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Occurrence of Yersinia enterocolitica and Aeromonas 

hydrophila in Clinical, Food and Environmental Samples in 
Gaza Strip 

 
Abstract 

 
 
The interest on the occurrence of Yersinia enterocolitica and Aeromonas 

hydrophila, their pathogenicity and antimicrobial resistance is increasing 

worldwide because both were linked to acute and chronic gastroenteritis, 

septicemia and wound infections. Though reports on the occurrence of both 

pathogens among human that are available from certain areas, no published 

data are available from Gaza strip. Moreover, there are no routine methods 

for the detection of Yersinia and Aeromonas in clinical or environmental 

samples. Hence this study investigated the occurrence of both Y. 

enterocolitica and A.  hydrophila in clinical and environmental samples. Of 

the 473 clinical and environmental samples, 28 (5.9%) were positive for Y. 

enterocolitica and 179 (38.1%) for A. hydrophila. With high incidence of Y. 

enterocolitica and A. hydrophila in sewage (19.1%) and water (46.9%) 

respectively. The overall incidence of Y. enterocolitica and A. hydrophila in 

clinical samples was 4.7% and 34.3% respectively, with high frequency of 

both pathogens in AL-Dorrah and AL-Nasser hospitals. Virulence of isolates 

was assessed and their antimicrobial resistance to 20 antimicrobial agents 

was evaluated. Both clinical and environmental isolates possessed virulence 

factors with higher frequency in clinical samples. Antibiotic susceptibility 

testing revealed that most of Y. enterocolitica isolates were sensitive to most 

antibiotics; on the other hand, most of A. hydrophila isolates showed multiple 

antibiotic resistances. The most effective antimicrobials on A. hydrophila 

were azetreonam, ciprofloxacin and ofloxacin.  

 
 
 
 

KeyWords: Yersinia enterocolitica, Aeromonas hydrophila, clinical samples, 
Environmental samples, Gaza Strip, Antimicrobial resistance 
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 تواجد  اليرسينيا انتيروآولتيكا و الايروموناس هيدروفيلا في عينات سريرية و غذائية و

  بيئية في قطاع غزة
 
 

 ملخص عربي
 
 

هتمѧѧام بوجѧѧود آѧѧل مѧѧن اليرسѧѧينيا انتيروآولتيكѧѧا و الايرومونѧѧاس هيѧѧدروفيلا و الامѧѧراض التѧѧي تѧѧسببها و           لإا
توى العالمي نظراً لارتباط آلا الكائنين بمجموعة من         على المس   مستمر مقاومتها للمضادات الحيوية في تزايد    

و بالرغم من وجود تقارير . خمج الدم و التهابات الجروح, الأمراض مثل الاتهابات المعوية الحادة و المزمنة 
 .عن وجود هذين الكائنين في البشر في اماآن معينة مѧن العѧالم لايوجѧد أي بيانѧات منѧشورة عѧن قطѧاع غѧزة        

 اس فѧي العينѧات الѧسريرية والبيئيѧة و        وجد طرق محددة للكشف عن اليرسѧينيا و الايرومونѧ         ت  فضلا عن ذلك لا   
  مѧن اليرسѧينيا انتيروآولتيكѧا و الايرومونѧاس هيѧدروفيلا فѧي                هذه الدراسѧة تواجѧد آѧلٍ        فقد بحثت    لهذا السبب 
و آانѧت نѧسبة     . د حيѧوي  البكتيريا  المعزولة اجري لها اختبار الفوعة و مقاومتها لعѧشرين مѧضا            . هذه العينات 

 179يرسѧѧينيا انتيروآولتيكѧѧا و  %) 5.9 (28: البكتيريѧѧا المعزولѧѧة مѧѧن العينѧѧات الѧѧسريرية و البيئيѧѧة آالتѧѧالي   
الايرومونѧѧѧاس   وانتيروآولتيكѧѧѧا  لليرسѧѧѧينيا تواجѧѧѧدايرومونѧѧѧاس هيѧѧѧدروفيلا و آانѧѧѧت أعلѧѧѧى نѧѧѧسبة %) 38.1(

 و آان المجموع الكلѧي      .على التوالي ) %46.9 (عينات الماء و%) 19.1( في عينات المجاري       الهيدروفيلا
 %)34.3( و %)3.7( هѧو  اليرسينيا انتيروآولتيكا و الايروموناس هيѧدروفيلا مѧن العينѧات الѧسريرية           لكلٍ من   

حتѧوت آѧل مѧن     ا. فѧي مستѧشفى الѧدرة ومستѧشفى النѧصر          الكѧائنين     مѧن  لكѧلٍ  نѧسبة     أعلѧى  آانѧت و  , على التѧوالي  
 قѧد  و, فѧي العѧزلات الѧسريرية    لهذه العوامѧل    عوامل الفوعة مع زيادة واضحة     العزلات البيئية و السريرية على    

 المفحوصѧة    الحيويѧة  أظهرت نتائج حساسية المضادات بأن اليرسينيا انتيروآولتيكا حساسة لمعظم المѧضادات          
و آѧѧان الازتريونѧѧام و  . بينمѧѧا أظهѧѧرت عѧѧزلات الايرومونѧѧاس هيѧѧدروفيلا نѧѧسبة عاليѧѧة مѧѧن المقاومѧѧة المتعѧѧددة     

 . الاآثر فعالية ضد الايروموناس هيدروفيلا الحيويةن و افلوآساسين من بين المضاداتيروفلوآساسسب
 
 
 
 
 
  

 

  قطاع غزة  ,عوامل الفوعة, ايروموناس هيدروفيلا, يرسينيا انتيروآولتيكا: الكلمات المفتاحية •
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CHAPTER 1 
 

INTRODUCTION 
 
1.1 Overview 
 
 
Yersinia enterocolitica and Aeromonas hydrophila are Gram-negative, 

facultative anaerobic bacteria that can be isolated from many sources, such 

as food, drinking water, sewage, environmental water and human clinical 

samples with a world-wide distribution. These bacteria can develop in 

refrigeration temperatures and are responsible for food and water-borne 

diseases, that can cause a range of human diseases that vary in severity 

from a self-limiting gastroenteritis to potentially fatal septicemia [1,2]. 
 

The genus Yersinia comprises an important group of bacterial pathogens, 

with Yersinia enterocolitica, Y. pseudotuberculosis, and Y. pestis 

representing the species of interest. Y. pestis is the etiologic agent of plague, 

whereas Y. enterocolitica and Y. pseudotuberculosis are enteropathogens 

which cause a variety of intestinal and extraintestinal clinical symptoms of 

varying severity ranging from mild gastroenterititis to mesenteric 

lymphadenitis, which mimics appendicitis and septicemia [3]. Y. 

enterocolitica is the most common agent of this genus that are pathogenic for 

both humans and animals and have a nearly worldwide distribution. Human 

clinical infections with this species ensue after ingestion of the 

microorganisms in contaminated food or water or by direct inoculation 

through blood transfusion [4]. 
 

Both pathogenic and nonpathogenic strains are frequently isolated from 

various animals (birds, mammals, and reptiles), foods (milk, meat, eggs, 

vegetables) contaminated with feces of infected animals or secondarily 

during the technologic process, as well as from the environment (water and 

soil). Rodents (mice and rats), hares, rabbits, and birds serve as reservoirs 

for Y. pseudotuberculosis [5], with swine serving as a major reservoir for 
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human pathogenic strains of Y. enterocolitica, and the highest isolation rates 

have been reported during the cold season in temperate climates [6]. 
 
Clinical illness is characterized by diarrhea and/or vomiting, fever and acute 

abdominal pain caused by mesenteric lymphadenitis, and it is often clinically 

indistinguishable from acute appendicitis. Sometimes post-infections, more 

specifically extra-intestinal sequelae, such as reactive arthritis, erythema 

nodosum, erythema multiforme, scarlatiniform exanthemata and septicemic 

types deserve particular clinical attention [7]. 
 

The major mechanism of virulence of Yersinia species, is invasiveness [8], 
which is mediated by genes inv, ail, and yadA, the first two of these are 

chromosomal and the last, plasmidial. These genes are responsible for the 

production of the proteins Inv (invasin), Ail (attachment invasion locus) and 

YadA (Yersinia adhesion) [9]. The virulence plasmid pYV (40-48 KDa) 

expresses different phenotypic characteristics such as autoagglutination at 

37oC, calcium dependence at 37oC, and Congo red uptake. A set of three 

tests has been proposed to separate pathogenic from non-pathogenic 

Yersinia strains; pyrazinamidase activity, esculin hydrolysis and salicin 

fermentation [10]. Studies on the behavior of two species of Yersinia have 

demonstrated that the microorganisms are susceptible to large number of 

antibiotics and chemotherapeutic agent [11].  
 

The Aeromonas genus has been placed in its own family, the 

Aeromonadaceae. The aeromonads share many biochemical characteristics 

with members of the Enterobacteriaceae, from which they are primarily 

differentiated by being oxidase-positive. The genus includes at least 13 

species, among which are the motile, mesophilic A. hydrophila, A. caviae, A. 

sobria, A. veronii, and A. schubertii, and the non-motile, psychrophilic A. 

salmonicida [12]. Seasonal variations in isolation of Aeromonas from stools 

have also been reported, with highest recovery during the warmer months. 

The mesophilic species have been associated with a wide range of infections 
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in humans, that have been isolated from freshwater, salt water, ground 

waters, drinking water (chlorinated and unchlorinated drinking water) [13], 
and have been frequently isolated from various food products such as fish 

and shellfish, raw meat, vegetables and raw milk, and from patients with 

diarrhea [14]. 
 

Among Aeromonas species, Aeromonas hydrophila is most commonly 

associated with human infections, leading to intestinal and non-intestinal 

diseases. Furthermore, increased resistance of this organism to antibiotics 

and chlorination in water presents a significant threat to public health. As a 

result, the Environmental Protection Agency (EPA) began the monitoring of 

United States water supplies for this organism in 2002 [15]. These pathogens 

have been associated with several categories of human infections, such as 

gastroenteritis (“summer diarrhea”), peritonitis, endocarditis, septicemia, 

septic arthritis, acute renal failure, and pneumonia [16]. Epidemiological 

studies implicated Aeromonas species in causing water and food-borne 

outbreaks and traveler's diarrhea [17].  
 

A. hydrophila produce an array of virulence factors, and the pathogenesis of 

Aeromonas infections is therefore complex and multifactorial. These factors 

include O antigens, capsules, the S layer, flagella, exotoxins such as 

hemolysins, and enterotoxin, and a repertoire of exoenzymes which digests 

cellular components. These virulence determinants are involved sequentially 

in enabling the bacteria to colonize, gain, entry, establish, replicate, and 

cause damage in host tissues and to evade the host defense system and 

spread, eventually killing the host [18]. Phenotypic characteristics of 

Aeromonas spp. have been used to differentiate between environmental 

strains and those strains causing gastroenteritis; including the lysine 

decarboxylase, Voges-Proskauer and autoagglutination positivity tests, 

congo red and crystal violet uptake and the production of a cell-free 

hemolysin and cytotoxin [19]. 
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Y. enterocolitica and A. hydrophila are important human pathogens that are 

increasingly recognized by researchers as a cause of various clinical 

syndromes [20,21]. The presence of Y. enterocolitica and A. hydrophila in 

food products is of a special concern since those organisms are capable of 

growth at refrigerator temperatures. The presence of these pathogens in 

clinical, food and environments represents possible hazard [5,14].  In several 

countries, Y. enterocolitica has eclipsed Shigella species and approaches 

Salmonella species and Campylobacter species as the cause of acute 

bacterial gastroenteritis [5]. 
 

There is no published or unpublished data concerning these pathogens in 

Gaza strip and there are no routine methods for the detection of these 

pathogens in any of the concerned authorities (Ministry of health, 

Environmental Quality Authority). 

 
 
1.2 Objectives 
 
The objectives of this wok are to investigate the presence of Y. enterocolitica 

and A. hydrophila in clinical, food and environmental samples; to examine the 

distribution of these isolates in the different areas in Gaza strip; and to 

evaluate the methods for the recovery of Y. enterocolitica and A. hydrophila 

from clinical, food and environmental samples. The specific aims are as 

follows: 

  

1- To determine the occurrence of Y. enterocolitica and A. hydrophila in 

clinical, food and environmental samples. 

2- To evaluate the methods used to detect Yersinia and Aeromonas 

pathogens in clinical, food and environmental samples. 

3- To compare the occurrence of both bacteria in different sample types and 

sources. 

4- To examine the virulence factors of the isolates. 

5- To examine antimicrobial resistance of the isolates 
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1.3 Significance 
 
Y. enterocolitica and A. hydrophila are considered as emerging water and 

food-borne pathogens because it was shown that Yersinia and some 

Aeromonas food isolates can produce different virulence factors, not only at 

optimal growth temperature, but also at refrigeration temperatures, increasing 

concern about water and food-borne transmission.  

 

These microorganisms are recognized as an important agent of diarrheal 

diseases associated with a wide spectrum of clinical and immunological 

manifestations. As a result of an episode of food poisoning in the United 

States caused by ingestion of Yersinia contaminated chocolate milk and the 

presence of A. hydrophila in fish and seafoods lead the U.S. Food and Drug 

Administration (FDA) to designate them as a “new” foodborne. At the 

beginning of the program it was known that the Yersinia and Aeromonas 

species associated with food poisoning were among the few enteric 

pathogens capable of growth at refrigeration temperature (4°C). Also 

resistance of Aeromonas spp. to water chlorination and to multiple antibiotics 

has resulted in listing the organism on the “Contaminant Candidate List” by 

the EPA. 

 

This research attempted to detect these pathogens in clinical, food and 

environmental samples in different areas of Gaza strip and determine 

sources of Y. enterocolitica and A. hydrophila. Data generated from this work 

would be the first to highlight these important pathogens in Gaza strip and it 

is expected that the results would provide essential background for policy 

makers and health providers. 
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CHAPTER 2 
 

LITERATURE REVIEW  
 

This chapter is divided into two major parts; the first part is concerned with Y. 

enterocolitica and the second part is dedicated to A. hydrophila. Each part is 

discussing and reviewing details of the organism (Historical background and 

taxonomy, ecology and host range, pathogenesis, factors affecting growth, 

isolation, identification, conformation of pathogenicity, prevalence, infection 

and epidemiology of the organism). 

 
2.1 Yersinia enterocolitica   
 

2.1.1 Historical background and taxonomy 
 

In 1944, Van Loghem proposed that a new genus, designated Yersinia, be 

separated from the genus Pasteurella. This proposition became effective in 

1974. The first species identified in this genus by Malassez and Vingal in 

1883 was Yersinia pseudotuberculosis. The second species, Yersinia 

enterocolitica, was identified in 1939 by Schleifstein and Coleman. This 

species was found to be heterogeneous and to contain several related 

species (‘’Y. enterocolitica-like’’) that were subsequently designated Y. 

intermedia, Y. frederiksenii, Y. kristensenii, Y. aldovae, and Y. rhodei. More 

recently, Y. mollareii and Y. bercovieri were also separated from Y. 

enterocolitica. Finally, the species Y. ruckeri was included in the genus 

Yersinia but its classification in this genus is controversial [22]. Wild-type Y. 

pestis and Y. pseudotuberculosis exhibit nearly identical chromosomal DNA 

relatedness [23]. 
 

The genus Yersinia presently consists of 11 species, three of which can 

cause disease in humans and animals; Y. enterocolitica, Y. 

pseudotuberculosis and Y. pestis [24]. They are invasive pathogenic 
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bacteria, which have a common capacity to resist non-specific immune 

response and are lymphotrophic. These three pathogenic species differ 

considerably in invasiveness; while Y. enterocolitica and Y. 

pseudotuberculosis can cross the gastro-intestinal mucosa to infect 

underlying tissue, Y. pestis is injected into the body by an insect bite, and 

thus, does not have to penetrate any body surface on its own [25]. 
 

Y. enterocolitica are included in the genus Yersinia, which are classified into 

the family Enterobacteriaceae, a group of gram-negative, oxidase-negative 

and facultatively anaerobic bacteria. All bacteria belonging to the genus 

Yersinia are catalase-positive, non-spore-forming rods or coccobacilli of 0.5-

0.8 x 1-3 µm in size. Strains belonging to Y. enterocolitica are urease-

positive and can be differentiated from Y. pseudotuberculosis with a positive 

result for fermentation of sucrose, and negative reactions for rhamnose and 

melibiose fermentation. Y. enterocolitica Y. pseudotuberculosis are more 

active biochemically at 25°C than at 37°C, giving, for example, a positive 

Voges-Proskauer test only at the lower temperature. Most of the strains are 

motile at 25°C but non-motile at 37°C [25].  
 

Y. enterocolitica and bacteria that resemble it are ubiquitous, being isolated 

frequently from soil, water, animals, and a variety of foods [5]. They comprise 

a biochemically heterogeneous group that can grow at refrigeration 

temperatures [26]. Based on their biochemical heterogeneity and DNA 

relatedness, members of this group were separated into four species: Y. 

enterocolitica, Y. intermedia, Y. frederiksenii, and Y. kristensenii. Y. 

enterocolitica strains and related species can be separated serologically into 

groups based on their heat-stable somatic antigens [27].  
 

Y. enterocolitica is divided into 18 serogroups. Presently, pathogenic strains 

belonging to serogroups O:1, 2a, 3; O:2a, 3; O:3; O:8; O:9; O:4,32; O:5,27; 

O:12,25; O:13a,13b; O:19; O:20; and O:21 have been identified. Therefore, 

pathogenic strains can belong to diverse serogroups. Serogroups that 
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predominate in human illness are O:3, O:8, O:9, and O:5,27 [27]. These 

bioserotypes have been shown to have different geographical distributions. 

Strains that are largely responsible for human yersiniosis in Europe, Japan, 

Canada and USA belong to bioserotype 4/O:3. Bioserotype 4/O:3 has been 

recovered in Japan and China, bioserotype 2/O:9 mostly in Europe, and 

bioserotype 2/O:5,27 is more widely distributed. Strains of bioserotype 

1B/O:8 are mostly limited to the USA, but have sporadically appeared in 

France, Italy and Japan as well [28]. Biotype 1A is considered to be non-

pathogenic; however, isolates of this biotype have constituted a sizeable 

fraction of isolates from patients with gastroenteritis [29]. 
 

2.1.2 Ecology and host range  
 

Y. enterocolitica is robust organisms capable of long-term survival in natural 

environments due, in part, to their minimal nutritional requirements and ability 

to remain metabolically active at extremes of temperature. This capacity to 

remain viable in nature for extended periods of time as a fecal contaminant 

is, of course, especially advantageous to these organisms, which are 

transmitted to hosts via the oral route [30]. Y. enterocolitica is widely 

distributed in nature in aquatic and animal reservoirs, with swine serving as a 

major reservoir for human pathogenic strains [6,31].   
 

2.1.3 Pathogenicity 
 
Human clinical infections with Y. enterocolitica ensue after ingestion of the 

microorganisms in contaminated food [32], or water [33] or by direct 

inoculation through blood transfusion [34]. In the gastrointestinal tract, Y. 

enterocolitica and Y. pseudotuberculosis can cause acute enteritis 

(especially in children), enterocolitis, mesenteric lymphadenitis, and terminal 

ileitis [30,35].  
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2.1.3.1 Plasmid-encoded virulence factors 
 
All fully virulent Y. enterocolitica strains carry an approximately 70-kb 

plasmid, termed pYV (plasmid for Yersinia virulence), which is required for 

full expression of virulence. Virulence plasmids of pathogenic Yersinia are 

closely related to each other, sharing functional similarities and a high degree 

of DNA homology. The presence of pYV enables Yersinia species to survive 

and multiply in lymphoid tissues of their host [36]. This pYV codes for an 

outer membrane protein YadA (Yersinia adhesin A), a set of secreted 

proteins called Yops (Yersinia outer membrane protein), and their secretion 

apparatus called Ysc (Yop secretion) [37].  
 

The YadA protein is multifunctional and promotes binding to epithelial cells. 

The gene yadA codes for the major outer membrane protein YadA, which 

forms a fibrillar matrix on the surface of Y. enterocolitica and is only 

expressed at 37°C. YadA plays a protective role in Y. enterocolitica, with 

several different functions such as, serum resistance, surface hydrophobicity 

autoagglutination, adhesion to epithelial cells, expression of fibrils on the 

surface, haemagglutination, binding to intestinal brush border membranes 

and resistance to killing by polymorphonuclear leukocytes [38]. One major 

role of YadA is to protect Y. enterocolitica against killing by 

polymorphonuclear leukocytes. Although the mechanism is unknown, YadA 

has been suggested to act by binding to eukaryotic cells, and in doing so, 

allow delivery of the Yops, thus preventing phagocytosis [39].  
 

The yop genes located on the pYV code for at least 14 Yops, which were 

originally described as Yersinia outer membrane proteins because they were 

detected in the outer membrane fraction of bacterial extracts. With the type III 

secretion system (Ysc), extracellularly located Yersinia that are in close 

contact with the eukaryotic cell deliver toxic bacterial proteins (Yops) into the 

cytosol of the target cell [40].  Some of the Yops form pores in the eukaryotic 

target cell membrane, while the other Yops are effector proteins that are 
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delivered through these pores into the cytosol of the target cell. At least six 

different Yop effectors are injected by the Ysc secretion translocation 

apparatus [41].  
 

Genes specifying the type III machinery (ysc) are also located on the pYV. 

The yop and ysc genes are temperature- and calcium-regulated, being 

expressed maximally at 37°C in response to the presence of a low calcium 

concentration [42]. All Yersinia strains carrying the virulence plasmid exhibit 

a phenotype known as low-calcium response because it manifests only when 

pYV-bearing strains are grown at 37°C in media containing a low 

concentration of Ca2+ [43].  

 
2.1.3.2 Chromosome-encoded virulence factors 
 
Chromosome-encoded factors are also needed for pathogenicity. Virulence 

functions have demonstrated to be transferable with the virulence plasmid 

only to the plasmid-cured strains derived from virulent parenteral strains [44]. 
Adherence to and invasion of epithelial layers require at least two 

chromosomal genes, inv (invasion) and ail (attachment invasion locus) [45].  
 

A. The invasion (inv) codes for Inv, an outer membrane protein found on the 

surface of Yersinia, which appears to play a vital role in promoting entry into 

epithelial cells of the ileum during the initial stage of infection, that is 

responsible for binding to β_1-integrins on the apical surface of M cells and 

initiating uptake of the organism [46]. Migration through these cells leads to 

the accumulation of bacteria in the underlying lymphoid tissue (Peyer’s 

patches) and spread to the mesenteric lymph nodes [47]. This gene is found 

in all Yersinia spp., however, non-pathogenic strains lack functional inv 

homologous sequences [48]. Expression of inv in Y. enterocolitica responds 

to both temperature and pH. inv expression is higher at 26°C than 37°C 

during in vitro growth, with maximal expression occurring during late 

logarithmic to early stationary phase; however, expression of inv at 37°C can 
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be restored to levels comparable to 26°C by adjusting the pH of the medium 

to 5.5 [49].  
 

B. The attachment invasion locus (ail)  codes for the surface protein Ail, 

which is produced at 37°C. In contrast to the inv, the ail was shown to be 

restricted to strains of serotypes associated with disease [50]. 
 

C. The heat-stable enterotoxin (Yst) of Y. enterocolitica is chromosomally 

mediated [51]. The role of enterotoxin in the pathogenesis of Y. enterocolitica 

infection is unclear. Non-pathogenic strains of Y. enterocolitica and strains of 

related species have been found to produce Yst using the infant mouse 

model, and the yst gene has been detected in strains of biotype 1A, Y. 

kristensenii and Y. intermedia [52]. Absence of enterotoxin production in vitro 

at temperatures exceeding 30°C suggests that this toxin is not produced in 

the intestinal lumen. However, it has been demonstrated with isogenic Yst+ 

and Yst- strains in young rabbits that, at least in this model, Yst was 

responsible for diarrhea [53,54]. 
 

D. Lipopolysaccharide (LPS) is a major surface component of the outer 

membrane of gram-negative bacteria. In Yersinia, the genes directing the 

biosynthesis of LPS are chromosomally located. LPS is a complex molecule 

composed of three main parts: lipid A, oligosaccharide core and O-side chain 

(O-antigen). The lipid A part is believed to be responsible for endotoxin 

activity and to play a central role in sepsis and septic shock due to gram-

negative bacteria [55]. LPS of Y. enterocolitica O:8 has a unique structure in 

which the outer core forms a branch. Serotypes of Y. enterocolitica are 

mainly determined by the variability of O-antigen. While the O-antigen is 

required for full virulence, its role has yet to be clarified, and absence of O-

antigen affects the expression of other virulence factors. A total absence of O 

antigen in Y. enterocolitica has been shown to reduce virulence in the 

infected mouse model [56]. 
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E. Urease is produced by all clinical isolates of Y. enterocolitica and is 

encoded by the urease gene complex (ure) on the chromosome. Bacterial 

survival depends on the ability to tolerate changes in the environment such 

as temperature, pH, osmolarity, and nutrient availability [57]. Bacteria are 

able to coordinate appropriate physiological responses to non-life-threatening 

or gradual environmental changes. Y. enterocolitica is a good example of 

how survival depends upon the ability of the bacteria to adapt to 

environmental changes.  While most environmental changes experienced by 

Y. enterocolitica going from the free-living environment to the host 

environment allow for a progressive coordinated bacterial response, some 

conditions, such as changes in pH, occur rapidly and are potentially lethal, 
requiring the bacteria to maintain presumptive mechanisms for survival [30].  

