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Abstract: The pathogen Plesiomonas shigelloides was discovered first in 1947 and christened C27 paracolon.
Ever since then, it has suffered several taxonomic transitions. Although, throughout the world, the bacterium
is highly recognized as public health threat both in human and veterinary medicines particularly in
immunocompromised health, its studies and diagnostic development could be termed lingering among similar
pathogens. The limitations of the existing taxonomic and diagnostic procedures were fully acknowledged.
Emphasis was placed on the need for development of novel and rapid culture-independent diagnostic
probes/protocols for its strain-specific (including pathogenic and nonpathogenic strains) characterization
to enhance infection managements and possibility of having a unique identification scheme that is
all-encompassing without bias towards some strains. Techniques with eminent congruence, specificity and
sensitivity in characterizing its diverse strains were also advocated.
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INTRODUCTION

The Plesiomonas belongs to the family
Enterobacteriaceae and has the facultative fermentative
anaerobe Plesiomonas shigelloides, a gram-negative
polar flagellate bacillus as its  only member
(Kaszowska et al., 2016). The genus has suffered several
translations from one taxonomic group to another over the
vears. Briefly, the earliest description of the orgamsm
came from Ferguson and Henderson (1947) and was
named C27 paracolon. Later, a four biotyping scheme
emerged based on the research by Schmid from
fermentative characteristics of lactose, duleitol and salicin,
followed by placement mte genus Pseudomonas by
Bader (1954). Its characteristic cytochrome oxidase and
polar flagellation saw it mto genus Aeromonas, m the
Vibrionaceae family (Ewing et al, 1961). Finally, the
researches by  Habs and  Schubert (1962),
Martinez-Murcia et al. (1992), Ruimy et al. (1994), Huys
and Swings (1999) and Garnity et al. (2001) chronologically
saw 1t to the present genus Plesiomonas m the
Enterobacteriaceae  as the solely oxidase-positive
member. Although, with the advent of different high
throughput molecular techmques such as RNA (55,

165 and 233) sequence-based techmiques that
placed P. shigelloides closely to Proteaceae via
phylogenetic alignment, the taxonomic name
remamstill today (Martnez-Murcia et al, 1992). A
summary of P. shigelloides taxonomic transitions is
presented in Table 1.

Morpho-phenotypically, P. shigelloides 13 a long
straight motile rod, either polarly or peritrichously
flagellated (2-8 flagella) with fermentative ability under
facultative anaerobic conditions (Inoue et al., 1991). A
typical plesiomonad cell is 0.70-1.0 um by 2.10-3.00 um
sized (Gonzalez, 2003). Transmission electron microscopy
of plesiomonad cells have shown the possession of
inclusion bodies that composed polyphosphates granules
(Ogawa and Amano, 1987; Pastian and Bromel, 1984).
Fermentative characteristics of P. shigelloides ranged
from acid but non-gas production from glucose, mositol,
ornithine to lysine decarboxylation. Tt is an active
producer of P-galactosidase, phenylalanine deaminase,
elastase Chydrolyze elastin), arginine dihydrolase,
ormthine decarboxylase, trehalase, lysine decarboxylase,
cytochrome oxidase, maltase, chitinase and DNase
(hydrolyze chitin) but unable to produced starch
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Table 1: Summary of P.Shigelloides taxonomic transition over the year

Taxonomic name/trangition Reagons or characteristics for placement References

c27 Motile enteric, anaerogenic, paracolon, amphitrichous organism, Ferguson and Henderson (1947)
Enterobacteriaceae, somatic antigen similar to Shigella sonmei Phase 1 Schmid

Pseudomonas shigelloides Isolated from faeces, gram-negative rods have somatic antigen like Bader (1954)

Shigella sonnei, Polar or lophotrichous flagellation, anaerogenic glucose
fermenting, non- lactose fermenting, nitrate reducer (nitrate to nitrite)

Pseudomonas michigani Lophotrichous flagellated gram-negative bacilli; and based on geographic Rakazaki et af. (1959
pedigree where Ferguson and Henderson isolated this bacterium
Aeromonas shigelloides Sugar fermentative ability compared with oxidative activity, Hugh and Leifson {1953),

cytochrome oxidase positivity

Gaby and Hadley (1957)

Pseudomonas, aeromonas or vibrio BRased on gram-negative bacteria polar flagella differentiation Ewing and Johnson (1960),

Ewing et al. (1961), Shewan ef al.
(1954), Shewan et af. (1960),
Shewan (1963)

Pseudomonas shigelloides, BRased on flagellation and morpho-phenctypical backdrops, Habs and Schubert (1962)
Pseudomonadaceae in the tribe onty glucose-fermenting anaerobe in the family

pseudomonadeae

Plesiomonas (proposed) Based on comparative studies with aeromonas and vibrio Sabald and Veron (1963)
Fergusonia (proposed) Cormparative Guanine and Cytosine (GC) demgyribomicleic

acid content of Aeromonas, Vibrio, Pseudomonas, Moraxella;
Pseudomonas (61%6), Aeromonas (60%) against P shigelloides

(51%)
Germs Plesiomonas (shigelloides) BRased on studies on Aeromonas and C27 strains, vibriostatic Eddy and Carpenter {1964),
placement in vibrionaceae, agent sensitivity (0/129) of many strains, lower GC content Veron (1965)

cormpared to Aeromonas but closer or within top range reported

for vibrio
Vibrio shigelloides (Rader) Rased on comparative publication analysis Hendrie et . (1971)
comb. nov. (proposed)
Placement in the family enterob Phylogenetic closer interrelatedness with Martinez-Murcia et af. (1992)
acteriaceae proposed members (specifically, genus Proteus) of the

tamily Erterobacteriagceae compared to
Aeromonadaceae established by sequencing of

168 rDNA
Placement in the family Enterobacteriaceae Comparative phylogenetic analysis of rRINA Ruimy et al. (1994)
was further strengthened (small-subunit) sequences, of genera Aeromonas

Vibrio, Plesiomonas and photobacterium,
Placement in the family Enterobacteriaceae Based on distinctive falls out of P. shigelloides
was further strengthened from the Aeromonas main cluster via fluorescent
Amplified Fragment Length Polymorphism (FAFLP)
discriminatory genotyping of Aeromonas spp

Plesiomonas reclassified to the family Rased on the molecular features derived from Garrity et al. (2001)
Enterobacteriaceae as the only 165 rDNA, small-subunit ’IRNA sequencing
oxidase-positive mermber and FAFLP (Martinez-Murcia et ¢f., 1992;

Ruimy et af, 1994; Huys and Swings, 1999)

hydrolases, gelatinase and urease (Kelly and Kain, 1991,
Santos et al., 1999, Ramaiah et ai. 2000, Farmer, 1995,
Stock, 2004).

