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Dysfunction of neutrophils in patients infected with human immunodeficiency virus is at least partly
responsible for secondary microbial diseases in these individuals, including invasive gastrointestinal (GI)
candidiasis. Immunoregulatory disturbances associated with the development of AIDS in human immunode-
ficiency virus-infected patients exacerbates Candida albicans infection of the upper GI tract and frequently
leads to oropharyngeal and esophageal candidiasis. In this article, we present the first report of a murine model
of invasive GI candidiasis associated with an AIDS-related murine immunodeficiency syndrome that results
from infection of C57BL/6 mice with a previously described retrovirus complex (LP-BM5). Mice of the inbred
strain were infected with C. albicans by oral-intragastric inoculation as infants and with the retrovirus by the
intraperitoneal route 30 days later. Control mice of the same strain were infected with C. albicans as above and
subsequently infected with the avirulent, ecotropic helper virus (MBI-5). Animals were killed 90 days after
retroviral challenge. Total and differential blood cell counts, CD4+ T-cell counts in the spleen, and the
histopathology of the gastric mucosa of experimental and control animals were determined. The virulent
LP-BM5-infected animals developed murine AIDS and showed eruptive and suppurative lesions, with
associated C. albicans mainly in regions of the cardial-atrium fold of the stomach. Well-defined abscesses with
entrapped C. albicans hyphae were observed in the region of the cardial-atrium fold of control mice. A
significant increase in the number of C. albicans CFU in homogenized and plated segments of the GI tract was
recognized in mice with murine AIDS versus the control animals. The murine model of GI candidiasis reported
here permits examination of the nature of C. albicans interaction with the gastric mucosa both in the
immunocompetent host under conditions in which the yeast exists predominantly as a commensal organism and
in the immunosuppressed host during progressive stages of AIDS induced by a retroviral infection.

Candida albicans is an opportunistic fungal pathogen
which frequently occurs as a component of the indigenous
microflora in the gastrointestinal (GI) tract of apparently
immunocompetent humans (31). The mechanisms by which
C. albicans is able to persist in this hostile environment of
the host are unknown. Localized foci of colonization by C.
albicans in the GI tract are a potential threat to the health of
the individual. The C. albicans foci in the GI mucosa may
serve as reservoirs of the fungus from which it may prolif-
erate and possibly invade submucosal tissue to cause sys-
temic infection when the host is immunosuppressed (9, 11).
In neutropenic patients, foci of GI candidiasis have been
suggested to be important avenues of entry of the pathogen,
leading to systemic Candida infection (29). Oropharyngeal
and esophageal candidiasis are frequently diagnosed in pa-
tients with AIDS (22). Gastric candidiasis may also occur in
these individuals, especially if extensive esophageal Can-
dida infection is involved (37). However, systemic candidi-
asis is rarely observed in AIDS patients, at least in the early
stages of the syndrome (37). The frequency of oropharyngeal
candidiasis is estimated at present to be 45% among AIDS
patients in the United States, while the occurrence of
candidal infection at some time in the course of human
immunodeficiency virus infection is recognized in approxi-
mately 75% of these cases (37). The histopathologic lesions
which result from the interaction between C. albicans and
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the host mucosa under conditions of human immunodefi-
ciency virus-induced immunosuppression have not been
explored, partly because of the lack of suitable animal
models which would permit examination of the development
of GI candidiasis exacerbated by a retrovirus-induced immu-
nodeficiency syndrome (18, 23, 24, 28, 38).

In this article, we present the first report of a murine
model of concurrent GI candidiasis and a retrovirus-induced
immunodeficiency. C57BL/6 mice were first infected with C.
albicans by the oral-intragastric route and then immunosup-
pressed by infection with a previously described murine
leukemia virus (MuLV) mixture (7). This retrovirus complex
was first isolated by Latarjet and Duplan (21); it causes a

TABLE 1. Absolute counts of leukocytes, lymphocytes, and
neutrophils in peripheral blood at deatha

