodeficient mice. J. Infect. Dis.
164:936-943.

9. Cihlar, R., K. Hoberg, and R. A. Calderone. 1984. Isolation of
cerulenin-resistant mutants of Candida albicans, p. 148-149. In
L. Levine and D. Schlesinger (ed.), Microbiology-1984. Amer-
ican Society for Microbiology, Washington, D.C.

10. Cole, G. T., K. T. Lynn, and K. R. Seshan. 1990. An animal
model for oropharyngeal, esophageal, and gastric candidiasis.
Mycoses 33:7-19.

11. Cole, G. T., K. T. Lynn, and K. R. Seshan. 1990. Evaluation of
a murine model of hepatic candidiasis. J. Clin. Microbiol.
28:1828-1841.

12. Cole, G. T., K. T. Lynn, K. R. Seshan, and L. M. Pope. 1989.
Gastrointestinal and systemic candidiasis in immunocompro-
mised mice. J. Med. Vet. Mycol. 27:363-380.

13. Cole, G. T., K. R. Seshan, L. M. Pope, and R. J. Yancey. 1988.
Morphological aspects of gastrointestinal tract invasion by
Candida albicans in the infant mouse. J. Med. Vet. Mycol.
26:173-185.

14. Draper, N., and H. Smith. 1981. Applied regression analysis,
2nd ed. John Wiley & Sons, Inc., New York.

15. Ekenna, O., and R. J. Sherertz. 1987. Factors affecting coloni-
zation and dissemination of Candida albicans from the gastro-
intestinal tract of mice. Infect. Immun. 55:1558-1563.

16. Field, L. H., L. M. Pope, G. T. Cole, M. N. Guentzel, and L. J.
Berry. 1981. Persistence and spread of Candida albicans after
intragastric inoculation of infant mice. Infect. Immun. 31:783-
791.

17. Fromtling, R. A., G. K. Abruzzo, and D. M. Giltinan. 1987.
Candida tropicalis infection in normal, diabetic, and neutro-
penic mice. J. Clin. Microbiol. 25:1416-1420.

18. Guentzel, M. N., and C. Herrera. 1982. Effects of compromising

agents on candidosis in mice with persistent infection initiated in
infancy. Infect. Immun. 35:222-228.

19. Kennedy, M. J. 1990. Models for studying the role of fungal
attachment in colonization and pathogenesis. Mycopathologia
109:123-137.

20. Kennedy, M. J., and P. A. Volz. 1983. Dissemination of yeasts
after gastrointestinal inoculation in antibiotic-treated mice. Sa-
bouraudia 21:27-33.

21. Kennedy, M. J., and P. A. Volz. 1985. Effect of various
antibiotics on gastrointestinal colonization and dissemination by
Candida albicans. J. Med. Vet. Mycol. 23:265-273.

22. Kennedy, M. J., and P. A. Volz. 1985. Ecology of Candida
albicans gut colonization: inhibition of Candida adhesion, col-
onization, and dissemination from the gastrointestinal tract by
bacterial antagonism. Infect. Immun. 49:654-663.

23. Kinsman, 0. S., and K. Pitblado. 1989. Candida albicans
gastrointestinal colonization and invasion in the mouse: effect of
antibacterial dosing, antifungal therapy and immunosuppres-
sion. Mycoses 32:664-674.

24. Krause, W., H. Matheis, and K. Wulf. 1969. Fungemia and
funguria after oral administration of Candida albicans. Lancet
i:598-599.

25. Lehrer, N., E. Segal, R. L. Cihlar, and R. A. Calderone. 1986.
Pathogenesis ofvaginal candidiasis: a mutant which has reduced
ability to adhere in vitro. J. Med. Vet. Mycol. 24:127-131.

26. Macdonald, F., and F. C. Odds. 1983. Virulence for mice of a
proteinase-secreting strain of Candida albicans and a protein-
ase-deficient mutant. J. Gen. Microbiol. 29:431-438.

