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Summary:

Tests for various virulence factors, such as production of haemolysin on sheep
blood agar plate, cytotoxin on HeLacell line and enterotoxin in GM-1ELISAand suckling
mouse assay model, were done among the various strains of Aeromonas spp., Vibrio
spp., Plesiomonas shigelloides and Esch. coli isolated from fresh water fish samples.
Invassive properties of the isolates were also seen by using Sereny test.

Haemolysin production was observed in 85.7% of Aeromonas, all (100%) of
Vibrios, 13.3% of Esch. coli and none (0%) of P. shigelloides strains. Cytotoxin
production was demonstrated in 60.8% of Aeromonas, 38.4% of Vibrios and none (0%)
of P. shigelloides and Esch. coli strains. About 8% of Vibrio spp., were found positive

for LTin GM-1 ELISA method whereas, none of the _Aeromonas spp., Plesiomonas and
Esch. coli. strains were found positive for LT and ST in GM-1 ELISA. By suckling mouse
assay model 43.4% strains of Aeromonas were found positive for enterotoxin

production whereas, strains of Vibriospp., Plesiomonasand Esch. coliyielded negative
results. Sereny test for invassive property was found negative in all the strains tested.

The isolates from fish possess various virulence factors which contributes for

pathogenicity in order to cause various diseases to susceptible individual.

Introduction:

The role of Aeromonas spp., Vibriospp., Plesiomonas shig&/Ioidesand Esch. coli as
human pathogens has been demonstrated elsewhere by the different workers as because
many of these organisms producedifferentextracellularenzyme complexes~toxins which are
thought as virulence factors. To determine the pathogenicity of the strains of Aeromonas,
Vibrio, Plesiomonas and Esch. coli isolated from fish samples, we have studied various
virulence properties such as production of haemolysin, enterotoxin, cytotoxin and
invassiveness in various assay models.

Materials and Methods:

The isolated strains of Aeromonas spp., Vibrio spp., Plesiomonas shigelloides and
Esch. coli inthe present study were testedfortoxin production. Detectionof haemolysin were
tested in 7% sheep blood agar plate1.2.Testing of labile toxin (LT) was done by GM-1 ELISA
method3whereas Suckling mouse assay model4and GM-1 ELISA methods5were used for
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detection of stable toxin (ST). Culture filtrates which are positive for stable toxin in infant

mouse assay modelwere re-testedfor enterotoxigenicityafter heating at 60°Cand 1OO°Cfor
20 minutes to see the effect of temperature on stable toxin's enterotoxic activity2,6.

The cytotoxin assay was performed with culture filtrates in HeLa cell line according to
the method described by Johnson and Lior?

Sereny test for invassiveness was done in order to observe the production of any
keratoconjunctivities in guinea pig8.

Results:

Table-I showsthe haemolyticactivitiesof the strains isolated from fish samples.About
85% of Aeromonas isolates were haemolyticon sheep blood agar plateof which 62.7% were
beta-haemolytic and 23% were alpha-haemolytic. Incase of A. hydrophila 67.7% were beta-
haemolytic and 25.8% were alpha-haemolytic. The rest 6.4% of A. hydrophila were non-
haemolytic. Seventy five percent of A. sobria were beta-haemolytic as against 17.5% were
alpha-haemolytic, while the rest 7.5% were non haemolytic.Thirty percent of A. caviaewere
beta-haemolytic, 30% alpha-haemolytic and 40% were non-haemolytic.

Table-I: Table showing the haemolyticproperty of Aeromonas, Plesiomonas, Vibrioand
Esch. coli on blood agar plate.

Figures within parenthesis indicate percentage.
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Name of No. Number positive for haemolysis
Species. Tested Number

Alpha Beta Total showing no
haGmolysis

A. hydrophila 31 8 (25.8) 21 (61.7) 29 (93.5) 2 (6.4)
A. sobria 40 7 (17.5) 30 (75.0) 37 (92.5) 3 (7.5)
A. caviae 20 6 (30.0) 6 (30.0) 12 (60.0) 8 (40.0)

Total Aeromonas 91 21 (23.0) 57 (62.7) 78 (85.7) 13 (14.2)

Plesiomonas

shigelloides 28 6 (0) o (0) 0(0) 28 (100)

V. mimicus 15 0(0) 15(100) 15(100) o (0)
V. cholerae 5 0(0) 5(100) 5(100) 0(0)

V.alginolyticus 11 5(45.5) 6(54.5) 11(100) 0(0)

V. anguillarum '10 0(0) 10(100) 10(100) 0(0)

Total Vibrio 41 5(12.1) 36(87.8) 41(100) 0(0)

Esch. coli 15 0(0) 2(13.3) 2(13.3) 13(87.7)
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All the species of Vibrio except V. alginolyticus were positive for beta-haemolysis.
About 55% of V. alginolyticus were positive for beta-haemolytic and 45% for alpha-
haemolytic activity.