 
However, more recent studies have implicated urease as a factor that is 

necessary for survival and pathogenesis of some bacteria [58]. More 

recently, urease activity was shown to affect survival of Y. enterocolitica O:9 

under acidic conditions both in vitro and in vivo. For Y. enterocolitica O:8 and 

Morganella morganii, the authers describe how this enzyme contributes to 

survival. In addition, the contribution of urease to acid tolerance was 

determined for other gram-negative bacteria that survive both free-living and 

in a susceptible host. The decrease in virulence after intragastric inoculation 

of Y. enterocolitica O:3 urease-negative mutant indicates that the main role of 

urease is during the initial stage of the bacterial infection, when the bacteria 

reach the stomach [59]. 

 
F. Iron is an essential micronutrient for almost all bacteria, including Y. 

enterocolitica. A variety of alternative pathways have been elucidated for the 

uptake and utilization of iron by Yersinia. To capture iron, highly pathogenic 

strains of Y. enterocolitica biotype IB posses a genomic high-pathogenic 

islands (HPI) [60]. This 35 to 45-kb island carries a siderophore- mediated 

iron uptake system named the yersiniabactin (Ybt) locus, which is required 

for full virulence expression in Yersinia. The yersiniabactin biosynthesis and 
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transport genes are clustered within high-pathogenic islands. The less 

virulent strains of other bioserotypes of Y. enterocolitica, including 

bioserotype 4/O:3, are able to bind and internalize a number of exogenously 

produced siderophores such as ferrioxamine and ferrichrome [61]. Several 

studies reported Yersinia species in clinical states of iron overload, such as 

hemochromatosis, thalassemia and in children following accidental iron 

overdose [62]. 

 
2.1.4 Factors affecting growth 

 
Y. enterocolitica, as a psychrotrophic bacterium, has the ability to replicate at 

temperatures between 0 and 44°C [26]. The doubling time at the optimum 

growth temperature (approximately 28 to 30°C) is around 34 min. Although 

Y. enterocolitica can grow at temperatures as low as 0°C, the organism 

grows much more slowly as temperatures drop below 5°C [63]. Goverde et 

al., demonstrated that pYV positive strains grow slower than pYV-negative 

ones at 30-35°C and 1-10°C. Yersinia withstands freezing and can survive in 

frozen foods for extended periods even after repeated freezing and thawing, 

but it is susceptible to heat and is destroyed by pasteurization at 71.8°C for 

18 seconds [64]. 
 

Y. enterocolitica is able to grow over a pH range from approximately 4 to 10, 

with an optimum pH of around 7.6. Yersinia can survive alkaline conditions 

better than other gram-negative bacteria [65]. However, since few foods 

have an alkaline pH, this high pH tolerance is relatively unimportant. The 

bacterium’s tolerance of acidic conditions, on the other hand, is of great 

significance. Survival of the high acidity of some foods and the passage 

through the stomach suggests that Y. enterocolitica species are relatively 

acid-resistant. Although the mechanism of acid tolerance is unknown, it may 

be due to the activity of urease, which catabolizes urea to release ammonia, 

which in turn elevates the cytoplasmic pH [57].  
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Tolerance of Yersinia to acid depends on the acidulent used, the 

environmental temperature, the composition of the medium, and the growth 

phase of the bacteria. Acetic acid has been shown to be a more effective 

inhibitor than either lactic or citric acid [66].  

 
Y. enterocolitica is a facultatively anaerobic bacterium that can grow in 

anaerobic conditions. This bacterium can also grow well in modified 

atmospheres at 8°C, but with higher levels of CO2, the length of lag phase 

will increase and growth will be slower [67]. Y. enterocolitica has been shown 

to grow well on meat when packaged in vacuum or in modified atmosphere 

and stored at 5°C, even in the presence of high background flora [68].  

 
Several studies demonstrated that Y. enterocolitica can grow well on both 

decontaminated and untreated pork when packaged in vacuum and stored at 

10°C. However, the growth of serotype O:3 in raw minced meat has been 

found to be inhibited by natural microflora of the meat in some studies [69]. 

 
Y. enterocolitica can tolerate salt (NaCl) at concentrations of up to 5% [70]. 
The inhibition caused by NaCl is strongly dependent on storage temperature.  

Inactivation of Y. enterocolitica by chlorine (0.6 to 20 ppm) was investigated 

in distilled water and in Trypticase soy broth (TSB, 0.015%) at different 

temperatures (4, 20, and 40oC). In distilled water, chlorine inactivation of Y. 

enterocolitica was enhanced by increasing the temperature from 4 to 20oC. 

Y. enterocolitica can tolerate both sodium nitrate and nitrite of up to 20 mg/ml 

for 48 h in vitro. However, a nitrite concentration of only 80 mg/kg has been 

reported to inhibit the growth of Y. enterocolitica in fermented sausages [71]. 
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2.1.5 Isolation and identification of pathogenic Yersinia enterocolitica 

from clinical, foods and environmental samples 
 
2.1.5.1 Isolation and enumeration 

 
The source of Y. enterocolitica may markedly affect the methods of isolation. 

To find pathogenic isolates from food and environmental sources is generally 

more difficult than to find them from stools of infected individuals. During 

acute gastroenteritis or with organ abscesses, pathogenic Y. enterocolitica 

are often the dominant bacteria and can easily be isolated by direct plating 

on conventional enteric media [72]. Because of the high number of 

background flora and the low number of pathogenic strains of Yersinia in 

food and environmental samples, direct isolation even on selective media is 

seldom successful. To increase the number of Yersinia strains in these 

samples, enrichment in liquid media prior to isolation on solid media is 

required [73].  
 

Recovery of pathogenic Y. enterocolitica is contingent upon a number of 

factors including: the level of background flora on the product; the amount of 

background flora coming through enrichment and plating; the level of 

pathogenic Y. enterocolitica on the sample; the numbers of non-pathogenic 

Y. enterocolitica and non-pathogenic Yersinia spp. present on the product; 

and loss of virulence factors during enrichment and plating [74]. Furthermore, 

a recovery method which gives good recovery of one serotype of pathogenic 

Y. enterocolitica may not be suited to other serotypes. In order to recover any 

of the important pathogenic serotypes of Y. enterocolitica which might be 

present, multiple enrichment broths and plating media are usually 

recommended for the recovery of the organism from naturally-contaminated 

foods. Several different methods are available for isolation of Y. enterocolitica 

from clinical, food and environmental samples [5]. 
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2.1.5.1.1 Cold enrichment 

 
The psychrotrophic nature of Y. enterocolitica is unusual among enteric 

bacteria, and consequently, enrichment in different solutions at 4°C for 

prolonged periods has been used for isolation of Yersinia spp. [75]. Cold 

enrichment in phosphate buffered solution (PBS) or in phosphate buffered 

saline with sorbitol and bile salts (PSB) has been widely used for clinical, 

food, and environmental samples [76]. In addition, nutritionally richer media, 

such as TSB, have been reported to yield better results, particularly when 

food and environmental samples are studied [74]. One major disadvantage 

encountered with cold enrichment is the long incubation period, typically 21 

days, which is unacceptable for quality assurance of foods. Doyle and 
Hugdahl have shown that incubation in PBS for 1-3 days at 25°C is as 

efficient as enrichment at 4°C for some weeks [77]. Another problem with 

cold enrichment is the presence of other psychrotrophic bacteria in foods, 

which also multiply during the enrichment. By treating cold enrichments with 

potassium hydroxide (KOH), the background flora can be reduced, making 

selection of Yersinia colonies easier [78]. This alkali treatment was 

developed by Aulisio et al., after they observed that Yersinia spp. are more 

tolerant of alkali solutions than many other gram-negative bacteria [65]. 
 
2.5.1.1.2 Selective enrichment 
 
Several selective media for isolation of Y. enterocolitica at higher 

temperatures have been developed [79], with different antimicrobial agents 

being used as selective supplements in these media. Wauters formulated a 

modified Rappaport broth (MRB) containing magnesium chloride, malachite 

green and carbenicillin, in which the sample was incubated at 25°C for 2-4 

days [80]. Later, Wauters et al., developed an enrichment broth derived from 

the modified Rappaport base, supplemented with irgasan, ticarcillin and 

potassium chlorate (ITC) [81].  
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Schiemann developed a bile oxalate sorbose (BOS) medium for the isolation 

of Y. enterocolitica, particularly for strains belonging to bioserotype 1B/O:8 

[82,83]. Pre-enrichment in low-selectivity medium prior to selective 

enrichment in MRB or BOS has also been used for isolation of Y. 

enterocolitica from foods [75]. 
 
2.5.1.1.3 Selective agar plates 

 
Several different selective agar plating media have been used for isolation of 

Y. enterocolitica. Initially, plating media, such as MacConkey (MCA) agar, 

deoxycholate citrate (DC) agar and Salmonella-Shigella (SS) agar, 

developed for other enteropathogens were used. On these media, Y. 

enterocolitica and Y. pseudotuberculosis strains grow well but slowly and are 

easily overgrown by other enteric bacteria because of the low selectivity. Of 

the traditional enteric media, the most widely used is MCA agar [82,83].  
 

Both modifying existing enteric media and development of entirely new media 

have achieved improvements in selectivity. SS agar was made more 

selective for Y. enterocolitica by addition of sodium deoxycholate and CaCl2. 

Used in combination with ITC enrichment, recovery of strains of bioserotype 

4/O:3 is good. This agar is widely used because of its high selectivity and 

commercial availability (ISO1994). However, differentiation of Yersinia from 

competing organisms, such as Morganella, Proteus, Serratia and 

Aeromonas, can be difficult. Cefsulodin irgasan novobiocin (CIN) agar is one 

of the media developed for isolation of Y. enterocolitica and Y. 

pseudotuberculosis [84].  
 

In several comparative studies, CIN agar was found to be the most selective 

plating medium for Yersinia spp. [85]. Organisms capable of fermenting 

mannitol, like Yersinia, produce red “bull's eye” colonies on CIN agar. Only 

Citrobacter freundii, Enterobacter agglomerans and species of Aeromonas 

and Klebsiella produce similar colony morphology [86]. Other selective agar, 
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virulent Yersinia enterocolitica (VYE) [5], hase been developed for isolation 

of Y. enterocolitica strains, but CIN agar is the most generally accepted 

because of its high selectivity and the high confirmation rate of presumptive 

isolattion. Moreover, the commercial availability of this medium makes it 

convenient to use [84]. 
 
2.1.5.2 Identification 

 
Johnson determined the minimum number of biochemical tests required for 

identifying Yersinia amongst bacteria growing and presenting similar colony 

morphology on CIN agar; two tests, Kligler iron and Christensen’s urea tests, 

were sufficient. Y. enterocolitica can be identified with biochemical tests such 

as fermentation of sucrose, rhamnose and melibiose [74]. 
 

 Commercial rapid identification tests provide suitable alternatives to the 

conventional tube tests. The Analytical Profile Index (API 20E) system, 

widely used for identification of presumptive Yersinia isolates, has been 

shown to be accurate in identifying of Y. enterocolitica. This kit system has a 

positive identification rate of 93% for Y. enterocolitica incubated at 28°C 

instead of 37°C. In the study by Sharma et al., identification of Y. 

enterocolitica biotypes 3, 4 and 5 was excellent, with a positive predictive 

value of 99% when the strips were incubated at 28°C for 18-24 h [87].  
 
2.1.6 Confirmation of pathogenicity 

 
Y. enterocolitica is a ubiquitous microorganism and, although the majority of 

isolates recovered from non-human sources are non-pathogenic, thus having 

no clinical significance, it is important to assess the pathogenicity of isolates 

[24]. 
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2.1.6.1 Animal tests 

 
The pathogenicity of Y. enterocolitica can be studied by animal tests such as 

the guinea pig conjunctivitis model (Sereny test) [88], suckling mouse assay, 

mouse intraperitoneal challenge, and mouse diarrhea and splenic infection 

following oral challenge [89,90]. However, because animal testing tends to 

be costly and is subject to increasing public opposition, it has largely been 

replaced by in vitro tests. 

 
2.6.1.2 Phenotypic tests 

 
A number of phenotypic characteristics associated with the virulence plasmid 

have been described [91]. Calcium dependence, measured by growth 

restriction on magnesium oxalate agar [92], autoagglutination at 35-37°C 

[93], uptake of Congo red and crystal violet [94] are the most popular indirect 

markers for identifying pathogenic strains of Y. enterocolitica. The 

pyrazinamidase (PYZ) test and the tissue culture invasiveness assay are 

proven indicators of potentially pathogenic isolates [10]. However, both of 

these tests measures functions that are chromosomally mediated, and thus, 

cannot replace pathogenicity tests, since they are only correlated with the 

ability of the strain to harbor the plasmid, and not to the presence of the 

plasmid itself. No single phenotypic virulence-associated characteristic has 

been shown to be a reliable indicator of pathogenicity [95]. 
 
2.1.6.3 Genotypic tests 
 

Several colony hybridization, amplified fragment length polymorphism (AFLP) 

and polymerase chain reaction (PCR) assays have been designed to verify 

the pathogenicity of Y. enterocolitica isolates specifically and rapidly [96-98]. 
The methods are based on specific segments of the virulence plasmid or the 

chromosomal DNA that have known virulence functions.  
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2.1.7 Prevalence of Yersinia enterocolitica 
 

2.1.7.1 In animals 
 
Animals, especially domestic animals, have been suspected as transmitters 

of Y. enterocolitica to humans. Y. enterocolitica infection in animals is not 

notifiable, and reports on its prevalence are for the most part results from 

research projects obtained from institutions or authorities in the member 

countries. Various studies have investigated wild and farm animals for the 

presence of pathogenic strains of Y. enterocolitica, and only a few have been 

recovered [99]. Shayegani et al., examined fecal specimens from 1,426 

animals including mammals, birds, reptiles, fish and invertebrates throughout 

New York State. Eleven human pathogenic strains were isolated, including 

bioserotype 1B/O:8 , 4/O:3 and O:5,27 [100]. In various studies examining 

healthy domestic animals and animals with acute enteritis, including cattle, 

sheep, goats, deer, calves, broilers, hens, turkeys and ducks, only a few 

pathogenic isolates have been recovered, and they differed from those 

usually associated with human infections [101,102].  
 

Pet animals, such as cats and dogs, have been suspected of being 

reservoirs for human infections with Y. enterocolitica, because of their close 

contact with humans. Dogs and cats occasionally harbor Y. enterocolitica 

4/O:3 [103,104]. Fredriksson-Ahomaa, Korte and Korkeala showed that 

raw pork was an important source of yersiniosis in dogs and cats. The 

infected dogs showed no clinical signs of infection. The duration of fecal 

shedding by the dogs varied between 7 and 23 days. These findings suggest 

that dogs can act as a potential source of the infection to humans [6]. 
 

Pigs are healthy carriers of Y. enterocolitica 4/O:3 and are the only animal 

species from which the bacterium can be isolated frequently.  Based on 

results from several studies, it can be concluded that Y. enterocolitica 4/O:3 

is present in the pig population in many countries in the world. The 
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prevalence often varies herd-wise [6].  Korte et al., found that the 

prevalence in fattening pigs in Finland, investigated in five slaughterhouses, 

increased from 33% to 64% between 1995 and 1999 [105].  
 
2.1.7.2 In foods  
 

The primary route of human infection is most probably ingestion of food. 

Based on the information on domestic cases notified by clinicians for 2004 in 

Sweden, the Swedish Institute for Infectious Disease Control reported that 

75% of the yersiniosis cases were suspected to be food- or waterborne 

infections. However, pathogenic strains of Y. enterocolitica are difficult to be 

isolated from food. In several studies, high frequencies of nonpathogenic 

strains have been isolated from food, whereas pathogenic strains are only 

occasionally recovered [106]. In studies from different countries, various 

ready-to-eat products have been investigated including, fresh salad, whole 

and sliced vegetables, sandwiches, milk, dairy products, desserts and soft 

cheese [14]. Only a few pathogenic strains were isolated from these foods. 

 

Raw and pasteurized milk have been examined in several studies because 

outbreaks over a number of years in the United States were traced to milk. 

With the exception of a few isolates of O:5, 27, none of the strains isolated in 

these studies were identified as pathogenic [107]. Pork is likely to be an 

important vehicle of the infection to humans because pigs are the only 

animals consumed that frequently harbor the same bioserotype of Y. 

enterocolitica as is isolated from human yersiniosis cases. However, the 

problem is that only few pathogenic strains have been recovered from pork or 

pork products [5].  
 

From outbreaks and case-control studies, there are other indications that 

pork is involved in the transmission of the pathogen to humans. Two 

outbreaks have been traced to ingestion and/or handling of contaminated 

pork. In one outbreak, home prepared ‘pork cheese’ (a sausage variant) was 

identified as the source of the infection. Preparation of pork chitterlings (a 
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dish made from pig intestines) was the source of the infection in the other 

outbreak. Both outbreaks involved Y. enterocolitica 4/O:3 as the causative 

agent [108].  
 

2.1.7.3 In environment (including water) 
 

Y. enterocolitica and other Yersinia species are ubiquitous in the natural 

environment and can be isolated from soil, foliage, surface water, sewage 

water and sludge, have been non-pathogenic [109]. However, the vast 

majority of the isolates lacks the classical markers of bacterial virulence and 

is considered nonpathogenic. The possibility for the microorganism to survive 

in this type of environment has been investigated [109].  
 

In a study carried out in Australia, 251 water samples tested by nested PCR. 

Eleven samples from 4 separate locations tested positive. One of the PCR-

positive results was confirmed by culture. Some waterborne cases/outbreaks 

caused by the bacterium have been reported from North America. The 

isolated strains belonged to bioserotype 1B/O:8, a bioserotype not commonly 

isolated in the United States after the 1980. Bioserotype 4/O:3 was isolated 

from well water in a small family outbreak of gastroenteritis in Ontario, 

Canada [110].  
 

2.1.7.4 In human 
 
Y. enterocolitica was first recognized as a human pathogen in the 1930 [24]. 
Bioserotype 4/O:3 is the most common type of Y. enterocolitica recovered 

from humans with diarrhea. The highest incidence of enteritis caused by this 

type has been found in young children. However, Morris et al., have also 

isolated strains of bioserotype 4/O:3 at a high rate from asymptomatic 

children [111].  
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The infection rate is probably much higher since only the most serious cases 

are registered. Only a few isolates of O:9 and O:5,27 are reported annually. 

During the 1980, several countries in Europe reported a dramatic increase in 

the number of recovered human cases. In the beginning of the 1990, the 

diagnosed yersiniosis cases in Sweden reached numbers exceeding 1000 

and in 1996 it was classified a notifiable disease. In the United States, the 

Center for Disease Control and Prevention (CDC) estimates about 17,000 

annual cases, i.e. an incidence of 6 per 100,000 inhabitants [112]. 
 

2.1.8 Yersinia enterocolitica infections 

 

2.1.8.1 In animals 

 

Several reports have been presented on isolation of Y. enterocolitica strains 

from a variety of animals, but descriptions of observed clinical manifestations 

or patho-anatomical changes are sparse. Sporadic, small outbreaks of 

enteritis caused by Y. enterocolitica have been reported in chinchillas, hares, 

sheep and goats [101]. However, both biochemical and serological patterns 

deviated from those of human strains. 

 

Pigs have been experimentally infected with bioserotype 4/O:3 in several 

studies [113]. Strains of Y. enterocolitica 4/O:3 have been shown to cause 

gastroenteritis in new-born, colostrum-deprived piglets, whereas full-term 

colostrum-fed piglets seem to be quite resistant to infection. In colostrum-fed 

piglets, colonization was typically restricted to the throat and intestinal tract 

without development of serious illness. Fattening pigs have been shown to 

excrete high numbers of Y. enterocolitica 4/O:3 in faeces for several weeks 

after infection mostly without any symptoms. However, Thibodeau et al,. 

demonstrated that the fecal shedding stops soon after ingestion of bacteria 

and only tonsillar infection occurs [114]. 
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2.1.8.2 In humans 

 

Y. enterocolitica can cause gastro-intestinal symptoms ranging from mild 

self-limited diarrhea to acute mesenteric lymphadenitis evoking appendicitis. 

Sometimes focal disease, such as pharyngitis, cellulitis, abscess, pneumonia 

and meningitis, may occur without gastro-intestinal illness [30]. The 

incubation period of Y. enterocolitica enterocolitis ranges from 1 to 11 days. 

The minimal infective dose for humans has not been determined. Symptoms 

of enterocolitis typically persist for 5 to 14 days, but they may occasionally 

last for several months. The duration of the excretion of the organism in stool 

has been reported to range from 14 to 97 days. The clinical manifestations of 

infection depend on factors such as the age and physiological state of the 

host and the pathogenic properties of the particular strain [30].  
 

Most commonly, Y. enterocolitica infections occur in young children [25]. In 

patients under 5 years of age, yersiniosis presents as diarrhea, often with 

low-grade fever and sometimes with abdominal pain. The symptoms can 

even be so faint and short-lived that yersiniosis is not diagnosed, despite 

fecal carriage. In older children and young adults, acute yersiniosis can be 

present as a pseudo-appendicular syndrome, which is frequently confused 

with appendicitis [17].  
 

Sepsis is a rare complication of Y. enterocolitica infection, except in patients 

who have a predisposing underlying disease or are in an iron-overloaded 

state [115]. Sepsis can also occur during blood transfusion. One source of Y. 

enterocolitica -contaminated red blood cell concentrate has been reported to 

be a blood donor with asymptomatic bacteremia [116]. Normally, yersiniosis 

is a self-limited disease, but sometimes long-term sequelae, including 

reactive arthritis, erythema nodosum, glomerulonephritis and myocarditis, will 

occur. Post-infection complications usually develop within one week to one 

month of initial infection, and these may be the only obvious clinical 

manifestation of Yersinia infection [17].  
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2.1.9 Epidemiology and disease outbreaks  

 
The distribution of Y. enterocolitica appears to be temperate, involving the 

United States, Northern Europe, Canada, and Australia. There is also some 

speculation that the seasonal incidence of disease peaks in cooler months. 

These observations have been linked to the fact that the organism is cold-

adapted and can survive and grow at 4oC. In Europe the serotypes O:3 and 

O:9 predominate, whereas in the United States serotype O:8 is the most 

frequently isolated. Serious disease has been linked, however, to all three of 

these serotypes, regardless of geographic locale [28].  
 

Epidemic outbreaks are usually fled to particular serotypes, but it is likely that 

other serotypes are involved in the sporadic occurrence of enterocolitis [117]. 
Y. enterocolitica is primarily a zoonotic disease. Humans are incidental hosts. 

Illness is usually sporadic and outbreaks are rare [118]. 
 

2.1.9.1 Outbreak locations 

 

In Denmark, to examine the general frequency of household outbreaks, the 

authors performed a retrospective search among cases of the five most 

frequent gastrointestinal bacterial pathogens in Denmark, a country of 5.3 

million inhabitants. This was done for 57,667 cases registered from 1991 to 

2001 by finding all cases that shared addresses and became infected within 

3 weeks of one another. The percentage of cases that were part of 

household outbreaks was found to be 2.0% for Y. enterocolitica [119].  
 

In New York, USA, In September and October, 1976, an outbreak of illness 

due to chocolate milk contaminated with Y. enterocolitica resulted in 

hospitalization of 36 children, 16 of whom had appendectomies [121]. An 

epidemiologic investigation demonstrated that illness was associated with 

drinking of chocolate milk purchased in school cafeterias, and Y. 

enterocolitica O:8 was subsequently isolated from the milk. The investigation 
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suggested that the bacterium was introduced at the dairy during the mixing 

by hand of chocolate syrup with previously pasteurized milk [121].  
 

Gastrointestinal disorders of varying severity were observed in 239 (53%) of 

455 campers and staff members at a coed summer camp in Sullivan County, 

New York, during July 1981. Five of seven hospitalized patients had 

appendectomies before the disease was recognized as yersiniosis. Yersinia 

enterocolitica serogroup O:8 (American strain) was isolated from 37 (54%) of 

69 persons examined, including the head cook and 3 others of the 11-person 

kitchen staff. Of 48 food, water, and environmental samples collected from 

the camp area, Y. enterocolitica isolates belonging to the same serogroup 

and biogroup as the human isolates were recovered from dissolved 

powdered milk, a milk dispenser, and turkey chow mein [120].  
 

This laboratory finding supported the epidemiological data indicating a 

correlation between consumption of these foods and illness. Y. enterocolitica 

isolates of the same biogroup as the O:8 isolates but belonging to serogroup 

O:34 were also isolated from six campers and two samples of dissolved 

powdered milk [120].  
 

In June and July 1982, a large interstate outbreak of Y. enterocolitica 

infections caused by an unusual serotype occurred in Tennessee, Arkansas, 

and Mississippi. In three separate case-control studies, drinking milk 

pasteurized by plant A was statistically associated with illness. In a survey of 

randomly chosen households, 8.3% of persons who recalled having drunk 

milk from plant A during the suspect period experienced a yersiniosis-like 

illness. Inspection of the plant and cultures of the available raw and 

pasteurized milk did not reveal the source or mechanism of contamination or 

a breach in normal pasteurizing technique [121].  
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Although outbreaks of enteric disease caused by pasteurized milk are rare in 

the United States, the ability of Y. enterocolitica to grow in milk at 

refrigeration temperatures makes pasteurized milk a possible vehicle for 

virulent Y. enterocolitica. The extent to which milk is responsible for sporadic 

cases of yersiniosis is unknown [121].  
 

