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SUMMARY

Live Aeromonas hydrophilia suspension was injected into the rabbit ileal loops
(RIL) and changes observed after half an hour, then hourly upto eight hours
and finally at 18 hours. Fluid accumulation started from four hours and con-
tinued at a steady speed. Obliteration of mucosal folds and a grey-white exudate
covering the mucosa were the main naked eye changes. Microscopic changes
mimicked those of invasive diarrhoeas. There were necrosis of the villi, acute
inflammatory cellular infiltrate mainly in the lamina propria and the subm'ucosa,
oedema of the submucosa and superficial invasion of a few gram negative
bacilli. These observations indicate that enterotoxin, cytotoxin and the invasive
properties of A. hydrophilia are all responsible for the production of diarrhoea.

INTRODUCTION

Aeromonas hydrophilia is a gram negative, polarly flagellated bacilli of
aquatic environment belonging to the family Vibrionaceae (Schubert, 1974).
It produces a number of diseases in animals and human beings (Kaper
et al. 1981). Of the human diseases caused by this bacteria, gastroenteritis
ranks the top position (Rosner, 1964; Graevenitz and Mensch, 1968; Davis
et ai, 1978; Rahman and Willoughby, 1980; Pitarangsi et ai, 1982). The im-
portant toxins of A. hydrophilia include an enterotoxin, a haemolysin and a
cytotoxin along with the usual endotoxin of the gram negative organisms
(Burke et ai, 1981; Ljungh and Kronevi, 1982; Ljungh and Wadstrom, 1982).
Different experiments have proved the enteropathogenecity of this bacteria
(Annapurna and Sanyal, 1975; Annapurna and Sanyal, 1977; Ljungh and
Kronevi, 1982; Pitarangsi et ai, 1982). The rise of c-AMP level in the intestinal
epithelial cells by the enterotoxin is held responsible for the fluid secretion
in the lumen (Dubey et ai, 1981; Ljungh et ai, 1982). Partially purified ente-
rotoxin of A. hydrophilia caused fluid accumulation in the RIL but no signifi-
cant morphological change in the intestine where as alpha and beta haemolysins
gave negative results in the loop test but caused severe mucosal injury (Ljungh
and Kronevi. 1982). Pitarangsi et al in 1982 found cytotoxic strains of A.
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hydrophilia capable of causing epithelial damage in their experiments performed
after seven hours of inoculation in the RIL. Bacteria were found below the

intact epithelium. These indicated that bacterial invasiveness and cytotoxin
may also have important role in the pathogenesis of diarrhoea produced by
A.. hydrophilia. This study was carried out to see the sequential morphological
changes and the nature and extent of gut wall damage by an enterotoxigenic
strain of A. hydrophilia.

MATERIALS AND METHODS

The experiment was based on RIL technique devised by De and Chatterjee
in 1953. Two healthy adult New-Zealand rabbits were used at a time
for each experiment. A total 22 rabbits were used. There was no sex
preference in selecting the rabbits. Their weight varied between 1.6 to
2.5 kg (Mean 2.03:i::0.29 kg). After starvation for 24 hours the rabbits 'were

anaesthetised with intravenous pentobarbitone (0.5 m]/kg of body weight).
Maintaining aseptic precautions, terminal ileum was pulled out through a small
laparotomy incision. Two intestinal loops, each approximately 10 cm long,
were made using silk thread sparing five cm of the intervening intestine.
Care was taken not to ligate or injure any visible blood vessels. The length
of the loops varied because of the placement of the ligatures. Thus the
length of the test loops ranged from 6.0 to 18.0 cm (Mean 10.05::1:2.42 cm)
and the control loops were from 7.0 to 14.0 cm (Mean 9.90::!:1.73 cm). The
distal loop, used as the test loop, was inoculated with one ml of broth

culture of A. hydrophi/ia into the lumen. The proximal loop was injected with
one m] of sterile norma] saline and this acted as the control loop. The loops
were then returned to the abdominal cavity and the laparotomy wound was
closed. Two animals were sacrificed after half an hour then hourly upto
eight hours and finally at ]8 hour using one ml of in tra venous pentobarbitone

per kg of body weight. At autopsy t~e loops were dissected from the mesentery.
The amount of distension, the length of the loops and its appearance were
noted. Quantity of the accumulated fluid was measured. Opening longitudinally
along the anti mesenteric border, naked eye appearance of the mucosa specially
any ulceration, necrosis, congestion, eXJ,Jdate etc. were noted from which