Strains of P. shigel/oides did not produce any haemolytic growth on blood agar plate
whereas only 13.3% of Esch. coli strains were beta-haemolytic.

Only 23 strains of Aeromonas, 7 strains of Plesiomonas, 13 strains of Vibrio and 4
strains of Esch. coli were tested for enterotoxin and cytotoxin assay.

Resultsof enterotoxin assayare given inTable-II. No labile toxin (LT) production could
be detected by GM- I ELISA method for Aeromonas, Plesiomonas and Esch. coli. By this
method 33.3% of Vibrio cholerae non-01 were positive for LT production, whereas other
species of Vibrio i.e., V. mimicus, V. alginolyticus and V. anguil/arum were negative for LT
production. Tests for stable toxin (ST)weredone by GM-1 ELISA and Suckling mouse assay
mode!. All the 23 strains of Aeromonas, 7 strains of Plesiomonas, 13 strains of Vibrioand 4

strains of Esch. coligave negative result for ST production by GM-1 ELISA method whereas,
10 out of 23 strains of Aeromonas yielded positive result in suckling mouse assay. Seven
(70%) out of 10 A sobria, 3 (37.5%) out of 8. A hydrophila and none of the A caviaewere

toxin producing inthis model.The Plesiomonas, Vibrioand Esch.coli tested for ST insuckling
mouse assay gave negative result.

Table -II : Results of enterotoxin assay ofAeromonas spp., Plesiomonas shigeloides, Vibrio

spp., and Esch. coli.

Figure within parenthesis indicate percentage.

88

Name of No. No.positive for enterotoxin in dittoassay Total
Species of Tested number
Organism GM -1 GM -1 Suckling positive for

ELISA ELISA mouse enterotoxin
for LT for ST assay

A hydrophila 8 0(0) 0(0) 3(37.5) 3(37.5)
A sobria 10 0(0) 0(0) 7(70.0) 7(70.0)
Acaviae 5 0(0) 0(0) 0(0) 0(0)

Total Aeromonas 23 0(0) 0(0) 10.(43.4) 10(43.4)

Plesiomonas shigelloides 7 0(0) 0(0) 0(0) 0(0)

V. mimicus 4 0(0) 0(0) 0(0) 0(0)
V. cholerae non-01 3 1(33.3) 0(0) 0(0) 1(33.3)
V.alginolyticus 3 0(0) 0(0) 0(0) 0(0)
V.anguil/arum 3 0(0) 0(0) 0(0) 0(0)
Total Vibrio 13 1(7.7) 0(0) 0(0) 1(7.7)
Esch. coli 4 0(0) 0(0) 0(0) 0(0)
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Table-III shows the result of suckling mouse assay of 23 strains of Aeromonas, 7
strains of Plesiomonas, 13 strains of Vibrioand 4 strains of Esch. coli.

Table-III: The result of suckling mouse assay of 23 strains of Aeromonas spp., 7 strains of
P. shigelloides, 13strains of Vibriospp., and 4 strains of Esch. coli.

E. coli 101104= positive control; E. coli 36000= negative control.
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Strain Species FA ratio Result Strain Species FA ratio Result
no. Mean:!:. SO no. Mean:!:. SO