Twelve cases of Yersinia infection in infants less than 1 year of age were 

identified in Tennessee with onset from November 15, 2001 to February 15, 

2002. All cases were identified by stool culture. Six cases occurred in 

December, and 10 were medically evaluated in the same city. All case-

patients were black. In comparison, 49% of the population of the urban 

county in which the outbreak was identified is black. In this case-control study 

of Y. enterocolitica infections among black infants, chitterling preparation was 

significantly associated with illness (p less than 0.001). Of 13 samples of 

chitterlings tested, 2 were positive for Yersinia intermedia [122]. 
 

In Japan. On 3 August 2004, a local public health bureau in Nara Prefecture 

received a report of a food poisoning case at a nursery school. Of 182 

nursery school children, 42 were infected; none of the 20 staff members were 

infected. From clinical symptoms and bacterial isolations, the patients were 

diagnosed as having been infected with Y. enterocolitica [123].  
 

Y. enterocolitica serotype O:8 was isolated from 16 of 32 patients, none of 

the 17 childcare workers, and none of the 3 cooking staff members from 

whom stool samples were taken. In addition, 5 strains were obtained from 

medical facilities. Y. enterocolitica serotype O:8 was also isolated from 

salads containing apples, cucumbers, ham, potatoes, carrots, and 

mayonnaise, which were served during lunch at the nursery school on 23 

July [123]. 
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2.1.9.2 Possible transmission routes of sporadic Yersinia enterocolitica 

infections 

 
Pigs are considered to be the main source of human Y. enterocolitica 4/O:3 

infections, even though a definite connection between isolates from pigs and 

human infections has still to be established. Elevated serum antibody 

concentrations have been found among people involved in swine breeding or 

pork production, suggesting a direct transmission of this bacterium from pigs 

to humans. In Finland, slaughterhouse workers and pig farmers were 

observed to have elevated antibody levels to Y. enterocolitica O:3 twice as 

frequently as grain- or berry farmers. Similar differences have also been 

discovered between people involved in swine slaughtering practices and 

office personnel in Norway [124]. 
 

Pet animals have also been suspected of being sources for human infections 

because of their close contact with humans. However, direct transmission 

from pets to humans has yet to be proven. The most common transmission 

route of pathogenic Y. enterocolitica is thought to be fecal-oral via 

contaminated food, although pathogenic isolates have seldom been 

recovered from food samples [125].  
 

Direct person-to-person contact has not been demonstrated, but Lee et al., 

reported Y. enterocolitica O:3 infections in infants who were probably 

exposed to infection by their caretakers [108]. Indirect person-to-person 

transmission has apparently occurred in several instances by transfusion of 

blood products [126]. In these cases, the most likely source of Yersinia has 

been blood donors with subclinical bacteremia. 
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2.2 Aeromonas hydrophila 
 
2.2.1 Historical background and taxonomy 
 
Species of Aeromonas are Gram-negative, non-spore-forming, rod-shaped, 

facultatively anaerobic bacteria that occur ubiquitously and autochthonously 

in aquatic environments. Some species are pathogenic for animals and 

humans.  Although historically the Aeromonas genus has been placed in the 

family Vibrionaceae, there have been proposals to place it in its own family, 

the Aeromonadaceae. The aeromonads share many biochemical 

characteristics with members of the Enterobacteriaceae, from which they are 

primarily differentiated by being oxidase-positive [16].  Earlier literature 

focused mainly on A. hydrophila but several later studies have shown that the 

majority of clinical isolates fall within three species [127]. 
 

The genus Aeromonas includes at least 13 genospecies, among which are 

the mesophilic A. hydrophila, A. caviae, A. sobria, A. veronii, and A. 

schubertii, and the non-motile, psychrophilic A. salmonicida. A. salmonicida 

is a fish pathogen and has not been associated with human infection. By 

contrast, the mesophilic species have been associated with a wide range of 

infections in humans [128]. Although members of the genus have classically 

been divided into three biochemically differentiated groups (typified by A. 

hydrophila, A. caviae, and A. sobria), these contain a number of 

genospecies, to which new species have been added [129].  
 

The current taxonomy of the genus Aeromonas is based upon DNA-DNA 

hybridization and 16S ribosomal DNA relatedness studies. The genera of the 

family Aeromonadaceae now include Aeromonas, Oceanimonas, 

Oceanisphaera, and Tolumonas (incertae sedis). The current 

genomospecies and phenospecies within the genus Aeromonas are A. 

hydrophila ssp. dhakensis (subsp. nov.), A. hydrophila ssp. ranae (subsp. 

nov.), A. culicicola (sp. nov.), A. simiae (sp. nov.), and A. molluscorum (sp. 
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nov.) have been proposed as new species and subspecies of Aeromonas, 

and more will undoubtedly be described [16].  
 

The A. hydrophila causing human diseases are associated with a variety of 

infections including septicemia, wound infections, meningitis, peritonitis, and 

hepatobiliary infections. Some strains of Aeromonas produce enterotoxins 

responsible for causing gastroenteritis in humans, since these bacteria are 

widely distributed throughout the environment in water and foods, especially 

during summer months [128].  
 

The genus Aeromonas consists of straight, coccobacillary to bacillary gram-

negative bacteria with rounded ends measuring 0.3-3.5 mm [16]. They occur 

singly, in pairs, and rarely as short chains. Motile strains produce a single 

polar flagellum, though peritrichous or lateral flagella may be formed on solid 

media by some species. Aeromonas spp. are facultatively anaerobic, 

catalase positive, oxidase positive, chemoorganotrophic bacteria that exhibit 

both oxidative and fermentative metabolism on carbohydrates [129].  
 

Serotyping is based upon somatic (O) antigen determinants as described by 

Sakazaki and Shimada [130]. Several typing schema have been proposed 

[131], but only one comparison study of two of these schema has been 

published [132]. The schema of Sakazaki and Shimada recognizes 44 

serogroups, with an additional 52 provisional serogroups proposed by Albert 
[130]. Aeromonas spp. are found to be serologically heterogeneous, with 

individual serogroups found in more than one species. Most type and 

reference strains were not serologically representative of a genomospecies. 

Three serotypes predominate in clinical samples, O:11 (24%), O:16 (14%), 

and O:34 (10%) [128].  
 

Korbsrisate characterized the distribution of A. hydrophila serogroups in 

clinical samples and developed polyclonal antibodies for rapid identification 

of clinical isolates by direct agglutination. Only 50% of strains fell into the 
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common serogroups O:11, O:16, O:18, O:34, or O:83. Rough strains (15.2%) 

and untypable strains (2.3%) reduced the effectiveness of serotyping for 

identification of clinical strains. A polyvalent antiserum was produced that 

resulted in positive agglutination of 102 or 105 strains, for a calculated 

sensitivity of 97.1% and specificity of 90.7%. This test could be useful in rapid 

identification of aeromonads to genus where they are isolated from samples 

that may also contain vibrios [133]. 
 

2.2.2 Ecology and host range 
  
A.  hydrophila are found worldwide in aquatic environments, including ground 

water, surface waters, estuarine and marine waters, drinking water, and 

wastewater [134].  A. hydrophila are found in foods, including fresh grocery 

produce, seafood, raw meats, packaged ready-to-eat meats, cheese, and 

milk [135].  While Aeromonas spp. are not considered fecal bacteria, they are 

present in the feces of healthy animals and humans, presumably as the 

result of ingestion of food and water containing these organisms [136]. 
 

They are present in high numbers in sewage before and after treatment, thus 

they have been proposed as an indicator of sewage-contaminated surface 

water. A. hydrophila may colonize drinking water distribution systems and 

produce biofilms that resist disinfection [137].  
 
2.2.3 Pathogenicity 
 
Although most of the active research on Aeromonas species concerns the 

identification of virulence factors or mechanisms potentially operative in 

human or animal infections, only one factor, the S layer of A. salmonicida, 

has been linked to the overt pathogenicity of this species in causing serious 

infections in fish. Most of the other reputed virulence factors produced by A. 

hydrophila have been linked to pathogenicity in humans by inference; that is 

similar molecules have been shown to play important roles [128].  
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Virulence factors are present in two forms, cell-associated structures, and 

extracellular products. Among the cell-associated structures are pili, flagella, 

outer membrane proteins, lipopolysaccharide, and capsules. The major 

extracellular products include cytotoxic, cytolytic, hemolytic, and enterotoxic 

proteins [128,138]. 
 
2.2.3.1 Cell-associated structures 
 
A. Pili. While early studies had indicated that a number of Aeromonas strains 

were piliated, a detailed analysis of such structures was not undertaken until 

recently. A. hydrophila produce an array of filamentous structures, including 

short rigid, and long wavy pili, and polar and lateral flagella. Removal of pili or 

neutralization of attachment sites by homologous antibody treatment limits or 

defeats adherence properties in cell culture systems. Polar flagella and 

lateral flagella were described by Rabaan et al., and Kirov et al., [139,140]. 
Polar flagellins function as adhesions, while lateral flagellins are thought to 

serve as colonization factors [141].  
 

B. Capsule production has been reported for A. hydrophila serogroups, but 

the function of capsule material is vague. It is presumed to resist complement 

activity and perhaps enhance adherence [142].  
 

C. S-layers (originally termed A-layer in A. salmonicida) are paracrystalline 

structures made up of identical protein subunits that are translocated across 

the cell membrane and assembled on the cell wall surface via an interaction 

with O-polysaccharide side chains of lipopolysaccharide. A. hydrophila stains 

producing S-layers are more pathogenic for fish, but the role of S-layer in 

human infection is not clear. Studies suggest that strains containing S-layers 

autoagglutinate [143].  
 

D. Outer membrane proteins (OMP) of A. hydrophila are rather 

heterogeneous, although most strains produce a 36 k Da protein. In addition, 
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iron-starved A. hydrophila cells synthesize new OMP of 68 – 93 k Da. Mittal 
et al., reported that a group of A. hydrophila, virulent fish pathogens, 
exhibited a number of unique phenotypic properties that were thought to be 

cell-surface associated, including autoaggregation during growth in static 

broth culture [144]. 
 

E. Lipopolysaccharide (LPS) endotoxin. The O-antigen structure of 

virulent strains of A. hydrophila has been shown to have many points of 

similarity with that of the O-antigen of A. salmonicida. LPS endotoxin is an 

important component of the outer membrane of A. hydrophila, which has 

been shown to enhance red-leg disease in frogs. However, the importance of 

this toxin in human infections has not yet been elucidated [145]. 
 
2.2.3.2 Extracellular products 
 
Most aeromonads elaborate a large number of extracellular enzymes that 

actively degrade a variety of complex protein, polysaccharide, muco-

polysaccharide, and lipid-containing molecules. Although these enzymes are, 

in many instances, useful in identification as in the case of DNase, their roles 

in the physiologic functions of the bacterium or in virulence are largely 

unknown. To date, with minor exceptions, most extracellular factors produced 

by Aeromonas species are thought to play a role in gastrointestinal disease; 

this association will remain unproved until suitable models are developed for 

their study. Another reason for the difficulty in understanding the role that 

various extracellular enzymes play in pathogenesis concerns their 

multifunctional nature. A prime example of this latter problem is the 

Aeromonas hemolysin(s), which appears to be not only cytolytic but also 

enterotoxigenic [128]. 
 

A. Hemolysins. Probably the most striking cultural feature displayed by 

many Aeromonas strains is their ability to hemolyze erythrocytes when grown 

on a suitable agar-based medium.  This characteristic is principally 
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associated with certain strains belonging to the phenospecies A. hydrophila 

and A. sobria and is linked to the elaboration of an extracellular hemolysin(s) 

[146]. Such a hemolysin, which typically belongs to a larger group of pore-

forming bacterial cytolysins, causes leakage of the cytoplasmic contents from 

target cells via disruption of the normal integrity of the cell membrane [147]. 
The end result is death, either by osmotic lysis or by a nonosmotic process. 

At least two major classes of hemolysins expressed by Aeromonas strains 

have been reported. One class, originally termed "aerolysins" by Bernheimer 
and Avigad [128], comprises typical beta-hemolysins that produce clear 

zones of hemolysis on blood agar.  

 

The aerolysin is synthesized in a precursor form, from which the signal 

sequence is removed prior to export across the bacterial outer membrane. A 

second class of hemolysins, termed alpha-hemolysins, has been primarily 

studied by a number of Swedish investigators. The alpha-hemolysin is 

elaborated during the stationary phase and is not expressed when 

temperatures exceed 30°C. When observed on blood agar, this hemolysin 

produces an opaque, incomplete type of hemolysis that is often seen as the 

inner hemolytic zone of a strain producing "double-zone" hemolysis. Both 

alpha- and beta-hemolysins have observable but different effects on cell 

culture lines, although the effect of the beta-hemolysin appears irreversible 

[128]. 
 

B. Proteases are enzymes that are capable of cleaving peptide bonds. A 

number of extracellular proteases produced by gram-negative bacteria are 

thought to play important roles in pathogenesis and virulence. Aeromonas 

isolates secrete at least four or five different proteases, as determined of pH 

optima and substrate specificities. Two major proteases produced by A. 

hydrophila. One enzyme is a heat-stable protease that is inactivated by 

EDTA and appears to belong to the general class of thermostable 

metalloproteases; the other protease is heat labile (56°C, 30 min) and 

belongs to the thermolabile serine protease family, the metallo- and serine 
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proteases are involved in toxin activation and have a protective role in 

inimical environments [128].   
 

C. Siderophores are low-molecular-weight compounds with high affinities 

(binding capacities) for various organic and inorganic forms of iron, 

particularly under iron-limiting conditions. These compounds are thought in 

many instances to play important roles in the establishment of infection, and 

the hydroxymate class of siderophores has been associated with gram-

negative bacteria. Almost all strains of A. salmonicida, A. hydrophila, A. 

sobria, and A. caviae studied elaborate one or more types of siderophores 

[148,149]. 
 
2.2.4 Factors affecting growth 
 
A. hydrophila have their natural habitat in water and grow over a wide 

temperature range. Because A. hydrophila grow between 0ºC and 45ºC, with 

a temperature optimum of 22ºC to 32ºC, there are few environmental habitats 

where they are not found. Both high and low [150] survival rates have been 

reported. Nutrient availability, temperature, and water activity most affected 

growth rates. Growth was optimal at 30ºC at pH 7 and a water activity of 

0.99. A. hydrophila have been shown to grow in foods held at refrigerator 

temperatures [151].  
 

Growth temperature is an important feature in differentiation of clinical and 

environmental strains. Approximately half of clinical isolates show some 

growth at 4-5 ºC, all food isolates grow at this temperature. While most 

clinical strains grow at 42 ºC, only a few isolates from vegetables stored at 

5ºC grew at elevated temperature. The growth temperature range for A. 

hydrophila is from 4 to 44ºC, but individual strains typically have a restricted 

growth range according to their ecological niche, and growth of a strain at 

both extremes of the range are rare [14]. A. hydrophila are considered heat 

sensitive with respect to other foodborne pathogens.  
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A. hydrophila tolerate high pH well and this feature has been exploited by 

using alkaline peptone water at pH 8.6 for sample enrichment. A. hydrophila 

grow at pH 5.8 or higher, and may survive at pH 4.6 or higher according to 

computer modeling using Food Micromodel [151]. Species-specific acid 

tolerance is know to occur, since Aeromonas spp. grown on glucose or other 

simple sugars produces sufficient acetic acid to auto-sterilize a broth culture 

within 48 hr. in weakly buffered systems. This metabolic activity has been 

called the suicide phenomenon [152].  
 

Modified atmospheres are increasingly being used in food packaging. Pin et 

al., studied the response of A. hydrophila to various combinations of pH, 

temperature, and CO2 and O2 concentrations. The results were used to 

develop and validate a predictive model for growth and death estimates 

under modified atmospheres at refrigerator temperature. Reduced oxygen 

levels do not exert a detrimental effect on survival and growth of 

aeromonads, and they may be isolated from vacuum packed foods [153].  
 
2.2.5 Isolation and identification of pathogenic Aeromonas hydrophila 

from clinical, foods and environmental samples 
 
2.2.5.1 Isolation and enumeration 
 

Isolation of A. hydrophila from food and environmental samples provides a 

challenge because of the presence of competing bacteria and the possibility 

of sample matrix interference with sample preparation and culture methods. 

The use of dilution schemes and enrichment media facilitate isolation of A. 

hydrophila from heavily contaminated samples such as sewage, sludge and 

sewage effluents. Palumbo et al., compared several culture media for 

isolation and enumeration of aeromonads from water samples and concluded 

that ampicillin dextrin agar (ADA) produced the best overall results [154].  
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Several culture enrichment and culture media have been evaluated for 

isolation of A. hydrophila from foods. Starch ampicillin agar (SAA) and bile 

salts inositol brilliant green agar (BIBG) with prior enrichment in tryptose 

broth containing ampicillin (TSB-30) (ampicillin 30 mg/L) [155] are 

recommended, together with commercially available media such as 

Aeromonas Medium (Ryan’s Medium) [156]. Starch glutamate ampicillin 

penicillin (SGAP-10) medium was used to isolate aeromonads from sewage 

sludge. This medium is highly selective, and it has been used to isolate A. 

hydrophila from foods and other challenging matrices. Samples are prepared 

in dilution, inoculated into culture media with or without enrichment, and 

incubated aerobically at 35ºC for 24-48 hr. Colonies are screened by 

performing a spot oxidase test and identified using biochemical methods or 

commercially-available bacterial identification kits [157]. 
 

Isolation of A. hydrophila from contaminated samples such as feces require 

the use of selective and differential plating media such as MacConkey agar, 

cefsulodin irgasan novobiocin (CIN) agar, or blood ampicillin agar (10 mg/L 

ampicillin) [158]. To facilitate recovery of A. hydrophila from heavily 

contaminated specimens such as feces, enrichment broths such as alkaline 

peptone water are incubated overnight and subcultured to blood ampicillin 

agar and CIN agar. Culture plates are incubated aerobically at 35ºC for 24-48 

hr. Aeromonas spp. produce characteristic colonies, with or without 

hemolysis on blood agar, and colonies may be quickly screened using the 

spot oxidase test. Oxidase positive colonies are further screened using tube 

biochemicals or by inoculation of a cell suspension into one of the 

commercially available bacterial identification kits [159].  
 
2.2.5.2 Identification 

 

Commercial systems for bacterial identification are notoriously inaccurate for 

identification of Aeromonas spp., since they do not incorporate the key 

substrates necessary for correct identification [160]. Vivas et al., compared 
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MicroScan Walk/Away in conjunction with the MicroScan Combo Negative 

type 1S panels with conventional biochemical methods for identification of 85 

environmental, clinical and reference strains of Aeromonas spp. Using the 

MicroScan Combo Negative type1S substrate panel, 67 of 88 (78.8%) of 

strains were correctly identified, 4 of 88 (4.7%) of strains were incorrectly 

identified, and 10 of 88 (11.8%) of strains represented rare biotypes that 

could not be identified [161].  
 

 Carnahan and Joseph found that colistin resistance could be used as an 

additional phenotypic marker for identification of aeromonads. A. hydrophila 

group is 85.8% resistant, while A. caviae group is 2.1% resistant. When 

colistin was included in a 14 panel test format, 96.2% of strains could be 

identified to phenospecies and 93.6% of strains could be identified to 

genomospecies [162].  
 

Canonica et al., used whole cell fatty acid analysis (FAME) by gas-liquid 

chromatography to correctly classify A. hydrophila, A. sobria, and A. caviae. 

While this method offers the advantages of an instrumental method with 

autosampling for unattended operation, the reliability of identifications does 

not compare to newer genomic methods [163].  
 
2.2.6 Confirmation of pathogenicity 

 

One of the major drawbacks in studying virulence determinants related to 

Aeromonas pathogenicity has been the inability to establish appropriate 

organ or animal models that faithfully reproduce the specified disease 

observed in vivo. This situation is particularly acute in the case of Aeromonas 

associated gastroenteritis. Establishing such models is critical for identifying 

strains of high- and low-virulence potential and for comparing extracellular 

and cell-associated factors associated with these strains which lead to the 

recognition of determinants and gene products involved in microbial 

pathogenicity [128]. Once virulence determinants are identified, phenotypic 
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markers that allow accurate and rapid identification of pathogenic strains and 

the epidemiology associated with such infections can be sought [128]. 
 

2.2.6.1 Animal tests 
 
Most investigations determining the relative pathogenicities of individual 

Aeromonas strains have used either mouse or fish models [149,164] for 

assessing relative virulence, although limited studies have also been 

performed with chicks and turkey poults [128]. Values obtained from such 

investigations indicate that between 10- and 1,000-fold fewer bacteria are 

required to produce mortality in susceptible fish than in susceptible mice.  

 
2.2.6.2 Phenotypic tests 
 
While inherent pathogenic differences do exist among aeromonads, few 

virulence phenotypic markers reported in the literature go beyond the 

definition of pathogenicity at the phenospecies level. One group of major 

interest, however, is Aeromonas serogroup O:11 strains, which are primarily 

associated with severe invasive disease in both humans and animals [165]. 
These strains are characterized by their autoagglutination or aggregation in 

broth, the presence of an unusual LPS side chain architecture, and the 

possession of a SAP (surface array protein) in the form of an S layer [166].  
Such strains, predominantly found in the A. hydrophila and A. sobria 

phenospecies, can be recognized in the clinical laboratory by phenotypic and 

serologic tests [165].  
 

2.2.6.3 Genotypic tests 
 

Molecular systems such as PCR, DNA hybridization, microarrays of DNA 

probes and fluorescent in situ hybridization (FISH) have been developed for 

detection of aeromonads in variety samples [18]. 
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2.2.7 Prevalence of Aeromonas hydrophila 

 

2.2.7.1 In animals 
 
Aeromonas spp. have been recognized as animal pathogens since they were 

first isolated from diseased frogs and fish. They are now recognized to cause 

disease in birds and domestic animals [167]. A. hydrophila and A. 

salmonicida cause hemorrhagic disease, ulcerative disease, furunculosis, red 

sore disease and septicemia in fish. A. hydrophila has been isolated from 

diseased turtles, alligators, snakes, and frogs [168]. Populations in animals 

probably reflect the presence of A. hydrophila in their feed and water.  In their 

study of Aeromonas spp. in the feces of domestic animals, Figura and Marri 
isolated A. hydrophila more frequently than A. caviae. Stern et al., isolated 

aeromonads from 1 of 32 cows and 3 of 21 turkeys, but none were isolated 

from 22 pigs or 24 sheep. Gray and Stickler reported finding predominantly 

A. hydrophila in cow feces and A. caviae in pig feces. Diet and water sources 

influenced recovery of A. hydrophila from feces of domestic animals. 

Aeromonas spp. have been isolated from feces, bedding, and drinking water 

of health cows and pigs. They survive in soil for months. Both healthy and 

diseased animals shed Aeromonas spp. in feces [169].  
 

Nayduch et al., proposed that houseflies could serve as vectors for 

transmission of Aeromonas spp. since the bacteria multiplied in the gut and 

persisted for several days. Fly to fly transmission was demonstrated and 

transmission of Aeromonas spp. from fly to food was observed [170]. The 

use of medicinal leeches (Hirudo medicinalis) to treat vascular infiltration in 

surgical wounds has been recognized as a risk factor for A. hydrophila 

infections since 1983, and there are numerous reports of cellulitis and 

septicemia resulting from leech therapy [171].  
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2.2.7.2 In foods  
 

A. hydrophila have been isolated from fish, shellfish, meats, dairy products, 

and fresh vegetables, few foodborne outbreaks have been reported [14]. A 

growing body of epidemiological evidence supports the possibility of 

aeromonads causing foodborne gastroenteritis. While a plethora of putative 

virulence factors has been postulated and demonstrated in food isolates, the 

exact role and mechanism of aeromonads in causing diarrheal illness has not 

been elucidated. Evidence suggests that a high infective dose is necessary 

to produce gastrointestinal disease in a susceptible host, and the fact that 

aeromonads may survive and grow at refrigerator temperatures provides a 

reservoir of bacteria that may achieve an infective dose when foods are 

mishandled [172].  
 

United States Food and Drug Administrator (USFDA) reported A. hydrophila 

in fresh and fresh cut produce, and aeromonds have been isolated from 

lamb, oysters, cheese and raw milk, and fish and seafood [173]. Szabo et 

al., isolated Aeromonas spp. from 70 of 120 samples of lettuce in Australia. 

Aeromonads are found in ready to eat foods, including seafoods [174]. 
Studies published before 1990 relied upon phenotypic identification, while 

several studies published after that time identified isolates to hybridization 

group. While hybridization groups containing virulence factors are found in 

environmental samples and foods, aeromonads only cause gastroenteritis 

when their presence exceeds an infective dose for a susceptible host [14].  
 
2.2.7.3 In environment (including water) 
 

There are few studies of A. hydrophila in soil apart from the contribution of 

water. World Health Organization (WHO) reported the presence of 

aeromonads in pasture soil, probably as a contribution from manure [150].  
A. hydrophila forms biofilms on surfaces and may pose a threat of 

contamination in food processing. Researchers found that heat and chlorine 
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were effective against biofilm on stainless steel surfaces, however older 

biofilm was more resistant to heat and less established biofilm. Eight-day old 

biofilm was destroyed by heating to 60ºC and by exposure to 75 mg/L 

chlorine for 1 min [175]. 
 

2.2.7.4 In human 
 
Humans carry A. hydrophila in their gastrointestinal tract both in the presence 

and absence of disease. The rates of fecal carriage in asymptomatic persons 

in developed countries range from 0% to 4.0%, while the isolation rate from 

persons with diarrheal illness ranges from 0.8 to 7.4% [176]. In Southeast 

Asia, asymptomatic carriage rates as high as 27.5% and recovery rates from 

patients with diarrhea as high as 34% have been reported. Among Western 

Peace Corp workers in Thailand, aeromonads were recovered from 8.5% of 

healthy persons and 30.8% of persons with diarrhea [177]. Recovery rates 

among children with diarrhea vary geographically: 0.62 to 4% in Malaysia, 

2.3% in Taiwan, and 4.8% in Switzerland, [178-180].  
 

