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EFFECTS OF Aeromonas caviae CO-CULTURED IN MOUSE

SMALL INTESTINE

Aurora Longa-Briceño, Zulma Peña-Contreras, Delsy Dávila-Vera,
Rosa Virginia Mendoza-Briceño and Ernesto Palacios-Prü.

Introduction

The genus Aeromonas com-
prises gram-negative bacteriae
that can be isolated from wa-
ter and a diversity of foods.
Some strains are important
diarrhea producers, particu-
larly in children under five
years and in older adults
(Kirov et al.,  2000). The
clinical manifestations of diar-
rhea vary from autolimited
symptoms to severe cases
with presence of mucus and
blood in faeces, suggesting
that, as in Escherichia coli
pathogenic types, Aeromonas'
virulence is multifactorial
(Janda and Abbott, 1998;
Kirov et al., 1999). The Aero-
monas enteropathogenic capa-
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SUMMARY

The ultrastructural aspects generated by the interaction be-
tween two strains of Aeromonas caviae with mouse intestinal
mucosa are described. One of the strains was isolated from an
asymptomatic patient and the other one from a patient with di-
arrhea. Both strains were separately inoculated in closed cylin-
ders of mouse small intestine and the whole preparations were
incubated in Eagle’s culture medium. The intestinal cylinders
were divided into two groups, one was incubated for 24h and

the other for 48h. Samples of the co-cultures were processed
for analysis using high resolution light microscopy and trans-
mission electron microscopy. The strain isolated from the as-
ymptomatic patient showed variable alterations in the intestinal
mucosa, according to the different periods of incubation,
whereas the one obtained from the patient with diarrhea al-
ways produced severe enteropathogenic effects.

RESUMEN

Se describen los hallazgos ultraestructurales producidos por
la interacción de dos cepas de Aeromonas caviae con la muco-
sa intestinal de ratón. Una de las cepas fue aislada de un pa-
ciente asintomático y la otra de un paciente con diarrea. Am-
bas fueron inoculadas por separado en pequeños cilindros ce-
rrados de intestino delgado de ratón, los cuales fueron incuba-
dos en medio de cultivo de Eagle. Los cilindros intestinales
fueron divididos en dos grupos, uno fue cultivado por 24h y el

otro por 48h. Muestras de estos cultivos fueron procesadas
para microscopía de luz de alta resolución y microscopía elec-
trónica de transmisión. La cepa aislada del paciente
asintomático mostró alteraciones menores en la mucosa intesti-
nal, de acuerdo a los diferentes períodos de incubación; mien-
tras que la muestra obtenida del paciente con diarrea produjo
siempre severos efectos enteropatológicos.

bility is usually underrated
(Janda and Abbott, 1998;
Kirov et al., 1999). Although
a great variety of virulence
factors have been described,
the more important ones are
the toxins produced by the
bacterial strains. For example,
the toxin of Aeromonas hy-
drophila can induce apoptosis,
which denotes the pathogenic
potential of this species.
Toxin production is a feature
of virulence observed in inva-
sive microorganisms like Sal-
monella, Shigella, Yersinia sp.,
enterohemorrhagic E. coli and
Helicobacter pylori (Heczco
et al., 2001; Galindo et al.,
2004). The pathogenicity of
the Aeromonas genus is con-
troversial because only some

specific Aeromonas strains are
pathogenic to humans (Joseph
and Carnahan, 2000). Ap-
proximately 85% of Aeromo-
nas strains isolated from pa-
tients having diarrhea belong
to the species of A. hydrophi-
la, A. veronii bv sobria and
A. caviae (Janda and Abbott,
1998).