64FS As. 0.104:!:.0.020 + 3G A.c. 0.0385:!:.0.0006
6S As. 0.120:!:.0.028 + 77Fs A.c. 0.049:!:.00
23Fs A.s. O. 090:!:.0. 004 + 55FS A.h. 0.052:!:.0.013
31G A.s. 0.056:!:.0.021 52S Ah. 0.0495:!:.0.0006
70G A.s. 0.120:!:.0.011 + 47FS V.alg. 0.051:!:.00
14FS A.h. 0.087:!:.0.004 + 14FS V.alg. 0.057:!:.0.004
47FS A.h. 0.054+0.012 - 41S A.s. 0.094:!:.0.003 +
24FS A.h. 0.047:!:.0.003 - 73S A.s. 0.047:!:.0.005
6FS A.h. 0.098:!:.0.004 + 34S E.c. 0.063:!:.0.006
2S A.h. 0.086:!:.0.005 + 50G A.h. 0.043:!:.0.005
37FS V.m. 0.046:!:.0.008 19F5 A.s. 0.065:!:.0.071
2FS V.m. 0.057:!:.0.004 62S V.alg. 0.050:!:.0.010
33FS V.m. 0.052:!:.0.010 - 43S V.m. 0.047:!:.0.003
68S V.ch 0.053:!:.0.008 - 38S A.c. 0.046:!:.0.005
49S V.ch. 0.059:!:.0.059 - 41G A.s. 0.104:!:.0.005 +
32FS V.ch. 0.058:!:.0.004 - 8S E.c. 0.052:!:.0.009
25G V.ang. 0.049:!:.0.011 - 62G E.c. 0.048:!:.0.002
22S V.ang. 0.053:!:.0.004 24G E.c. 0.052:!:.0.008
11G P.s. 0.046:!:.0.006 28FS A.s. 0.096:!:.0.006 +
60G P.s. 0.050:!:.0.001 33G V.ang. 0.043:!:.0.003
6FS P.s. 0.039:!:.0.006 - 14FS P.s. 0.058:!:.0.008
1S P.s. 0.041:!:.0.002 53S P.s. 0.056:!:.0.015
2S P.s. 0.049:!:.0.004 - E.coli. 101104 0.130:!:.0.013 +
11G A.c. 0.055:!:.0.009 - E.coli. 36000 0.060:!:.00
61S A.c. 0.051:!:.0.006 - B.C. 0.045:!:.0.013

key words: A.s. - Aeromonas sobria; A.h. - Aeromonas hydrophila;
A.c. - Aeromonas caviae; V.c.- Vibriocholerae non-01;
V.m. - Vibrio mimicus ..V.ang- Vibrioanguillarum
V.alg. Vibrio alginolyticus; P.s. Plesiomonas shigelloides;
E.c.- Esch. coli; B.C. Broth control.

Note: The FA (fluidaccumulation) ratiowas the weight of intestine to the remaining body weight. The
fluid accumulation ratio of each of two animals that had received 0.1 ml of culture filtrate was
determined. Resultsare expressedas meanvalues:t standard deviations for two experiments.



Bangladesh Med. Res. Counc. Bull. December 1994

The effect of heat on culture filtrate of Aeromonas spp., to provoke fluid accumulation

in suckling mouse assay is shown in Table-IV. All the 10 strains of Aeromonas spp., which

were positive before heat treatment gave negative response (gut wt.lbody wt. is less than

0.070) in suckling mouse assay. The difference in the gut wt. : body wt. ratio between pre and

post heated culture filtrate is statistically significant (P<0.05).

Table-IV: The effect of heat on culture filtrate of 10strains of Aeromonas spp., to provoke
fluid accumulation in the suckling mouse assay.

Note : The fluid accumulation ratio was the weight of intestine to remaining body weight. The fluid
accumulation ratio of each of two animals that had received 0.1 ml of culture filtrate was

determined. Results are expressed as mean values:!:. standard deviations for two experiments.

P<O.05 : compared between pre-heated and after-heated culture filtrates using Student t-test.

Table-V shows the cytotoxin activity on HeLa cell assay. As a whole 60.8% (14 our

of 23) of Aeromonas spp., were positive for cytotoxin activity but individually 90% of the A

sobria, 50% of the A hydrophila and 20% of the A caviae were positive for cytotoxin activity.

About 38% of Vibrio species as a whole were positive for cytotoxin activity. Individually 100%

of Vibrio cholerae non-01, 33.3% of V. alginolyticus and 25% of V. mimicus wera positive for

cytotoxin activity. None of the V. anguilarumshowed cytotoxin activity in HeLa cell assay. On

the other hand none of the Plesiomonas and Esch coli produced allY changes in HeLa cell

(Fig. 1 & 2).
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Strain Fluid accumulation ratio
number Species Unheated Heated at 600e Heated at 100De

Mean:1:SD for 20 min. for 20 min.