Mean absolute count (103/mM3) + SDb
Inoculation

Leukocytes Lymphocytes Neutrophils

Culture medium 14.22 ± 1.22 11.80 ± 0.96 2.27 ± 0.05
Avirulent virus (MBI-5) 13.41 ± 2.10 10.59 ± 1.70 2.68 ± 0.11
Virulent virus (LP-BM5) 4.22 ± 0.62 1.98 ± 0.22 1.94 ± 0.02

a Animals were killed 120 days after oral-intragastric infection with C.
albicans (90 days after inoculation with medium or avirulent or virulent virus).

b Absolute counts are equal to the total count multiplied by the decimal
percentage of the differential count. Differential counts were performed on
blood smears by standard methods. Values are means + standard deviations
for five mice per group.
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FIG. 1. Expression of Thy 1.2 and CD4 on splenic cells. Ficoll-
purified mononuclear cells from spleens of untreated animals (A),
mice infected with C. albicans and subsequently inoculated with
medium (B), mice infected with C albicans and subsequently
inoculated with the avirulent (MBI-5) virus (C), and mice infected
with C. albicans and then with the MAIDS (LP-BM5) virus (D) were
examined by FACS analysis as described in Materials and Methods.
The upper right-hand portion (quadrant 2) of each panel depicts the
percentage of CD4+ cells, while the lower right-hand portion
(quadrant 4) depicts total Thy+ cells minus CD4+ cells.

lymphoproliferative disease primarily involving the lymph
nodes and spleen. A cell line derived from murine bone
marrow (BM5) was used as a source of the virus for
subsequent studies (25). The continuous cell line produces a
mixture of replication-competent, ecotropic, and mink cell
focus-inducing MuLV and a replication-defective virus with
a 4.8-kb genome (7). It appears that the defective virus is the
disease-producing component of the mixture, but it also
requires the replication-competent helper virus for cell-to-
cell dissemination in the host. The ecotropic mink cell
focus-inducing MuLV alone, which was biologically cloned
from the mixture, did not induce disease (7). Other investi-
gators have presented evidence that inbred C57BL/6 mice
infected with the virus mixture develop a syndrome termed
murine AIDS (MAIDS), which demonstrated many charac-
teristics of human AIDS (19, 20). Although the murine and
human syndromes are induced by retroviruses of different
classes, the disease characteristics of the LP-BM5 MuLV
infection include polyclonal B-cell activation, hypergamma-
globulinemia, late-onset aggressive B-cell lymphoma, and
increased susceptibility to infection (20). Both B-cell and
T-cell functions in these retrovirus-infected mice have been
found to be abnormal.

Impaired T-cell-proliferative response has been suggested
to be related to an intrinsic defect of CD4+ T cells but not of
CD8+ T cells (6). We have shown that C57BV6 mice are
also susceptible to long-term C albicans infection when
challenged with the yeast as infants by the oral-intragastric
route. C. albicans remains in the GI tract, apparently as a
commensal organism, for at least 120 days postchallenge
when the animals are not exposed to immunocompromising
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FIG. 2. Gross and histologic preparations of the stomachs of mice infected with C. albicans and inoculated with the avirulent helper virus
MBI-5. (A) Macroscopic features of a longitudinally bisected stomach. The CAF is slightly thickened. CA, cardiac antrum; E, esophagus; GE,
glandular epithelium; SE, squamous epithelium. (B) Medial section of an intraepithelial abscess in the region of the CAF. The neutrophilic
aggregate (PMN) is well circumscribed, sharply demarcated from the epithelial layer (Ep) below. Hyphae of C albicans (arrow) are
occasionally observed within the upper region of the abscess. AC, region of acanthosis; K, keratin; P, packet of PMN (the region within the
box is shown in panel E); PK, region of parakeratosis. (C) Periodic acid-Schiff-stained paraffin section of intraepithelial abscess. C. albicans
cells (arrows) were found within the stratum corneum. (D) Paraffin section corresponding to panel C, which was reacted with anti-C
albicans-FITC conjugate. Hyphae (arrows) are visible in the upper region of the abscess and in the keratin layers (K). (E) Thin section of
packet of PMN (enclosed by box in panel B) which shows both granulated and degranulated cells surrounded by keratinocytes (Kc) and
keratin. The bars in panels A through E represent 5 cm, 50 ,um, 100 ,um, 100 ,um, and 5 1Lm, respectively.

agents or antibacterial antibiotics. After infection of these
mice with the MAIDS virus, however, C. albicans assumes
the role of an opportunistic pathogen. The murine model of
concurrent GI candidiasis and MAIDS described here has
been used to examine the histopathology of C. albicans
invasion of the gastric mucosa of mice at a late stage in
development of the retrovirus-induced immunodeficiency
syndrome.