27. Maisch, P. A., and R. A. Calderone. 1980. Adherence of
Candida albicans to a fibrin-platelet matrix formed in vitro.
Infect. Immun. 27:650-656.

28. Myerowitz, R. L., G. J. Pazin, and C. M. Aflen. 1977. Dissem-
inated candidiasis: changes in incidence, underlying diseases,
and pathology. Am. J. Clin. Pathol. 68:29-38.

29. Narayanan, R., W. A. Joyce, and R. A. Greenfield. 1991.
Gastrointestinal candidiasis in a murine model of severe com-
bined immunodeficiency syndrome. Infect. Immun. 59-.2116-2119.

30. Pope, L. M., and G. T. Cole. 1982. Comparative studies of
gastrointestinal colonization and systemic spread by Candida
albicans and nonlethal yeast in the infant mouse. Scanning
Electron Microsc. 4:1667-1676.

31. Pope, L. M., G. T. Cole, M. N. Guentzel, and L. J. Berry. 1979.
Systemic and gastrointestinal candidiasis of infant mice after
intragastric challenge. Infect. Immun. 25:702-707.

32. Ray, T. L., and C. D. Payne. 1988. Scanning electron micros-
copy of epidermal adherence and cavitation in murine candidi-
asis: a role for Candida acid proteinase. Infect. Immun. 56:
1942-1949.

33. Rotrosen, D., R. A. Calderone, and J. E. Edwards. 1986.
Adherence of Candida species to host tissues and plastic
surfaces. Rev. Infect. Dis. 8:73-85.

34. Samonis, G., E. J. Anaissie, B. Rosenbaum, and G. P. Bodey.
1990. A model of sustained gastrointestinal colonization by
Candida albicans in healthy adult mice. Infect. Immun. 58:
1514-1517.

35. Sandford, G. R., W. G. Merz, J. R. Wmgard, P. Charache, and
R. Sainl. 1980. The value of fungal surveillance cultures as
predictors of systemic fungal infections. J. Infect. Dis. 142:503-
509.

36. Sandovsky-Losica, H., and E. Segal. 1989. Interaction of Can-
dida albicans with murine gastrointestinal mucosa: effect of
irradiation on adherence in vitro. J. Med. Vet. Mycol. 27:345-
352.

37. Sandovsky-Losica, H., and E. Segal. 1990. Interaction of Can-
dida albicans with murine gastrointestinal mucosa from meth-
otrexate and 5-fluorouracil treated animals: in vitro adhesion
and prevention. J. Med. Vet. Mycol. 28:279-287.

38. Segal, E., and D. C. Savage. 1986. Adhesion of Candida albicans
to mouse intestinal mucosa in vitro: development of the assay
and test of inhibitors. J. Med. Vet. Mycol. 24:477-479.

39. Stone, H. H., L. D. Kolb, C. A. Cume, C. E. Geheber, and J. Z.
Cuzzeli. 1974. Candida sepsis: pathogenesis and principles of
treatment. Ann. Surg. 179:697-711.

VOL. 60, 1992



4914 DE REPENTIGNY ET AL.

40. Walsh, T. J., and W. G. Merz. 1986. Pathologic features in the
human alimentary tract associated with invasiveness of Candida
tropicalis. Am. J. CGin. Pathol. 85:498-502.

41. Wingard, J. R., J. D. Dick, W. G. Merz, G. R. Sandford, R.
Saral, and W. H. Burns. 1980. Pathogenicity of Candida tropi-
calis and Candida albicans after gastrointestinal inoculation in
mice. Infect. Immun. 29:808-813.

INFECr. IMMUN.

42. Wingard, J. R., J. D. Dick, W. G. Merz, G. RI Sandford, R.
Saral, and W. H. Burns. 1982. Differences in virulence of
clinical isolates of Candida tropicalis and Candida albicans in
mice. Infect. Immun. 37:833-836.

43. Wingard, J. R., W. G. Merz, and R. Saral. 1979. Candida
tropicalis: a major pathogen in immunocompromised patients.
Ann. Intern. Med. 91:539-543.