P. shigelloides has long associated history with
freshwater and its resources, marine and seafood, pets
and livestock (cows, cats, dogs, monkeys) and aquatic
settings 1 general (Levin, 2008; Kaszowska ef al,, 2016,
Tanda et al., 2016). Hence, it’s easily disseminated and
contracted from such vehicular bemngs and media. It 1s
also known to cross-react with Shigella sonnei
antigenically (Sayeed et al., 1992). Therefore, detection
and classification of P. shigelloides through antigenic
reaction can results into false positive reactions and thus,
1t 1s urreliable.

Identification scheme for P. shigelloides: There are

different identification approaches for P. shigelloides
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depending on the purpose of investigation. In general,
classical microbiological techmques or culturonomics
(biochemical, metabolic and serological test, hybridization
method and rapid kit systems), genomic typing,
MALDI-TOF MS methods/metabolic  (proteomic)
characterization, PCR and sequencing techniques have
been devised for identification and characterization of
P. shigelloides from different sources.

Culturonomics identification: For the traditional
microbiological procedures, various selective and/or
differential media have been applied for P. shigelloides
isolation with possibility of visual identification from
other bacteria based on coloured colony formation.
Isolation of P. shigelloides using MacConkey agar/
Sorbitol-MacConkey Agar are common and usually
produced translucent colomies (Holmberg and Farmer,
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1984; Rolston and Hopfer 1984; Morris et al. 2011,
Novoa et al. 2016). However, the used of MacConkey
agar for P. shigelloides could not achieved differential
purpose because the organism has lactose-fermenting
and non-lactose-fermenting stramns (Gravemtz, 1980).
Investigators such as Pitarangsi et al. (1982), Penn et al.
(1982), Rolston and Hopfer (1984), Kenny et al. (2007) also
used Hektoen enteric agar for F. shigelloides 1solation.
Obi et al. (2007) used Xylose deoxycholate citrate agar for
its 1solatton. In most cases, a battery of media,
biochemical and metabolic test panels are used for its
1selation and characterisation. Thus, make 1t laborious and
time-consuming.

For the most suitable differential/selective recovery
of P. shigelloides, the three-meritorious media employed
include Tnositol Brilliant Green Bile Salts Agar (IBGBA)
(Schubert, 1977; Graevenitz and Bucher, 1983),
Plesiomonas Agar (PA) (Miller and Koburger, 1985) and
Plesiomonas differential agar (PDAger) (Huq ef al., 1991).
These achieved higher recovery of P. shigelloides at
42-44°C incubation with resultant whitish-pinkish (with
red halo on PDAger) colouration in contrast to colourless
Aeromonad colonies (Graevenitz and Bucher, 1983;
Hug eral,, 1991; Jeppesen, 1995). Compositionally (g L™,
TBGBA is made up of beef extract 5.0 g, peptone 10.0 g,
NaCl15.0g, brilliant green 0.00033 g, bile salt mixhwe 8.5 g,
neutral red 0.025 g, agar 13.5g and meso-mositol 10.0g at
apH 7.2 (Schubert, 1977). PA is composed of NaCl 5.0 g,
peptone 1.0 g, yeast extract 2.0g, arabinose 5.0 g, manmnitol
7.5 g, inositol 1.0 g, bile salts No.3 1.0 g, lysine 2.0 g, agar
15.0 g and phenol red 0.08 g at a pH 7.4 (Miller and
Koburger, 1985). Whereas, PDAger composed Beef
extract 7.5 g, Peptone 7.5 g, NaCl 5.0 g, bile salt
mixture 8.5 g, Meso-inositol 10.0g, brilliant green
0.00033 g, agar 13.5 g and neutral red 0.025g at a
pH 7.4 (Hug et al, 1991). Due to the manmtol or
arabinose component, contaminating mannitol and
arabinose-fermenters usually produce red colonies and
thus plesiomonad colonies are easily identified based on
inositol fermentative ability with lysine decarboxylation
(Levin, 2008). Sample enrichment 1s also practiced using
bile peptone broth, alkaline peptone water, tetrathionate
broth and tetrathionate-iodine broth with different
recovery levels (Freund ef af., 1988; Rahim and Kay, 1988;
Damme and Vandepitte, 1980).

Rapid biochemical characterization of P. shigelloides
using commercial kits platforms for instance TTE-AS and
Analytical Profile Index (API) 20E are available. These are
principled on unique sugar fermentative and protein
utilizing capability, mediated through enzyme production,
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detectable through acid or chromogenic indicators
(Krovacek et al., 2000). In general, the biochemical and
metabolic tests are dependent on the enzyme and
metabolite indicators. P. shigelloides enzyme indicators
include production of P-galactosidase, decarboxylase,
arginine dihydrolase, oxidase and ornithine decarboxylase
but do not produce urease and tryptophan deammase
(Gravemtz, 1980, 1985). Whereas, the metabolic indicators
include positive reactions to indole formation, glucose,
mositol and negative reaction to aceton (acetyl
methylcarbinol), mannitol, gelatin, sorbitol, saccharose,
rhamnose, melibiose, L (+) arabincse and amygdalin
(Gravemtz, 1980, 1985).

Other biochemical tools
identification mclude Vitek system®™2 (Biomeriux),
MicroScan (Walkaway), MicroScan® WalkAway® plus,
AutoSCAN®-4 System and AutoScan 4 adopting
manual or automated processes (SH, 2013; Tun et al,,

for P.

shigelloides

2011). Recovery of P. shigelloides from blood specimen
by using Bact/Alert system detected with NC30
Microscan  panel  system
(Auxiliadora et al., 2010).

is also  available

Serologic classification and serodiagnostic procedures:
Clonal diversities of P. shigelloides are usually reported
in literature based on serodiagnostic techniques. This is
grounded on the O-somatic and H-flagella antigenic
reactions using Plesiomonas specific anti-sera. Shimada
and Sakazaki (1978) introduced 30-O-somatic and
11-H-flagella antigenic typing of P. shigelloides which
later undergone further improvement through the
researches of Aldova (1994) and Aldova and Schubert
(1996). With serological identification, 7. shigelloides has
been largely and successfully delineated mto umique
strains having 102 O-somatic and 51 H-flagellar antigenic
serotypes (Aldova and Shimada, 2000). In their
investigations, Gonzalez et al. (2004), observed country
based, transcontinental and trans-source sero-clonality
among 73 plesiomonad stramns studied. Although, there
were heterologous sero-distribution among strains
derived from a nation and between other countries,
homeo-serotypes (similar serotypes) exist in the 57 strains
studied which include two O11:H2, four O22:H3, two
0O35:HH11, two O52:H3 and two O90:H6 strains among
Finnish and Cuban isolates from humans and cats and
three ©O23:Hlalb strains among Italian and Slovakian
environmental isolates. This further buttressed the public
health threats that could arise from zoonotic carriers such
as household pets and transmissibility of P. shigelloides
as previowsly reported in animal (snake) to human
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(Davis 2nd et al, 1978, Arai et al, 1980). Shared or
common F. shigelloides serotypes were also observed
m pets such as cats and dogs (Gauthier, 2014).
Freshwater fish isolates were also found to be of the same

serotypes cultured from diarthoeic human patient
(Tsukamoto et ai., 197%).