MATERIALS AND METHODS

Fungus. C. albicans CA30 (11) was grown on Sabouraud's
dextrose agar (SDA; Difco) slants at 37°C overnight, har-
vested, washed three times in sterile, nonpyrogenic saline
(Travenol; Travenol Laboratories Inc., Deerfield, Ill.), and
counted in a hemacytometer. A suspension of 108 yeast cells
per ml was prepared from this stock in saline and used for
preparation of the inoculum. A quantitative check of the final
suspension was performed by determinations of CFU cul-
tured on SDA plates.

V'iruses. Frozen stock preparations of the pathogenic
LP-BM5 MuLV and nonpathogenic ecotropic helper virus
(MBI-5) were obtained from G. L. Gilmore, Medical Biology
Institute, La Jolla, Calif. Virus pools were obtained from
infected SC-1 cell cultures as reported before (3), assayed for
ecotropic MuLV by XC plaque tests in SC-1 cells (19), and
tested for their ability to induce MAIDS in 4- to 6-week-old
C57BL/6 mice (19). The stock preparation of the nonpatho-
genic virus (MBI-5) was obtained from the BM-5 cell line and
determined to have a titer of 5 x 105 PFU/ml of cell culture
medium (Dulbecco's modified Eagle's medium; Sigma
Chemical Co., St. Louis, Mo.). The stock of pathogenic
virus (LP-BM5) had a titer of 5 x 106 PFU/ml, and 0.1 ml of
a 1:10 dilution of this preparation in saline was shown to be
sufficient to cause mortality in 90% of 4-week-old C57BL/6
mice after 24 to 28 weeks.
Animals and inoculations. Inbred C57BLU6 mice, pur-

chased from Jackson Laboratories (Bar Harbor, Maine),
were used to establish a breeding colony, and the offspring
were used in the reported experiments. Infant mice of both
sexes (6 days old) were isolated from their mothers 3 to 4 h
before inoculation with C. albicans and held at 35°C, as

reported previously (13). The yeast cell suspension de-
scribed above was used to inoculate mice by the oral-
intragastric route as reported earlier (11). C. albicans-in-
fected mice were each later challenged intraperitoneally
(i.p.) with a single inoculum of 0.2 ml of 2 x 104 PFU of
either LP-BM5 or MBI-5 virus at 30 days after yeast inocu-
lation. A control group of C albicans-infected mice were
each inoculated with Dulbecco's medium (0.2 ml) alone.
Mice challenged with the yeast were chosen for further study
on the basis of the presence of C. albicans in their fecal
pellet homogenates at 29 days after oral-intragastric inocu-
lation, as previously described (11). Animals were killed at

120 days postinoculation with C albicans by asphyxiation
with carbon dioxide. The mice were immediately dissected
to remove the GI tract and body organs for homogenization
and dilution plating, fluorescence-activated cell sorting
(FACS) analyses, or histological studies, as described be-
low.

