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PREFACE

An association between diarrhoea and the presence
of Aeromonas in faeces was first reported as early as

1937 by Miles and Halnan. similarly, Plesiomonas has

been associated with diarrhoea as far back as 1972 by
Chatterjee and Neogy. 1In which case, the role of
Aeromonas in diarrhoeal disease has been under
investigation for about 50 years now and that of

plesiomonas for at least 17 years. vet, a stage has

not been reached when it can be unequivocally stated

+that Aeromonas oOr Plesiomonas causes diarrhoeae.

Progress in recent years in the development of
selective media for isolating these organisms, as well
as increased awareness on the part of cl;nical
microbiologists, have enhanced our knowledge of their
environmental and geographical spread., Cases of

gastrointestinal infection with Aeromonas or Plesiomonas

have been reported from all parts of the world, with an
indication that such infections can be water - or

food - borne.

In most countries, the faecal carriage of Aeromonas _

i - or Plesiomonas is low, less than 1% and most isolates

were from diarrhoea Cases. However, in others such as
Thailand, these organisms were found with equal fregquency

. Ao
in diarrhoeal and healthy stools with the carriage

rate being about 27%.
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For the other established enteropathogens, particularly

the Escherichia coli and Vibrio cholerae, the discovery

of virulence factors such as enterotoxin production and
enteroinvasiveness has led to a much better understanding
of the pathophysiology of their infections. However,

similar studies in Aeromonas or Plesiomonas appeared to

further confuse the issue. Both heat-labile (LT) and heat-
stable (ST) enterotoxins, cytotoxins, haemolysins, and
invasive ability have been described in these organisms
but their roles in enteric infections remain unclear.
Similarly, attempts have been made to correlate
pathogenicity with species of Aeromonas and several

workers have suggested that A. hydrophila and A. sobria

are the pathogenic species, while A. caviae is not.
However, others have produced clinical and epidemiological
evidence that A. caviae may also cause diarrhoea and

that absence of the acceptedrpathogenicity markers does
not exclude the posgibility of enteropathogenicity, as

can be found in the classical enteropathogenic (EPEC)

strains of E. coli.

As a matter of Tact, thers is hardly any other area
of medical microbiolegy that containg so much
contradictory evidence as found in the study of Aeromonas

and Plesiomonas. The problem lis further compounded by

the inability of-these-organisms to adequately fulfil
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the Koch's postulates. Do we then throw in the towel
and accept defeat in the currént efforts to unravel the
mystery surrounding these organisms? What can we say
of the situation in Nigeria regarding Aeromonas,

Plesiomonas and acute diarrhoeal diseases? The answers

to these questions and other interesting findings are

presented in the account of this thesils that follows.

DECEMBER, 1989 S. A. ALABI

]



ACKNOWLEDGEMENTS

My profound gratitude and sincere appreciation to
my indefatigable superﬁisor, Professor Tolu Odugbemi,
for all he has done to ensure the success of this work.
His dedication, guidance, constructive criticism and
rewarding advice throughout the course of this work are
very much appreciated. I also want to specifically
thank him for his special interest in me and members
of my family, and for the use of his personal librarye.

T am indeed grateful to Professor V. O. Rotimi,
the Head of the Department of Medical Microbiology and
parasitology, College of Medicine, University of Lagos,
for his support and the use of his personal library.

Many thanks to other members of the academic staff,
especially Dr. A. O. Coker, coordinator of the
postgraduate programmes in the department, for his
sense of duty and encouragement.

My special thanks to the following distinguished’
scientists for providing me with standard reference

- gtrains used during the course of this work :

Dr. D. M. Jones, Public Health Laboratories, Withington

Hospital, Manchester, England; Dr. B. Rowe, Public
Health Laboratories, Colindale, London; Dre. Clyde
 Thornsberry, Centers for Disease Control (CDD), Atlanta,

Georgia, USA; and Dr. J. Crossa, Oregon’Hea}th sciences

¢ -



vi

University, Portland, Oregon, USA.

I cannot but also express - my sincere gratitude
to the entire staff of the Department of Medical
Microbiology and Parasitology, College of Medicine and
the Lagos University Teaching Hospital for their love
since T joined the department as a Youth Corper in
September 1982. In particular, the assistance of
Mrs. Tolu Ogunsanya and Mrs. Achilihu (Nee Uche) are
very much appreciated. I also specifically thank
Mr. S. F. Lawal for the constant fatherly advice and
special interest in me and members of my familye.

My sincere appreciation to Messrs Adepoju of the
Anatomy Department, Adedeji and Olasupo of the
Biomedical Communications Unit; and Yisa Ibrahim of
the Biology Department, Akoka; for their assistance
in the preparation of histological slides and the
photographic prints included in this thesis.

I want to specially thank the following families
for their immense contribution towards the successful
completion of this work: Mr. & Mrs. Tunde Omonigbehin,
Mn*_&_M:SA_Da:ale§+;Mr, & Mrs., 0jo of Igede-Ekiti,
Mr. & Mrs. Kunle Ogundana, Mr. & Mrs. sam Olorundare,
Mr. & Mrs. Babalola, and Mr. & Mrs. Kunle Oguntomole.

My profound gratitude to all my friends and

colleagues who are toe numerous to be listed here,

but particularly to Messrs Ismaila Olatunji,




vii

Taiwo Banjo, Obi, Fred, Charles, Ihezue, Josiah Fabusua,
Dayo Olowokere, Dayo Awe, Sola Eesawe, Femi Adeniyi,
Boye Ogundana, Ajayl Adeyeye, Owolabi-Fajana, Pat
Etokakpan, and all members of the Fontana Klub of
Nigeria, Omuo - Ekiti.
I am indeed full of praise for my parents,
Chief & Mrs. E. R. Alabi and my in-laws, Mr. and
Mrs. Olowoyo for their support and understanding.
My special thanks also goes to my sisters - Monisola,
bupe, Lydia, Serah (Deceased), Ajibola and Mercy; and
brother, Boyede for their encouragement. Sincere
appreciation alsoc to my elder brother, Daddy J. B.
Alapi and other members of the family for their supporte.
My greatest appreciation to my darling wife, FOLA,
for her total dedication, unflinching support and
understanding. She is a priceless jewel and a
wonderful mother to us all, particularly our little
children, YOMI and TOLU. Her courage and understanding
saw us through most trying periodé of our family life.
My sincere gratitude to Mr. T. Olatunji for his
excellent and artistic secretarial work on this thesis.

Finally, Glory and Dominion be to God, the Almighty

who has made all things possible!

g, A. ALABT

DECEMBER, 1989




viii

ABSTRACT

This study was carried cut in two phases. The first
phase involved the determination of the prevalence of

Aeromonas species and Plesiomonas shigelloides in patients,

with and without diarrhoea, reporting at the enteric

1aboratory of the Department of Medical Microblology and

parasitology, Lagos University Teaching ilospital (LUTH),

Idi-Araba, Lagos; over a 12-month period of October

1986 through September 1987. In the second phase the

characteristias of isolates thus obtained were examined.
During the first phase of the study, a total of

2,350 faecal specimens fFrom patients with diarrhoea

were screened For the presence of Aeromonas Sps . Or

P. shigzlloides. Of this number, 53 (2.26%) were

positive for Aeromonas SpP. while 16 (0.68%) yielded

pP. shigelloides. on the other hand, of a total of 539
Faccal spacimens from patients without cliarrhoea
(controls) collected over the same period of time, only
2 (0.4%) were positive for Aeromonas 2P, while none of

the specimens yieldad P. shigelloides. In which case,

both organisms were more frequently isolated from diarrhoeal
than from contrel specimens. As & matter of fack, the
difference in the isolation rates of Aeromonas gpi from
patients with diarrhoea and controls was statistically

significint (p0.01).
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Tt is equally noteworthy that isolatlon rates of

2.26% Aeromonas Sps and 0.68% P. shigelloides compared

ok i, i et

favourably with those obtained for other established
enteric pathogens in this study, such as the entero-

pathogenic Escherichia coli (EPEC, 2.85%)}, Shigella sp.

(0.17%), salmonella spy (0.13%) and Y. enterocolitica

(0.09%). Also, none of these enteropathogens was

recovered in faecal specimens positive for

Aeromonas sp. ' or P. shigelloides.
Further biochemical characterisation of the

Acromonas and Plesiomonas isolates revealed that nf the

55 Aeromonas sp, 20 (36.4%) were A. hydrophila,

28 (50.9%) were A. caviae and 7 (12,7%) were A. sobria.
1L was also observed that of the numerous tests used in
tﬁe characterisation, eleven simple ones, viz : the
production of oxidase, catalase, hydrogen sulphide (H2S)
from Kligler's iron agar (KIA), pigmentation on nutrient
agar, acid from glucose, -xylose, dulcitol, adonitol,
mannitol, inositol, and inability to grow iﬁ 6.5% NacCl;
were highly reproducible. Based on these findings,

a simple scheme was designed for the isolation and
preliminary identification of Aeromonas sp. = and

. shigelloides from faecal specimens.

gimilarly, survival of Aeromonas sp,  and

P. shigelloides was measured in commonly used transport




media such as Cary-Blair, Stuart, Amies, phosphate
bufferred saline, and alkaline peptone water (APW).
Results obtained indicate. that these organisms would
survive in these media for at least one month. However,
a modified form of APW containing 0.01% w/v FesSO4
appeared to be the most suitable for the long storage
‘ of these organisms.
In the same vein, a good number of Aeromonas Sg.

and P. shigelloides examined in this study produced

haemolysins, heat-stable (ST) enterotoxin, or

invasiveness; which are recognised virulence factors

in the pathophysiology of acute diarrhoea. Specifically,
about 70% of the Aeromonas sp, produced & O B-haemolysin,
20% produced ST and about 11% were invasive. Similarly,

25% of P. shigelloides produced ST and invasiveness while

about 13% produced of - haemolysin. It is significant
to note that all the isolates that produced virulence
factors were isolated from patients with diarrhoea;

thus indicating that these factors may have a role to

, play in diarrhoea associated with these organisms.

However, wnen strains producing virulence factors

- . were fed orally to healthy adult mice, they failed to
cause diarrhoea. 1t 1s noteworthy thac these strains

) survived the gastric acid barrier in the stomach, and

N - .y




yere infackt roisolated from faecal specimens of the
animals. Tho possibililties arce thercfore Lthat cither

Lhese virulence factors were not elaborated in vivo,

or Lhalt a number of host faclors made mice unsuitakle

for cxpcrimertal infection with Aeraomonas or Pleosiomonas.
The in vikro guscepltibility pattern of AGIOmCNAS 5P

ard P. shigelloides icolated in this study was delermined

aquinsl 1L suelected antimicrobial agents. ‘he recults
obkained have shown that these crganisms are susceptible
Lo mosl of the agenls evaluated. gpecifically, all Lhe
slrains were susceplible to ofloxacin and at leact

GO( >-70%) sbrdinc were susceptible to gentamicin,
carbenicillin, ceftriaxone, colistin, nalidixic acid,
nitrofuranioln, chloramphenicol, teltracycline and
co-trimoxazole. Also, less than 30% of the strains

ware cusceptible Lo amplcillin.

Finally, Acrcmonas 5. &nd P. shiqelloides isclated

during lthe coursc of lhis work were screencd for the
presence of plasmids. Interestingly cnough, some of

the isolates harkoured placmids with molecular weights
ranging belbween 2.4 % 106 to 16.8 X 106 daltons. Of Lhe
55 Acromonas sp, . examined, 12 (21.8%) harbourcd onc¢ OF

more placmido. aimilarly, a strain of P. shigelloides
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posscused more than one plasmid.
llznce, the various findings reported in this study

geem Lo suggest that Aeromonas sp, - and P. chigelloidas

may have a significant role to play in acute diarrhocal
disecases in the Lagos environment. However, there is
need for similar studies on a national scale to
incrcase the present level of awarcnoess; and for

a betler understarding of Acromonas and Plesiomonas —

associated diarrhoea in Nigeria.
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GENERAL INTRODUCTION




GENERAL INTRODUCTION

The genera Aeromonas and Plesiomonas consist of

gram-negative, non-sporulating, oxidase positive, and
facultative anaerobic rods which are naturally aquatic

., microorganisms, commonly isolated from water, soil,
various cold and warm-blooded animals as well as humans.

They are classified in the family Vibrlionaccae on the

basis of their morphology (gram-negative rods with
predominantly polar flagella), facultative anaerobiosis,
and guanine - plus - cytosine (GC) ratio (Popoff, 1984;
Schubert, 1984).

Members of the two genera share many similarities
and are often considered together. As & matter of fact,

plesiomonas strains were formerly placed in the genus

Aeromonas as Aeromonas shigelloides. However, further

biochemical and ecological characterisation revealed
significant differences between the two to justify the

establishment of a separate genus, Plesiomonas

(von, Graevenitz and Mensch, 1968; Von Graevenitz, 1985).

At present, Plesiomonas shigelloides is the only

recognised species in the genus Plesiomonas (Schubert,

1984), while the genus Aeromonasg has four recognised

species, Aéromonas hydrophila, A. caviae, A. sobria,



and A. salmonicida (Popoff, 1984). Recently, two new
species, A. media and A, veronii have been proposed
as additions to the genus Aeromonas (Allen, Austin and
Colwell, 1983; Hickman-Brenner et al., 1987). It is
however noteworthy to state here that taxonomy and
classification of Aeromonas is far from being settled.
In earlier reports and some recent ones, authors did not
distinguish between Aercronas species. In such cases,
reports on A. hydrophila can be interpreted as
encompassing both A. caviae and A. sobria {Davis, Kane
and Garagusi, 1978; Hickman-Brenner et al., 1987;
Kelly, Stroh and Jessop, 1988).

The first Aeromonas strain was described by

zimmermann in 1890, and the first pPlesiomonag strain

in 1947 by Ferguson and Henderson. These organisms
largely escaped medical attention, since early

researchers concentrated on strains from animals and

from the environment which went under a variety of

names (Pitarangsi et al., 1982; Ljungh and wadstrom,
1985). These studies resulted in the early recognition

of Aeromonas species as a pathogen in amphibians

(Emerson and Norris, 1905; Shotts et al., 1972), reptiles
(Marcus, 1971; sShotts et al., 1972), fish (EBsch and
Hazen, 1978; Haley, Davis and Hyde, 1967), snails

(Mead, 1969), and cows (Wohlegemuth, Pierce and



Kirkbride, 1972).
Miller and Chapman (1976) observed that losses

due to A. hydrophila in commercial and sport fishery

may be substantial. An instance they gave was in 1973

when 37,500 fish died of A. hydrophila infections, over

a single 13 - day period in a North Carolina lake in
the United states of America., Several other authors
have also suggested that the densities of Aeromonas in
natural bodies of water may be an important contributing
factor to epizootics in fish (Fliermans et al., 1977;
Haley, Davis and Hyde, 1978; sShotts et al., 1971).
Miles and Halnan (1937) were the first to isolate
Aeromonas strains from human faeces. The so-called

proteus melanovogenes was recovered from a patient with

chronic colitis, but its presence was not considered
clinically significant. Thus, Aeromonas was not
considered a human pathogen until almost two decades
later in 1954, when Hill, Caselitz and Moody described
a case of fatal septicaemia in a 40 - year old Jamaican

woman. The healthy female abruptly developed fulminant

Aeromonas sepsis with metastatic necrotising myositis.

since then, Aeromonas has been reported to cause a
variety of human infections, including cellulitis
(McCracken and Barkely, 1972) wound infections (Hanson

et al., 1977), bacterial endocarditis (Davis, Kane and




Caraqgusi, 1978}, hepatobiliary infections (Delronso,
Murray and Maddrey, 1973), seplticacmia, cspecially in
imiuno--compromised individuals (Ketover, Young and
Armgtrong, 1973; Chopra ct al., 1986), pncumonia and
Laclteramia (Reines and Cook, 1931), corncal ulcers
(FFeasler, Misbel and Barber, 1978) and a fatal skin
infuction (Fulghum, Linton and Taplin, 1978).

A. hydrophila was first implicated in cases of
severe gaglroenteritis in 1961 in Colombia (Martincz~
silva, Cuzman-Urrego and Casclitz, 19G1). It was
found Lo be Lhe predominant organism in the aerobic
flora of patlents with diarrhoea, and was isolated in
purc culture in a fatal case of cnteritis in a newborn.
Ever since, episodes of Aeromonas - associated diarrhoea
or gastrocnteritis have been rcported from many
countries of the wo;ld includipg the United States
(Von Cracvenitz and Mcnsch, 1968; Hazen ct al., 19735 Agger,
McCormick and Gurwith, 1985; Ingram ct alt., 1987),
pribain (shread, bonovan and Lee, 19871; Millerihip,
curnow and Chattopadhyay, 1933), sweden (Ljungh,
popolf and Wadstrom, 1977; Ljungh and Wadslteoom, 1985},
Canada (rust and Chipman, 1979), Thailand (Pitarangoci
1202), the Netherlands (Kuijper, Zancn and

pclovs, 1937), Indoncsia (Gracey ct al., 1987),

Auslralia (pucke ot al., 1983), Ethiopia (Waastrom ct al.,




1976) Dali (sanloso ef al., 1986), and Nigeria
(Aghontlator cb al., 19823 Agbonlahor, 1983).
Tn comparison to Asromonas spoecies, infccltions

due Lo P- shiqelloidas have been 1ess freaucnlbly

reported in litcraturc. However, P. shigelloides has
boen icolabed From dogs, cabn, and fresh-waltor £ich
(Puukamoto vt al., 19783 Arai elb al., 19805. In
homans, it haz beoen implicated in casas of nconatail
seplicacmia and meningitis (Appelbaum ek al., 1970C;
pudley, Mays and unle, 1982), post - operakive
(spieneclomy) infectlon (Ccurti, Lin and Szabo, 1385),
scptic arthritis (Gordon, Philpot and McGuire, 1983),

an ouLbreak of hospital infection (Mellersh, Norman

and omith, 1984) and gastroenteritis, scpsis and
osbeomyelibis (Ingram, Morrison and Levitz, 1987). More
reCcntly,_NOltc'QE al. (1985) reported'é case of
procliltiz and fatal septicaemia in a 42 - year-old
sisoxual male at the Strong Momorial Hospital, Rochester,
Ncw YOrkKe

similarly, D. shigriloides - assoclated diarrhoea

have been reported in the United gtates (Holmberg and
Farmer . 1984; Relnhardt and George, 198%), pritain
(Mandal, Whale ang Morson, 1082}, Japan (Tsukamoto ¢t al.,

1972), Thailand (Echeverria et al., 1933), Banagladesh
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(Hug and Islam, 1983), India (Chatterjee and Neogy,
1972; Sanyal, Saraswatchi and Sharma, 1980) and
Zaire (Vandepitte, Makulu and Gatti, 1974).

The numerous reports from all parts of the globe

on Aeromonas and Plesiomonas are clear evidences of

jncreased interest in their study. This renewed interest
also culminated in the 1st International Workshop on

Aeromonas and Plesiomonas held from 5 - 6 September

1986 in Manchester, England. At that meeting, Von
Graevenitz, a leading authority on Aeromcnas and

plesiomonas studies, reported that the number of

publications on these organisms between 1980 and 1985
was three times that of 1970 - 1975 (Von Graevenitz, 1986).
Despite the varilous reports on Aeromonas and

plesiomonas - associated diarrhoea, the organisms are

still not universally accepted as enteropathogens.
while some studies have ascribed aetiological roles to
these organisms (Sényal, Singh and Sen, 1975;
Tsukamote et al., 1978 sSanyal, Saraswathi and Sharma,
1980;  Baman, 19803 Agbonlahor et al., 19823

Agbonlahor, 1983; Kipperman, Ephros and Lambdin, 1984

Ljungh and Wadstrom, 1985; Reinhardt and George, 1982;
Agger, Mccormick and Gurwith, 1985;'Moyer, 19873 Ingram,
Morrison and Levitz, 1987; Huq and Islam, 1987);

others have been unable to assign any clinical



significance to Aeromonas or Plesiomonas (Shread,

Donovan and Lee, 1981; Pitarangsi et al., 19823
Millership, Curnow and Chattopadhyay, 1983; Morgan et al.,
1985).

Concerted efforts over the years to uncover the
mystery surrounding the role of these organisms in
acute diarrhoeal diseases have focussed on improving
their taxonomy, classification, isnlation and identification,
determination of potential virulence factors, antimicrobial
susceptibility patterns, and lately plasmid analysis for
a better understanding of their epidemiology. These are
further reviewed to highlight the state of the art in

the study of these biological "*latecomers™.

Taxonomy and Classification:

Like other recently recognised enteric pathogens

such as Campylobacter and Yersinia, taxonomy and

classification of Aeromonas and Plesiomonas have been

undergoing modifications and changes as new facts about

them are uncovered. These organisms have gone through

a variety of names since the first strain of Aeromonas . _ ___.

was described by Zimmermann towards the end of the

last century and that of Plesiomonas by Ferguson and

Henderson in 1947,



The first human isolate of Aeromonas was designated

proteus melanovogenes by Miles and Halnan in 1937, while

Hill, Caselitz and Moody (1954 ) established human
pathogenicity of Aeromonas in strains they called

vibrio jamaicensis. Such was the confusion in the

nomenclature of Aeromonas until the early sixties when
schubert (1960), Eddy (1960}, and Ewing et al.

(1961) performed further biochemical and ecological
characterisation of Aeromonas strains. These first
major attempts at classification established two species

of the genus Aeromonas — A hydrophila group and

A, salmonicida. Distinguishing characteristics

petween the two species are that, unlike the A

hydrophila group, A. salmonicida 1s non-motile, grows

only below 37°C and hence non-pathogenic for man.
Further improvement on the classification of
Aeromonas was made by Schubert (1974) in the 8th edition

of the Bergey's Manual of Determinative Bacteriology.

He divided the Al hydrophila group into two major species

and five subspecies which are f:_hydrOphila subspe

hydrophila, A. hydrophila subsp. @naerogenes,

A, hydrophila subspe. proteolytica, A. punctata subspe

Eunctata, and §=_Eunctatasubsp. caviae. Subsequently,

Al hydrophila subspe. proteolytica was found to he a

halophilic vibrio and has now been removed from the genus
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Aeromonas and is now classified as vibrio proteolyticus

(Hickman-Brenner et &l., 1987).

On the basis of a numerical taxonomic study of
68 strains of Aeromonas by Popoff and Veron (1976) and
a subsequent DNA homology study as well as phenotypic
similarities, Popoff et al, (1981) subdivided.

the A. hydrophila group into three species - A, hydrophila,

A. sobria and A. caviae. This classification was used

in the latest edition of the Bergey's Manual of

Systematic Bacteriology (Popoff, 1984). Though this

classification scheme by Popoff 1s generally accepted
for practical purposes, taxonomic problems still persist
within the genus Aeromonas. For instance, Allen, Austin
and Colwell (1983) proposed a new aquatic species,

A, media which is non-motile like A, salmonicida and

has not been found in human specimens. More recently,
Hickman-Brenner et ale (1987) proposed yet another
speéies,.ﬂg veronil to represent the ornithine
decarboxylase positive strains of Aeromonas. The species

name, veronii, was in honour of M. M. Veron, a French

microbiologist who has contributed greatly to the

development of the genera vibrio and Aeromonas, and who

coined the family name Vibrionaceae in 1965.
Commenting further on the unsettled species of the

genus Aeromonas, Hickman-BrennefF et al. (1987) observed
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that two basic subdivisions of the genus can be defined
based on phenotypic differences and pathogenicity. The
first group is non-motile, does not grow at 35 to 37°%¢
and is pathggenic for fish. This is the psychrophilic

group that is known as A, salmonicida. The second group

grows at 35 to 370C, is usually motile, and has been
isolated from human clinical specimens and other sources.
This is the mesophilic group. In literature, this group

has been variously referred to as Aeromonas hydrophila

sensu lato (Sakazaki and Balows, 1981), the A, hydrophila

group (Hickman-Brenner et al., 1987), or the A.

hydrophila complex (Statner, Jones, and George, 1988).

This probably explains why most reports on human

Aeromonas isolates in the past were mainly on A.

hydrophila. There is no doubt that some of the strains

referred to as A, hydrophila may be A. sobria or

A. caviae,

At present, it would appear that the only generally

accepted species in the genus Aeromonas is A. salmonicida,

the aetiological agent of furunculosis in salmonid

Fish, which has never been implicated in human disease.
For the mesophilic group, while most authors have
preference for the classification scheme of Popoff

(1984) recognising three species of A. hydrophila,
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A. caviae, and A, sobria; others like Hickman-Brenner

et al. (1987) prefer referring to them as the A. hydrophila

group.

On the other hand, P. shigelloides is the only

species in the genus Plesiomonas and this has made the

nomenclature and classification less confusing. Members
of the genus share many similarities with Aeromonas Sp

and were often considered together. As a matter of fact,

the generic name Plesiomonas was derived from the Greek
word for neighbour to demonstrate its relationship with
Aeromonas (McNeeley et al., 1984). similarly, some

members of the genus Plesiomonas share antigenic

properties with Shigella strains, hence the species name

shigelloides (Von Graevenitz, 1985). Over the years,

P. shigelloides has undergone taxonomic changes and has

been variously known-as C27 (Ferguson and Henderson,

1947), Pseudomonas shigelloides (Bader, 1954), Ps.

michigani (Sakazaki et al., 1959), Aeromonas shigelloides

(Ewing, Hugh, and Johnson, 1961), Fergusonia shigelléides

(Sebald and Veron, 1963) and Vibrio shigelloides

(Hendrie, Shewen and Veron, 1971).