The demerits  with  serodiagnosis or
sero-classification of P. shigelloides mclude firstly,
the presence of non-agglutinating strains within

the species (Gonzalez ef al., 2004). These strams
may not be captured using serodiagnostic approach or
sero-classification. Secondly, the test procedures are also
laborious and time consuming, because its antisera are
usually produced in suitable animals over a period
spanning about two to several weeks (Oviasogie and
Ekhaise, 2006). Thirdly, P. shigelloides exhibit cross
reaction with Shigella species leading to false-positive
result (Ferguson and Henderson, 1947, Batta et al.,
1998). Kollarova and Aunar (2001) also reported cross
reaction of antiserum/antibody produced by whole cell
P.
antigens from many
Vibrionaceae members in crossed immunoelectrophoretic

shigelloides immunization of rabbit with several
of Enterobacteriaceae and
procedures. Finally, Plesiomonas specific anti-sera are
noncommercially available to the scientific communities
and laboratories.

Matrix-Assisted Laser-Desorption/Ionization Time of
Flight Mass Spectrometry (MALDI-TOF MS) and NMR
spectroscopy: The MALDI-TOF MS techniques are
mainly used in the proteomics, structural and molecular
characterization of P. shigelloides lipopolysaccharide
(LPS) and serotype (strain) delineation. LPS known as
endotoxim, 1s one of the main virulence arsenals for the
characteristic  pathogenicity of P.  shigelloides
(Kaszowska et al. 2016, Okawa ef al., 2004) and plays a
central function in plesiomonad infections including
septic shock and sepsis (Alexander and Rietschel, 2001).
P. shigelloides LPS
immunodominant and structural molecules of the external

13 a tripartite ampluphilic,
membrane, comnsists hydrophobe (aquaphobe) lipid A,
core  Oligosaccharide  (OGS) and  O-Specific
Polysaccharide (O-PS) (O-antigen) (Aquilitu et af., 2013;
Kaszowska et al., 20134, b). The molecular proteomic or
MALDI-TOF MS fingerprinting of P. shigelloides is
established on the diagnostic strain specificity of the
0-PS side chain of the LPS, manifested as unique variable
chemical units and associated genetic variability in the wb
cluster genes involved in the O-antigens biosynthesis

among the strains (Kaszowska et al., 201 3a, b;, Caroff and
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Karibian, 2003; Raetz and Whitfield, 2002). Although,
MALDI-TOF MS has been a very useful technique in
P. shigelloides characterisation but, there
congruence between its sero-strains and MALDI-TOF
MS clusters (Kolinska et af., 2010).

Studies on LPS fingerprinting of P. shigelloides
mclude O-P3s  of P.  shigelloides 22074 and
P. shigelloides 12254 (Linnerborg et al., 1995), core OGS
and structural unit of P. shigelloides 113/92 O-antigen
LPS (Czaja et al, 2000, Niedzela et af, 2002). LPS
molecules of P. shigelloides 144/92 (Niedziela et al.,
2002) and P. shigelloides 113/92 (Niedziela er al.,
2002), P. shigelloides 054 lipid A and structure and
LPS biological activity (Lukasiewicz et al., 2006a, b),
P. shigelloides serotype Olcore OGS with O-specific
chains substituent structures (Pieretti ef al., 2008, 2010),
P. shigelloides 110/92 O-PS (Maciejewska ef al, 2009,
2013) and P. shigelloides AM36565 O-PS (Sawen et al.,
2012), P. shigelloides serotype O17 core OGS structure
with single repeating O-specific PS substituent umit.
Other reports involve P. shigelloides 302-7 Ol-antigen
LPS pathogenicity function (Aquilim et af, 2013),
structure  of pseudaminic acid containing O-antigen of
P. shigelloides serotype 036 (Kaszowska et al, 2016),
core OGS and lipid A structure of P. shigelloides PCM
2231 (Lukasiewicz et al., 2006a, b;, Maciejewska et al.,
2013), Structure of a-d-Lenose-contaimng semi-rough
LPS of P. shigelloides CNCTC 39/89 (Kaszowska et al.,
2013a, b), P. shigelloides O24:H8 LPS core OGS and
repeating unit structures (Lundqvist et al., 2015).

18 1o

MATERIALS AND METHODS

Hybridization method: Hybridization reaction 1s also
exploited in the identification of P. shigelloides to
subspecies level. This 1s usually carried out in arrays
adapted in form of microplate system (hybridization
method). Firstly, the pathogen is identified to species
morpho-physiologically and metabolically (culturonomaics)
and then DNA-DNA hybridization is applied to delineate
1t to strams. For illustration, Sugita ef al. (1993) carried
ecological studies of P. shigelloides in freshwater and
freshwater fish and recovered seventy-four strans
through microplate hybridization techmique. One
inherent limitation of hybridization procedures in
characterization of P. shigelloides 1s the possible
existence of cross-hybridizing and nonhybridizing strains
based on the hybridization probes employed. This 1s
because of the extremely high homologous recombination
rates of P. shigelloides (Salerno et al., 2007). Also, the
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Table 2: Genotyping primers and PCR thermal programs for delineation of plesiomonad isolates into stains

Primers Sequence (5-3") Amplicon size (bp) Annealing temp. (°C) References

ReplR-I IMICGICGICATCIGGC 150-10 000 40°C Versalovic et af. (1991)
Rep2-1 ICGICTTATCIGGCCTAC

ERICIR ATGTAAGCTCCTGGGGATTCAC 150-10 000 50°C Versalovic et af. (1991)
ERIC2 AAGTAAGTGACTGGGGTGAGCG 150-5500 50°C Mohapatra ef al. (2007)
BOX AIR CTACGGCAAGGCGACGCTGACG 150-10 000 50°C Mohapatra ef al. (2007)
(GTG)s GTG GTG GTG GTG GIG 150-10 000 40°C Mohapatra ef al. (2007)
Primer set Initiation Denaturation Annealing Extension Final extension
ReplR-I Rep2-1 5M, 1C, 95°C 2 M, 35C, 95°C 1M, 40°C 1M, 72°C 10M, 72°C
ERICIR 2M, 1C, 95°C 1M, 35 C, 94°C 1M, 52°C 1M, 72°C 10M, 72°C
ERIC2 1C, 95°C, 5M 35, 95°C, 2 M 40°C, 1M 7290, 2 M 7290, 10 M
BOX AIR 1C, 95°C, 2 M 30, 92°C, 305 50°C, 1 M 65°C, 8 M 65°C, 8 M
(GTG)s 1C, 95°C, 2 M 30 C, 92°C, 305 40°C, 1M 65°C, 8 M 65°C, 8 M

C = Cycle(s); M = Time in mimite(s), °C = Temperatire

bacterium 1s highly diverse in nucleotide sequence differences n the sensitivity of the genotyping

with Simpsen’s index of 99.7% and differ with an average
of 1.49% in nucleotides between strains (Salerno et al.
2007). The characteristic plesiomonad extremely high
recombination rate has been linked to lack of
comnection between its serotypes (O:H antigenic-types)
and genomic background (Salerno et al., 2007). Thus,
hybridization method is unsuitable for identification
and could be misleading and output inaccurate results in
P. shigelloides characterization.

