SOCIETY FOR &dlick for updates

A AMERICAN Clinical MiCFObiOlOgy @CrossMark
microsioLocy| REeViews

Plesiomonas shigelloides Revisited

J. Michael Janda,? Sharon L. Abbott,** Christopher J. Mclver®

Kern County Public Health Laboratory, Department of Public Health Services, Bakersfield, California, USA?; Microbial Diseases Laboratory, California Department of Public
Health, Richmond, California, USA®; Microbiology Department (SEALS), St. George Hospital, Kogarah, and School of Medical Sciences, University of New South Wales,
Sydney, NSW, Australia®

QUMM A RY 350
INTRODUGCTION ..o e 350
TAXON OMY 351
N O BN aEUIE . 351
HISTOMICAl POISPECHIVE . . . . .ttt e e e e e e e e e e e e 351
A ICAt 0N oo 351
PRYIOgENETIC INVESTIGATIONS . . . oottt ettt e et ettt e et e e e e e e e e e 351
Reclassification of Plesiomonas into the family ENterobacterireae .............. ... i e e 351
[ T=T T T ek Y 351
OV = aTe [ Tale J U< 352
ENVIRONMENTAL DISTRIBUTION AND ECOLOGIC ASSOCIATIONS . . ..ottt ettt et et e e e e 352
AGUALIC ENVITONMIENTS . . . . ettt ettt et e ettt ettt e e e 352
LI T e [ 1 (£ 353
Invertebrate and Vertehrate HOSTS ... ... ... 353
MOIUSKS @NA CrUSTACEANS. . . . . .ttt ettt ettt ettt e e e e ettt e e e e e e e e e e e e e e e e e 353
] o T
(i) Saltwater fish .....
(i) Freshwater fish
(iii) Ornamental aQUAria @Nd AQUAMUMS. . . ... ..ottt e et et e e e e e e e et e e e e e e e e e e 354
I MAMIMNALS e 354
VAT O . . 354
O BT ANIMNALS . . 354
ANl I Ot ONS . 354
EPIDEMIOLOGY OF HUMAN INFECTIONS . e e 354
Geographic Distribution and SEasoNal Variation ... ... ...ttt 354
Case-Controlled Investigations... ..
OUEDIEAKS . oo
Risk Factors Associated with Plesiomonas INFECTIONS ... ... e e e 356
LT £ = (11 Y 356
EXraINteStINGl iSBASE ... 357
(D21 TS I = 57 17 357
CLINICAL INFECTIONS AND ASSOCIATED DISEASE SYNDROMES . . . . ... 358
Gastroenteritis and Diarrheal Disease-Related SYNAIrOMES . . . ... .. ettt e 358
T lel =1 0] V=] L =11 L PP 358
Cholera-liKe QIarTNEa. . .o 359
[ AT=] 1= 2 359
(@ Ve a1 (alto =T aT=T- [ 359
Fatal gastrointestingl INfECTIONS. . . . ... e 359
UNTESOIVEA CONIIOVEISIES . . . . . v vttt e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 359
SEPICEMIA ANA CNS DISEASE . ... ettt ettt et e e e e e e e e 360
WOUNA INfECHIONS e e e 360
O UL DISBASE. e 361
MISCEIIANEOUS INFECTIONS . . . oo e e e e e e e e e e e e 361
B =T 1001 0L 361
(continued)
Published 9 March 2016

Citation Janda JM, Abbott SL, Mclver CJ. 2016. Plesiomonas shigelloides revisited.
Clin Microbiol Rev 29:349-374. doi:10.1128/CMR.00103-15.

Address correspondence to J. Michael Janda, jandam@co.kern.ca.us.

*Retired.
Copyright © 2016, American Society for Microbiology. All Rights Reserved.

April 2016 Volume 29 Number 2 Clinical Microbiology Reviews cmrasm.org 349


http://dx.doi.org/10.1128/CMR.00103-15
http://crossmark.crossref.org/dialog/?doi=10.1128/CMR.00103-15&domain=pdf&date_stamp=2016-3-9
http://cmr.asm.org

Janda et al.

PATHOGENICITY .. oo
Lipopolysaccharide. ... . ...
EnteropathogeniCity «.......ooviiii it
IFON ACQUISTEION. . . oottt ettt et
GENETIC DIVEISITY oottt ettt et

LABORATORY IDENTIFICATION
Isolation and Identification

SUMMARY

After many years in the family Vibrionaceae, the genus Plesiomo-
nas, represented by a single species, P. shigelloides, currently re-
sides in the family Enterobacteriaceae, although its most appropri-
ate phylogenetic position may yet to be determined. Common
environmental reservoirs for plesiomonads include freshwater
ecosystems and estuaries and inhabitants of these aquatic envi-
rons. Long suspected as being an etiologic agent of bacterial gas-
troenteritis, convincing evidence supporting this conclusion has
accumulated over the past 2 decades in the form of a series of
foodborne outbreaks solely or partially attributable to P. shigel-
loides. The prevalence of P. shigelloides enteritis varies consider-
ably, with higher rates reported from Southeast Asia and Africa
and lower numbers from North America and Europe. Reasons for
these differences may include hygiene conditions, dietary habits,
regional occupations, or other unknown factors. Other human
illnesses caused by P. shigelloides include septicemia and central
nervous system disease, eye infections, and a variety of miscella-
neous ailments. For years, recognizable virulence factors poten-
tially associated with P. shigelloides pathogenicity were lacking;
however, several good candidates now have been reported, in-
cluding a cytotoxic hemolysin, iron acquisition systems, and lipo-
polysaccharide. While P. shigelloides is easy to identify biochemi-
cally, it is often overlooked in stool samples due to its smaller
colony size or relatively low prevalence in gastrointestinal sam-
ples. However, one FDA-approved PCR-based culture-indepen-
dent diagnostic test system to detect multiple enteropathogens
(FilmArray) includes P. shigelloides on its panel. Plesiomonads
produce B-lactamases but are typically susceptible to many first-
line antimicrobial agents, including quinolones and carbapenems.

INTRODUCTION

One of the earliest names used in modern bacteriology to de-
scribe a group of anaerogenic Gram-negative bacilli occa-
sionally found in association with cases of gastroenteritis was the
generic term “paracolon.” The “paracolon group” of bacteria con-
sisted of many different taxa that we now recognize today as dis-
tinct species but in the 1940s were chiefly characterized by a lim-
ited number of biochemical characteristics, including the ability
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to ferment lactose. From such a potpourri of enteric bacteria
sprang later genera and species, including the genus Providencia,
Citrobacter freundii, and the Arizona subgroup of Salmonella (Sal-
monella enterica subsp. arizonae) (1). Another member of this
paracolon collection was an unusual bacterium with “Shigella-
like” antigenic characteristics that was sometimes isolated from
diarrheal stools. This bacterium, originally dubbed “C27” or the
“C27 paracolon” group was years later given the name that we
know it by today, Plesiomonas shigelloides (2, 3).

The existence of P. shigelloides has now been known for almost
70 years, with its original discovery and description by Ferguson
and Henderson in 1947 (2). Initially, this organism received little
attention due to its infrequent isolation from clinical samples and
its singular association with sporadic episodes of enteritis. In fact,
it wasn’t until almost 3 decades later that plesiomonads were doc-
umented as human pathogens, with the first case description of P.
shigelloides sepsis in a 62-year-old woman with sickle cell anemia
(4). Over the next 2 decades, with an ongoing search for new
causes of bacterial gastroenteritis, Plesiomonas along with other
reputed pathogens, such as Aeromonas, came into the limelight
and under scrutiny as potential etiologic agents of bacterial gas-
troenteritis, with a number of authoritative reviews published on
the topic (5, 6, 7, 8). Despite these advances, many questions re-
mained unanswered. Some of these questions included whether P.
shigelloides was a bona fide enteropathogen, the lack of an associ-
ation between this species and credible outbreaks of diarrheal dis-
ease in healthy persons, an inability to identify potential patho-
genic factors in this group, and taxonomy and classification issues
concerning the correct nomenclature and phylogenetic position
of this nomenspecies.

Scientific and medical information on this pathogen has re-
cently been published and has provided insights regarding many
of these and other unanswered questions. Furthermore, with the
availability of different molecular technologies, including DNA
sequencing and gene amplification, many other advances have
been made, including publication of the first full genome se-
quence of a serogroup Ol strain of P. shigelloides (9). It seems
appropriate then to review where the clinical microbiology com-
munity now stands in regard to this organism in light of past
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viewpoints and misconceptions. This review will therefore revisit
the biology and microbiology of P. shigelloides in relationship to
human disease, laboratory detection, and diagnosis, primarily fo-
cusing on data generated since 2000, with previous seminal pub-
lications included for a comprehensive overview.

TAXONOMY

Nomenclature

Historical perspective. Bacteria that originally were designated
members of the C27 group have a checkered history with regard to
previous taxonomic names and epithets prior to their current des-
ignation as P. shigelloides. From their initial description by Fergu-
son and Henderson (2), it was unclear whether they belonged
within an existing genus or family or should be placed elsewhere.
Bader (10) proposed the species designation “shigelloides” in 1954
to reflect their possession of Shigella sonnei phase I antigen. C27
strains were subsequently placed in a variety of families or genera
over the next 2 decades, based upon selected phenotypic or sero-
logic characteristics. These characteristics included possession of
certain somatic antigens and anaerogenic fermentation of glucose
(Enterobacteriaceae) or number and location of flagella and oxi-
dase positivity (Pseudonomas). Other less frequently recognized
genera proposed to include C27 strains were the genera Esche-
richia, Fergusonia, Scatamonas, and Vibrio (11, 12, 13).

In 1961, Ewing and associates (12) suggested that these strains
possessed a number of characteristics in common with the genus
Aeromonas and included it in this group as a separate species.
Thus, a number of early scientific publications can be found in the
literature concerning “Aeromonas shigelloides.” However, shortly
after this proposal, Habs and Schubert in 1962 believed these or-
ganisms should be transferred to a new genus they named Ple-
siomonas by virtue of a substantially distinct G+C content (51
mol%) from that of true aeromonads (57% to 60%), among other
traits (14). The Greek name “plesios,” which means neighbor, and
“monas,” which means unit, implies a neighboring group to the
genus Aeromonas. The genus and species name Plesiomonas
shigellloides gained wide acceptance as the preferred name for
these bacteria over the next decade, and only this designation was
included on the Approved List of Bacterial Names in 1980 (15).
There appeared a fairly substantial amount of phenotypic data
indicating that plesiomonads shared some properties with mem-
bers of both the Enterobacteriaceae and Vibrionaceae families. Vé-
ron proposed that both genera (Aeromonas and Plesiomonas) be
included in the family Vibrionaceae, based upon a number of com-
mon properties shared by other genera (vibrios), including a cy-
tochrome oxidase, fermentative metabolism, ecologic associa-
tions, and disease presentations (16).

Classification

Phylogenetic investigations. Beginning in the mid-1980s, phylo-
genetic data began to accumulate that suggested that the place-
ment of P. shigelloides in the family Vibrionaceae was inappropri-
ate. 5S rRNA sequence analysis of 31 type or reference strains of
members of the family Vibrionaceae indicated a closer ancestral
relationship between Plesiomonas and the family Enterobacteria-
ceae than the Vibrionaceae (17). From strains studied, the authors
found the closest relationship for plesiomonads in the enteric
group to be with Proteus mirabilis (18). The authors concluded
from their studies that P. shigelloides should be transferred to the
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tribe Proteeae (Proteus, Morganella, Providencia) within the family
Enterobacteriaceae.

Subsequent phylogenetic investigations regarding the poten-
tial reclassification of plesiomonads tended to support earlier
findings based upon 5S rRNA gene sequence analysis. Martinez-
Murcia and others (19) found the type strain of P. shigelloides
(ATCC 14029" = NCIMB 9242" = CIP 63.5") exhibited 93% to
94.9% 16S rRNA sequence relatedness to two enteric species while
being only 90.7% related to Vibrio anguillarum. Still other studies
looking at the phylogenetic positions of various genera tradition-
ally associated with the Vibrionaceae and employing different
types of analysis (e.g., unrooted trees, maximum likelihood) al-
ways found P. shigelloides to genetically reside closer to enteric
bacteria than to true vibrios (20). Each of these studies, however,
looked at only a limited number of species within the Enterobac-
teriaceae in their analyses. Overall, plesiomonads display 93% to
95% 16S homology to the family Enterobacteriaceae but only 91%
relatedness to either the Vibrionaceae or Aeromonadaceae (13).

Reclassification of Plesiomonas into the family Enterobacteri-
aceae. In the second edition of Bergey’s Manual of Systematic Bac-
teriology, the genus Plesiomonas was officially transferred from the
family Vibrionaceae to the family Enterobacteriaceae (13). The
main reasons for this transfer were the following. (i) Phylogenetic
5S, 16S, and multilocus sequence typing (MLST) data indicating
that this taxon is rooted within the enterobacteria and not with the
Vibrio and Photobacterium clades (17, 18, 19, 20, 21). (ii) P. shig-
elloides possesses a heteropolymer antigen linked to the lipopoly-
saccharide (LPS) termed the enterobacterial common antigen
(22). This antigen is exclusively found in members of the Entero-
bacteriaceae and not in vibrios, including Grimontia hollisae and
Photobacterium damselae (23). (iii) A number of cellular compo-
nents, including polyamine composition and a lipid A structure
containing a common 1,4’-bis-phosphorylated-f1,6'-linked glu-
cosamine backbone with six amide-linked acyl-oxyacyl groups is
identical to that of Shigella sonnei (24, 25).