Mean:1:SD Mean :1:SD

64FS Asobria 0.104:1:0.020 0.054:1:0.006 0.054:1:0.010

6S A sobria 0.120:1:0.028 0.054:1:0.002 0.051:1:0.014

23FS Asobria 0.090:1:0.004 0.047:1:0.003 0.047:1:0.005

70G A sobria 0.120:1:0.011 0.1 q2:1:0.007 0.047:1:0.003

14FS Ahydrophila 0.087:1:0.004 0.051 :1:0.007 0.055:1:0.009

6FS Ahydrophila 0.098:1:0.004 0.048:1:0.005 0.052:1:0.002

2S Ahydrophila 0.086:1:0.005 0.052:1:0.013 0.058:1:0.004

41S Asobria 0.094:1:0.003 0.054:1:00 0.053:1:0.008

41G Asobria 0.104:1:0.005 0.053:1:0.007 0.042:1:0.002

28FS Asobria 0.096:1:0.006 0.054:1:0.004 0.0525:1:0.0006
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Figure -1

Ket to figure: Healthy HeLa cell monolayer without any culture filtrate.

Figure -2

Key to figure: Effect of cytotoxin of Aeromonas strain on the HeLa cells. Cell rounding and

shrivelling associated with nuclear pyknosis and detachment of cells from
monolayer are taken as evidence of cytotoxicity. When 60% of the cells

showed above changes, the test is taken as positive.
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Table-V: Result of all HeLa cell assay for cytotoxin production by Aeromonas spp.,
Plesiomonas shigelloides, Vibriospp., and Esch. coli.

Total number
tested

8
10
5
23

7

Species

A. hydrophila
A. sobria
A. caviae
Total Aeromonas

Plesiomonas shigelloides

December 1994

Number positive
for cytotoxin

4 (50.0)
9 (90.0)
1 (20.0)
14 (60.0)

0(0)

1(25.0)
3 (100)
1(33.3)
0(0)
5 (38.4)

0(0'

V. mimicus 4
V. cholerae non-O1 3
V. alginolyticus 3
V. anguillarum 3
Total Vibrio 13

Esch. coH 4

Figures within parenthesis indicate percentage.

Results of Sereny test is shown in table-VI. Sereny test for invasiveness were found
negative inall the strainstested. The resultsofall the tesfs forvirulence factors of the potential
pathogens are summarised in table - VI.

Table-VI: Result of all the tests for virulence factors of Aeromonas spp., P. shigeloides, Vibrio
spp., and Esch.coH isolated from fish.

29/31 4/8 3/8 0/2
37/40 9/10 7/10 0/2
12/20 1/5 0/5 NT

78/91 14/23 10/23 0/4

(85.7) (60.8) (43.4) (0)
0/28 0/7 0/7 0/2

(0) (0) (0) (0)
15/15 1/4 0/4 0/2
5/5 3/3 1/3 NT
11/11 1/3 0/3 0/2
10/10 0/3 0/3 0/2

41/41 5/13 1/13 0/6

(100) (38.4) (7.7) (0)
2/15 0/4 0/4 0/2

(13.3) (0) (0) (0)

Figures within parenthesis indicate percentage, key word: NT -Not tested.

A. hydrophila
A. sobria
A. caviae

Total Aeromonas

Plesiomonas
shigelloides
V. mimicus
V. cholerae non-01
V. alginolyticus
V. anguillarum
Total Vibrio

Esch.coli
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organisms with Haemolysin Cytotoxin Enterotoxin Sereny
species production Production production test
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Discussion:

We have tested the organism to detect the various virulence factors in order to
determine their pathogenicity.

The test for labile toxin (LT) productionby the organism was done by only GM-fELISA
method. No LT production by Aeromonascould be detected (Table-II). No report is available
on the use of GM-1 ELISA methodto detect the productionof LT by Aeromonas isolated trom

fish. However, Akram9 and Shimada et al.1Odetected LT in GM-1 ELlSl\ method by
Aeromonas isolated from clinical materials. By using rabbit intestinal loop (RIL) assay
method, various workers1.2.11were able to demonstrate LT production by 57-10Q% of
Aeromonas spp. isolated from fish. By using this method (RIL) and tissue culture assay
methods many investigators detectedthe presence of labile toxin (LT) inAeromonasisolated
from human9.12.13and as well from environmenp4.15.