transverse sections were taken. In the absence of changes, five random samples
were taken from the test and control loops. Same procedures were employed
on two other rabbits using culture filtrates of Vibrio cho/erae strain 569 8.
The sections were tben processed for paraffin impregnation and stained with
Haematoxylin and Eosin, Periodic acid-Schiff (PAS) and Gram's stain for bacteria
in the tissue (Brown and Brenn, 193n.
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The bacteria: The strain of bacteria (F-13) used was obtained from the Inter-
national Centre for Diarrhoeal Disease Research, Bangladesh. These were
isolated from body ulcers of sweet water fish employing standard procedures
(Schubert, 1974). This strain of bacteria produced important toxins like enter-
otoxin, haemolysin and cytotoxin. Two milliIitre of nutrient broth was in-
oculated with a colony of A. hydrophilia. It was then incubated at 37°C for
two hours. At this stage the broth contained roughly 106 bacteria per mI. It
was then ready for use.

RESULTS

Fluid accumulation started from four hours in the test loops and in-

creased gradually with the peak ,at 18 hours. The ratio of the volume of fluid
accumulated and the length of the loops (VjL) were calculated. The .VjL in
all the control and negative test loops were O. In the positive test loops this
ranged from 0.60 to 1.87. This is shown in Table 1. The character of the
accumulated fluid was clear but slightly slimy in the four and five hour
specimens. It was watery in the specimens from the sixth hour onwards.
Slight adhesion of the loops and loss of serosal lustre was observed from
the sixth hour. In the I~ hour specimens, the test loops were intensely con-
gested. On naked eye examination the mucosa appeared normal in all the
control loops and the negative test loops. The positive test loops showed
disappearance of the mucosal folds with the increase in degree of fluid accu-
mulation. Fibrinopurulent exudate covered the mucosal surfaces after six hours
in the test loops. This exudate was dirty white in colour and could be easily
scraped off. No recognisable ulcer was seen.

Table-I: Average of the V/L in the test and the control loops.

Hours Test loop Control loop

t 0 0
1 0 0
2 0 0
3 0 0
4 0.60 0
5 0.98 0
6 0.67 0
7 1.07 0
8 1.13 0

18 1.87 0
-

11



...

Bangladesh Med. Res. Counc. Bull. June, 1986

The light microscopic examination revealed no significant change in all
of the control loops (Fig. 1) and test loops upto three hours except slight
increase in the round cell population within tb~ lamina propria and some

Fig. 1. Histological section of control loop after six hours showing normal
appearing villi and slightly dilated lacteals (H & E, X 110).

dilatation of the lacteals. Following changes were seen in the positive test
loops: A layer of fibrinopurulent exuda te covered the mucosa of the test
loops from four hours onwards. Colonising bacilli were seen along the mucosal
lining and within the exudate. Flattening of the villi and the mucosal folds
were observed from the fifth hour. Coagulation necrosis was detected first

in the four hour specimen. It affected mainly the villous tips and the crypts.
The necrosed tissue later on sloughed off leaving minute ulcers (Fig. 2 & 3).
The glycocalyx was interrupted and the mucin content of the goblet cells
were depleted as seen in the PAS stain. These changes were patchy and
were markedly present after the seventh hour. The enterocytes showed haphazard
arrangement. The lamina propria contained increased number of round cells,
mostly lymphocytes, plasma cells and macrophages. In addition, there were
some neutrophils and eosinophils which increased appreciably in the later
specimens. Macrophages were aggregated in granuloma like collections in the six,
seven and eight hour specimens. The Peyer's patches in an eight hvar specimen
contained many microabscesses consisting of neutrophils and many eosinophils.
Oedema in the submucosa, eosinophilic infiltration in the muscle coat and
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Fig. 2. Histological section of test loop
after. six hours showing exudate,
ulcer and oedmatous submucosa

( H & E, X 110).

Fig. 3. Histological sectioOJ of test loop
after six hours showin~ villous tips
infiltrated by polymorphs and early
necrosis ( H & E, X 495)

peritonitis were first observed in the four hour test loops. All these in-
creased with time. The 18 hour loops showed infarction involving whole
thickness over large areas. [n addition to changes seen in the earlier speci-
mens, there were haemorrhage in the wall and thrombi in a few of the peritoneal
blood vessels. The changes from four hours in the test loops are shown

ij the Table-II.
Gram's stain of the positive test loops revealed some gram negative bacilli

adehring to the epithelial cells and a few invading the epithelial cells. Very
occasional bacilli were seen below the epithelial layers.