Tsolation and Identification:

The increasing frequency of isolation of Aeromonas

species and Pa. shigelloides from clinical specimens can
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be attributed in part to improved diagnostic procedures,
as well as the increased awareness by clinical
microbiologists of unusual Gram-negative bacterial
infections. Both organisms are not nutritionally
exacting and as such they can be grown on most common
enteric media such as MacConkey agar (MAC) and
desoxycholate citrate agar (DCA). On such enteric media,
they may appear as lactose - fermenters, late lactose-
fermenters or non lactose fermenters. Therefore, they

have been mistaken in the past for Escherichia coli,

non-pigmented Serratia marcescens and other

Enterobacteriaceae (Trust and Chipman, 1979; Von

Graevenitz, 19853).

Being facultative anaerobes, incubation is usually
in air at 37°C for 18 to 24 hours. Popoff (1984)
recommended 28°C as the optimal growth temperature for
motile Aeromonas strains. However, Statner, Jones and
George (1988) specifically examined the effect of
jncubation temperature on growth and soluble protein
profiles of motile Aeromonas strainsyand reported that
optimal growth temperature for this group of organisms
is not necessarily 28°%c. Their results even showed that
better growth, manifested by a shorter lag phase and

higher rate of log-phase growth, can occur at 37%C.
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Though thiz finding has not been investigaled for

P. siigelloides, the situation may not be differenk

from Lhalk observed in Acromonas slhrains.
In Lthe lact two decades, a variety of differential
and sclective media have been degcribed for the cnhanced

Luolalion of Acromonan dpe and P. shiigelloides from

clinical specimens.  These include deoxyribonuclease

Lest agar supplemented wikth, toluidine blue and ampicilllin

(Von Graevenitz and Zinterhofer, 1970), inositol-brilliant
qrecn~bile salts agar (Schubert, 1977), pril-xylosc-

1979), MacConkey agar with

ampicillin agar (Rogol ck al

iy

Lrechalose instead of lactose (Kaper ek al., 1981),

Xylose - degoxycholate = citrate agar (Shread, Donovan
and Lee, 1981), blood agar supplemented with 10 - 30 wy/ml
of ampiciilin (Cracwy, Burkc and Robinson, 1982;
Millership and Chattopadhyay, 19845 mishra et al., 1987)
and cefsulodin - irgasan - novobiocin agar (Altorfer et al.,
1365).

A number of {hese media have becn evalualed for
Lheir consilivily and specificily Lo sclect Aeromonas op.
and P. shingelloides from faecal spocimens. Von Graevenitz
aad Lucher (1983) cvaluated nine colid and two liquid

madia, and recommended four media including xylose
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desoxycholate citrate agar (XDCA) and inositol-brilliant
green-bile salts agar (IBBA)} for Aeromonas Sp, and

P. shigelloides. They also recommended alkaline peptone

water (APW) as enrichment broth for both organisms.
similarly, Kay, Guerrero and Sack (1985) recommended
the use of sheep blood agar with 10 ug of ampicillin per
ml (ABA — 10), preceded by an overnight enrichment in
APW for Aeromonas sp.. However, Mishra et al, (1987)
recommended blood agar with 30 ug/ml (ABA - 30) as being
more selective for Aercomonas Strains, although this will
preclude the isolation of small numbers of ampicillin
sensitive strains.

' More recently, Kelly, Stroh and Jessop (1988)
compared 4 differential media for the isolation of
Aeromcnas Spe from—stool specimens. Results of thelr
study suggested that blcod agar with 20 ug/ml of
ampicillin (ABA - 20) is superior to the other media,
but optimal recovery_of the organism woulcd require the
use of more than one medium. They also discovered that
at least 10% of their isolates would have been missed
if B-haemolysis is used to screen their (ABA - 20) -
plates for Aeromonas strains.

In the past, it was beiieved that a selective medium
may not be necessary for the isolation of Aeromonas SpPs

and P. shigelloides from human faeces and that routine
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enteric media would suffice. However, there are recent
reports that carbohydrates present in enteric agars may
have scme inhibitory effect on these organisms, presumably
because of by=-products of carbohydrate metabollism
(Millership‘&'Chattopadhyay, 1984; Robinson et al.,
1984). Many authors now recommend the use of blood
agar with ampicillin'in‘conjﬁction with XDCA or IBBA,
for optimal recovery of these organisms from clinical
specimens;

Like other enteric bacterial pathogens, identification

of Aeromonas $p, and P. shigelloides is based primarily

on morphological and biochemical characteristiecs. On blood
aqaf (B@, many strains of Aeromonas show a large zone

of pl- or B-haemolysis though nonhaemolytic strains do
occur (Von Graevenitz, 1985). The colonies are small

(1 to 3mm), smooth, convex, and haemolytic ones may

become dark green after 3 - 5 days (Gilardi, Bottone

and Birnbaum, 1970). On enteric differential media,
majority are non lactose - fermenters but a few are
lactose -.fermenters. Tn contrast to Aeromonas, P.

shigelloides are usually not B-haemolytic on BA and

generally do not ferment lactose on enteric agars

(Von Graevenitz, 1985).
on XDCA, both organisms do not ferment xylose and

are therefore colourless whereas most members of the
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Enterobacteriaceae and other xylose fermenters are pink,

often with a surrounding pink halo. ©On brilliant green-
bile salts agar (BBG), all coliforms appear as

colourless colonies and Aeromonas sp, and P. shigelloides

are distinguished by their rapid oxidase reaction. The
oxidase test is extremely useful in the separation of the

Vibrionaceae, from the larger family of Enterobacteriaceae

(Von Graevenitz, 1985).
On Kligler iron agar (KIA) or  triple sugar iron
agar (TSI), an alkaline slant over an acid and gas butt

is observed, indole is usually produced from tryptophane

which helps to separate Aeromonas sp. and P. shigelloides
from pseudomonads, alcaligenes and flavobacteria
(Von Graevenitz, 1985).

In summary, isolation of Gram-negative, oxidase
positive, motile rods, giving a fermentative reaction in

TSI or KIA suggests Aeromonas or P. shigelloides. Their

fermentative ability distinguishes them from the
pseudomonads. Their ability to grow in the presence of
vibriostatic compound 2, 4 - diamino - 6, 7 -
disopropylpteridine phosphate (07/129); as—well as their
inability to grow in 6.5% NaCl broth separates them

from the genus Vibrio. Furthermore, Aeromonas Sp. can be

separated from P. shigeilloides by the former's production

of DNase, its lack of ornithine decarboxylase, and its

fermentation of mannitol but not inositol. Recently,
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Hickman-Brenner et al, (1987) reported some ornithine
decarboxylase producing strains for which the name

Aeromonas veronii has been proposed.

Epidemiology:

Aercomonas and Plesiomonas are natural inhabitants

of both fresh and salt water which is thought to be the
source of the infecting organisms (Hazen et al., 19783
Ljungh and wadstrom, 1985), They are commonly isolated
from fish and other invertebrates living in these waters,
from soil, and food. They are established as primary
pathogens of cold-blooded animals, particularly fish
(Miller and Chapman, 1976). 1In humans, they have been
associated with a wide spectrum of diseases, including
water-associated soft tissue infections, septicaemia,
food poisoning and diarrhoea particularly in immuno-
compromised hosts (Davis, Kane and Garagusi, 1978;
Agbonlahor et ale., 1982; Ljungh and wadstrom, 1985;
Nolte et al., 1988).

The incidence of healthy carriers of Aeromonas
varies, reflecting the number of bacteria contamimating-
the drinking water. As such, in Australia and Europe
the incidence is less than 1% (Lautrop, 1961; Gracey et al.,
1982). 1In Thailand however, Echeverria et al. (1981)

isolated Aeromonas frem all drinking-water jars .and
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74% of the canals in the study area. However, among the United
states of Amerida {uSA) Peace Corps volunteers in Thailand,

with less prior exposure to Aeromonas, the incideﬁce was
low {(Echeverria et al., 1981). Furthermore, Aeromonas species
have been reported to survive chlorinated water
(Le Chevallier et al., 1982) and can multiply at temperatures
below 8°C (Schubert, 1981). 1In a related study, Gray
(1984) isolated Aeromonas from drinking water and from
11.8% of livestock (horses, cows, sheep and pigs)
consuming this water.

Generally, the number of healthy faecal carriers of

P. shigelloides has been reported to be very low.

Arai” et al. (1980) found Plesiomonas in the faeces of
only 3 (£ 0.01%) of 38,454 subjects in Japane. Also,

pauckova and Fukalova (1968) found the organism in only
15 (0.14%) of 10,643 faecal specimens in czechoslovakia.

However, Pitarangsi et al. (1982) surprisingly isolated

plesiomonas from the faeces of 25 (5.5%) of 451 subjects

without diarrhoea-1n Thailand.

Though well-defined water - or food-borne outbreaks

of gastrointestinal infection caused by Aeromonas or

plesiomonas are not commonly reported, a few reports

point to these routes as most probable mode of transmission.

Tsukamoto et al. (1978) reported two water-borne

—epidemics in Japan in which P. shigelloides were isolated
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from patients, tap-water and ponds; and no other
bacterial enteropathogen was identified. Similarly,
Rutala et al. (1982) suggested that an oyster - associated
outbreak of diarrhoeal disease in North Carolina was

possibly caused by P. shigelloides. In Zaire, diarrhoea

possibly related to consumption of P. shigelloides

contaminated fresh - water fish has been reported
(Van Damme and Vanderpitte, 1580).

In what is probably the first documented case in
Nigeria, Agbonlahor et al. (1982) reported a case of

food poisoning due to A. hydrophila in a 64 - year old

man seen at the University of Jos Teaching Hospital on
I the 7th of July, 1980, The man presented with sudden
- onset of acute diarrhoea and abdominal pains some 20 hours
after a meal of fried prefrozen edible land snails
(Achatina sps ). His stool culture yielded a heavy growth

' of A. hydrophila and no other enteric pathogen was

isolated. Similarly, in a retrospective study,

Ao hydrophila was recovered from oysters associated

with gastroenteritis in Louisiana, USA. The oysters

were.earlier found to he negative for salmonella, Vibrio

parahaemolyticus and diarrhoeatic shellfish poison

(Wekell et al., 1986).

* On the seasonality of Aercomonas and Plesiocmonas -

associated diarrhoea, higher isolation rates have been

reported for these organisms during. the wet months of



21

the year (Ljungh and wWadstrom, 1985, veon Graevenitaz,

1985). In another related study at the Infectious

Disease Section, Michigan State University, USA, Agger, McCormick
and Gurwith (1985) reported that diarrhoeal cases

due to A. hydrophila were detected 1.5 times more of ten

during the summer months than the winter months, and
most occurred in children less than 2 years of age.
Recently, Aeromonas has been implicated as a cause of
travellers' diarrhoea (Rahman and Willoughby, 1980;

Gracey et al., 1984; Echeverria et al., 1984).

Clinical Features:

The clinical manifestation of Aeromonas and

Plesiomonas - associated enteric infections range from

acute watery diarrhoea sometimes with fever, to acute or
chronic dysentery suggesting the involvement of both the
small and large intestine (Ljungh and Wadstrom, 1985;
Von Graevenitz, 1985). Most episodes are usually

self - limiting but may present quite severe symptoms.
It is likely that surface characteristics deterﬁine thee
level of adhesion in the gut and that the production of
toxins and enzymes determine the severity and kind of

manifestation (L jungh and wadstrom, 1985). As in other




ceriberic infections, host factors also play a role in
the eventual oulcome of an attack.

Furlhernore, there appearcd to he gecographical
Jifferences in the symptoms accompanying Aeromoinns -
related enteric infections. In North America most
pabtionls present wilh acule watery diarrhoea whereas
I Auctralia as wany as 20% of the paticnts present
wich dysentery or colitis (Gracey et al., 1982). Common
symploms include fever abave ESOC, abdeminal cramps and
dierchoca of more Lhan 10 days duration (Agger et al.,
10855 George cob al., 1985). In a case report of

JLeromonas food polsoning in Nigeria by Agbonlahor et al.

€1082), the 64-year old maticnt had cudden onset of
acute diarrhoca and abdominal painc. He was also
afebrile, did not vonit and was mildly dehydrated.

Or thoe other hand, Plaziomenas — asanciated

gaztroenteritis may present as a mild self-limiting
ildncss or as a mucold, bloody diarrhoea with
pelymorphonuclear leucocykes found on Ffoecal smears
(Reanhardt and George, 1985 ; Holmberg et al., 1986).
Roluton and Hopfer (1984) have noted that patients
with gactrointestinal malignant neoplasms may be more

susceplible than normal persons to Plesiomonas —

associated dilarrhoca and that such casecs may be
relatively severe. Recently, Holmberg ct al. (198G)

reviewed chteric 1nfocLlonc caused by Plasiomonas and
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reported that gastrointestinal symptoms and fever usually
occur within 48 h of ingestion of contaminated food or
water, and last an average of 11 days.

Althoughymost patients with Aeromonas or Plesiomonas

associated enteric infections recover without complications,
extraintestinal infections and other complications do occur
particularly in immunocompromised hosts. Septicaemia,
meningitis, cellulitis and septic arthritis are common

systemic complications of enteritis due to Aeromonas and

Plesiomonas (Reinhardt and George, 1982; Agger, McCormick
and Gurwith, 1985). Recently, Ingram, Morrison and
Levitz (1987) reported a case of gastroenteritis,

sepsis, and osteomyelitis caused by P. shigelloides

in an immunocompetent hoste
. Several studies have reported that the incidence of

Aeromonas and Plesiomonas - associated enteritis was

higher in the summer or wet months of the year (Agger,
McCormick and Gurwith, 1985; Reinhardt and George, 1985).
Similarly, enteritis due to these organisms affect all
age groups but the very young (children under 3 years)
and the fairly old (2> 60 years) and above are more__ _ _.
susceptible (Agbonlahor et al., 1982; Reinhardt and

George, 198%; Sack, Lanata and Kay, 1987).
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Virulence Factors:

Attempts to demonstrate enteropathogenicity of

Aeromonas sp.' and P, shigelloides have resulted in the
identification of virulence characteristics, which are
recognised as being important in the pathophysiology of
diarrhoea caused by established pathogens such as vibrio

cholerae, Escherichia coli and Shigella species (Cleary

and Pickering, 1986, Prado et al., 1986).

Several earlier studies have shown that Aeromcnas
sp. produce a variety of biologically active extracellular
substances which are potential virulence factors. These
include enzymes (Von Graevenitz, 1985), haemolysins
(Wrétlind, Mollby and Wadstrom, 1971), cytotoxins
fDonta and Haddow, 1978), enterotoxins (Sanyal, Singh
and sen, 1975; Asao et al., 1984), proteases (Dahle,
1971) and surface adhesins (Atkinson and Trust, 1980).
on the other hand, most of the few studies to demonstrate

virulence factors in P. shigelloides have not been

successful (Sanyal, Singh and sen, 1975; Pitarangsi

et al., 1982).

Haemolysins
Many bacteria are able to lyse erythrocytes, based
on the activity of a most heterogenous group of toxins,

the haemolysins. Majority of human isolates of Aeroménas
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are haemolytic, and many of their extraintestinal
clinical manifestations are accompanied by soft tissue
necrosis indicating that haemolysin is a virulence

factor. The presence of two distinct haemolysins in

Aeromonas sp., was first suggested by Caselitz (1966)

and later studied by others (wWadstrom et al., 1976;

Boulanger et al., 1977; Ljungh, Wretlind and Mollby, 1981).
The most potent of the haemolysins, B-haemolysin

or aerolysin, has been purified and characterised

(Bernheimer and Avigad, 1974; Ljungh, Wretlind and

Mollby, 1981). 1It is a heat~labile protein with

molecular weight of 50 - 51,000 daltons. It was found

to be cytotoxic with a broad cell specificity and binds

rapidly to cell membranes also at 0°c. 1In addition,

it is dermonecrotic in rabbit skin and lethal to

rabbits and mice (Ljungh, wretlind. and Mollby, 1981).

In the rabbit intestinal loop (RIL) test, it causes

accumulation of small amounts of sanguinolent fluid

with high calcium and albumin content, indicating leakage

of intracellular substances due to membrane damage

(Ljungh and Krenovi, 1982).
Aeromonas strains also produce a second haemolysin,
& = haemolysin, which is a weak haemolytic agent that

causes incomplete haemolysis of ox erythrocytes with an

----- —enzymatic kinetics (Ljungh, Wretlind and Mollby, 198t).
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It also induces the release of large molecular weight
markers in radicactively labelled fibroblasts concomitant
with rounding of the cells and fading of the nuclei
(Thelestam and Ljungh, 1981). However, its role in
pathogenicity remains to be elucidated.

Recently, the production by A. hydrophila of

another haemolysin called "Asao" toxin was demonstrated
by Asao and his.colleagues in Japan (Asaoc et al., 1984).
The haemclysin has enterotoxic and cytotoxic effects,
and a molecular weight of 48,000 to 50,000 daltons.

In polyacrylamide gel electrophoresis at pH 4.0 and
sodium dodecyl sulphate (SDS) - polyacrylamide gel
electrophoresis, the h;emolysin migrated as a single
band. The pUrified haemolysin caused fluid accumulation
in infant mouse intestines and rabbit ligated ileal
loops, and was cytotoxic to Vero cells. However, these
biological activities were lost after heating at 56°¢C

. for 5 minutes, indicating that it is a heat-labile

protein. Furthermore, the production of the "Asao" toxin

and a cholera reactive factor by strains of A. hydrophila

was also demonstrated by Chopra t al. (1986).

Bnterotoxins

Enteropathogenicity in strains of Aeromonas and

pPlesiomonas was first demonstrated in India by Sanyal, Singh

and Sen {1975) by injecting whole cell cultures in
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rabbit intestinal loop (RIL) tests. They observed that

A. hydrophila was enteropathogenic, causing a fluid

accumulation of 1.0 - 2.0 ml per cm of gut length.
They also noted that gut reaction could be produced with
an inoculum as low as ‘104 viable bacteria. ©On the other

hand, P. shigelloides did not cause a significant gut

reaction and their rates of multiplication in the gut

was much lower than that of A. hydrophila.

Furthermore, the presence of an extracellular

heat-labile protein enterotoxin in A. hydrophila strains

was shown independently by wadstrom, Ljungh and wretlind
(1976) in sweden, and Annapurna and Sanyal (1977} in
India. The enterotoxin was produced in various complex
media and appeared in the culture medium during the
late logarithmic growth phase (Ljungh, Wretlind and Mollby, 1981),
Subsequently, some enterotoxin production has since
been confirmed by other workers in strains isolated
from humans and animals (Pitarangsi et al., 1982;
Boulanger, Lallier, and Cousineau, 1977; Dobrescu,
1978; Agbonlahor, 1983; Chopra et al., 1986}.

on further characterisationyLjungh and Kronevi

(1982) reported that A. hydrophila enterotoxin causes

fluid accumulation in rabbit, rat and mouse intestinal
loops without mucosa damage. The onset of fluid

accumulation in rabbit intestine was rapid, as with
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EBE. coli heat-stable (ST) toxin, and maximal after

6 - 10 hours. Also analysis of accumulated fluid

showed no significant difference between fluids
accumulated in response to cholera toxin (CT), E. coli
LT and Aeromonas enterotoxin with respect to electrolyte
and protein content. These data then suggest Aeromonas
enterotoxin as a cytotonic enterotoxin which induces
filuid secretion at least partially via the adenylate
cyclic adenosine monophosphate (cAMP) pathiay
{Keusch and Donta, 1975).

Evidence that A. hydrophila may also produce a

heat—-stable (ST) enterotoxin was provided by Boulanger, Lallier
and Cousineau (1977). They reported fluid secretion

induced by heated (100°¢) samples of A. hydrophila

culture filtrate. They further reported that fluid
secretion was inhibited in rats immunised with cholera
toxin, thus indicating a similarity between the two
toxins. More recently, Chakraborty et al. (1984)
cloned an enterotoxin which caused a positive suckling
mouse test but negative haemolysin tests in E. coli.
They thus provided conclusive evidence—of—a cytotonic —

and not a cytotoxic enterotoxin produced by A. hydrophila.

Several attempts to demonstrate enteropathogenicity

or enterotoxigenicity of P. shigelloides have not been

successful. However, Sanyal, Saraswatchi and_Sharma (1980)
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reported distension of rabbit intestinal loops with
live cells as well as culture filtrates of 13 strains

of P. shigelloides. The suckling mouse test was also

reported positive with the strains. As with E. coli

ST, onset of fluid accumulation in rabbit intestine
was early and the activity was stable at 100°Cc. The
culture filtrates also caused lysis or dislodgement

of adrenal YI cells and CHO cells.

Invasiveness

Some patients with Aeromonas and Plesiomonas

intestinal infection have been reported to present
with dysentery (Rahman and willoughby, 1980; Mandal
et al., 1982; Taylor et al., 1986). Ingram et al,
(1987) reported a case of gastroenteritis, sepsis, and

osteomyelitis caused by P. shigelloides in an immuno-

competent host. More recently, Nolte et als
(1988) also reported proctitis and fatal septicaemia

caused by P. shigelloides in a 42-year-old bisexual man.

These are pointers to the fact that these organisms may
be invasive. T T T
Few experiments to demonstrate invasiveness

(Sereny, 1955) using strains of A. hydrophila and

P. shigelloides have been negative (Ljungh and Krengvi,

1982; Sanyal et al., 1980). However, on the basi® of

histopathological studies, Pitarangsi et al,
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(1982} stated tha® Acromonas can be invasive. Theze

findings were later confirmed by Lawson, Burke and

Chang (1935) who showed invazion of HEp-2 cells
Ly faccal luolates of Al hydrophila.

Furthermore, al least one heat-stable (1OOOC for
20 ming) and one heat-labile proteasc have been described
in Acromonas (Riddle, Craham and Amborski, 1981;
Buckley ct al., 1981). 7The heat-stable protecase has been
reported to show an antigenic relationship to a protcase
produced by clraing of V. cholerae (Dahle and Sandvik,
1971). Similarly, both enterotoxigenic and non-
cnterotoxigenic Acromonas strainsg have been reported to
produce a variclky of surface haemagglutinins which are
putative candidultes for intestinal colonization factors
(adhesing), enabling the organism to establish ilself
in the small bowel (Atkinson and Trust, 1980),

Furthermore, Freer el al. (1978) algso reported hydrophobic

cell surface propertics, haemagglutinating activity
and rimbrae or fimbrac~like giructures as common features

in enterotoxigenic Aeromonas igolates.

Arliimicrobial Suscepltibility Palbiern:
i [ )

The discovery of penicillin in 1928 by Fleming, and
the sulphonamides in the 1930s marked the beginning of

the modern era of antimicrobilal therapy. Subsequently,



the judicliouys and widespread use of anbtimicrobial agents
has altered the importance of many human discasas and
change thz patterns of medical cure. Discascs such as
Lacterial endocarditic, miliary tuberculosic and
cryptococecal meningitis, formerly regarded as always
[atul, arc now curablc.

Moot cases of acute enteritis caused by Aeromonas

and Plesiomonan are scelf-limiting and require only

sympltomatic trcabtment and rehydration. lHowever,
antimiczrebial treatment is indicated in pationts with
eAlra-inlkestinal complications, those immunocompromised

and Lhose with prolonged centevic infection. Botkh

organisms have been rcported to be usually sensitive

(in vitre) to chloramphenicol, tetracycline, polymyxins,
nitrofurantoin, nalidixic acld,colistin, and aminoglycosides
(overman, 19503 washington, 1972; von Gracvenitz,
1285). On the other hand, both arc said Lo be universally
rosistant to ampicillin and penicillin (Trust and Chipman,
1979}, though a slkrain producing an inducible RB-laclkamase
capable of hydrolysing oxacillin and melhicillin has

been reported in Acromonas (Sawai et al., 1978). More
recenitly, Bakken ol al. (1988) reported B-lactamase
registance in Acromonns spe s caused by inducible B-lactamases

active against penicillins, cephalosporins, and carbapencns.
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Lased on their susceplbibility to a number of
antimicrobial agents, Reinhardt and Gecrge (198Lb)
reporled Lhat agents that might be usclful for the
treatment of enteric infeclions due to Acromonas ol

Plasicnonas include tcelracycline, chloramphcenicol,

Lrimelhoprim - sulphamethoxazole and Lhe quinolonces.
Howaver, like other centeropathogens, it is suggeuted
that antimicrebial susceptibility of an isolate be

deternined before breatment s initiated.

Serocning for Plazndids in Acromonas and Rlesiomonas:

Plasmids are extrachromosomal decoxyribonucleic
acids (BNA) capable of stakle aulonomous replicuakbion.
Their recoqnition came in the early 19503 socn aftcer
the dizcovery of conjugation in the bacterium

ruchoarichia coli by Joshua Lederberg (1952).  While

Lhey arce nol essential for the survival of bacteria,
plasmids may code for a wide varicty of genctic
determinants which permit their bactcrial hosts Lo
survive beltier in an adverse environment, or to competc
better with other microorganisms occupying the came
ccologlical niche.

Plavwids are inittially recognised by the phenotypic
propzrlies or biological functions Chey confer on a cell.
hese include resizlance te antimicrobial agents (Datta,

1962; Olukoya ct al., 1988a & b; Rotlmi, Emina and
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Eke, 1983), some metal ions (Novic, 1967; Smith, 1967)
and colicins (Fredericq, 1958). Other plasmid mediated
properties that have been documented include virulence
(zink et al., 1978; Gotuzzo et al., 1987), enterotoxin
production (Smith and Halls, 1968), ability to hydrolyse
certain compounds (Ishiguro et al., 1979), and adherence
(Nandadasa et al., 1981). Recently, plasmid profile
analysis has become a very useful tool in the
epidemiological studies of bacterial infections (Odugbemi
et al.,1983a & b; Tenover et al., 1985; Nakamura et al.,
1986).