GM-1 ELISA is classically used to detect LT produced by Vibrio cholerae, serovar 013.

In our study, abut 33% strains of V. cholerae non-01 was found positive for LT production by

GM-1 ELISA method, whereas other species of Vibrio were found negative for LT production

in this method. Earlier no studies were carried out to see the production of LTin GM-1 EL ISA

method from any of the Vibrios isolated from fish. However, by using GM-1 ELISA method

the production of cholera toxin (CT) like enterotoxin by V. chblerae non-01 and V. mimicus

isolated form clinical materials have been reported16.17.By using rabbit-ileal loop model and

tissue culture assay various workers were able to demonstrate LT production by V. cholerae

non-01, V. mimicus and V. alginolyticus strains isolated from fish18.19.20,water18.20 and from
clinical materials17.21.Rahman A22and Albert at al.23also isolated LT from V. cholerae non-

01 (V. choleare 0139 Bengal) isolated from ~pidemic diarrhoeal cases in Bangladesh.

In case of Plesiomonas no LT production could be detected by GM-1 ELISA method.

No report is so far available for the production of heat labile toxin by Plesiomonas isolaed

from fish. By using GM-1 ELISA method Olsvik et a1.24,Herrington et al.25and Iqbal26 also

could not detect LT production by Plesiomonas isolated form human sources. But others3.27.28

reported the production of LT by Plesiomonas shigelloides isolated from human sources in

rabbit ileal loop model.

Ifl.our study, we were unable to.detect the production of LTin GM-1 ELISA method by

our Esch. coli isolates. No report is available on the use of GM-1 ELISA method tor detection

of enterotoxin production by Esch. coli isolated from fish. However, many investigators

reported the production of labile toxin (LT) by Esch. coli isolated from diarrhoeal stool in

rabbit-intestinal loop assay model and tissue culture assay29.30.

All the 23 strains of Aeromonas, 7 strains of Plesiomonas, 12 strains of Vibrio

(excludingonly one strain of V,.cholerae non-01) and 4 strains of Esch. coli tested for labile
toxin (LT) by GM-1 ELISA method showed negative result. All the above organisms
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including V. cholerae non-01 were also negative for ST by GM-1 ELISA method. This indicate

that those organisms neither produce labile toxin which is immunologically similar to cholera
toxin, nor any stable toxin (ST). Although due to lack of facilities we could not use other

methods (rabbit-intestinal loop model and tissue culture assay) for detecting labile toxin. So,

other types of labile toxins which are immnologically dissimilar to cholera toxin may be
produced by the oranisms.

In the present study, enterotoxin was assayed on suckling mouse model (table-II).
Seven (70%) out of 10 A. sobria, 3 (37.5%) out of 8 A. hydrophila and none of the A. caviae

were enterotoxin producing inthis model. Boulanger et al.1reported all (100%) of A. sobria
and A. hydrophila strains isolated from fish were enterotoxin positive in this model.
Production of enterotoxin in this model by Aeromonas isolated from water environment15.31

and clinical materials7.15.31.32were also reported. Culture filtrates of all the 10 strains of

Aeromonas which were positive for toxin production in suckling mouse assay model gave
negative result for toxin after the filtrates were heated at 60°C and 100°C for 20 minutes

(table-III & IV).Similar observations were also made by Oliver et a1.2,Janossy and Tarjan6,
Bruke et a1.32,and Johnson and Lior7.Therefore, we may conclude that Aeromonas spp.,
produce a heat labile toxin which is unlike to that of cholera toxin and can be detected by
suckling mouse assay model.

Allof our 7 strains of Plesiomonas shigelloides tested for toxin production in suckling

mouse assay model gave negative result. Similar observations with Plesiomonas isolated

from clinical materials were also made by many workers7.24.26.33.In contrast to above findings

other workers27.28.34showed enterotoxin production by Plesiomonas isolated from clinical

materials by suckling mouse assay model.

We could not detect enterotoxin from any of our Vibrio strains in suckling mouse

model. However, a few reports are available where 3 strains of V. cholerae non-01 and
1 strain of V. mimicus produced Esch. coli ST-like enterotoxin in suckling mouse assay
modej17.35.