Sinha et al., reported Aeromonas spp. in 6.5% of all patients in India [181], 
and Chan et al. reported Aeromonas spp. in 6.9% of adult patients with 

acute diarrhea in Hong Kong [182]. Seventeen of 2,565 stool samples 

(0.66%) were positive for Aeromonas spp. [183]. Agger et al., reported A. 

hydrophila in 1.1% of stools in Wisconsin [184], and Moyer reported a fecal 

isolation rate of 7.1% in Iowa. [185].  
 

 

The clinical significance of isolates in these surveys is not clear, even when 

all patients in the surveyed population had diarrhea. Enteropathogenicity is 

influenced by growth temperature, where strains of O:34 grown at 20ºC 

exhibit enhanced virulence over strains grown at 37ºC. Strains isolated at 35-

37ºC, the typical incubation temperature used in clinical laboratories may 

produce false negative tests for virulence factors, making the retrospective 

assessment of clinical significance impossible [186].  
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2.2.8 Aeromonas hydrophila infections 
 
 

2.2.8.1 In animals 
 

A. hydrophila infection of aquatic animals has been recognized for over 100 

years, but they are less commonly recognized in other vertebrates. While 

many animals shed aeromonads from their gastrointestinal tract, there is no 

evidence that they suffer from gastrointestinal disease. Aeromonas spp. 

cause outbreaks of disease and represent an economic threat to the 

aquaculture industry.  

 

A. hydrophila has been reported to cause septicemia in snakes, turtles, and 

frogs [187-189]. Forga-Martel et al., reported a case of infectious abortion 

caused by A. hydrophila in a mare. Contamination from an adjacent dairy 

farm was suspected as the source of infection for the mare and 

transplacental infection was thought to result in fetal sepsis and abortion 

[169].  Disease in aquatic animals is characterized by hemorrhagic lesions, 

ulcers, and septicemia in frogs and fish [189,190]. Paniagua et al., 

determined that doses of 7 log10 CFU of A. hydrophila (72% of strains) 

infected intramuscularly produced disease in trout [191].  
 
2.2.8.2 In human  
 

A. hydrophila has received particular attention because of its association with 

human diseases. It has been isolated form both polluted and unpolluted 

bodies of water through out the world [192]. A study showed that Aeromonas 

spp. was extremely common contaminants of human foodstuffs and that 

some of the strains appear to be virulent. In their study most of the toxigenic 

strains were isolated from seafood and they suggested that seafoods were 

potential sources of virulent aeromonads. Therefore, in cases of foodborne 

bacterial illnesses in which oysters are implicated, Aeromonas spp. should be 

included in the general screening for causative microorganisms [190].  



www.manaraa.com

 44

A common source of A. hydrophila in outbreaks of gastroenteritis is from 

water supplies such as mineral springs, seawater environments, chlorinated 

and unchlorinated domestic supplies and watersheds polluted by sewage 

effluents. Sources other than water from which this organism can be readily 

isolated include seafood, foods of terrestrial animal origin such as meats, 

dairy products and poultry and vegetables. Asymptomatic and 

immunocompromised human carriers involved with handling of foods are 

another potential source. The presence of A. hydrophila in the food chain 

should not be ignored. Aeromonas species are regarded as controversial 

primary pathogen but several worldwide investigations clearly now indicate 

that at least some strains are clearly enteropathogens and few cases are 

linked to gastroenteritis [193].  
 

Although the incidence of Aeromonas in foods is high, they vary between 

countries and also among the type of strains. Two factors appear to be 

affecting the significance of A. hydrophila as a re-emerging pathogen. The 

first is the consumer driven demand for less processed and more natural 

foods containing fewer additives, there in growing emphasis on, refrigeration 

as the primary means for controlling microbial growth in food. The second 

point is that during the warm season there is an increase in water associated 

A. hydrophila strains also in some cases associated with an increase in 

gastroenteritic patients [193].  
 

Gastroenteritis caused by A. hydrophila has been documented, and the 

incidence of gastroenteritis tends to be higher in summer than other seasons 

[127]. A. hydrophila may be present in the gastrointestinal tract of humans, 

and most epidemiological studies show higher numbers in stools of patients 

with gastroenteritis than in asymptomatic individuals. Acute self-limiting 

diarrhea occurs in children, and chronic gastroenteritis or enterocolitis may 

occur in children and the elderly. The presentation of gastroenteritis caused 

by aeromonads includes various combinations of fever, vomiting, and 

increased fecal leucocytes or erythrocytes [128].  
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According to Kirov, the majority of aeromonads associated with 

gastroenteritis are A. veronii biovar sobria (HG-8/10), A. hydrophila (HG-1), 

and A. caviae (HG-4), though A. veronii biovar veronii (HG-8/10), A. trota 

(HG-13), and A. jandaei (HG-9) occur occasionally. Gastroenteritis attributed 

to A. hydrophila was characterized by acute watery diarrhea, vomiting 

abdominal pain, and fever. [194].  
 

Skin and soft tissue infection caused by Aeromonas spp. resulting in cellulitis 

and bacteremia. Skin and soft tissue infections may follow traumatic injury in 

environments where soil and water may contaminate the wound. A review of 

32 foot injuries revealed that at least one-third of cases resulted from 

introduction of aeromonads in soil-contaminated glass, nails, or sticks. 

Infections from severe trauma associated with automobile accidents or other 

accidents resulting in crushing injury, compound fractures, or severe burns 

may lead to osteomylitis, myonecrosis, or gangrene [195].  
 

Necrotizing fasciitis is a rapidly advancing form of cellulitis characterized by 

muscle necrosis. Tsai et al., reported necrotizing fasciitis caused by A. 

hydrophila in patients with suppressed immune systems, burns, and trauma 

in aquatic settings. The case of an 85-year old man with no history of trauma 

suggests that sepsis from an intestinal source resulted in soft tissue infection 

and subsequent necrotizing fasciitis [196]. Furusu et al., reported a fatal 

case of necrotizing fasciitis accompanied by gas production caused by A. 

hydrophila in a 66 year old man who underwent valve replacement surgery 

[197].  
 

Burn infections caused by aeromonads are rare events – only 29 cases have 

been reported in English language literature. These authors reported 5 cases 

of A. hydrophila or A. caviae infections from burns associated with explosions 

(4 of 5) and a campfire accident (1 of 5). In 4 of 5 cases, water was used to 

quench the fire or as a first aid treatment. Ko et al., reported A. hydrophila 

infection in 62-year old female suffered from a flame burn covered by 61% of 

her total body surface area [198].  
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Trauma is most closely associated with Aeromonas wound infections. While 

the typical presentation in persons with normal immune status is cellulitis, 

more serious infections and sepsis can occur. Patients developing 

myonecrosis have a mortality rate exceeding 90%. The significance of A. 

hydrophila as a cause of skin and soft-tissue infections was made abundantly 

clear as a result of the tsunami that devastate Southeast Asia in December 

2004. Among 777 patients hospitalized for injuries suffered as a result of the 

tsunami, 515 had skin and soft-tissue infections and 145 isolates for 305 

patients were A. hydrophila. Many of these infections developed because 

traumatic wounds were not cleaned properly or because of delay in obtaining 

medical care [199].  
 

Pneumonia and lung abscess in adults has been reported. Pneumonia may 

also occur in children, and Kao et al., reported a case of bacteremic 

pneumonia caused by A. hydrophila in a previously healthy 5-year old child. 

Predisposing conditions were present in 11 of 15 (73%) of cases. Reported 

predisposing conditions include alcohol abuse (20%), neurologic disease 

(20%), cardiovascular disease (27%), chronic renal failure (7%), chronic 

obstructive lung disease (20%), traffic accidents (7%), and malignancy (7%) 
[200]. Murata et al., reported fulminant pneumonia caused by A. hydrophila 

in a patient undergoing hemodialysis with chronic renal failure and cirrhosis. 

The source of infection was not determined [201].  
 

Respiratory infections occur in the immunocompetent persons who 

involuntarily aspirate surface water while swimming or as the result of an 

accident [202]. Miyake et al., reported Aeromonas pneumonia from near-

drowning experiences. Respiratory infections may also occur in persons with 

underlying diseases placing them at risk for Aeromonas bacteremia 

originating from an intestinal source. Isolation of A. hydrophila from 

respiratory specimens must be interpreted together with clinical findings, 
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since the upper respiratory and nasopharyngeal tracts may be transitorily 

colonized [203].  
 

Meningitis is a rare complication of extraintestinal infections with A. 

hydrophila [204].  Brouqui and Raoult reviewed endocarditis and found only 

two cases caused by A. hydrophila, both in patients with cirrhosis [205]. 
Osteomyelitis has been reported following compound fractures or crushing 

trauma where wounds were contaminated by soil or water [206]. Liver 

disease is a recognized predisposing factor leading to Aeromonas infection 

resulting from septicemia. Underlying hepatitis B infection and cirrhosis are 

predisposing factors for liver disease. Liver abscess, supperative cholangitis, 

and empyema may occur following septicemia in patients with underlying 

hepatobiliary disease. A. hydrophila was identified in all instances in which 

species identification was performed [207].  
 

Bacteremia resulting from A. hydrophila infection was reviewed by Tsai et 

al., A. hydrophila sepsis is associated with gastrointestinal disease, liver 

cirrhosis, diabetes, malignancy, pancreatitis, trauma, cardiac anomalies, and 

respiratory disease. Sepsis is accompanied by fever, hypotension, jaundice, 

and chills, and complications of Aeromonas infection may include 

intravascular coagulation, purpura fulminans, and ecthyma gangrenosum. 

Disseminated infection progresses rapidly and has a high fatality rate [208].  
 

Peritonitis sometimes occurs as a secondary infection following colonization 

of the intestinal tract, and is also associated with peritoneal dialysis or 

intestinal perforation. Most infections occur in patients with chronic liver 

disease, where the case-fatality rate approaches 60% [206]. Fang et al., 

reported a case of hemolytic uremic syndrome (HUS) caused by A. 

hydrophila in a 23-month old child that occurred six days following an 

episode of bloody diarrhea in a follow-up report [209].  
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The causal role of A. hydrophila in ocular disease must be evaluated in 

conjunction with clinical presentation, since A. hydrophila have been cultured 

from eye swabs of 73-year-old male with a history of myelodysplastic 

syndrome, suffered from periorbital swelling in the eye. Since A. hydrophila 

should be listed as an important pathogen in any soft tissue infection 

including eyelid infection [210]. Septic arthritis caused by A. hydrophila is 

relatively rare [211].  
 

2.2.9 Epidemiology and disease outbreaks 
 

2.2.9.1 Outbreaks locations 
 

A. hydrophila are frequently isolated from drinking water [212], and temporal 

and seasonal associations between presence of aeromonads in drinking 

water and their presence in the stools of patients with gastroenteritis have 

been reported [213]. While some investigators claim that drinking water is 

responsible for outbreaks of Aeromonas gastroenteritis, epidemiological 

evidence linking water ingestion to gastrointestinal illness has been limited to 

untreated drinking water supplies[183]. 
 

Molecular typing studies have shown that the strains most frequently found in 

feces belong to HG-1 and HG-4, while HG-2, HG-3 and HG-5A are more 

commonly found in drinking water and the environment, suggesting that 

environmental strains are fundamentally different from clinical strains. The 

high infectious dose, the differences in temperature optima, and the variation 

in expression of putative virulence factors between clinical and environmental 

strains suggest that outbreaks of gastrointestinal illness resulting from water 

ingestion are unlikely to occur [214].  
 

One report linked exposure to aquarium water to a case of gastroenteritis 

caused by A. sobria with fatal disseminated disease in a 6-month old child 

[215]. A. hydrophila have been reported as the cause of individual cases and 

point source outbreaks of foodborne disease.  Seafood products are among 

the ideal substrates for proliferation of Aeromonas [128].  
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In tropical countries like India, fishery products are contaminated by various 

food-borne pathogens. Pollution and cross contamination levels are very high 

in many developing tropical countries due to lack of infrastructure. It is 

important that fishery products should be maintained free from pathogens 

before consumption. Variations in the incidence level of A. hydrophila, the 

most common aeromonad in seafood can be attributed by secondary 

contaminations such as handling, usage of polluted/non-hygienic water, 

storage of seafood in inadequate facilities etc. Also, A. hydrophila may be 

introduced from water, animal faeces, or food-handlers. The ubiquity of this 

organism means it has the potential to be food-borne [216]. 
 

In United States, food poisoning is responsible for a major loss of economic 

resources, being second to the common cold in causing time lost from work. 

About 35-40% of the reported food-borne outbreaks, which occur in the US 

each year, are of unknown etiology [217]. In the last few years, motile A. 

hydrophila have been included in the list of bacterial species that are 

considered enteric pathogens [218]. Here have also been several reports of 

A. hydrophila contaminated meat, poultry and raw milk but there have been 

few systematic studies on the incidence of Aeromonas spp. in foods although 

one report suggested that these organisms were very common contaminants 

of food [14].  
 

The much higher incidence of Aeromonas spp. in foods purchased at retail 

outlets suggests that the source of contamination may not be faeces and 

there is an increasing evidence that some strains of Aeromonas spp. cause 

diarrhea in human beings and it is likely that uncooked or cross contaminated 

foods act as a source of infection [219]. This organism has been isolated 

from all over the world, and its source is wild fish, and pond cultured edible 

and ornamental fish [220]. A. hydrophila was first reported as associated 

bacteria exclusively with diseased fish. Another known reservoir is shellfish, 

particularly, oysters [221]. Vila et al., reported Aeromonas spp. as the cause 

of diarrhea in 2% of travelers to Africa, Latin America, and Asia [222].   
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2.2.9.2 Possible transmission routes of sporadic Aeromonas hydrophila 
 

A. hydrophila is ubiquitous in the environment and there are multiple 

opportunities for transmission to humans through food, water, animal contact, 

and direct human contact. Extra-intestinal infections are typically acquired 

following trauma in an aquatic environment, and intestinal infections are 

acquired by ingestion of contaminated food or water. Intestinal infections in 

immunocompromised patients may disseminate resulting in septicemia with 

multiple organ involvement. Inhalation of surface water in near drowning 

incidents has been reported to cause pneumonia.  
 

 

A. hydrophila have been recognized as potential foodborne pathogens since 

1984. Kirov reviewed the public health significance of Aeromonas spp. in 

foods, and Merino et al., reviewed aeromonads as emerging pathogens 

present in foods, and are common on foods, especially green vegetables, 

and they are found in raw milk, ice cream, meats, and seafood [150].  
 

Diarrheal disease was associated with drinking untreated well water [223]. 
Many researchers used ribotyping to demonstrate that shrimp ingestion 

resulted in gastroenteritis in the first report of foodborne illness attributed to 

Aeromonas spp. Subsequently, others have shown the same ribotype in well 

water and stools of patients with gastroenteritis. Ribotyping was used to 

demonstrate that a patient with chronic diarrhea carried the same strain for 

years [214], and ribotyping was used to demonstrate person-to-person 

transmission of Aeromonas between a foster child and a foster parent [185]. 
 

 Filler et al., reported a case of acute renal failure in a 6-month old infant 

caused by Aeromonas spp. acquired from aquarium water. Transmission 

among children in daycare centers, nursing homes, and patients in intensive 

care have been reported [150]. Animal-to-person transmission may occur 

through direct contact, or by ingestion of contaminated food products of 

animal origin. Extra-intestinal infections originate from environmental sources 

directly from soil or water contact, or indirectly by ingestion and bacteremic 

dissemination of A. hydrophila from the gastrointestinal tract [224].  
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CHAPTER 3 

MATERIAL AND METHODS  

 

3.1 Materials 

3.1.1 Equipment 
 

a. Autoclave (Tuttnaur 3870 ELV) 

b. Balance (sensitivity of ± 0.1 g) (Mettler tolado) 

c. Binuclear microscope (Olympus ch20BIMF200) 

d. Blinder (Memmolinix) 

e. Freezer (-70°C) (Heraeus) 

f. Fifteen ml plastic bottles 

g. Incubators capable of holding temperatures at 4 ± 1°C, 25 ± 1°C, 28 ± 

1°C, 30 ± 1°C, 32 ± 1°C, 35 ± 1°C and 37 ± 1°C ( Memert BE400, Selecta 

80067) 

h. Inoculating needles and loops 

i. Refrigerator (Kelvinator)  

j. Sewage collection tool (Home made) 

k. Sterile cellulose acetate membrane with a pore size of 0.45 (Millipore) 

l. Sterile scissors, forceps, knives, pipettes, hockey sticks, and other supplies 

m. Sterile tubes and cups 

n. Vortex mixer (Snijers) 

O. Water bath (Memert) 
 

3.1.2 Reagents 
 

a. Crystal violet (85 µg/ml aqueous solution) 

b. Crystal violet (0.5 mg/ml aqueous solution) 

c. Ferrous ammonium sulfate (1%) 

d. Gram stain kit (Himedia, India) 

e. HCl solution (1 N) 
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f. KOH  (0.25%) in 0.5% NaCl aqueous solution  

g. Kovacs' reagent 

h. Oxidase reagent or reagent-impregnated disc/strip (Himedia, India) 

i. Sterile mineral oil 

j. Sterile Saline (0.85% NaCl) 

k. Voges-Proskauer (VP) test reagents (KOH and Alpha naphthol) 

l. Wayson stain (prepared from basic ingredients) 

 

3.1.3 Media  and biochemical tests 
 
a.  API 20E system (Biomeroux, France) 

b. Brain heart infusion agar 

c. Brain heart infusion broth 

d. Blood agar 

e. Cefsulodin-irgasan-novobiocin (CIN) agar 

f. Christensen's urea agar slants 

g. DNase test agar 

h. Esculin agar 

i. Hektoen Enteric agar 

j. Kligler's Iron agar (KIA) slants 

k. MacConkey agar 

l. Salmonella Shigella (SS) agar 

m. Phosphate Buffered Saline (0.01 M) (PBS, pH 7.6) 

n. Simmon's Citrate agar slants  

o. Thioglycollate broth 

p. Trypticase Soy Broth (TSB) 

q. Xylose Lysine Deoxycholate agar (XLD) 

All media and antibiotics used were purchased from HiMedia (India). 
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3.2 Methods 
 

3.2.1 Sample collection 
 

A. Appendiceal samples: Twenty samples were collected from 

hospitalized patients after appendectomy from different hospitals in 

Gaza strip. Collection was performed by surgeons during 

appendectomy. 
 

B. Fecal samples: Three hundreds diarrheal stools were collected from 

different hospitals (Kamal oudwan, Al-Shifa, Al-Nasser, Al-Dora, Al-

Aqsa, Nasser, Gaza-European and Al-Najar) in sterile bottles. 
 

C. Sewage samples: Twenty-six sewage samples were collected from 

six sources (a) Bietlahia WWTP, (b) El-shifa hospital, (c) Gaza 

European hospital, (d) Al-Aqsa hospital, (e) Al-Nasser hospital and (f) 

Shiek Ejleen in sterile 50 ml plastic bottles.  

D.  Animal excreta samples: Twenty-six samples were collected from 

slaughterhouses and houses using sterile bottles. 
 

E. Food samples: Fifty samples from each the following materials; meat, 

turkey, chicken, sausage, ice-cream, cheese and milk samples were 

purchased from local supermarkets and houses. 
 

F. Water samples: Two-liter samples of different water types (tap and 

well water) were collected in sterile bottles. Natural mineral water was 

purchased from a local supermarket. Tap water was obtained from 

municipal distribution system in various localities all over Gaza Strip. 

Seawater was taken at a depth of 1·5–2 m near the sewage discharge 

point of Gaza wastewater treatment Plant (GWWTP).  
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3.2.2 Sample transport 
 

Clinical samples were collected and transported according to the 

recommended clinical laboratory practice [5]. Environmental samples were 

collected and handled according to the protocol outlined in Standard Methods 

for Examination of Water and Wastewater (APHA) [224]. Food samples were 

collected and handled in accordance with the procedures of the FDA 

Bacteriological Analytical Manual [225]. All samples were collected in sterile 

bottles and transported in an ice box until analyzed (No more than 3 hours 

were allowed between sample collection and processing). 

3.2.3 Sample processing 

 

3.2.3.1 Preparation of sample homogenate 
 
Some of the clinical samples and environmental samples processing required 

preparation of serial dilutions, these were  cultured directly, diluted, or by 

membrane filtration, followed by incubation of the filter membrane on culture 

media [226]. 
  
A. Appendiceal samples 
Appendix samples were grinded for 2 minutes in a sterile blinder and 

transferred into 10-fold volume of TSB and incubated for 48 h at 25 °C. In 

addition, 3 ml of culture was transferred to 15 ml of thioglycollate medium. 

Homogenate were allowed to stand undisturbed at room temperature for 10 

min to allow settling of large appendix particles [227]. 
 

B. Fecal samples 
About one gram of fecal sample was placed into 10-fold volume of PBS 

[5,157]. 
 

C. Animal excreta samples  

Five-gram samples of animal excretion were homogenized with 20 ml of PBS 

[5,157]. 
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 C. Sewage samples 

Twenty five to thirty ml of the sample was inoculated into 10-fold volume of 

PBS [33,157]. 
 

D. Water samples 
Non-turbid water samples were processed using the membrane filtration 

(MF) method, 200 ml of the samples were filtered through sterile cellulose 

acetate membrane with a pore size of 0.45 (Millipore). One filter was 

aseptically placed onto the surface of selective media (CIN) agar in a 50-mm 

Petri plate which was incubated at 32°C for 48 h. The second membrane was 

aseptically placed into a bottle containing 10 ml of TSB enrichment broth and 

incubated at 25°C for 24 h. TSB enrichments were inoculated onto CIN agar 

which was incubated at 32°C for 24 h. Membrane filtration method (MF) has 

been validated for detection and enumeration of Y. enterocolitica and A. 

hydrophila from different type water [33,150]. 
 

E. Food samples 

Twenty five grams of each sample were added to 100 ml of 0.01 M PBS: pH 

7.6 and homogenized for 2 minutes in a sterile blinder. Homogenates were 

allowed to stand undisturbed at room temperature for 10 min to allow settling 

of large meat particles [77,225]. 
 

3.2.4 Isolation procedure 
 

3.2.4.1 Enrichment and plating procedures 
               

A. PBS: 0.1 ml of PBS homogenate was spread onto SS agar and incubated 

at 30°C for 24 h. 0.1 ml was spread onto CIN agar and incubated at 32°C for 

18 h. 0.1 ml was spread on MCA agar and incubated at 25oC. 0.1 ml volumes 

were spread onto Hektoen Enteric (HE) agar, and Xylose Lysine 

Deoxycholate (XLD) agar, and incubated at 32°C for 18 h. In addition, 0.5 ml 

of the PBS enrichment was removed, treated with 4.5 ml KOH, and then 

streaked onto CIN agar only [77,150].  
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B. TSB: 5 ml of PBS homogenate supernatant was transferred into 20 ml 

TSB. Incubated at 25°C for 24 h. 0.1 ml was spread onto SS agar and 

incubated at 30°C for 24 h. 0.1 ml was spread onto CIN agar, and incubated 

at 32°C for 18 h. 0.1 ml was spread on MacConkey agar and incubated the 

plates at 25oC. 0.1 ml volumes were spread onto HE, and XLD agar, and 

incubated at 32°C for 18 h. Also, 0.5 ml of the TSB enrichment was removed, 

treated with 4.5 ml KOH, and then streaked onto CIN. The TSB enrichment 

culture was re-incubated at 25°C for 2 additional days, and then was plated 

as previously described [77,150]. 
 

C. Remainder of PBS: The remainder of the PBS homogenate was 

refrigerated at 4°C and subcultured after 1,4,7 and 14 days. 0.1 ml was 

spread onto CIN agar and the plates were incubated at 32°C for 18 h. Also, 

0.5 ml of the PBS enrichment was removed, treated with KOH, and then 

streaked onto CIN. [230,231]. 
 

D. KOH treatment: 0.5 ml of enrichment culture was added to 4.5 ml 

KOH/NaCl. Vortexed briefly (3-4 sec) and immediately a loop-full of the KOH-

treated broth was streaked onto CIN agar [81]. 

 

 

3.2.4.2 Selection of colonies from plating media 
 

Due to the fact that SS, HE, XLD, MacConkey, and CIN agars are not 

completely inhibitory to non-Yersinia or Aeromonas, a variety of non-desired 

organisms may be recovered from these agars. Some of these organisms 

(e.g. strains of Morganella, Citrobacter and Enterobacter) have a colonial 

morphology similar to that of Yersinia and Aeromonas species. Care was 

exercised in the selection of suspect colonies from SS, HE, XLD, MacConkey 

and CIN agars in order to minimize picking non-Yersinia or Aeromonas.  
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A. SS: On SS, Y. enterocolitica and A. hydrophila colonies are typically round 

and opaque or colorless.  

B. HE: On HE, Y. enterocolitica and A. hydrophila colonies have a salmon 

color.  

C. XLD: On XLD, Y. enterocolitica and A. hydrophila colonies have a yellow 

color.  

D. MacConkey: On MacConkey agar the colonies were invariably smaller 

than those on the CIN agar, non lactose fermenter, flat and without entire 

margins [24,232]. 
 

E. CIN: On CIN, typical Y. enterocolitica and A. hydrophila colonies have a 

red bulls-eye which is usually very dark and sharply delineated. The bulls-eye 

is surrounded by a transparent zone with varying radii, with the edge of the 

colony either entire or irregular; colony diameter of Y. enterocolitica is 1-2 

mm but the colony of A. hydrophila is larger than Yersinia species [226,229].  