Information about decisive
diarrhea virulence factors is
limited, due to lack of appro-
priate animal models for the
study of Aeromonas genus.
With the models developed up
to now, it has not been pos-
sible to reproduce the symp-
toms of diarrhea (Merino et
al., 1996; Sanderson et al.,
1996; Graf, 1999). Recently,
colonization models have

been reported in which Aero-
monas spp. grew but did not
cause diarrhea in streptomy-
cin-treated mice and germ-
free chickens (Almeida and
Nunes, 1996; Graf, 1999). In
this regard, the development
of an in vitro model to ex-
plore the mechanisms related
to the colonization of the di-
gestive tract by Aeromonas
spp., as well as the determi-
nation of the mechanisms of
interaction with the host epi-
thelium, provides a valuable
tool in the study of Aeromo-
nas '  pathogenicity (Graf,
1999). On the other hand, the
critical steps in the pathogen-
esis of virulent strains involve
the adhesion and colonization
of the intestinal mucosa by
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RESUMO

Descrevem-se as descobertas ultraestruturais produzidas
pela interação de duas cepas de Aeromonas caviae com a
mucosa intestinal de rato. Uma das cepas foi isolada de um
paciente assintomático e a outra de um paciente com diar-
réia. Ambas foram inoculadas por separado em pequenos ci-
lindros fechados de intestino delgado de rato, os quais foram
incubados em cultivo de meio de Eagle. Os cilindros intesti-
nais foram divididos em dois grupos, um foi cultivado por

24h e o outro por 48h. Amostras de estes cultivos foram pro-
cessadas para microscopia de luz de alta resolução e
microscopia eletrônica de transmissão. A cepa isolada do pa-
ciente assintomático mostrou alterações menores na mucosa
intestinal, de acordo aos diferentes períodos de incubação;
enquanto que a amostra obtida do paciente com diarréia pro-
duziu sempre severos efeitos enteropatológicos.

Aeromonas. As there is scarce
information about the interac-
tion between the host and
Aeromonas spp., the present
focuses in the analysis of the
mechanism causing the patho-
genicity of A. caviae in co-
cultures of isolated bacteriae
with intestinal cells, using
high resolution light micros-
copy and transmission elec-
tron microscopy.

Materials and Methods

Bacterial strains and growth
conditions

Two strains of Aeromonas
caviae were used, one (A)
isolated from an asymptom-
atic patient and the other one
(D) from a patient with diar-
rhea in which the isolated
Aeromonas was the only en-
teropathogen. The strains
were inoculated in trypticase
soya agar (HIMEDIA Labora-
tories Ltd., Bombay, India
400 086) at a concentration of
1.5×108 CFU/ml and incu-
bated for 24h. After incuba-
tion the media were gently
filtered and the corresponding
Aeromonas strain resuspended
in 1ml Basal Medium Eagle
(BME).

Tissue culture procedure

Segments of the small in-
testine were removed from
the abdominal cavity of
young adult NMRI mice to
prepare small intestine cylin-
ders of ~3cm in length that
were sterilized with a 10%
chlorine solution. One end of
each intestinal cylinder was
tied with sterile surgical
thread and the cavity was
filled with 1.5×108 CFU/ml of
a given one of the two Aero-

monas strains sus-
pended in BME. After
filling, the cylinders
were tied close with
surgical thread. The
whole preparations
were co-cultured in
50ml of tissue culture
media containing 90%
BME with Earle's salts
and L-glutamine, 10%
horse serum, 5000IU/ml
penicillin and 5mg/ml
s t r e p t o m y c i n ,
360mOsm, pH 7.2, at
37ºC, under constant
rotation at 70rpm, for
24h and 48h. During
the incubation period,
the media were oxy-
genated every 4h dur-
ing daytime. Control
small intestine cylin-
ders were cultured for
48h under the same
conditions but without
Aeromonas inside.

Once the pro-
grammed culture time
was accomplished, the
intestinal cylinders
were removed from
the flasks and immedi-
ately immersed in a
fixing solution contain-
ing 3% glutaraldehyde
and 3% formaldehyde
in 0.1M cacodylate
buffer, pH 6.3 (Pala-
cios-Prü and Mendoza-
Briceño, 1972) during
6h at 4ºC.

