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V. cholerae. A mannose-sensitive lectin-like adhesin produced by 
motile Aeromonas strains was shown to coagglutinate with some 
Salmonellae 3 Whether this can be of importance in the course of 
Aeromonas- or Salmonella-associated intestinal infections re- 
mains to be investigated. 
Strains of Aeromonas were found to adhere to rabbit brush 
border cells and rabbit intestines in low numbers 14, whereas 
human Aeromonas isolates adhered in high numbers to isolated 
human intestinal cells (M. Lindahl, ,~. Ljungh, unpublished). 
Furthermore, human and animal Aeromonas isolates commonly 
express pronounced surface hydrophobicity in contrast to 
strains isolated from water and shellfish which are often sur- 
rounded by a slimy, hydrophilic material. 
In summary, Aeromonas strains produce surface proteins of 
fimbrial and non-fimbrial nature which can represent surface 
adhesins with different host specificity in analogy to the plethora 
of E. coli adhesins. They can also be involved in determining the 
level of adhesion in the gut. 

Conclusions 
The role of fl-hemolysin in soft tissue infection is well estab- 
lished. In diarrheal disease, however, correlation to biotype is 
circumstantial and no correlation between presumptive virul- 
ence factor and infection has been shown. In animal feeding 
experiments as well as in human volunteer studies Aeromonas 
strains with defined characteristics failed to induce diar- 
rhea 16,19, 20. 
Aeromonas intestinal infection may present as 1) toxigenic, rice- 
water, small intestinal diarrhea, 2) classical dysentery involving 
the large intestine, or as 3) combinations of the two extremes. It 
is likely that surface characteristics determine the level of adhe- 
sion and that the production of toxins and enzymes determines 
the severity of disease. Certain combinations of toxins, enzymes 
and surface factors are probably crucial for establishing infec- 
tion. To study this, wild type strains and a panel of mutants 
devoid of selected virulence factors must be characterized and 
tested in appropriate models. 
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Case reports and epidemiological studies 6 suggest that Aero- 
monas spp- may cause diarrhoea. Identification of virulence fac- 
tors has been complicated by the multiplicity of  Aeromonas 
exoproteins and lack of any experimental model for Aeromonas- 
associated diarrhoea. 
Enterotoxin production of Aeromonas spp. was suggested by 
Sanyal et alY and confirmed, using cell free preparations, by 
Wadstr6m et al. 29. Enterotoxins of Aeromonas spp. may by cyto- 
toxic 23 or cytotonic 24 (table). 

Cytotonic enterotoxin 
Ljungh et alJ 9 reported that Aeromonas spp. produce a heat-la- 
bile cytotonic enterotoxin (MW about 15 000) which produces 
fluid accumulation without mucosal damage in ileal loops of 
rabbits, rats and mice but not in suckling mice. Like cholera 
toxin (CT), this enterotoxin is cytotonic in Y 1 cells and increases 

intracellular cAMP but it does not cross-react immunologically 
with CT~9; it is not cytotoxic or haemolytic. 
Chakraborty et al. 8 have cloned an Aeromonas cytotonic enter- 
otoxin without haemolytic or cytotoxic activity which, unlike 
the enterotoxin described by Ljungh et alJ 9, is positive in suck- 
ling mice. There was no DNA homology between the Aeromonas 
cytotonic enterotoxin and E. coli LT or ST. 
While some laboratories have found no cross-reactivity between 
Aeromonas exotoxins and CT 2'23 others have reported neutral- 
isation of Aeromonas enterotoxin by antiserum to CT or 
LT12,16, ~7. More recently cross-reactivity between CT and Aero- 
monas exotoxin, in systems such as ELISA, has been re- 
ported 7, i4, 27. 
We have now purified this CT cross-reactive material using 
affinity chromatography 24. This protein produces fluid accumu- 
lation in rat ileal loops and infant mice and is cytotonic in Y1 
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MW Suckling mice Ileal loops Cytotonic Cytotoxic Haemolytic CT-cross reaction 

