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SUMMARY

Virulence determinants of nineteen strains of
Plesiomonas shigelloides isolated from stool samples of
diarrhoeal children were studied. Heat-labile toxin was
detected in seven strains using rat ileal loop model and
in none of the strains using Chinese hamster ovary cell
assay system and by Enzyme-linked immunosorbent assay.
Rat ileal loop model was used for the first time to assay
toxin in P.shigelloides and is suggested to be a cheap
and effective method of detecting labile toxin in the
organism. Heat stable toxin, cytotoxin, hemolysin and
hemagglutinin were not detected in the strains tested.
Invasivenesscouldnot be establishedby usingHEp-2 cell
assay system. The results of this study provide some
experimental support for an etiological role for
P.shigelloides in the production of diarrhoea.

INTRODUCTION

. Plesiomonas shigelloides,a member of the family
Vibrionaceae,has been implicatedas an etiologicalagent
of diarrhoea. Recently, many workers have reported the
association of Plesiomonas with sporadic cases of
diarrhoea 1-6. Several epidemic outbreaks of diarrhoea with
Plesiomonas as the putative etiologic agent have also
been reported7-9.The organism was isolated in pure
culture from stools of patients with diarrhoea of
otherwiseunexplainedoriginand more often from patients
than from healthy persons. But the role of P. shigelloides
as enteric pathogen has not been proven conclusively. To
determine its virulence, we examined Plesiomonas isolates
with assays .previously used to evaluat~
enteropathogenicity of other enteric bacteria.
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MATERIALS AND METHODS

Bacterial strains: Nineteen Plesiomonas strains,
isolated in our laboratory from faecal samples of
children with diarrhoea, were used in the study. Heat
labile toxin (LT) a~d heat stable toxin (ST) producing
Escherichia coli strain 101104, cytotoxin producing
Each.coli strain H-30 and invasive Shigella flexneri
strain 1095R were included in the study to'serve as
positive control. Non-toxigenic Esch.coli strain 36000
and non-invasive Esch.coli strain K-12 were included as
negat~ve controls. All the strains were maintained in
freezing medium (85 ml Br'lcella br.oth; 15ml glycerol) at
- 20°C.

Preparation of cell free supernatants for toxin
testing: Trypticase soy broth with 0.6% yea~t extract was
inoculated with. Plesiomo~as isolates and controls,
incubated for 20-22 hours at 37°C in a universal shaker
bath. Two hours before harvp.stingthe toxin, polymyxin-B
was added to each culture at a concentrationof 50 u
g/ml. At the end of incubation broth cultures were
centr~fuged at 12,000 rpm for 30 minutes in a
re~rigerated centrifuge at 4°C (Sorvall centrifuge using
SM-24 type head and metallic tubes). The supernatant were
then sterilized py using 0.45 u m milipore10,11 filter.

EnterotoAin tedting: LT in culture filtrates was
tested by Chinesehamsterovary (CHO) cell assay system,
GM, - Enzyme linkedimmunosorbentassay (GM, - ELISA)
syster and in rat ileal loop model. CHO cell assai wasdone according to the method described by Huq1. An
elongation of 13.6% CHO cells or more, after overnight
incubation with culture filtrate was taken as positive
and an elongatiol! of 9.3% cells or less was taken as
negative for LT. Elongation between 9.3% to 13.6% was
consideredborderlineand assay repeated.GM, - ELISA for
LT was done as dLscribed by Svennerholm and Wiklund12(a),
GM, gangliosidewas used as anchor and mouse anti-LT
monoclonal antibody (LT 39) as the primary probe in
LEISA. LT was also assayed in ligated rat ileal loop
using the method of PotoIDQki13. In brief, la?arotomy'was
performed in 72 hours .;:;'tarvedLong Evens rats. On an
average six lqops measuring 7 to 10 cm were prepared in
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each rat stating 2 cm above the caecum. Then 0.5 Inlof
culture filtrate was inje~ted into one end of each loop.
positive and negative controls were injected into two
separate loops in each animal. The intestin~ was replaced
inside the peritoneal cavity and then abdomen closed.
Fluid accumulation in the loops (volume/length ratio-
equal to or greater than o. 2ml/cm was consjdered positive
for LT) after 18 hours was recorded. Culture filtrate uf
each strain was tested in two animals. Su~kling mouse
model was used to detect ST in the culture filtrates. In
two to four days old healthy Swiss albino mouse, the
ratio of the gut weight to remaining body weight rclmains
less the~ 0.70. A ration of above 0.C~5 W6S considered
positive for ST,while, that between 0.070 to 0.0~5 was
conside£ed borderline and the test was repeated14. .