Blood cell counts. Blood samples were collected by retro-
orbital venipuncture just before death. Total leukocyte
counts were made on a Coulter 5770 blood counter (Coulter
Electronics, Hialeah, Fla.). Differential counts were made
on blood smears by standard methods.
FACS. Single-cell suspensions of the spleen from un-

treated mice and mice killed 120 days after inoculation with
C. albicans alone or in combination with retrovirus chal-
lenge were prepared for FACS analysis as described before
(34). Briefly, cell suspensions from spleens were purified on
a Ficoll-Hypaque gradient (Sigma). Two million cells were
incubated with fluorescein isothiocyanate (FITC)-conju-
gated anti-Thy 1.2 (Sigma) and phycoerythrin-conjugated
anti-CD4 (Becton Dickinson Immunocytometry Systems,
Mountain View, Calif.) to estimate relative numbers of pan T
cells (Thy') and CD4+ T cells, respectively. The cells were
diluted 1:100 in phosphate-buffered saline (PBS) in a volume
of 100 ,ul on ice for 45 min and washed three times with cold
PBS containing 5% fetal calf serum. Dead cells were ex-
cluded from analysis by setting an appropriate threshold
trigger on the forward-angle and 90° light scatter parameters.
A minimum of 10,000 cells were counted from each sample
in an Epics Elite flow cytometer (Coulter).
Enumeration of C. albicans in GI tract and body organs.

Isolation of GI tract segments (esophagus, stomach, and
intestines [duodenum, small and large intestine, cecum, and
rectum]) and body organs (liver, lungs, spleen, and kidneys)
was performed under aseptic conditions as described previ-
ously (11). The CFU of C. albicans in homogenized tissue
were determined by dilution plating on SDA containing
chloramphenicol (50 ,ug/ml; Sigma). Total counts were cal-
culated for each organ, based on the volume of the homoge-
nate. The plates were incubated at 37°C for 48 h. Enrichment
cultures (Sabouraud's broth) of body organ homogenates
were prepared to amplify possible low numbers of C. albi-
cans cells by the method reported previously (11). Homoge-
nates of GI tract segments were dilution plated onto SDA
without this amplification step. It was not difficult to distin-
guish between C. albicans and the indigenous yeast Candida
pintolopesii in estimating total CFU of the former in organ
homogenates (11).

All statistical comparisons were performed by Student's t
test. P < 0.05 was considered significant.

Histology. We performed necropsies for five animals from
each group of C. albicans-infected mice which were subse-
quently inoculated with the virulent virus LP-BM5, the
avirulent virus MBI-5, or culture medium, and selected
organs were prepared for histological examination as de-
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FIG. 3. Histological sections of the stomachs of mice infected with C. albicans and the MAIDS (LP-BM5) virus. (A) Thick section of
gastric mucosa in the region of the CAF, which shows a volcanolike eruption due to purulent suppurative inflammation involving the epithelial
layer. Arrows indicate C. albicans. K, keratin. (B) Thick section of eruptive C. albicans abscess, which shows chlamydosporelike cells
(arrows) admixed with numerous neutrophils. (C) Thin section of eruptive abscess, which shows degranulated PMN (DPMN) and adjacent
intact and apparently viable C. albicans. (D) Thick section of eruptive abscess, which shows transition between aggregate of neutrophils and
epithelial lining. Note that C. albicans hyphae (H) have invaded the epithelial lining. The epithelial cells demonstrate vacuolation, which is
suggestive of degeneration. Lysed epithelial cells were visible within the abscess (boxed). The epithelium at the base of the abscess also
revealed transepithelial migration of neutrophils (arrows). (E) Thick section of stomach in the region of the CAF, showing degeneration of
epithelium (Ep) and neutrophils (arrows) in the lamina propria (LP). The bars in panels A through E represent 20, 40, 20, 40, and 40 ,um,
respectively.

scribed previously (9, 11, 13). Tissue sections were exam-
ined by both light microscopy and transmission electron
microscopy, as reported before (11, 13). Sections of tissue
embedded in paraffin were stained with periodic acid-Schiff
reagent; sections of plastic-embedded tissue were stained as
previously reported for light microscopic examination (9).