Figure 1. Large clusters of Aeromonas occupied the in-
testinal crypts when the co-cultures were prepared using
the strain D, which comes from symptomatic patient.
Note the high degree of tissular lysis. Bar: 9.4µm.

Figure 2. A case of mild damage of the small intestinal
epithelium produced when the asymptomatic strain (A)
was co-cultured during 48h. Well-aligned enterocytes can
be seen, with a few of them exhibiting a dark content
indicating cellular atrophy. The arrow points at an
exocytic fragment. Bar: 24.0µm.

The intestinal cylinders
were cut in small sections of
approximately 3mm3, washed
in 0.1M cacodylate buffer, pH
7.2, and postfixed for 24h in
1% osmium tetroxide pre-
pared in the same buffer. The
tissue was then dehydrated in
ascending concentration etha-
nol solutions, followed by
propylene oxide and finally

embedded in Epon 812. Sec-
tions of 1µm were stained
with 1% toluidin blue and ob-
served under a high resolution
light microscope. Sections of
90nm were contrasted with
uranyl acetate (Watson, 1958)
and lead citrate (Reynolds,
1963) using a modification of
this classic method (Palacios-
Prü et al., 1981) and were

analyzed using a
Hitachi-7000 transmis-
sion electron micro-
scope.

Results

Light microscopical
observations revealed a
varying degree of histo-
logical alterations of
the intestinal wall, ac-
cording to the severity
of the damage. The ma-
jor tissue damage is
shown in Figure 1,
where a large bacterial
cluster can be seen oc-
cupying the crypts be-
tween intestinal folds.
In most cases, the in-
testinal wall showed a
high degree of general-
ized cellular atrophy
with tissue lysis when
the diarrhea producing
strain (D) was used.
These images were
seen at 24h as well as
at the 48h samples of
incubation.

In cases of moderate
damage, the basic cy-
toarchitecture of the in-
testinal mucosa was
preserved and it was
possible to recognize
enterocytes, mucous
cells and germinative or
mother cells (Figures 2
and 3). The villi as
well as the majority of

the crypts were seen, although
some of them were shorter
and thicker (Figures 2 and 3).
These mild damages were
caused when the strain A
from the asymptomatic spe-
cies was employed for the co-
culture.

Microvilli were seen form-
ing part of the apical surface
of the enterocyte as well as
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cytoplasmic protrusion that
come from the apical portion
of the enterocytes (Figure 4).
Some segments of the intesti-
nal cylinder co-cultured with
Aeromonas strains showing a
higher degree of alterations
contains clusters of spheroi-
dal cells associated to bacte-
rial elements (Figures 3 and
6).

Transmission electron mi-
croscopy revealed minor alter-
ations of the intestinal mu-
cosa when the strain from as-
ymptomatic patients (A) was
co-cultured. Most enterocytes
were seen with typical ultra-
structural characteristics, how-
ever, they showed numerous
apical protrusion detachments
(Figures 2 and 4). In more

damaged regions, there was a
progressive atrophy of the
epithelial cells showing loss
of microvilli and large cellu-
lar vacuoles loaded with cel-
lular detritus (Figure 5).

In the intestinal regions
having intermediate epithelial
alterations, globular cells
identified as blood and lym-
phatic cells were observed in
the gut lumen associated to
Aeromonas and cellular debris

(Figures 3 and 6). Eosinophils
were seen with multilobular
nuclei and their characteristic
lysosomes with crystal-like
structures (Figures 7 and 8).
In Figure 8 phagocytated
Aeromonas within the eosino-
philic cytoplasm are clearly
visible.

Cells identified as lympho-
cytes (Figure 7) and others as
plasma cells (Figure 9) were
also observed as part of the
clusters of globular cells
found in the small intestine
cylinder lumen after two days
of culture.