Assay of cytotoxic activity: HeLa cells maintained
in minimum essential medium (MEM) containing 10% foetal
calf serum (FCS), penicillin (100 IU/ml), streptomycin
(100 u g/ml) and gentamicin (50mg/ml) were used to detect
cytotoxicity in the culture filtrates. Cell ro~~ding and
shrivelling associated with nuclear pyknosis and
detachment of cells from monolayer, when incubated
overnightwith culture filtrates,were taken as evidence
of cytotoxicity. Wl1en60% of the cells showed above
changes, the test was taken as positive 15.

Assal of hemolytic activity: EaCH isolate of
P.shigelloides was streaked on to nutrient agar
containing 5% sheep blood and incubated ove:rnight at
37°C. Strains exhibitinghemolytic zones in excess of 2
romfrom the streaking line were considered positive 16.

Hemagglutination test: Three percent suspe~sion of
washed RBC from freshly drawn citrate group 0, Rh
positive and Rh negative human blood was prepared in PBS
(pH 7.2) and 1% mannooe - P~S to detect..,l1emagglutination

and mannose resistant heffia~glutination respectivel~ by
the methods described by Evans and Ev~~s1T and Reye£ 8.

Test for invasiveness: The invasiveness
Plesiomonas isolates was studied using HEp-2 cell
according to the method described by Watson19,
Lawson20. In brief, HEp-:2 cells maintained in MEM

of
line
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10% FCS, penicillin (100 IU/ml 0, Streptomycin (100 g/ml)
and gentamicin (50 mg/ml) were grown to confluence in 24
~J'ell tissue culture plate containing cover slips
(diameter - 13 mm). The monolayers were washed three
times with 1 ml of PBe (pH 7.2). Overnight broth cultures
of Plesiomonas isolatAs were added in volumes of 5.00 ul
of MEM without antibiotics was added to each well.
Infected mOjlolayers were incubated at 37°C for three
hou~s. Cells were was~ed three times in situ with one ml
of PBS (;?H 7.2) each tim0 and one ml of MEM without
antibiotics was added to each well. Monolayers were
incubated for another two h0urs at 37°C, the \\7ashlng
procedure was repeatod, and one ml of MEM containing
gentam~cin 10 u g/ml was added to each well to kill
extra-cellular bacteria. Monolayers were incubated for
further two hours, washed four times with PBS, fixed by
100% methvl alcohol for 30 minutes and stained with
Gie.llsasoiution (1:40 dilution) for 20 minutes. The cover
slips were removed and moun~ed on glass slide. For each
monolayer 500 cells were examined under oil emersion
lens. Presence of intracytoplasmic packet of bacteria was
noted.

RESULTS

Enterotoxin assay: LT production could not be
detected in CrlO cell line and by G~4 - ELISA. The results
of ~T pr0duction in rat ileal loop model are given in the
Table. In this model LT was detected in 7(36.84%).out of
1~ strains. In four other strains fluid accumulation of
Jess than 0.2 ml/cm occurred, whic!lwas ignored, because
fluid accumulation due to LT is equal to or more than 0.2
ml/cm. No accumulation occurred in rest eight strains.
None of the Plesiomonas isolat~s provided evidence of ST
production if' suckling monse model.

Cytotoxicity testing: Plesiomonas isolatest~iled to
produce cytotoxic effects in HeLa cell line.
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Table: Result of rat ileal loop test for enterotoxin
production by Plesiomonas shigelloides.

~----------------------------
Strain
number

Volume of fluid in loop
(range, mljcm of gut)

COIr.men t

--------------------------------------------------------

-------------------------------------------------------

Production of hemolysin: P.shigelloides did not
produce hemolysin as indicated by non-hemolytic growth on
b~ood agar media.

HemagglutinatioH test: hemagglutinating property of
the organism was tested with human group 0,.Rh-po9it~ve
and Rh- ~egative blood. In both cases the organism failed
to agglutinate the RBC. .

Invasiveness:No invasive property could be detected
among the isolates in HEp-2 cell line due to
disintegrationof the HEp- 2 cells.

16

PGP 78 0 Negative
PGP 93 Q Negative
PGP 111 0 Negative
PGP 123 0 Negative
PGP 132 C.34 - 0.38 positive
PGP 142 0.28 - 0.29 positive
PGP 151 0.':9 - 0.33 positive
PGP 167 0.06 - 0.13 Negative
PGP 1a6 0.08 - 0.13 Negative
PGP 197 0 Negative
PGP 210 0.26 - 0.29 posi__ive
PGP 224 0.25 positive
PGP 234 0.22 - 0.25 positive
PGP 239 0 Negative
PGP 254 0 Negative
PGP 266 G Negative
PGP 279 0.20 - 0.28 positive
PGP 287 0.04 - 0.09 Negative
PGP 293 o - 0.02 Negative
positive control 0.26 - 0.35
Negative control 0
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DISCUSSION