Immunofluorescence. Sections of paraffin-embedded tissue
from C. albicans-infected, virulent virus- and avirulent vi-
rus-inoculated mice were examined by immunofluorescence
light microscopy for localization of the fungal pathogen and
specific host cells. For detection of the fungus, sections were
reacted with anti-C. albicans (strain CA30) cell wall serum
raised in rabbits and then with goat anti-rabbit immunoglob-
ulin G (IgG)-FITC conjugate, as reported earlier (11, 13).
This antiserum was not reactive with the indigenous yeast C.
pintolopesii (13). Murine macrophages were detected in
sections reacted with rat anti-mouse Mac-1 surface antigen
monoclonal antibody (IgG2b isotype) (clone M1/70.15;
Caltag Laboratories, San Francisco, Calif.), followed by
goat anti-rat IgG-FITC conjugate (Caltag). The primary
anti-Mac-1 antibody was diluted 1:100 in 0.1 M PBS (pH 7.6)
with 1% bovine serum albumin. The secondary antibody was
diluted 1:50 in PBS alone. Sections were incubated with the
first and second antibody at 24°C. Sections incubated with
the second antibody only or FITC alone served as controls.

RESULTS

Effects of LP-BM5 infection on peripheral blood cell counts.
A summary of blood cell counts for the C. albicans-infected
control and virus-inoculated animals is presented in Table 1.
No significant difference in counts was recognized between
animals inoculated with culture medium or avirulent virus
(MBI-5). However, both leukopenia and lymphocytopenia
were evident in animals inoculated with the virulent (LP-
BM5) virus. A less dramatic but significant decrease in the
number of neutrophils in this group of mice was also
demonstrated.
FACS analysis of spleen cells. The results of a repre-

sentative FACS analysis of spleen cell preparations are
presented in Fig. 1. The relative numbers of Thy 1.2-positive
T cells (Thy') and CD4-positive T cells (CD4+) were com-
pared for untreated, age-matched control mice (A), C. albi-
cans-infected and medium-inoculated mice (B), and mice
coinfected with C. albicans and either the avirulent virus (C)
or the virulent virus (D). The mice were killed 120 days after
oral-intragastric challenge with C. albicans. The percentage
of labeled CD4+ cells is shown in quadrant 2 of each panel.
The percentage of Thy' cells in quadrant 4 excludes the
CD4+ cells and is therefore an estimate of the percentage of
CD8+ cells (4). Only the animals with concurrent C. albicans
and LP-BM5 infections showed a marked reduction in rela-
tive numbers of CD4+ cells (Fig. 1D). The estimated per-
centage of CD8+ spleen cells in these animals appeared to be

less affected by concurrent infection with C. albicans and
the virulent (LP-BM5) retrovirus mixture.

Effects of LP-BM5 infection on GI candidiasis. The distri-
bution and numbers of C. albicans CFU in control and test
animals are shown in Table 2. In all cases, no yeast cells
were detected in the liver, lungs, spleen, or kidneys at the
time of death, even after homogenates of these organs were
examined by the culture amplification procedure. No signif-
icant difference was noted between numbers of C. albicans
detected in homogenates of the esophagus, stomach, and
intestines of mice between treatment groups Gi (inoculated
with culture medium) and G2 (inoculated with the avirulent
virus MBI-5). In contrast, C. albicans CFU determined from
dilution plates of the esophagus, stomach, and intestines of
mice also infected with LP-BM5 (treatment group G3) were
significantly higher (P < 0.001 to < 0.01) than corresponding
values for the two groups of control mice (Gi and G2; Table
2). The number of animals with concurrent C. albicans and
LP-BM5 infections which revealed persistent C. albicans in
their esophagus increased by 15% compared with positive-
control mice.

Histopathology. The focus of our histological examinations
was the cardial-atrium fold (CAF) of the stomach (Fig. 2A),
since this had been reported to be the principal region of C.
albicans infection of the gastric mucosa in immunocompro-
mised and nonimmunocompromised mice (10, 11, 27). The
CAF is a keratinized fold of mucosal tissue which is located
at the gastroesophageal junction (cardiac antrum) and is
visible in longitudinally bisected murine stomachs along the
greater curvature as a distinct zone that separates the
squamous and glandular epithelial regions (Fig. 2A).