 

3.2.4.3 Identification and confirmation procedures 
 

3.2.4.3.1 Identification of Yersinia and Aeromonas 
 

A colony on CIN, HE, XLD, or SS having morphology typical of Y. 

enterocolitica or A. hydrophila was selected and streaked on blood agar 

plates for pure culture, and a colony from blood agar plates was emulsified in 

about 1 ml of sterile saline (0.85%). This was used to first inoculate a slant of 

Simmon's citrate agar, then Kligler's iron agar, and a tube of urea agar. This 

procedure was repeated with 5 colonies having morphology typical of Y. 

enterocolitica and A. hydrophila selected from each plate of selective agar 

[77,150].  
 

a. Simmon's Citrate: The slant of a tube of Simmon's citrate agar was only 

streak-inoculated, and was incubated at 28°C for 24 h. Presumptive Y. 

enterocolitica and A. hydrophila are citrate negative. 
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b. Kligler's Iron Agar: The butt was stabbed and the slant  streaked and 

was incubated at 28°C for 18-24 h. Presumptive Y. enterocolitica and A. 

hydrophila present an alkaline (red) slant and acid (yellow) butt (K/A), without 

gas or H2S in KIA. 
 

c. Christensen's urea agar:  The slant of freshly prepared urea agar slant 

was heavily streaked with the test organism and was incubated at 28°C for 

24-72 h. Presumptive Y. enterocolitica is (+) for urease and will turn the agar 

to an intense red-pink color while A. hydrophila is (-). 

 

3.2.4.3.2 Confirmation of Yersinia enterocolitica and Aeromonas 
hydrophila 
 

One well-isolated colony from each culture was used to inoculate 5 ml of 

0.85% NaCl medium, pH 5.5 to 7.0. A humid atmosphere was provided, and, 

to identify the organisms, commercially available bacterial identification kit, 

API 20E test, a kit (Biomerieux, France) was used according to the 

instructions of the manufacturer. After 18 to 24 h, all reactions were analyzed 

according to the interpretation chart included in the package insert. Reagents 

were added to the TDA, Voges-Proskauer, and IND tubes, and the reactions 

were recorded. Inoculum for further testing was obtained from the KIA slant 

[77,150].  
 

For additional speciation of Yersinia and Aeromonas, the following tests were 

performed: 
 

A. Oxidase test: A colony growing on KIA slant of any presumptive Y. 

enterocolitica and A. hydrophila isolates was tested for oxidase by the 

commercially available reagent-impregnated test discs. Yersinia is oxidase 

negative (-) while A. hydrophila is oxidase (+) [77,150]. 
 

B. Deoxyribonuclease (DNase) test: Yersinia and Aeromonas strains were 

inoculated onto a plate of DNase test agar by streaking the medium in a band 

( about 1.9 cm length streak). Plates were incubated at 28°C for 18-24 h. 
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Following incubation, plates were examined as follows: Plate was flooded 

with 1 N HCl. A zone of clearing around a colony indicates a positive test. 

Yersinia and Aeromonas strains are DNase (+) [77,150]. 
 

3.2.4.4 Testing for pathogenicity markers 
 

A. Pyrazinamidase test: Isolates were inoculated over entire slant of 

pyrazinamide agar and incubated at 25°C for 48 h. Slant surface were 

flooded with 1 ml of freshly prepared 1% (w/v) aqueous solution of Ferric 

ammonium sulfate. Test results were read after 15 min; a pink to brown color 

indicates PYZ positive (+), (presence of pyrazinoic acid) while no color 

development is observed with PYR negative (-) strains. Pathogenic strains of 

Yersinia are PYZ negative and A. hydrophila are PYZ positive [10,129,191]. 
 

B. Esculin hydrolysis: A plate of esculin agar was inoculated with the test 

strain. The plate was incubated at 25°C for 10 days, reading after 1,2,3,7 and 

10 days. Blackening indicates esculin hydrolysis. Pathogenic Y. enterocolitica 

is negative for this test while A. hydrophila is esculin positive [10,129,233]. 
 

C. Auto-agglutination in MR-VP and BHI broth: Individual isolates were 

evaluated for the ability to autoagglutinate in MR-VP broth for Y. 

enterocolitica and brain heart infusion broth (BHIB) for A. hydrophila as 

follows. For Y. enterocolitica; 2 tubes of MR-VP broth were inoculated; one 

was incubated at 25°C for 24 h, and the other at 35°C for 24 h. After 18 to 24 

h incubation, the tubes were observed for agglutination, with care taken not 

to shake or disturb the sediment at the bottom and along the sides of the 

tube. The tube incubated at the lower temperature should exhibit turbidity 

from cell growth. The tube which had been incubated at 35°C should show 

agglutination (clumping) of bacteria along the walls and/or bottom of tube and 

clear supernatant fluid. Virulence plasmid agglutinates at 35°C but not 25°C. 

Isolates that lack the virulence plasmid do not agglutinate at either 

temperature [10].  
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The autoagglutination test for selfpelleting (SP+) and precipitation after 

boiling (PAB+) phenotype characterization was carried out as described by 

Janda et al.,. Each A. hydrophila isolate  was grown in 6 ml of BHIB for 18 h 

at 28°C. At the end of the incubation period, cultures were observed for 

evidence of self-pelleting, which was manifested as a large aggregate of cells 

at the bottom of the tube and the absence of turbidity in the medium. A 3-ml 

fraction was heated for 1 h at 100°C in a water bath and then cooled for 10 

min and compared with the samples kept at room temperature for a control. 

Reduction in turbidity was considered positive for precipitation after boiling 

[164,233]. Both pathogenic Y. enterocolitica and A. hydrophila are positive 

for this test. 
 

D. Crystal violet binding test: This rapid screening test differentiates 

potentially virulent Y. enterocolitica and A. hydrophila cultures. Suspected 

cultures were grown for 18 h at 22-26°C in BHI broth with shaking. Each 

culture was diluted in physiological saline. 0.1 ml of each culture was spread 

to each of two BHI agar plates. The plates were incubated at 25°C or 37°C 

for 30 h. Each plate was gently flooded with 8 ml of 85 µg/ml of crystal violet 

(CV) solution for Y. enterocolitica and 0.5 mg/ml for A. hydrophila for 2 min 

and the crystal violet uptake was qualitatively determined. Colonies were 

observed for their CV binding.  The binding of CV to positive colonies was 

observed by their dark violet appearance, while negative colonies failed to 

bind the dye and remained white.  Photographs of colonies were made for 

permanent records [10,234]. 
 

E. Beta haemolysin production of A. hydrophila: Haemolytic activity of the 

organisms studied was detected on blood agar plates containing 5% human 

blood. All tests were incubated in air at 37°C for 18-24 h. Isolates exhibiting 

hemolytic zones in excess of 2 mm from the streak inoculum were 

considered positive [137]. 
 

Yersinia and Aeromonas isolates were stored in TSB with 20% (v ⁄ v) glycerol 

at -80oC until further testing. 
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3.2.4.5 Antimicrobial susceptibility testing 

All Y. enterocolitica and A. hydrophila isolates were tested for antimicrobial 

susceptibility using disk diffusion method using Mueller Hinton agar and 

antibiotic disks procured from Hi-Media laboratories, India, according to 

National Committee for Clinical Laboratory Standard (NCCLS). 3-5 colonies 

of each isolate were introduced into a tube containing BHIB. These tubes 

were incubated for 4-6 h and the broth culture turbidity was adjusted to that 

of 0.5 McFarland standard. Muller Hinton plates were dried for a bout 30 min 

before inoculation and were used within one day of preparation. The 

standardized bacterial broth suspension was streaked on the surface of the 

medium with a cotton swab. After the inoculum had dried (3-5 min) the disks 

were placed on the agar with flamed forceps and gently pressed down to 

ensure contact [235].  

The plates were incubated for 24 h at 37oC and the diameter of zone of 

inhibition of each antimicrobial agent was compared with the chart supplied 

by the manufacturer and interpreted as sensitive, intermediate or resistant. 

The following table includes the list of antimicrobials and their potencies used 

for the antimicrobial testing. 

Table (3.1): Antimicrobial disks used in the susceptibility testing of Y. 

enterocolitica and A. hydrophila  

Antimicrobial agents Abbreviation Disk potency 
Amikacin Ak 30 µg 
Ampicillin A 10 µg 
Amoxycillin-Clavulanate AC 30 µg 
Aztreonam Ao 30 µg 
Cephalexin Cp 30 µg 
Cefazolin Cz 30 µg 
Cefotaxime Ce 30 µg 
Ceftazidim Ca 30 µg 
Ceftriaxone Ci 30 µg 
Cefuroxime Cu 30 µg 
Ciprofloxacin Cf 5 µg 
Chloramphenicol C 30 µg 



www.manaraa.com

 62

Doxocycline Do 30 µg 
Erythromycin E 10 µg 
Gentamicin G 10 µg 
Meropenem MEM 10 µg 
Nalidixic acid Na 30 µg 
Ofloxacin Ofx 5 µg 
Co-trimethoprim Co 25 µg 
Tetracycline Te 30 µg 
 
3.3 Permission and Ethics 
 

Permission was taken from Helsinki Committee, Hospitals General 

Administration, patients or patients guardians and workers in GWWTP and 

Bit-lahia Wastewater Treatment Plant. 
 
3.4 Questionnaire 
 

 The questionnaire used in this study included open and closed questions 

and data collected by interviewing  patients or patients guardians to record 

address, age, sex, date of onset of illness and duration of illness. A checklist 

inquired about symptoms, including the presence of diarrhea, number of 

stools per day, consistency of stools, presence of blood or mucous, 

occurrence of abdominal pain or cramping, presence of  vomiting, and fever. 

Epidemiological questions explored exposure to animals. Respondents were 

asked to specify the use of an untreated private or treated public drinking 

water supply. A cover letter accompanied each questionnaire explaining the 

purpose of the study. Questionnaires were tabulated to determine age and 

sex correlation with gastrointestinal disease, characteristic symptoms, and 

possible exposures and predisposing factors necessary to establish infection.  
 
 [[[[ 

3.5 Data analysis 
 
Data obtained from microbiological investigation and from the questionnaire   

survey  were uploaded   to (SPSS version 15) software and analyzed using 

cross tabulating and chi square test. 
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CHAPTER 4 
RESULTS  

 

This study was conducted on 300 patients to investigate the presence of Y. 

enterocolitica and A. hydrophila in clinical samples. 95 food samples and 84 

environmental samples were also tested. All suspected Y. enterocolitica and A. 

hydrophila were identified using conventional microbiological techniques. 

 

4.1 Identification of Yersinia enterocolitica and Aeromonas hydrophila 

 

All suspected Y. enterocolitica and A. hydrophila were presumptively identified 

using colonial morphology and by the use of (urea agar, Simmon's citrate agar 

and Kligler's iron agar). All cultures of Y. enterocolitica were positive for urease 

while A. hydrophila were negative and all of Y. enterocolitica and A. hydrophila 

were negative for citrate utilization. On Kligler's iron agar after both pathogens 

produced K/A reaction without H2S and gas. Figure (4.1).  

 

 
  

Figure (4.1): Presumptive identification of (A) Yersinia and (B) Aeromonas 

 

 

A B
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Table 4.1 indicates the biochemical reaction of Y. enterocolitica and A. 

hydrophila isolated from clinical, food and environmental samples.  

 

Table (4.1): Biochemical profiles and other properties of Y. enterocolitica and A. 

hydrophila isolated from different sources 

 
 

Test Y.  
enterocolitica 

A.  
hydrophila  

Ortho nitrophenyl-β-galactosidase 
(ONPG) 

+ + 

Arginine dihydrolase (ADH) - + 

Lysine decarboxylase (LDC) - - 

Ornithine decarboxylase (ODC) + - 
Citrate utilization - - 
H2S production - - 
Urease production + - 

Tryptophane deaminase (TDA) - - 
Indole production + + 
Voges- Proskauer + + 
Gelatinase production - + 
D-Glucose + + 

D-Mannitol + - 
Inositol +/- - 
D-Sorbitol +/- - 

L-Rhamnose - - 
D-Sucrose +/- + 
D-Melibiose -/+ - 
amygdalin + + 
L-Arabinose + + 
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Presumptive Yersinia and Aeromonas were identified biochemically by API 20E 

system (Figure 4.2). 

 

   

 
 

 

Figure (4.2): API 20E reactions for (A) Y. enterocolitica and (B) A. hydrophila 

 

All cultures of Y. enterocolitica and A. hydrophila grown on CIN agar plates were 

gram and wayson stained and showed negative reaction with rod to coccobacilli 

morphology with bipolar staining: All cultures of Y. enterocolitica were negative 

for oxidase, gelatin hydrolysis, lysine decarboxylase, arginine dihydrolase 

(ADH), and phenylalanine deaminase. On the other hand, all cultures of A. 

hydrophila were positive for oxidase and ADH. The results of the remaining tests 

are shown in Table (4.1). 

A

B 
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4.2 Distribution of Yersinia and Aeromonas isolates 
 

Yersinia species were isolated from all sampled sources. The highest incidence 

was from sewage (19.1%) followed by animal excreta (11.5%), while, clinical 

samples showed the lowest percentage (4.7%). With regard to A. hydrophila, 

meat and water showed the highest incidence (48.9% and 46.9% respectively). 

The overall frequency of Yersinia and Aeromonas isolates was 6.3% and 38.1% 

respectively (Table 4.2). 

 
Table (4.2): Distribution of Yersinia and Aeromonas isolates according to 

sample type. 
 

Yersinia Aeromonas 
Sample type No. 

No. % No. % 

Clinical samples 300 14 4.7 103 34.3 

Animal excreta 26 3 11.5 10 38.5 

Meat 45 3 6.7 22 48.9 

Milk 50 3 6 18 36 

Sewage 26 5 19.1 11 42.3 

Water 32 2 6.25 15 46.9 

Total 473 30 6.3 179 38.1 
 

 
4.3 Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
clinical samples 

 

Cultures of Y. enterocolitica and A. hydrophila were performed on 300 diarrheic 

stool samples and 20 appendiceal samples after appendectomy. The median 

age of the patient population was 3.6 years (range 40 days to 47 years), and 

55% were males (Table 4.3 and Figure 4.3). 
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Table (4.3): Age distribution of the study sample 

 

Age group Frequency Percent 

Below 2 years 126 42  

2 - less than 6 years 132 44 

6 - less than 15 years 28 9.3 

Over 15 14 4.7 

Total 300 100 

Male
55%

Female
45%

 
Figure (4.3): Sex distribution of the study population 

 

One hundred fifty eight stool samples were collected from patients below the 

age of 6 and only 14 samples from patients older than 15 years. From table 4.4, 

it could be observed that both Yersinia and Aeromonas were isolated with a 

higher frequency from patients belonging to the age group 2 to less than 6 years 

(2.3% and 20.3% respectively). There was a decline in incidence of both 

pathogens with increasing age. A significant association was found among Y. 

enterocolitica and A. hydrophila isolation and age groups less than 6 years (p < 

0.05). 

 
 



www.manaraa.com

 68

Table (4.4): Yersinia and Aeromonas isolates distributed according to age 

(N=300) 
 

Yersinia Aeromonas 
Age range 

No. % No. % 

Below 2 years 5 1.7 31 10.3 

2- less than 6 years 7 2.3 61 20.3 

6- less than 15 years 1 0.3 8 2.7 

Over 15 1 0.3 3 1.0 

Total 14 4.7 103 34.3 

P: 0.001  
 

A total of 14 (4.7%) Y. enterocolitica and 103 (34.3 %) A. hydrophila isolates 

were recovered from 300 patients with acute diarrhea, whereas no isolates were 

recovered from appendiceal samples. Other bacterial enteropathogens were 

isolated from 300 patients with diarrhea; 3 isolates (1.0%) of Salmonella spp. 

and 3 isolates (1.0%) of Shigella spp. (Figure 4.4). 

 

Negative
59%

Y. 
enterocolitica

5%
A. hydrophila

34%

Salmonella 
1%

Shigella
1%

 
Figure (4.4): Frequency and distribution of Y. enterocolitica and A. hydrophila 

and other enteropathogens in clinical samples 
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4.3.1 Detection of Yersinia enterocolitica and Aeromonas hydrophila from 
different hospitals 
 
Clinical samples were collected from eight hospitals located in various parts of 

Gaza strip. Y. enterocolitica was detected in 5 hospitals with high incidence at 

Al-Dorrah hospital. On the other hand, A. hydrophila was detected in all 

hospitals with the highest frequency from Al-Nasser hospital (Table 4.5). A 

significant association was found between the number of isolates and source of 

clinical samples (P<0.05). 

 
Table (4.5): Distribution of Yersinia and Aeromonas according to hospital 

 

Yersinia Aeromonas 
Hospital Location No. % 

No % No % 

AL-Aqsa Deir-Albalah 101 33.7 4 4.0 41 40.6 

Al-Nasser Gaza 47 15.7 3 6.4 21 44.6 

Al-Shifa Gaza 32 10.7 0 0.0 4 12.5 

Al-Najar Rafah 30 10.0 2 6.7 8 26.6 

Gaza-European Rafah 23 7.7 0 0.0 5 21.7 

Kamal-odwan Bit-lahia 15 5.0 0 0.0 4 26.7 

Nasser Khan-Younes 36 12.0 2 5.6 13 36.1 

Al-Dorrah Gaza 16 5.3 3 21.4 7 43.8 

Total 300  100.0 14 4.7 103 34.3

P = 0.001 

 
4.3.2 Associated clinical features  

 

All patients with Y. enterocolitica had watery diarrhea ranged from 3 to 7 days in 

duration. The frequency of defecations ranged from 3 to 7 daily.  Most (92.2%) 

of the patients had vomiting, mucus and fever >39 oC. Other symptoms included 
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blood in stool (64.3%) and abdominal pain (28.6%). All patients with A. 

hydrophila had watery diarrhea of 3 to 7 days in duration. The maximum 

frequency of defecation was over 7 daily (95.1%).  66 % of the patients had 

vomiting and 77.7 % of the patients had fever > 39oC. Additional symptoms 

included, blood in the stool (43.7%), mucus (67%), and abdominal pain (26.2%), 

with significant association for both pathogens between the isolates and 

frequency of defecation (p< 0.05) (Table 4.6). 

 

  Table (4.6): Clinical features of 14 patients with Y. enterocolitica and 103 

with A. hydrophila diarrhea 

 
  

No. of positive isolates (%) 
Clinical features 

Y. enterocolitica   A. hydrophila 
 

3-7 daily 14 (100)  5 (4.9) Frequency of 
defecation >7 daily 0 (0.0)  98 (95.1) 

<39oC 1 (7.1)  23 (22.5) Fever 
>39oC 13 (92.2)  80(77.7) 
Yes 13 (92.2)  68(66.0) Vomiting 
No 1 (7.1)  35 (34.0) 
Yes 13 (92.2)  69 (67.0) Mucus 
No 1 (7.1)  34 (33.0) 

Duration  3-7 days 14 (100)  103(100) 
Yes 9 (64.3)  45 (43.7) Bloody stool 
No 5 (35.7)  58(56.3) 
Yes 4 (28.6)  27 (26.2) Abdominal pain 
No  10 (71.4)  76(73.8) 
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4.4 Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
food samples 

 
4.4.1 Milk and milk product samples 

 

Fifty dairy product samples were collected from different places in Gaza strip. Of 

the 50 different milk samples analyzed, 3 displayed the presence of Y. 

enterocolitica, (6.0%) and 18 showed A. hydrophila growth (36%) (Figure 4.5). 

 

Negative
54%

A. hydrophila
36%

Y. enterocolitica
6%

Shigella
4%

 
Figure (4.5): Frequency and distribution of Y. enterocolitica and A. hydrophila in 

milk and milk product samples 

 
  

Y. enterocolitica was isolated only from cow milk (3 isolates, 16.7%), and the 

occurrence of A. hydrophila was slightly higher in cheese (75%) than in goat 

milk (66.7) and cow milk (22.2%). There was a significant relationship between 

number of isolates and type of dairy product (P< 0.05) (Table 4.7). 
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Table (4.7): Isolation of Y. enterocolitica and A. hydrophila from milk and milk 

product 
 

Isolates  
Frequency 

Milk and 
milk 
products 

 
No. % 

 

Yersinia Aeromonas Shigella Negative 
NO. 3 4 2 9 

Cow milk 18 36.0 
%  16.7 22.2 11.1 49.9 
NO. 0 4 0 2 

Goat milk 6 12.0 
%  0.0 66.7 0.0 33.3 
NO. 0 0 0 5 Pasteurized 

milk 5 10.0 
%  0.0 0.0 0.0 100 
NO. 0 0 0 2 Powdered 

milk 2 4.0 
%  0.0 0.0 0.0 100 
NO. 0 7 0 8 Ice cream 15 30.0 
%  0.0 46.7 0.0 53.3 
NO. 0 3 0 1 

Cheese 4 8.0 
%  0.0 75.0 0.0 25.0 
NO. 3 18 2 27 Total 

 50 100 
%  6.0 36.0 4.0 54.0 

P = 0.002 
 

 

4.4.2 Meat samples 
 
 

A total of 3 (6.7%) Y. enterocolitica isolates from different food samples were 

obtained from 45 food samples. One Y. enterocolitica was isolated from 20 cow 

samples (33.3%) and 2 isolates from 7 turkey samples, with no additional 

isolates from sausage, hamburger, chicken and packed meat samples. On the 

other hand, 22 A. hydrophila  isolates were recovered from the same food 

samples.  One A. hydrophila was isolated from 6 chicken samples, 7 from 20 

cow samples, 5 from 5 hamburger samples, 2 from 2 packed samples, 2 from 7 

turkey samples and 5 from 5 sausage samples. We were able to isolate two 

Salmonella species from these samples. These rates of isolation of pathogenic 

isolates were significantly different (P < 0.05) (Figure 4.6 and Table 4.8).                               
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Figure (4.6): Frequency and distribution of tested food samples  

 
Table (4.8): Number and percent of Y. enterocolitica and A. hydrophila 

recovered from various meat samples 

 

Isolates  Meat type 
  

 
No. 

 
%  Yersinia Aeromonas Salmonella Negative

NO. 0 1 0 5 Chicken  6 13.3 
% 0.0 16. 7 0.0 83.3 

NO. 1 7 0 12 Cow   20 44.4 
% 5.0 35 0.0 60.0 

NO. 0 5 0 0 Hamburger 5 11.1 
% 0.0 100 0.0 0.0 

NO. 0 2 0 0 Packed  2 4.4 
% 0.0 100 0.0 0.0 

NO. 2 2 2 1 Turkey 7 15.6 
% 28.6 28.6 28.6 14.3 

NO. 0 5 0 0 Sausage 5 11.1 
% 0.0 100 0.0 0.0 

NO. 3 22 2 18 Total 45 100 
% 6. 7 48. 9 4.4 40.0 

P = 0.001 



www.manaraa.com

 74

4.5 Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
environmental samples  
 
4.5.1 Water samples 

 
Figure 4.7 shows the distribution of Y. enterocolitica and A. hydrophila in 

different types of tested water. A total of 2 isolates of Y. enterocolitica were 

recovered from a total of 32 water samples, one from tap water and the other 

from well water with no isolate from sea water. On the other hand, 15 isolates of 

A. hydrophila were recovered from different types of water, 2 isolates from sea 

water, 6 isolates from tap water and 7 isolates from well water were obtained;  

with higher incidence of both organisms in tap and well water. There was a 

significant relationship between number of isolates and type of water P < 0.05 

(Table 4.9). 

 

 

Negative
47%

Y. 
enterocolitica

6%

A. hydrophila
47%

 
Figure (4.7): Frequency of Y. enterocolitica and A. hydrophila from water 

samples 
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Table (4.9): Number and percentage of Y. enterocolitica and A. hydrophila 

isolated from water 

  

Water type 
Isolates 

 No. %   Yersinia Aeromonas Negative 
NO. 0 2 3 Sea water 

  
5 15.6 

% 0.0 40 60.0 
NO. 1 6 6 Tap water 13 40.6 
% 7.7 46.2 46.2 

NO. 1 7 6 
Wells water 14 43.8 

% 7.1 50.0 42.9 

NO. 
2 15 15 Total 32 100 

%  6.25 46.9 46.9 
P = 0.004 
  

4.5.2 Sewage samples 
 

Five Yersinia spp. were recovered from 26 sewage samples. Y. enterocolitica 

was the most frequently isolated Yersinia spp. It was found in 3 (11.5%) of 26 

samples. The other two isolates were identified as Yersinia kristensenii (7.7%). 

Eleven A. hydrophila (42.3%) were recovered from the same samples (Figure 

4.8). 

 

Y. kristensenii 
8%

Negative 
38%

Y. 
enterocolitica

12%

A. hydrophila 
42%

 
Figure (4.8): Y. enterocolitica and A. hydrophila isolated from sewage samples    
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4.5.2.1 Regional distribution of Yersinia enterocolitica and Aeromonas 
hydrophila isolated from sewage samples 

 

A total of 26 sewage samples were collected from 6 different sampling points.  

From the 26 sewage samples, 11 (42.3%) A. hydrophila, 3 (11.5%) Y. 

enterocolitica and two environmental Yersinia kristensenii were isolated.  The 

high incidence of Y. enterocolitica and A. hydrophila were from Al-Nasser 

hospital, 33.3% and 66.7% respectively, with no significant relationship between  

the number of isolates and source of sewage samples (p >0.05) (Table 4.10).                           