Salient features relative to the placement of plesiomonads in
the enterobacteria are listed in Table 1. Although some authors
have suggested P. shigelloides should be included in the tribe Pro-
teeae and within the genus Proteus, that recommendation has not
been generally accepted. Unlike genera within this grouping, Ple-
siomonas lacks a number of tribe-defining traits associated with
these genera and absent in most other enterobacteria. These in-
clude phenylalanine deaminase activity, production of a tyrosi-
nase, pigmentation on D,L-tryptophan agar, urea hydrolysis, and
swarming motility (1). Furthermore, neither the ecologic habitats
nor the spectrum of human diseases caused by plesiomonads mir-
rors closely that of the Proteeae.

Genomics. Almost all present data strongly suggest that the
genus and species designation P. shigelloides is composed of a col-
lection of homogeneous bacteria at the phenotypic as well as mo-
lecular level. A population study of a diverse collection of 77 P.
shigelloides strains from different geographic as well as environ-
mental settings indicated a monophyletic clade nested within the
Enterobacteriaceae (20, 21). Although extensive DNA-DNA hy-
bridization (DDH) studies have not been formerly published,
Fanning and coinvestigators (26) at the Centers for Disease Con-
trol and Prevention (CDC) studied 18 P. shigelloides strains and
found them to be 87% and 81% related to the type strain at 60°C
and 75°C, respectively, with only 1.5% divergence. Furthermore,
the species as a whole is “phenotypically tight,” with little variabil-
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TABLE 1 Common and distinguishing features between P. shigelloides
and core members of the family Enterobacteriaceae

Presence/absence or value

for:
Core
Trait Characteristic members” Plesiomonas
Biochemical Oxidase - +
Facultatively anaerobic + +
Acid and gas from +b -
D-glucose
Acid from D-xylose + -
Acid from m-inositol -t +
Nitrate reductase + +
Cell associated ECA°® + +
Predominant + +
polyamines
(spermidine,
putrescine)
Genomics G+C content (mol%) 48-59 51
16S rRNA dendrograms Core or Peripheral or
(position) centrist external
Interspecies relatedness 30-50% 8%
(DDH)?

@ Core members of the Enterobacteriaceae include the genera Citrobacter, Escherichia,
Klebsiella, Enterobacter, Salmonella, and Shigella.

b Infrequent exceptions occur.

¢ ECA, enterobacterial common antigen.

@ Observed at 60°C.

ity noted in carbohydrate fermentation patterns or other conven-
tional biochemical characteristics (13, 27, 28, 29).

The complete genome of a single strain of P. shigelloides
(strain 302-73, serogroup O1) was recently sequenced (9). The
genome consists of a single circular chromosome of 3.9 Mbp with
3,285 coding sequences. The GenBank accession number is
AQQO01000000. A population study of plesiomonads indicated
high levels of nucleotide diversity (average of 1.49%) within five
housekeeping genes sequenced (21). This finding suggests a very
high recombination rate similar to that found in transformable
taxa, such as Streptococcus pneumoniae and Neisseria meningitidis,
and unlike low rates observed in other enteric bacteria, such as
Escherichia coliand Yersinia. The exact ramifications of such a high
recombination rate, if verified, are presently unknown.

Outstanding Issues

Presently, P. shigellodes is one of a very few of the older established
genera in the family Enterobacteriaceae represented by a single
species, with the recent addition of new taxa to the genera Hafnia,
Morganella, and Rahnella among others. While it is apparent that
Plesiomonas is not a true member of the Vibrionaceae, it is less clear
whether this taxon should permanently reside within the enteric
group. Most 5S and 16S rRNA phylogenetic investigations have
placed plesiomonads at the periphery of the dendritic tree, with
their nearest neighbors either the Proteeae (17, 18, 19, 30), Hafnia
(20), or Photorhabdus (31). However, when other housekeeping
genes are looked at individually or as part of concatenated se-
quences of five loci, P. shigelloides not only appears to be deep
rooted within the Enterobacteriaceae but also aligned closer to the
Hafnia-Obseumbacterium group (32) or Edwardsiella tarda (21).
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One 2003 study in fact found Plesiomonas branching from Vibrio
cholerae rather than E. coli in an analysis of gyrB gene sequences
(33). These discrepancies may arise from the limited number of
enteric species analyzed in some studies, the number of loci se-
quenced, or analytical methodologies employed. However, it
presently appears from most studies that plesiomonads assume a
phylogenetic position at the periphery or margin of the family tree
relative to core members (Table 1).

In addition to the controversial phylogenetic data, DDH studies
have found that P. shigelloides displays low-level relatedness to the
type strain of E. coli and nine other enteric strains (26). However,
this same level of relatedness (8%) is also found with Aeromonas
species and only slightly less with Vibrio cholerae (7%) and other
vibrios (26). These data led Ruimy (20) to suggest that perhaps
this taxon should be placed in its own family, the Plesiomon-
adaceae, a position with which others are in disagreement (21). It
seems logical, however, that until the exact phylogenetic position
of plesiomonads is established or confirmed by other independent
groups, it is difficult to determine precisely where it resides. Even
if it is found to reside on a peripheral branch of the Enterobacteri-
aceae, it seems untenable at present to consider placing it in its
own family, given the single-species status of the genus and the
lack of phylogenetic depth this situation would create.

For additional information on the taxonomy, nomenclature,
and classification of plesiomonads, the reader is suggested to con-
sult the reviews of Ewing, Hugh, and Johnson (12), Farmer, Ar-
duino, and Hickman-Brenner (11), Janda (13), McNeely et al.
(34), and Miller and Koburger (35).

ENVIRONMENTAL DISTRIBUTION AND ECOLOGIC
ASSOCIATIONS

A number of Plesiomonas physiologic characteristics partially dic-
tate the environmental distribution and ecology for this species.
Plesiomonads are mesophiles with growth temperatures ranging
between 8°C and 45°C (11, 13). The optimal temperature for
growth for most strains occurs between 35°C and 39°C, with max-
imal temperatures being 40°C to 45°C. One early study described
a psychrophilic strain of P. (Aeromonas) shigelloides (CDC882-69)
with a minimal growth temperature of 0°C, but this seems to be an
aberrant finding for the group as a whole (36). Few if any strains
routinely grow below 10°C (35, 37), although a number of Ple-
siomonas isolates were recovered from Lake Vettasjérvi in the Arc-
tic region of Sweden, which is north of the Polar Circle (38). The
recorded water temperature there was 9°C with a pH of 6.5.

In addition to temperature characteristics, P. shigelloides pri-
marily grows at pH ranges between 4.5 and 9 and can grow in
salinities of 0% to 4% (11, 13, 35, 37). Salt concentrations exceed-
ing 4% are problematic. Although one review (34) listed soil as a
common reservoir for P. shigelloides, the major habitat for this
species is water and inhabitants of such ecosystems, including fish,
shellfish, and crustaceans, water fowl, marine mammals, amphib-
ians, reptiles, and other vertebrates (28). Only soils associated with
aquatic environs, such as sediments, are usually positive for P.
shigelloides (35).

Aquatic Environments

Based upon the physiologic characteristics listed above, and in
particular salinity, it is predicted that the primary aquatic habitats
of P. shigelloides include freshwater sources (<0.5% NaCl; 0 to 5
ppt) and brackish or estuary waters (0.05% to 3%; 5 to 25 ppt), as
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opposed to saline/brine offshore marine environments (>4%; 35
ppt). This is exactly the case, and most studies documenting ple-
siomonads in these ecosystems have reported positive findings
from streams, rivers, and lakes, in contrast to seawater. Unfortu-
nately, definitive studies on the prevalence, distribution, and con-
centration of plesiomonads in these aquatic systems are not avail-
able, in contrast to studies for Aeromonas, for which surveys have
been conducted by Hazen and others (39) of 147 natural aquatic
habitats in the United States. How pH, temperature, turbidity,
conductivity, and salinity affect P. shigelloides concentrations in
freshwater sources is presently unknown.

Farmer et al. (11) described a limited number of studies where
Plesiomonas concentrations ranged from 10 CFU/100 ml in one
German river to 10,000 CFU/100 ml in a Florida estuary. Further-
more, Miller and Koburger (35) listed several early studies where
plesiomonads were recovered from a variety of water sources.
Over a quarter of a century ago, Arai et al. (40) analyzed 350 water
samples from the Tama River using a membrane filter technique
and Salmonella-Shigella and deoxycholate-hydrogen sulfide-lac-
tose agars and recovered P. shigelloides from 8.9% to 22.4% of
sampling sites as well as from 10.5% of river bed sludge samples.
Plesiomonads were only recovered during the warmer months of
the year in that study.

Few studies of the prevalence or concentration of Plesiomonas
in freshwater samples have been published since 2000. A 2000
Brazilian study surveyed the Cambé Stream and found 7.1% of 70
sampling sites positive for P. shigelloides (41). Those authors used
both MacConkey agar and a selective medium (inositol brilliant
green-bile salts agar) to recover plesiomonads. Interestingly, one
positive site near the stream source suggested this organism could
be isolated from nonpolluted waters. A subsequent multinational
study using a 23S rRNA probe recovered multiple strains of P.
shigelloides from lake, river, and sewage waters in Slovakia and
from river water in Sweden (42). An investigation of the Nilufer
Stream in Bursa, Turkey, which employed membrane filtration
and Plesiomonas isolation agar found 30 of 36 samples (83%) pos-
itive for plesiomonas, with geometric mean counts ranging from
64 t0 330/100 ml (43). Higher concentrations correlated with fecal
pollution, where Escherichia coli geometric means varied from 10*
to 107/100 ml. Other freshwater sites have also yielded P. shigel-
loides, such as rearing waters for aquafarming systems for fish.
One such study found 6.6% of such water samples positive for
Plesiomonas (44).

Natural disasters. Plesiomonas has not yet been associated with
post-natural disaster infections, as has Aeromonas (45). However,
indirect evidence suggests that plesiomonads could be involved in
illnesses after major natural aquatic disasters. Kanungo and others
(46) found P. shigelloides to be present in two hand pumps after a
tsunami hit southern India in 2004. A decomposing cadaver was
reported to harbor P. shigelloides in multiple internal organs after
a powerful typhoon (47). These preliminary results suggest that
this species should be entertained as a possible human pathogen
subsequent to major water-related natural disasters.

Invertebrate and Vertebrate Hosts

In an excellent review in 2000, Jagger (28) provided a detailed and
comprehensive overview of the isolation of P. shigelloides from
mammals, marine mammals, fish, shellfish and crustaceans, rep-
tiles and amphibian, and birds. Several points were noteworthy
from this article. First, much of our current knowledge on the
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association of plesiomonads with animals comes from a limited
number of older publications, including one study from the Ant-
werp Zoo (48). Thus, the isolation of plesiomonads from various
species is limited in many instances to a single citation from one of
four or five older studies. Second, few studies have looked specif-
ically at the frequency and concentration of this taxon in various
animal species, a finding that parallels the aquatic ecosystems
mentioned above. What animal species Plesiomonas predominates
in under natural conditions is for the most part unknown. Finally
there is a paucity of information regarding P. shigelloides and zoo-
notic disease associations, with the exception of certain piscine
species. How often this species causes infection in nonhuman ver-
tebrates or other animals is again not well appreciated.

Mollusks and crustaceans. Studies prior to 2000 occasionally
reported the presence of plesiomonads in a number of different
shellfish, including clams, oysters, shrimp, and crab (28, 35).
However, surprisingly little additional information has accumu-
lated over the past 15 years on this topic. One Australian study
looked at the concentration of a number of bacterial species, in-
cluding Plesiomonas, in wild and cultured banana prawns, Penaeus
merguiensis (49). They found very low levels (<1 CFU/g [wet
weight]) of plesiomonads in the gut of either group. A second
California-based investigation found 4% of surf and bay mussels
in the dry season and 0% in the wet season yielded P. shigelloides
(50).

Fish. Plesiomonads have been isolated from fish on multiple
occasions. Jagger (28) listed over 15 different species or groups of
fish from which P. shigelloides had been recovered. Virtually all of
these isolations involved freshwater piscine species.

(i) Saltwater fish. Other than for herring (sardines), there have
been few reports on the prevalence or distribution of Plesiomonas
in saltwater species. Using conventional as well as PCR-based
methodologies, Herrera et al. (51) sampled a number of pre-
packed varieties of saltwater fish from two markets. They detected
P. shigelloides in 23% of marine fish lots, with grouper fillets being
the most common fish yielding plesiomonads; one halibut sample
was also positive. Catadromous fish (such as Japanese eels) harbor
Plesiomonas as well (52). P. shigelloides represented 2.2% of 183
bacterial isolates recovered from 621 farm-cultured sick eels in 26
Korean eel farms over a 7-year period. Higher proportions (5.6%)
of plesiomonads were recovered from 216 healthy eels in the same
study. Associated water samples from fish-rearing activities rarely
yielded plesiomonads (0.8%).

(ii) Freshwater fish. A large number of freshwater species har-
bor plesiomonads. In addition to those fish cited in a previous
review (28), recent investigations have isolated Plesiomonas from
rainbow trout (53, 54), carp (55), and tilapia (44, 56, 57). Studies
of the intestinal tracts of a number of freshwater fish suggest that
the genus Plesiomonas is one of the most common species com-
posing the bacterial microbiota of these vertebrates, in addition to
Fusobacterium and Aeromonas (58, 59). An Auburn University
study pooled DNA samples from the intestinal contents of three
commercial freshwater species and subjected these samples to 16S
rRNA gene pyrosequencing (58). Of over 58,000 bacterial se-
quences generated and 311 operational taxonomic units identi-
fied, Plesiomonas accounted for 7.64%, 2.84%, and 0.39% (relative
abundance) of the bacterial sequences present in largemouth bass
(Micropterus salmoides), bluegill (Lepomis macrochirus), and
channel catfish (Ictalurus punctatus), respectively (58). Aquacul-
ture-raised fish for commercial purposes appear to be strongly
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associated with the presence of P. shigelloides in several studies.
One survey found plesiomonad concentrations ranging from 10"
to 10'® CFU/g in the muscle or digestive contents of red hybrid
tilapia (56). In another, Plesiomonas was a common pathogen in
the gills and intestine of tilapia placed in earthen ponds in the
Philippines as well as in rearing waters (6.6% of isolates) and pond
sediment (44).