Genomic typing: Strain delineation of plesiomonad
isolates were early achieved through genomic techniques
since strain-specific PCR techniques are not yet available.
The common genotyping procedures include Repetitive
Extragenic Palindromic (REP)-PCR, Random Amplified
Polymorphic DNA PCR (RAPD-PCR), Pulsed Field Gel
Electrophoresis (PFGE), (GTG)5-PCR, Enterobacterial
Repetitive Intergenic Consensus (ERIC-PCR) and
BOX-PCR (Welsh and McClelland, 1990, Williams ef al.,
1990, Olive and Bean, 1999; Shigematsu et al., 2000,
Gu et al., 2006, Gonzalez et al., 2011). In practice, these
techmques amplify molecular variations in the genomes of
plesiomonad strains and subsequent electrophoretic
separation of resultant amplicons, usually produced
characteristic band profiles distinctly with varied strains.
Table 2 shows a summary of genotyping primers and PCR
thermal programs for possible delineation of plesiomonad
isolates into stains. Genotyping of plesiomonad isolates
of fish, freshwater and clinical origns were carried
using RAPD by Gu ef al. (2006). Gonzalez et al. (2011)
delineated 24 plesiomonad isolates into 17, 19, 21,
22 genotypes with ERIC-PCR, REP-PCR, RAPD and PFGE,
respectively. The existence of i1so-genotypes (same
clones) based on genotyping were also reported among
plesiomonad strains from human and animal sources
(Gonzalez et al, 2011). This phenomenally depicts
possibility of bidirectional zoonotic transmissibility. The
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procedures call for a more reliable technique. Furthermore,
a hybrid system comprising two or more genotyping
tools/primers could vyield a more robust sensitivity in
delineation of the bacterium. Thus, forms a worthy
candidate for future quest and investigation. The
disadvantages with genotyping of P. shigelloides using
the above methods meclude:

¢ The methods lack specificity and could be adopted
for any bacterium

¢ Ttrequires an initial culturonomics

Polymerase Chain Reaction (PCR): The available
traditional PCR for P. shigelloides is only suitable for the
genus identification. Strain-specific primers are not yet
available for plesiomonad strains. Gonzalez ef af. (2000)
piloneered the development of PCR-based characterization
of P. shigelloides. The primers and PCR thermal profile for
confirmation of P. shigelloides isolates are presented in
Table 3. The PS23FW3 and PS23RV3 were designed to
amplify the 235 rRINA gene that is specific to plesiomonad
species. They generate a 284-bp PCR amplicon that is
identical to the base sequence 906-1189 in its rRNA
(238 gene) (Gonzalez et al., 2000). The disadvantage with
these primers 1s the associated production of DNA dimers
(Gu and Levin, 2006). The PS-F and PS-R were
devised to target rRNA (235 gene) of P. shigelloides and
yield a 628 bp PCR product. The PS-F and PS23RV3 were
fashioned for competitive PCR, aimed at quantitative
investigation of P. shigelloides. The pair produces a
500-bp PCR amplicon homologous to 690-1189 base
sequence of the 235 tRNA (Gu and Levin, 2006, 2007,
2008). PS-F and PS23RV3 pair are highly specific for
detection of plesiomonad isolates compared to the other
primers (Gu and Levin, 2006, 2007, 2008). The Hybrid
primer was constructed based on nucleotide sequence
843-862 of the plesiomonad rRNA (2335 gene)
(Gonzalez et al., 2000; Gu and Levin, 2007, 2006, 200%).
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Table 3: Primers and PCR thermal profile for confirmation of P. shigelloides isolates

Primers Sequence (5-3" Amplicon size (bp) Annealing temp. (°C) References
PS-F GCAGGTTGAAGGTTGGGTAA 628 68°C Gu and Levin (2006)
PS-R TTGAACAGGAACCCITGGTC
PS23FW3 CTCCGAATACCGTAGAGTGCT AT 284 68°C Gonzalez et ai. (2000)
PS23RV3 CC CTCCCCTAGCCCAATAACACCTAAA
PS-F GCAGGTTGAAGGTTGGGTAA 500 62°C Gu and Levin (2006)
PS23RV3 CTCCCCTAGCCCAATAACACCT AAA Gonzalez et ai. (2000)
Hybrid primer GCAGGTTGAAGGTTGGGTAAA 367 62°C Gu and Levin (2007)
PS23RV3 CCTACGGGGGTAGAGCACT

CTCCCCTAGCCCCCTAATAAC ACCTAAA Gonzalez et ai. (2000)
F-hugA gene GCG AGC GGG AAG GGA AGA ACC
R-hugA gene GTC GCC CCA AAC GCTAACTCATCA 435 63 °C Herrera et ad. (2006)
Primer set Initiation Denaturation Annealing Extension Final extension
PS23FW3 and PS23RV3, 1C, 95°C,5 M 35C, %4°C, 1M 68°C,1 M 72°C, 1M 72°C, 10 M
PS-F and P8-R 1C, 94°C,5 M 35C, %4°C, 1M 68°C,1 M 72°C, 2 M 72°C, 10 M
Hybrid primer and PS23RV3 1C, 95°C,5 M 35C, %4°C, 1M 62°C, 1M 72°C, 2 72°C, 10 M
PS-F and P823RV3 1C, 95°C,5 M 40C, 94°C, 1 M 62°C, 1M 72°C, 2 M 72°C, 10 M
F-hugA gene and R-hugA gene  1C, 94°C,3 M 30C, 92°C, 30 63°C, 30s 72°C, 1.5 M 72°C, 3 M
C = Cycle(s); M =Time in minute(s), °C = Temperatire

RESULTS AND DISCUSSION CONCLUSION

Sequencing techniques: Various sequencing platforms
are available for microbial characterization and
identification. Mainly, in the search for accurate, rapid
and early detection, better studies and diagnosis of
P. shigelloides, sequencing techniques are gaining
attention. The sequencing of plesiomonad small-subunit
rRNA and 16 s tDNA were employed in phylogenetic
analyses that led to the establishment of 1its
taxonomic closer link/relatedness to the enterobacteria
(Martinez-Murcia et al, 1992; Rumy ef af, 1994)
and reclassification into the Enterobacteriaceae
(Garnity et al., 2001). Chida et af. (2000) determined the
O-antigen 017 serotype of P.  shigelloides through
sequencing. The genes associated with P. shigelloides
LPS core biosynthesis was also studied by
Aquilini et al. (2014) via proteomic and DNA sequencing
techmques. The whole-genome sequencing analysis of
P. shigelloides 302-73 was presented by Pique el al.
(2013). The whole-genome sequencing techniques
have been suggested could probably be an exact and
rapid diagnostic protocol for suitable detection of
P. shigelloides m outbreaks and its virulence factors
(Pique et al., 2013).