We also could not detect heat stable enterotoxin production by any of our 4 strains
of Esch. coli tested in suckling mouse model. In this model however, others4.36

demonstrated the production of heat stale enterotoxin by Esch. coli isolated from different
clinical materials.

Many enteric pathogens can produce enterotoxins capable of stimulating secretionof
intestinal fluid and electrolytes, however, all enterotoxins need not act through common
mechanisms and there may be more than one biochemical pathway leading to fluid
production by the intestinal tissue. Several methods are available in order to detect the
enterotoxin. These can broadly be grouped into :-
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1. Assay which depend on toxin activity i.e., rabbit-intestinal loop and suckling mouse
assay model.

2. Permeability in rabbit skin.
3. Y1 adrenal cell, chinese hamster ovary (CHO) cell and other tissue culture assays.
4. Immunological assay i.e., Enzyme-linked immunosorbent assay (ELlSAs).

We used only GM-1 ELISA method and suckling mouse assay model for detection
of enterotoxin and obtained asmall numberofour isolatestobe enterotoxin positive. Studies
from other workers showed that these groups of organisms were enterotoxin positive in high

number when tested in other assay methods. So, from our results we cannot say that those
organisms which gave negative results in GM-1 ELISA method and suckling mouse assay
model are really enterotoxin negative.

Similar to our findings (table-V),cytotoxin production by Aeromonas, V.cholerae non-
01 and V. mimicus isolated from fish has been reported by different authorsl.18,from water
Pl'1virunmentand as well as from different clinical materials37.We failed to demonstrate.

cytotoxin production by our Plesiomonas and Esch. coli isolates. However, many other
workers detected cytotoxin production by P. shigelloides and Esch. coli isolated from clinical
materials27.34.

Several investigators reported that production of cytotoxin is well correlated with the

enterotoxicity in rabbit-ileal loop modep4 while others suggested that organisms having

cytotoxic principle have got special affinity to the epithelial cells of intestine in the initiation of

enteropathgenesis18. Theralationshipofthecytotoxintoany leukocidic,haemolyticorother
toxic properties is under study. However, the nature and role of the cytotoxin awaits further
purification and characterization and more studies are needed in order to establish the
pathogenic signifiance of cytotoxin.

In the present study, haemolytic activity was noted with 85.7% of Aeromonas strains
(table -1). Similar types of observation were found by many investigators form Aeromonas
isolated from fish 1.2.11 and as well as from different clinical materials31. We found all of our 41

Vibrio isolates were haemolytic. Haemolysin producion were also noted by Vibrio cholerae
non-01 isolated from fish and water18and as well as from stool samDies of diarrhoeal

patients35.38.Of ?ur Esch. coli i~olates 13.3% were positive for haemolysin production. No
report is available on haemolysin production by Esch. coli isolated from fish but several
workers documented the haemolyticactivity in Esch. coli isolated from clinical materialts39.4o.

Although the exact pathogenic role of haemolysin production by different strains of
Aeromonasspp., Vibriospp.,and Esch.coliare notwell understood but studies from different
workers revealed that, haemolysin plays an improtant role in the process of soft tissue
necrosis while extra-intestinal clinical menifestations caused by this organisms41. Others

suggested that haemolysin is one of the improtant parameters whi:::h detenn,ne the

95



Bangladesh Med. Res. Counc. Bull. December 1994

enteropathogenic potentials through some unknown mechanisms32.33or with the production

of typical bloody, mucus diarrhoea35. Therefore, further studies are needed to define the exact

pathophysiologic role of haemolysin as virulence factor.

Haemolytic activity was not noted with any of our Plesiomonas isolates. Pitarangsi et

al.33also failed to detect haemolysin in 27 of their Plesiomonas strains isolated from human

source using rabbit, bovine and sheep red blood cells.

Invasiveness by Sereny test was found l1egative in all the strains tested by us (table-

VI). Invasiveness of Aeromonas, Plesiomons and Vibrios by Sereny test yielded negative

result by other investigators als024.25.34.

From our study it has been revealed that the various virulence factors such as
haemolysin, enterotoxin, cytotoxin either single or incombination are present in many of the
isolates from fish. These factors may be the substances contributing to various diseases in
humans infected by the organisms.
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