. Presently, very little is knjown on the prevalence

of plasmids in Aeromonas or Plesiomonas. However, Shotts

et al. (1976) has reported plasmid-mediated antibiotic

resistance in A. hydrophila isolated from fish, while

Olsen and Wright (1971) reported that A. salmonicida
can be the recipient of resistance plasmids from

Enterobacteriaceae and the pseudomonads. More recently,

P. shigelloides 1isolated from case of proctitis

and fatal septicaemia ip an immunocompetent host, was
shown to possess a 100-megadaltons plasmid. These
findings have emphasised the need for 'screening of
clinical isolates of these organisms for possible plasmid-

mediated characters. .
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Nigerian Isolates of Aeromonas and Plesiomonas:

Obi and Nzeako (1980) were the first to report

isolation of A. hydrophila along with Salmonella and

‘ shigella species from about 40% of 39 edible land snails
(Achatina sp.) in the Eastern part of Nigeria. They also
reported that 58% of their isolates were enterotoxigenic.
However, the first report of an Aeromonas - assoclated
food poi;oning in Nigeria was by Agbonlahor et al.

(1982) in a 64-year-old male seen at the University of
Jos Teaching Hospital on 7th July, 1980. The patient
presented with sudden onset of diarrhoea and abdominal

y pains, and reportedly had a meal of fried prefrozen

edible land snails some 20 hours before reporting.

His stool culture yielded a heavy growth of A. hydrophila

and no other enteric rathogens was isolated. Also,

o the A. hydrophila isolate was enterotoxigenic and
B-lactamase positive.

Furthermore, in another prospective study between
October 1979 and March 1981 at the Lagos University
Teaching Hospital, Agbonlahor (1983) reported the

isolation of A. hydrophila from the stools of six

patients with diarrhoea. Also, all the isolates were
B-lactamase positive, while five were haemolytic and
ggzgfgfisl_fpgs-suggesting clinical significance of
the isolates.
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while one appreciates the efforts of these pioneers,
information presently available on Aeromonas and

Plesiomonas - associated diarrhoea in Nigeria is far

from being sattsfactory. The organisms are not
routinely sought in clinical specimens probably due to
1ack of understanding of isolation techniques or mere
assumption that they are not clinically significant
based on reports from other parts of the world, This
situation is quite unacceptable and hence, there is an
urgent need for further studies of local isolates to
understand their epiaemiology and possible roles in

acute diarrhoeal diseases.

Objectives of the study

1. To establish. the prevalence of Aeromonas Sp. and

p. shigelloides in faecal specimens of patients,

with or without diarrhoea, submitted to the enteric
laboratory of the Lagos University Teaching Hospital

(LUTH), Idi-Araba, Lagos, Nigeria.

2. To examine the biochemical characteristics of the
isolates, with a view to propose a simple scheme

for their isolation and preliminary identification

from faecal specimens.
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To examine the survival of the isolates in transport

media commonly used in the enteric laboratoriesa.

To examine the isolates for the production of
haemolysins, heat=-stable (ST) enterotoxin, and

invasiveness, which are potential virulence factors.

To examine the enteropathogenicity of isolates

possessing potential virulence factors in healthy

adult mice.

To determine the in vitro susceptibility pattern

of isolates to some antimicrobial agents.

To screen the isolates for the presence of plasmids.
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CHAPTER &£

PREVALENCE OF AERCMONAS SP. AND P. SHIGELLOIDES
IN PATIENTS WITH AND WITHOUT DIARRHOEA IN LUTH,

LAGOS, NIGERIA
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1 ' INTRODUCTION

LR

‘Several féports on the isolation of Aeromonas sp.

and P. shigelloides from faecal spacimens of patients

? o ~in different.parts of the world indicate that these
organisms may be capable of causing acute dlarrhoeal
—— —_. diseases (Bulger and Sherris <1966; Cumberbatch et al.,
- 1979; Agbonlahor, 1983; Agger, McComick and Gurwith,
1985; Rutala éf.il;! 1982; Ljuﬁgh and wadstrom, 1985;
Arai et al., 1980; Reinhardt and George, 1985a).

Diarrhoea associated with these organisms are reported

-~ ~. “to be usually mild and self=limiting,-though.a-more -

7 | severe form that was acute colitis or a cholera-like
; _ illness have been documented (L jungh and wadstrom, 1985;

" - -- Huq and Islam, 1983; Agger, McCormick and Gurwith, 1i2%3).
- on the other hand, some investigators have not '

been able to ascribe any aetiological role to either of

these organisms based on their isolation rates from

.-

patients-with—and-without-diarrhoea-(Morgan et-al., 1985; —

o s . Figura et al., 1986). For instance, in a study in

>

B ‘Thailand by pitarangsi et al. (1982), both Aeromonas sp.
i ,aﬁé.gi shigélloides were isolated with similar freguencies
T :_-from individuals with and without diarrhoea, suggesting
= e - that both-organisms may be part of the normal humén

intestinal flora.
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Hence, the significance of Aeromonas Sp. and

P. shigelloides as agents of diarrhoea is still contro-

versial. Their ¢linical significance has not been
proven conclusively, and is subject of current research
efforts worldwide. It is a paradox however that most
of these researches are going on in laboratories in the
developed countries, while very little is being done in
the developing countries where acute diarrhoeal diseases
are more endemic.

In Nigeria, very little information is available

on Aeromonas and Plesiomonas - associated diarrhoea.

However, Agbonlahor (1983) emphasized the opportunistic
pathogenic role of six Aeromonas isolates from patients
with acute diarrhoea in Lagos. Though normal subjects
were not included as controls in the study, the result
was unique in that it emphasized the seemingly important
role of Aercmonas as an opportunistic pathogen in the
Lagos environment.

pespite this report by Agbonlahor (1983) and the

recent universal upsurge in research activities on

-WﬂAenomonas_and_Elgsiomonas -~ associated diarrhoea, the

organisms are still not commonly sought from routine
stool cultures in Nigeria, and diarrhoea that may be
due to them are probably grossly under-estimated.
;ghggg_ié_égkprgent need therefore to update available

information on these organisms, as well as identify
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new ones that may be peculiar to our environment.
This chapter determines the prevalence of Aeromonas

sps and P. shigelloides in patients with and without

diarrhoea seen at the Lagos University Teaching

Hospital, Lagos, Nigeria.

MATERIALS AND METHODS

Patients and Source of Isolates:

The study included 2,350 patients with diarrhoea
and 500 patients ﬁithout diarrhoea (controls) who
submitted faecal specimens for culture at the enteric
laboratory of the Department of Medical Microbiology
and Parasitology, Lagos University Teaching Hospital
(LUTH), Idi-Araba, Lagos; from October 1986 through
september 1987. Diarrhoea in gﬁis study was defined
as three or more loose stools per day within two days
of collection of faecal specimen. Patients in the
control group had no diarrhoea within two weeks
preceding specimen collection. Other data obtained on
each patient include age, S€X, history and clinical
features such as abdominal pain, anorexia and weight
losse.

Lagos is a cosmopolitan city and Federal capital

of Nigeria. It has an estimated population of about
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Non-xylose fermenting colonies on XDCA were then tested
for oxidase production (Kovacs, 1956), and oxidase
positive colonies were subcultured onto nutrient agar
(Oxoid‘Ltd, Wade Road, Basingstoke, Hampshire), for
furthef characterisation. Similarly, ABA plates were
flooded with 1% sodium dimethyl-T-phenylenediamine
monohydfochloride (oxidase reagent), and oxidase
positive colonies were quickly picked for subculture
to ensure that viability was not lost. Growth in APW
after 18 -~ 24 h incubation were subcultured onto XDCA
and ABA, and cultures obtained were tested for oxidase
as stated earlier,

Oxlidase positive colonies that were Gram-negatives,

~.and not typical of Pseudomonas aeruginosa by pigmintat.on,

odour were screened on Kligler's iron agar (KIA) and
motility indole urea (MIU) medium, for the production
of hydrogen sulphide,'gas, indole and urease ehzyme,

aﬁ.uﬁLl_as_moiiliiy;and_utilisation—oﬁ—glucose—and«—m—*w*m—w—-

lactose. Further confirmation of isolates as Aeromonas

Spy or P. shigelloides was by the criteria outlined by

von Graevenitz (1985) in the Manual of Clinical

Microbiology, based on earlier characterisation of
gy,

"Aeromonas by Popoff (1984) and Plesiomonas by Schubert

(1984) in the Bergey's Manual of Systematic Bacteriology

(N. R. Krieg and J. G. Holt (ed.), vol. 1).



43

Isolation and Identification of other bacterial pathogens:

Fresh faecal samples were inoculated onto MacConkey
agar (MAC), desoxycholate citrate agar (DCA}, thiosulphate
- citrate - bile salts - sucrose agar (TCBS), and blood
agar base (BA) containing 5% sheep blood. Selenite F

broth was used as an enrichment for Salmonella and

Shigella while APW was used for V. cholerae. Also, cold
enrichment at 4°C in phosphate buffered saline (pH 7.3}

was used for Yersinia enterocolitica iscolation.

Inoculated plates, except those for Y. enterocolitica,

were incubated aercbically at 37° for 18 - 24 h.

The Y. enterocolitica plates were incubated aerobically

at room temperature (22 - 25°C) for 24 - 48 h. On
primary isolation, suspicious colonies were screened
using KIA and MIU. Further identification of isolates
was by standard biochemical tests as described by Cowan
and Steel (1974), and Kelly, Brenner and Farmer {(1985).
Serclogical confirmation of identified isolates was
done by slide agglutinaﬁion using Wellcome antisera

{wellcome Reagents Ltd, wWellcome Research Laboratories,

Beckenham, England). For economic reasons, culture of

stools for Campylobacter was not done.

Statistical Analysis:

Statistical analysis of results was-done -using the

chi - square test (Colton, 1974). -
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Control Strains:

Positive control strains of Aeromonas sp,: and

P. shigelloides included in this study were kindly

provided by br. D. M. Jones of the Public Health

Laboratory, Withington Hospital, Manchester, England.

RESULTS

The isolation rates of bacterial enteric pathogens
from 2,350 faecal samples of patients with diarrhoea,
during the 1-year period from Qctober 1986 through
September 1987 were shown in Table 1. Aeromonas sp,

was isolated from 53 (2.26%), P. shigelloides from

16 (0.68%), shigella sp,s from 4 (0.17%), Salmonella sp,

from 3 (0.13%) and Y. enterocolitica from 2 (0.09%} of

faecal specimens examined. Enteropathogenic E. coli

(EPEC) was isolated from 39 (2.85%) of 1,368 specimens
examined while V. cholerae was not isolated from any of
the specimens. Therefore, in this study, EPEC was the

most frequently isolated enteropathogen, closely followed

by Aeromonas. sp.,.and P. shigelloides. Other established

enteropathogens like Shigella, Salmonella and Yersinia

were less frequently encountered than Aeromonas sp, or

P. shigelloides.

‘Table 2 shows the prevalence of Aeromonas sp, and

P. shigelloides in faecal specimens of patients with or

without diarrhoea (controls) examined during the study.
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Aeromonas sp;, was isolated from 53 (2.,26%) of 2,350
patients with diarrhoea and from 2 (0.4%) of 500 controls

(I@ = 7.32, p40.01). On the other hand, P. shigelloides

was 1lsolated from 16 (0.68%) of corresponding number of
patients with diarrhoea and none of the controls
(X2 = 3.42, p>0.05).

In this study, characteristics of Aeromonas sps and

P. shigelloides - associated diarrhoea were not significantly

different from those of other known bacterial enteric
pathogens. Clinical features observed in Aeromonas =
associated diarrhoea include abdominal pains in 3 (5.7%}),
anorexia in 4 (7.6%), weight less in 3 (5.7%) and
vomiting in 5 (9.4%) of 53 patients (Table 3). Similarly,
there was abdominal pains in 2 (2.5%), anorexia in 2
(17.5%), weight loss in 1 (6.5%) and vomiting in 1 (6.3%)

of 16 P. shigelloides - assaciated diarrhoea (Table 3).

The distribution of cases of Aeromonas gg.-and

P. shigelloides - associated diarrhoea according to age

and sex of patients is shown in Table 4 and Figures 1 and 2.
There were 20 (37.7%) Aeromonas spy related episodes in
males and—33—(62+3%) in females. On the other hand, more

Plesiomonas - associated diarrhoea occurred in males,

10 (62.5%), than in females, 6 (37.5%). However, the
difference in sex distribution of isclates was not

statistically significant (x? = 3.5, py0.05).
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Hence, Aeromonas sp, and P, shigelloides - associated
diarrhoec are not sex related. Diarrhoea due to

Aeromonas s, or P. shigelloides appeared to affeck

all age groupsl(Table 4). However, 23 (43.4%) of
Aéromﬁnas EEff“ associated diarrhoea occurred in children
under 5 fears, while 7 (13.2%) of such episodes occurred
in patients over 70 years old. Similarly, 3 (18.8%)

of P. shigelloides -~ associated diarrhoea odcurred in

{
children under 5 years, while 5 (31.3%) of such episodes

occurred in patients over 70 years old.

-

1
Figure 3 shows the monthly isolation of{Aeromonas
Sp.* during tﬁe study. Majority of the isolafes were
‘obtaiﬁed during the wet months of July 10 (18.9%), Auqust 11
(23.3%)7and Cctober 12 (22.6%). H@wever,wfeﬁer isolates
were recovered during the dry months, with na.isolates
in November and December. This pattern of distribution

is indicative Of a water-related infection. Also, monthly

isolation of p. shigel}oides_&ﬁ{g. 4) is similar to that__ .

of Aeromonas sSp., with peaks in September (25%) and

October (18.8%). P. shigelloides was not isolated in

‘the months of December, February, April and May, which

form major part of the dry season in Nigeria,
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COMMENT

This prospective 12-month study has zhown that

Aeromornas sSpes and P. shigelloides are tound in association

with diarchoea more often than in control patients in
our environment. Although mere isolation of an organism
from a diseased condition is not enough to confer
pathogenicity on such an organism, the results are
suggestive of aetiological roles for both Aeromonas Sp.

and P, shigelloides in this environment. Also,

isolation ratcs of 2.26% Aeromonas sps ,and 0.68%

P. shigelloides from patients with diarrhoea, compared

favourably with thecse of other recognised enteric

pathogens obtained in this study. Although Campylobacter

was not included in this study, its isolation rates
in similar studies in our environment range between
5.2 to 10.7% (Odugbemi et al., 1987),
Furthermore, Aeromonas sp. were significantly more
[requently isolated from patients with diarrhoea than
from controls CX? = 7.32, sz0.0i); Though the difference

in isolation rates of P. shigelloides from patients with

diarrhcea and controls was not statistically significant
QX? = 3.42, pﬁ?0.0S), there were more isolates from the
diarrhoea group. It is equally noteworthy that the

figures obtained for Aeromonas sp, are in agreement with

preliminary findings in a related study by Eko and Utsalo
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at the Medical Microbiology and Parasiteology Department,
University of Calabar in which Aeromonas sp, were
frequently isolated from patients with gastroenteritis
(2.5%) than from control patients (1.0%) (Personal
communication).

wWorkers in other parts of the world have also shown
an isolation rate of less than 1% for Aeromonas sps in
normal subjects in several large screening studies
(Lautrop, 1961; Catsaras and Buttiaux, 1965; Paukova
and Fukalova, 1968; Burke et al., 1983). Also,

Arai et al. {1980) found Plesiomonas in the faeces of

only.3 (0.01%) of 38,454 normal subjects examined in
Japan. However, Pitarangsi et al. (1982) found no
difference in the isolation of Aeromonas sp. from
normal citizens of Thailand and those with diarrhoea.
'Such a finding may indicate a high incidence of chronic
carriage in Thailand.

Aeromonas sps and P. shigelloldes - associated

diarrhoea affects all age groups, particularly children
under 5 years of age (Table 4, Figs. 1T & 2)v "Inam
earlier report in Lagos by Agbonlahor (1983), two out of
six Aeromonas isolates from acute diarrhoea cases were
from children. In the present study, more Aeromonas sp,

were isolated from females than males,while-the--reverse
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was the case for P. shigelloides. However, the

difference was not statistically significant to say
that the diseases are sex — related (Xz = 3.5, p>0.05).
Othef characteristics of Aeromonas and Plesiomonas -

- ]

associated diarrhoea observed in this study include

abdominal pain, anorexia, weight loss and vomiting.
These clinical features were not distinct from those of
diarrhoea due to other established enteric pathogens,

Furthermore, most of the Aeromonas sp. and P. shigelloides

strains were isolated during the warm and wet months

of the vear (Figs. 3 & 4}. Several other workers have
stated that the association of these organisms with
water may be responsible for the apparent seasonality
in the incidence of diarrhoea associated with them

NI S A(Burke et al., 1983; George gt al., 1985; Reinhardc

and George, 198%; Agger, M€Cormick and Gurwith, 1985).

Both Aeromonas gg;aand P. shigelloides have been

reported to cause a more severe form of diarrhcea in

immunocompromised-hest;;~{bjungh-aﬂd"Wadstrom, 14855 -
Von Graevenitz, 1985), thus suggéétiné that the organisms
may be opportunistic pathogens. In this study, clinical
coﬁditions that might have predisposed to Aeromonas -

associated diarrhoea were less frequent, and these were

peptic ulcer in 3 (5.7%) and Kwashiorkor in 1 (1.9%) of

our patients. Similarly, there was only a case each of




oy

a3

3.

50

diabetes mellitus and kwashiorkor in a- total of 16

patients with Plesiomonas - associlated diarrhoea.

“

In conclusion, it.has been widely reported that

o

Aeromonas sp, and P. shigelloides are not part of the

normal human intestinal fiora (Davis, Kane and Gaéagusi,
1978; Reinhardt and George, 1982). Results of this
study have also shown that these organisms are found

in association with diarrhoea more often than in
controls, in the Lages environment. Characteristics of
diarrhoea observed are also similar to those%due to
classical enteropathoéens. However, while tﬁese findings
are strongly suggestive of potential enteropéthogens,

there 'is need to further characterise the local isolates

for elinieal significance 1in Nigepia.
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Isolation Rates of Some Bacterial Enteropathcogens

From Stools of Patients With Diarrhoea Seen at the

Enteric Laboratory of LUTH, between

October 1986 and September 1987

Bacteria

No. of Stools
Examined

Enteropathogenic E. coli

Aeromonas SpPs

P. shigelloides

Shigella sp.

Salmonella sp,,

Yersinia enterocolitica

Vibrio cholerae

1,368
2,350
2,350
2,350
2,350
2,350

2,350

No., of
Positives

39
53

16

% of
Positives

2.85
2.26
0.68
0.17
0.13

0.0%




.

52

Table 2: prevalence of Aeromonas spw and P. shigelloides

in Stools of Patients With and without Diarrhoea

seen at the Enteric Laboratory of LUTH, between

October 1986 and September 1987

Aeromonas Spe Pa shigellioides
. Non=- . Non=-
biarrhoea Diarrhoea biarrhoea Diarrhoea
No. of Stools
Examined 2,350 200 2,350 500
No. of Positives 53 2 16 0
Isolation Rates 2.85 0.4 0.68 0
OC = 7.32, pl0.01) | O = 3.42, p»>0.05)
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Table 3: Clinical Features Observed in Aeromonas sp,
and P. shigelloides - associated Diarrhoea
in LUTH
Clinical No. (%) of positives No. (%) of positives
features in 53 in 16
Aeromonas-associated P. shigelloides-associated
diarrhoea diarrhoea
Abdominal pain 3(5.7%) 2(12.5%)
Anorexia 4(7.6%) 2(12.5%)
Weight loss 3(5.7%) 1(6.5%)
vomiting 5(9.4%) 1(6.5%)
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Table 4; ‘Distr;bution of Cases of Aeromonas Sphs and
P. éhigelloides - associated Diarrhoea by
, . Age and Sex
4
Aerononas sps P. shigelloides
égzr;n Male_' Female Total Male Female Total
¢ 0-5 8 15 23 2 1 3
6 - 10 2 4 6 1 0 1
{1 - 20 1 3 4 1 2 3
21--~ 30 3 4 f 2 0 2
31 - 40 0 1 1 1 0 1
41. - 50 1 0 1 1 0 1
51 - 60 0 Ty 1 0 0 o
. 61 -.70 1 2 3 0 0 0
K 71 - 80 1 3 a 1 0 1
81 - 90 1 _ 0 1 0 1 1
91 - 100 2 0 2 1 /R
. Total (%) 20(37.7%) 33(62.3%) 53(100) 10(62.5%} 6(37.5%) 16 (100)
P.

P

L
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CHAPTER 3

BIOCHEMICAL CHARACTERISTICS AND PROPOSAL FOR A
SIMPLE SCHEME FOR THE'ISOLATION'AND”PRELIMINARY
IDENTIFICATION OF AEROMONAS SP.. AND

P. SHIGELLOIDES FROM FAECAL SPECIMENS




r

60

INTRODUCTION

The recent upsurge in reports on the isolation of

Aeromonas sp, and P. shigelloides from clinical specimens,

particularly faecal specimens of patients with diarrhcea
would probably result in attempts by various laboratories
in different parts of the world to isolate and ldentify
these organisms. 1In other words, many laboratories would
now see the need for the routine culture of faecal
specimens for these organisms in order to determine their

clinical significance.,

Aeromonas EE.’and P. shigelloides usually grow well
on commonly used enteric media such as MacConkey and
desoxycholate citrate agars. As a result, their
isolation from faecal specimens has not been much of a
problem. However, on such media it is usually difficult
to distinguish them from members of the larger family

of Enterobacteriaceae. In addition, it has also been

reported that if the pH of the medium is acidic as a
result of lactose fermentation, a positive oxidase test
may not always be obtained (Overman, D'Amato and
Tomfohrde, 1979).

AS an alternative to enteric media, several
investigators had suggested the use of blood agar with

10 - 30ug per ml of ampicillin (ABA) for the isolation
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of Aeromonas sp, and P. shigelloides from faecal specimens

(Gracey, Burke and ﬁobinson, 1982; Kay, Guerrero and Sack,
1985; von Graevenitz, 1985; Mishra et al., 1987).
A shortcoming of this medium however is that ampicillin
will prevent the isclation of some sensitive strains
(Hunt et al., 1987). It thus appears that, at the
moment no single 'ideal' medium is available for these
organisms. However, most authorities believe that the
use of an enteric medium such as xylose desoxycholate
citrate agar (XDCA) in conjunction with a selective
medium such as ABA should be adequate for their optimal
recovery from faecal specimens (Von Graevenitz, 1985;
Kelly, Stroh and Jessop, 1988).

Similarly, several schemes have been suggested
for the identification of Aeromonas sp. and

P. shigelloides. These include those of Popoff and Veron

(1976), popoff (1984), Janda et al. (1984) and Schubert
(1984). Furthermore, Von Graevenitz (1985) selected
important tests in most of the earlier schemes and

recommended about 50 biochemical characteristics for

]

the identification of members of the two genera. This
latest attempt by von Graevenitz has no doubt reduced
possible confusion that might have arisen from using

different schemes to characterise Aeromonas sp. and

P. shigelloides. However, the complexities, media
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requirements and reagents for some of these tests are
not within the reach of laboratories with limited
resources, as often found in developing countries.

In such laboratories, the selection of a small
number of simple and reliable biochemical tests for the
preliminary identification of Aeromonas sp, and

P. shigelloides is therefore an essential requirement

for the routine examination of faecal specimens for
these organisms. This study aims at (1) establishing
the minimum number of biochemical tests required for
the preliminary identification of Aeromonas sp, ~and

P. shigelloides in a routine diagnostic laboratery;

(2) proposing a simple scheme for the isolation and
preliminary identification of Aeromonas sp, and

P. shigelloides from faecal specimens.

MATERIALS AND METHODS

Bacterial Strains:

The 55 strains of Aeromonas sp, and 16 strains of

P. shigelloides, used in this study, were isolated from

faecal specimens submitted to the enteric laboratory
of the Lagos University Teaching Hospital (LUTH},

Tdi-Araba s Lagos, between October 1986 and september,

1987. Of the 55 Aeromonas sp,, 53 were from patients
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with diarrhoea and 2 from controls. All P. shigelloides

isolates were from patients with diarrhoea.
Isolates were identified as Aeromonas sp. or

P. shigelloides by standard methods previously described

(Popoff, 1984; Janda et al., 1984; Schubert, 1984) as
summarised by von Graevenitz (1985). 1Isolates of
Aeromonas 3p, were identified to species level according
to the scheme of Popoff (1984) as described by

Von Graevenitz (1985). In all, there were 20

A. hydrophila, 28 A. caviae and 7 A. sobria.

Biochemical Characteristics:

All biochemical tests were performed by standard
techniques, mostly as described by Cowan and Steel (1974).

For the primary identification of isolates as Aeromonas

EE%,Or P. shigelloides, isolates were tested for the
production of oxidase, catalase, hydrogen sulphide,
urease, haemolysis on blood agar (Oxcid), pigmentation

on nutrieat ag&® (Oxoid), gas, indole, deoxyribonuclease,

amylase, B-lactamase, ornithine decarboxylase, and lysine
decarboxylase. They were also tested for acid production
from glucose, lactose, xylose, mannitol, inositol, maltose,

sucrose, dulcitol, arabinose and adonitol. Other tests
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include citrate utilisation, growth in 6.5% NaCl broth,
nitrate reduction, motility, and the methyl-red, Voges -
Proskauer (MRVP) test.