The sequencing techmque remains the easiest way to
rapidly characterize and possibly delineate pathogenic
P. shigelloides from non-pathogenic strains. Since, cell
cultures and animal models currently employed in the
establishment of plesiomonad pathogemcity and
pathogenesis are laborious and unsuitable for
rapid/emergency diagnosis. The sequencing techniques
although provide rapid and accurate platforms for
P. shigelloides detection and characterization, they are
only available in reference laboratories and unavailable for
routine laboratory diagnosis especially in the regions
where P. shigelloides is endemic.

Therefore, this review aims at reporting an overview
of the P. shigelloides systematics and diagnostic
development over the seven-decades and identified
possible futire diections and imitiatives for sound
identification/classification and diagnosis.

RECOMMENDATIONS

P. shigelloides is often associated with infectious
conditions such as gastroenteritis and extraintestinal
infections that have fatal severity and acute death, there
is urgent attentions for rapid identification scheme that is
unbiased, relatively cheap with short tum-around time
and adaptable in the developing world and risk
zones. Development of rapid and extremely accurate
culture-independent diagnostic probes/protocols for its
stramn-specific (including pathogenic and nonpathogenic
strains) characterization to boost treatment options
require research focus.

ACKNOWLEDGEMENTS

The financial assistance of the National Research
Foundation and The World Academy of Science
(NRF-TWAS) towards tlis research 18 hereby
acknowledged. Opinions expressed and conclusions
arrived at, are those of the author and are not necessarily
to be attributed to the NRF-TWAS. The authors also wish
to thank the University of Fort Hare and the South Africa
Medical Research Council for financial support.

REFERENCES

Aldova, E. and RH.W. Schubert, 1996. Serotyping of
Plesiomonas shigelloides: A tool for understanding
ecological relationships. Med. Microbiol. Lett., 5:
33-39,



Res. J Med. Sci., 11 (2):103-113, 2017

Aldova, E. and T. Shimada, 2000. New O and H antigens
of the mternational antigenic scheme for
Plesiomonas shigelloides. Folia Microbial., 45:
301-304.

Aldova, E., 1994, Serovars of Plesiomonas shigelloides.
Cent. Leaf Bacteriol., 281: 38-44.

Alexander, C. and E.T. Rietschel,
lipopolysaccharides and imnate
Endotoxin. Res., 7: 167-202.

Aquilim, E., 5. Merino and J.M. Tomas, 2013. The
Plesiomonas shigelloides wb O1 gene cluster and
the role of Ol-antigen LPS in pathogemcity. Microb.
Pathogenesis, 63: 1-7.

Aquilini, E1, S. Merino, M. Regue and .M. Tomasa, 2014.
Genomic and proteomic studies on Plesiomonas
shigelloides lipopolysaccharide core biosynthesis. J.
Bacteriol.,, 196: 556-567.

Arai, T., N. kejima, T. Itoh, S. Sakai, T. Shimada and
R. Sakazaki, 1980. A swvey of Plesiomonas
shigelloides from aquatic environments, domestic
animals, pets and humans. I. Hygiene, 84: 203-211.

Auxiliadora, MM., FB. Rodrigues, IM. Viana,
G.C.A. Teixeira and E.A. Nicolini et al., 2010. Septic
shock caused by Plesiomonas shigelloides n a
patient with sickle beta-zero thalassemia. Heart Tung
I. Acute Crit. Care, 39: 335-330.

Bader, R.E., 1954. Onthe processing serums agglutinating
against the one of Shigella sonmei roundform strain
with one of the genus Pseudomonas. Med.
Microbiol. Immunol., 140: 450-456.

Batta, G., A. Liptak, R. Schneerson and V. Pozsgay, 1998.
Conformational stabilization of the altrurome acid
residue in the O-specific polysaccharide of Shigella
sonnei Plesiomonas shigelloides. Carbohydr. Res.,
305: 93-99

Caroff, M. and D. Karibian, 2003. Structure of bacterial
lipopolysaccharides. Carbohydr. Res., 338: 2431-2447.

Chida, T., N. Okamnura, K. Chtani, Y. Yoshida and
E. Arakawa et al., 2000. The complete DNA sequence
of the O antigen gene region of Plesiomonas
shigelloides serotype O17 which is identical to
Shigella sonnei form [ antigen. Microbiol. Immunol.,
44:161-172.

Czaja, 1., W. Jachymek, T. Niedzela, C. Lugowski and
E. Aldova et al, 2000. Structural studies of the
O-specific  polysaccharide from  Plesiomonas
shigelloides strain CNCTC 113/92. Eur. J. Biochem.,
267:1672-1679.

Damme, V.I.R. and J. Vandepitte, 1980. Frequent isolation
of Edwardsiella tarda and Plesiomonas shigelloides
from healthy Zairese freshwater fish: A possible
source of sporadic diarthoea m the tropics. Appl.
Environ. Microbiol., 39: 475-479.

2001.
immunity.

Bacterial
T

109

Davis 2nd, W.A., TH. Chretien, V.F. Garagusi and
M.A. Goldstein, 1978. Snake-to-human transmission
of Aeromonas (Pl) shigelloides resulting
gastroenteritis. South. Med. T, 71: 474-476.

Eddy, B.P. and K.P. Carpenter, 1964. Further studies on
Aeromonas: II. Taxonomy of Aeromonas and C27
strains. J. Appl. Bacteriol., 27: 96-100.

Ewing, W.H. and J.G. JTohnson, 1960. The differentiation
of C27
Eunterobacteriaceae. Intl. J. Syst. Evol. Microbiol,,
10: 223-230.

Ewing, W.H., R. Hugh and I.G. JTohnson, 1961. Studies on
the Aeromonas Group. Commumcable Disease

n

Aeromonas  and cultures  from

Center, Atlanta, Georgia,.

Farmer, 1.J., 1995. Enterobacteriaceae: Introduction and
Identification. In: Manual of Climcal Microbiology,
Patrick, RM. and E.J. Baron (Eds.). ASM Press,
Washington, DC., USA., ISBN: 9781555812553, pp:
438.

Ferguson, W'W. and N.D. Henderson, 1947. Description
of strain C27. A motile organism with the major
antigen of Shigella sonnei phase 1. I. Bacterial., 54:
179-181.

Freund, SM., T.A. Koburger and C.1. Wei, 1988. Enhanced
recovery of Plesiomonas shigelloides following an
errichment technique 1. J. Food Prot., 51: 110-112.

Gaby, W.L. and C. Hadley, 1957. Practical laboratory test
for the identification of Pseudomonas aeruginosa. J.
Bacterial., 74: 356-358.

Garrity, G.M., M. Winters and DB. Searles, 2001.
Taxonomic Outline of the Procaryotic Genera
Bergey’s Manual of Systematic Bacteriology. 2nd
Edn., Bergey's Manual. New York. 1414.