In Figure 10 an image is
shown of a cylinder of small
intestinal segment incubated
for 48h using the same cul-
ture conditions but without
Aeromonas in its lumen, with
the purpose to compare the
control cylinders to the ones
co-cultured with the bacteriae.
No atrophic cells are seen
and there are no visible epi-
thelial protrusions, extraepi-
thelial cells nor microulcer-
ations of the intestinal wall.
The villi and crypts show mi-
nor changes due to the cul-
ture conditions.

Discussion

Although the genus Aero-
monas shows high levels of
virulence expressed by sev-
eral factors according to
some authors (Joseph, 1993;
Kirov et al., 2000; Neves et
al., 1994), its capability to
produce gastrointestinal ill-
ness has been underestimated
since its precise mechanism
of pathogenicity is not well
known. The different clinical
manifestations of the diar-
rheas associated with Aero-
monas spp. are caused by a
combination of several viru-
lence factors (Tso and
Dooley, 1995). Chakraborty
et al. (1984) reported that the
presence and/or production of
virulence determinants can
vary in different Aeromonas
strains, depending on genetic
and environmental factors.
Joseph and Carnahan (2000)
elaborated a theory based on
the idea that only specific
subsets of Aeromonas strains
are pathogens to humans and

Figure 4. Enterocytes show almost normal ultrastructural
characteristics at 24h of co-culture when the asympto-
matic strain (A) was employed. The main pathological
feature observed in these cultures is the presence of
exocytic detachments (arrow). The enterocytic epithelial
cell, cytoplasm and microvilli also have normal ultra-
structural features. Bar: 1.0µm.

Figure 3. In addition to the exocytic detachment frag-
ments (straight arrows), clusters of extraintestinal cells
close to the epithelium are also seen (curved arrow).
Some Aeromonas (circle) are present. Note that bacterial
cells are not in contact with the enterocytes. Strain A
was used co-cultured. Bar: 24.0µm.

Figure 5. After 48h, the co-cultures prepared with strain A,
the enterocytes showed large vacuoles (V) loaded with cy-
toplasmic debris (ECI; ECII) as seen in this photograph.
Note the significant reduction of the microvilli. Bar: 1.0µm.

Figure 6. In all analyzed cases, the Aeromonas (straight
arrow) are not seen attached to the surface of enterocytes
that, while showing show a significant reduction of mi-
crovilli, have preserved their glycocalix cover (curved ar-
row). Bar: 0.4µm.
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explained the contradictions
of the pathogenicity of this
genus.

More recently, a toxin (Atc)
produced by an A. hydrophila
strain was reported to induce
intracellular signaling for
apoptosis of intestinal epithe-
lial cells (Galindo et al.,
2004). Little information ex-
ists on the ultrastructural as-
pects of the interaction be-
tween the host and Aeromo-
nas in the gastrointestinal
tract. The analysis of the mor-
phological alterations pro-
duced by enteric infections is
a useful tool to evaluate bac-
terial pathogenicity, as has
been demonstrated in the
study of the pathogenic
mechanisms involved in bac-
terial infections of Vibrio
cholerae, Shigella, Salmonella
and Yersinia (Polotsky et al,
1994).

The experimental model
employed in this study using
co-cultures of mouse intesti-
nal mucosa with Aeromonas
caviae revealed important in-
formation on the pathogenic-
ity of this species in gas-
trointestinal infections. The
strain A, isolated from the as-
ymptomatic patient, produce
minor to mild alterations of
the intestinal wall, while more
pronounced alterations were
found at both periods of incu-
bation when strain D, from

the patient
with diarrhea,
was used to
prepare the
co-cu l tu res .
The damage
produced was
demonstrated
by the alter-
ation of the
integrity of
intestinal mi-
crovilli, dis-
ruption of the
e p i t h e l i u m
and presence
of mucosal
m i c r o u l c e r -
ations, which
were brought
about by the
fact that this
strain is a
high cytotoxin
producer and
may possess
other viru-
lence factors
as well (Kirov
et al. , 1999,
2000; Merino
et al., 1996).