In addition to those characteristics observed on
primary identification, tests for aesculin hydrolysis,
growth in potassium cyanide, production of acid from
salicin, gas from glucose, and production of acetyl
methyl carbinol (VP test) were performed to differentiate
isolates primarily identified as Aeromonas sp, into

A. hydrophila, A. caviae and A. sobria. Production of

B-lactamase was detected by the starch paper technique
earlier described by Odugbemi, Hafiz and McEntegart
(19%7), as well as the chromogenic cephalosporin method
described by O'Callaghan et al. (1972). Similarly,
production of deoxyribonuclease {(DNase) was determined
on DNase Test Agar {(Difco Laboratories, Detroit,
Michigan, USA) to which 1.35 ml of 0.5% aqueous solution
of methyl green was added per 100 ml of medium (Lior,
1984). All other tests were performed according to

established standard procedures (Cowan and Steel, 1974).

Contrel Strains:

A positive control strain each of A. hydrophila and

P. shigelloides, included in this study, were obtained
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from Dr; b, M. Jones of the Public Health Laboratories,

Withington Hospital, Manchester, England.

RESULTS

Nal

The biochemical profiles of 55 strains of Aeromonas

sp, and 16 P. shigelloides examined during this study

are shown in Table 5. All the strains produced oxidase,
catalase and acid from glucosé, Furthermore, over 80%

6f the strains were motile, p;oduced acid from maltose,
reduced nitrate to nitrite and were methyl red positive.
Conversely, none of the strains produced hydrogen sulphide
from KIA, urease enzymes, pigmentation on nutrient agar,
growtﬁ in 6.5% NaCl broth, or acid from lactose, xylose,

dulcitol and adonitol. Also, 27 (49.1%) of the Aeromonas

sp. and 3 (18.8%) of the EL~§§igelloides'strains prodqud
B-lactamase.

production of oxidase and inability to utilise
xylose are two tests that are characteristics of the

family Vibrionaceae.

similarly, results obtalined for pigmentation on
nutrient agar and ability to grow in 6.5% NaCl broth were 1n
total agreement With expected results. Both Aeromonas sp,

and-P..shigelloiaes are knownynot Lo pfoduce pigmentation

on nublrient agar and not able to grow in 6.5% NaCl broth.

il - [ ———— = - —_—
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The two characteristics separate them from most

: pseudomonads and the halophilic vibrios respectively.

Tests commonly used in the dlfferentlatlon of

Aeromonas sp. from P. shigelloides include production

of ornithine decarboxylase, DNase, amylase, and acid
production from mannitol and not inositol. All the
strains of Aeromonas sps produced acid from mannitol,

while 42 (76.4%) and 40 (72 79,) produced DNase and

amylase respectively. Also, none of the Aeromonas

‘Ltrains produced acid from inositol. ©On the other

hand, all P. shigelloides strains tested produced

acid from inositol while none produced DNase, amylase,

or acid from mannitol. However, all the

B; shlgelIOLdes strains and 12 (21, 8%) of Aeromonas
sp, were ornithine decarboxylase positive.
Table & shows the results of tests commonly used

in the dlfferentlatlon of Aeromonas strains 1nté species.

puring this study, 20 Aeromonag”ﬁydroph1la——28 As-caviae--

and 7 ﬁérsobrla were examined. All A. hxdrogblla and
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A. caviae strains produced acid from salicin, while none
of the A. sobria strains was positive for the test.

Also, all A. hydrophila and A. scobria strains produced

gas from glucose, while none of the A. caviae strains
was positive for the test. Results of these two tests
were in agreement (100%) with criteria stated by Popoff
(1984) for the speciation of Aeromonas isolates.

Furthermore, 15 (75%) of A. hydrophila, 25 (89.3%) of

A. caviae, and none of A. sobria hydrolysed aesculin,

Also, 13 (65%) of A. hydrophila, 18 (64.3%) of A. caviae

and 1 (14.3%) of A. sobria grew in KCN broth. For the

vp test, 15 (75%) of A, hydrophila, 1 (3.6%) of A. caviae,

and 1 (14.3%) of A. sobria were positive.

COMMENT

The results of this study are in agreement with that
of others (popoff, 1984; Janda et al., 1984; Vvon
Graevenitz, 1985), in confirming the usefulness of the

various biochemical tests in the identification of

Aeromonas sp. and P. shigelloides in clinical as well as

research laboratories. However, the results have also
shown that some of the biochemical tests may be desirable
but not compulsory, particularly in laboratories with

limited resources.,
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In this study,'tests for the production of oxidase,

- catalase, H,S from KIA, pigmentation on nutrient agar,

acid from glucose, xylose, dulciﬁol, adonitol, mannitol

‘and inositel, as well as - ability to grow in 6.5% NaCl

broth are very specific and in agreement with expected

" results (Table 5). On thc other hand, tests for the

2

production of indole, haemolysis on blood agar, lysine

-

decarboxylaze, citrate utilisation, and acid production

from maltose, sucrose and arabinose are less specific

‘and may vary with different strains. Other workers have

also observed variations in some of these tests among

Aeromonas sSp. and P. shigelloides isolates (Von Graevenlitsz,

19853 Gosling, 1986).

Furthermore, this study also confirms the relianiiily

-

of mannitol and inositol fermentations in the differentiation

of Aeromonas sp, from P. shigelloides. All Aeromonas SpD.

strains in this study fermented mannitol but not-in?sitql-

and the characteristic has been widely used for differentiating

Conversely, all the E; shigelloides strains ferment -

inositol but not mannitol. It was observed that 12

(21.8%) of the Aeromonas strains were ornithine

decarboxylase positive. For a very long time, Aeromonas

‘strains were thought not to produce ornithine decarboxylase

~
-

- Aeromonas sp, from P. shigelloides. However, Hickman-

srenner ct al. (1987) reported ornithine positive Aeromonas
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strains’ to which they suggested the name Aeromonas
veronii.

Similarly, among the tests used ir the speciation
of Aeromonas strains, production of acid from salicin

and gas from glucose were very specific and in agreement

' with expected results (Table 6). Other tests such as

hydrolysis of aesculin, growth in KCN and the Voges
Proskauer (VP} test gave between 65 and 89% correlation.
In addition,‘biochemidal reacéions of the two strains
from control patients were not in any way significantly
different from those of strains from patients with
diarrhoea.

In summary, production of acid from salicin gnd gas
from glucose may just be adeguate for the-speciétion

of Aeromonas isolates (Table 6). It is interesting to

note that, using these six tests alone in this study,

we would not have missed any of the isolates. Equally,

. the tests require 18 - 24 h incubatioqﬂgg‘BZ?g“and_arg”___

therefore easy to perform.

Based on the results of this study, a simple scheme

_is‘ proposed for the isolation and preliminary

identificatlon of Aercmonas sp, and P. shigelloides from

faecal specimens (Fig. 5). The scheme is as follows:

Inoculate a loopful of faecal specimen cnto Ampicillin

"blood égar (ABA) and x&lose desoxycholate citrate agar
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(XDCA). Also inoculate about 2 grams of faecal specimens
into alkaline peptone water (APW), pH 8.6. Incubate

all inoculated media for 18 - 24 h at 37°C and subculture
APW onto fresh ABA and XDCA. Test all non-xylose
fermenting colonies on XDCA for oxidase production,

~and similarly flood ABA plates with oxidase reagent.
Quickly subculture oxidase positive colonies to nutrient
agar (NA) plates, and 6.5% NaCl broth. Non-pigmented
‘colonies on NA that fail to grow in 6.5% NaCl broth
should then be subcultured into mannitol and inositol

broth for the preliminary identification as Aeromonhas

Sp. or P. shigelloides. Speciation of Aeromonas sps
isolates is achieved by testing for the production of
acid from salicinyand gas from glucose.

This scheme is simple since all the media and reagents
are easily accessible to most laboratories. The scheme
is also adeéuate for the following reasons. The pH 8.6
of APW provides a good enrichment for Aeromonas and

Plesiomonas by inhibiting other common intestinal flora

in the specimen. Inclusion—of—ampiciliin-in ABA make
the medium very selective. Similarly, xylose utilisation
and non-oxidase production excludes a large group - the

Enterobacteriaceae at an early stage of the investigation,

while growth in 6.5% NaCl broth and greenish pigmentation on
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NA eliminate the halophilic vibrios and most pseudomonads
(which are oxidase positive and non-xylose fermenting)
respectively. Fermentation of mannitol and not incsitol

separate Aeromonas sp, from P. shigelloides, and vice

versa. Also speciation of Aeromonas 1s completed by
testing for the production of acid from salicin and
gas from glucose.

In clinical laboratories, the rapid identification
of bacteria that cause diarrhoea is essential for
diagnostic. epidemiological, and public health reasons.
Furthermore, when large numbers of faecal specimens are
to Pe processed, there is need for rapid screening of
negative specimens and confirmation of positive ones.
This scheme is appropriate for this purpose and would
save both time and materials. However, the scheme is not
meant to replace existing schemes. Rather, it is to
complement such schemes particularly in the screening of
large samples. It is also believed that the media and

reagents are simple enough to make the scheme accessible

to laboratories with limited resources. Though, the scheme
is based on faecal specimens, it can be adapted to other
clinical specimens such as blood, wouhd swabs and other

body exudates. ' _ ) -;4




Table 5: Biochemical Characteristics of 55 Aeromonas Sps

and 16 P. shigelloides Strains Isolated from

. Patients Seen at LUTH, Lagos, Nigeria

Number (%) of isolates giving
positive reactions
Tests ﬁg%ﬁﬂgﬂ%%)éﬂo E;,?Elgeiéﬁldes
production of:
Oxidase 55(100) 16(100)
Catalase 55(100) 16 (100)
Urease 0 0
HZS from KIA 0 0
Haemolysis on BA 39(70.9) 2(12.5)
Pigmentation on NA 0 0
Gas 37(67.3) 4(25)
Indole 41(74.6) 14(87.5)
DNase 42(76.4) 0
Amy lase 40(72.7) 0
-B-lactamase 29(52.7) 4(25)
Ornithine decarboxylase 12(21.8) 16(100)
Lysine decarboxylase 41(74.6) 13(81.3)
Acid Production from:
Glucose 55(100) 16(100)
Lactose 0 0
Xylose 0 0
Mannitol 55(100) 0
Inositol 0 16 (100)
Maltose 48(87.3) 14(87.5)
sucrose 35(63.6) 5(31.3)
pulcitol 0 0
Arabinose 22(40) 6(37.5)
Adonitol 0 0
Citrate utilisation 6(10.9) 0
Growth in 6.5% NaCly Broth 0 0
Nitrate reduction 49(89.1) 16(100)
Motility 48{(87.3) 14(87.5)
Methyl red 45(81.8) 16(100)
Vvoges—-Proskauer 17(30.9) (0)
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Table 6: Biochemical Characteristics Used in the

Differentiation of Aeromonas sp. Isolated

from Patients Seen at LUTH, Lagos, Nigeria

Number (%) of isolates giving
positive reactions
A. hydrophila A. caviae A. sobria
Tests (W= 20) =28 (="
Aesculin hydrolysisg 15(75) 25(89.3) 0
Growth in KCN 13(65) 18(64.3) 1(14.3)
Acid from salicin 20(100) 28(100) 0
Gas from glucose 20(100) 0 7(100)
Voges Proskauer 15(75) 1(3.6) 1(14.3)
reaction

2 pased on the scheme of Popoff (1984)
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Figure 5: A Simple Scheme for the Isolation and

Preliminary Identification of Aeromonas Spe

and P. shigelloides from Faecal Specimens

Faecal specimen

APW
pH 8.6 Inoculate
i
ABA, XDCA
Incubate
18 - 24h
o
at 37°C
-ve \
Discard & Test for oxidase
+ve

N

Test for :
1. Greenish pigmentation

Ve
Discard &——— on NA
2., Growth in 6.5%
.NaCl broth
-ve

Test for acid from

1. Mannitol I
2. Inositol .

Mannitol -ve

Mannitol +ve
Inositol +ve

Tnositol -ve

p. shigelloides

Aeromonas Spe
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CHAPTER 4

SURVIVAL OF AEROMONAS SP. AND P. SHIGELLOIDES IN

COMMONLY USED TRANSPORT MEDIA
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INTRODUCTION

Transport medié, as the ﬁame suggests, are primarily
used for the transportation of clinicai specimens from
the point of ¢ollection to the laboratory where such
specimens” are précesseé. They are therefore essential
for the survival of pathogens in transit. In additon,

a good transport medium also maintains the status quo
in the bacterial population in clinical specimens during
transportation, so that a goad representation of
indigerous bacterial flora in an infection %s cbtained
when the specimens is eventually cultured. :

. Trénsport media - are widely used in diagnosfic as

’ E - - !
well as research laboratories worldwide. Infact, some

highly fastidious organisms die soon after leaving the

" host body unless they are kept in appropriate transport

meaia. FPurthermore, in most community-based
epidemiological studies, transport media are required
for tranSporting specimens from the rural communities

to laboratories usually situated in the.cities for

processing. e e =

Over the past two decades, Aeromonas Spe. and

P. shigelloides have been increasingly implicated in

human infections, notably diarrhoea (pavis, Kane and

Garagusi, 1978; Ljungh and Wadstrom, 1985; -Holmberg
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27 L
et al., 1986; Nolte et al., 1988). This increased
awarenessvof their potential pathogenic roles, wpuld
probably results in attempts by various laborakories
to isolate them from clinical specimens, Hence theare
is need to identify appropriate transport media that
would ensure the survival of thesz organisms durlng
N

transportation.

A review of» literature revealed that alkaline peptone

water (APW) pH 8.6, and modified Amies transport medium

nave been used for the transportation of specimens

containing Aeromonas sSpe OF P. shigelloides (Millership
and Chattopadhyay, 1984; Kay, Guerrero and sack, 1985).
However, Von Craevenitz (1985) reported that the

survival of Aeromonas or Plesiomonas in various

transport media have not been specifically inves*tingated.

Therefore, the present study primarily set out to .

investigate the survival of Aeromonas and Plesiomonas
in transport media commonly used in the enteric

laboratory. During the course of the study, alkaline

peptone water (APW) was modified by adding 0.01% w/v
ferrous sulphate., This modified alkaline peptone water
(M~APW) was evaluated along with the other transport

media.
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MATERIALS AND METHODS

-

pacterial Strains:

Five strains of Aeromonas SpPe arnd 2 strains of

P. shigelloides were evaluated in this study. The five

Aeromonas sp. eonsisted > strains of A, caviae, a
strain each of A. hydrophila and A. sobria and a positive
control strain. On the other hand, the 2 strains of

p. snigelloides consist of one local isolate and a positive

control strain. The 2 positive control strains were
obtained from Dr. D.M. Jones of the Public Health

Laboratory, Withingtcn Hospital, Manchester, England.

Transport Media:

The following transport sedia were cvaluated:
1. Amies transport medium (Difco Laboratories, Detroit,
Michigan, USA).

2e gtuart transport medium (Difco Laboratories, Detroit,

s = —— e oo - oMichigan, - USAY. -
3. ° cary-Blair transoort medium: (Oxoid Ltde, Basingstoke,
- | England).
4, Phosphate huffered saline (Oxoid iLtd., Basingstoke,
| ' England).
5. Alkaline peplone water (oxoid Ltd., Basingstoke,
| Englandj.

G. Modified alkaline peptone water {(pH 8.6).
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The conventional media were prepared according to
manufacturers?' instructions, dispensed into bijou bottles
(5 ml each) and sterilized at 121°C for 15 mins. The
modified alkaline peptone water was prepared by adding
0.01% w/v of ferrous sulphate to the conventional
peptone water, The pH was then adjusted to 8.6 after

which it was dispensed and sterilized.

Inoculation of Transport Media:

Each of the test strains was plated on Mueller -
Hinton agar (0Oxoid) and incubated at 37°C for 18 - 24 h
to obtain pure cultures. A sterile cotton wool swab was
thén used to scrape all the growth on a given plate, and
this was inserted into an appropriate transport medium.
For each of the test strains, five bijou bottles of each
transport medium were inoculated as described earlier.
The inoculated transport media were kept at room
temperature (22° - 28°c) for further observation. Though,
a cold environment (a®c) is ideal during transportation

of clinical specimens, room temperature was chosen in

this case as being within the reach of every léboratory.

Measurement of Survival Rates:

To measure the survival rates of Aeromonas sp. and

. shigelloides inoculated into the various transport

media, subcultures were made fortnightly onto xylose
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desoxycholate citrate agar (XDCA)} and blood agar
supplemented with 15 ug/ml of ampicillin (ABA - 15).
Recovered isolates were identified as Aeromonas Sp, Or

P. shigelloides using standard procedures (Popoff, 1984;

Schubert, 1984). Results obtained over a six month
period were then analysed.

During each screening, the mean survival rate (is)
for a test strain was calculated as the number of bijou
bottles from which the strain was recovered, over the
number (5) of bijou bottles initially inoculated.
similarly, the cumulative mean survival rate (ic) for
the seven test strains inoculated into a particular
transport medium was obtained by adding up the
individual mean survival rates (zis), and dividing
by the number of strains.

That is,

RESULTS

A plot of the cumulative mean survival rates (ic)
for each of the six transport media evaluated in this
study is shown in Figure 6. For the first one month,

all test strains Qare recovered from all the transport
media. 1In which case, they would all be adequate for the

storage of Aeromonas sp, and P. shigelloides for a short
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period., However, during the next one month, all strains
were recovered only from alkaline peptone water (APW)
and the modified alkaline peptone water (M-APW). There
were various degrees of survival rates (£ 1) of the

r strains in phosphate buffered saline, Amies, Stuart énd
Cary-Blair.

Furthermore, two months after inoculating the transport

media, all test strains were recovered from the modified

. APW only. The survival rate of the strains in APW
was still good { >0.9), whereas the survival rates in
phosphate buffered saline (PBS)}, Amies, Stuart and

- Cary-Blair was between 0.6 and 0.8.

Four months after inoculation, all strains were

ot Sad

still recovered from the modified APW, while the
recovery raté for APW was 0.7. The rate was between

0.3 and 0.5 for PBS, Amies, Stuart and Cary-Blair. It
was noteworthy that six months after inoculation,
recovery rate was still greater than 0.9 in the modified
APW. }By this time, it was only 0.5 in APW, and between

0.1 and 0.3 in PBS, Amies, Stuart and Cary-Blair. -

’ . ~ I which case, while the Aeromonas sp.; and P

shigelloides can still be recovered fully at least six

months after inoculation into modified APW, cnly about
50% can be recovered if APW alone is used. Similarly,
' . petween-10 and 30% would be recovered if PBS, Amies,

stuart,. or Cary-Blair had been used.
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COMMENT

The results of this study have shown that Aeromonas

and Plesiomonas strains would survive in the various

transport media evaluated, for at least one month. 1In
additon, the positive effect of ferrous sulphate (FeS04)
on the survival of these organisms in alkaline peptone
water was also demonstrated. Specifically, the modified
APW (0.01% FeSO4 in APW) provided an excellent medium
that ensured the survival of the organisms for at least
six months after inoculation (Figure 6). As such, the

medium appeared suitable for the storage of Aeromonas

and Plesiomonas isclates.
Among the conventional transport media evaluated
in this study, suitability in terms of ensuring the

survival of Aeromonas and Plesiomonas is in the following

order: pr; followed by phosphate buffered saline

(PBS); Amies, Stuart, and then Cary-Blair. Furthermore,
the results of this study also indicate that all the
transport media evaluated can be used for the transporta-

tion of specimens containing Aeromonas or Plesiomonas.

However, it is most probable that an added advantage
of the APW and the modified APW is their alkalinity
(pH 8.6). This would probably reduce the survival of
normal intestinal flora usually contaminating such
specimens.

Several other workers have reported on the effect

of metal salts on microorganisms (Browning, 1931;
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waring and werkman, 1942; Odugbemi, McEntegart and
Hafiz, 1978). 1In a review on iron metabolism in
infection and immunity, Bullen, Rogers and Griffiths
{1974) observed that the injection of iron compounds can
enhance the virulence of certain bacteria, and in some
cases can abolish passive immunity. They further stated
that the characteristic feature of the effect of iron

is the stimulation of rapid bacterial multiplication in
circumstances where it previously did not occur. 1In this
study, it is most probable that the ferrous sulphate
also acted és a reducing agent, thereby preventing the
formation of toxic end-products of oxidation during
the-storage.:

In view of the positive effect of iron on micro-
organisms, there is the question of how much.iron should
be added to culture media to aveid iron contamination.
Bowen (1966) quoted references citing levels of 3.5,
0.25, and 0.13 mg/g dry weight-as the iron content in
plankton, bacteria, and fungi respectively. Furthermore,
waring and Werkman (1942) suggested that the common
enteric bacteria needed 0.02 - 0,03 mg/liter iron for
maximum growth. However, in our environment, preliminary
reports from a study on the effect of ferrous sulphate,
manganese chloride, and magnesium chloride on the growth

rate of some enteric bacteria indicate that ferrous
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sulphate at a.concentration of 0.01% w/v gave the best
result (unpubliched data). Henee, this concentration was
chosen in this study.

In cenclusion, this study has‘shown that Aeromonas

and Plesiomonas remained viable in the various transport

media evaluated, for at least one month after inoculation,
thereby suggesting that any of the media may be useful

in transporting specimens suspected to contaan these
organisms. Furthermore, the modified alkalibe peptone

watér would be the most suitable medium for étoring

Aeromonas and Plesiomonas isolates, though the conventional

alkaline peptone water (APW) appeared adequate for

storage not exceeding 6 weeks. To the best of my

knowledge, this is the first study on the survival of

Aeromonas and Plesiomonas in various transport media.

e e — o ———— s
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CHAPTER 5

PRODUCTION OF HAEMOLYSINS, HEAT-STABLE (ST)

- ENTEROTOXIN AND INVASIVENESS BY AEROMONAS SP.

AND P. SHIGELLOIDES ISOLATED IN LUTH, LAGOS

NIGERIA
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INTRODUCTION

The enteropathogenic roles of Aeromonas sp, and

P. shigelloides have not been proven conclusively, and

possible mechanisms' by which they may cause diarrhoea
are still being investigated worldwide., Tn clinical
bacteriology, a common method of determining whether a
bacterium is capable of causing diarrhoea is to identify
virulence characteristics which are recognised as important
in the pathophysiology of diarrhoea and to relate the
presence of these characteristics to strains isolated
from persons with and without diarrhoea.

Hanson et al.. (1977) as well as Rigney, Zilinsky
and Rouf (1978) have reported that haemorrhage is a
conspicuous feature of Aeromonas induced infections,
which are often referred to as 'red sore disease! and
tred leg disease' in some ectothermic animals. They
further reported-that soft tissue Aeromonas infections
in humans may be indistinguishable from infections caused

by Streptococcus pyogenas. With these clinical manifesta-

tions and the fact that majority of stralns are haemolytic
on blood agar, they éuggested that haemolysin may be an
important virulence factor in the pathogenesis of
Aeromonas -~ associated infections.

-~ —Tn the Same vein, Boulanger et al. (1977) were the
first to suggest the presence of a heat-stable (sT)

-enterotoxin—in- Aeromonas strains. Subsequently, James et al.
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(1982) confirmed the earlier observation of Boulanger
et al. (1977) and reported that in rats immunised with
cholera toxin, the fluid secretion induced by heated
(100°¢) samples of Aeromonas culture filtrates was
inhibited. - Although, enterotoxigenicity has not been

clearly demonstrated in P. shigelloides, Sanyal et al.

(1980) reported distension of rabbit intestinal loops
with live cells as well as culture filtrates of 13

strains of P. shigelloides. The suckling mouse test

was also positive with these strains.

On the other hand, few experiments to demonstrate

jnvasiveness in strains of A. hydrophila and E. shigelloides

using the guinea-pig eye model (sereny test) have been
negative (Ljungh and Krengvi, 1982; sSanyal, Saraswathi
and Sharma, 1980}. However, somée patients with Aeromonas

or Plesiomonas intestinal infections have been reported

to present with clinical features characteristicr,of
invasive organisms (Rahman and Willoughby, 1980; Taylor
et al., 1986; Ingram, Morrison and Levitz, 1987). More
recently, Nolte et al. (1988) reported a case of proctitis

and fatal septicaemia caused by P. shigelloides in an

immunocompetent 42 - year old man. Furthermore, on the
basis of histopathological studies, pitaranggi et al.
(1982) stated that Aeromonas can be invasive, and

watson et al. (1985) clearly demonstrated invasion of
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HEp-2 cells by faecal isolates of A. hydrophila.

However, possible roles of these virulence properties
and others such as the heat-labile (LT) enterotoxin (Sanyal,
Singh and Sen, 1975; Wadstrom, Ljungh and wretlind, 1976; Sanyal,
saraswathi and Sharma, 1980), cytotoxins (Donta and
Haddow, 1978), proteases (Dahle, 1971) and surface
adhesins (Atkinson and Trust, 1980) in the pathogenesis

of Aeromonas or Plesiomonas - associated diarrhoea remailn

unclear. In some studies, Aeromonas strains isolated from
patients with diarrhoea were enterotoxigenic, while strains
from healthy people rarely showed enterotoxigenic
characteristics (Burke et al., 1983; Gracey, Burke and
Robinson, 1982). In other surveys, workers have found no
difference in enterotoxin production whether strains were
isolated from patients, controls, environmental or animal
sources (Annapurna and Sanyal, 1977; Pitarangsi et al.,
1982; Turnbull et al., 1984).