Gauthier, D.T., 2014. Bacterial zoonoses of fishes: A
review and appraisal of evidence for linkages
between fish and human infections. Vet. J., 2013:
27-35.

Gonzalez, R.C., 2003. Studies on Plesiomonas shigelloides
1solated from different environments. Ph.D Thesis,
Swedish University of Agnicultural Sciences,
Uppsala, Sweden.

Gonzalez, R.C., A. Sutonen, A. Pavlova, I. Ciznar and
SB. Svenson et al, 2011. Molecular evidence of
Plesiomonas shigelloides as a possible zoonotic
agent. Folia Microbial., 56: 178-184.

Gonzalez, R.C., S.B. Svenson, L. Bravo, A. Siitonen
and V. Pasquale ef al, 2004. Serotypes and
anti-microbial — susceptibility of  Plesiomonas

shigelloides 1solates from humeans, ammals and

aquatic environments mn different countries. Comp.

Immunol. Microbial. Infect. Dis., 27: 129-139.



Res. J Med. Sci., 11 (2):103-113, 2017

Gonzalez, R.C., S.B. Svenson, I.. Bravo, I. Rosinsky
and I. Cimar et al, 2000. Specific detection of
Plesiomonas shigelloides isolated from aquatic
environments, ammals and human diarthoeal cases
by PCR based on 23S rRNA gene. Pathog. Dis., 29:
107-113.

Graevenitz, V.A. and C. Bucher, 1983. Evaluation of
differential and selective media for isolation of
Aeromonas and Plesiomonas spp. from human feces.
J. Clin. Microhial., 17: 16-21.

Gravenitz, V.A., 1980. Aeromonas and Plesiomonas. In:
Manual of Climical Microbiolog, Lemete, EH.,
A, Balows, W.JJR. Hausler and J.P. Truant,
American Society for Microbiology, Washington,
DC., USA., pp: 220-225.

Gravemtz, V.A., 1985, Aercmonas and Plesiomonas. In:

Manual of Clinical Microbiology, TLennete, E.H.,

A Balows, W.J.JR. Hausler and H.J. Shadomy (Eds.).

American Society for Microbiology, Washington,

DC., USA., pp: 278-281.

W. and R.E. Levin, 2006. Quantitative detection of

Plesiomonas shigelloides m clam and oyster tissue

by PCR. Intl. I. Food Microbial., 111: 81-86.

W. and R.E. Levin, 2007. Quantification of viable

Plesiomonas shigelloides in a mixture of viable and

dead cells using ethidium bromide monoazide and

conventional PCR. Food Biotechnol., 21: 145-159.

W. and R.E. Levinn, 2008. Innovative methods for

removal of PCR inhibitors for quantitative detection

of Plesiomonas shigelloides m oysters by real-time

PCR. Food Biotechnol ., 22: 98-113.

W., C.G. Rey, K. Krovacek and R.E. Levin, 2006.

Genetic variability among isolates of Plesiomonas

shigelloides from fish, human clinical sources and

fresh water, determmed by RAPD typmg. Food

Biotechnel., 20: 1-12.

Habs, H. and R. Schubert, 1962. On the biochemical
characteristics and the taxonomic position of
Pseudomonas shigelloides (Bader). Cent. Sheet
Bacteriol. Parasites Customers Infect. Dis. Hyg.
Department, 186: 316-327.

Hendrie, M.S., TM. Shewan and M. Veron, 1971.
Aeromonas shigelloides (Bader) Ewing et al. A
proposal that it be transferred to the genus Vibrio.
Intl. J. Syst. BEvol. Microbiol., 21: 25-27.

Herrera, F.C., I A, Sentos A. Otero and M.L. Garcia-Lopez,
2006. Occurrence of Plesiomonas shigelloides
displayed portions of saltwater fish determined by a
PCR assay based on the hugA gene. Intl. I. Food
Microbiol., 108: 233-238.

Holmberg, S.D. and I.J. Fammer, 1984. Aeromonas
hydrophila and Plesiomonas shigelloides as causes
of intestinal infections. Rev. Infect. Dis., 6: 633-639.

110

Hugh, R. and E. Leifson, 1953. The taxonomic significance
of fermentative versus oxidative metabolism of
carbohydrates by various gram negative bacteria. J.
Bacteriol., 66: 24-26.

Hug, A., A. Akhtar, MAR. Chowdhury and D.A. Sack,
1991. Optimal growth temperature for the isolation of
Plesiomonas shigelloides, using various selective
and differential agars. Can. J. Microbiol., 37: 800-802.

Huys, G. and I. Swings, 1999. Evaluation of a Fluorescent
Amplified Fragment Length Polymorphism (FAFLP)
methodology for the genotypic discrimination of
Aeromonas taxa. Fems Microbial. Lett., 177: 83-92.

Inoue, K., Y. Kosako, K. Suzuki and T. Shimada, 1991.
Peritrichous flagellation in Plesiomonas shigelloides
strains. Jpn. J. Med. Sci. Biol., 44: 141-146.

Janda, TM., SL. Abbott and CJ. Mclver, 2016.
Plesiomonas shigelloides revisited. Clin. Microbial.
Rev., 29: 349-374.

Teppesen, C., 1995 Media for Aeromonas spp
Plesiomonas shigelloides and Pseudomonas spp.
from food and environment. Intl. J. Food Microbiol.,
26: 25-41.

Tun, TW., JH. Kim, J.CH. Choresca, S.P. Shin and
TE. Han et al., 2011. Isolation and molecular
detection of Plesiomonas shigelloides containing
tetA gene from Asian arowana (Scleropages
formosus) m a Korean aquarium. Afr. J. Microbiol.
Res., 5: 5019-5021.

Kaszowska, M., K. Stokovic, T. Niedziela and
C. Lugowslki, 2016. The O-antigen of Plesiomonas
shigelloides serotype 036 containing pseudaminic
acid. Carbohydr. Res., 434: 1-5.

Kaszowska, M., W. Jachymek, T. Niedziela, S. Kojand
L. Kenne ef al., 2013a. The novel structure of the
core oligosaccharide  backbone  of  the
lipopolysaccharide  from  the  Plesiomonas
shigelloides strain CNCTC 80/89 (serotype O13).
Carbohydr. Res., 380: 45-50.

Kaszowska, M., W. Jachymek, I. Lukasiewicz T. Niedzela
and L. Kenne et al., 2013b. The unique structure of
complete  lipopolysaccharide  isolated  from
semi-rough Plesiomonas shigelloides O37 (strain
CNCTC 39/89) containing (25)-0-(4-oxopentanoic
acid)-a-d-Glep (a-d-Lenose). Carbohydr. Res., 378:
98-107.

Kelly, M.T. and K.C. Kain, 1991. Biochemical
characteristics and plasmids of clinical and
environmental Plesiomonas shigelloides. Experientia,
47: 439-441.