(iii) Ornamental aquaria and aquariums. Aquaria appear to be
a potentially rich source of plesiomonads, although very limited
data currently exist linking this source to human infections (60).
Ornamental fish from which P. shigelloides has previously been
isolated include firemouths, oscars, swordtails, barbs, gouramis,
and platys (60). Using next-generation high-throughput ampli-
con sequencing of 16S rRNA hypervariable regions, Smith and
coworkers (61) identified Plesiomonas in the water of two orna-
mental aquarium fish, namely, goldfish and algae eaters. Other
aquarium fish found to contain plesiomonads include an Asian
arowana and cichlids (62, 63).

Marine mammals. Plesiomonas is often found in association
with aquatic mammals, including cetaceans, pinnipeds, and sea
otters (64, 65, 66). Of the more than 35 species of dolphins known
to exist, recent publications have recovered plesiomonds from
bottlenose dolphins (Tursiops truncates), La Plata dolphins (Pon-
ttopria blainvillei), and costero or Guiana dolphins (Sotalia gui-
anensis). P. shigelloides has been identified as the most common or
one of the most common microbial species recovered from bot-
tlenose dolphins (66, 67). Common sites of isolation from this
mammal include anus (29%), blowholes (21.1%), and gastric
fluid (11.4%) (68). Plesiomonas has also been recovered from the
feces of 5.3% of live and dead California sea otters (65) and the
mouth of one South American sea lion (65). Freshwater runoff
and coastal urbanization may play roles in the frequency of isola-
tion of this organism from coastal marine mammals.

Waterfowl. Aquatic birds that nest along shorelines, inlets, and
cliffs or that prey off marine life for food or develop colonies on
islands are often colonized with P. shigelloides. One of the most
common groups found to harbor plesiomonads are cormorants.
Studies of the pharynx, cloaca, or feces of great or black cormo-
rants have found positivity rates ranging from 47.8% to 74.4% for
these birds (69, 70). Plesiomonas has also been recovered from
3.9% to 7.4% of ring-billed and herring gull feces on bathing
beaches located on southwestern Lake Michigan (71). Other avian
species reported to yield P. shigelloides include whooper swan,
black stork, goldeneyes, herons, and penguins (72, 73, 74).

Other animals. A number of reports listing the sources of Ple-
siomonas strains have occasionally reported isolations from a
number of animal species. Detailed investigations of their relative
frequencies in such hosts have not been published. These taxa
include reptiles (alligator, lizard), cats, dogs, hares, red wolf, foxes,
and a roach (42, 72, 74, 75, 76). Table 2 lists a compilation of
animal species from which Plesiomonas has been recovered since
2000.

Animal Infections

Little data exist at present that can clearly separate Plesiomonas
infections in animals into either enzootic or epizootic categories.
Plesiomonads have been recovered from a wide array of animals
that were healthy, diseased, or under autopsy conditions, yet there
is little pathological, microbiological, or clinical evidence to sup-
port colonization versus infection status in these species. Rather,
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TABLE 2 Recent animal isolations of Plesiomonas

Category Specific organisms”
Invertebrates Mussels, prawns
Fish Algae eaters, arowana (Asian), bass (largemouth),

bluegills, catfish (channel), carp (grass), cichlids,
goldfish, grouper, halibut, eel (Japanese), roaches,
tilapia, trout (rainbow)

Marine mammals Dolphins, sea lions (South American), sea otters (CA)

Waterfowl Cormorants, goldeneyes, gulls, heron, penguins,
storks (black), swans (whooper)
Other Alligators, cats, dogs, foxes, hares, lizards, wolves

“ Isolations reported since 2000. Italics indicate species with multiple reports,
suggesting that plesiomonads are common inhabitants. Boldface indicates species
associated with sporadic or outbreak disease.

current data suggest that plesiomonads can cause sporadic infec-
tions in some animals and outbreak situations in others. Gél and
others (75) described a case of chronic inflammation and abscess
formation in a young male lizard housed at the Budapest Zoo and
Botanical Gardens. The lizard died after only being in captivity for
1 month. P. shigelloides was isolated from its liver. P. shigelloides
has also been found to be associated with muscle erosive disease in
grass carps (55) and die-off in aquarium fish such as cichlids (63).

Plesiomonas shigelloides was previously linked to epizootic dis-
ease involving the kidneys and livers of rainbow trout in Portugal
in 1984 (77) and resulted in a high mortality rate. Rapidly rising
water temperature coupled with large amounts of organic matter
were postulated to have contributed to this outbreak. An outbreak
of septicemia in King and African penguins at the Basel Zoo has
also been traced to Plesiomonas (73). P. shigelloides was recovered
in pure culture from various internal organs (liver, kidney, small
intestine) in two of three fatally infected chicks. We have addition-
ally worked on another outbreak of invasive disease in a colony of
rockhopper penguins located at a Midwestern zoo. It may be that
outbreak disease in these instances is linked to stress brought on
by one of a number of factors, such as overcrowding, oxygen lev-
els, temperature, and climatic conditions, as well as food sources.
Table 2 highlights species implicated in disease caused by ple-
siomonads.

EPIDEMIOLOGY OF HUMAN INFECTIONS

Our knowledge regarding the association of P. shigelloides with
human infections is, at present, primarily restricted to the diar-
rheal disease state, as most epidemiologic data come from studies
or investigations conducted on general causes of bacterial gastro-
enteritis or more specifically P. shigelloides. For extraintestinal
manifestations, which are much less common than enteritis,
epidemiologic information is limited to a smaller number of
individual case reports or series of systemic infections that in-
clude a variety of maladies, such as bacteremia, peritonitis, and
hepatobiliary disease.

Geographic Distribution and Seasonal Variation

P. shigelloides is a global pathogen and has a worldwide distribu-
tion, with the possible exception of the polar caps. In addition to
those geographic locales previously identified as yielding ple-
siomonads from clinical sources in several reviews (28, 35), recent
studies have documented cases or series of illnesses from Bangla-
desh, China, Ecuador, Germany, Hong Kong, Nigeria, Romania,
Taiwan, Senegal, South Africa, Taiwan, and Thailand. Infections
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TABLE 3 Case-controlled studies of Plesiomonas-associated gastroenteritis

P. shigelloides

% (no. tested) in disease group

Country Dates of survey Population m Asymptomatic Referernce
Ecuador 2004-2008 All ages 11.8 (775) 7.2 (2,161) 82
Thailand 2001-2002 Children (<5 yrs) 10 (236) 11 (236) 79
Nigeria 2012-2013 All ages 7.2 (712) 0 (500) 85
China 2010-2012 All ages 2.9 (3,536) 0 (478) 84

have a seasonal aspect to them, as most reported cases of disease
occur during the warmer months of the year when freshwater
temperatures rise, allowing for increased proliferation of ple-
siomonads via sewage contamination (78).

Some vertebrates, including domesticated pets such as healthy
cats (3.8% to 10.3%) and dogs (3.8%), appear to be often colo-
nized with Plesiomonas and excrete the bacteria in their feces (28,
40). However, this is not the case with regard to humans, as P.
shigelloides is not considered to be part of the normal commensal
flora of the human gastrointestinal tract. One 2010 study found a
very high carriage rate of plesiomonads (11%) in healthy young
children between the ages of 3 months and 5 years (79). However,
this study was conducted in a remote locale of western Thailand
and is probably not reflective of many other geographic locations,
including urbanized centers. Cumulative data from many differ-
ent surveys over the past 40 years suggest that the asymptomatic
carrier rate for P. shigelloides in humans typically ranges from
<0.1% to 0.3% and rarely exceeds 0.5% except under special cir-
cumstances (8, 40).

There are practically no data available by means of conventional
methodologies for the continental United States regarding either
the incidence or prevalence of P. shigelloides gastroenteritis in var-
ious patient populations. Most indirect data suggest that the inci-
dence of Plesiomonas-associated enteritis in the United States is
much lower than 1%, although newer molecular methods devel-
oped in the past few years could potentially alter these conclu-
sions. In contrast, many international studies have found Ple-
siomonas to be a common enteric pathogen in select patient
populations. The frequency of plesiomonads recovered as enteric
pathogens in diarrheal stools in these settings ranges from 2% to
>10% (79, 80, 81, 82, 83, 84, 85, 86), with the exception of one
retrospective study which found the prevalence of P. shigelloides in
inpatients with gastroenteritis from 2001 to 2012 in southeast
China to be 0.009% (84). Most of these surveys have originated
from tropical or subtropical regions of the world where warmer
temperatures may allow for the persistence of plesiomonads in
higher numbers in freshwater sources, leading to a greater infec-
tivity rate. O’'Ryan et al. (87) suggested that the higher incidence of
P. shigelloides diarrheal illness in developing countries may also be
related to substandard environmental sanitation conditions com-
pared to those of industrialized nations. Support for this concept
comes from army field training exercises in China (88), where the
lack of personal hygiene and drinking raw water contributed to a
high infectivity rate in the military (16.5%). Additionally, another
Southeast Asia report described a sizeable reduction in the fre-
quency of stool pathogens among food handlers that occurred
after a continuing education program concerning food and per-
sonal hygiene was introduced (89). However, unlike Vibrio para-
haemolyticus, Salmonella, and Aeromonas, plesiomonad numbers
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were not reduced in this exercise (17.1% before, 58.6% after) after
completion of the educational program.

Case-Controlled Investigations

Table 3 summarizes four case-controlled investigations con-
ducted on Plesiomonas-associated diarrhea published since 2000.
On the surface, three of these four studies suggest that Plesiormonas
is more often found in association with the diarrheal disease state
rather than colonization of healthy individuals. Furthermore, in
two of these studies no plesiomonads were recovered from the
feces of almost 1,000 asymptomatic persons (84, 85). Still, these
studies are not without issues. An Ecuadorian study found that
when only single infections with P. shigelloides were considered,
case prevalence rates dropped from 11.4% to <<5%, which was less
than the community prevalence rate (82). Those authors sug-
gested that the pathogenicity of this organism, while apparently
low, might be linked to concurrent infection with another enteric
pathogen(s). Other studies have also found high isolation rates of
Plesiomonas with other enteric pathogens (85). Similar to these
data, a Thai study found plesiomonads in higher concentrations
in controls (11%) than in cases (10%) (79). It should be pointed
out that in the latter study, in which children between the ages of
3 months and 5 years were screened, a number of recognized
pathogens (Campylobacter, Salmonella, and several pathogenic
Escherichia coli groups) were also not found to be significantly
associated with symptomatic children. The overall environmental
burden of plesiomonads in this rural community may be high, and
local immunity could impact such prevalence studies.

Outbreaks

One of the troubling aspects of Aeromonas gastroenteritis has been
the inability to document a clear-cut association between out-
breaks of diarrheal disease that are unquestionably epidemiolog-
ically linked to it (90). The demonstration of such species-specific
outbreaks is a defining character or trait of recognized entero-
pathogens. In the case of Plesiomonas, much more credible evi-
dence of outbreaks is now available.

Table 4 summarizes 11 P. shigelloides-associated outbreaks ei-
ther formally published or mentioned in the scientific literature
(35,91,92,93,94, 95, 96,97, 98). Of these, 11 outbreaks, including
at least 2 from Japan, had very strong microbiological as well as
epidemiological evidence supporting the enteropathogenicity of
this bacterium (91, 93). These data include descriptions of a pre-
dominant strain isolated from multiple ill persons epidemiologi-
cally linked by serogroup (both O17) or serotype to the same
strain recovered from the implicated food or water sources caus-
ing the outbreak. In addition, the majority of P. shigelloides-asso-
ciated outbreaks in Table 4 had the following characteristics: (i)
plesiomonads were recovered as the predominant growth or in
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TABLE 4 Outbreaks of Plesiomonas-associated gastroenteritis

No. of Strength of
Yr Location Event Attack rate” Source strains Serogroup evidence” Reference
1961 Japan Mill 275/870 (31.6) Cuttlefish salad 88°¢ 0:17¢ A 91
1965 Japan Community 53/355 (14.9) Salt mackerel 10 (—)° B 92
1973 Japan Youth center 878/2,141 (45.7) Tap water 21 017:HY A 93
022:H3
0O8:H5
1974 Japan Bus tour 24/35 (68.5) Unknown 3 024:H5 B 93
1980 USA (NC) Opyster roast 36/102 (35.2) Opysters 1 C 94
1982 Mexico Vacation Unknown Chicken P 0:17¢ C 95
1983 USA (FL) Not provided 29/2" Shellfish D 35
1983 USA (FL) Not provided 292 Shellfish D 35
1990 Netherlands Recreational area ? Freshwater 9 D 96
1996 USA (NY) Party 60/98 (57) Potato salad 11 B 97
Well water
2003 Cameroon Party 49/78 (62.8) Cold fish 17 B 98
Ndolé

@ The attack rate was based upon the number of ill people divided by the total number of people present at the event and assuming that Plesiomonas was the single infective agent.

Values in parentheses are percentages.

b Strength of evidence: A, multiple epidemiologically linked P. shigelloides strains isolated from outbreak and also recovered from implicated food; B, multiple epidemiologically
linked P. shigelloides strains isolated from outbreak but not recovered from implicated food source; C, limited number of strains recovered from outbreak not linked to food source;

D, primarily anecdotal information regarding an unpublished outbreak.

¢ An unnamed halophilic organism was isolated from 41% of patients.

@ Based upon cross-reactivity with Shigella sonnei antiserum.

¢ All strains agglutinated with Shigella dysenteriae 7.