In Nigeria, very 1ittie ig known regarding tke

virulence properties of Aercmonas sp, O Ps shigelloides

in our environment. However, Aébonlahor et al. (1982)
reported a case of Aeromonas - associated food poisoning L
in a 64-year old male at the Uni§ersity of Jos Teaching
Hospital. Furthermore, Agbonlahor (1983) also noted that

five of six Aeromonas strains isolated from patients with

diarrhoea at the Lagos uUniversity Teaching Hospital
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produced both cytotoxin and haemoiysin. In addition,
3 of the étréins also produced heat~labile (LT)
enterotéxin. To the best of my knowledge, there is
no single report yet on the virulence properties of

P. shigelloides in Nigeria.

The aim of this study, therefore was to investigate
the production’of haemolysin, heat-stable (ST) enterotoxin,

and invasiveress by strains of Agromonas Spe and

P. shigelloidesg jeolated from patients with and without

diarrhcea in LUTH, Lagos, Nigeria.

v

MATERIALS AND METHODS

pacterial stirains:

A total of 55 heromonas sps’ and 16 B. shigelloides

ctrains were examined for the production oF haamolysins,

heat-staple (ST) enterotoxin, and invasiveness. The

20 ﬂz'ﬂzdropﬁil§i

Aeromonas strains consisted of

.

. diarrhoeaa.

7 A. sobria and 26 A, caviae, all from patients with——— —7

diarrhoea; s well as 2 A caviae from pationts without
e 2290

All the 16 P. shigelloices strains examined

were from patients with diarrhced.

yaemolysins Production:

production of haemolysins was evaluated on trypticase

soya agar {Difco) containing 5% sheep red blood c2lls.
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Aeromonas and Plesiomonas strains were ‘radially streaked

on well-dried plates. The inoculated plates were then
incubated_for 72 71 at 37OC, and examined daily for
complete (p) or partial (&) neaemolysis.

,

Heat—StaBle (ST) Enterotoxin Production:

production of heat-stable (ST) enterotoxin was

detected in two stages:

Toxin Extraction:- FEach strain of the Aeromonas Spe

or P. sﬁigelloides was grown in . trypticase soy broth

-

(Difco) with 0.6% yeast extract (Difco) at 370C on a
roller drum (22 rpm) for 18 h. The cultures were

centrifuged at 3,000 rpm for 30 minutes and each

- supdrnatant was passed’ throvgh a 0.45 um membrane filter

(millipore) to remove remaining bacterial cells. The
sterile filtrates were heated at 100°c for 30 minutes

to inactivate haemolysin and heat-labile enterotoxins

_that may be present. All filtrates were then kept frozen

(- 50°c) until required for use.

Ssuckling Mouse Assay:- The method of Dean et al.

{1972), modified by Giannella (1976) was used for the

suckling mouse assay. suckling mice (2 - 3  day - old)

were arranged into groups of 3 each, after separation

from their mothers, To each mouse in a group, 0.1 ml
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of stained (a drop of sterile 2% Evans blue dye per ml)
filtrate was injected intraperitoneally into the milk -
filled stomach (Plate A). The mice in the control groups
cach received 0.1 ml of phosphate buffered saline (PBS).
The animals were killed after 4 h and the ratio of gut
to body weight was determined. Tests that gave ratios

of intestinal weights to remaining body weights equal

to or greater than 0.09 were considered positive

(Plate B). Ratios between 0.08 and 0.084 were taken as

doubtful and were repeated.

sereny Test:

The test was performed according to the procedures
described by Sereny (1935). The guinea-pigs used in
the test were obtained from the animal house of the
College of Medicine, University of Lagos, lLagos, Nigeriae.
Each test strain was grown on brain heart infusion agar
(Oxoid) for 18 h, and cultures obtained were harvested
into 2 ml sterile saline. Using a sterile Pasteur

pipette, a drop of the thick saline suspension was

inoculated into a guinea-pig's eye, and the other
uninoculated eye served as control. inoculated eyes

were observed daily for 72 h for the development of

- keratoconjuctivitis, indicated by redness, swelling

and pus discharge (Plate Cl.
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Control Strains:

Control strains included in this study were E. coll
0128: H12 (E5263/76) producing ST only, and E. coll
0124. H (BE12860/78) invasive in the sereny test. They
were earlier received from Dr. B. Rowe (Director, public

Health Laboratory, Enteric Division, Colindale, London).

RESULTS

Results of tests to determine production of

haemolysins, heat-stable (ST) enterotoxin, and invasive-

ness by strains of Aeromonas and plesiomonas examined in this

study are summarised in Table 7. Out of 55 Aeromonas SpPe

(20 A, hydrophila, 28 A, caviae and 7 A. sobria) examined,

39 (70.9%) produced o or B-haemolysis on sheep blood agar.

on the other hand, only 2 (12.5%) of P. shigelloides

strains produced o4& haemolysis. Furthermore, haemolysin
production according to species showed that 16 (80%) of

20 A. hydrophila, 17 (60.7%) of 28 A, caviae, and 6

(85,7%) of 7 A. sobria were haemolytic. It is noteworthy

that none of the two A. caviae isolated from contrel
patients produced haemolysin. However, the difference
in haemolysin production between isclates from patients

with diarrhoea and controls was not statistically

significant (XZT=3733, p > 0.05).
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Heat-stable {ST) enterotoxin'production was
observed in 11 (20%) of 55 AEEBWEDEE strains and
4 (25%) of 16 P. shigelloides examined (Table 7).
Of the 11 strains of Aeromonas that were positive
for ST, 4 were gérhxdropﬁélg and 7 were A. caviae.
However, none of the 7 A. sobria isolates exa%ined
in this study produced 5T. Though, all ST po?itive
strains were isolated from patients with diar;hoea,
the difference between diarrhoea and none diarrhoea
isolates was also not étatistically signi%icamt
O = 0,72, p0.05). '

In this'study, 6 (10.9%) of 557§§£gmgnggistrains

and 4 (25%) of 16 P. shigelloides strains examined

demonstrated invasive propefties in the guinea-pig

eye model (Table 7). The positive Aeromonas strains

consiéféd of éhﬂl_hydréphifé,vé ELVEEGiae and 1 5; sobria.
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The presant report is probably the first of a positive

Sereny test fqr Aeromonas or Plesiomonas isolates.

However, ﬁhe sifference in invasiveness betwesn
isolates from patients with diarrhoea and controls
was not statistically significant (X2 = 0.06, p0.05).

Comparative production of hasmolysin, ST and

invasiveness by 20 A. hydrophila strains examined, as

well as tne age and sex of patients from whom these

) i

strains were isolated, are shown in Table 8.' Sixtesn

of the strains produced haemolysin, 4 produced 3T and
' 1

only 2 were invasive. Production of these virulence

factors were almost with equal frequency from males and

females, Also, the ages of the patients range from 2

wacks to 95 years.. In which case, production of these

factcrs in A. hydrophila appeared not to be age or sex -

related., ' Similarly, 3 of the test strains produced
haemolysin and ST thereby suggesting the possibility

of an 1nterp1ay of different virulence factors in the

pathogene51s of dlarrhoea due to A hydrophila.

' gimilarly, of 28 A. caviae strains examined, 17

produced haemolysin, 7 produced ST, and only 3 were

invasive (Table 9). As in A. hydrophila, age and sex

did not appear to be associated with the production of
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these factors. It is equally noteworthy that 7 strains
that produced haemolysin were also positive for ST.
Also, there is a strong possibility of an interplay

of various virulence factors in the outcome of

5; caviae - associated diarrhoea,

For the 7 A. scbria examined in this study, 6
produced haemolysin and only one strain was invasive
(Table 10). None of the strains examined,was positive
for ST, thus suggesting that ST production may be rare
in this species. Also, there appeared toc be no

correlation between haemolysin, enterotoxin or

_invasiveness within the A. sobria isolates examined.

On the other hand, 2 of 16 P. shigelloides

isolates examined produced partial haemolysis on
sheep blood agar, 4 produced ST 'and 4 strains were

also invasive. Furthermore, 2 of the strains that

produced 51 wefe also invasive, suygesting some

correlation between these two factorse.
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COMMENT

The:préseht study has shown that a good number

of Aeromonas and Plesiomonas strains isolated from

patients with diafrhqea, in our environment, produced
haemolysips, heat-stable (ST) enterotoxin, or were
invasive. Like in this study, results of several

studies in other® parts of the.world have shown production

of virulence factors by Aercmonas or Plesiomonas

strains (Sanyal, Singh and Sen, 1975; Wadstrom et al.,
19763 Sanyal, Saraswathi and Sharma, 1980; Asao et al.,
1984; Ljungh and Wadstrom, 1985; Chopra et al.,

1986; Figura et al., 1986); More recently in

Wurzburg, Germany, Fischer et al. (1988) described

a case of pseudoappendicitis caused by a P, shige iiciaes

strain that elaborated a heat-stable (ST) toxin.
However, there is a growlng ccnfusion on the actual
roles of these factors in the pathogenesis of diarrhoea

due to these two organisms. While some investigators

believe they contribute significantly to infection

(Gracey, Burke and Robinson, 1982; Burke gt al., 1983;
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Fischer et al., 1988), others believe they play no
contributory role in infection (Annapurna and Sanyal,
1977; Pitarangsi et al., 19825 Turnbull et al., 1984;
Morgan et al., 1985). In this study, all isolates that
produced enterotoxin, haemolysin or invasiveness were

from patients with diarrhoea. Thus, our results support

the view that virulence factors are more often demonstrated

by clinical isolates. The results also suggest that
these factors possibly play significant roles in the

pathogenésis of diarrhoea due to Aeromonas or Plesiomonas

in our environment,

At the moment, there is a controversy on whether
an.association exists between enterotoxin, naemolysin
and cytotoxin among Aeromonas isolates. For instance,
while Chopra et al. (1986) suggested that a strong
correlation exists between production of enterotoxin,
haemolysin and cytotoxin in Aeromonas isolatés, Figura
et al. (1986) demonstrated that there was no close
relationship between haemolysins, cytotoxin or
enterotoxin production in their isolates. Though
'C?fbtcxfn—was—not—inciuded in the present study, results
obtained did not show any strong correlation between
haemolysin and enterotoxin. It is however most probakle
that results of enterotoxin assay in some of the earlier

studies-might have been influenced by haemclysins and




other heat-labile cytotonic extracellular products. As a
matter of fact, Asac gt al, (1984) reported the production

by A.hydrophila of a haemolysin which nad enterotoxic and

cytotoxic effects. The purified haemolysins caused fluid
accumulation in infant mice intestines and rabbit ileal
loops_ané was cytotoxic to Vero cells. SUbjeéting toxin
filtrates in the present stu@y to heat treatment (100°¢C
for 30 mins) made the test more specific for ST enterotoxin.
Similarly, attempts havé been made to ;orrelate
enterotoxin production with species and it has been
suggested by some autﬁérs that A. hydrophila and A. sobris
are pathogenic, while A. caviae are environmental strains
that are non-pathogenic (baily et al., 1981; wWatson et al.,
1985, Baref, Millership and mabagchali, 1986)L- In this

study, production of ST enterotoxin was nct speclies -

‘related. Presently, neitner Aercmonas species nor

P. shigelloides has been conclusively proveft as an

enteropathogen and claéssification of strains into

pathegenic and non-pathcgenic seems premature and erroneousa.

In this study, 12% of our Aerogmonas strains and

55 of P. shigelloides demonstrated invasive properties

(Table 7). To the best of my knowledge, this is thc

first report oFf a positive Sereny test for Aercomonas

or Plesiomonas, though there were earlier reports
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suggesting that both organisms may be invasive (Mandal
Wwhale and Morson, 1982; Taylor et al., 1986; Holmberg
et al., 1986). In fact, some patients wi+h Aeromonas
intestinal infection have been reported to present with

dysentery (Rahman ard Willoughby, 1980). Similarly,

Nolte et al. (1988) reported proctitis and fatal septicaemia

caused by P. shigelloides in a 42-year-old, apparently

healthy host.
As indicated by Holmberg and Farmer (1984), many

experts believe that Aeromonas Spe and P. shigelloides

cause diarrhoea in humans, though possible pathogenic
mechanisms remain largely unknown. However, virulence
factors have been shown to be important in the
pathogenesis of other established enteropathogens such

as V. cholerae, Salmonella or shigella. For instance,

fluid pouring into ileal ldopé is ccnsidered to be due
to the liberation of enterotoxic sﬁbstances by the
pacteria during multiplication in the intestine.
similarly, Scheffer et al. (1988) observed that the
presence of haemolysin may contribute to bacterial
infections; since the release of inflammatory mediators
nay account for the increase in vascular permeability,
ocodema formation, and granulocyte accumulation. It has

also been shown in in vivo studies that the mouse
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lethality increased when E. coli expressed haemolysin
production (Hacker et al., 1983). It is therefore

expected that these will contribute to virulence in

Aeromonas and Plesiomonas isolates producing them.

In conclusion, this study clearly established the
production of haemeclysins, heat-stable (ST) erterotoxin,
and invasiveness by strains of Aeromonas sp, and

P. shigelloides from patients with diarrhoea than

from controls in Lagos, Nigeria. Furthermore, the
results suggest that these factors may contribute to
the pathogenicity of strains possessing them, and that
pathogenicity of these organisms would probably involve

more than one mechanism.
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e 7: Production of haemglvsins, heat-skhahle (ST) epterotoxin, and invasiveness by

(3

Aeromonas_sp, and P, shigelloidss Strains isolated from patients in LUTH

T.agos, -Nigeria

| A. hydrophila A. caviae A. sobria Total .2, shigelloides

No. of Strains Tested : 20 28 7 55 .16

No (%) of Strains Positive | : ’

for Haemolysin_Productioni ] 16(80) . 17(60.7) . 6(85.7) 39(70.9) 2(12.5)

No (%) of Strains Positive f |

for ST Enterotoxin Production 4(20) 7(25) 0 11(20) . 4(25)

No (%) of Strains Positive

for Invasiveness 2(10) ' 3(10.7)  1(14.3) 6(10.9) 4(25)

LA

|
’
i
I
|
1
i
i
i
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Table 8: sex and Age of Patients whose Faecal specimens
vielded A. hydrophila Isolates Producing
Haemolysins, Heat-Stable (ST) Enterotoxin, or

Invasiveness
Production of :
Pii?eiis ngieﬁis Haemolysin Enteigtoxin Invasiveness
M 63 yrs + + -
F 75 yrs + - -
M 3 yrs + + +
F 78 yrs + - -
F 30 yrs - + -
™M 95 yrs + - +
M 17 yrs + - -
P 4 yrs + | - -
P 25 yrs + - -
F 69 yrs + - -
F 3 months + - -
M 9 yrs + - -
M 2 weeks + - -
F 15 yrs v - -
M 92 yrs + - -
F 36 yrs + - -
F .1 yr + + e -
+ = Positive

I

Negative
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Table 9: Sex and Age of Patients whose Faecal Specimens

vielded A. caviae Isolates Producing Haemolysins,

Heat=-Stable (ST) Enterotoxin, or Invasiveness

Production of :

Pii?eﬁﬁs Pig?egis Haemolysin Enteigtoxin Invasiveness
M 43 yrs + + =
F 1 yr - - +
M 5 yrs + + -
M 10 yrs + + =
P 3 yrs + - =

F 72 yrs - + *
F 1 yr + - -
F 9 months + - -
M 23 yrs + + -
F 2 days + - -
F 5 yrs + - -
F 6 months + = -
Fl 29 yrs + + -
F -60—yrs + + -
M 82 yrs + - B
M 8 yrs o+ - -
M 30 yrs + - -
M 76_yrs + - -
F 8 yrs - + - *

‘Tffi*“‘é;_“Pésitive

- - ——--=——-Negative -
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Table 10: gex and Age of Patients whose Faecal Specimens

vielded A. sobria Isolates Producing Haemolysins

or Invasiveness

Production of :

ST

sex of - Age of . .
Patients Patients Haemolysin  phierotoxin invasilveness

F 29 yrs + - -

VU F 65 yrs + - -

F 6 yrs + - -

F :2 yrs + - -

F 2 yrs + - +

F 9 yrs + - -

+ = Positive

- = Negative

s
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Table 11: Sex and Age of Patients whose Faecal Specimens

vielded P. shigelloides Isolates Producing

Haemolysins, Heat~-Stable (ST) Enterotoxin, or

Invasiveness

Production of :

Pii?ezis ng?egis Haemolysin Enteigtoxin Invasiveness
3 16 yrs - + -
M 74 yrs - - +
F 81 yrs - - +

"M 27 yrs + - -
M 37 yrs - + +
F 7 months + - -
M 41 yrs - + -
F 15 yrs - + +

+ = Positive
- = Negative

Sy
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PLATE A

A SUCKLING MOUSE BEING INOCULATED THROUGH THE MILK -

FILLED STOMACH WITH A CULTURE FILTRATE OF AEROMONAS

HYDROPHILA FOR THE DETERMINATION OF HEAT-STABLE (ST)

"ENTEROTOXIN PRODUCTION
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PLATE B

AN EXPERIMENTALLY INOCULATED SUCKLING MOUSE WITH THE

INTESTINE TAKEN OUT FOR WEIGHING. THE RATIO OF THE

INTESTINE TO THE REMAINING BODY WEIGHT WAS GREATER

THAN 0.09, HENCE, IT WAS POSITIVE FOR -HEAT-STABLE (ST)

ENTERQTOXIN PRODUCTION
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PLATE C

A GUINEA-PIG WHOSE RIGHT EYE WAS INOCULATED WITH AN
INVASIVE STRAIN OF AEROMONAS HYDROPHILA. 72 HRS AFTER
INOCULATION, THERE WAS KERATOCONJUCTIVITIS INDICATED

BY REDNESS, RATCHES AND PUS DISCHARGE FROM THE INFECTED

EYE..
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CHAPTER 6

LACK OF CORRELATION BETWEEN DEMONSTRATED
VIRULENCE FACTORS OF AEROMONAS SPe AND

P. SHIGELLOIDES, AND ENTEROPATHOGENICITY

IN MICE
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INTRODUCTION

The controversial nature of Aeromonas and Plesiomonas

as agents of acute diarrhoeal diseases has long been
expressed by several workers (pitarangsi et al., 1982;
Von Graevenitz, 1985; Figura et al., 1986). Although
these organisms have been freguently associated with
enteric diseases, conclusive evidence of their
enteropathogenicity is still not available., Furthermore,
the role of the various virulence factors described in

Aeromonas and Plesiomonas in the pathogenesis of diarrhoea

associated with these organisms is poorly understood.

in mediecal science, experimental animals are
widely used in the study of the pathogenesis of infectious
diseases. This is because the clinical manifestations
of such infections in animals have been found to mimic
those of the respective, disease in man. Hence, the
ability of an organism to initiate infection in healthy
animals is, in most cases, an indication of its potential

virulence in humans.

For Aeromonas and Plesiomonas, most of the previous

attempts to induce experimental diarrhoea in animals have

failed. For instance, Ljungh and Krenevi (1982)

reported the failure of A. hydrophila to induce experimental

diarrhoea in rabbits, guinea-pigs, hamsters and rats
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even after elimination of the resident intestinal flora
by prior antibiotic treatment as well as neutralisation
of gastric pH and'slowihg of intestinal motility. In the

same vein, Pitarangsl et al. {(1982) reported that an

isolate of P. shigelloides from an individual with
severe diarrchoea did not cause diarrhoea in five rhesus

monkeys.

Therefore, there is a concerted effort worldwide
i

for a satisfactory animal model for demonstrating

Aeromonas and Plesicmonas - associlated diarrhoeca. In

-

- - i -
Nigeria, I am not aware of any report on experimental

infection in animals using Aercmonas or Plesiomonas.
Hence, this study is an attempt to experimentally induce
aizrrhoea, via the cral route, in healthy adult mice
using apparently virulent local isolates of égggmonas

and Plesiomonas.

MATERIALS AND METHODS

R U

Bacterial Strains:

Fifteen apparently virulent strains of Aeromonas

sps and P. shigelloides were evaluated for their ability

to.induce diarrhoeca in healthy adult mice (Table 12}.

This consisted of 4 A. hydrophila strains, 5 A. caviae,

3 b=_sobria and 3_2# shicelloides. The 4 A. hydrophila
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strains were made up of a strain that produced haemolysin,
heat-stable (ST) enterotoxin, and was invasive; another
strain that produced haemolysin and was invasive; and

2 strains that produced both haemolysin and ST. Similarly,
the 5 A, caviae strains consisted of a strain that
produced ST and was invasive, and 4 others that produced
both haemolysin and ST. The 3 A. sobria strains all

produced haemolysins onlye. For the 3 P. shigelloides

strains, 2 produced ST and were invasive while the third

strain produced haemolysine

Irbred mice aged between 2 - 3 months and weighing
20 - 30g were used. The mice were obtained from the Swiss
albino colony at the Animal House of the College of
Medicine, University of Lagos, Tdi-Araba, Lagos. Before
challenging the mice with test strains, their faecal
samples were cultured and found to be negative for

known bacterial enteropathogens, Aeromonas oOr Plesiomonas.

preparation of Inoculum:

Test bacterial strains were cultured on Mueller-
Hinton agar {(MHA), and incubated aerobically at 37°%

for 24 h. At least 5 colonies of each strain on MHA
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were picked and subcultured into 10 ml of trypticase
soy broth (bPifco) with 0.6% yeast extract (Difce). The
inoculated broths were incubated at 37°C for 8 h and
then centrifuged at 3,000 r.p.m. for 30 mins. The
deposits obtained were washed twice in phosphate
buffered saline (PBS), pH 7.3. The washed cells were
resuspended in normal saline and then adjusted to match
a McFarland 0.5 barium sulphate standard containing
approximateiy 1 x 108 c.f.u. per ml. The surface agar
plate count method of Miles and Misra (1938) was used

to confirm the concentration of each suspension.

oOoral Challenge of Mice:

After 24 h of starvation (food and water withdrawal),
a group of 2 mice were allowed to drink from each of the
standardised saline suspensions containing approximately
1 x 108 ¢.f.u. per ml of a given test strain. The mice
were fed with the bacterial suspension for 24 h before

being replaced with fresh water. Thereafter, mice were

examined daily for 2 weeks for symptoms of diarrhoea.
- Collected faeces were cultured to recovef inoculated
strains which were then identified by standard techniques

) (Popoff, 1984; Schubert, 1984). Control mice included
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in this study were given normal saline only instead of

bacterial suspension.

Histological Studies:

Mice. fed with . invasive straing of Aercnonas

and Plesiomonas were sacrificed and samples of their lung,

kidney and heart were examined histologically for evidence

of invasion. The organs were fixed in 10% buffered formalin

v

for 24 h, dehydrated in graded alcohols, embedded in parafin
and sectiored at 5 - 7 un. The sections were stained by

Taylor's modification of Gram's method (Bartholomew, 1980).

RESULTS

Apparently virulent strains of Aeromonas sp. 2na

P, shigelloideg evaluated in this study failed to cause

diarrhoea in any cf the experimentally infected mice.

However, the organisms were recovered from their faeces

Tor bofween five €0 seven days aftfer the micewere
challenged. This is an indication that the crganisms
were able to survive the gastric acid barrier ol thc
stomach.

Furthermore, examination of histological sections of

the lung, kidnev and heart muscles of mice Fed with

apparently invasive strains of Asrcmonas or Plesicmenas
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did not reveal bacterial invasion of any of the organs

(Plates D, E & F).

COMMENT

The.results of this study have shown the inability
of apparently virulent strains of Aeromonas and Plesiomonas
to cause diarrhoea in heaithy adult mice via the oral
route. It is noteworthy however, that the organisms
were able té survive the gastric acid barrier of the
stomach, since they were excreted in the faeces of the
animals. Their 1nab111ty to ﬂn;tlate diarrhoea in
mice may'be due to a number of facters such as their
inability to attach to intestinal epithe}ial cells, and
consequﬂn* Fallureto pr01;‘“r .re in the intestine; inability to
produce the v1"u1eﬂce factors in vivoj; or that mice are

‘not usually susceptible to Aeromonas and Pleslomonas.

A review of 11terature alsc indicate that s;mllnr

eSﬂlts~have~been~ebta1ned~by various. workers. in other... - —
parts of the world. In tmailand, Pitarangsi et al.

9

(1989) reportﬂd that rihesus monke eys fed 107 cytotoxic

A. hydrophila stralns, after 24 h of starvation and

oral administration of sodium kicarbonate, failed to
devalop diarrhoea over the ensuing 5 days. In the same

study, an isolate of P. shigelioides from an individual

= T
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with severe diarrhoea did not cause diarrhoea in five
rhiesus monkeys. More recently, Morgan et al, (1985)
reported lack of correlation between known virulence

properties of A. hydrophila and enteropathogenicity for

humans. Among 57 volunteers used in their study, 55 had
no gastrointestinal symptoms, and only 2 had mild symptoms
of less +thap 24 hours after being orally fed with

suspected virulent strains of A. hydrophila.

Furthermore, histological sections of the lung,
kidney and heart of mice fed with apparently invasive

strains of Aeromonas and Plesiomonas in the present study,

Aid not reveal bacterial invasion of any of the organs.
Essentially, the organs appeared normal with no cellular
infiltration (Plates D, E & F). However, in an earlier
study in the United Stetes of America, Brenden and

Huizinga (1986) reported an intrasmuscular infection

of mice with a virulent fish strain of .A. hydrophila,

and that histological examination revealed severe

necrosis at the injection site, oedema, haemorrhage or

neutrophil infiltration of the lung; and focal

parenchyma necrosis in the liver. The route—of—infection—-—

probably played a significant role in this particular case.
A number of reasons can be adduced to explain the

apparent lack of correlation between enteropathogenicity
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arnd known virulence factors as observed in this study.
Tt may be that the various virulence factors have to
combine in certain raties, or that host factors may be
a strong determinant of the outcome of an attack.