LT produ8tion, as ind.icatec by f'r.cumulatioil of 0.2
ml/cm of fluiu or more in rc:t ileal loop, was detec-Le":l in
7(36.48%) out of 19 Plesiomonas isolate~. Minimal fluid
accumulation was record8d in another four strains.
Differences in accumulation of fluid between strains and
betwe~n individu~l ileal ~oo~a inoculated wi~t a siilgle
strains were probably due to quantitative variations in
release of toxin or suscaptibility of individual animal
to toxin. All the isolates of Plesiomonas did ~ot show
pro0.uction of toxin in rat ile?l loop model". We possibly
failed to demon8~rate elaboLation of toxin becausa of
some defect in the system, biological variatjons in the
animals or loss of enterotoxigenic potentials of che
organism due to storage or multiple subcultures21. Rat
ileal loop model was not previous]y u~ed by any worker to
detect LT in P. shigelloides. Contrarily rabbit ileal
loop -..Tas used by many investigatorsand most of them
failed to detect elaboration of LT by the organism in
that modeI10,21-23. However, Sanyal24, Huq and Islam 12, and
Saraswathi25 reported the production of LT by the
organism in rabbit ileal loop. In the present study, LT
production could not be detected iL dny of the isolates
by CHO cell assay system or by ELISA. Our findings tally
with earlier reports23,26,27.Suckling mouse model for
assaying ST yielded negative results for all ~he
Plesiomonas isolates. Negative results in this model, was
also reported by other workers2,10,23,Zo. Contrarily, some
detected ST using this modeI12,24,25.

Culture filtrates of Plesiomonas isola~es failed to
produce cytotoxic changes in the HeLa cel:s. Similar
results were observed by Johnson10,23 and Holmberif8. They
used Vero cells, Y-1 adrenal tumour cells and HeLa ~ells
in their studies. On the .other hand, Sanyal24 and
Saraswathi25us~ng CHO cells and Y-1 adrenal tumour cells
detect~d cytotoxin in their isolates.

Hemolytic a~tivity was not noted with any of the
Plesiomonas isolates. Pita.cangsi 10 also failed to detect
hemolysin in their isolates using rabbit, boding and
sheep RBC.
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Detection of toxins produced by P.shigelloides is a
s:=H.siti"e ~)rocedure and their detections vary
:::OESide::::ablyJ..l1different hands. probubly, toxins of
P.shigelloides d~ffer from one another or are different
in rnec~ani"m of action and produce variable results in
different assay systenl and alse are different from those
produced by escherichia coli, vibr~o or Aeromonas.The
involvement of more effec:t:ive assaYs for ~.:haracterizing
entero"toxin may prove useful in estab~ishing this
organism as an etiological agent of gastroenteritis. Rat
ileal loop model, used for the first time by us for
detection of LT of Plesiomonas :T\"'J¥ be a cheap and
efficient model for d~te8tion of LT of the organism. It
is a~so possiLle th&t, growing freshly isolated strains
in better grm.,th conditions and media "Lnd by
concentrating the caltr,re filtrate, tLe toxins can be
detected i~ ~igher percentage of the isolates.

Hemagglutinating property was not exhibited by any
of the Plesiomonas isolates. Probably the organism lose
the structures (colonising factor antigens) required for
hemagglutination, in the artificial culture media where
adhesion is seldom r.~qu~red. Or else the organism is
totally deficient of such structures.

Since invasiver..ess of P.shigelloides bl Sereny' s
method invari.ably yielded neg\ltive ~-esults2,26,27-30 and
other known invasive bacteria such as Salmonella are also
negative in this test system28. We used HEp-2 cells to
a3sess the invasive potential of the organism.
Unfortunately I invasive p:copertycould not be established
due to disintegration of the HEp-2 cells. The exact caUde
of the breakage of the cells could nut be ascertained.
Several factors might be operating individually or in
Cf)nCert - i) since broth culture without \'lashing the
bacteria was uScid, some unidentified factors may have
been released, which caused lysis of the cells, ii)
lability of the HEp-2 cells due to pro10ng storage, iii)
unrecongnised defects in growth media or PBcl used to wash
and finally, iv) mascive infiltr~tion by the bacteria.
However, Binns29and Olsvik26 found that P. shigelloides
exhibited invasiven~ss in HeLa cells model. But Sanyal 24
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and Harrington27 failed to demonstrate invasive property
of P.shiyelloides in the same model. Regretfully, no
conclusion co~ld be drawn from our experiment.

Intestinal biopsies of the patients with di~rrhoea
from whom the organism is isol~t,=d will probably be
required to establish whether .the organisill is invasive or
not. Well controlled volunteer studies will help to
determine the role and importance or Plesiomonas species
in human d~arrhoeal illness.
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