Kenny, D.E., K. Mobley, S. Hinkle, C. Bickel and
F. Kmghtly ef al, 2007. Results of wellness
examinations of 28 African hunting dog (Lycaon
pictus) puppies at the Denver Zoological
Foundation. J. South Afr. Vet. Assoc., 78: 36-39.



Res. J Med. Sci., 11 (2):103-113, 2017

Kolinska, R., M. Drevinelk, E. Aldova and H. Zemlickova,
2010. Tdentification of Plesiomonas spp.: Serclogical
and MALDI-TOF MS methoeds. Folia Microbiol., 55:
669-672.

Kollarova, K and I. Aumar, 2001. Cross-reactivity of
whole-cell antigens of Plesiomonas shigelloides and
members of family Enterobacteriaceae and
Vibrionaceae with rabbit antiserum. Scr. Med. Brno,
74: 273-300.

Krovacek, K., LM Erksson, C. Gonzalez-Rey, J. Rosmsky
and I. Ciznar, 2000. Isolation, biochemical and

of

shigelloides from freshwater in Northern Europe.

serological  characterisation Plesiomonas
Comparat. ITmmununol. Microbiol. Infectious Dis., 23:
45-51.

Levin, R.E., 2008. Plesiomonas shigelloides an aquatic
food borne pathogen: A review of its characteristics,
pathogenicity, ecology and molecular detection.
Food Biotechnol., 22: 189-202.

Linnerborg, M., G. Widmalm, A. Wemtraub and
M.I. Albert, 1995. Structural elucidation of the
O-Antigen Lipopolysaccharide from two Strams of
Plesiomonas shigelloides that Share a Type-Specific
Antigen with Shigella Flexner: 6, and the Common
Group 1 Antigen with Shigella Flexneri spp and
Shigella Dysenteriae 1. Eur. J. Biochem., 231: 839-844.

Lukasiewicz, J., T. Niedziela, W. Jachymek, L. Kerme and
C. Lugowski, 2006a. Structure of the lipid A-inner
core region and biological activity of Plesiomonas
shigelloides 054 (strain CNCTC  113/92)
lipopolysaccharide. Glycobiology, 16: 538-550.

Lukasiewicz, T, M. Drzieciatkowska, T. Niedziela,
W. Jachymek and A. Augustyniuk et al., 2006b.
Complete lipopolysaccharide of Plesiomonas
shigelloides O74: H5 (Strain CNCTC 144/92). 1.

of the highly hydrophobic

including the o-antigen, its

structural analysis
lipopolysaccharide,
biological repeating unit, the core oligosaccharide
and the linkage between them. Biochem., 45:
10434-10447.

Lundgvist, L.C., M. Kaszowska and C. Sandstrom, 2015.
NMR study of the O-specific polysaccharide and the
core oligosaccharide from the lipopolysaccharide
produced by Plesiomonas shigelloides 024: H8
(strain CNCTC 92/89). Mol., 20: 5729-5739.

Maciejewska, A., J. Lukasiewicz, M. Kaszowska,
AM. Kupisinska and W. JTachymek et al., 2013. Core
oligosaccharide of Plesiomonas shigelloides PCM
2231 (serotype O17) lipopolysaccharide-structural
and serological analysis. Mar. Drugs, 11: 440-454,

111

Macigjewska, A., T. Lukasiewicz, T. Niedziela, 7. Szewczuk
and C. Lugowski, 2009. Structural analysis of the
O-specific polysaccharide 1solated from Plesiomonas
shigelloides (051 lipopolysaccharide. Carbohydr.
Res., 344: 894-900.

Martinez-Murcia, A.J., S. Benlloch and M.D. Collins, 1992.
Phylogenetic mnterrelationships of members of the
genera Aeromonas and Plesiomonas as determined
by 16S ribosomal DNA sequencing: Lack of
congruence  with  results of DNA-DNA
hybridizations. Int. J. Syst. Bacteriol., 42: 412-421.

Miller, M.I.. and T.A. Koburger, 1985. Plesiomonas
shigelloides an opportunistic food and waterborne
pathogen. J. Food Prot., 48: 449-457.

Mohapatra, B.R., K. Broersma, R. Nordn and
A, Mazumder, 2007. Evaluation of repetitive
extragenic palindromic PCR for discrimination of fecal
escherichia coli from humans and different domestic
and wild ammals. Microbiol. Immunol., 51: 733-740.

Morris, P.J, WR. Johnson, I. Pisani, GD. Bossart and
I. Adams et af., 2011. Iscolation of culturable
microorganisms from  free-ranging  bottlenose
dolphins (Tursiops truncatus) from the southeastern
United States. Vet. Microbial., 148: 440-447.

Niedziela, T., I  Lukasiewicz, W. Tachymel,
M. Daeciatkowska and C. Lugowski et al, 2002.
Core oligosaccharides of Plesiomonas shigelloides
O54: H2 (Strain CNCTC 113/92) structural and
serological analysis of the lipopolysaccharide core
region, the o-antigen biological repeating unit and
the linkage between them. I. Biol. Chem., 277:
11653-11663.

Novoa, F.O., A.CF. Munari, M.A. Peredo, S.F. Juarez and
ON. Garcia et al., 2016. Susceptibility of bacteria
1solated from acute gastromtestinal infections to
rifaximin and other antimicrobial agents in Mexico.
Rev. Gastroenterol. Mex., 81: 3-10.

Oby, C.L., J. Ramalivhena, M. N.B. Momba and J. Igumbor,
2007. Scope and frequency of enteric bacterial
pathogens isolated from HIV-ATDS patients and their
household drinking water in Limpopo Province.
Water SA., 33 535-548.

Ogawa, I. and Y. Amano, 1987. Electron microprobe X-ray
analysis of polyphosphate granules in Plesiomonas
shigelloides. Microbiol. Tmmunel., 31: 1121-1125.

Okawa, Y., Y. Ohtomo, H. Tsugawa, Y. Matsuda and
H. Kobayastu ef al, 2004, Isolatton and
characterization of a cytotoxin produced by
Plesiomonas  shigelloides P-1  strain. FEMS.
Microhial. Lett., 239: 125-130.

Olive, D.M and P. Bean, 1999. Principles and applications
of methods for DNA-based typing of microbial
organisms. I. Clin. Microbiol., 37: 1661-1669.



Res. J Med. Sci., 11 (2):103-113, 2017

Oviasogie, F.E. and F.O. Ekhaise, 2006. Production
potentials  of  anti-Plesiomonas  shigelloides
antibody. Afr. J. Biotechnol., 5: 295-297.

Pastian, MR, and M.C. Bromel, 1984. Inclusion bodies 1in
Plesiomonas shigelloides. Appl. Environ. Microbial.,
47: 216-218.

Penn, R.G., D K. Giger, F.C. Knoop and L.C. Preheimn, 1982.
Plesiomonas shigelloides overgrowth in the small
mtestine. J. Clin. Microbial., 15: 869-872.