(i) Avirulent virus (MBI-5)-infected mice. Thick and thin
sections of the gastric mucosa of C. albicans-infected mice
which had been subsequently inoculated with the avirulent
virus revealed well-defined, intraepithelial abscesses in the
region of the CAF (Fig. 2B through D). These abscesses
were characterized by infiltration and accumulation of pri-
marily polymorphonuclear neutrophils (PMN). Occasion-
ally, C. albicans hyphae were observed within the upper
region of the abscess (arrow in Fig. 2B). The results of
ultrastructural examinations of the entrapped hyphal ele-
ments suggested that destruction of cytoplasmic components
of the fungal cells had occurred (data not shown). The
central and peripheral regions of the intraepithelial abscess
contained numerous PMN which had apparently undergone
or were in the process of degranulation (Fig. 2B). The
intraepithelial abscess was spatially defined by a thickened
keratinized layer above and a basal epithelial layer (Fig. 2B
and C). The keratinized layer demonstrated parakeratosis,
while the basal epithelial layer revealed acanthosis in these
animals with persistent GI candidiasis (Fig. 2B). Periodic
acid-Schiff-stained sections showed fungal hyphae associ-
ated with the keratinized tissue adjacent to the intraepithelial
abscesses (Fig. 2C). These fungal elements were clearly
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FIG. 4. Histological sections of stomachs of mice infected with C. albicans and inoculated with either the avirulent helper virus (A, D, and
E) or MAIDS virus (B, C, and F). (A and B) Immunofluorescence microscopy of paraffin-embedded sections reacted with monoclonal
antibody directed against the murine Mac-1 surface antigen. Note the presence of macrophages in the lamina propria (LP) juxtaposed to an
abscess of the gastric mucosa in mice inoculated with either avirulent virus (A) or MAIDS virus (B). (C) Neutrophils in the lamina propria
apparently migrating toward the site of C. albicans infection. (D and E) Thick section (D) and thin section (E) of mononuclear cell (MNC)
aggregate in the lamina propria of the CAF. GE, glandular epithelium; MM, muscularis mucosa; SE, squamous epithelium. (F)
Paraffin-embedded section which shows inflammation throughout the gastric wall. Note eruptive abscess (arrows) at mucosal surface, focal
erosion (F) of epithelial layer, and confluent aggregates of mononuclear cells (MNC) in lamina propria and submucosa. Scattered
inflammatory cells were also seen in the muscularis externa (ME) and serosa (S). The bars in panels A through F represent 50, 50, 5, 100, 5,
and 100 p.m, respectively.

visible by immunofluorescence microscopy (Fig. 2D). Pack-
ets of neutrophils were commonly visible at the base of the
abscess (Fig. 2B, box). These were surrounded by thin
layers of keratin, keratinocytes, and remnants of epithelial
cells (Fig. 2E).

(ii) Virulent virus (LP-BM5)-infected mice. A striking fea-
ture of the histopathologic lesions in mice with concurrent C.
albicans and MAIDS virus infections was the presence of
multiple focal areas of ulcerative, purulent gastritis in the
CAF region (Fig. 3A). These abscesses were characterized
by a central core of degenerate neutrophils admixed with
abundant C albicans hyphae (Fig. 3A through C). Sections
of the lesions also revealed thick-walled, vacuolate cells of
C. albicans (arrowheads in Fig. 3B), which were reminiscent
of the chlamydosporelike cells found in the gastric mucosa of
immunocompromised mice (12). No such fungal cells were
found in sections of the stomachs of avirulent virus (MBI-
5)-infected mice. The thickened keratinized layer which
partially enclosed the abscesses observed in mice infected
with C. albicans and the avirulent virus was absent from
these lesions. The representative abscess in Fig. 3A is a
volcanolike suppurative eruption of the gastric mucosa. The
thickened basal epithelial layer revealed irregular acanthosis
and degeneration (Fig. 3D and E). Neutrophils were visible
in the lamina propria below the eroded region of the basal
epithelial zone (Fig. 3E). It appeared that the neutrophils had
migrated to sites of C albicans infection by way of the
lamina propria.