Cytotonic > 27000 + + + - - + 
Cytotoxic 63 000 + + - + + - 

cells. Like CT, it inhibits platelet aggregation, an effect depen- 
dent on elevation of intracellular cAMP 13. Using SDS-PAGE, 
molecular weight was estimated to be greater than 27,000 Da, 
possibly with separation into subunits as reported for LT in a 
similar system ~~ H 
Like the cytotonic enterotoxin cloned by Chakraborty et al. 8, the 
toxin we isolated caused fluid accumulation in suckling mice. 
However, those authors found no D N A  homology with LT 
while we found cross-reactivity with CT which is well recognised 
to be similar to LT immunologically. The lower molecular 
weight cytotonic enterotoxin described by Ljungh and Krone@ 9 
did not cross-react with CT and was negative in suckling mice. 
We isolated the CT cross-reactive toxin by affinity chromato- 
graphy and it is possibile that  there may be other cytotonic 
enterotoxins of Aeromonas spp. not  cross-reactive with CT. 
In a study of 201 Aeromonas spp. isolated from faeces of children 
with or without diarrhoea, CT cross-reactive material detected 
in ELISA was found in 25.8% of  A.sobria, 20.0% of  A.hydro- 
phila and 24.3 % of A. eaviae 24. This contrasts with the findings 
of Shimada et al. ;7 who reported CT-like activity in A. hydro- 
phila, a classification which would include A. sobria and A. hy- 
drophila 2~, but not in A. caviae. Most strains positive in ELISA 
also produced cytotoxin and, overall, diarrhoea correlated with 
production of  cytotoxic, not  cytotonic toxin 24. Of 11 strains of 
non-cytotoxic A.caviae positive in ELISA, one was isolated 
from the same faecal specimen as Salmonella spp. in a child with 
diarrhoea but the other 10 children had no diarrhoea. These 
findings suggest that  the CT cross-reactive toxin alone is not  a 
virulence factor in Aeromonas spp. 

Cytotoxic enterotoxin 
Several reports have documented correlation between haemo- 
lysis, cytotoxicity and enterotoxicity of Aeromonas spp. 3'9'18. 
However, haemolysins of Aeromonas spp. without enterotoxic 
activity have been described 2t. We used affinity chromatography 
with monoclonal antibodies to characterise the cytotoxin of 
Aeromonas spp. 23. In SDS-PAGE the purified exotoxin gave a 
single protein band (MW 63 000) which showed no immunolog- 
ical cross-reactivity with CT. This protein caused fluid accumu- 
lation in rat ileal loops and infant mice, was cytotoxic in cell 
culture and produced haemolysis of human erythrocytes. These 
activities were heat-labile. 
These properties were similar to those described by Hostacka et 
al. ~5 and Asao et al. 1 for Aeromonas cytotoxin purified using 
biochemical techniques and are consistent with haemolytic, 
cytotoxic and enterotoxic activity as properties of a single pro- 
tein. 
The failure of Ljungh et al. 2~ to find enterotoxicity associated 
with the Aeromonas haemolysins they isolated is unexplained. 
One problem in interpreting their results is in their reports of 
negative suckling mouse tests. Other laboratories have found 
suckling mouse tests positive with Aeromonas cytotoxic 2' 3,18,28 
and cytotonic 8' ~4.24 enterotoxins and the reason for this discrep- 
ancy is not clear. 
In our experience, cytotoxic enterotoxin is most commonly asso- 
ciated with A. sobria, less frequently with A. hydrophila and not 
with A. caviae 4. Most children with Aeromonas-associated diar- 
rhoea have A. sobria isolated; A. hydrophila is the predominant  
species isolated from water s. We find A. caviae with about  equal 

frequency in children with and without diarrhoea and we would 
agree that  A. caviae is of low virulence, as previously suggested 2a. 
Our data imply that  cytotoxic enterotoxin is more likely than 
cytotonic enterotoxin to be a virulence factor in Aerornonas-as- 
sociated diarrhoea. No doubt  other potential virulence factors 
such as invasiveness and colonisation factors must also be con- 
sidered. 
Clarification of the relative importance of these cytotonic and 
cytotoxic enterotoxins needs the availability of a simple experi- 
mental model for Aeromonas-associated diarrhoea. 
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