/Predominant serotype in the outbreak.

£ Giardia lamblia was detected in the feces of one of these two persons.

" A total of 29 cases were reported from two outbreaks over a 6-day period.

"Two of 11 patients from whom Plesiomonas was isolated also had Salmonella recovered from their stools.
7 One of 17 patients from whom Plesiomonas was isolated also had Salmonella recovered from their stools.

pure culture from the feces of ill persons, (ii) an implicated source
of infection, such as water or seafood, was compatible with known
environmental distributions and exposures to P. shigelloides, (iii) a
high attack rate (15% to 69%) allowed for the recovery of multiple
strains of Plesiomonas in 7 of the 11 outbreak-associated events,
and (iv) plesiomonads were recovered as the sole or in most cases
the only enteric pathogen from stools of sick individuals. These
cumulative data strongly implicate P. shigelloides as an entero-
pathogen. Furthermore, a recent retrospective analysis of food-
borne disease outbreaks in China between the years 1994 and 2005
identified four other events (outbreaks) and 227 total cases asso-
ciated with P. shigelloides (99). These outbreaks included two food
service units and one family event.

Risk Factors Associated with Plesiomonas Infections

Given the current prevalence of plesiomonad-associated illnesses,
it is particularly difficult to determine what social, geographic, or
medical factors may predispose persons to Plesiomonas infection.
Much of our limited knowledge in this area comes from multiple
case reports describing a common underlying risk factor that ap-
peared associated with Plesiomonas illness. In a few other in-
stances, medical centers or institutions retrospectively looked at a
series of infections over a number of years and reported one or
more risk factors associated with either P. shigelloides intestinal or
extraintestinal disease. Finally, national public health investiga-
tions have occasionally linked plesiomonad disease to specific risk
factors.

Gastroenteritis. The cardinal publication concerning potential
risk factors associated with Plesiomonas gastroenteritis is now 30
years old. A 1986 CDC study reported that 28 strains of P. shigel-
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loides submitted from children and adults by 13 state health de-
partment laboratories were recovered in large numbers from
stools and without any other concurrent intestinal infections
(100). The isolation of Plesiomonas in this national epidemiologic
survey was strongly associated with the consumption of uncooked
shellfish, most notably oysters and to a much lesser extent raw
shrimp (100). Thirteen of 14 patients in this study apparently ate
oysters originating from the Gulf of Mexico or the Caribbean. In
other reports, Plesiomonas has been linked to two outbreaks of
diarrhea involving roasted oysters, including one previously cited
episode (see Table 4) (94) and an unpublished Canadian outbreak
involving 18 persons (101). Epidemiologic data provided from
several large-scale surveys of Plesiomonas diarrhea from Southeast
Asia report that between 5% and 15.4% of patients had a recent
history of consuming seafood prior to their gastrointestinal dis-
turbances (80, 84, 102). Another recent case report identified por-
ridge containing undercooked fish as the most likely source of a
woman’s illness (103).

Foreign travel is a second major risk factor associated with
plesiomonad gastroenteritis. In addition to seafood consumption,
CDC found foreign travel linked to the isolation of Plesiomonas
for 7 of 9 patients traveling to Mexico (100). A noteworthy study
from Japan identified over 1,000 returning travelers through Kan-
sai Airport with Plesiomonas-associated enteritis (104). The most
common destinations travelers returned from included Thailand,
Indonesia, and Vietnam. It should also be pointed out that a fairly
high rate of coinfection (20.5%) was observed in this same patient
population. A review of 51 published reports on travelers’ diar-
rhea found Plesiomonas was associated with between 1.3% and
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5.41% of all episodes, depending upon geographic locale (105).
The lowest frequencies were seen in cases originating from Latin
America and the Caribbean, while higher numbers were noted in
South and Southeast Asia (105).

Persons in immunocompromised states, in particular those
who are HIV positive, may be more prone to developing Plesiomo-
nas diarrhea than healthy individuals (29). This is supported by a
relatively higher prevalence rate (4.9% to 16.6%) of Plesiomonas
gastroenteritis in HIV-positive or AIDS patients in comparison to
frequencies of diarrhea seen in unselected patient populations
(106, 107). However, in one of these two studies Plesiomonas was
more prevalent in non-AIDS patients (11.7%) than in those with
AIDS (4.9%) (106). Some studies have found the highest fre-
quency (33% to 35%) of plesiomonad enteritis in infants 19 to 31
months of age (85) and in children under 2 years of age (80),
suggesting a naive immunologic system as a potentially predispos-
ing factor in young children for acquiring Plesiomonas, although a
case-controlled study in a remote part of Thailand found P. shig-
elloides in high percentages (10% to 11%) in both cases and con-
trols (79).

In addition to these conditions, it is apparent that the con-
sumption of untreated water or freshwater sources in nations with
low socioeconomic status or poor hygiene conditions puts anyone
at risk of acquiring Plesiomonas diarrhea (Table 4) (28, 35). These
facts parallel the seasonality of the disease and its association with
temperate and tropical/subtropical climates, where the prevalence
of the general disease appears much higher (28). Elevated aquatic
temperatures in lakes and rivers may lead to the multiplication of
this species (29) and higher surface concentrations.

Extraintestinal disease. Identification of potential risk factors
associated with extraintestinal P. shigelloides infections is even
more difficult, given the limited number of published cases in
comparison to those associated with gastrointestinal disease. The
most common of these extraintestinal syndromes is bacteremia,
where only 40 or so instances have been recorded in which Ple-
siomonas was isolated as the sole or copathogen in a case of sepsis.
Woo et al. (108) compared 7 cases of Plesiomonas occurring in
their institution over a 9-year period to 31 other cases reported in
the literature. They found that bacteremias in their medical center
were significantly associated with advancing age (>75 years), un-
derlying biliary tract disease, acute cholangitis, and polymicrobic
sepsis, compared to previous cases in the literature (108). Since
many of these illnesses were polymicrobic in nature, it is difficult
to ascertain how many of these risk factors can be directly associ-
ated with Plesiomonas.

Most reports involving Plesiomonas septicemia occur in per-
sons suffering from one or more underlying medical illnesses
leading to an immunocompromised state. In addition, secondary
medical sequelae may result as a direct consequence of these pri-
mary medical conditions, which further increases the risk of inva-
sive disease. Many cases of Plesiomonas sepsis are observed in in-
dividuals with multiple risk factors that may either individually or
collectively be associated with plesiomonads. However, these risk
factors can also be less species specific and more a reflection of
Gram-negative bacteremia.

The pattern of developing Plesiomonas sepsis parallels that of
gastroenteritis in the sense that most infections appear to result
from ingestion of seafood or contaminated water, particularly in
persons living in tropical, subtropical, or temperate regions (28,
29, 35). Conditions proposed to be associated with plesiomonad
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sepsis in addition to biliary disease include cancer, cirrhosis, HIV,
and bloodborne dyscrasias, such as sickle cell anemia and thalas-
semia (4, 34, 84, 108, 109, 110, 111, 112). The latter diseases can
sometimes lead to other conditions sporadically associated with P.
shigelloides bacteremia, including splenectomy (108, 111) and
hemochromatosis (108, 113). Approximately a dozen cases of
perinatal bacteremia with central nervous system (CNS) involve-
ment have been reported to date. In several cases the mother had
diarrhea immediately prior to delivery and in a couple of cases
Plesiomonas was recovered from maternal feces. This suggests ver-
tical transmission from mother to child during the birth process
(114).

A number of rare Plesiomonas infections result from unappar-
ent injuries or traumas associated with water environs. These
events include swimming in seawater or penetrating traumas to
the head connected to diving or submerged projectiles (115, 116,
117).

Disease Transmission

The exact mode of disease transmission from natural reservoirs to
humans, eliciting a variety of illnesses, is still speculative. Jagger
(28) proposed a dual-schematic scenario for the apparently high
frequency of Plesiomonas colonizing/infecting the guts of cats and
for acquisition of these same bacteria by humans from environ-
mental sources. In the former category, natural aquatic habitats
and secondary reservoirs (amphibians, fish and shellfish) serve as
potential sources for the transmission of plesiomonads directly to
cats or indirectly through birds living near aquatic ecosystems
who have fed on freshwater fish. Subsequent consumption of bird
carcasses or fresh fish by cats could also lead to colonization. In the
case of humans, the same two reservoirs (contaminated water, fish
and shellfish) would serve as vehicles for ingestion of adulterated
food or water containing plesiomonads. A cycle of reintroducing
P. shigelloides into natural habitats could also occur through sew-
age contamination (28).

Figure 1 represents a diagrammatic flow chart concerning the
potential acquisition and transmission of P. shigelloides to hu-
mans. Best available evidence suggests that the main avenue of
transmission of plesiomonads from the environment to persons is
via freshwater sources. Higher rates observed for cases of gastro-
enteritis in the Far East and other locales could be related to the
greater proliferation of this species in warmer climates or socio-
economic factors or sanitary/hygiene conditions in developing
countries. A second mode of acquisition involves consumption of
food sources intimately linked to aquatic habitats. Ironically, these
two sources together do not represent the majority of cases of
illness linked to this species in epidemiologic investigations. In a
CDC study by Holmberg et al. (100), 21 of 31 (68%) patients had
a history of seafood consumption or foreign travel immediately
preceding their diarrheal episode. More recent studies have re-
ported even lower percentages. A Hong Kong study of 167 cases of
Plesiomonas gastroenteritis found only 36% of individuals with a
history of foreign travel or consumption of seafood or uncooked
food (102). Similar studies from Taiwan reported cumulative val-
ues of 11% (80). The question mark in Fig. 1 suggests that there
may be one or more unrecognized sources of acquisition that have
not as yet been identified. Alternatively, since epidemiologic stud-
ies typically do not include questionnaires regarding water con-
sumption (exceptin the case of a recognized outbreak), it may well
be that the majority of unidentified sources of infection are in fact
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FIG 1 Diagrammatic representation of the main known routes of transmis-
sion and major disease manifestations associated with P. shigelloides infection.

water related. Further environmental sampling studies on the fre-
quency of plesiomonads in various aquatic environments in re-
gions of the world where P. shigelloides disease is more common
are needed.

CLINICAL INFECTIONS AND ASSOCIATED DISEASE
SYNDROMES

P. shigelloides has been isolated on one or more occasions from
virtually every common infectious disease syndrome or complica-
tion that has been previously reported. In practical terms, how-
ever, these infections or syndromes can be broken down into the
following groups or categories, namely: (i) gastrointestinal infec-
tions or complications involving the small or large intestine, (ii)
systemic disease manifested by frank septicemia with or without
associated CNS complications, such as meningitis, and (iii) a myr-
iad of miscellaneous infections, including intraabdominal disease,
soft tissue and wound infections, and ocular illnesses.

Gastroenteritis and Diarrheal Disease-Related Syndromes

Although once a fairly controversial topic, Plesiomonas is nowa-
days considered an enteropathogen by most in the medical and
scientific communities. While at one time it was rarely listed in
leading publications on bacterial gastroenteritis as a pathogen, it
now can be found in many authoritative reviews or references on
the subject, along with more common agents such as Campylobac-
ter, Salmonella, and Shigella (87, 118, 119, 120).

Plesiomonas enteritis can present in one of three forms: an acute
secretory gastroenteritis (most common), bloody or dysenteric
colitis, or chronic or persistent diarrhea of >14 days duration
(121).There have been very few published case reports on this
topic over the past 15 years (103). Most of our recent clinical
knowledge on Plesiomonas gastroenteritis stems from prospective
or retrospective studies on this syndrome from regions of the
world where the prevalence of the disease is presumed to be much

358 cmr.asm.org

Clinical Microbiology Reviews

higher, since limited data from industrialized nations suggest that
the infection rate is quite low (122, 123).

Table 5 presents cumulative data from several large retrospec-
tive or prospective investigations on P. shigelloides gastroenteritis
in Southeast Asia and Africa. Plesiomonas gastroenteritis occurs in
all age groups, with several studies documenting infections in in-
fants as young as 22 days (80) to those >90 years of age (84, 102).
Several reports indicate that the disease may be more common in
children under 5 years of age (80, 83, 85, 102), suggesting that
immunologic immaturity might be a predisposing factor to ac-
quiring the illness. Plesiomonas has been found to be the third or
fourth ranking cause of gastroenteritis in Nigeria (85) and China
(84), respectively. Mixed infections are fairly frequent (16% to
28%), with common coinfecting pathogens including Salmonella,
Aeromonas, and V. parahaemolyticus (80, 84, 85, 102). The associ-
ation of the latter two species with Plesiomonas suggests contam-
inated water or seafood/fish as common vehicles of infection
(80, 84).

Secretory enteritis. As previously noted, watery diarrhea is the
most common clinical presentation of Plesiomonas gastroenteri-
tis, with between 50% and 88% of all patients presenting with this
type of diarrhea (8, 80, 124). Prominent symptoms associated
with plesiomonad enteritis include watery diarrhea and abdomi-
nal pain (29, 85, 124) (Table 5). One study of adult patients with
nonbloody P. shigelloides gastroenteritis seeking medical attention
at an emergency department had a mean duration of diarrhea of
1.6 days with 10 bowel movements (bm) per day (125). Other
surveys or case reports documented evacuation rates of 5 to >10
bm/day (102, 103, 124). Typical cases of untreated enteritis had a
mean duration of symptoms of 11 days in one CDC study (100),
while another report placed the range of symptoms from 1 day to
2 months (102). Duration of acute diarrhea in hospitalized pa-
tients in this second study was 2.2 days (102).