T h e s e
strains belong
to the A. ca-
viae  species
and were con-
sidered of

Figure 10. A control small intestine cylinder incubated
without Aeromonas during 48h. Note the well preserved
villi and cryptae as well as the absence of atrophic
enterocytes and epithelial protrusions. Extraepithelial
cells are not seen. Bar: 24.0µm.

Figure 7. Among the globular cells located in the in-
testinal lumen of the co-cultures prepared using strain
A from the asymptomatic patient, abundant eosino-
philic granulocytes (E) were found. Numerous cyto-
plasmic lysosomes containing crystal-like inclusions
characterize these cells and nuclear lobules are also vis-
ible. Profiles of Aeromonas (arrow) are detected outside
the eosinophilic cells. Lym: lymphocyte. Bar: 0.5µm.

Karunakaran and Devi, 1995).
The pathogenicity of Aeromo-
nas has been confirmed in the
present study and its viru-
lence has been corroborated
as strain-specific and not spe-
cies-specific. Among other
factors, Chakraborty et al.
(1984) demonstrated through
the cloning of the enterotoxin
gene of a strain of Aeromonas
spp., that the enterotoxic, cy-
totoxic and haemolytic char-
acteristics of these strains
were determined by different
genes located in three differ-
ent segments of the bacterial
genome. As described in other
bacterial genera, the size of
the inoculum is important
(Polotsky et al., 1994) and, as
shown in the present analysis,
more lesions of the epithe-
lium were seen when
bacteriae isolated from the
symptomatic patient were
used.

When the intestinal epithe-
lium lesions were observed
no bacteriae adhered to the
cells were seen, indicating
that direct bacteria-epithelial
cell contact was not required
for tissue alterations; on the
contrary, it seems that Aero-
monas triggers a chemotactic
response which activates mi-
gratory actions to the lym-
phatic cells from the adjacent
lymphatic plaques. Chemotac-
tic substances and the endo-
toxins released by Aeromonas
could stimulate the production
of histolysin, which enables
the eosinophilic granulocytes
and mononuclear cells to pha-
gocytose bacteria in the intes-
tinal cavity.

The lymphatic submucous
plaques and the autonomous
defensive structures are able
to act in culture conditions
even in the absence of circu-
latory blood elements, bone
marrow cells or other lym-
phatic organs. Among the de-
fense elements that migrate in
answer to the chemotactic
stimulus are the eosinophilic
granulocytes, which have
been reported to participate
only in parasitic diseases. In
the present report their capa-
bility to defend intestinal cells
against bacterial aggressions
(Gil-Castro et al., 1991; Pers-

Figure 8. Within the cytoplasm of eosinophils, Aeromo-
nas (A) could be observed in association with the lyso-
somes, indicating the phagocytic capability of these
cells. N. nucleus. Bar: 0.7µm.

Figure 9. Plasma cells were other lymphatic elements
frequently observed in the lumen of clustered cells. In
this particular case, note the proliferation of the rough
endoplasmic reticulum. Bar: 0.4µm.

have demonstrated that A.
caviae could cause illness in
humans (Pal et al. , 1992;

lesser virulence than other
strains of this species (Abbott
et al., 1992). Several studies
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son et al., 2001) is ultrastruc-
turally documented.

The strain isolated from the
patient with diarrhea produced
important alterations in the
intestinal mucosa, indicating
its enteropathogenic potential.
This strain is a cytotoxin pro-
ducer and, as has been
pointed out for Shigella, a
correlation exists between the
severity of the lesions of the
mucosal membrane and the
toxigenicity of a particular
strain (Polotsky et al., 1994).
It is concluded that the genus
Aeromonas has great entero-
pathogenic potential, although
additional studies are neces-
sary to know more about the
pathogenicity of other
Aeromonas strains.
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