Identification and localization of neutrophils and macro-
phages in the gastric mucosa. Both groups of C. albicans-
infected animals which were subsequently infected with
either the avirulent or virulent virus showed accumulation of
mononuclear cells in the lamina propria and submucosa (Fig.
4). Immunofluorescence microscopy was conducted with a
monoclonal antibody directed against the Mac-1 murine
surface antigen. Sections of the gastric mucosa in the region
of the CAF showed that a significant number of these
mononuclear cells were macrophages (Fig. 4A and B). Thin
sections through the lamina propria of the MAIDS virus-
infected animals also revealed that abundant neutrophils
were present, often in a linear arrangement adjacent to the
epithelial zone in the C. albicans-infected region of the
mucosa (Fig. 4C). In the avirulent virus (MBI-5)-inoculated
animals, mononuclear cells in the lamina propria consisted
predominantly of lymphocytes and macrophages (Fig. 4D
and E) and were found adjacent to the well-defined intraepi-
thelial abscesses. In contrast, a more extensive inflamma-
tory response to C. albicans was evident in the MAIDS
virus-infected animals. In a segment of the gastric mucosa
which includes part of the CAF in Fig. 4F, large numbers of
host inflammatory cells are visible extending from the serosa
to the suppurative lesion at the keratinized surface. Abun-
dant mononuclear cells were visible in the submucosa and
lamina propria of these animals. Extensive and irregular

acanthosis of the squamous epithelium was also demon-
strated.

DISCUSSION

We have shown that C57BL/6 mice challenged with C.
albicans by oral-intragastric inoculation at infancy demon-
strate persistent colonization of their gastrointestinal tract
by the opportunistic pathogen. Infection of the same mice
with the LP-BM5 MuLV complex (MAIDS virus) at 30 days
after C albicans inoculation led to severe lymphoprolifera-
tive disease and immunodeficiency, which resulted in the
onset of invasive gastrointestinal candidiasis over the sub-
sequent 90 days. The results of peripheral blood cell counts
and FACS analyses of spleen cell preparations of mice with
concurrent C. albicans and MAIDS virus infections indi-
cated that the animals were immunosuppressed. These ob-
servations are in agreement with the data of other investi-
gators who have characterized the retrovirus-induced immu-
nodeficiency syndrome in C57BLV/6 mice (2, 6, 25). A signif-
icant reduction in the number of CD4+ cells in MAIDS
virus-infected animals compared with control mice was
demonstrated by the results of our FACS analyses. Animals
infected with C. albicans alone showed approximately the
same number of CD4+ T cells as untreated mice. It is known
that functional CD4+ T cells and B lymphoid cells are
required at the time of infection by LP-BM5 for development
of MAIDS (6). However, marked reductions in the number
of CD4+ cells as well as functional defects in these immune
cells have been observed in advanced stages of this disease
(20). Nude mice inoculated with the LP-BM5 virus do not
develop MAIDS because functional T cells are absent (26).
Virulent-retrovirus-inoculated mice treated with the immu-
nosuppressive drug cyclophosphamide failed to develop
MAIDS, presumably because of depletion of the number of
infected target cells (36). Expansion of the target cell popu-
lation in the retrovirus-infected C57BLV6 mice has been
proposed to "initiate a cascade of events that leads to
immunodeficiency" (36). Reports of clinical studies have
suggested that cell-mediated immunity provides protection
against mucosal candidiasis and that CD4+ lymphocytes
play a critical role in this process (5, 32). The LP-BM5-
induced immunosuppression in C57BL/6 mice with persist-
ent GI candidiasis leads to a significant increase in the
number of C. albicans cells in the esophagus, stomach, and
intestines and to invasion of the gastric submucosal tissue in
the region of the CAF. We suggest that this model simulates
the conditions in certain patients infected with the human
immunodeficiency virus, who present early with chronic GI
candidiasis and then gradually develop more extensive can-
didal infection of their upper GI mucosa as AIDS progresses.
The differences in the histopathology of C. albicans-