Watery gastroenteritis is most often observed in healthy per-
sons (29, 80, 103). Wong et al. (102) found that almost three-
fourths of the 167 persons studied with P. shigelloides diarrhea
were healthy, with the remaining 25% with one or more underly-
ing condition, including diabetes, renal disease, cirrhosis, and co-
lon cancer. Typically, the disease is mild and self-limiting (8, 29).
Klontz et al. (124) found that gastroenteritis induced by P. shigel-
loides was typically milder and less severe than that caused by
either non-O1 V. cholerae or V. parahaemolyticus (124). Less com-
mon symptoms associated with a minority of cases include dehy-
dration, hypokalemia, and peritonism (102).

TABLE 5 Gastrointestinal symptomatology associated with P.
shigelloides diarrhea

Symptoms (%)

No.

of Abdominal
Location  cases Diarrhea Blood Fever pain Vomiting Reference
Hong 167° 99 25 51 72 38 102

Kong

Taiwan 111 96 45 51 45 41 80
Bangladesh 253 93 5 6 6 74 124
China 104 84 17 33 69 14 84
Nigeria 51 88 18 35 67 14 85

“ Percentage of cases or isolates.
b Cumulative data (for all age groups), including single and mixed infections with P.
shigelloides.
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TABLE 6 Outstanding issues concerning Plesiomonas gastroenteritis

P. shigelloides

Information from studies:

Type of study Before 2000

Current

Case reports

Case-controlled
investigations

Outbreaks

<10 well-described case reports or series of case reports
One study through 2000 (5)

P. shigelloides not clearly shown to cause outbreak of
gastroenteritis (5)

Immune response
reports more supportive (8, 131)
Histopathology

Pathogenicity No well-described enteropathogenic mechanisms (8)

Data from a CDC study not supportive (100); several case

Good histopathology from a few selected case reports (131, 135)

Only one case since 2000 (103)

Four studies through 2000 (see Table 3); two with positive findings,
one with negative findings, one with equivocal findings

At least 11 outbreaks described, including 1 since 2000; several with
good epidemiologic data (see Table 4); several more anecdotally
described in the literature

No new data

No new data
Some now described but poorly characterized (see Pathogenicity
section)

Cholera-like diarrhea. Although not well-documented or de-
scribed, P. shigelloides has been implicated on several occasions as
arare cause of diarrhea resembling cholera, one of which occurred
in a woman returning from a trip to Kenya (126, 127). Subse-
quently, a case from San Lazaro Hospital in the Philippines de-
scribed a patient (age and sex unknown) with severe dehydration
of 5-h duration and 25 bm/day (128). The stool had a “rice water”
consistency with mucus, and P. shigelloides was isolated. However,
the stool of this patient also contained V. cholerae and Trichuris
spp. In 2002, a 53-year-old man in Djibouti was hospitalized be-
cause of severe dehydration secondary to a cholera-like illness of 1
day duration (129). He had passed 8 liquid stools of a greenish
consistency each day. P. shigelloides was isolated in pure culture
from his stool. Furthermore, the finding in some surveys that one
or more patients experienced diarrheal episodes consisting of 30
bm/day suggests that this more severe form of secretory gastroen-
teritis may have been overlooked in the case of Plesiomonas (8,
102).

Dysentery. Dysentery or infective colitis is the second most
common form of Plesiomonas gastroenteritis. The syndrome is
characterized by the macroscopic appearance of blood in stool
accompanied by significant abdominal pain or tenderness and
vomiting (Table 5). More severe disease in one study was associ-
ated with fever in 13.2% of cases (102). Mucus in stools is found in
17% to 19% of feces where P. shigelloides is the only pathogen (84,
85). Many persons with these symptoms are hospitalized with the
presumptive diagnosis of bacillary dysentery.

The frequency of Plesiomonas acute dysentery in selected pa-
tient populations has been reviewed by Pfeiffer and others (123). It
has ranged from a reported high of 25.1% in a combined survey of
children and adults to 15.8% in children alone. Two studies con-
ducted in the United States in the 1980s by the CDC (100) and the
Texas Department of Health (130) placed the frequency of bloody
diarrhea at 53% and 22%, respectively. Unfortunately, there have
not been any individual case reports describing Plesiomonas dys-
entery over the last 15 years. One of the best-described cases of
plesiomonad bloody diarrhea is that of a 42-year-old woman with
persistent dysentery and histopathology indicating pseudomem-
branous colitis. P. shigelloides was recovered from her on two oc-
casions in pure culture (131).

Chronic diarrhea. P. shigelloides is an infrequent but recog-
nized cause of chronic diarrhea (132). Wong and others (102)
found 5% of their patients with chronic Plesiomonas disease had
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diarrhea of 2 weeks to 2 months duration. In a similar study from
Taiwan, chronic diarrhea was seen in 23% of children and 12% of
adults (80). Except for the lengthy duration of the illness, specific
symptomatology associated with persistent gastroenteritis is
poorly described.

Fatal gastrointestinal infections. While not well appreciated,
Plesiomonas gastroenteritis has been linked to a negative outcome
on several instances, most of which involved invasive (bloody)
diarrhea. A 19-year-old woman with bulimia nervosa who had
been previously thrown into a water fountain developed unrelent-
ing severe bloody diarrhea with dehydration of 9 days duration
prior to her death (133). P. shigelloides and Aeromonas veronii
biotype sobria was recovered from her stool. In 1989, Sinnott et al.
(134) reported on a healthy 53-year-old woman who developed
severe watery diarrhea that subsequently became bloody a day
later after consuming sushi and raw oysters. After initial treatment
she returned to the emergency room 24 h later hypotensive, and
she subsequently expired. P. shigelloides was recovered on two
separate occasions from her stool. Wong and colleagues (102)
described two fatal infections associated with plesiomonad diar-
rhea. In one instance, an 82-year-old man with alcoholic cirrhosis
presented with moderately severe diarrhea and mucus, dehydra-
tion, and hypokalemia. He died 3 days later (cause of death not
mentioned). In a second case, a 68-year-old male with diabetes
mellitus and end-stage renal disease had diarrhea of 1 day dura-
tion and turbid peritoneal fluid. Stool culture grew P. shigelloides,
while the peritoneal fluid yielded Pseudomonas aeruginosa. Cause
of death was multiorgan failure. In most of these cases, it was
difficult to determine exactly to what extent Plesiononas contrib-
uted to the person’s eventual demise.

Unresolved controversies. The conundrum concerning the ev-
idence supporting the role of Plesiomonas in gastrointestinal dis-
ease is presented in Table 6 (5, 8, 100, 103, 131, 135). Since 2000,
several case-controlled investigations have been published on the
role of plesiomonads in diarrheal disease. However, of these four
studies only two (84, 85) strongly supported a role for this species
in gastroenteritis. This finding may not be as problematic as it first
appears (Table 3) (79, 82, 84, 85). Since almost all of these studies
were centered in developing nations located in tropical/subtropi-
cal climates, they all appeared to have a higher incidence of the
disease. Thus, the opportunity for exposure and reexposure to
plesiomonads from infancy to adulthood may be greater and
thereby may be potentially protective to a certain segment of the
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TABLE 7 Characteristics of Plesiomonas septicemia reported in the
literature

Value reported in study

Lee et al., Stock, 2004 Woo et al.,
Characteristic 1996 (137) (29) 2005 (108)
No. of cases reported 21 24 38¢
Mean age (yrs) 22.7 28.8 38.4
Age range 1 day to 68 2 days to 68 1 day to 94

yrs yrs yrs

Male:female ratio 2:1 2.7:1 1.8:1
Immunocompromised (%) 81 88 82
Mortality rate (%) 62 50 42
Reference 137 29 108

“Includes 31 cases in the literature and 7 new cases described by the authors.

population. This supposition is supported by the hypothesis that
P. shigelloides O17 is common in surface waters in developing
countries and may also have a protective effect against infection
with Shigella sonnei by virtue of shared lipopolysaccharide anti-
gens (136). Thus, there may be at least several subpopulations of
residents in these locales who may be naive, partially protected, or
protected from diarrheal infections produced by this entero-
pathogen, which has a relatively low pathogenic potential.

In addition to this evidence there are a sizeable number of
outbreaks described where P. shigelloides is a sole or copathogen in
comparison to Aeromonas, where not a single credible outbreak
has been attributed to this bacterium over the past 3 decades (90).
What is needed are more case-controlled surveys and detailed case
reports supported by clinical data, such as humoral immune re-
sponses (acute, convalescent) and recovery of the enteropathogen
from pathological biopsy material, not simply accounts reporting
isolation.

Septicemia and CNS Disease

Septicemia with or without CNS involvement is the primary clin-
ical syndrome associated with extraintestinal P. shigelloides infec-
tion. Table 7 summarizes some retrospective reviews of cumula-
tive data on cases of Plesiomonas sepsis reported in the English
literature (29, 108, 137). Based upon the review of Woo (108) and
several published case reports since 2005, there are now over 40
cases of P. shigelloides bacteremia in the literature (111, 114, 138,
139). This is almost double the number reported by Lee (137) in
1996.

Plesiomonas sepsis is a community-acquired male-dominated
disease almost invariably observed in persons with one or more
underlying medical conditions leading to the immunocompro-
mised state (Table 7). Common predisposing factors leading to
sepsis in decreasing order of frequency include blood dyscrasias
(thalassemia, sickle cell disease, leukemia), asplenia (functional or
anatomic), and iron overload conditions, such as hemochroma-
tosis, biliary tract disease, and cirrhosis (alcoholic, viral) (108, 111,
112). Slightly under one-third of all bacteremias occur in neonates
with meningitis or meningoencephalitis (114). Almost all of these
cases of infection occur within the first 5 days of life and appear to
have been vertically transmitted (perinatal) rather than transpla-
cental (114). Plesiomonas has only been recovered from maternal
feces on three occasions. The mortality rate in neonates exceeds
50% (114).

About 90% of all cases of sepsis are monomicrobic. In almost
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half of these cases, plesiomonads are recovered from a site other
than blood. These specimen sources include CSF, abscess/wound,
joint fluid, pleural fluid, stool, and urine (108). The study of Woo
et al. (108), which described 7 cases of Plesiomonas bacteremia,
differed appreciably from the remaining body of cases in that these
patients were older (median, 82 years), had biliary tract disease,
and infections were more often polymicrobic. Reasons for these
differences are not immediately apparent. While the source of
most community-acquired infections in adults is unknown, con-
taminated water, raw seafood, or other foods are most often sus-
pected (137). A case of sepsis originated in a 13-year-old girl with
sickle cell who consumed many crab legs at a crab buffet 4 days
prior to her admission (110). Another case of pleisomonad sepsis
occurred in a 51-year-old man with liver disease that received a
donor liver from a teenage boy who drowned in a freshwater lake
(138). Blood cultures drawn from the donor prior to transplanta-
tion eventually yielded P. shigelloides. In another instance, a rap-
idly fatal case of combined Plesiomonas and Clostridium perfrin-
gens sepsis and meningitis occurred in a 71-year-old man who had
just disembarked from an international flight (139). He had just
returned from a hunting trip in the Swiss Alps and expired 3 h
after initial presentation. Autopsy suggested death resulted from
septic complications. Those authors suspected contaminated
meat or water from his hunting trip as the source of infection.

Wound Infections

Unlike other aquatic pathogens, such as Aeromonas and She-
wanella, there are virtually no published reports in the literature
describing isolation of P. shigelloides from open or penetrating
wounds, nor an association of this species with soft tissue infection
(90, 140). The reason for this anomaly is presently unclear, al-
though the lack of protease expression by plesiomonads may be a
contributory factor. Two cases of cellulitis of the leg and foot,
respectively, have been reported where cultures grew plesiomon-
ads from tissue or exudate material (141, 142). On both occasions,
other pathogenic bacteria were also isolated, bringing into ques-
tion what contribution this microbe may have played in the infec-
tious process. A more definitive role for Plesiomonas in bacterial
cellulitis was described by Gopal and Burns (143) 20 years later in
a 59-year-old man who sustained a penetrating trauma to his left
hand with a knife while cleaning 20 or more freshwater fish. P.
shigelloides was recovered not only from the surgical wound infec-
tion but also in pure culture from the initial blood culture. The
most recent case of a wound infection caused by Plesiomonas in-
volves a healthy 31-year-old diver who sustained a penetrating
trauma to his skull when he hit submerged rocks in a pond while
diving (116). He developed a frontal cutaneous abscess of the head
as a result of the trauma, which required medical intervention
including antimicrobial therapy.

These are currently no data available that suggest that Plesiomo-
nas is ever an animal-related pathogen in the traditional sense of
other zoonotic pathogens, including those associated with aquatic
habitats. There are also no known reports of plesiomonads being
associated with traumatic human wound infections acquired
through penetrating injuries or bites induced by vertebrate or in-
vertebrate species. In fact, Plesiomonas is not listed as a possible
aquatic zoonotic pathogen in the broadest sense (144). Limited
evidence suggests that the couple of cases of cellulitis reported are
due to penetrating traumas that come in contact with material
(fish, rocks) associated with freshwater environs. No aggressive
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wound infections, such as necrotizing fasciitis, have even been
linked to the genus Plesiomonas.

Ocular Disease

There are surprisingly as many cases of Plesiomonas-associated eye
infections in the literature as there are wound infections. Clinical
presentations of eye disease range from endophthalmitis to kera-
titis (117). In three instances, the precipitating event resulted from
a penetrating injury to the eye caused by a fishhook (two in-
stances) or a rock from a creek bed (117, 145). One ocular infec-
tion in a neonate appeared to have been acquired transplacentally
(146). In some cases, these devastating illnesses are solely caused
by plesiomonads (117), while in other instances they are of a poly-
microbic etiology involving other aquatic or marine bacteria, such
as Aeromonas, Shewanella, or Vibrio (145).