More recently, Namdari and Bottone (1988) described
what they termed "suicide phenomenon™ in certaln
Aeromonas species, anrd suggested that the phenomenon
probably accounts for the numerous discrepant observatlons
regarding species - specific (A. caviae) and strain -

specific (A. hydrophila and As sobria) human entero-

pathegenicity and animal virulence properties of
Aeromonas specless. Acéording to these authors, when
certain Aeromonas strains are inoculated into broth
containing 0.5% glucose, there 1s accumulation of
acetic and other fatty acids, reduced pH, &nd consequent
cessation of growth and death of the organisms within
24 hours. However, the phenomenon appea;ed not to
operate in the present study, since the organisms were
reisolated 5 to 7 days post inoculation.

In conclusion, it is probably surprising that

despite extensive studies on the enteropathogenicity of

Aeromonas and Plesiomonas, their mechanisms of infection
aAst o -

nave remained largely unknown and probably more confusing.

Contrary to expectation, the results of this pioneering
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work in our environment showed lack of correlation

between demonstrated virulence factors and enteropathogenicity
in mice. However, more studies need to be done, using

strains isolated from different geographical locations

within the country, as well as different animal species,

for a better understanding of the enteropathogenic

nature of Nigerian lsoclates.
1
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Table 12: Virulence Characteristics of Aeromonas Spe

and P. shigelloides Strains used in the

experimental infection of mice

Production of :

Sgg?in Species Haemclysin Enteigtoxin Invasiveness
1005 A. hydrophila + + +
1600  A. hydrophila + - +

116 Ao hydrophila + ' + -
2350 Ao hydrophila + + -
1322 A, caviae ' - + +

65 A. caviae + + -
1400 A. caviae + + -
1610 A. cavige + + -
1865 A. caviae + + -

589 A. sobria + - -
1501 A. sobria + - -
1524 A. sobria + - -
1344 P, shigelloides - + +
2339 .g;_ggigelloides - + +
1242 P. shigelloides + - -

+ = Positive

. ‘o
Negatlve

1
n
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PLATE D

HISTOLOGICAL SECTION OF THE LUNG (X 100) OF A MOUSE
— PED—WITH AN—INVASIVE-AEROMONAS HYDRCPHYTLA STRAIN.
THE CELLS ARFE ESSENTIALLY NORMAL : ALVEOLAR WALLS

INTACT, NO CELLULAR INFILTRATES, AND NORMAL COLUMNAR

LINING GLOMERULI
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PLATE E

HISTOLOGICAL SECTION OF THE KIDNEY (X 100) OF A

MOUSE FzZD WITH AN INVASIVE AEROMONAS HYDROPHTLA

li ’|li 1.

STRAIN. THE GLOMERULI APPEARED NORMAL WITH. NO
CELLULAR INFILTRATION AND HYPERPLASIA, AND THERE

IS NORMAL TUBULAR ARCHITECTURE.
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PLATE F

HISTOLOGICAL SECTION OF THE HEART (X 400) OF A MOUSE

FED WITH AN INVASIVE AEROMONAS HYDROPHILA STRAIN.

THE MYOCARDIAL CELLS ARE NORMAL, NO CELLULAR

INFILTRATES AND NO CELL WALL HYPERPLASIA GF VASAVASORUM.
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CHAPTER 7

TN VITRO SUSCEPTIBILITY PATTERN OF AEROMONAS SPS

AND P. SHIGELLOIDES TO SELECTED ANTIMICROBIAL AGENTS
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INTRODUCTION

The increasing frequency of reports worldwide indicates

that both Aeromonas sps: and P. shigelloides can be

pathogenic for humans, producing focal or systemic
infections of varied severity particularly in immuno-
compromised hosts (Von Graevenitz and Mensch, 1968;
pavis, Kane and Garagusi, 1978; Agbonlahor et al.,

19823 Agbonlahor, 1983; Ljungh and Wadstrom, 1985;

Von Graevenitz, 1985; Ingram, Morrison and Levitz, 1987;
Nolte et al., 1588).

More specifically, Aeromonas has been reported to
cause a variety of human infections such as cellulitis
(Mcéraken and Barkely, 1972), hepatobiliary infectlions
(DeFronzo, Murray and Maddrey, 1973), conjuctivitis
(Smith, 1980), food poisoning (Agbonlahor et al., 1982),
peritonitis (Saiko and Schick, 1973), osteomyelitis
(Weinstock et al,. 1982), meningitis (Qadri et al.,
1976), and septicaemla (Ketover, Young and Armstrong,
1973). Similarly, P. shigelloides has been implicated

in cellulitis and wound infections (Von Graevenitz gnd

Mensch, 1968; McCraken and Barkely, 1972), endophthalmitis
(Cohen et al., 1983), cholecystitis (Claesson et al.,
1984), septicaemia and blood stream infections (Ellner

and McCarthy, 1973; Appelbaum et al., 19783 Curti,
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1988).

However, the most commonly Aeromonas and Plesiomonas

associated clinical condition is diarrhoea which has
been reported in immunocompromised as well as in
immunocompetent hosts (Mohieldin et al., 1966; Von
Graevenitz and Mensch, 1968; Chatterje and Neogy, 1972; Bhat,
ghanthakumari and Rajan, 1974; sanyal, Singh and Sen,

1975; Holmberg and Farmer, 1984; Reinhardt and George,
1985a;. Ljungh and Wadstrom, 1985).

The use of antimicrobial agents in the treatment of
infectious diseases has produced great advances in human
and veterinary medicine, However, the use of anti-
microbial agents is generally not encouraged in the
treatment of acute diarrhoeal diseases. Apart from the
adverse effect of such treatment on normal intestinal
flora, most diarrhoeal episodes are usually mild and
self - limiting, reaquiring only supportive treatment
with oral rehydration solutions (ORS). Antimicrobial
usage 1s however justified in cases of prolonged diarrhoea
or diarrhoea due to invasive enteropathogens such as

galmonella typhi, Yersinia enterocolitica and

enteroinvasive E. coli. Recent reports in literature

have indicated that Aeromonas Spe and P. shigelloides

can be invasive and are therefore capable of causing severe
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extraintestinal infections following diarrhoea attack
(Lawson, Burke and Chang, 1985; Watson et al., 19853
Holmbefg gg.élL, 1986; Ingram, Morriscn and Levitz, 1987; -
Nolte ggigiL, 1988).

As a matter of fact, reports from other parts of the
world indicate that both Aeromonas sps and P. shigelloides
have been widely tested for their susceptibilities to
various antimicrobial agents (Overman, 1980; Fass and
-Barnishan,_1981; Fainstein, wWeaver and Bodey, 1982;

Von Graeveﬁitz, 1985; Relnhardt and George; 1985b;
Motyl, Mckinley and Janda, 1985). In Nigeria, however,
I am aware of only a report by Agbonlahor (1983) on the

susceptibility of six A. hydrophila isclates from patients

with diarrhoea in Lagos to a few antibiotics. . To the best
of my knowledge, there is no documented report yet on

P, shigelloides.

Furthermore, we cannot continue to rely on results

of other laboratories abroad since the antimicrobial

resistance pattern of common pathogenic bacteria is known
to vary from one gergraphical location to another. For
instance, O'Brien et al. (1978) observed a 6 - to 14 -
fold differences in resistance to antibiotics between

a general hospital in Boston, USA and a similar cne 1n
paris, France. Tne present-study was therefore carried

out to detecmine the susceptibility of isolates of
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Aeromonas sp. and PE. shigelloides in our environment to

selected antimicrobial agentse.

MATERIALS AND METHODS

Bacterial Strains:

The 55 strains of Aeromonas spe and 16 strains of

P. shigelloides, used in this study, were isolated from

faecal specimens of patients with and without diarrhoea

submitted to the enteric laboratory of the Lagos University
Teaching Hospital (LUTH), Idi-Araba, Lagos, between October
1986 and September 1987. The Aeromonas strains consisted

of 20 A. hydrophila, 7 A. sobria and 26 A. caviae, all

from patients with diarrhoea; as well as 2 A. caviae

strains from patients without diarrhoea. All the 16

P. shigelloides strains were from patients with diarrhoea.

Susceptibility _ Testing:

Antimicrobial susceptibility was determined on
Mueller-Hinton agar (OXOID) using the disk-agar
diffusion technique (disk method) of Bauer et al. (iggé;: -
Oxoid multodisks codes 1788E and U4, as well as single
disks of chloramphenicol, erythromycin and ceftriaxone
were used in this study. In addition single disks of

ofloxacin kindly provided by Nigerian Hoechst Ltd,
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Ikeja, Lagos were included. The list and concentrations
of the 15 antimicrobial agents used in this study are

shown in Table 13.

standardization of Inoculum:

Four to five colonies of each isolate {(from an
overnight culture plate)were inoculated into 2 ml of sterile
nutrient broth in bijou bottles. This was incubated for
6 hrs at 37OC, and the turbidity was then adjusted to
match a McFarland 0.5 barium sulphate standard, to contain
approximately 1 X 108 cells/ml of the inoculum. A sterile
cotton wool swab was dipped into the standardised bacterial
suspension. Excess fluid was drained off by rotating the
swab with firm pressure against the inside of the bijou
bottle above the fluid level. The swab was then used to
streak the dried surface of a Mueller-~Hinton agar plate,
ensuring an even distribution of inoculum,

Appropriate disks of the different antimicrobial
agents were aseptically placed on the inoculated plates,
and pressed firmly toc ensure complete contact with the
agar. The plates were incubated for 18 h at 37OC, and

then observed for zones of growth inhibition around

each disk.

A
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Interpretation of the Zone Sizes:

The diameter of the growth inhibition =zone,
surrounding each antimicrobial agent was measured in
millimetre (mm) using a ruler, and the results were
interpreted as susceptible, intermediate, or resistant
according to the World Health Organization (WHO) zone
size interpretation standards for antimicrcobial agents

(Table 14).

Standard Reference Strains:

Internationally recognised standard reference
strains for antimicrobial susceptibility testing, E. coli

ATCC 25922, staphylococcus aureus ATCC 25923 and

Pseudomonas aeruginosa ATCC 27853 were included in the

test as controls. They were obtained from Dr. Clyde
Thornsberry of the Centers for Disease Control (CDC),

Atlanta, Georgia, USA,

RESULTS

Table 15 shows the in vitro susceptibilities of .

Aeromonas spe and P. shigelloides strains to the 15
antimicrobial agents evaluated in this study. All isolates

were susceptible-to-ofloxacin (10 ug), a -'quinolone



recently introduced into the market by Nigerian

Hoechst Limited, Ikeja, Lagos. Similarly, all

P, shigelloides, A. hydrophila, A. sobria and 22

(78.6%) of A. caviae strains tested were susceptible

to nalidixic acid, another quinolone.
Among the aminoglycosides, gentamicin (10 ug
was the most active with all isolates of

P. shigelloides, A. hydrophila, A. caviae, and 6

)

(85.7%) of A. sobria susceptible. Also, over 50% of

Aeromonas sps and P. shigelloides examined in this

study were susceptible to streptomycin. Also in
this study, 36 (65.5%) of Aercmonas sp, and 10

(62.5%) of P. shigelloides isolates examined were

SUSceptible to cephalor: dirc (25 ugl.

Furthermore, between 60% and 80% of

_Aeromonas spe and P. shigelloides isolates were

susceptible to chloramphenicol (10 ug ),

erythromycin (30 ug), and co-trimoxazole (25 ug).-

In addition, 47 (85.5%) of Aercmonas and 13

(81.3%) of P. shigeildideﬁ isolates examined were

susceptible to tetracycline (50 ug).



Other antimicrobial agenls with good activities

against Aeromonas sp, and P. shigelloides as observed

in this study include ceftriaxone (30 ug), nitrofurantoin

(200 ug) and colistin (10 ug). All P. shigelloides
isolates and 54 (98.2%) Aeromonas Sp. were susceptible
to ceftriaxone. Similarly, there was a 100% and 94.6%

activity of nitrofurantoin against P. shigelloides

and Aeromonas strains respectively. For colistin, 51
(92.7%) of Aeromonas strains and 15 (93.8%) of

p. shicelloides were susceptible. However, there was

a reduced activity of sulphonamides (300 ug) against

the, isolates with about 50% of Aercomonas and, 60% of

I

P. shigelloides being susceptible.

Results of this study also indicate-a good activity

of carbenicillin (100 ug) against the isolates. All

~. rhigelloides and 51 (92.7%) of Aeromonas strains

were susceptible to this drug. ©On the other‘hand,
majority of the strains ( >>70%) were not susceptible
to ampicillin (25 ug).

COMMENT,

The results of this study have shown that strains,

of Aercmonas spe. and P. shigelloides from our environment
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are susceptible to most of the 15 antimicrobial agents
evaluated. Specifically, all the strains were susceptible
tq ofloxacin, and there was a good activity of gentamicin,
carbenicillin and ceftriaxone against these organisms
(Table 15). Similarly, over 70% of the strains were
susceptible to colistin, nalidixic acid, nitrofurantoin,
erythromycin, chloramphenicol, tetracycline and
co—trimoxazole. 1In addition, about 60% of strains tested
were susceptible to cephaloridine and streptomycin,
while about 50% were susceptible to compound sulphonamide.
on the other hand, less than 30% of the strains were
susceptible to ampicillin.

Based cn the results of this in vitro susceptibility
testing, recommended drugs of choice in cases of serious

Aeromonas or Plesiomonas - associated infections requiring

antimicrobial therapy would be ofloxacin, gentamicin,
ceftriaxone and carbenicillin. Other drugs such as
chloramphenicol, tetracycline and co-trimoxazole could
also be useful. It should be noted however that in vitro
antimicrobial susceptibility testing is only a guide,

and that conditions in vivo may be quite-different_from _ .
those obtailned in vitro. Therefore, the ultimate decision
to use a particular antimicrobial agent depends on a

nurmber of other factors including its associated side

effects, toxicity, pharmakokinetic properties, diffusion
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in different body sites, attainable serum levels, the
pathogenic significance of the microorganism, énd the
immune stgtué ¥ the patient.

In a related study in this environment by Agbonlahor

(1v83), all sixrﬁ; hydrophila isolates from patients

with diarrhoea were uniformly sensitive to chloramphenicol,
tetracycline, streptohycin, gentamicin, sulphafurazole
and compound sulphonamide. The strains were equally
resistant to ampicilliin and cephalotchin. Théugh, the
results of the current study are similar to ﬁhat of
Agbonlahor (?983), a uniform sensitivity to;streptomycin
was not obser%ed in the isolates.

Studies in other parts of the world by Falnsteiln,
Weaver and Bodey (1982) showed that chloramphenicol,
tétracycline, co—tgimoxazole and the aminogly&osides

were very active against A. hydrophila isolates.

Similarly, Motyl et al, (1985) reported that both Aeromonas

and P. shigelloides are usually sensitive to tetracycline,

gentamicin and the quinolones. Further-

chloramphenicol,

more, in a recent case of pscudoappendicitis caused by

p. shigelloides, the patient was treated with cefazolin

for 4 days, and within 2 days of therapy, the fever
subsided (Fischer et azl., 1983). Results of these studies

are nct significantly different from the current findings.



In this study, the choice of antimicrcbial agents
was based on a number of factors. Chloramphenicol
and tetracycline were selected for their broad spectrum
effectiveness,'and Common use‘in our environment.
Ampicillin and gentamicin were included for their
usefulneés in treating gastroenteritis and therapeutically
diffucult Cram—negatlvo rod infections as carlier
reported by Joseph, Debell and Brown (1978). Ofloxac1n,

a quinolone was recently introduced into the market by

the Nigerian Hoechst Limited, and it was théught worth-
while to evaluate its effectiveness against these '
organisms.

'Tn Nigeria, like most developihg countries, there
is wide-spread and indiccriminate use of antimiérobial
agents (Odugbemi et al., 1986). Hence, there is need“
~for constant susceptibility testing for surveillance and
detection of resistance and susceptibility of clinically

important bartejla. At present, there appeared to be

no problem w1fh dntlmlcrob1a1 treatm;nt of Aeromonac

and Plesiomonas infecticns in our environment, since

many of the drugs showed effective in vitro activity,
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Table 13: Symbols and concentration of antimicrobial

agents used in the susceptibility testing

EELE Y

Name Symbol Concentration
Ampicillin ' AMP 25 ug
Colistin sulphate CT 10 ug
Nalidixie acid NA 30 ug
Nitrofurantoin F 200 ug
Compound sulphonamide 53 300 ug
Streptomycin S 25 ug
Tetracycline TE 50 ug
Co—triﬁgxazole SkT 25 ug
Gentamicin CN 10 ug
Cephaloridine CR 25 o
Carbenicillin CnaR 100 ug
Of loxacin (Tarivid) QFX 10 ug
Ceftriaxocne CRO 30 ug
Chloramphenicol C 10 ug
——— e e — - _ __gb_;é,

Erythromycin
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Table 14: Recommended zone cize interpretation standards

for antimicrobial agents used in this stnudy

Inhibition zone diameter to nearest

mm
Antig;;iibial Pgtzﬁcy Resistant ;ntermediate Sensitive

Ampicillin ’ 10 ug 14 15 - 16 17
Colistin sulphate 10 ug 8 9 - 10 11
Nalidixic acid 30 ug 13 14 - 18 19
Nitrofurantoln 300 ug 14 15 - 16 17
Sulphanamides 300 ug 12 13 - 16 15
Streptomycin 10 ugl | 11 12 - 14 15
Tetracycline 30 ug 14 ‘ 15 - 18 19
Gentamicin 10 ug 12 - 13 - Lok 15
Cephalethin 30 ug 14 - 15 - 17 - 18
Chloramphenicol 30 ug 12 13 ~ 17 18
Erythromycin 15 ug 13 14 - 17 18

. carbenicillin . 400 ug 13 14 - 16 17
qO—trimoxazole 25 ug 10 11 - 15 1%__ﬂ

source: . Bailey and scett's Diagnostic
Microbiclogy by Finegold, S.te, and
Martin, W. J. 16 eds.) 1982. Mesby Co.
London p. 546,
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Table 15: Susceptibility Patterns of A. hydrophila, A. caviae, A, sobria and
P. shigelloides to Different Antimicrobial Agents Evaluated
.|
Antimicrobial A. hydrophila A. caviae A, scobria Total P. shigelloides
Agent — Tn = 20) Tn =28) ~(n=17) - Th = 16) o
OFX 20(100) 28(100) 7(100) 55(100) 15(100) | ‘
CN 20(100) 28(100) 6(85.7) 54(98.2) 16 (100)
CRO 20(100) 27(96.4) 7(100) 54(98.2) 16(100) \
CAR 18(90) 27(96.4) 6(85.7) 51(92.7) 16(100) ’
cT 18(90) 28(100) 5¢(71.4) 51(92.7) 15(93.8)
NA 20(100) 22(78.6) 7(100) 48(89.1) 16 (100)
F 20(100) 26(92.2) 6(85.7) 52(94.6) 16 (100)
E 17(85) 25(89.3) 3(42.9) 45(81.8) 15(93.8)
C 16(80) 24(85.7) 4(57.1) 44(80) 14(87.5)
TE 17(85) 26(92.9) 4(57.1) 47(85.5) 13(81.3)
SXT 15(75) 18(64.3) 4(57.1) 37(67.3)‘ 13(81.3)
CR’ 13(65) 19(67.9) 4(57.1) 36(65.5) 10(62.5)
S 13(65) 16(57.1) 4(57.1) 33(60) 10(62.5)
53 12(60) 13(46.4) 3(42.9) 28(50.9) 10(62.5)
AMP 6(30) 8(28.6) 2(28,.6) 16(29.1) 4(25)
-~ - a -~
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CHAPTER 8

PLASMID SCREENING AMONGST AERCMONAS SPe AND
pP. SHIGELLOIDES ISOLATES FROM PATIENTS IN

LUTH, LAGOS, NIGERIA
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INTRODUCTICN

plasmids ~ve extra chromoscmal deoxyribonucleic

-~

acids (ﬁNAﬁ‘capable of stable autonomcus replication.
Pheir recognition was in the early 1850's soon after
the discovery of conjugation in_g;.ggii by Joshua Lederberg
(4952). Since. that discovery, plasmids Eavé been
identified in almost every bacteria group where they
have heen investigate&. while plasmids are not |
essential for the survival of pacteria, they may code
for a wvariety of genétic determinants whicﬁ oermit
their hosts to survive better in adversé aﬁvironment,
or to compete betber with other microorganisms
occupying the same ecclogical niche,

plasmids are initially recognised by the pnenotypic
properties or biological functions they confer on their
bacterial hosts. These include resistance to

antimicrobial agents (Datta, 19623 Anderson and Lewis,

41965 Rétiﬁi;'Emiﬁa'ahd'EkE,“i983;-W01ukoya_gg al., 1988a;

1988b), some metal ions (Novie, 1967; Smith, 1967),
colicins (Predericg, 1958) and ultraviolet radiation
(Howarth, 19655ﬁ Other properties that have been
documented to be plasmid-mediated include virulence
1987), enterotoxin

(Zink et al., 1978; Gotuzzo el ala.,

production (Imith and Halls, 19G8), ability to nydrolyse



certain compounds (Ishiquro et al., 1979), haemolysin
produCFion (smith and Halls, 1968) and adherence to
mammaliap cells (Nandadasé et al., 1981°.

Another area where plasmids have been widely used
is in the epidemiological studies of bécterial infections,
For instance, among penicillinase producing Nelsseria

gonorrhoeae (PPNG), two distinct types of penicillin -

resistance plasmids have been recognised, One with.
molecular weight of 4.4 megadaltons is associated with
isolates of Far Eastern origin, while'plasmid with

3,2 megadaltons were linked with West Africa (Robert
énd_Ealkow, 1977; Perine et al., 1977; Dillon and
Pauze, 1581). However, anderson, Cdugbemi and Johnson
(1982) reported the detection of a 4.4 megadaltons
plasmid in two epidemiologically unrelated strains of
PPNG from Nigeria. Furthermore, Odugbemi et al.

(1983a) in an epidemiclogical study of N. gonorrnoeae

isplates from Africa concluded that all different

patte}ﬁs except the combination of 24,5 megadaltons
and 3.2 megadaltons lasmid reported from all other
geographical areas are prasent in Africa. more recently,
Olukoya et al, (1988a; 1288b) have used plasmid analysis
to study the cpildemiology of zoms pathogenic bacterla

in Nigeria.
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At present, not much is known on the prevalence of

plasmids in Aeromonas or pPlesiomonas. However, Shotts

et al. (1972) reported plasmid-mediatev antibiotic

resistance in A. hydrophila isolated from fish, while

Olsen and Wright (1971) reported that A. salmonicida
can be the recipient of resistance plasmids from

Enterobacteriaceae and the pseudomonads. On the olther

hand, ‘Holmberg et 2l. (1986 ) reported that many

plesiomonas strains in the United States possessed

plasmids with .molecular weights of 150 megédaltons.
liore recently, Nolte et al. (1958) reported that an
isolate from a patient with proctitis and fatal
sepﬁicaémia possessed a plasmid 2> 100 megadaltons.

in Nigeria, there is no repcrt yet on the presence

or absence of plasmids in Jcromonas or Plesiomonag.

Therefore, the present study was carried out to establish

the prevalence of plasmids in isolates of Aeromonas and

Dlesiomcnas from patients seen at LUTH, Lagos, Nigeria.

i

MATERIALS AND METHODS

pacteirial Strains:

rifty five ACLORMONAs, SPe and 16 P. shigelloides

were screened for plasmids in this studye. The AerOmoOnss

strains cornsisted of 20 A. hydrophila, 7 A sobrid,
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and 26 A. caviae, all from patients with diarrhoeaj; as
well as 2 A. caviae from patients without diarrhoea. All

the 16 P. shigelloides were from patients with diarrhoea.

Isolation of Plasmid DNA:

The method used for the isolation of plasmid DNA
was the rapid alkaline lysis method of Birnboim and Doly
(1979). The method is based on the principle of the
alkaline denaturation of chromoscmal DNA while covalently
closed circular DNA remains double - stranded. The method
involves the gentle lysis of the bacterial cells by
lysozyme and centrifugation to remove the bulk of the
chrdmosomal DNA. The plasmid DNA thus obtained is stained
with a dye, electrophoressed and then visualized using
an ultraviolet (uv) light.

Briefly, the procedure involves growing bacteria
overnight at 37°C on Mueller-Hinton agar plates.
Colonies obtained for each test strain were scraped
into an Eppendorf tube containing 0.5 ml of S50 mM glucose,
10 mM EDTA and 25 mM Tris (pH 8.0); and lysozyme.
The mixture was vorte;ed and stored for 5 mins at room
remperature (22 - 25°c). To cach tube was added 200 ul
of a freshly prepared solution of 0.2N NaOH,_i% sodium

dodecyl sulphate (SDS)« This was mixed by inverting
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tube 2 or 3 times, and mixture was stored on ice for

5 mins. A 150 ul of an ice-cold solution of potassium
acetate (pH 4.8) was added and tube was vortexed gently
in an inverted position for 10 secoﬁds. The mixture was
stored for 5 mins on ice and centrifuged for 5 mins at
4°%. The supernaiant was transferred to a clean tube
and an equal voluwe of chloroform added, vo-texed and
centrifuged for 2 mins.