 
Table (4.10): Number and percentage of Yersinia and Aeromonas isolated from 

each sampling points 
  

 Sewage Isolates  

 No. %   
Y. 

enterocolitica 
A. 

hydrophila 
Y. 

kristensenii Neg. 
NO. 0 2 1 1 Bit-lahia 

WWTP 4  
15.4 %  0.0 50.0 25.0 25.0 

NO. 0 2 0 0 European 
Hospital 4 15.4 %  0.0 50.0 0.0 0.0 

NO. 1 2 0 2 Al-Nasser 
Hospital 3 11.5 %  33.3 66.7 0.0 66.7 

NO. 0 1 0 2 El-shifa 
Hospital 3 11.5 

%  0.0 33.3 0.0 66.7 
NO. 1 2 1 4 Al-aqsa 

Hospital 8 30.8 
%  12.5 25.0 12.5 50.0 
NO. 1 2 0 1 Shiek Ejleen 

WWTP 4 15.4 
%  25.0 50.0 0.0 25.0 
NO. 3 11 2 10 Total 26 100 
%  11.5 42.3 7.7 38.5 

 
4.5.3. Animal excreta samples 
 

Fecal specimens were collected from different animals of Gaza strip. A total of 3 

(11.5%) Y. enterocolitica and 10 (38.5%) A. hydrophila were isolated from 26 

animal excreta samples (Figure 4.9). Other enteropathogens; Salmonella 

arizona was recovered from 2 (7.7%) of the total samples. 
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Figure (4.9): Frequency of Y. enterocolitica and A. hydrophila isolated from 

animal excreta samples  
 

Twenty-six animal excreta samples were collected from different sources, 4 

(15.4%) from chickens, 7 (26.9%) from cows, 8 (30.8%) from goats, and 7 

(26.9%) from turkeys. The maximum number of Y. enterocolitica was recovered 

from cow's excreta (28.6%) and A. hydrophila from goat's excreta (62.5%) 

(Table 4.11). There is no statistically significant differences between occurrence 

of both pathogens and type of animal excreta (P > 0.05). 
 

Table (4.11): The number and percentage of Y. enterocolitica and A. hydrophila 

isolated from animal excreta samples. 

 

Animal excreta Isolates 
 
 No. %  Y. 

enterocolitica 
A. 

hydrophila 
S. 

arizona Negative 

NO. 0 0 0 4 Chicken 4 15.4 
% 0.0 0.0 0.0 100 

NO. 2 3 1 1 Cow 7 26.9 
% 28.6 42.9 14.3 14.3 

NO. 0 5 0 3 Goat 8 30.8 
% 0.0 62.5 0.0 37.5 

NO. 1 2 1 3 Turkey 7 26.9 
% 14.3 28.6 14.3 42.9 

NO. 3 10 2 11 Total 
 26 100 

% 11.5 38.5 7.7 42.3 
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4.6 Isolation of Yersinia enterocolitica and Aeromonas hydrophila using 
different enteric agar media 

 

In this study, SS, HE, XLD, MCA and CIN agars were used to isolate Y. 

enterocolitica and A. hydrophila. The ability of enteric media to selectively 

support the growth of Y. enterocolitica and A. hydrophila was evaluated using 

clinical and food samples. Figures 4.10 (A,B,C,D) show the colony morphology 

of Y. enterocolitica and A. hydrophila on SS, HE, XLD and CIN agars 

respectively after incubation at 32°C for 24 h.  

 

A: On SS agar: Both Y. enterocolitica and A. hydrophila appeared colorless. 
 

 

 
Figure (4.10.A): Appearance of Y. enterocolitica (A) and A. hydrophila (B) on 

SS agar after 24 h of incubation at 32°C 

 

 

BA
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B: On HE agar: Both Y. enterocolitica and A. hydrophila showed salmon color 

on HE agar as normal coliform in the stool.  
 
 

 

Figure (4.10.B): Appearance of Y. enterocolitica (A) and A. hydrophila (B) on 

HE agar after 24 h of incubation at 32°C. 

 
C: On XLD agar: Y. enterocolitica and A. hydrophila appeared yellow color.  
 

 

Figure (4.10.C): Appearance of Y. enterocolitica (A) and A. hydrophila (B) on 

XLD agar after 24 h of incubation at 32°C 

A B

A B
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 D: On CIN agar: Y. enterocolitica and A. hydrophila appeared deep red center 

with a transparent margin, or "bull's-eye" 

  

 

 
Figure (4.10.D): Appearance of Y. enterocolitica (A) and A. hydrophila (B) on 

CIN agars after 24 h of incubation at 32°C 

A

B 
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4.6.1 Evaluation of the efficacy of selective media for the recovery of 
Yersinia enterocolitica and Aeromonas hydrophila from clinical and food 
samples 
 

For the sake of comparison, CIN agar was considered as the golden standard 

for the isolation of both Y. enterocolitica and A. hydrophila. The results in table 

4.12 clearly show different recovery efficacy for SS, HE, XLD and CIN agars in 

isolating Y. enterocolitica and A. hydrophila. However all three selective media 

showed inferior recovery when compared to CIN. They were even more inferior 

than CIN when dealing with food and environmental samples.  
 

Table (4.12): Number and percentage of Y. enterocolitica and A. hydrophila 

using different culture method 

 

aSS, Salmonella Shigella agar, bHE, Hektoen enteric agar 
cXLD, Xylose Lysine Dextrose agar, dCIN, Cefsulodin-Irgasan-Novobiocin agar 

P value= 0.000 

  Clinical Isolates Meat isolates 
Media 

  Yersinia 
N= (14 ) 

Aeromonas 
N= (103 ) 

Yersinia 
(3) 

Aeromonas 
N= (22) 

NO. 1 4 0 0 Growth
% 7.1 3.9 0.0 0.0 
NO. 13 99 3 22 

SSa 

No growth 
% 92.9 96.1 100 100 
NO. 1 3 0 0 Growth
% 7.1 2.9 0.0 0.0 
NO. 13 100 3 22 

HEb

No growth
% 92.9 88.5 100 100 
NO. 1 3 0 0 Growth
% 7.1 2.9 0.0 0.0 
NO. 13 100 3 22 

XLDc

No growth
% 92.9 88.5 100 100 
NO. 14 103 3 22 Growth
% 100 100 100 100 
NO. 0 0 0 0 

CINd 
No growth

% 0.0 0.0 0.0 0.0 
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4.6.2 Efficacy of KOH treatment 
 
Three methods were used to detect Y. enterocolitica and A. hydrophila from 

clinical, food and environmental samples. The three methods were; direct plating  

on CIN agar after KOH treatment, cold enrichment in PBS followed by plating on 

CIN agar and overnight enrichment in TSB followed by plating on CIN agar. 

Yersinia and Aeromonas organisms are more tolerant to alkali conditions than 

are most other bacteria, and enrichment cultures may be exposed to KOH to 

selectively reduce the level of competing microorganisms. All Yersinia and 

Aeromonas isolates in clinical and food samples were detected in large numbers 

on CIN agar on primary isolation, after treatment with KOH. No additional 

isolates were detected following cold enrichment in PBS and following overnight 

enrichment in TSB.  

 

The percent recovery of Yersinia and Aeromonas using the KOH method was 

100% as compared with 78.6%, 66.7% recovery for Y. enterocolitica and 76.7%, 

77.3% for A. hydrophila  after 14 days of incubation in PBS at 4oC from clinical 

and food samples respectively. On the other hand, 100%, 66.7% recovery for Y. 

enterocolitica and 94.2%, 86.4% for A. hydrophila by TSB after 48 hr incubation 

from clinical and food samples respectively (Table 4.13). Direct plating on CIN 

agar after treatment with KOH was significantly (p <0.000) more sensitive than 

cold enrichment in PBS and overnight enrichment in TSB.  

 

Figure 4.11 illustrates a CIN agar plate after 24 h of incubation at 25oC. One-half 

of the plate was streaked with alkali-treated inoculum, the other half with saline-

treated inoculum. Many small, distinct, bulls eyes red colonies characteristic of 

Yersinia and Aeromonas were seen on the alkali treated inoculum; numerous 

large, pigmented, mucous colonies characteristic of non-Yersinia and 

Aeromonas colonies were seen on the saline-treated inoculum. 
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Table (4.13): Number and percentage of Yersinia and Aeromonas isolates from  

patient stools according to isolation technique 

aKOH, Direct plating on CIN agar with Potassium hydroxide, bPBS 

 Cold enrichment in phosphate buffered saline for 2 weeks 

 cTSB, Overnight enrichment in TSB 

P value of KOH= 0.000 

 

 
  

Figure (4.11): CIN agar plate after 24h of incubation at 26°C, streaked with Y. 

enterocolitica treated with saline (top section) and alkali (bottom section) 

    Clinical Isolates  Meat isolates Enrichment 
techniques  Yersinia  

N= (14 ) 
Aeromonas

N= (103) 
Yersinia 
N= (3) 

Aeromonas
N= (22) 

NO. 14 103 3 22 Growth 
% 100 100 100 100 

NO. 0 0 0 0 

KOHa 

No 
growth % 0.0 0.0 0.0 0.0 

NO. 11 79 2 17 Growth 
% 78.6 76.7 66.7 77.3 

NO. 3 24 1 5 

Cold 
Enrichmentb 

 No 
growth % 21.4 23.3 33.3 22.7 

NO. 14 97 2 19 Growth 
% 100 94.2 66.7 86.4 

NO. 0 6 1 3 

TSBc

No 
growth % 0.0 5.8 33.3 13.6 
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4.7 Virulence factors of Yersinia enterocolitica and Aeromonas hydrophila  
 

Pyrazinamidase production, esculin hydrolysis, autoagglutination and crystal 

violet binding assay were tested in 28 Y. enterocolitica and 180 A. hydrophila 

isolates from various origins. Beta hemolysin production was tested on A. 

hydrophila isolates only. Pathogenic isolates of Y. enterocolitica are 

pyrazinamidase and esculin hydrolysis negative but positive for 

autoagglutination and crystal violet binding assay, while pathogenic A. 

hydrophila are positive for all virulence factors including beta hemolysin 

production. According to the results of this virulence factors, the highest 

percentage for the pathogenic strains of Y. enterocolitica (64.3%) and A. 

hydrophila (92.2%) was recovered from clinical samples, while environmental 

isolates showed virulence characteristics in some of these tests. Using the Chi 

square test, differences were significant for all tests in clinical samples (P < 

0.05) whereas the difference was not significant (P > 0.05) with the 

environmental samples isolates. 

 

In sewage samples, the two Y. kristensenii isolates were positive for 

Pyrazinamidase activity and esculin hydrolysis but negative for autoagglutination 

and crystal violet binding. Tables (4.14-4.17) present the virulence 

characteristics for Y. enterocolitica and A. hydrophila. 

 
A.  Pyrazinamidase production: Pyrazinamidase activity in Y. enterocolitica 

and A. hydrophila from clinical and environmental samples were reported in 

Table 4.14. Of the 14 clinical Y. enterocolitica isolates tested, 5 isolates (64.3%), 

2 meat isolates (33.3%), 2 milk isolates (33.3%), 1  water isolates (50%), 2 

sewage isolates (33.3%) and 2 animal excreta isolates (33.3%) were negative. 

On the other hand of A. hydrophila, 95 Aeromonas clinical isolates (92.2%), 4 

meat isolates (18.8%), 6 milk isolates (33.3%), 5 water isolates (33.3%), 4 

sewage isolates (36.4%) and 4 animal excreta isolates (40%) were positive.  
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Table (4.14): Pyrazinamidase production in relation to the source of Y. 

enterocolitica and A. hydrophila 

 

 Y. enterocolitica A. hydrophila 

Negative Positive 

 
Samples

N N 
N % 

N 
N % 

Clinical samples 300 14 5 64.3 103 95 92.2
Meat samples 45 3 2 33.3 22 4 18.8
Milk samples 50 3 2 33.3 18 6 33.3
Water samples 32 2 1 50 15 5 33.3
Sewage samples 26 3 2 33.3 11 4 36.4
Animal excreta samples 26 3 2 33.3 10 4 40 
 
 

B.  Esculin hydrolysis: With esculin hydrolysis, 5 of 14  Yersinia clinical 

isolates (64.3%), 2 of 3 meat isolates (33.3%), 2 of 3 milk isolates (33.3%), 1 of 

2 water isolates (50%), 2 of 3 sewage isolates (33.3%) and 2 of 3 animal excreta 

isolates (33.3%) were negative. On the other hand,  95 of 103  Aeromonas 

clinical isolates (92.2%), 14 of 22 meat isolates (66.7%), 10 of 18 milk isolates 

(55.6%), 8 of 15 water isolates (53.3%), 8 of 11 sewage isolates (72.7%) and 6 

of 10 animal excreta isolates (60%) were positive (Table 4.15, Figure 4.12).  

 

Table (4.15): Esculin hydrolysis in relation to the source of Y. enterocolitica and 

A. hydrophila 
 

 Y. enterocolitica A. hydrophila 
Negative Positive 

 
Samples  

N 
N 

N % 
N 

N % 
Clinical samples 300 14 5 64.3 103 95 92.2
Meat samples 45 3 2 33.3 22 14 66.7
Milk samples 50 3 2 33.3 18 10 55.6
Water samples 32 2 1 50 15 8 53.3
Sewage samples 26 3 2 33.3 11 8 72.7
Animal excreta samples 26 3 2 33.3 10 6 60 
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Figure (4.12): Esculin hydrolysis by Y. enterocolitica and A. hydrophila 

 
 

C.  Autoagglutination: Table 4.16 and Figure 4.13 show the pattern of 

autoagglutination for clinical and environmental isolates. Of Yersinia isolates, 9 

(64.3%) of clinical isolates, 1 (33.3%) of meat isolates, 1 (33.3%) of milk 

isolates, 1 (50%) of water isolates, 1 (33.3%) of sewage isolates and 1 (33.3%) 

of animal excreta isolates were positive for autoagglutination. On the other hand, 

95 (92.2%) of Aeromonas clinical isolates, 9 (40.9%) of meat isolates, 6 (33.3%) 

of milk isolates, 5 (33.3%) of water isolates, 4 (36.4%) of sewage isolates and 4 

(40%) of animal excreta isolates were positive. 

 
Table (4.16): Autoagglutination in relation to the source of Y. enterocolitica and 

A. hydrophila 

 Y. enterocolitica A. hydrophila 
Positive Positive Samples  

N N 
N % 

N 
N % 

Clinical samples 300 14 9 64.3 103 95 92.2 
Meat samples 45 3 1 33.3 22 9 40.9 
Milk samples 50 3 1 33.3 18 6 33.3 
Water samples 32 2 1 50 15 5 33.3 
Sewage samples 26 5 1 33.3 11 4 36.4 
Animal excreta samples 26 3 1 33.3 10 4 40 

  

Positive reaction  Negative reaction  

A B
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Figure (4.13): Appearance of autoagglutination phenomenon after 18 h of 

growth in MR-VR broth at 35°C. Positive test (left) and negative test (right). 
 

D. Crystal violet binding: With crystal violet binding, of Y. enterocolitica 

isolates tested, 9 (64.3%) of clinical isolates, 1 (33.3%) of meat isolates, 1 

(33.3%) of milk isolates, 1 (50%) of water isolates, 1 (33.3%) of sewage isolates 

and 1 (33.3%) of animal excreta isolates were positive for crystal violet binding. 

On the other hand, , 95 (92.2%) of A. hydrophila clinical isolates, 9 (40.9%) of 

meat isolates, 6 (33.3%) of milk isolates, 5 (33.3%) of water isolates, 4 (36.4%) 

of sewage isolates and 4 (40%) of animal excreta isolates were positive (Table 

4.17, Figure 4.14). 
 

Table (4.17): Crystal violet binding in relation to the source of Y. enterocolitica  

and A. hydrophila 
 
 

 Y. enterocolitica A. hydrophila 
Positive Positive 

 
Samples  

N N 
N % 

N 
N % 

Clinical samples 300 14 9 64.3 103 95 92.2 
Meat samples 45 3 1 33.3 22 9 40.9 
Milk samples 50 3 1 33.3 18 6 33.3 
Water samples 32 2 1 50 15 5 33.3 
Sewage samples 26 5 1 33.3 11 4 36.4 
Animal excreta samples 26 3 1 33.3 10 4 40 

L  R 
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In this investigation, both environmental and clinical isolates were capable of 

producing virulence factors to various degrees. Y. enterocolitica and A. 

hydrophila isolates from the clinical samples proved the most virulent as judged 

by possession of all four virulence-associated factors. 

 
E. Beta hemolytic activity of Aeromonas hydrophila as a virulence factor 
Most of the isolates were beta-hemolytic when assayed on blood agar plates 

(Figure 4.15, 4.16) 

 

Negative
7%

positive
93%

 
Figure (4.15): Frequency of β- hemolytic activity of A. hydrophila 

 

 
Figure (4.14): Positive (A) and negative (B) crystal violet binding of Y. 

enterocolitica and A. hydrophila 

A B
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Figure (4.16): β- hemolytic activity of A. hydrophila on blood agar plate 

 
4.8 Susceptibility of Yersinia enterocolitica and Aeromonas hydrophila to 
various antimicrobial agents 
 

In this test, all clinical Yersinia (14) isolates were resistant to 

amoxycillin/clavulanate, cefazolin and erythromycin.   In contrast, all of the 

isolates were susceptible to co-trimoxazole, amikacin, gentamicin and 

cefotaxime. In addition, 90% or more of the isolates examined in this study were 

susceptible to aztreonam, ciprofloxacin, ofloxacin, ceftriaxone, and meropenem. 

Environmental Y. enterocolitica (14) isolates during the same periods displayed 

susceptibility patterns similar to those of the human isolates (Table 4.18). All of 

these isolates were not susceptible to cefazolin and erythromycin. With regard to 

the other antimicrobials agents (ampicillin cephalexin, ceftriaxone, ciprofloxacin, 

ofloxacin, and aztreonam), the susceptibility results were variable (Figure 4.17 

and Table 4.18). 
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Figure (4.17): Antibiotic Susceptibility of Y. enterocolitica  

 

All 103 clinical A. hydrophila isolates were resistant to ampicillin,  

amoxycillin/clavulanate, cefazolin, cephalexine, co-trimethoprim and 

erythromycin. In contrast, Most of the isolates were susceptible to the third 

generation of cephalosporins, Cefotaxime. Also, most of the isolates were 

susceptible to amikacin, aztreonam, ciprofloxacin and ofloxacin. The 

environmental isolates (84) included in this study showed the same or slightly or 

the same resistance compared to clinical isolates. All environmental isolates 

were resistant to ampicillin, amoxycillin/clavulanate, cephalexine, cefazolin, co-

trimethoprim and erythromycin. Ciprofloxacin, Ofloxacin,   azetronam, 

cefotaxime, meropenem, gentamycin and ceftriaxone were the most active 

antimicrobial agents tested (Figure 4.17 and table 4.18). 

 
                                                           

Figure (4.18): Antibiotic Susceptibility of A. hydrophila 
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Table (4.18): Susceptibility of Y. enterocolitica and A. hydrophila to various 

antimicrobial agents 
 

Clinical Isolates Environmental isolates 

Yersinia 
N= (14 ) 

Aeromonas 
N= (103 ) 

Yersinia 
N= (14) 

Aeromonas 
N= (76) 

Antimicrobial 
agents 

S R % R S R % R S R % R S R % R 

Amikacin 14 0 0.0 87 16 15.5 13 1 7.1 60 16 21.1 

Ampicillin 5 9 64.3 0 103 100 10 4 28.5 0 76 100 

Amox/clav 0 14 100 0 103 100 1 13 92.9 0 76 100 

Aztreonam 13 1 7.1 95 8 7.8 13 1 7.1 64 12 15.8 

Cefazolin 0 14 100 0 103 100 0 14 100 0 76 100 

Cephalexine 4 10 71.4 0 103 100 4 10 71.4 0 76 100 

Cefotaxime 14 0 0.0 84 19 18.5 14 0 0.0 64 12 15.8 

Cefruxime 11 3 21.4 49 54 52.4 13 1 7.1 33 43 56.6 

Ceftazidime 12 2 14.3 53 50 48.5 9 5 35.7 37 39 51.3 

Ceftriaxone 13 1 7.1 65 38 36.9 13 1 7.1 54 22 28.9 

Ciprofloxacin 13 1 7.1 93 10 9.7 13 1 7.1 66 10 13.2 

Co-trimethoprim 14 0 0.0 0 103 100 8 6 42.8 0 76 100 

Chloramphenicol 10 4 28.6 25 78 75.7 11 3 21.4 23 53 69.7 

Doxycycline 8 6 42.9 22 81 78.6 8 6 42.8 30 46 60.5 

Erythromycin 0 14 100 0 103 100 0 14 100 0 76 100 

Gentamicin 14 0 0.0 86 17 16.5 13 1 7.1 56 20 26.3 

Meropenem 13 1 7.1 75 28 27.2 13 1 7.1 57 19 25 

Nalidixic acid 9 5 35.7 41 62 60.2 12 2 14.3 31 45 59.2 

Ofloxacin 13 1 7.1 92 11 10.7 13 1 7.1 65 11 14.5 

Tetracycline 8 6 42.9 22 81 78.6 7 7 50 29 47 61.8 
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CHAPTER 5  
 

DISCUSSION  
 
The primary goals of the present study are to investigate the occurrence of Y. 

enterocolitica and A. hydrophila in clinical, food and environmental samples 

in Gaza strip, to recommend a simple and reliable procedure for the detection 

of pathogenic Y. enterocolitica and A. hydrophila and to use the procedure as 

a diagnostic tool for the rapid identification of Yersinia and Aeromonas 

cultures. In the present study; Y. enterocolitica was isolated from all types of 

samples except seawater while A. hydrophila was isolated from all sampling 

sources. 

 
5.1 Distribution of Yersinia enterocolitica and Aeromonas hydrophila 

 

Y. enterocolitica and A. hydrophila are detected in a wide range of samples 

such as fresh waters [13,33,109], vegetables [5,14], meats and milk products 

[32,121,138], fish [14], shellfish, seawater [5,168] and clinical [84,133]. In 

this study, a high percentage of Y. enterocolitica was recovered from sewage 

(19.1%) followed by animal excreta (11.5%) and higher percentage (48.9 and 

46.9%) of A. hydrophila isolates were identified in meat and water 

respectively.  

 
5.2 Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
clinical samples 
 
Of the 300 diarrheal stool samples tested, 14 (4.7%) were positive for Y. 

enterocolitica and 103 (34.3%) were positive for A. hydrophila. Y. 

enterocolitica and A. hydrophila were isolated either from stool samples from 

children or from older persons with diarrheal infections, with high incidence 

from patients below 6 years. Y. enterocolitica has been isolated from humans 

on all continents [24]. We found a frequency of 4.7% for this organism, which 

is lower than some parts of the world especially northern European countries 
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with a frequency up to 13% [5]. This might be partly due to the warmer 

climate in our country, wherein this study was carried out during summer. We 

would expect a higher frequency during autumn and winter, based on the fact 

that this organism increases greatly in comparison with other species in cold 

seasons [5]. 
 

In a comparable study in Montreal, Canada, specimens from children with 

gastroenteritis were tested during a 15-month period for pathogenic enteric 

bacteria. Y. enterocolitica was isolated from 2.8% of the human fecal 

specimens and 2.1% from the Oneida County outbreak [236]. 1.04% were 

isolated from 7,290 black Atlanta children during the Thanksgiving-Christmas 

holidays in 1988 [237].  
 

The differences between the findings of various authors and those of this 

study might be due to several factors such as; isolation methods, number of 

analyzed samples, sources of samples, season, and geographical location. 

These factors may cause an increase or decrease in the incidence of the 

Yersinia spp. For instance, the present study was carried out in Gaza strip, 

where the weather is generally warm and humidity is high. It is known that 

the isolation ratio of Y. enterocolitica is higher in colder climates. 

 

In case of A. hydrophila, our results were higher than the findings of 4.7 % 

incidence in Chennai, India, 2.8% in Los Angeles, California, hospital, 1.28 

%, and 1.4 % of A. hydrophila from Mumbai, India. Alavandi and Anandhan 

reported Aeromonas associated diarrhea in 1 to 13 % of samples in Chennai, 

while Kuijper et al., and Ogunsanya et al., reported 3.7 % in Netherlands 

and 1.4 % in Lagos, Nigeria respectively. However, higher prevalence of 17.7 

and 28.1 % were recorded during 2000 and 2001 in Kolkata, India. It is 

believed that gasteroenteritis caused by A. hydrophila occurs more 

commonly in children with acute diarrhea and adults with traveler's diarrhea 

[238]. 
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Among 1,821 patients with diarrhea visiting a clinic in La Crosse, Wisconsin, 

during an 18-month period, Agger et al., identified 20 (1.1%) positive for A. 

hydrophila. Moyer examined 3,334 diarrheic stool specimens submitted by 

physicians over a 2-year period to an Iowa public health laboratory and found 

238 (7.1%) positive for A. caviae, A. hydrophila, or A. sobria. Isolation in the 

latter study included an alkaline peptone water enrichment step, which may 

explain the higher prevalence rate. Pazzaglia et al., reported that 23.1% of 

newborns in Peru demonstrated transitory gastrointestinal colonization with 

Aeromonas spp. during the first days of life [177]. 
 

Worldwide, the isolation rate of Aeromonas from diarrheic stool has been 

reported as high as 10.8% and as low as 0%. A study conducted in 

Southeast Asia, 34% A. hydrophila have been recovered from patients with 

diarrhea [177]. Another study among Western Peace Corp workers in 

Thailand, showed that  Aeromonas were recovered from 30.8% of persons 

with diarrhea which is similar to our results (34.3%) [177].  
 