Miscellaneous Infections

A number of infrequent to extremely rare complications resulting
from P. shigelloides infection have been summarized in one or
more reviews on the topic (27, 28, 29). These conditions include
polyarthritis/osteomyelitis, cholangitis, cholecystitis, epidid-
ymoorchitis, peritonitis, pyosalpingitis, and pancreatic and
splenic abscesses. Two cases of peritonitis associated with contin-
uous ambulatory peritoneal dialysis in 62- and 73-year-old Chi-
nese women were reported in 2004 (147). The source and portal of
entry in both patients was unknown. In 2009, Schneider and as-
sociates (148) described a case of P. shigelloides pneumonia in a
76-year-old woman who had previously undergone a curative gas-
trectomy. X-rays and a computed tomography scan indicated a
nodular lesion in the right upper lung and a cavernous lesion in
the right upper lobe, respectively. Bronchial lavage yielded 10°
CFU/ml; an equivalent number of E. coli was also recovered. The
patient was successfully treated with multiple antimicrobial agents
but suffered severe postinfectious complications, including theta
coma.

Treatment

Most gastrointestinal infections caused by P. shigelloides are mild
in nature and do not require antimicrobial intervention or other
medical treatments. One large study of Plesiomonas diarrhea
found 85% of such illnesses to be self-limiting (102). However,
antimicrobial therapy or other medical interventions may be war-
ranted for some cases of moderate to severe diarrhea or to coun-
teract physiologic or metabolic issues arising from such illnesses.
DuPont (119) recommended that for severe cases of dysentery-
like diarrhea caused by P. shigelloides should be treated like shig-
ellosis, namely, with azithromycin or ceftriaxone for children and
ciprofloxacin or azithromycin for adults. Quinolone therapy for
the treatment of more severe cases of plesiomonad enteritis has
also been suggested by other authors (102, 103). Some earlier
studies found that the duration of diarrhea (up to 10 days) could
be appreciably shortened by intervention with tetracycline or tri-
methoprim-sulfamethoxazole (100). In cases where dehydration
is clinically significant or the patient presents with cholera-like
disease, the administration of oral rehydration salts or intrave-
nous fluids may be appropriate alone or in combination with an
antibiotic such as a quinolone (103, 125, 129).

Guidelines regarding the appropriate treatment of extraintesti-
nal infections caused by Plesiomonas, of which septicemia is the
most common, are difficult to determine because of a multiplicity
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of factors. While most illnesses are community acquired and mo-
nomicrobic, they occur so rarely that plesiomonad sepsis is almost
never suspected as part of the initial diagnosis upon clinical pre-
sentation. Furthermore, most patients with Plesiomonas sepsis
suffer from other serious underlying diseases, including sickle cell
disease (110), thalassemia (111, 112), or HIV infection (149). The
interval in time between each of these case reports is significant
(four cases in the last 15 years), making comparisons in treatment
regimens virtually impossible. Once P. shigelloides was identified,
in each instance, antimicrobial regimens were switched to quino-
lones (ciprofloxacin), carbapenems (imipenem), or combinations
thereof. A review of a dozen cases of neonatal plesiomonad sepsis
accompanied by meningitis or menigoencephalitis indicated that
all neonates, with one exception, received combination therapy (a
two- or three-drug regimen) with such combinations, including a
penicillin derivative, an aminoglycoside (most often gentamicin),
cephalosporin (cefotaxime), or carbapenem (114). Again, because
of the length in years separating publication of these single case
reports, it is difficult to draw any firm conclusions on the effec-
tiveness of directed treatment on patient outcomes. In a series of
elderly persons with biliary disease and polymicrobic bacteremia,
including P. shigelloides, four of five patients responded favorably
to one of several drug regimens administered, including cefu-
roxime and cefotaxime (108).

PATHOGENICITY

While P. shigelloides has been associated with acute bacterial gas-
trointestinal illness and rare extraintestinal infections (112, 114,
150, 151), conflicting data on virulence factors and a lack of rele-
vant animal models have stalled elucidation of the mechanisms
involved in its pathogenicity. A variety of virulence factors have
been associated with infections, including B-hemolysin (152), en-
terotoxins (153), cholera-like toxins (154), and a cytotoxin LPS
complex (155). However, seminal work and the evolution of mo-
lecular biology have advanced our understanding of this orga-
nism’s pathogenicity, particularly with respect to the structure of
LPS, somatic antigenicity, cytotoxin activity, iron acquisition, and
genetic diversity.

Lipopolysaccharide

The barrier properties of the outer membrane of Gram-negative
bacteria are attributed to the LPS structure, which is highly immu-
nogenic. Also referred to as an “endotoxin,” cell-bound LPS is
associated with stimulation of severe pathological manifestations
of immuno-activation, such as septic shock. As in other members
of the Enterobacteriaceae family, the LPS in P. shigelloides is com-
prised of three domains which have significant biological activity
and involvement in host-bacterium interactions. It includes an
endotoxic glycolipid (lipid A), an O-polysaccharide (O-PS) or O-
specific antigen, and an intervening core oligosaccharide (core-
OS) region.

To date, LPS structures have been studied for 11 strains of P.
shigelloides (Table 8) (156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170). The majority of LPS regions studied
in the Enterobacteriaceae that link the core to the lipid A moiety
(KdolI) contain at least one residue of 3-deoxy-D-manno-oct-2-
(ketodeoxyoctonic) acid (Kdol) (156, 159). In addition, they may
possess L-GLYCERO-D-MANNO-heptopyranose (L,D-Hep), the
oligosaccharide L-a-D-Hep-(1—3)-L-a-D-Hep-(1—5)-[a-Kdo-
(2—4)]-a-Kdo (D,D-Hep), or do not have a heptose (156, 159,
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TABLE 8 Recent structural analytic studies of lipopolysaccharide in
strains of Plesiomonas shigelloides

Somatic

antigen Strain no.” Reference(s)
01 302-73 157,158, 159
013 CNCTC 80/89 160

017 PCM 2231, 7-63 161, 162
024 CNCTC 92/89 163

033 CNCTC 34/89 156

037 CNCTC 39/89 164

051 CNTC 110/92 162

054 CNTC 113/92 159, 165, 166, 167
074 CNCTC 144/92, AM36565, 168, 169, 170

22074, 12254
% CNCTC, Czech National Collection of Type Cultures (Prague, Czech Republic).

171). Among the Enterobacteriaceae, P. shigelloides is included in
the Klebiella-Serratia-Proteus LPS group. This is based on the pos-
session of the outer core disaccharide galactose A-glucosamine N
and the substitution of 3-glucose-HEPI, which is absent in the
other major enteric LPS group, the Escherichia-Salmonella-Shi-
gella LPS group (159). However, peculiar to P. shigelloides is the
presence of 3-galactose—HEPI as the substituted moiety instead of
B-glucose—HEPI (157, 158, 159, 172).

As is found in other Enterobacteriaceae, the chromosomal genes
of P. shigelloides that are involved in LPS core biosynthesis are
found in the waa gene cluster (formerly rfa) (172, 173). In a study
by Aquilini et al. (159), P. shigelloides 302-73 and CNCTC 113/92
(serotypes O1 and O54, respectively) shared all the genes of the
waa cluster except for one common core biosynthetic gene
(wapG), which was found at a different chromosome location
outside the cluster. Further, these workers were also able to assign
a proteomic function to all the P. shigelloides waa genes that were
identified in these two strains to encode six new glycosyltrans-
ferases (WapA, -B, -C, -D, -F, and -G). Thus, despite there being a
single species of Plesiomonas, strains studied have showed a differ-
ence in LPS genetics as well as a high homologous recombination
level in housekeeping genes.

Enteropathogenicity

The enteropathogenicity of P. shigelloides continues to be nebu-
lous, but it has long been suspected that manifestation of illness in
the host is multifactorial (174). For example, ingested plesiomon-
ads do not always cause gastrointestinal disease, and these bacteria
have been isolated from the stools of healthy individuals (175).
Global reports of isolation as enteric pathogens also differ signif-
icantly. An assessment by Shah et al. (105) of 51 published studies
between 1973 and 2004 of the etiology of diarrhea in 57 groups of
travelers showed the isolation of P. shigelliodes to differ between
regions. These findings contrasted with those of an earlier study by
Ueda et al. (176) of overseas travelers presenting with diarrhea at
Osaka Airport Quarantine Station between January 1992 and Sep-
tember 1994. Here, P. shigelloides was isolated in 1,127 of 1,882
(59.9%) stool samples and was the most common bacterial patho-
gen recovered in this period.

Such is also the diversity of virulence-associated properties in P.
shigelloides. This was demonstrated by Ciznar (175) in a study of
20 isolates from environmental sources, human cases of gastroen-
teritis, and animal sources. Here, the isolates belonged to 13 dif-
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ferent serovars; the majority of strains were both hydrophobic,
indicating their ability to interact with a wide variety of surfaces
including mammalian cells, and had a relatively high level of fla-
gellar motility to facilitate attachment; all produced triacylglycerol
lipase, which is a virulence factor found in Staphylococcus aureus
(177), Staphylococcus cohnii (178), and Pseudomonas (Burkhold-
eria) cepacia (179). However, among these strains, there was sig-
nificant variation in elastase, proteinase, histidine decarboxylase,
and hemolysin activities. Furthermore, these workers were unable
to detect signal molecules such as C, to Cg unsubstituted N-acyl-
homoserine lactones (AHLSs), such as those evident in metabolic
activities of many other bacterial species (180).

Using a different phenotypic methodology, Salerno et al. (151)
demonstrated greater diversity of putative virulence markers (in-
cluding motility, hemolysin, and four exoenzymes) in 60 bio-
chemically diverse strains of P. shigelloides that were isolated from
human (n = 25), animal (n = 18), and environmental (n = 17)
specimens in different countries. All environmental and animal
isolates were motile but, notably, 4 of the 25 human strains (16%)
were nonmotile. Of the exoenzymes, DNase activity was preva-
lent, particularly among the human strains; gelatinase activity was
detected in none of the human strains and in only 22% and 35% of
animal and environmental strains, respectively. All isolates were
negative for lipase and elastase activities (151). Most strains in this
study demonstrated hemolytic activity, although it was predomi-
nantly found among the animal and environmental strains. This
contrasted with the findings of a study by Ciznér et al. (175), in
which hemolysin activity was demonstrable in 7 of 30 (23.3%) of
the isolates tested. Such variation is expected given that detection
of hemolysis is dependent on the method used, and it has been
shown previously to be influenced by the concentrations of iron
and calcium, medium composition, level of oxygen, and the type
of erythrocytes used (151, 152, 175, 181, 182). Hemolysin activity
may be a useful maker for pathogenicity, as was implicated in a
study by Baratéla et al. (182), who found a correlation between the
vacuolation of various cell lines with such cytotoxic activity in
filtrates of P. shigelloides (Fig. 2). This correlation has also been
shown for Aeromonas hydrophila (183), Serratia marcescens (184),
and Vibrio cholerae (185).

The diversity of the prevalence of virulence factors in recent
studies of P. shigelloides (above) and the technical difficulties as-
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FIG 2 Effect of P. shigelloides toxin filtrates on Y1 adrenal cells.
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sociated with their detection continues to confound the associa-
tion with gastrointestinal disease. Thus, the organism’s role as an
enteric pathogen is suspected only when it dominates in a stool
culture of a symptomatic individual (176). Yet, the organism pos-
sesses a large plasmid (>120 mDa) that has been shown to assist in
cell invasion (186). In addition, it is known to produce three forms
of enterotoxin, including forms that have cholera-like (153, 154),
thermo-stable (153, 187), and thermo-labile (182, 188) proper-
ties. Furthermore, it has long been suspected of being adhesive
and invasive (8, 175).

Theodoropoulos et al. (189) was able to demonstrate for the
first time the ability of P. shigelloides to adhere and enter mamma-
lian cells in vitro. Using human colonic adenocarcinoma cells
(Caco-2) as a model, these workers showed the organism’s ability
to invade the cytosol and escape from the cytoplasmic vacuoles.
Following this work, Okawa et al. (155) isolated and characterized
a40-kDa cytotoxic outer membrane protein (ComP) produced by
P. shigelloides P-1 strain. This virulence factor was found to be a
heat-stable complex comprised of three major LPS-binding pro-
teins and an LPS moiety. However, in this study, only the former
component expressed cytotoxic or enterotoxigenic activity in
suckling mouse studies. Using the same in vitro model of The-
odoropoulos et al. (189), Tsugawa et al. (190) demonstrated bac-
terial attachment and the induction of apoptosis. Further, they
hypothesized that these properties may evade an immune re-
sponse conducive to metastatic infection and related to the pa-
thology and clinical manifestations.

Seminal work on a number of other pathogenic organisms has
also established the involvement of GroEL (a chaperone) or heat
shock protein in cell attachment and invasion (191, 192, 193, 194,
195, 196). Tsugawa et al. (197) also showed the importance of P.
shigelloides GroEL by demonstrating induction of its expression
by contact with host cells (Caco-2 cells) and a subsequent in-
creased cellular surface association of the protein. These workers
speculated that the involvement of GroEL in attachment of P.
shigelloides to Caco-2 cells may be due to overexpression of a re-
ceptor involved in attachment, such as they demonstrated by the
upregulation of the gene for intercellular adhesion molecule-1
(ICAM-1) by this chaperone or by binding with Caco-2 cell sur-
face protein and forming a bridge with the organism. The latter
proposal was not explored by that group. However, further mo-
lecular studies by Tsugawa et al. (198) on the cytotoxin previously
characterized by Okawa et al. (155) showed that not only GroEL
but also ComP is an important factor in the interaction of P.
shigelloides and host cells. These workers showed that ComP is the
predominant virulence factor that causes apoptotic cell death in
the infected host cell. However, they observed that both a wild-
type strain and a mutant strain with a comP deletion were not
insignificantly different in their abilities to internalize and multi-
ply within Caco-2 cells. This observation suggests that apoptosis
associated with ComP is not involved in the internalization and
growth within the host cells (198).