The supernatant was transferred into a fresh tube
and 600 ul of 95% ethanol added to precipitate the DNA.
The mixture was vortexed and centrifuged for 5 mins
at room temperature. The supernatant was then removed
and the tube inverted on a paper towel for the fluid to
drain off. One ml solution of 70% ethanol was added,
vortexed and recentrifuged for 3 mins. All supernatants
were again removed and tubes inverted on a paper
towel to allow excess fluid to drain off and pellet

to dry. The pellet was then resuspended in 50 ul of

TE buffer (pH 8.0).

Agarose gel electrophoresis:

Electrophoresis of DNA was carried out on 0.8%
horizontal agarose slab gels in Tris-borate buffer

(89 mM Tris-borate, 89 mM boric acid, 25 mM EDTA pH 8.0).
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A dye solution, consisting of pbromophenol blue (0.25%)
and sucrose (40% W/V) in water was added to DNA samples
pefore elctrophoresis, Loaded gels were electrophoresed
at 100 mA for 3 hours (Plate G). The gels were then
stained with ethidium bromide (0.5 ug/ml) solution in
water for 45 mins, and the DNA was visualized by
transmitted short wave ultraviolet light. The distance
migrated from the origin by plasmid DNA was measured

in milimetres and the photograph of the plasmid bands

on gel was then taken.

Determination of Plasmid Size:

when -plasmid DNA is subjected to electrophoresis
in gel, the migration of the different DNA species is
related inversely to their molecular weights. Hence a
straight line relationship is obtained when the distance
migrated from the origin by the plasmid DNA is plotted
against the log,, of the molecular weights of the plasmid
DNA. Molecular weights of unknown plasmids are extra-

polated from the straight line graph, using standard

plasmids of known weilghts.

Control Strains:

A reference strain ™ of E. coli V517 carrying 8

plasmids of molecular weight standards pVA 517A - H
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(Macrina et al., 1978) was included in the study.
Tt was provided by Dr. J. Crossa of Oregon Health

sciences University, Portland, Oregon, USA.

RESULTS

Table 16 shows the isolates harbouring one
or more plasmids with molecular weights ranging
from 2.4 to 16.8 x 106 daltons. Of 20

A. hydrophila strains examined, 3 (15%) harboured

plasmid. Similarly, 2 (32.1%) of 28 A. caviae}

and 1 (6.3%) of 16 P. shigelloides harpoured

plasmids. No plasmid was discovered in 7

ﬁ;'gobria examined, while on the whole, a total

of 12 (21.8%) of 55 Aeromonas strains examined

harboured one or more plasmids.
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Also in this study, an A. hydrophila strain
. 105

harboured the plasmids 2.4 X 106 and 4.8 x 10
daltons while an A. caviae similarly harboured

two plasmids 3.0 x 10° and 5.3 x 10° daltons)

Furthermore, the only P. shigelloides isolat?
that was positive for plasmids harboured two

distinct plasmids of 9.7 X 106 and 16.8 x ’.LO'6

‘daltons.

Tt is equally noteworthy that all the
strains harbouring plasmids were isolated from
patients with diarrhoea. Though the number |
of control strains included in this study 1is

small, this preliminary finding seems to

7 _gaggésénkhafmaiééhias"hay be important in "the

pathogenesis of strains harbouring them.
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COMMENT

The results of this study showed that isolates

of Aeromgnac sps and P. shigelloides from patients

w%th diarrhoea in our environment harboured plasmids.
Though the picture Qas not of the best quality
(Piate H), it was possible to measure the distance
migrated by plasmids in the gel. The molecular
weight of these plasmids ranae from 2.4 % ’.I.O6 to

j

16.8 x 106 daltons. More specifically, 15%jof

20 ﬁ;_hvdrophila isoclates, 32.1% of 28 A. caviae

and 6.3% of P. shigelloides examined in thié
study harboured one or more plasmids. Howeﬁer,
no plasmid was detected in 7 igsolates of A, sobria
axam.necd (Tables 16 & 17).
Worlwide, plasmid studies have not been

widely carried out in Aeromonas or Plesliomonas

strains. However, McNicol et al. (1980.) reported

that 57% oﬁ_th@_ggvirbnmenﬁg&_Aeromonas isolates

recovered in Bangladesh ware resistant to multiple
antibioctics including tetracycline and that the
resistance appeared to be plasmid-mediated. Alsb,

Holmberg et al. (1986) reported that many
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plesiomonas strains in the United States possessed

plasmids with moleculaﬁ weights 150 x 106 daltons;

[ ‘ “while Noite et al. (1988) reported that a

P. shigells:des isolate from the blood of a patient

:
i with proctitis and fatal septicaemia possessed a
| plasmid . 100 x 106‘daltons. Therefore, it 1s
I ' possible that some of the plasmids in' the test strains
! A ‘ encode for specific properties of such strains.
’ Previous studies on other bacterial paﬁhogens in
our enV1ronment as well as in other parts of the world,
have equally suggested that plasmids code for some
virulence factors thereby enhancing the est%hllshment
' of infection by such pathogens. These include
resistance to antibiotics in E. coll (Adetosoye, 1980;
Rotimi et al., 1983; Olukoya et al., 1988a; 1988b),
enterotoxin production in E. coli (Gyles, So and
Falkow, 1974}, B-lactamase production in

’ N. gonorrhoeae and Stéphylococcus avreus (Odugbemi et

e —— ..1983=a; . 1983b;. Nouic} 1967), _invasiveness _in _

v. enterocolitica (Zink et al., 1978) and adherence

’ in E. coli (Nandadasa, 1981).

[T

al.,
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An attempt to correlate plasmid size with species

6

shows that the plasmid 2.4' x 10° daltons occurred with

equal fréﬁuencies among A. hydrophil~s and A. caviae
isolates (Table 17). Also, the plasmid 4.0 x 10°
daltons occurred in only A, hydrophila while plasmids

3.0 x 10° and 5.6 x 10° daltons occurred in only

A. caviae. Similarly, plasmids 6.4 x 106 and 6.7 x 106

daltons occurred in A, caviae and A. hydrophila
&

respectively. Furthermore, the plasmid 8.4 x 10
daltons was found only in A. céﬁiae, while plasmids
9.7 x 106 and 16.8 x 106 daltons were found only in

P. shigelloides isolates. While these findings may

suggest some specles - relatedness among some plasmids,
more elaborate studies would have to be done before a
definite conclusion can be drawn.

Finally, this pioneering effoﬁt has established the

presence of plasmids among Aeromonas and Plesiomonas

the phenctypic properties observed in such isolates are
possibly plasmid-mediated. It is most probable therefore
that more elaboréte studies of plasmids in these organisms
would enhance a better understanding of their pathogenic |

mechanisms and epidemiology of their infections.
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Table 16: Isolates of Aeromonas and Plesidmdnas from LUTH harbouring one or more

plasmids

i

A. hydrophila A. caviaé A. sobria Total

Nce Oof isclates

P. shigelloides

Examined 20 28 7 55 16
No. of positives 3 S 0 12 1
Percentage 15 32,1 0 21.8 Ge3
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Table 17: pPlasmid positive Aeromonas and Plesiomonas

isdlates'and their molecdlar weights

| seoace rrasmis Size,
832 A, caviae 2,4
1653 A. hydrophila 2.4
1708 A. hydrophila 2.4
1430 A. caviae 2.4
L 234 A. caviae 3.0
. 5«3
156 A. caviae 6.4
2269 Ao hydrophila 6.7
65 A. caviae 8.4
596 A. caviae 8.4
577 P. shigelloides 9.7

16.8

b2



154

PLATE G

AGAROSE GEL ELECTROPHORESIS APPARATUS WITH TWO TANKS

ATTACHED. THE DISTANCES MIGRATED

GEL ARE INVERSELY PROPORTIONAL TO

BY PLASMIDS IN THE

THEIR _RESRECTIVE SIZES. .
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Agarose gel electrophoresis of plasmids

r L —> R: _The_1st_column_is_an isolate of A. hydrophila

harbouring two plasmids of different sizes (arrowed).
The 5th and 10th columns each contains a standard
control strain, E. coli V517, showing at least six

’ LY.

different plasmids in this gel.
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CHAPTER 9

GENERAL DISCUSSIONS, CONCLUSTIONS

AND RECOMMENDATIONS
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GENERAL DISCUSSIONS

Acute diarrhoeal disease, characterised usually
by the frequent passing of watery stools and dehydration,
is a major cause of morbidity and mortality throughout
the world (Rohde and Northrup, 1976; Giannella, 1981j
Dosunmu-Ogunbi et al., 1982; Odugbemi et al., 1987).
In the developing countries where the problem is endemic,
Snyder and Merson (1982) estimated that diarrhoeal
diseases cause nearly 5 million deaths per year in
children under 5 years old.

wWhile the mortality and impact of acute diarrhoeal
disease is less in the developed countries, it remains
a major cause of morbidity, hospitalization, and loss
of.economic resources. In the United States for
instance, it has been reported that acute diarrhoeal
disease is second only to the common cold in causing
time lost from work (Dingle, Badger and Jordan, 1964).
In Nigeria, precise statistical data are lacking but
Bojuwoye (1987) remarked that acute diarrhoeas would
probably rark second to malaria from the point of view
of production time lost. such is the magnitude of the
problem of acute diarrhoeal diseases worldwide.

As highlighted by Carpenter (1981), several microbial

agents are now known to cause acute gastrointestinal

diseases in man. These include the traditional enteric

pathogens such as Ve cholerae, Salmonella Sp., shigella sp.,
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! enteropathogenic E. coli (EPEC), Clostridium dificiie,

Entamoeba histolytica and Giardia lamblia. Other agents

R , recently recognised as enteropathogens include additional
E. coli groups that are classified as enterotoxigenic
g (ETEC), enteroinvasive (EIRC), and enterohaemorrhagic

(EHEC); Campylobacter sp,, Yersinia sp., the rotavirus

RN

and the Norwalﬁ virus (Agbonlahor and Odugbemi, 1982; Riley
et al., 1983; Sskirrow, 1977; Coker and Dosunmu-Ogunbi,
1984; Alabi et al., 1986; Bishop et al., 1973).

However; despite the development of newer diagnostic
techniques and tremendous imprevement on the part of the
clinical microbiologists, an aetiological agent can still
d ' be identified in only about 80% of cases of acute
diarrhoeal diseases ({Sack, 1975; Rohde and Northrup,

1976). Therefore, the search for additional agents,

that may be hitherto unknowh, lhas resulted in the

F% identification of a third group of microorganisms that
are being proposed as agents of acute diarrhoea. This

o e . | A ma r——rnt p— e 1

inciude Cryptosporidium (Bogaerts et al., 1984), [Listeria

monocytogenes (sSchlech et al., 1583), the Morganella -

proteus — Providencia group .(Muller, 1986), Aeromonas and

plesiomonas (Sanyal, Singh and Sen, 1975; Agbonliahor,

' ‘ ' 1983; Ljungh and Wadstrom, 1985; Von Graevenitz, 1985).
In the recent past, there has been an upsurge in the

number of reports on the isclaticn of Aeromonas sp, and
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P. shigelloides from faecal specimens of patients with

diarrhoea as well as controls in different parts of the
world. However, while majority of these reports ascribed
aetiological roles to these organisms, a few but
important epidemiological studics could not {(Cumberbatch
et al., 1579; Gracey, Burke and Robinson, 1982;
Agbonlahor, 1983; Arai et al., 1980; Reinhardt and
George, 1985a; Pitarangsi et al., 1982; Figura et al.,
1986). There 1is therefore a éontroversy on the c¢linical

significance of Aeromcnas or Plesiomonas in relation to

acute diarrhceal diseases.

Between October 1986 and September 1987, faecal
specimens of 2,350 patients with diarrhoea and 500 patients
without diarrhoea (controls) were cultured for Ehé
isolation of established bacterial enteropathogens as well
as Aeromonas sp. and P. shigelloides. During the study,

Aeromonas sp. was isolated from 53 (2.26%), P. shigelloides

from 16 (0.68%), Shigella sp, from 4 (0.17%), Salmonella

sp. from 3 (0.13%) and Yo enterocolitica from 2 (0.09%)

of 2,350 specimens from patients with diarrhoea.
Furthermore, enteropathogenic E. coli (EPEC) was isolated

from 39 (2.85%) of 1,353 faecal spzcimens examined while

ot s . pm—

‘V. cholerae was not found in any of the specimens (Table 1).

on the other hand, lercmonas sp. was lsolated from 2 (0.4%)

of the 500 fascal specimens .from the coutrol group.
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The results of this prospective study have shown

that both Aeromonas sps and P. shigelloides were more

frequently isclated from patients with diarrhoea than
from controls in our environment'(Table.2). In addition,
the difference in the frequency of isolation of Aeromonas
sp,, from patients with diarrhoea and the control group
was statistically significant (p£ 0.01).

Furthermore, it is interesting that when compared

with other established enteric pathogens isolated in this

study, Aergmonas sp, and B. shigelloides came second and
third respectively after EPEC in terms of isolation rates

(Table 1). They were also more frequently isolated than

shigella sp.., Salmonella sp.\y Y. enterocolitica and

V. cholerae. Equally noteworthy is the fact that no
other enteric pathogen was isolated from stools that

yielded Aeromonas sp. ©r E. shigelloides in this studye.

Therefore, while the mere isolation of an organism from

a diseased condition does not always confers clinical
significance on such an isolate, the findings of this study
are strongly suggestive of aetiologic roles for Aeromonas

and Plesiomonas in our environment.

Purther evidence of possible clinical significance

of Aeromonas sp,, and Pa shigelloides isolated in this study

was provided by the epidemiological features observed in
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diarrhoea associated with these organisms. The clinical
features observed were similar tc those of classical
diarrhoea due to other established enteropathogens, and
these include abdominal pains, anorexia, weight loss

and vomiting (Table 3). Similarly, Aeromonas and

plesiomonas - associated diarrhoea, as observed in this

study, was not sex-related; and it affected all age-

groups but relatively more frequent in children under

5 years old (Figs. 1 & 2). This finding is in agreement

with an earlier one in this environment by Agbonlahor

(1983). 1In that study, two out of six Aeromonas

isolates from acute diarrhoea cases were from children,

gimilar features were also observed in a recent study in

the United States by Agger, McCormick and Gurwith (1985).
Another striking feature of this study is the

seasonality in the distribution of isolates (Figs. 3 & 4).

For Aeromonas Sp.% majority of the isclates were obtained

during the wet months of July, August and October which

_ constitute the bulk of the rainy season in Nigeria.

A similar picture was also obtained for P. shigelloides

with peaks in September and October. This pattern of

distribution is indicative of a water-related infection

as earlier observed for Aeromonas and Plesiomonas
(Ljungh and wadstrom, 1985; Agger, McCormick and

Gurwith, 1985).
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Furthermore, biochemical characterisation of

55 Aeromonas sps' and 16 P. shigelloides strains isolated

during the course of this study had shown.that 11 simple
tests including production of oxidase, catalase, H,S
from KIA, pigmentation On nutrient agar, acid from
glucose, xylose, dulcitol, adonitol, mannitol and
inositol, as well as ability to grow in 6.5% NaCl broth
are very specific. The tests may just be enough for

the preliminary identification of suspected Aeromonas

sp, and P. shigelloides (Table 5}. Similarly, acid
production from salicin and gas from glucose appeared
adequate for the speciation of Aeromonas speciles

into A. hydrophila, A. sobriae and A. caviae.

pased on the results of this study, a simple scheme
is  proposed for the isolation and preliminary

identification of Aeromonas sp. and P. shigelloides

from faecal specimens (Fig. 5). However, the scheme

is meant to complement and not to replace existing
internationally recognised schemes for these organisms.
T+ would also be useful for the screening of large
samples of speciﬁéﬁ§_§iﬁCE“oniyﬁsuspicious isolates
would require further confirmation. It is equally

expected that the scheme should be within the reach of
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laboratories with limited resources, that may be unable
Lo bear the addiitiocnal cost of media .and reagents needead

for a comprencnsive identification scheine for Aercmonas

sp. (Popoff, 1984) and P. shigelloides (Schubert, 1984).

In many research as.well as diagnostic laboratories,
transport media are widely used to ensure the survival
of pathogens in clinical specimens during transportation.
The need to identify appropriate transport médium for

.

Aeromonzas sp. or P. shigelloides is now more imperative

i

than before, owing to the increased awareness of their

.
pathogenic potentials.  Von Graevenitz (1985) reported
that the survival of these ofganisms in various transport
-media have not been specifically investigated, To datle,
1 .o not aware of any such investigation. 1 therefore

examined the survival of strains of Asromonas 5pe and

P. shigelloides in commonly. used transport media over

" a six month period.

-+ -Tne results-obtained indicate that all the media can. .
be used for the transportation of specimens contalning

Aeromonas or Plesiomonas. However, alkaline peptone

water.{APw) pH 8.6 was the best suitable followad by
ﬁhosphate huffered saline (?BS), Amies, Stuart, and then
Cary-RBlair (Fig. 6). Equally significant is the posicive
cffect of ferrous sulphate on the survival cof Aeromonas

and Plesiomonas in APW. The organisms were recoverad from
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modified APW containing 0.01% w/v ferrous sulphate for
at least six months after inoculation (Fig. 6).

Other workers have equally reported on the positive
effect of some metal ions on microorganisms of medical
importance (Borwning, 1931; Odugbemi, McEntegart and
Hafiz, 1978). 1In particular, Bullen, Rogers and criffiths
(1974) had observed that the imjection of iron compounds
can enhance the virulence of certain bacteria, and in
some cases can apolish passive immunity. In the present
study, ferrous sulphate probably acted as a reducing
égent thus minimizing the toxic effect of end products
éf oxidation during storage.

During the past two decades, several studies in
different parts of the world have demonstrated the
production of pctential virulence factors in strains of

Aeromonas spe and P. shigelloides. These include

haemolysins, enterotoxin, cytotoxins, proteases and
surface adhesins (Wretlind, Mollby and Wadstrom, 1971;
Donta and Haddow, 1978; Sanyal, Singh and Sen, 1975;

pahle, 1971; Atkinson and Trust, 1980). In the same

vein, a good number of strains of Aeromonas sp. and

p. shigelloides examined in the present study produced

haemolysins, heat-stable (sT) enterotoxin, or were

jnvasive. Of the 55 Aeromonas EB.:examined, ahbout 70%

produced « or B-haemolysin, 20% produced ST while about
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11% were invasive. Similarly, about 25% of 16 P,

shigelloides studied produced ST, and an equal number

demonstrated invasive ability in the guinea-pig eye
model (Sereny, 1955). In addition, about 13% produced
haemolysin (Table 7).

Although the production of virulence factors has
been shown to be important in the pathogenesis of
established enteropathogens, the role of such factors

in Aeromonas and Plesiomonas - associated diarrhoea 1is

yet to be fully understood. This is because of the lack
of correlation between strains producing virulence
factors in vitro and experimental infections in animals
and.human volunteers (Pitarangsi et al., 1982; Ljungh
and Krenovi, 1982; Morgan et al., 1985). There are
suggestions now that the varlous virulence factors of

Aeromonas and Plesiomonas, particularly enterotoxins,

would require further purification before their mode of
action can be fully elaborated (Wadstrom, 1978; sanyal,

caraswatchi and Sharma, 1980; Chakraboty et al., 1984;

Chopra et al., 1986).

Oover the years, experimental animals have become
ready tools in the study of the pathogenesis of infectlous
diseases, including diarrhoea. More often than not, the

ability of an organism to initiate clinical manifestations
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r
4 ~in healthy animals has been taking as a demonstration
of its ‘potential virulence in humans. Ior Aeromonas and
p Plesiomcnas, the search for suitable animal models for

experimental studies iscontinuous. Previous attempts té
induce diarrhcoea in animal species such as rabbits, guinea-
pigs, -hamsters, rats and rhesus monkeys have not been
successful (Ljungh and Krenevi, 1982; Pitarangsi et al.,

1982).
In the present study, attempt to experimentally
induce diarrhoea in healthy adult mice, using apparently;

virulent strains of Aeromonas sp. and P. shigelloldes

was unsuccessful., FBach of the animals was starved for
24 h and then orally fed with approximately 1 x 108
¢.f.u. per ml of washed ce=lis ‘n phosphate buffered

saline (PBS). Two weeks after the mice were orally fed,

_none had diarrhcea though Aercmonas and Plesicmonas

were recovered from theilr faeces. Furthermore, histological

sections. of the kidnev, lung and hcart muscles of mice

' fed with astrains that demonstrated invasive ability in
L‘ the guinea-pig eye model (Sereny, 1¢55); revealed no
signs of bacterial invasion of the organs. The cells
appeared normal, no cellular infiltration or hyperplasiz.
However, the fact that the organisms were excreted

) in the feaces of the animals showed tnat they survived
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the gastric acid barrier in the stomach. Their inability
to initiate diarrhoea in these animals may be due to a
number of factors, including inability to attach and
establish themselves in the intestinal lumen, competition
with intestinal flora of the animals; or host specificity
that may make mice unsuitable as has been observed in
enterotoxigenic E. coli strains (Cantey, 1985). 1t may
also be that the various virulence factors have to
combine in certain ratio to produce _diarrhoea as recently
suggested by Ljungh and Wadstrom (1985).

Tn recognition of their seemingly clinical significance,

both Aeromonas sps. and P. shigelloides have been widely

tesfed for their susceptibilities to various antimicrobial
agents (Overman, 1980; Fass and Barnishan, 1981;
Fainstein, Weaver and Bodey, 1982; Reinhardt and George,
1985b; Motyl, Mckinley and Janda, 1985; Chang and
Bolton, 1987, Bakken et al., 1988). 1In Nigeria,
Agbonlahor (1983) als& reported on the susceptibility of

six A. hydrophila strains isolated from patients with

diarrhoea at the Lagos University Teaching Hospital (LUTH).

However, frequent antimicrobial susceptibility testing

is required for surveiilance and for the detection of

the constantly changing pattern of resistance among

bacterial pathogense.

The results of the present study have shown that

Aeromonas sps and P. shigelloides from our environment
Aeromonas Sp -
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are susceplible to most of the antimicrobial agents
evaiuated (table 15). Ofloxacin (Tarivid), a new
quinolone, was most active in vitro against the strains.
There was also a good activity (f>80%) of gentamicin,
carbenicillin and ceftriaxone against the organisms.
Furthermore, over 70% of the strains were susceptible
to colistin, nalidixic acid, nitrofurantoin, erythromycin,
chloramphenicol, tetracycline and co-trimoxazole.
Between 50 and 60% of the strains were susceptible to
cephaloridine, streptomycin and compound sulphonamide;
while less than 30% were susceptible to ampicillin.

It thus appear that tne tréatment of Aeromonas and

pPlesiomonas — related infections reaquiring antimicrobial

therapy, may not be of much problem for now sircc a ¢ood
choice can be made among the many antimicrobials to
which the organisms are susceptible. However, in a
situation like ours where indiscriminate use of

antimicrobial agents is common (odugbemi el al., 1986),

the need for constant susceptlblllty testing canncot be
overemphasized. This line of argument 1s further
buttressed by the notable dlfference in the results of

this study and that of Aﬂbo“lahor (1983) regarding

antimicrobial susceptibilities of isolates. In that study,

. all the six A. hydrophila isolates were unifcrmly sensitive
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to chloramphenicol, tetracycline, étreptomycin, gentamicin,
and compound sulphonamide; while in the present study,
some level of resistance Eo the same crugs was observed.
Bacterial plasmids are extra chromosomal
deoxyribonucleic acid (BNA) that are cépable of autonomous

replication. Primary interest in their study has been

as a result of the biological functions they confer on

thelr hosts. These include resistance to various

éompounds such as antimicrobial agents, colicins, some
metal ions, and ultraviolet radiation (Datta} 1962;
Anderson, 19653 Rotimi, Emina and Eke, 1983; Olukoya
et al., 1988a; 1988b: Novic, 1967; Fredericq, 1958;
Howarth,.1965). In additon, plasmid analysis has over
the years become a very useful epidemiolegical ‘marker in
the studies of bacterial infections (Robert and Falkow;'

1977; Anderson, Odugbemi and Johnson, 1982; Odugbemi

et al., 1983a; 1983b).

In the present study, resulEs_obtained from the

sCreening of B total of 55 Acromonas sps and 16 Pa

shigelloides for plasmids have shown that some of the

strains herboured plasmids with molecular weights ranging
6

from 2.4 % 106 to 16.8 x 10° daltons (Table 17).

precisely, 3 (15%) of 20 A. hydrophila, 9 (32.1%) of 28

ho caviae and 1 (6.3%) of 16 P. shigelloides harboured
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one or more plasmids. However, no plasmid was discovered
in 7 gé\sobria,examined in this study (Table 16). The
probabili;y.is quite high £hat some of tre properties
exhibited by bacteria harbouriﬁg these plasmids are
plasmid-mediated.

on a global scale, not much of plasmid studies have

been done on Aeromonas and Plesiomonas strains. 1In

Nigeria, this is probably the first. However, McNicol
et al, (1980) reported that 57% of Aeromonas isolates
reqovered in Bangladesh were resistant'to multiple
anﬁibiotics including tetracycline and the the resistance
aﬁpeared to be plasmid-mediated. Similarly, Hoimberg

et al, (1986) and Nolte et al. (1988) have separately

reported Plesiomonas strains harbouring plasmids with

molecular weights greater than 150 x 106 daltons and

100 x 106 daltons réspectively. The smaller-sized
plasmids observedin local strains are prcbably peculiar

to our envirenmenkt.