This wide variation in the prevalence of Aeromonas among similar studies 

conducted on children with diarrhea may be attributed to the variation in fecal 

samples number and also to different methods used for isolation of 

Aeromonas as well as environmental condition, patient populations, food 

habits, and level of sanitation. 

 

5.3 Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
food samples 

 

In recent years, the number of studies on the prevalence of Y. enterocolitica 

and A. hydrophila in food products from various geographical regions has 

increased significantly [14,121].  In studies from different countries, Y. 

enterocolitica were isolated from various ready-to-eat products including, 

fresh salad, whole and sliced vegetables, sandwiches, milk, dairy products, 

desserts and soft cheese. In a study carried out in Finland, Fredriksson-
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Ahomaa et al.,  tested 200 samples of raw fish, 43 samples of raw chicken 

and 101 samples of lettuce by nested PCR targeting the yadA gene [6]. 
Three PCR-positive results were obtained, all recovered from the lettuce 

samples. Logue et al., investigated Irish meat and meat products and 

isolated pathogenic serotypes of Y. enterocolitica from 10% of samples of 

cooked ham (n=20), corned beef (n=40) and pork sausage (n=20). Wang, 
Cao and Cerniglia examined seafood and found that none of the samples 

tested positive for pathogenic Y. enterocolitica by PCR [125]. In an Australian 

study, Szabo, Scurrah and Burrows examined 120 samples of minimally 

processed lettuce collected over an 8-month period and isolated 71 Y. 

enterocolitica strains, all belonging to nonpathogenic serotypes [174].  
 

Raw and pasteurised milk have been examined in several studies because 

outbreaks over a number of years in the United States were traced to milk. 

Schiemann and Toma examined 131 raw milk samples for the presence of 

Y. enterocolitica. Forty-two isolations were obtained from 19 pooled- (31.1% 

positive) and 10 individual-producer samples (14.3% positive) [239]. The 

other study by Schiemann reported a high incidence of Y. enterocolitica in 

raw milk (18.2%), 9.2% in cheese curd samples and 0.4% in pasteurized fluid 

dairy products from southern Ontario [239]. 
 

Several studies have been conducted to isolate Yersinia spp. in ground beef 

and the isolation rate was reported to be 9-99.2%. Among these studies, 

some generated higher isolation rates than the results of this study. In the 

present study, Y. enterocolitica was isolated from 6.7% of meat samples. 

Inoue and Kurose and Leistner et al., found that Yersinia spp. were 

recovered from 24 and 16% of samples, respectively. Hanna et al., 

examined whole-sale cuts of vacuum-packaged fresh beef and reported that 

10 out of 107 beef samples (9.3%) were positive for Y. enterocolitica. 

Similarly, Ibrahim and MacRae examined 50 beef samples for Yersinia spp. 
and the isolation rate was 20%. 9 (18%) were Y. enterocolitica. Karib et al., 

also reported that 4 out of 30 beef meat (13.3%) and 3 out of 20 ground beef 
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samples (15%) were examined for Yersinia and Y. enterocolitica isolation 

rates were 13.3 and 15%, respectively. In another study by Falcao, 40 

cultures of isolated ground beef, 9 (22.5%) were Y. enterocolitica [106].  
 

Although the results of this study showed higher isolation ratio, the 

examination of a limited number of samples might have caused 

misinterpretation. It might also have been related to the efficiency of the 

detection method.  

 

In one study conducted in Norway, 47 samples of sausage meat and 99 

samples of pork chop collected from five slaughterhouses and one retail 

outlet were analyzed [125].The presence of pathogenic Y. enterocolitica was 

detected by PCR in 15% and 26% of these samples, respectively. In another 

study, Nesbakken et al., examined 12 samples of pork cuts and 33 samples 

of sausage meat and obtained 5 and 23 positives, respectively [88]. 
 

Ibrahim and MacRae  reported that Aeromonas was present in 60, 58, 74 

and 26% of investigated beef, lamb, pork and milk samples, respectively, 

whereas Krovacek et al., found aeromonads in 42% of the food samples 

originating from a random selection of retail outlets in Sweden. Aeromonas 

were also found in fish and fresh salads, freshly dressed lamb carcasses, 

oysters, cheese and raw cow's milk [14]. In the present study, Y. 

enterocolitica and A. hydrophila were isolated from 6%, 36% of the milk 

samples and 6.7%, 48.9% of meat samples respectively. Because of the 

obvious differences in sampling period, geographical location, the origin of 

the samples and methodology for analysis, it is difficult to compare the level 

of Y. enterocolitica and A. hydrophila incidence published by different 

authors. However, the present data clearly confirm the widespread 

distribution of Y. enterocolitica and A. hydrophila in retail foods.  
 

The recovery of pathogenic Y. enterocolitica and A. hydrophila is contingent 

upon a number of factors including the level of background flora on the 

sample, the amount of background flora coming from enrichment and plating, 
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the level of pathogenic Y. enterocolitica and A. hydrophila present in the 

sample, the numbers of non-pathogenic Y. enterocolitica and non-pathogenic 

Yersinia spp. present in the sample, and the loss of virulence factors during 

enrichment and plating. Furthermore, a difference in virulence factors may be 

to the different serotypes. Recovery method that gives good recovery of one 

particular serotype of pathogenic Y. enterocolitica may not suit another 

serotype. 

 

5.3  Recovery of Yersinia enterocolitica and Aeromonas hydrophila from 
environmental samples  

 

5.3.1 Water Samples 
 
Y. enterocolitica and A. hydrophila isolates recovered from different water 

samples, including chlorinated and non chlorinated, fresh water, well water, 

seawater, wastewater and natural mineral water. Most of these 

microorganisms were found to be nonpathogenic [5,13,33].  
 

The possibility for these microorganisms to survive in this type of 

environment has been investigated. Chao, Ding and Chen showed that Y. 

enterocolitica could survive in soil and water systems, especially at low 

environmental temperatures [125]. Karapinar and Gonul found that a mixed 

culture of nonpathogenic and pathogenic strains held at 4ºC was recovered 

after 56 weeks incubation in sterile spring water. In our study, water isolates 

represented two (6.3%) of a total of 32 water samples which is lower than 

those reported in other parts of the world. Shayegani et al., isolated 147 Y. 

enterocolitica and related species from 622 water samples; 23 (15.6%) were 

Y. enterocolitica. Some researchers reported that even lower isolation ratios 

were detected compared to the results of this study [236]. In a study carried 

out in Australia, Sandery, Stinear and Kaucner tested 251 water samples 

by nested PCR. Eleven samples (4.4%) from 4 separate locations tested 

positive [125].  
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In this study, A. hydrophila was isolated (46.9%) from different water 

samples. A. hydrophila is also associated with the aquatic environment and 

has been isolated from tap water, well water, seawater and wastewater; 

sometimes at quite high levels [134,151]. Knochel and Jeppesen examined 

drinking-water in Denmark and found that only 28% of samples were positive; 

A. hydrophila made up 97% of isolates. In contrast, Ghanem, Mussa and 

Eraki reported that 90% of domestic water supplies in areas of Cairo 

contained Aeromonas, while from a survey of three distribution systems in 

Sweden, Krovacek et al., reported that 85% of samples were positive for 

presumptive Aeromonas; A. hydrophila accounted for 67% of the strains 

isolated. Stelzer et al., recorded a maximum count of 240 Aeromonas/100 ml 

in a drinking-water supply in Germany, with an isolation frequency for A. 

hydrophila of 37%. The highest counts were obtained from points furthest 

(>10km) from the treatment works. Havelaar, Versteegh and During 
reported regrowth of aeromonads in 16 of 20 distribution systems examined 

in the Netherlands [150].  
 
Legnani et al., reported occurrence of Aeromonas spp. in drinking water 

supplies in a mountain area in northeast Italy (the Dolomites). Out of 7395 

water samples analyzed over a 3 years period, 1623 (21.9%) were found to 

be positive for Aeromonas; 72.4% of the strains were identified as A. 

hydrophila [240]. Ghenghesh et al., isolated Aeromonas in 48.7% of 1,000 

water samples obtained from wells and other miscellaneous sources. A. 

hydrophila were detected in 59% of samples tested [222]. Ormen et al., 

investigated the occurrence of Aeromonas spp.  in Norwegian natural water 

sources. 42% of the total isolates were identified A. hydrophila [241]. 
 
5.3.2 Sewage samples 
 
In our study 5 Yersinia spp. were recovered from 26 sewage samples. Y. 

enterocolitica was found in 3(12%) whereas Y. kristensenii in 2 (8%). On the 

other hand; 11 A. hydrophila (42%) were recovered from the same samples. 
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Most of the Y. enterocolitica isolates recovered from environmental samples, 

including fodder, soil, foliage, surface water, sewage water and sludge, have 

been non-pathogenic. Singh et al., reported isolation of Y. enterocolitica 

from sewage effluents collected from several sewage treatment plant in Delhi 

city (India), 9 (12.3%) from wastewater, 5 (2.8%) from groundwater and 4 

(9%) from river Yamuna [242], similar to the result of this study. In another 

study Yersinia spp. were detected in 90.6% out of 32 raw wastewater 

samples obtained within one year from two municipal sewage treatment 

plants. Moreover, Yersinia was isolated from 50% of 6 effluent samples. The 

remaining isolates were identified as Y. frederiksenii (24 isolates), Y. 

intermedia (22 isolates) and Y. kristensenii (3 isolates) [243].  
 
Aeromonas are widespread in wastewater treatment processes. Burke et al., 

isolated 34% of Aeromonas spp. from the unchlorinated domestic water 

supply of a country center in Western Australia [244] yielding lower result 

than our study. The persistence and transmission of Aeromonas in a 

duckweed aquaculture-based hospital sewage water treatment plant in 

Bangladesh was studied. A total of 670 samples from different sites of the 

hospital sewage water treatment plant, from feces of hospitalized children 

suffering from diarrhea, from environmental control ponds, and from feces of 

healthy humans were collected over a period of three years. All samples (n = 

86) from the sewage water treatment plant but only 27 out of the 68 (40%) 

samples from the control ponds were positive for Aeromonas similar to this 

study. The highest mean number of Aeromonas bacteria was found in 

untreated sewage samples [245]. 
 
5.3.3 Animal excreta samples 

 
Animals, especially domestic animals, have been suspected as transmitters 

of Y. enterocolitica and A. hydrophila to humans [5,188,189]. Published 

studies are contradictory in this regard. The Member States of the Europeans 

report annually to the EU-Commission on the Zoonoses situation in their 

country. However, Y. enterocolitica infection in animals is not notifiable, and 
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reports on its prevalence are for the most part results from research projects 

obtained from institutions or authorities in the member countries. Various 

studies have investigated wild and farm animals for the presence of 

pathogenic strains of Y. enterocolitica. Shayegani et al., examined fecal 

specimens from 1,426 animals including mammals, birds, reptiles, fish and 

invertebrates throughout New York State. Strains of Y. enterocolitica and 

related species were isolated from 92 (11.3%) of 812 mammals, 36 (6.3%) of 

573 birds and 5 (17.8%) of 28 reptiles and fish [236]. 
 

In various studies examining healthy domestic animals and animals with 

acute enteritis, including cattle, sheep, goats, deer, calves, broilers, hens, 

turkeys and ducks, only a few pathogenic isolates have been recovered, and 

they differed from those usually associated with human infections. Virulent Y. 

enterocolitica was isolated from one or more sheep in 78 (17%) of 449 flocks 

[101].  These results are in agreement with our results, where we found that 

11.5% of our studied animal excreta were positive to Y. enterocolitica. 

 

In a German study, Gurtler et al., found that the prevalence of Y. 

enterocolitica ranged between 0 and 65% in fattening pig herds and was 

present in 39% of pig tonsils at the abattoir. In Denmark and Norway, the 

frequency of Y. enterocolitica O:3 at herd level has been found to be 64% 

and 70% respectively. Korte et al., found that the prevalence in fattening 

pigs in Finland, investigated in five slaughterhouses, increased from 33% to 

64% between 1995 and 1999. In a study performed in Sweden between 1997 

and 1998, the frequency at herd level was 67% [125]. These results are 

higher than our results and may be due to the fact that raw pork was main 

reservoir of Y. enterocolitica and transmitted to the other animals. 
 

On the other hand, Aeromonas spp. have been recognized as animal 

pathogens since they were first isolated from diseased frogs and fish. They 

are now recognized to cause disease in birds and domestic animals [189]. 
Gray isolated A. hydrophila from feces of normal horses (7 of 110, 6.4%), 

pigs (11 of 115, 9.6%), sheep (10 of 111, 9.0%), and cows (26 of 123, 
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21.1%). The total fecal carriage rate in animals is slightly higher than the 

fecal carriage rate of normal humans, which is < 1 to 7% for most studies, 

although some studies report higher rates [245]. Populations in animals 

probably reflect the presence of aeromonads in their feed and water.  
 
In the present study Y. enterocolitica was isolated from 11.5% of the total 

animal excreta samples. (14.3% of turkeys, and 28.6% of cows) and A. 

hydrophila was recovered from 38.5% of the total samples (28.6% of turkeys, 

42.9% of cows and 62.5% of goats) but none were isolated from chicken in 

this study. Other studies reported that even lower isolation rates were 

detected compared to the results of this study. Stern et al., isolated 

aeromonads from 1 (3.1%) of 32 cows and 3 (14.2%) of 21 turkeys, but none 

were isolated from 22 pigs or 24 sheep [150].  
 

In our study, isolates of Y. enterocolitica and A. hydrophila were found in 

human, animal and environmental sources. This suggests the possibility of 

transmission from environment or animals to humans. 

 

5.6 Isolation of Yersinia enterocolitica and Aeromonas hydrophila using 
different enteric agar media 
 

SS, HE, XLD, MCAand CIN were used to selectively isolate Y. enterocolitica 

and A. hydrophila. 

 

5.6.1 Evaluation of the efficacy of selective media for the recovery of 
Yersinia enterocolitica and Aeromonas hydrophila from clinical and 
food samples 
 
The number of proven bacterial gastroenteritis agents has increased over the 

past several years and now includes such diverse groups as certain 

serotypes of Yersinia enterocolitica, Campylobacter spp., invasive 

Escherichia coli (O:157, H:7), Plesiomonas shigelloides, new halophilic Vibrio 

spp., and Aeromonas spp. Because the development of enteric agars, 
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essentially designed for the primary isolation of Salmonella and Shigella spp., 

predated the discovery of these bacteria, either new selective agars are 

required to isolate these microorganisms (as in the case of Campylobacter 

spp.) or laboratory workers must make use of existing selective and 

differential agars [232].  
 

From this study, it is apparent that routine media used in our laboratory are 

unsatisfactory for the recovery of Y. enterocolitica and A. hydrophila, owing to 

the poor plating efficiency and  recovery of these organism from stool 

specimens are difficult because not only are Y. enterocolitica and A. 

hydrophila indistinguishable from many other enteric organisms which do not 

ferment lactose on MCA or SS agar, but it may also be easily overgrown by 

most intestinal bacterial flora since the former grows relatively slowly. 

Additionally, Y. enterocolitica and A. hydrophila are capable of growth on 

XLD or H-E agar and ferment the sucrose and xylose in the former medium 

and salicin and sucrose in the latter, thereby rendering colonies 

indistinguishable from "coliforms".  

 

The CIN agar used in this study provided the most effective medium for the 

recovery of Y. enterocolitica and A. hydrophila. The confirmation rate of 

identification of presumptive Y. enterocolitica and A. hydrophila from CIN was 

100% but the isolation rate of Y. enterocolitica and A. hydrophila was 7.1% 

and 2.9% on HE and XLD agar and 8.1% and 3.9% on SS agar respectively. 

The greatest advantage of CIN agar is that Y. enterocolitica and A. 

hydrophila with red colonies on CIN agar are easily differentiated from most 

other gram-negative bacteria, which showed pink or dark-red colonies or 

transparent colonies with a peripheral dark zone as the result of mannitol 

fermentation and CIN agar dramatically inhibits normal flora organisms. 
 

Head et al., conducted comparative studies of several selective media 

including MacConkey agar for the recovery of Y. enterocolitica. They found 

that CIN agar was the most effective, yielding 100% recovery of Y. 
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enterocolitica in a test suspension containing 10 CFU/ml. Using a 

combination of CIN agar and cold enrichment during a 42-month period, 

these investigators isolated 80 Y. enterocolitica and 52 Y. enterocolitica-like 

strains (42 Y. frederiksenii, 8 Y. intermedia, and 2 Y. kristensenii) from 215 

fecal specimens from 171 patients [24].  
 

Many investigators [85,226,229] reported that CIN agar was a more effective 

agar medium than SS and MCA agars for the isolation of Y. enterocolitica 

and A. hydrophila from various specimens. Schiemann reported that a color 

reaction resulting from the fermentation of mannitol presents a characteristic 

colony appearance which can serve to differentiate Y. enterocolitica and A. 

hydrophila from most other gram negative bacteria able to grow on CIN agar 

with added mannitol and differentiate Y. enterocolitica from A. hydrophila by 

oxidase test [78]. These findings suggest that CIN agar is a useful medium 

not only for isolation of Y. enterocolitica but also A. hydrophila.  

 

5.6.2 Efficacy of KOH treatment 
 
In our study the highest isolation rates of Y. enterocolitica and A. hydrophila 

were obtained after KOH treatment. All Yersinia and Aeromonas isolates 

were detected in large numbers on CIN agar on primary isolation, after 

treated with KOH. No additional isolates were detected following cold 

enrichment and following overnight enrichment in TSB. The percent recovery 

of Yersinia and Aeromonas by the KOH method was 100% as compared with 

78.6% recovery for Y. enterocolitica and 76.7% for A. hydrophila after 14 

days of incubation at 4oC. We obtained a 100% recovery for Y. enterocolitica 

and a 94.2% for A. hydrophila by Trypticase soy broth after 48 h incubation. 
 

Recovery of Yersinia and Aeromonas from environmental samples are 

complicated by a technical difficulty rather than by a nutritional requirement of 

Yersinia and Aeromonas. Because Yersinia and Aeromonas grows more 

slowly than non- Yersinia and Aeromonas organisms, their population is 

quickly overgrown and easily masked when streaked on a weakly selective 
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isolatory agar. By treating the inoculum with 0.5% KOH in 0.5% NaCl, the 

difficulty is largely overcome. The alkali treatment killed or inhibited a larger 

number of contaminating non- Yersinia and Aeromonas and thus facilitated 

the isolation of Yersinia and Aeromonas [78,79].  
 

The alkali method provides a simple, sensitive, and rapid technique for the 

recovery of Y. enterocolitica and A. hydrophila from mixed cultures, 

especially from food samples. A report has appeared describing the benefit 

of alkali treatment for recovery of Y. enterocolitica and A. hydrophila from 

feces [78]. These finding determined the usefulness of dilute alkali (KOH) 

treatment of meat samples for direct isolation of Y. enterocolitica and A. 

hydrophila without enrichment shortened the incubation period and 

appreciably decreased the growth of non-Yersinia and Aeromonas isolates 

from clinical and food samples. 
 

5.7 Virulence factors of Yersinia enterocolitica and Aeromonas 

hydrophila  
 

Virulence factors were compared for 14 Y. enterocolitica and 103 A. 

hydrophila isolated from clinical samples with 16 Yersinia spp. and 76 A. 

hydrophila isolated from environmental samples in the same area during the 

same period. Yersinia and Aeromonas spp. isolated from clinical samples 

showed differences in virulence characteristics when compared with strains 

isolated from environmental samples in the same environment [95,127]. 
 

Isolates of Y. enterocolitica and A. hydrophila had several properties shown 

to be virulence-associated by other workers. Pathogenic Y. enterocolitica 

isolates autoagglutinated at 35°C, positive for crystal violet binding and 

negative for esculin hydrolysis and pyrazinamidase activity. On the other 

hand, pathogenic A. hydrophila isolates were positive for autoagglutination, 

esculin hydrolysis, pyrazinamidase activity and crystal violet binding. 
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A.  Pyrazinamidase test 
 
 The pyrizinamidase test was easy to perform. The pyrazinamidase test 

correctly identified 94% Yersinia isolates [10]. Our results showed that both 

clinical and environmental isolates were positive for virulence test markers, 

with high percent in clinical isolates. 64.3% of clinical isolates were negative 

compared to only 33.3% of environmental isolates. This was in disagreement 

with the results of several authors. 

 

 Kandolo and Wau-ters investigated pyrazinamidase in 381 strains of Y. 

enterocolitica isolated from human, animal and environment sources from 

different geographical areas. They showed that pyrazinamidase test was 

negative (PYZ-) in all bioserogroups of Y. enterocolitica, in which is usually 

harbored the virulence plasmid, and was involved in human or animal 

diseases. The more ubiquitous bioserogroups of Y. enterocolitica, without 

naturally occurring virulence plasmid, and related species were all Pyz+. 

They found 100% accuracy in differentiating pathogenic and nonpathogenic 

serotypes. All Y. kristensenii isolates were positive for Pyrazinamidase 

activity similar to the results of the present study [246].  Siriken reported that 

none of the Y. enterocolitica isolates recovered from ground beef was 

positive for virulence assays [106]. 
 

Our results were disagreement with other studies; 33.3% of Y. enterocolitica 

were virulent. Vishnubhatla et al., reported that Y. enterocolitica was virulent 

in 30 (60%) of 50 ground beef samples [106]. Riley and Toma noted that 5 

of their 21 strains of Y. enterocolitica serotype O:1,2,3 were pyrazinamidase 

positive, indicating a nonpathogenic serotype; lower than our results [92].  
 

Carnahan et al., investigated pyrazinamidase activity of Aeromonas spp.  Of 

the 37 A. hydrophila isolates tested, 35 (95%) were positive, which is similar 

to our result where we found that 92.2% of clinical isolates were positive for 

pyrazinamidase and 30.2% of environmental isolates were negative [191]. 
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B.  Esculin hydrolysis 
 
In our study a total of 35.7%, 92.2% of clinical Y. enterocolitica and A. 

hydrophila isolates were positive for bile esculin hydrolysis respectively. 

While, 64.3%, 60.5% of environmental Y. enterocolitica and A. hydrophila 

isolates were positive respectively. Farmer et al., reported esculin hydrolysis 

of Y. enterocolitica. A negative reaction of esculin hydrolysis correctly 

identified all 63 strains of the pathogenic serotypes (100% sensitivity), and a 

positive results correctly identified 34 of 37 strains of nonpathogenic 

serotypes (92% specificity). Thus, esculin hydrolysis correctly identified 97% 

of the isolates [10].  
 

Carnahan et al., investigated esculin hydrolysis of Aeromonas spp. Of the 

167 clinical Aeromonas spp., isolates tested, 114 (68%) were positive. Most 

of A. hydrophila isolates were positive agreement with our result, (92.2%) 

Aeromonas clinical isolates were positive [129]. It can be concluded that 

esculin hydrolysis agar, available in most clinical laboratories for the 

identification of Enterococcus spp., can be used for differentiation of 

pathogenic from pathogenic aeromonads.  

 
C. Autoagglutination 
 
Farmer et al., reported that only 8 (12.7%) of 63 Yersinia strains were 

positive for autoagglutination in MR-VP broth [10]. Laird and Cavanaugh 
pointed out that 25 (13.8%) of 180 Y. enterocolitica strains were found to be 

agglutinated [247]. These results disagree with our findings where 64.3% of 

clinical isolates were positive and only 35.7% of environmental isolates were 

positive. Janda et al., described a group of Aeromonas strains; of 79 

mesophilic aeromonads (13 environmental and 66 clinical isolates) evaluated 

for the ability to autoagglutinate in BHIB before (AA+) or after boiling (PAB+), 

24 (30%) were positive (AA+). Among A. hydrophila, 6 (55%) of 11 from 

invasive disease were AA+, and 8 (28%) of 29 from noninvasive disease 
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were AA+ [164]. These results are lower than our result, 92.2%, 36.8% were 

positive for clinical and environmental isolates respectively. 

 

D. Crystal violet binding 
 

CV binding was also tested by Farmer et al., with mixed cultures of the 

Plasmid-bearing virulent strains of Y. enterocolitica (P+) and avirulent 

plasmidless derivatives (P-) strains. Average percent binding was 94% [10]. 
Our results showed that 64.3%, 92.2% of clinical Yersinia and Aeromonas 

isolates were able to bind crystal violet dye and 35.7%, 36.8% of 

environmental Yersinia and Aeromonas isolates were positive respectively. 

Paniagua et al. reported that 44 (49.5%) from 74 A. hydrophila isolated from 

rainbow trout fish were able to bind crystal violet dye [234]. 
 

Differences in virulence marker activities, possibly due to differences 

observed between strains isolated from different geographic locations and 

between different species and the loss of virulence factors during enrichment 

and plating. 

 

E. β- hemolysin production 
 

The results of this study showed that 93% of A. hydrophila were hemolysin 

producer and this is in agreement with previous reports. Subashkumar et 

al., reported that from 21 isolates of A. hydrophila tested 20 (95.2%) of them 

were hemolysin producers. The isolates varied in their ability to lyse the red 

blood cells of human origin. Overall 90.47, 4.76 and 4.76% isolates were 

beta, alpha and gamma hemolytic, respectively. Attention has been given on 

the hemolysin of motile A. hydrophila because the production of hemolytic 

toxin has been regarded as indication of pathogenic potential, though 

nonhemolytic aeromonads have also been implicated as human pathogens 

[238].  
 



www.manaraa.com

 108

As defined by Wong et al., all A. hydrophila isolates with haemolysin positive 

genotype were virulent in the suckling mouse assay model. Burke et al., 

reported 97% correlation between hemolysin and enterotoxin production 

determined by suckling mouse test. It was found that all enterotoxigenic A. 

hydrophila isolates produced hemolysins [238].  
 