Iron Acquisition

Iron is an essential element for most bacteria, including P. shigel-
loides (199, 200). However, in its oxidized form the element is
insoluble, and it is highly toxic for most macromolecules in its
reduced form. Consequently, bacteria have acquisition systems
that involve iron and heme carrier proteins for iron sequestration
and assimilation from other sources (201). Thus, iron acquisition
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systems have been shown to be involved in the pathogenicity of a
range of bacterial pathogens as they acquire iron in host cells
(199).

Siderophore-mediated iron assimilation systems are widely dis-
tributed in bacteria (202) yet have not been found in P. shigelloides
(153, 200). In a study by Daskaleros et al. (200), strains of P.
shigelloides did not use siderophores such as enterobactin, aero-
bactin, or vibriobactin for growth in medium low in iron. Simi-
larly, Henderson et al. (203) found that P. shigelloides could not
utilize siderophores of ferrichrome or schizokinen or be cross-fed
by Vibrio parahaemolyticus strains that produced vibrioferrin or
by an identified siderophore in Vibrio alginolyticus. Daskaleros et
al. (200) further established that the growth of P. shigelloides was
supported by hemin and hemoglobin in iron-deficient media, but
neither transferrin nor lactoferrin served as a source of iron. Thus,
the acquisition of iron from these two compounds is thought to be
associated with the liberation of intracellular iron-containing
compounds by the lytic activity of hemolysins or cytotoxins.
Daskaleros et al. (200) investigated the relationship between ac-
quisition of iron and the production of hemolysins or cytotoxins
by using cloned DNA sequences of P. shigelloides that encoded
hemolysin production and the ability to utilize heme or hemoglo-
bin for expression in E. coli.They established that the genes for
hemolysin production were not linked to those for heme iron
utilization. Furthermore, they showed that production of P. shig-
elloides hemolysin was derepressed under conditions of iron star-
vation, suggesting the presence of a fur-like regulatory system for
ferric uptake that could influence the expression of iron transport
system genes as well as other genes, as previously described for E.
coli (203). Henderson et al. (203) characterized 10 genes in P.
shigelloides that encode the heme iron utilization system, includ-
ing HugA, the putative heme receptor in the outer membrane,
TonB and ExbBD, which facilitate HugA movement of heme into
the periplasm, HugB, the putative periplasmic binding protein
which moves heme across the periplasm, HugC and HugD, the
putative inner membrane permeases that allow movement of
heme into the cytoplasm, HugW and HugX, which may be re-
quired for metabolism of iron and are not involved in transport,
and HugZ, which is essential for binding and utilization of heme
(203, 204, 205). Three of the genes, hugA, hugZ, and fonB, may be
controlled by iron, as they contain a FUR (ferric uptake repressor)
box in their putative promoters (203, 206, 207). Interestingly, a
study by Villarreal et al. (205) showed that coexpression of
human hemoglobin genes and P. shigelloides heme transport
genes enhanced recombinant hemoglobin production in E. coli
BL21(DE3) grown in medium containing heme. These findings
have implications for the use of recombinant hemoglobin as an
alternative to human blood for patients requiring transfusions
(205).

Genetic Diversity

Salerno et al. (21) investigated the diversity of 77 P. shigelloides
strains from different sources and countries via multilocus se-
quencing typing based on five housekeeping genes (fusA, leuS,
pyrG, recG, and rpoB). In the study, they found significant diver-
sity, implicating a high propensity for homologous recombina-
tion. This reduces resemblance between phylogenetic trees based
on single genes and compromises interaction between serotypes
and the genomic background (21). Furthermore, the rate of re-
combination observed in P. shigelloides strains studied by these
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FIG 3 P. shigelloides on Hektoen enteric agar.

workers exceeded that of other species of the Enterobacteriaceae
(Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, and
Yersinia pseudotuberculosis) known to have a low rate homologous
recombination (21, 208). The ubiquitous living environment of P.
shigelloides (209) and the high density of bacteria in the infected
host cell are conducive to DNA exchange with cohabitating donor
and recipient strains, transducing phages, and bacteria (21). Ho-
mologous recombination is thought to mediate genetic change in
bacteria, giving rise to pathogenic properties, such as evasion of
the immune response and dissemination of virulence genes to
other clones (208). Whole-genome sequencing has been com-
pleted on P. shigelloides strain 302-73 (serotype O1) (9). This in-
formation can advance our understanding of the pathogenicity of
P. shigelloides, particularly in elucidation of the role played by
homologous recombination and exploration for novel virulence
factors.

LABORATORY IDENTIFICATION

Isolation and Identification

Isolation. Stools used to test for plesiomonads should be collected
and handled the same as those for any routine enteric pathogens,
with feces preferable over rectal swabs (210). Preservative fluids
(all are acceptable) and/or refrigeration of the specimen is neces-
sary if testing cannot be performed within 2 to 4 h of collection
(211). Plesiomonas should be easy to isolate and identify despite
the fact it is an infrequently seen microorganism in the laboratory.
Although specialized media have been devised for its isolation, it
usually grows well on routine enteric media such as MacConkey
(MACQ), xylose lysine decarboxylase (XLD), or Hektoen (HE)
agars. Salmonella-Shigella agar may be inhibitory for some
strains. Since this organism variably ferments sucrose, lactose, or
salicin, the differential sugars utilized in these media, colonies will
usually be colorless with the exception of HE agar, in which colo-
nies often appear green due to the medium (Fig. 3). If cefsulodin-
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irgasan-novobiocin (CIN) medium is used as part of a laborat-
ory’s protocol, P. shigelloides can also be successfully isolated from
this agar. Colonies will be colorless on CIN; screening media, de-
scribed below, will be needed to separate it from other oxidase-
positive organisms (Pseudomonas, also colorless, and Aeromonas
species, colorless with pink centers) that grow on this agar (211).
Of the several specialized media developed specifically for the iso-
lation of Plesiomonas, inositol-Brilliant green-bile salts (IBB) is
generally described as the most effective for both clinical and en-
vironmental specimens (1, 13, 212). von Graevenitz and Bucher
(212) described sensitivity and specificity rates of 90% and 100%,
respectively, in studies with seeded stools on IBB. Plesiomonads
appear as whitish or slightly pink colonies while coliforms are
generally greenish in color, however, as some coliforms can also
appear pink, colonies must again be further tested with screening
tests (212). Plesiomonads will grow on CHROMagar orientation
medium (Becton Dickinson, Sparks, MD); however, descriptions
of the colony appearance are limited to stock strains (one in each
of two large studies), as it has not been isolated from any speci-
mens tested (213, 214). It was described as transparent pink in one
study (214), and a photo showed it as white with a slightly pink
center (213) in another. It could not be definitely identified from
its appearance and required additional tests for confirmation.
Wong et al. (102) reported the isolation of this organism from
Monsur agar (taurocholate tellurite gelatin agar), a medium de-
signed for vibrio detection. In this medium, P. shigelloides appears
as a small colony with a clear apron and dark center, as do vibrios.

If enrichment is necessary, as might be the case for stools from
patients with chronic diarrhea, alkaline peptone water (APW; pH
8.6) is the one of the most commonly used, although this organ-
ism will grow in Gram-negative broth as well (1). von Graevenitz
and Bucher (212) found the use of enrichment in APW to be more
effective than direct plating when the ratio of coliforms to ple-
siomonads is high, as would be expected in chronic diarrhea.
However, another enrichment broth, bile peptone broth, has been
touted as twice as effective as APW (215) and may be the enrich-
ment of choice in studies where plesiomonads are specifically
sought.

Colonies selected from enteric plating media usually cannot be
tested directly for oxidase because acid produced from carbohy-
drate fermentation causes false-negative reactions (216). Because
plesiomonads ferment few sugars in these types of media, oxidase
testing may be tried but, if negative, should be repeated from a
source containing no carbohydrates. If a blood agar plate is in-
cluded in the testing regimen, nonhemolytic, smooth, opaque col-
onies approximately 1 to 2 mm in size should undergo the oxidase
and spot indole tests (1), for which P. shigelloides is positive for
both tests. Other nonselective agars may also be used for oxidase
testing but not for spot indole unless they contain a tryptophan
source. In triple sugar iron agar (TSI) P. shigelloides resembles
shigellae with an alkaline slant over an acid butt with no gas or H,S
production (K/A™). All oxidase-positive organisms with the
above TSI reaction should be selected for work-up by conven-
tional, kit, or automated systems or molecular identification
methods. Other agents from which P. shigelloides must be differ-
entiated are Aeromonas and non-salt-requiring Vibrio species.

Identification. Because P. shigelloides shows remarkably little
strain-to-strain variation in its biochemical profile (217; this state-
ment is also based on our unpublished data regarding over 50
strains) and the combination of key identifying reactions is fairly
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TABLE 9 Primers and targets used to detect Plesiomonas shigelloides in environmental and clinical specimens by PCR and LAMP assays

Target gene Method” Primer or probe sequence (5'-3")

PCR product

size (bp) Reference(s)

23S rRNA C

Forward (PS23FW3), CTCCGAATACCGTAGAGTGCTATCC

284 42

Reverse (PS23RV3), CTCCCCTAGCCCAATAACACCTAAA

23S rRNA RT

Reverse, GTGTCTCCCGGATAGCAC

Forward, AGCGCCTCGGACGAACACCTA

112 221

LCRed640, GGTAGAGCACTGTTAAGGCTAGGGGGTCATC-P

23S rRNA C

Forward (PS-F), GCAGGTTGAAGGTTGGGTAA

628 222

Reverse (PS-R), TTGAACAGGAACCCTTGGTC

gyrB SY

Forward (237-F), TTCCAGTACGAGATCCTGGCTAA 68

223,224

Reverse (304-R), TGAATCGACACGCCAGAGTTC

hugA C

Forward, GCGAGCGGGAAGGGAAGAACC

435 51

Reverse, GTCGCCCCAAACGCTAACTCATCA

hugA LA F3, AACACGTTGCAGCCCATC

B3, ACTTTACCGCCGAAGACAAG

225

FIP, CGTTACGACGAAGCGTTCCGTGAAGTGAGTACCGGTGGTGT?
BIP, GTCAGCCAATCAGTCGCCGCAATATCGCCGGCTCCGAG”

LF- ACCGAGCATGGAAGAGATGT
LB, GCGACAGGTGATCTTCGCTAC
hugA RT

Reverse, TATGGCGGCGATATTTA

Forward, GGAATATCGGCCTGTACAT

116 225

Probe, FAM-CCCCAGACTTTGCTGCGACCATCGG-BHQ-1

@ Abbreviations: C, conventional PCR; RT, real-time PCR using hybridization probes; SY, real-time PCR using SYBR green stain; LA, loop-mediated isothermal amplification;

FAM, 6-carboxyfluorescein; BHQ-1, Black Hole quencher 1.

b FIP, forward inner primer. The sequence for target recognition is underlined, and the sequence for loop formation is not underlined.
¢ BIP, backward inner primer. The sequence for target recognition is underlined, and the sequence for loop formation is not underlined.

unique, making it is easy to identify with conventional tests. The
TSI reaction coupled with positive oxidase, lysine, and ornithine
decarboxylase and arginine dihyrolase reactions and myo-inositol
fermentation separate this organism from other Enterobacteria-
ceae, Aeromonadaceae, and Vibrionaceae (13). It is also 100% pos-
itive for indole, D-glucose, trehalose, and nitrate, 95% positive for
maltose and 90% positive for ONPG (o-nitrophenyl-f3-p-galacto-
pyranoside) (217). Citrate, urea, Voges-Proskauer, and potassium
cyanide tests, gas production from any carbohydrate fermented,
and utilization tests with most sugars are uniformly negative. Lac-
tose and salicin reaction results are variable. P. shigelloides is sus-
ceptible to O129 (2,4-diamino-6,7-diiopropyl-pteridine), with
the reaction most clearly defined on Mueller-Hinton agar (1). P.
shigelloides does not require salt for growth but can grow in salt
concentrations up to 4% (13). While hemolysis is usually not pres-
ent on plates with 5% sheep blood agar, 3-hemolysin can be de-
tected in greater than 90% of strains in contact-dependent or agar
overlay assays (152) or on Luria agar (182).

(i) Conventional and commercial systems. Very few compre-
hensive studies evaluating manual or automated identification
systems have included P. shigelloides, and even then usually only 1
to 3 strains are used, so it is difficult to assess their ability to accu-
rately identify this organism. Additionally, versions of automated
equipment or systems (with the exception of API strips [bioMéri-
eux, Marcy I'Etoile, France]) that were evaluated in older publi-
cations have been replaced with newer equipment versions or
next-generation platforms for which publications including
plesiomonads were not found by us. Three articles published
since 2000 evaluated 14 strains of P. shigelloides in various systems.
In a 2001 publication, one strain was identified correctly by the
Vitek 2 system (bioMérieux, Marcy I'Etoile, France) and con-
firmed by API (218). In 2002, O’Hara and Miller (219) tested 3
strains, 2 of which were correctly identified by the MicroScan
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Walk/Away 96 instrument with a Rapid Neg ID 3 card (produced
at the time by DadeBehring, Inc., West Sacramento, CA), while
the third isolate was incorrectly identified, giving three different
responses. This was followed by a 2006 article where 10/10 strains
of P. shigelloides were correctly identified by the Phoenix 100 ID/
AST NID card (Becton Dickinson, Sparks, MD) (220).

(ii) PCR amplification and gene sequencing. Molecular tech-
niques, particularly those based on PCR, are increasingly being
utilized in public health and diagnostic laboratories because of
their ability to rapidly detect microorganisms and circumvent
conventional culture methods. Such technologies aid in the public
health imperative to detect P. shigelloides and other enteric patho-
gens rapidly in foodborne outbreaks, in gastroenteritis prevalence
studies, and in studies of other extraintestinal infections in immu-
nocompromised individuals.