CONCLUSIONS AND RECOMMENDATIONS

This study sets out to establish the prevalence

and characteristics of Aeromcnas sp. and P. shigclloides
isolated in Lagos, Nigeria. During the course of the

work, Aeromonas sp. were significantly more frequently



recovered from patients with diarrhoea than from

controls (p/ 0.01). Likewise, P, shigelloides was more

frequently isolated from the diarrhoea croup than the
control group, though the difference petween the two
groups was not statistically significant (p> 0.05).

Furthermore, clinical features observed in patients

with Aeromonas or Plesiomonas - associlated diarrhoea

were not in éhy way significantly different from

those of diarrhoea due to other established

enteropathogens, Similarly, isolation rates of

Aeromonas sps. and P. shigelloides compared favourably

with those of these known enteropathogens. Thus, it

can be rightly said that both Aeromonas and Plesiomonas

are more often associated with diarrhoea; and as a
matter of fact, the findings are suggestive Qf

aetiological roles for these organisms in acute

diarrhoeal diseases in our environment,

Biochemical characterisation of the isclates further

confirms the uséftlness of internationally recognised

schemes of Popoff (19#41%) and Schubert (1984) for
differentiating these organisms. Also, results of the
various biochemical teéts'did not reveal any proparty
that may be said to be psculiar to strains isolated in
our 1ocality.. In addition, none of the biochemical

tests correlated with virulence preoperties of isolates,
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as has been observed in some carlier studies. It is my
strong conviction then that with the level of information

available on Aeromonas and Plesiomonas, it may be

erroneous Lo use phenotypic characters to predict the
"virulence" nature of isolates.

Based on the results obtained from the extensive
biochemical characterisation of the isolates, the
schene proposed for the isolation and preliminary

identification of Aecromonas sp. and P. shigelloides

seems adequaté.. The scheme 1s simple and should thus be
within the reach of small laboratories. For bigger ones,
the scheme should be adequate for the screening of large
samples during emergencies,

_Virulence factors demonstrated in straing treted
include haemolysins, heat-stable ($T) enterotoxin and .
invasiveness. These afe recogniseé factors that are
known to contribute significantly to the péthogenicity

of other established enteropathogens. Whether they play

aﬁy significant role in Aeromonas or Plesiomonas -
associated diarrhoeé in this study remain unclzar, as
virulent properties were not correlated in experimental
animal studies in mice. As slated earlier, antimicrebial
treatmént of acute diarrhoea 1s usually not recommended

since less dangerous, cheaper and effecctive treatment
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are available in form of the oral rehydration solutions
(ORS). However, results of antimicrobial susceptibility
testing in this study indicate that for cases of

Aeromonas or Plesiomonas - associated diarrhoea requiring

therapy! ofloxacin, gentamicin, tetracycline, and
chloramphenicol could be useful.
Furthermore, results of this work also indicate that

the commonly used conventional transport media seem

adequate for Aeromonas and Plesiovmonas. strains. However,
alkaline peptone water (APW) and the modified APW
appeared suitable for long-term storage of these
organisms. Likewise, the application of plasmid analysis

to plinical igclates of Aeromonas and Plesiomonas

on a wider scale could enhance a better understanding

of their epidemiology and possible pathogenic mechanisms.
Based on the results of this study, the following

recommendations, 1if iﬁplemented, should further enhance

our understanding of Aeromonas and Plesiomonas in

relation to acute diarrhoeal diseases:
1. More epidemiological studies should be carried out

on Aercmonas and Plesiomonas - associated diarrhoea

in other parts of the country, to provide information

on a national scalea




Aeromonas and Plesiomonas should be routinely
c&ltured-fo;, particularly in the giagnostic
labgracories, to 1lmprove the présent level of
awareness and reporting which is grossly
inadequate. -
The searchAfor additional virulenCe'factors in
these organisms should be intensified to enhance
better understanding of possible pathoéenic
mechanisms. ‘
cfforts should be intensified to identify
.
suitable animal models for the study of

-Aeromonas and P]eblomonas - asgocilated diarrhoea.

since diarrhoea is more endemic 1in developlng
countries, including'Nigeria, these countrles
should be more involved in the search for newer
agents, bétter preventive and control measures,

as well as effective management of this scourge

. Of our time.ﬂ._._.._ RN - - E— i e - e e
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APPENDIX I

MEDIA AND REAGENTS USED

The following media were prepared

manufacturers! instructions

MacConkey Agar (Oxoid CM7)

Peptone «s«e cse cee
Lactose ... . ces
Bile Salts see sse
Sodium chloride oo
Neutral red “ve cee
Agar .re .ee .oe
Distilled water coe

Desoxycholate Citrate Agar

7.4

(oxoid CM35)

tLab-Lemco! Powder esw

Péptone e Py asw
Lactose eee ves ces
Sodium ciE;ate cesn ace

Sodium thiosulphate ...
Ferric citrate ... ces

sodium desoxycholate ...

“Neutral red caw R
Agar - e @ se ® LN )
" Distilled water coe

—_—— - pH

7.0

according to the

20.0g

10.0g
5.0g
5.0qg
0.075g

12.0g

1.0 litre

5.0g
5.0g
10.0g
5.0g
5.0g
1.0g
2.5g
0.025¢g
15.0g

1.0 litre
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Xylose Desoxycholate Citrate Agar {XDCA)

This is desoxycholate citrate agar to which 1% w/v .

cf D-Xylose (Difco) is added. The pH 1s adjusted to 7.0.

Blood Agar Base No. 2 (Oxoid cM271)

Proteose Peptone oo cos crs coe eee 15.0g
Liver Digest ... - ces oo oo cse 2.5g
Yeast Extract cos - cve ere cos 5.0g
Sodium Chloride cee ces cee oo ces 5.0g

Agar s ase see ave oo s e eve 12.09
Distilled water 'R se® 'R se e sew 100 1itre

pH 7.4

To prepare blood agar, suspend 40g in 1 litre of
distilled water, bring to boil to dissolve completelye.
Mix and sterilize by autoclaving at 121°% for 15 minutes.
Cool to 40 - 45°C and add 5 - 10% sterile blood.

Dispense about 15mls to each petri dish.

Ampicillin (15 ug/ml) Blood Agar

prepare blood agar base appropriately and—sterilize - - ——
at 121°C for 15 minutes. Cool to a0 - 45°C, add 5 - 10%

sterile blood and add 15,000 ug per litre of medium.

h
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Brain Heart Infusion Agar (Oxoid CM375)

Calf Brain Infusion Solids

Beef Heart Infusion Solids

Proteose Peptone cse
Soéium Chloride «.. cee
Dextrose «ee cee vew
Disodium phosphate -
Agar ceu s ces
Distilled water ... cee

Nutrient Broth (Oxoid CM1}

'Laﬁb—Lemco' Powder eve
Yeast Extract Powder ..
Peptone ses coe soe
Sodium Chloride «.. -

Distilled water ... see

Nutrient Agar (Oxoid CM3)

tLab-Lemco! Powder .ee
Yeast Extract cce see
Peptone coe sva rew
Sodium chloride ... cos
Agar eesn P cee
Distilled water ... e

1g
2g
Ee)
5g
1.0 litre

1.0g -

2.0g
5.0g
5.0qg
15.0g

1.0 litre
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Phosphate Buffered Saline (Oxoid BR14a)

Sodium Chloride cse cssw P
potassium chloride com cos
Disodium hydrogen phosphate ces
potassium dihydrogen phosphate

Distilled water ose one aee

pH 7.3

Amies w/o Charcoal (Difco 0832)

Sodium chloride ..o  eeo .es
potassium chloride coe ese
Calcium chloride <. aes coe
Magnessium chloride ene coe
Mon;potassium phosphate ... con
Disodium phosphate vee cew
Sodium thioglycolate cee cee
Charcoal coe - cee ene
Agar esee. cos Y vesm ces
Distilled water cee ces veo
pH 7.4

gtuart Medium (Difco 0621) _

Sodium thioglycollate ese coe

Sodium glycerophosphate cce ceen

Calcium chloride USP eow see
Methylene blue ese  ees cee
Agar ses sae see .ew case
Distilled water ace aesw ave

.8.0g
0.29
1.15g
0.2g

1.0 litre

3.0g
0.2g
0.1g
0.1g
0.29
1.15g
1.0g
10.0g
4.0qg

1.0 litre

0.%9g
10.0g
0.1g
0.002g
3.0g

1.0 litre
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Peptone ave e

godium chloride

Distilled water

CM9)
pH 7.2

Alkaline Peptone Water

10.0g
5.0g

1.0 litre

Prepare as per peptone water and adjust to pH 8.6

with IN sodium hydroxide.

Modified Alkaline Peptone Water

Peptone +.e cew
sodium chloride
Ferrous sulphate

Distilled water

Adjust pH to 8.6 with

sterilize.

IN NaOH, dispense

Cary-Blair Medium (Oxoid CM519)

Dispense and sterilize.

10.0g
5.0g
1.0g
1.0 litre

"pisodium hydrogen phosphate cose coe
sodium thioglycollate con ces _ _wue
Sodium chloride “en aee e N
Calcium chloride ese cee s ces
Agar cee cos cev cee ces .o
Distilled water “ne coe cos .ee
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Trypticase Soy Broth (Difco 0370)

Tryptone - a8 LA N L J LK J

Soytone (Soy Bean Peptone) ...

Dextrose ... ess  see casn
sodium chloride ... cee cew
Dipotassium phosphate ... e
Distilled water ... sos cee

pH 7.3

Trypticase Soy Agar (Difco 0369)

Tryptone ... ves .-ee cen
Soytone sew ces ess “ew
Sodium chloride ... cee cos
Ag%r esa cew “se ese
Distilled water ... cse oo

pH 7.3

DNase Test Agar (Difco 0632)

Tryptose e« cesn cen cee
Deoxyribonucleic acid ... cse
Sodium chloride ... “os coo
Agar cee cee ces cos
Distilled water ... see ces
) pH 7.3

L ]

17.0g

20.0g
2.0g
5.0g
15.0g

1.0 litre
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Mueller Hinton Agar (Oxoid CM337)

Beef «e0 oo eve o coe coe ..o 300.0g
Casein hydrolysate ces cee cee e 17.59

' Starch oo ces - cow cos . 1.59
Agar e ces cee - ceoe ces ces 10.0g
Distilled water ces - cse ses eos 1.0 litre

2 pH 7.4

Kligler Iron Agar (Oxoid CM33)

tLab=-Lemco' Powder P .aew eve con 3.0g
: Yeast Extract cos cee vee e oo 3.0g
’ . Peptone oo coa - cee oo oo 20.0g
sodium chloride ese cos cee ees veo 5.0g
Lactose cos ere e cen - oo 10.0g
Dextrose ces “es cse ene cee  aes 1.0g
* Ferric citrate eee v cos cue coo 0.3g
Sodium thiosulphate P e o see 0.3g
Phenol red ... cee see eas veo coe 0.05¢g
AGar eee ase ses PP eve ess esn 12.0g
.
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gimmons Citrate Agar (Oxoid CM155)

Magnesium sulphate ... - see

Ammonium dihydrogen phosphate cee

Sodium ammonium phosphate «.. cee
Sodium citrate, tribasic ... see

sodium chloride cee cen cen

Bromo-thymol blue “ee cow coe

Agar e we aew P se s e
Distilled water ens coe -
pH 7.0

Aesculin Medium

Brain heart infusion broth e

Aesculin cee e cea .aew

Agar see cow ses see aee

Distilled water see s vos
pH 7.4

Decarboxylase Media (Moller, 1955)

Peptone .- see - cee sew
Beef Extract ... css e e
Pyridoxal sesw e sew rew
Glucose ... “ee ees cew aese

Bromothymol blue (0.2%) eos ces
Cresol red (0.2%) ces coe “ee

Distilled water - asew cse

L ]

0.29
0.2g
0.8g
2.0g
5.0g
0.08g

15.0g

1.0 litre

25.0g

1.0g
1.0g

1.0 litre

S.0g
5.09
5.0mg
0.5g
5.0ml
2.5ml

1.0 litre
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Dispense in 4 ml amounts and sterilize by autoclaving

at 115°c for 20 minutes. For use, the following additions

were made:
1. L~arginine hydrochloride .. cae
24 IL-1lysine hydrochloride cee cos
3. L-ornithine hydrochloride ... coe

4, No additions (control)

Re - adjust the pH to 6.0 and distribute
volume into tubes containing liquid paraffin.

at 115°¢ for 10 minutes.

Motility Indole Urea (MIU) Medium

RBasal medium:

peptone (rich in tryptophan) ... cos o

Potassium dihydrogen phosphate cen cve
Sodium chloride ces voa o o see
Agar ees cee vesw see ven see see
Phenol red (alcoholic solution) cew P
Digtilled water aew cee P cee ces

Preparation:

1%
1%
1%

into 1 ml

Sterilize

esee 30.0g

1.0qg
5.0g
4.0g
2.0ml

1.0 litre

Add the ingredients to the water, boil to dissolve,

and filter through paper. Dispense in 90-ml quantities

in screw-cap bottles. Sterilize by autoclaving at 121°¢

for 15 minutes. . -
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Prepare a 20% urea solution in water. Sterilize by
filtration. Add 10 ml of the 20% urea solution to S0 ml
of basal medium that has been melted and cooled to 50°C.
Distribute in sterile tubes, 5 ml in each and allow to

solidify in an upright position.

N.B. Alcoholic solution of phenol is prepared by dissolving
0.25g of phenol red in 50 ml ethyl alcohol and adding

50 ml of distilled water.

MRVP Medium (Oxoid CM43)

Peptone ... ose .o cos coe csse o 5g

Dextrose ... ooa .o vee ses see cew 5g

Phosphate buffer coe aes see coe ese 59

Distilled water .o see cee see cee 1.0 litre
pH 7.5

Saline Tablets (Oxoid BRS53)

pissolve 1 tablet in 500 ml of distilled water to
prepare 0.85% saline (i.e. tnormal' saline). Sterilize

by autoclaving at 121°c for 15 minutes.

Todine Solution

Todine (powdered crystals) e.e cos cos eas 10.0g
Potass ium iodide (KI ) o 9 - w9 - s - 89 20 .Og

Distilled water s w «s e P -;o ece
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’ Dissolve the KI in the water, and add the lodine
crystals slowly and shake thoroughly. Not all the crystals
will dissolve, therefore filter or decant before use

' (WHO Document CDD/83.3 p. 80).

" Lysozyme Solution

50 mM glucose
b ’ 10 mM Na, EDTA
25 mM Tris
2 mg/ml of lysozyme

pH 8.0

' - ' SDS/NaOH
1% SDS

0.4 N NaOH

TE Buffer
0.05 M Tris

0.039 M Na2 EDTA

L X
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APPENDIX II

MAJOR TESTS USED IN THE SCREENING OF AEROMONAS SPECIES

AND PLESIOMONAS SHIGELLOIDES

Utilisation of glucose and lactose/Production of H,S and Gas

Fach test strain was inoculated into one KIA tube by
stabbing with a straight wire. Inoculated tube was

incubated at 37°C for 18 - 24 hours.

vellow colouration of the butt alone indicated

glucose utilisation.

Complete yellow colouration of the medium indicated

glucose and lactose utilization.
Blackening of medium indicated H2S production.

Bubbles, cracks or displacement of medium indicated

gas production.

Motility, Indole and Urease Activity

Bach test strain was inoculated, with a straight wire,
into one MIU tube and incubated at 37°C for 18 - 24 hours.
piffuse growth of test organism from the straight

line of inoculation.-into_the medium indicated that the

organism is motile.

Red colouration of medium indicated positive urease

activity.

ped ring _ formation on surface of medium upon

addition of Kovac's (indole) reagent jndicated production

of indoles
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Cytochrome Oxidase Activity (Kovacs, 1956)

Two or three drops of 1% solution of N, N, N', N' -
tetramethyl-p-phenylenediamine dihydrochlorideﬁpxidase
reagent) were added onto a filter paper, and the test
organism was smeared across the surface of the impregnated
paper. Oxidase positive organisms gave a purple colour

within 10 seconds.

Decarboxylase Activities

Each test organism was inoculated into 4 tubes :
lysine, ornithine, arginine and the control. These were
incubated at 37°C and read daily for 4 days.
pDecarboxylation of the amino acids was indicated by &

change in colour to violet. The control remained yellow.

Methyl Red/Voges Proskauer (MRVP) Test

Two sets of MRVP medium bottles were inoculated with
each test strain, and incubated at 37°¢C for 48 hours :

Methyl red Test - Two or 3 drops of methyl red

solution was added to one MRVP medium bottle, and positive

strains gave a red colouration on shaking.

Voges Proskauer Test = —he—test-detects—production

of acetyl methyl carbinol from carbohydrates. After
incubation, 1 ml of 40% potassium hydroxide‘and 3 ml of
5% oL - naphthol solution were added. Positive strains

g

gave a pink colour in 2 - S5_minutes, upon aeration.
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Nitrate Reduction

solution A : 8.0g of sulphalinic acid in 1 litre .
of 5N acetic acid.

solution B : 0.5g of o = naphthylamine in 1 litre
of 5N acetic acid.

Equal volumes of solutions A and B were mixed immediately

o before use to give the test reagent.
b 0.1 ml of test reagent was added to each test
culture. Reduction of nitrate to nitrite was indicated

by a red colour developing within a few minutes.

p
- B-Lactamase Production
1. Chromogenic cephalosporin method (O'callaghan et al.,
1972) :

' Chromogenic cephalosporin (Glaxo) an orange dye Was
added to bacterial colonies on the culture media.
Development of red colouration within 2 minutes indicated
a B-lactamase producing organism.

' 2. Starch paper technique (Odugbemi, Hafiz and McEntegart,

~1977):
Sstrips of starch paper were goaked for 10 minutes
in the benzyl penicillin solution (100,000 ug/ml in PBS)

' and then spread smoothly 1in petri dishes. Colonies of each

.
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test organism was spread over an area (2 - 3mm) of

the soaked paper, and then incubated at 37°% for
' 30 minutes. The papers were then flooded with iodine
solution which was drained of f immediately. Area surround-
ing a B-=lactamase producing organisms is decolourised
(white) while other areas surrounding non B-lactamase

b producing organisms (controls) remain blue - black.

Amylase Production

Fach test strain was inoculated onto a nutrient agar
" plate supplemented with 1% (w/v) starch. The plate was
incubated at 37°C for 18 - 24 hours, and then flooded
with iodine solution. A clear zone surrounding a test
organism indicated that the organism is an amylase

producer,

DNase Production

Each test strain was inoculated onto a DNase test

agar plate supplemented with 1% methyl green solution.

The plates were ircubated at 17°C for 24 hours. A clear

zone surrounds a DNase producing organism while non

DNase producers remain green.
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APPENDIX ITI

SOURCES OF MEDIA, REAGENTS, CHEMICALS AND SENSITIVITY DISKS

sources of Media:

Oxoid Ltd.,
Basingstoke,

} Hants, England.

Difco Laboratories,

’ pDetroit, Michigan, U.S.A.

r -
BBL (Baltimore Biological Laboratories),
piv. Becton, Dickinson and CO.,
Cockeysville, MD 21030, U.S.A.
y
sources of Chemicals/reagents:
' Aesculin BDH Chemicals Ltda,
poole, England.
| Carbohydrates BDH
3 Ethidium bromide BDH -
Ethylenediaminetetra - Acetic
e acid (EDTA) BDH
sodium chloride BDH
sodium hydroxide BDH 7
BDH

Ferrous sulphate
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Lysozyme

Agarose

p-Dimethylaminobenzaldehyde

Tris (hydroxymethyl)
methylamine

Sodium dodecyl sulphate (SDS)

Antisera

Chromogenic Cephalosporin dye

sensitivity Disks:
Code 1788E
Code U4

Ofloxacin (Tarivid)

Sigma Chemical Co.,
P. O. Box 14508,
st. Louis, MO 63178,

U.S.A.
Sigma

Sigma

Sigma

Sigma

Wellcome Reagents Ltd.,

Wellcome Research Laboratories,

RBeckenham, England.

Glaxo,

Glaxo Laboratories Ltd.,

greenford, Middlesex.

Oxoid

Ooxoid

The Nigerian Hoechst,

plot 144, Oba Akran Avenue,

3

o
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APPENDIX IV

STATISTICAL ANALYSIS

The Chi-square QX?) test was used to determine if
there is an association between diarrhoea and the isolation
of Aeromonas Sp. ©r P. shigelloides from the faecal
specimens of patients.

A. Aeromonas Sp..

Table 18. Contigency table of observed (0) freguenciles

of Aeromonas sp, from faecal specimens of patients with

and without diarrhoea.

No. of Specimens No. of Specimens

pPositive for Negative for Total
Aeromonas Spv Aeromonas Sps.
Patients
with 53 2297 2350
Diarrhoea
patients
without 2 498 500
piarrhoea
Totals 55 2795 2850

Column total ¥ Row total

Expected frequency (E)

Grand total

able 19 which

e

Using the above formula, we obtained t

gave expected frequencies.
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Table 19. Expected frequencies (E) of Aeromonas sp., from

faecal specimens of patients with and without diarrhoea

No. of expected No. of expected

Positives for Negatives for Totals
Aeromonas Sps Aeromonas S
Patients
with 45.35 2304.65 2350
Diarrhoea
Patients '
without 9.65 490.35 500
Diarrhoea
Totals 55 2795 2850
Therefore,

Null hypothesis, Ho: There is no association between

diarrhoea and isolation of

Aeromonas SpP, -

Alternate hypothesis, H,: There is an association

between diarrhoea and isolation

of Aeromonas Sp, -
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(53~45.35)2 + (2—9;65)2 + (2297-2304.65)2 + (498-490.35)2

45,35 9.65 2304.65 490.35

[ (7.65)2 4 (=7.65)% + (=7.65)% + (7.65)°

—pp—

45,135 9.65 2304.65 490,35
l ’ _ 58.52 + 58.52 + 58.52 + 58.52
' 45,35 5.65 2304.65 490.35

‘
, E 1.29 + 6.06 + 0,03 + 0.12

I

4
= Te5
) A].SO, [
Degree of freedom = (nr - 1) (nc - 1)
= (2 - 1) (2 -1)
= 1
However,
- 2 2 .. . .
y X0.01 value from the X' distribution
Table =  6.635

' . 2 .
Decision Rule: Reject Hj 1if calculated value of X is
]

- greater than the value of Xz from distribution table.
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Decision: Hj is rejected since calculated value of X?,
7.5, is greater than the value of X, from table, 6.635

at 99.99% confidence level.

Interpretation: Since ‘H, is rejected, Hy, is accepted.

Hence, there is a statistically significant association
between diarrhoea and isolation of Aeromonas species. In
other words, Aeromonas species are significantly more
frequently isolated from patients with diarrhoea than

from patients without diarrhoea (controls).

B. Pa shigelloides

A similar chi-square testing for P. shigelloides

gave the value of calculated )( as 3.43, while the value
of x from the distribution table was 3.841 at x~0 05°
Hence we accepted H, that there is no statistically
significant association between diarrhoea and the

isolation of Pa shigelloides, since the calculated value

of )(2 is less than the value of )(2 from the distribution

table.
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APPENDIX_V

PUBLICATION FROM THIS WORK AND RECENT WORLD CONFERENCES

ON AEROMONAS AND PLESIOMONAS

The Journal of redical tllcrobiology

volume 27 Hunber 3 llovember 1988

-
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PREVALENCH AND ANTIMICRODIAL
SUSCEPTIBILITY PATTERNS OF AFROMON AN
SPECIES AND PLESIOMONAS SHIGELLOIDLY
ISOLATED IN LAQOS, NIGERIA

S. A. Alabi, T. Ogunsunya and T. Odugbemi

. Department of Mvedical Microbiology and Farasitology.
College of Medicine, University of Lagos, P.M.B. 12003,
Lagus, Nigeria

Acromonas spp. and Plesiomonas shigelfoldes are in-
creasingly being reported world-wide nmongst the newer
"agents of acute Jdiarihoenl diseases. A prospective 12-
month (Sept. [986-OcL. 1987) study was undertaken at
“the Diarrhoeal Reseasch Laboratories of Lagos Univer-
sity Teaching Hospitul (LUTTI) to determine the preva-
lence of these ngents and their sensitivity to 15 commonly
used antimicrobial ngents. All isolates were identified by
_standurd procedures; seositivity testing was by the disk
" diffusion technique with Oxoid disks. Acromwomas spp.
and P. shigellufdes were isolated from 33 (2-3%.) and 16
(0-7%;) respectively of 2350 stouls of patients v U
diacchoea, while 6 (1-2%2) and | (0-220) were isolated from
$00 stools of contruls. Speciation of the 53 Aeromonas
spp. showed 26 (49:1%)) were A. caviae, 20 (A7) A.
hydrophita, and 7 {13-3%) A. sobria. All isolates were
sensitive to offoxacin-a quinolone-recently-introduced
into Nigeria. There was pood in-vitro activity (>90%,)
for gemtumicin, carbenicillin, colistin; and varying
degrees of sesistance (10-30%) to ampicillin, chloram-
phenicol, tetracyciine, sireptomycin, sulphanamide, nal-
wdixic  wcid, ceftriaxone,  co-irimoxazole  and
erythromyein, This study,showed that Acremonas spp.
and P. shigellnides should be considered and investigared
in diurrhoeal diseuses in Nigeria, and in cases of systemic
infections due to these organisms in which antimicrobinl . -
therapy is indicuted, ofloxucin, gentumicin and coiber-
cillin could be uselul,” .
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