Pieretti, G., MM. Corsaro, R. Lanzetta, M. Parrilli and
R. Canals et al, 2008. Structural studies of the
O-chain  polysacchanide  from  Plesiomonas
shigelloides strain 302-73 (Serotype Ol). Eur. I.
Organic Chem., 2008: 3149-3155.

Pieretti, G., S. Carillo, B. Lindner, R. Lanzetta and M.
Parrilli et al., 2010. The complete structure of the core
of the LPS from Plesiomonas shigelloides 302-73 and
the identification of its O-antigen biological repeating
umt. Carbohydr. Res., 345 2523-252R.

Pique, N., E. Aqulim, T. Alioto, D.M. Galbis
IM. Tomas, 201 3. Genome sequence of Plesiomonas
shigelloides strain 302-73 (serotype O1). Genome
Amnouncements, Vol. 1, 10.1128/genomeA .00404-13

Pitarangsi, C., P. Echeverria, R. Whitmire, C. Tirapat
and 5. Formal et al., 1982. Enteropathogenicity of
aeromonas hydrophila and Plesiomonas shigelloides

and

prevalence among individuals with and without
diarthea in Thailand. Infect. Immun., 35: 666-673.

Raetz, CR. and C. Whitfield, 2002. Lipopolysaccharide
endotoxins. Annu. Rev. Biochem., 71: 635-700.

Ralim, Z. and B.A. Kay, 1988 Enrichment for
Plesiomonas shigelloides from stools. J. Cln
Microbiol., 26: 789-790.

Ramaah, N., R.T. Hill, J. Churn, J. Ravel, M.H. Matte,
W.L. Straube and R.R. Colwell, 2000. Use of a chiA
probe for detection of chitinase genes in bacteria
from the Chesapeale Bay (1). FEMS Microbiol. Ecol.,
34: 63-71.

Rolston, K. V. and R.L. Hopfer, 1984. Diarrthea due to
Plesiomonas shigelloides m cancer patients. J. clin.
Microbiol., 20: 597-598.

Ruimy, R., V. Breittmayer, P. Elbaze, B. Lafay and
O. Boussemart ef al., 1994. Phylogenetic analysis and
assessment of the genera Vibrio, Photobacterium,
Aeromonas deduced from
small-subunit TRNA sequences. Intl. J. Syst. Evol.
Microbiol., 44: 416-426.

SH., 2013. Instructivo panel gram negativo. Siemens
Healthineers, Mexico.

Sabald, M. and M. Veron, 1963. DNA content and
classification of Vibrios. Ann Inst. Pasteur, 105:
879-910.

and Plesiomonas

112

Sakazali, R., S. Namioka, R. Nakaya and H. Fulkumi, 1959.
Studies on so-called paraceolon C27 (Ferguson). Tpn.
J. Med. Sci. Biol,, 12: 355-363.

Salerno, A., A. Deletoile, M. Lefevre, I. Ciznar and
K. Krovacek et al., 2007. Recombining population
structure of shigelloides
(Enterobacteriaceae) revealed by multilocus
sequence typing. I. Bacteriol., 189: 7808-7818.

Santos, T.A., C.J Gonza, TM. Lopez, A. Otero and
ML.G. Lopez, 1999. Hemolytic and elastolytic
activities influenced by iron in Plesiomonas
shigelloides. I. Food Prot., 62: 1475-1477.

Sawen, H., J. Ostervall, C. Landersjo, M. Edblad and
A. Wemntraub et al., 2012. Structural studies of the
O-antigenic  polysaccharide from Plesiomonas
shigelloides strain AM36565. Carbohydr. Res., 348:
99-103.

Sayeed, S., D.A. Sack and F. Qadri, 1992. Protection from
Shigella sonmer mfection by immurmsation of rabbits
with Plesiomonas shigelloides (SVC O1). I. Med.
Microbiol., 37: 382-384.

Schubert, RHW., 1977. On the proof of Plesiomonas
shigelloides Habs and Schubert, 1962 and an elective
medium, the Inositol-Brilliantgrun-Gallesalz-Agar.
E. Rodenwaldt Arch., 4. 97-103.

Shewan, .M., 1963. The Differentiation of Certain Genera
of Gram Negative Bacteria Frequently Encountered in
Marine Environments. Tn: Symposium on Marine
Microbiology, Charles, CT. (Ed.). Springfield
Publisher, Tllinois, USA., pp: 499-521.

Shewan, JM., G. Hobbs and W. Hodgkiss, 1960. A
determinative scheme for the identification of certain

Plesiomonas

genera of Gram-negative bacteria, with special
reference to the Pseudomonadaceae. J. Applied
Bacteriol., 23: 379-390.

Shewan, IM., W. Hodgkiss and J. Liston, 1954. A method

the rapid  differentiation of
non-pathogenic, Asporogenous bacilli. Nat., 173:
208-209.

Shigematsu, M., M.E. Kaufmann, A. Charlett, Y. Niho
and T.L. Pitt, 2000. An epidemiological study
of Plesiomonas shigelloides diarrhoea among

Infect., 125:

for certain

Japanese travellers. Epidemiol
523-530.

Shimada, T. and R. Sakazaki, 1978. On the serology of
Plesiomonas shigelloides. Ipn. J. Med. Sci. Biol,, 31:
135-142.

Stock, 1., 2004. Plesiomonas shigelloides: An emerging
pathogen with unusual properties. Rev. Med.

Microbiol., 15: 129-139.



Res. J Med. Sci., 11 (2):103-113, 2017

Sugita, H., T. Nakamura and Y. Deguchi, 1993.
Tdentification of Plesiomonas shigelloides isolated
from freshwater fish with the microplate hybridization
method. I. Food Prot., 56: 949-953.

Tsukamoto, T., Y. Kinoshita, T. Shimada and R. Sakazaki,
1978. Two epidemics of diarrhoeal disease possibly
caused by Plesiomonas shigelloides. J. Hyg., BO:
275-280.

Veron, M., 1965, The taxonomic position of Vibrio and
some comparable bacteria. Weekly Acc. Sect. Acad.
Sci., 261: 5243-5246.

113

Versalovic, ., M. Schneider, F.J. de Bruijn and I.R. Tupski,
1994, Genomic fingerprinting of bacteria using
repetitive sequence based-polymerase chain reaction.
Methods Cell. Mol. Biol., 5: 25-40.

Welsh, T. and M. McClelland, 1990. Fingerprinting
genomes using PCR with arbitrary primers. Nucleic
Acids Res., 18: 7213-7218.

Williams, I.G. K., AR. Kubelik, K.J. Livak, J.A. Rafalski
and S.V. Tingey, 1990. DNA polymorphisms
amplified by arbitrary primers are useful as genetic
markers. Nucl. Acids Res., 18: 6531-6535.



	103-113_Page_01
	103-113_Page_02
	103-113_Page_03
	103-113_Page_04
	103-113_Page_05
	103-113_Page_06
	103-113_Page_07
	103-113_Page_08
	103-113_Page_09
	103-113_Page_10
	103-113_Page_11