A range of PCR assays targeting different genomic fragments
have been developed for the detection of P. shigelloides (Table 9)
(42, 51, 221, 222, 223, 224, 225). One of the earliest assays was
configured by Gonzélez-Rey et al. (42) and targeted a specific vari-
able region of the 23S rRNA gene previously identified by Van
Camp et al. (226). This assay focused on the 5" half of this gene, for
which the variability affords optimal discernment from closely
related genera, including Aeromonas, Vibrio, and Proteus. As it has
been shown to be highly specific, the assay has been used to detect
P. shigelloides in aquatic settings, animals, and human infections
(42). Other PCR assays targeting the 23S rRNA gene have been
described (222) and adapted to real-time PCR (221). However,
Herrera et al. (51) found the use of the primers designed by
Gonzélez-Rey et al. (42) to target 23S rRNA yielded a similar-sized
PCR product (284 bp) when they tested a verotoxigenic E. coli
stx,” strain. When tested for the hugA gene, which encodes an
outer membrane receptor required for heme iron utilization in P.
shigelloides, a larger discerning product (435 bp) was amplified
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(51). Primers targeting the hugA gene were shown to have high
specificity for P. shigelloides when tested with a range of Gram-
negative strains of different genera and were used by these workers
to detect the organism in saltwater fish. Meng et al. (225) devel-
oped a detection assay for P. shigelloides targeting hugA (Table 9)
that is based on a loop-mediated isothermal amplification
(LAMP) reaction mediated by Bst DNA polymerase (227). When
used to test spiked human stool samples, the assay proved to be
more accurate, sensitive, and faster (in assay time) than quantita-
tive PCR. Furthermore, the LAMP assay may facilitate rapid and
reliable detection of P. shigelloides in basic clinical and field labo-
ratories (225).

(iii) 16S rRNA and gyrB gene sequencing. 16S rRNA gene se-
quencing is a common tool used for reference identification of
unusual or infrequent pathogenic microorganisms, as well as for
defining phylogenetic lineages (228). In the clinical microbiology
laboratory, it has rarely been used due to the ease of identification
of this microbial species via conventional tests or commercial pan-
els or strips. Sequencing of this gene has also been used to confirm
the isolation of P. shigelloides in disease outbreaks in fish (63, 229).

However, sequences of the gyrB gene, which encodes the
ATPase domain of the DNA gyrase essential for DNA replication,
has been sequenced in a wide range of microorganisms and has
been shown to be more useful than 16S rRNA for determining
evolutionary relationships. Furthermore, phylogenetic analysis of
gyrB gene sequences in P. shigelloides showed phylogenetic char-
acteristics distinguishable from the closely related species of the
Enterobacteriaceae (230) and the Aeromonadaceae (33, 230) fami-
lies. This is an advance on 16S rRNA sequencing, where P. shigel-
loides previously showed a closer affinity with species of the Enter-
obacteriaceae than with the Aeromonadaceae (19). The gyrB gene
has also been used as a target in a PCR assay to detect P. shigelloides
in investigations of foodborne outbreaks (223, 224).

(iv) Culture-independent diagnostic testing (CIDT). One of
the more recent applications of PCR-based technology has been
the development of FDA-approved commercial panels for the de-
tection and diagnosis of syndromic diseases such as gastroenteri-
tis, respiratory tract infections, and bacteremia. Several such pan-
els exist for gastrointestinal illnesses that have received FDA
approval for the detection of enteric pathogens in stools (231,
232). One such assay is the FilmArray gastrointestinal panel (Bio-
fire Diagnostics, Salt Lake City, UT), which is a nested PCR mul-
tiplex real-time PCR with melting point analysis targeting 23
pathogens (14 bacterial, 5 viral, and 4 parasitic), including P. shig-
elloides. Preliminary studies suggest that both the sensitivity and
specificity of the FilmArray assay for the detection of P. shigelloides
approach 100%, although the prevalence rate for this pathogen in
two of these studies was exceedingly low (233,234, 235). However,
in a multicenter study, 1,556 specimens from four geographically
distinct clinical sites across the United States were examined, and
P. shigelloides was detected in 18 of 1,180 (1.5%) samples, as op-
posed to only 3 isolates recovered by routine culture (234). Dis-
cordant results were arbitrated by hugA PCR, which confirmed the
test results of FilmArray. Furthermore, 16 of the 18 (88.9%) de-
tections were associated with coinfection (234). FilmArray ap-
pears to be a more sensitive means of detecting uncommon or
infrequent enteric pathogens, compared to traditional culture
methods.

(v) MALDI-TOF MS. Matrix-assisted laser desorption ioniza-
tion—time of flight mass spectrometry (MALDI-TOF MS) is a rel-
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atively new technology for the clinical laboratory and has been
traditionally used in proteomic studies, including the elucidation
of the structure of the LPS of P. shigelloides (157, 159, 163, 165,
168). Its main interest to clinical microbiologists, however, is as an
easy, rapid, and high-throughput system to provide accurate mi-
crobial identifications in a matter of minutes (236). Kolinska et al.
(237) used this technology to identify unique biomarker ions
ranging from 3 to 12 kDa in mass and species-specific spectral
database constructed from 74 isolates to create an accurate iden-
tification system for P. shigelloides. Commercial MALDI-TOF MS
systems with their own databases have been marketed for this
purpose and include the Vitek MS system (bioMérieux) and Mi-
croflex LT Biotyper (Bruker Daltonics, GmbH, Bremen, Ger-
many). Neville et al. (238) tested two isolates of P. shigelloides in
triplicate on the MicroFlex MALDI Biotyper 2.0, all of which were
correctly identified. Five of the six runs which yielded correction
identifications had scores of >2.0. Other studies have generated
similar results, although the number of strains/isolates tested to
date on these commercial MS systems is very low (239, 240, 241).
In 2014, Deng and others (242) tested 3 isolates of P. shigelloides
on the Vitek MS system, which gave correct identifications for
each strain. Although the numbers are small, these results suggest
that both systems are highly accurate in the identification of this
single-species genus.

Serology

An antigenic schema has been used to epidemiologically type
strains of P. shigelloides for over 20 years; it currently is comprised
of 102 somatic (O) and 51 flagellar (H) antigens (243). In addition
to agglutinating in their homologous sera, many strains of P. shig-
elloides cross-react in various shigella antisera and, conversely, a
number of Shigella spp. have been found to react in antisera made
from strains of P. shigelloides (244). In the latter situation, strains
of S. dysenteriae 1 and S. flexneri serotypes 1b, 2a, 3a, and 6 agglu-
tinated in serum made from a single strain of P. shigelloides, and
those authors identified the common group 1 antigen found on
these serotypes to be responsible (244). Of the 102 O types of P.
shigelloides, O17 is most notable because it is identical to the O-
antigen of Shigella sonnei and will agglutinate in S. sonnei antisera
(29, 245). Lefebvre et al. (246) noted in a large study on commer-
cially available sonnei antisera that one strain of P. shigelloides
cross-reacted in 5 of 7 products tested. An interesting hypothesis
has been advanced to account for the low incidence of S. sonnei
infections in developing countries, and it is based on the possible
natural immunization of the population due to reoccurring expo-
sure to Plesiomonas O17, which is prevalent in aqueous environ-
ments (29). Shepherd et al. (245) sequenced the entire O-antigen
gene cluster in a strain of P. shigelloides O17 and compared it to the
plasmid-borne O-gene cluster in S. sonnei and found they differed
in only two genes, wzz and wbgZ. Further, in sequencing the chro-
mosome S. sonnei O-antigen gene cluster, it was determined that
only a remnant remains, indicating that it was lost by deletion
following acquisition of the Plesiomonas O-genes via an invasion
plasmid. Based on the high level of similarity and the fact that the
O-antigen of S. sonnei resides on a plasmid, it is suggested that
there has been a recent (within the last 10,000 years) transfer of the
O-gene cluster from P. shigelloides to E. coli (of which S. sonnei is
actually a species), allowing this organism to adapt to a new niche,
that of a diarrheal pathogen.
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TABLE 10 P. shigelloides susceptibility to a variety of antimicrobial
agents

Antimicrobial agent % resistance Reference(s)
Ampicillin 72-92 84,102, 248
Piperacillin 8 248
Amoxicillin-clavulanic acid 0-3 84,248
Cefoperazone-sulbactam 0 84
Ampicillin-sulbactam 0 84, 248
Piperacillin-tazobactam 0 84,248
Cefazolin 0-16 84,248
Cefuroxime 0-3 84, 248
Ceftazidime 0-31 84, 248, 249
Cefotaxime 0-1 84,248
Cefepime 2-8 84, 248
Cefoxitin 0-6 84, 249
Ceftriaxone 0 102, 248, 249
Cefoperazone 0-22 248, 249
Aztreonam 4-7 84, 248, 249
Imipenem 0 84,248
Meropenem 0 84, 248
Amikacin 1-46 84, 248, 249
Gentamicin 0-37 84,248
Ciprofloxacin 0-9 84, 248
Levofloxacin 0-3 84,102
Ofloxacin 0 102, 248
Trimethoprim-sulfamethoxazole 2-47 84, 102, 248, 249
Tetracycline 0-67 84, 102, 248, 249
Chloramphenicol 0-5 102, 248
Nitrofurantoin 0 248, 249
Erythromycin 19-58 248, 249

Antimicrobial Susceptibility Testing

The methodology and breakpoints described for the Enterobacte-
riaceae in Clinical and Laboratory Standards Institute document
M100-S24 should be used for P. shigelloides susceptibility testing
(247).

There have been a number of large studies (84, 102, 248, 249)
testing a combined 392 human, environmental, and animal iso-
lates. Where the serotype was included there was no association
between serotype and susceptibility pattern (249), nor was there a
difference seen with the source of the isolate and susceptibility
(248). It was difficult to compare results from these studies, as a
variety of methods were used and the antimicrobial agents tested
differed from study to study. However, Table 10 gives the percent
resistance reported for a number of antimicrobial agents. Bravo et
al. (249) reported that 22 of 54 strains (22%) were multiresistant,
with the most common patterns being ampicillin/tetracycline/ka-
namycin (n = 4; 7%).

Plesiomonads are reported to produce B-lactamases (248, 250,
251). Avison et al. (250) found 10 of 20 human and environmental
strains of P. shigelloides, all of which were resistant to ampicillin
and carbenicillin, expressed chromosomally encoded noninduc-
ible B-lactamases. The B-lactamases produced were diverse, hav-
ing 5 different isoelectric focusing points and belonging to 2a, 2c,
and 2d class enzymes. No correlation with the MIC and the pro-
duction of B-lactamase was found, and the authors surmised
strains without a B-lactamase that are resistant to penicillins pro-
duce resistance by another mechanism. Since both environmental
and human strains contained 3-lactamases and some strains with
B-lactamases were isolated prior to the introduction of ampicillin
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and carbenicillin, it appears that resistance has not arisen solely
from the selective pressure of treatment (228). Stock and Wiede-
mann (248) maintain that P. shigelloides produces two patterns of
susceptibility, depending on the inoculum used. Pattern 1 con-
tains strains susceptible to aztreonam and cephalosporins when a
1 X 10* CFU/ml inoculum is used, whereas at 1 X 107 CFU/ml
there is decreased susceptibility to these drugs. They feel this phe-
nomenon is due to quorum sensing, where high cell density me-
diates a change in gene expression. Data from Wiegand and Burak
(251), however, showed that a strain without a detectable 3-lacta-
mase experienced the same inoculum effect as strains with a 3-lac-
tamase and that the MIC seen with higher inocula were not influ-
enced by the presence of a B-lactamase inhibitor. These facts led
the investigators to believe resistance was not due to inoculum-
dependent regulation of 3-lactamases but rather to the formation
of filamentous forms ranging in size from 100 pm to 2 mm. Thus,
it is the presence of nonviable filamentous forms in the bottom of
the wells in MIC tests that account for appearance of resistance. It
is not known if these filamentous forms occur in vivo during an-
timicrobial therapy. Also, while Wiegand and Burak’s (251) data
indicate that plesiomonads are actually susceptible to cephalospo-
rins, use of these antibiotics may lead to an antibiotic-induced
release of endotoxins, which may be detrimental to the patient.

CONCLUSIONS

Our knowledge of the biology, taxonomy, and pathogenicity of
P. shigelloides has increased significantly over the past 2 decades,
although many questions remain unanswered. Some of these
questions still concern the species correct taxonomic and phy-
logenetic position, as well as the need for better, well-docu-
mented case reports and series of infections. Other areas in
need of better data include risk factors associated with both
intestinal and systemic infections and molecular investigations
into the genetic makeup of several strains with different bio-
logic characteristics. In another decade, many of these ques-
tions should be answered.

While P. shigelloides was once regarded as only a potential en-
teropathogen, convincing data from most case-controlled inves-
tigations and disease-associated outbreaks now support this con-
clusion (Tables 3 and 4). Still unresolved are issues concerning
potential enteropathogenic mechanisms and why the prevalence
of P. shigelloides enteritis varies dramatically in relationship to
geographic location. It may well be that sanitary conditions, di-
etary choices, or environmental factors and stimuli play key roles
in determining the global incidence of this disease. However,
many more case-controlled surveys of bacterial diarrhea need to
be undertaken, as well as environmental studies looking at other
potential natural reservoirs for P. shigelloides, to definitively re-
solve these issues.

While this bacterium is easy to identify biochemically in the
laboratory, it is often overlooked for a number of reasons, includ-
ing a perceived low frequency and cultural characteristics, includ-
ing screening reactions. Some studies have suggested that P. shig-
elloides is often found in association with other enteric pathogens
(82, 234), and this needs to be more fully investigated. The devel-
opment of CIDT systems, such as the FilmArray gastrointestinal
panel that includes this enteropathogen, may help to resolve some
of these issues in the near future.
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