DISCUSSION

Aeromonas hydrophi/ia produces an enterotoxin which should explain the
diarrhoea (Burke et aI, 198I). But other toxins such as cytotoxin and
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traluminal pre;sure because greater amount of fluid accumulation in the loops (V/L
> 1.0) injected with culture filtrate of Vibrio cholera/! strain 569 B failed to show
such changes even after 18 hours. Increased rate of destruction of the surface
epithelial cells than the regenerative capacity at the crypts may explain the flat-
tening. The glycocalyx is the layer that comes in direct contact with the luminal
contents and thus in our study their destruction was possibly an early change
that preceded the epithelial damage. Endotoxin of coliform bacteria is thou-
ght to be responsible for the damage of glycocalyx in tropical sprue (Klip-
stein, 1976) This may also be true for our present observation. Depletion
of mucin content of the goblet cells was presumably due to secretory exhaus-
tion. Changed morphology of the columnar epithelial cells may be due to the
dual action of the cytotoxin and the increased intraluminal pressure which
should also explain the coagulation necrosis and ulcers. The bacteria by in-
vasion into the epithelium and subepithelial layer may have released a cyto-
toxin which produced the changes. Alternatively the cytotoxin diffused into the
epithelium and caused the damage. The acute inflammatory changes Seen
in our experiment resemble those seen in shigellosis (Manson-Bahr and
Apted, 1982).

The granuloma like arrangement of macrophages was most striking in the
six, seven and eight hour specimens. Macrophages usually come in the later
stage of acute inflammation. True granulomas are the features of some chronic
inflammation. [n this experiment the early accumulation of the macrophages
requires further investigation. Infarction seen in the 18 hour test loop may
be due to thrombosis in the serosal blood vessels. Possible factors that led

to thrombosis in this case were peritonitis, localised Swartzmann phenomena
and some bacterial products. Invasiveness of bacteria seen in Gram's stain of
tissue was not conclusive. Possibly the strain of bacteria used had low invasive
property.

Three limited studies on the histology of rabbit ileal loops inoculated
with live A. hyJrophilia or their toxins are available. Annapurna and Sanyal
(1977) tested fifty strains of A. hydrophilia isolated from various sources.
They examined the loops histologically after six hours. Live bacterial sus-
pension and culture filtrates did not show any significant change other than
reduction of goblet cells and mild mononuclear leukocytic infiltration. In
another study carried out by Pitaraogsi el al. in 1982, eight out of nine
cytotoxic strains of A. hydrophilia caused epithelial damage in the villi, poly-
morphonuclear infiltration and bacterial invasion in the subepithelial tissue. The
non-cytotoxic strain resulted neither fluid accumulation nor any epithelial
damage. They examined the loops at seven and 18 hours after inoculation
with live A. hydrophilia. Our present study has many findings in common with
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tbat carried out by Pitarangsi et al. Epithelial damage and acute inflamma-
tory changes were found from four hours in our experiment. These were
of similar intensity after seven hours as described by Pitarangsi e( al. However,
bacterial invasion was doubtful in the present study which could be due to
poor invasive properties of the strain used. No granuloma like lesions, in-
farction or thrombosis were mentioned by Pitarangsi et al which were seen
in our study. The study by Ljungh and Kronevi (1982) with enterotoxin of
A. hydrophi/ia on RIL revealed no significant change in the mucosa after six
hours. After 18 hours of incubation, the crypt.; were destroyed, villi de-
formed and epithelial cells desquamated which they thought were due to high
pressure within the loop. Exposure to Aeromonas beta-haemolysin resulted in
haemorrhagic enteritis characterised by congestion of the wall, destruction
of crypts, deformation of villi, desquamation of intestinal epithelium and hae-
morrhage.

Summing up the findings of the previous experi mentors and our present
study, we can conclude that the enteropathogenecity of A. hydrophilia is due at-
least to three factors. Enterotoxin causes fluid accumulation. The cytotoxin
and the invasiveness of the bacteria produce cytodestruction and acute in-
flammatory changes. Although the above mentioned factors cause lesions in the
intestine of experimental animals, their rolc and the morphological changes in
human Aeromonas diarrhoea is still not known. Intestinal biopsies in diarr-
hoeal patients from whom A. hydrophi/ia has been isolated as a probable pa-
thogen are required to come to a final opinion.
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