infected gastric mucosa between control mice and mice
with a retrovirus-induced immunodeficiency have been sum-
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FIG. 5. Diagrammatic comparison of the histology of the gastric mucosa in the region of the (CAF in an untreated mouse (A), and
histopathology associated with C. albicans infection by the oral-intragastric route and intraperitoneal inoculation 30 days later with either the
avirulent (MBI-5) helper virus (B) or virulent MAIDS (LP-BM5) virus (C). The latter two groups of mice were killed and examined
histologically 90 days after retrovirus inoculation.
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marized in Fig. 5. Animals with persistent GI candidiasis
which were inoculated with the avirulent helper retrovirus
alone consistently developed well-defined, intraepithelial
abscesses (Fig. 5B). These abscesses occasionally contained
C. albicans hyphae, some of which, upon ultrastructural
examination, appeared to be nonviable. Phagocytosis as well
as the accumulation of toxic products of host degenerate
neutrophils within the abscess may contribute to the death of
the opportunistic pathogen and gradual clearance of GI
candidiasis. However, viable hyphae and yeast cells associ-
ated with keratin layers in the region of the CAF were also
found in the control animals coinfected with C albicans and
avirulent virus. It appeared that these fungal cells had not
evoked an inflammatory response and therefore may ac-
count for the high numbers of CFU of the opportunistic
pathogen in C57BL4/6 control mice even at 120 days after C.
albicans inoculation.
Mice which were infected with C. albicans and subse-

quently challenged with the MAIDS virus developed ulcer-
ated abscesses in the gastric mucosa (Fig. SC). Large num-
bers of yeast cells, hyphae, and chlamydosporelike cells (12)
were visible between the outer keratin layers and epithelium.
An intense inflammatory cell response was evident in histo-
logical sections of the gastric mucosa of these animals in
conjunction with the proliferation and invasiveness of the
opportunistic pathogen. In contrast to the control animals,
extensive mononuclear cell and neutrophil responses were
evident in the lamina propria and submucosa of the LP-BM5-
infected mice adjacent to sites of C. albicans invasion. The
presence of neutrophils in the lamina propria suggests that at
least some of these cells retained in vivo chemotactic func-
tion in the C albicans-infected mice which developed
MAIDS. No information was obtained in this study on the
effect of virulent-retrovirus infection on the candidacidal
activity of peripheral blood PMN.
We suggest that the inflammatory cell response in our

immunodeficient murine model is due to several factors. The
pathogen releases chemotactic factors (16) as well as lytic
enzymes capable of causing tissue damage (14). Lysis of
keratinocytes occurs at the squamous epithelial surface of
the GI tract, which potentiates the release of interleukin-1, a
well-known chemotactic factor for PMN and mononuclear
cells (15). In addition to these innate host defense mecha-
nisms, C. albicans is known to release antigens which induce
an immune response (32). This acquired host defense mech-
anism normally evokes local immunoprotection at the mu-
cosal level, mediated by secretion of specific IgA and the
presence of sensitized T lymphocytes (5, 17). Evidence has
been presented that T lymphocytes play an important role in
the process of abscess formation (30, 35), although the
specific nature of T-cell involvement in this pathogenic
process has not been defined. Several possible dysfunctions
of the cell-mediated immunity may exist in mice which have
concurrent C. albicans and MAIDS virus infections. These
may include T-cell activity in abscess formation as well as
phagocytosis and killing of C. albicans by macrophages and
neutrophils in the GI tract. The immunoregulatory distur-
bances associated with MAIDS exacerbate C. albicans
infection of the gastric mucosa. In support of this inter-
pretation, Moors and coworkers (23) have reported that
increased susceptibility to systemic infection by the oppor-
tunistic fungal pathogen in a related murine model of con-
current infection with a retrovirus (Friend leukemia virus)
and C. albicans may have been due to dysfunction of T cells
which secondarily affected PMN activity. The depression of
neutrophil function reported for human immunodeficiency

virus-infected patients is at least partly responsible for
secondary microbial infection in these individuals (1). Alter-
ations in the expression of immunoregulatory cytokines have
also been suggested to be important in the pathogenesis of
both MAIDS and AIDS (8, 33).
A murine model of retrovirus-induced immunosuppres-

sion and concomitant increased susceptibility to GI candidi-
asis is described here for the first time. The animal model
will be useful for further studies of the relative importance of
mucosal immune cell components to host defense against
opportunistic infection by C. albicans.
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