Sixty-eight (91.89%) A. hydrophila strains were hemolytic, as shown on blood 

agar reported by Paniagua et al., [234]. Mateos et al., showed that A. 

hydrophila isolates from the environment were avirulent for mice, whereas 

human isolates caused lesions and death in these laboratory animals [149]. 
 

5.8 Susceptibility of Yersinia enterocolitica and Aeromonas hydrophila 
to various antimicrobial agents 
 
Yersinia enterocolitica and Aeromonas hydrophila have emerged as an 

enteropathogen associated with several types of human infections that often 

require antimicrobial therapy, but little is known about the antimicrobial 

susceptibilities of these pathogenes in Gaza strip. 

 

In this study, total of 117 clinical isolates of Y. enterocolitica (14) and A. 

hydrophila (103) and a total of 90 environmental isolates (14 of Y. 

enterocolitica  and 76 A. hydrophila) were tested for their susceptibility to 

antibiotics. All isolates were tested by a standard disk diffusion method for 20 

antibiotics. The present study demonstrated a high susceptibility of clinical 

strains of Y. enterocolitica to most of the tested antibiotics. No major 

difference in susceptibility was observed between any of the isolates of 

human or environmental isolates included in this study. 

 

These results are in agreement with those of previous investigations; 

Rastawicki et al., demonstrated that almost all strains tested were resistant 

to ampicillin and cefazolin and susceptible to amoxycillin/clavulanate, 

cefaclor, cefamandole, cefuroxime, cefotaxime, ceftriaxone, aztreonam, 
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imipenem, gentamicin, amikacin, netilmicin, tetracycline, doxycycline, 

chloramphenicol, ciprofloxacin, sulphamethoxazole, trimethoprim, co-

trimoxazole and furazolidone. The only disagreement was with 

amoxicillin/clavulanate [ 248].  
 
Preton et al., showed that all strains tested were susceptible to ciprofloxacin 

and piperacillin, and 98% of the strains were susceptible to trimethoprim, 

sulfamethoxazole, cotrimoxazole, tetracycline, chloramphenicol, 

cefamandole, cefotaxime, aztreonam, and four aminoglycosides. In contrast, 

all strains were nonsusceptible to erythromycin, furazolidone, and 

clindamycin and 90% of the strains were non-susceptible to ampicillin, 

carbenicillin, ticarcillin, and cephalothin [249]. In agreement with our findings, 

Kwaga and Iversen reported that Yersinia isolated from slaughtered pigs 

and pork products in Canada in 1990 displayed little or no resistance to the 

aminoglycosides, cephalosporins (cefotaxime, ceftazidime, and ceftriaxone), 

imipenem, ticarcillin-clavulanic acid, aztreonam, ciprofloxacin, norfloxacin, 

trimethoprim-sulfamethoxazole, chloramphenicol, tetracycline, and co-

trimoxazole [249]. 
 
Our data showed that pathogenic Y. enterocolitica isolates were susceptible 

to co-trimoxazole, amikacin, gentamycin, ciprofloxacin and meropenem, they 

also indicate that the agents used traditionally to treat human infections, 

including co-trimoxazole, tetracycline, chloramphenicol, and the third 

generation cephalosporins, retained their high levels of in vitro activities. 

However, our results do not rule out the potential for this species, like other 

members of the family Enterobacteriaceae, to acquire decreased 

susceptibility to multiple antimicrobial agents and emphasize the need for 

continued surveillance of the susceptibility patterns of Y. enterocolitica and A. 

hydrophila from both human and animal sources.  

 

The spread of drug resistance among Aeromonas spp., is of concern 

because recent surveys indicate the emergence of these organisms as 

primary human pathogens. The presence of antibiotic resistant A. hydrophila 
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in natural habitats can pose a public health risk. Occurrence of multiple 

antibiotic resistant A. hydrophila in shoreline sediments, marine waters and 

shellfishes has been recognized as an important public health hazard. The 

prevalence of such multiple antibiotic resistant organisms in food and water is 

of considerable significance in relation to public health. Multiple antibiotic 

resistance of A. hydrophila strains from organs of infected catfish, Clarius 

batrachus has been reported [127,218 ].  
 

In this study, the frequency of resistance to some antimicrobial agents was 

much greater than previously reported. In other studies, frequency of 

resistance was exhibited against ampicillin followed by streptomycin, 

chloromphenicol and nalidixic acid. But all isolates exhibited susceptibility to 

tetracycline. Strains of Aeromonas spp. also showed high frequency of 

resistance to vancomycin, novobiocin, rifampicin and methicillin. Son Radu 
et al., have reported resistance towards chloromphenicol, erythromycin, 

kanamycin, nalidixic acid, streptomycin, sulphamethoxazole - trimethoprim 

and tetracycline among A. hydrophila isolates from cultured fish. Pettibone 
et al., reported the susceptibility of Aeromonas spp. to chloromphenicol, 

erythromycin, kanamycin, polymyxin-B, streptomycin and trimethoprim. 

These antibiotics are generally active agents against strains of Aeromonas 

[250].  
 

Jones and Wilcox showed that aztreonam and the carbapenems, imipenem 

and meropenem remain highly active. Although resistance to the first and 

second generation cephalosporins is variable, more than 90% of Aeromonas 

spp. are susceptible to the third generation agents. While most strains are 

susceptible to chloramphenicol, ciprofloxacin, co-trimoxazole and the 

aminoglycosides, the activity of amoxycillin/clavulanate and the 

acylureidopenicillins is inconsistent [218].  
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Imipenem and meropenem are also extremely active against all Aeromonas 

spp. Meropenem is generally more active than imipenem. More than 90% of 

Aeromonas spp. are susceptible to the third generation cephalosporins, such 

as cefotaxime, cefoperazone, cefpirome and ceftazidime. The activity of the 

first and second generation cephalosporins differs more widely between the 

three clinically important species of Aeromonas [218]. 
 

Subashkumar et al., reported that A. hydrophila isolates from children with 

acute diarrhea exhibited resistance to bacitracin (95.2%), novobiocin 

(95.2%), vancomycin (90.5%), methicillin (85.7%), cefazoline (85.7%), 

kanamycin (81%), rifampicin (76.2%), erythromycin and tetracycline (71.4% 

each) and nalidixic acid (62%). All the isolates were resistant to ampicillin as 

has been reported earlier [251]. The isolates exhibited susceptibility to 

polymyxin B (95.3%), chloramphenicol (90.5%) and gentamicin (76.2%). 

Earlier studies revealed the incidence of chloramphenicol resistance strains 

[238].  
 

Most of the isolates were from the high risk source contamination like fecal-

oral contamination. Due to indiscriminate use of antibiotics; the 

microorganisms might have developed resistance towards several antibiotics. 

Differences in resistance patterns were observed between strains isolated 

from different geographic locations and between different species. 

 

Antibiotic resistance in Aeromonas spp. poses a potential problem in the 

antimicrobial therapy of infections caused by these organisms. From our 

results, it is wise to avoid the use of broad-spectrum ampicillins, 

amoxycillin/clavulanate, co-trimethoprim, first and second generation of 

cephalosporins as first choice agents, particularly for invasive infections. 

Fluoroquinolones such as ciprofloxacin and Intravenous cefotaxime and 

meropenem are recommended for the treatment of serious Aeromonas 

infections. Ciprofloxacin and ofloxacin are good choices for oral therapy. 
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CHAPTER 6 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

 
6.1 Conclusions 
 

To our knowledge, this is the first study that investigated the occurrence of Y. 

enterocolitica and A. hydrophila in clinical, food and environmental samples 

in Palestine. 

 

 

1. The results of this study confirmed the presence of pathogenic Y. 

enterocolitica and A. hydrophila in clinical, food and environmental samples. 

 

2. Conventional microbiological techniques used in the present study were 

shown to be an efficient tool for isolating and identifying both Y. enterocolitica 

and A. hydrophila isolates. 

 

3. The percentages of Y. enterocolitica and A. hydrophila in clinical samples 

(diarrheal stool) were 4.7% and 34.3% respectively with no isolates from 

appendiceal samples collected from 8 hospitals located in various parts of 

Gaza strip and examined with enrichment and selective culture procedures. 

Other enteropathogenes, Salmonella (1%) and Shigella (1%) were recovered 

from the same samples. 

 

4. The age group 2-6 years was shown to have the highest incidence rates of 

Y. enterocolitica and A. hydrophila infection.  
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5. Al-Dorrah hospital showed the highest incidence rate of Y. enterocolitica 

(21.4%) while Al-Nasser hospital showed the highest incidence of A. 

hydrophila (44.6%). 

 

6. The results showed the presence of Y. enterocolitica and A. hydrophila in 

milk samples with high level of Y. enterocolitica (16.7%) in cow's milk, and 

66.7% of A. hydrophila in goat's milk. 

 

7. From meat samples we obtained an average of 6.7% of Y. enterocolitica 

and 48.9% of A. hydrophila with high incidence of Yersinia in turkey's and 

cow's meat samples and high incidence of Aeromonas in most meat 

samples. 

 

8. Y. enterocolitica and A. hydrophila were isolated from 32 various water 

samples. The isolation rate was 6.25% for Y. enterocolitica and 46.9% for A. 

hydrophila with the highest incidence in tap and well water. 

 

9. Y. enterocolitica and A. hydrophila were also found in sewage samples 

with isolation rate 12% of Y. enterocolitica and 42% of A. hydrophila. The 

high isolation rate was in Al-Nasser hospital. Other two environmental 

Yersinia species, Yersinia kristensenii (7.7%) were recovered from the same 

samples. 

 

10. Y. enterocolitica (11.5%) and A. hydrophila (38.5%) were also detected in 

animal excreta samples from different animals in Gaza strip. The highest 

occurrence of Y. enterocolitica was in cow's excreta, while goat's excreta 

showed the highest incidence of A. hydrophila. 
 

11. The CIN agar used in this study provided the most effective medium for 

the recovery of Y. enterocolitica and A. hydrophila from clinical and food 

samples. The confirmation rate of identification of presumptive Y. 

enterocolitica and A. hydrophila from CIN was 100%.  
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12. This study showed that direct plating on CIN agar after treatment with 

KOH treatment was more efficient than the widely accepted method of cold 

enrichment in PBS and overnight enrichment in TSB for the detection of Y. 

enterocolitica and A. hydrophila from clinical and food samples. 

 

13. KOH method has the following advantages: (i) it uses a single enrichment 

medium, (ii) it eliminates 1 day of enrichment and another for the 

presumptive isolation, and (iii) it uses a single medium (CIN) for direct 

detection and isolation. This procedure is a practical alternative to many 

other recovery methods (PBS, TSB) which require significantly more time for 

completion, reducing the time required for detection up to 72 h by TSB and 

up to three weeks by PBS. 

 

14. Virulence factors were detected among clinical isolates as well as among 

isolates from other sources with higher frequency in clinical isolates. 

 

15. Y. enterocolitica retained its susceptibility to antimicrobials traditionally 

used treat human infections, including cotrimoxazole, tetracycline, 

chloramphenicol, and the aminoglycosides (amikacin, gentamicin). 

 

16. High incidence of multiple drug resistant and β- hemolysin producing A. 

hydrophila was noticed. 
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6.2 Recommendations 
 
In light of the result of this study and the above listed conclusions, the 

following actions are recommended. 

 

• Further epidemiological studies are necessary to elucidate the public health 

significance of infections caused by Y. enterocolitica and A. hydrophila. 

 

• The results of the present investigation suggest that further epidemiological 

studies are necessary to elucidate the public health significance of Yersinia 

and Aeromonas in food and water samples. 

 

• Further studies are also needed to determine contamination routes and 

transmission pathways of Yersinia and Aeromonas.  

 

• Further studies are needed to assess the clinical significance of the 

virulence factors in both food and water isolates. 

 

• More studies should be performed to indicate the relative importance of Y. 

enterocolitica and A. hydrophila in acute diarrhea in Gaza strip in both 

humans and animals. 

 

• Further careful epidemiologic studies are needed to determine the impact 

of restriction of antimicrobial use in limiting the spread of multi-drug 

resistance Aeromonas. 

 

• Y. enterocolitica and A. hydrophila isolation and identification services 

should be offered by the Ministry of Health Laboratories (Both medical and 

food microbiology laboratories). 
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• We thus recommend the direct plating on CIN agar after KOH treatment 

method for routine Yersinia and Aeromonas screening and propose that this 

method could be used to detect the occurrence of Yersinia and Aeromonas in 

clinical and environmental samples.  

 

• This study indicates that the rate of Y. enterocolitica and A. hydrophila is 

high in cow's meat and cow's excreta. This may suggests that the Monitoring 

Authorities to take serious procedures in order to protect consumers from the 

presence of Y. enterocolitica and A. hydrophila. 

 

The author would like to recommend the establishment of a local culture 

collection for the preservation of local isolates. 



www.manaraa.com

 117

 
REFERENCES 
 
[1] Leclercq A., Martin, L., Vergnes M., Ounnoughene N., Laran J., 
Giraud P., and Carniel E., 2005- Fatal Yersinia enterocolitica Biotype 4 
Serovar O:3 Sepsis After Red Blood Cell Transfusion. Transfusion, 45: 814 - 
818. 
 
[2] Tsai M., Kuo C., Wang M., Wu H., Chein C., and Liu J., 2006- Clinical 
Features and Risk Factors for Mortality in Aeromonas Bacteremic Adult with 
Hematologic Malignancies. J Microbiol Immunol. Infect, 39: 150-154. 
 
[3] Thoerner P., Bin Kingombe C.  , Bogli-Stuber K., Bissig-Choisat B., 
Wassenaar T.,  Frey J. and Jemmi T., 2003- PCR Detection of Virulence 
Genes in Yersinia enterocolitica and Yersinia pseudotuberculosis and 
Investigation of Virulence Gene  Distribution. Appl Environ Microbiol, 69: 
1810-1816. 
 
 [4] Niskanen T., Waldenstrom J., Fredriksson M.,  Olsen B., and 
Korkeala H., 2003- VirF-Positive Yersinia   pseudotuberculosis and Yersinia 
enterocolitica Found in Migratory  Birds in Sweden. Appl Environ Microbiol,  
69: 4670–4675. 
 
[5] Fredriksson M. and Korkeala H., 2003- Low Occurrence of Pathogenic 
Yersinia enterocolitica in Clinical, Food, and Enviromental Samples: a 
Methodological Problem. Clin Microbiol Rev, 16: 220-229. 
 
[6] Fredriksson-Ahomaa M., Korte T., and Korkeala H., 2001- 
Transmission of Yersinia enterocolitica 4/O:3 to Pets Via Contaminated Pork. 
Lett Appl Microbiol, 32:375–378. 
 
[7] Ellison D., and Miller V., 2006- H-NS Represses inv Transcription in 
Yersinia enterocolitica through Competition with RovA and Interaction with 
YmoA. J Bacteriol, 188: 5101–5112. 
 
[8] DI-Biase A., Petrone G., Conte M., et al., 2000- Infection of Human 
Enterocyte-Like Cells with Rotravirus Enhances Invasiveness of Yersinia 
enterocolitica and Y. pseudotuberculosis. J Med Microbiol, 49:897-904. 
 
[9] Grosdent N., Maridonneau-Parini I., Sory M., and Cornelis G., 2002- 
Role of Yops and Adhesins in Resistance of Yersinia enterocolitica to 
Phagocytosis. Infect Immun, 70:4165-4176. 
 
[10] Farmer J., Carter G.,  Miller V., S. Falkow S., and Wachsmuth I.,  
1992- Pyrazinamidase, CR-MOX Agar, Salicin Fermentation-Esculin 
Hydrolysis, and D-Xylose Fermentation for Identifying Pathogenic Serotypes 
of Yersinia enterocolitica. J Clin Microbiol, 30: 2589-2594. 



www.manaraa.com

 118

[11 ] Sanchez-Cespedes J., Navia M., Martinez R., Orden B., Millan R., 
Ruiz J., and Vila J., 2003- Clonal Dissemination of Yersinia enterocolitica 
Strains with Various Susceptibilities to Nalidixic acid. J Clin Microbiol, 
41:1769-1771. 
 
[12] Abbott S., Cheung W., and Janda J., 2003- The genus Aeromonas: 
Biochemical Characteristics, Atypical Reactions, and Phenotypic 
Identification Schemes. J Clin Microbiol, 41: 2348-2357.  

[13] Pianetti A., Falcioni T., Bruscolini F., Sabatini L., Sisti E., and Papa 
S. 2005- Determination of the Viability of Aeromonas hydrophila in Different 
Types of Water by Flow Cytometry, and Comparison with Classical Methods. 
Appl Environ Microbiol, 71: 7948–7954. 
 
[14] Neyts K.,  Huys G., Uyttendaele M., Swings J., and Debevere J., 
2000-Incidence and Identification of Mesophilic Aeromonas spp. from Retail 
Foods. Appl Microbiol,  31: 359-363. 
 
[15] Pillai L., Sha J., Erova T., Fadl A., Khajanchi B., and Chopra A., 
2006- Molecular and Functional Characterization of a ToxR-Regulated 
Lipoprotein from a Clinical Isolate of Aeromonas hydrophila. Infect Immun, 
74: 3742-3755 
 
[16] Saavedra M., Figueras M., and Martinez-Murcia A., 2006- Updated 
Phylogeny of the Genus Aeromonas. Int J Syst Evol Microbiol, 56: 2481–
2487. 
 
[17] Vila J., Joaquin Ruiz J.,  Gallardo F., Vargas M.,  Soler L.,  Figueras 
M., and  Gascon J., 2003- Aeromonas spp. and Traveler’s Diarrhea: Clinical 
Features and Antimicrobial Resistance. Emerg Infect Dis, 5: 552-555. 
 
[18] Abdullah A., Hart C.,  and Winstanley C. 2003- Molecular 
Characterization and Distribution of Virulence Associated Genes Amongst 
Aeromonas Isolates from Libya. J Appl Microbiol.,  95: 1001–1007. 
 
[19]  Valera L., and Esteve C., 2002- Phenotypic Study by Numerical 
Taxonomy of Strains Belonging to the Genus Aeromonas. J Appl Microbiol, 
93: 77–95. 
 
[20] Fredriksson-Ahomaa M., Stolle A., and Korkeala H., 2006- Molecular 
Epidemiology of Yersinia enterocolitica Infections. FEMS Immunol Med 
Microbiol, 47: 315–329.  
 
[21] Epple H.,  ankertz J., Ignatius R., et al., 2004- Aeromonas hydrophila 
Beta-Hemolysin Induces Active Chloride Secretion in Colon Epithelial Cells 
(HT-29/B6). Infect Immun, 72: 4848–4858. 
 



www.manaraa.com

 119

[22] Skurnik M., Bengoechea J., and Granfors, K.,  2003- The Genus 
Yersinia: Entering the Functional Genomic Era. Advances in experimental 
Medicine and Biology. 4th ed, 559: 512. 
 
[23] Chain P., Carniel E., Larimer F., et al., 2004- Insights into the Evolution 
of Yersinia pestis through Whole-Genome Comparison with Yersinia 
pseudotuberculosis. PNAS, 101: 13826-13831.  
 
[24] Bottone E., 1997- Yersinia enterocolitica: the Charisma Continues. Clin 
Microbiol Rev, 10:257-276. 
 
[25] Cornelis G., 1998- The Yersinia Deadly Kiss. J Bacteriol, 180: 5495-
5504. 
 
[26] Neuhaus K., Francis K., Rapposch S., Gorg A., and Scherer S., 
1999- Pathogenic Yersinia Species Carry a Novel, Cold-inducible Major Cold 
Shock Protein Tandem Gene Duplication Producing both Bicistronic and 
Monocistronic mRNA. J Bacteriol, 181: 6449–6455. 
 
[27] Aleksic S., and Bockemühl J., 1984- Proposed Revision of the 
Wauters et al. Antigenic Scheme for Serotyping of Yersinia enterocolitica. J 
Clin Microbiol, 20: 99-102. 
 
[28] Bissett M., Powers C., Abbott S., Janda J. 1990- Epidemiologic 
Investigations of Yersinia enterocolitica and Related Species: Sources, 
Frequency, and Serogroup Distribution. J Clin Microbiol, 28:910–912.  
 
[29] Grant T., Bennett Wood V., and Robins-Browne R., 1998- 
Identification of Virulence-Associated Characteristics in Clinical Isolates of 
Yersinia enterocolitica Lacking Classical Virulence Markers. Infect Immun, 
66: 1113–1120. 
 
[30] Brubaker R., 1991- Factors Promoting Acute and Chronic Diseases 
Caused by yersinia. Clin Microbiol, Rev. 4:309. 
 
[31] Lake R., Hudson, A., and Cressey P., 2004- Risk Profil: Yersinia 
enterocolitica in Pork. Report prepared as part of a New Zealand Food Safety 
Authority contract for scientific services, 1-48. 
 
[32] Gulmez M., and Guven A., 2003- Survival of Escherichia coli O157:H7, 
Listeria monocytogenes 4b and Yersinia enterocolitica O3 in different yogurt 
and kefir combinations as prefermentation contaminant. J Appl Microbiol, 95: 
631–636. 
 
[33] Falca J., Brocchi M., Proenc J.¸ Modena A., Acrani G., Correa E., 
and  Falcao D., 2004- Virulence characteristics and epidemiology of Yersinia 
enterocolitica and Yersinia other than Y. pseudotuberculosis and Y. pestis 
Isolated from Water and Sewage. Appl Microbiol, 96: 1230–1236. 



www.manaraa.com

 120

[34] Jones B. , Saw M., Hanson M., Mackie M., Scott, J., and  Murphy W., 
1993- Yersinia enterocolitica Septicemia from Transfusion of Red Cell 
Concentrate Stored for 16 Days. J Clin Pathol, 46:477–478. 
 
[35] Howard S.,  Gaunt M., Hinds J., and Witney A., 2006- Application of 
Comparative Phylogenomics To Study the Evolution of Yersinia enterocolitica 
and to Identify Genetic Differences Relating to Pathogenicity. J Bacteriol, 
188: 3645–3653. 
 
[36] Sato Y., Kaneko K., Sasahara T., and Inoue M., 2006- Novel 
Pathogenetic Mechanism in a Clinical Isolate of Yersinia enterocolitica KU14. 
J Microbiol, 44: 98-105. 
 
[37] Visser L., Annema A., and Furth D., 1995- Role of Yops in Inhibition of 
Phagocytosis and Killing of Opsonized Yersinia enterocolitica by Human 
Granulocytes. Infect Immun, 63: 2570–2575. 
 
[38] Heise T., and Dersch P., 2006- Identification of a Domain in Yersinia 
Virulence Factor YadA that is Crucial for Extracellular Matrix-specific Cell 
Adhesion and Uptake. PNAS, 103: 3375–3380. 
 
[39] Grosdent N., Maridonneau-Parini I., Sory M., and Cornelis G., 2002- 
Role of Yops and Adhesins in Resistance of Yersinia enterocolitica to 
Phagocytosis. Infect Immun, 70:4165-4176. 
 
[40] Lee V., Mazmanian S., and Schneewind O., 2001- A Program of 
Yersinia enterocolitica Type III Secretion Reactions is Activated by Specific 
Signals. J Bacteriol, 183: 4970-4978. 
 
[41] Tardy F., Homble F., Neyt C., Wattiez R., Cornelis G., Ruysschaert 
J., and Cabiaux V., 1999- Yersinia enterocolitica Type III Secretion-
translocation System: Channel Formation by Secreted Yops. EMBO J, 18: 
6793–6799.  
 
[42] Venecia K., and Young G., 2005- Environmental Regulation and 
Virulence Attributes of the Ysa Type III Secretion System of Yersinia 
enterocolitica Biovar 1B. Infect Immun, 73: 5961–5977. 
 
[43] Bhaduri S., Turner-Jones C., Taylor M., and Lachica R., 1990- Simple 
Assay of Calcium Dependency for Virulent Plasmid-bearing Clones of 
Yersinia enterocolitica. J Clin Microbiol, 28:798–800. 
 
[44] Heesemann J., Algermissen B., and Laufs R., 1984- Genetically 
Manipulated Virulence of Yersinia enterocolitica. Infect Immun, 46: 105-110. 
 
[45] Miller V., and Falkow S.,  1988- Evidence for Two Genetic Loci in 
Yersinia enterocolitica that Can Promote Invasion of Epithelial Cells. Infect 
Immun, 56:1242–1248. 



www.manaraa.com

 121

 
[46] Schulte S., Kerneis S., Klinke S., et al., 2000- Translocation of Yersinia 
enterocolitica Across Reconstituted Intestinal Epithelial Monolayers is 
Triggered by Yersinia Invasin Binding to b1 Integrins Apically Expressed on 
M-like cells. Cellular Microbiol, 2:  173-185. 
 
[47] Hamzaoui N., Kerneis S., Caliot E.,  and Pringault E., 2004- 
Expression and Distribution of b 1 Integrins in in vitro -induced M cells: 
Implications for Yersinia Adhesion to Peyer’s Patch Epithelium. Cellular 
Microbiol, 6: 817–828 
 
[48] Revell P.,  and Mille V., 2000- A chromosomally Encoded Regulator is 
Required for Expression of the Yersinia enterocolitica inv Gene and for 
Virulence. Molecular Microbiol, 35: 677-685. 
 
[49] Logue C., Sheridan J., McDowell D., Blair I.,  and Hegarty T., 2000- 
The Effect of Temperature and Selective Agents on the Growth of Yersinia 
enterocolitica serotype O:3 in Pure Culture. J Appl Microbiol, 88: 1001-1008. 
 
[50] Jourdan A., Johnson S., and Wesley I., 2000- Development of a 
fluorogenic 5’ Nuclease PCR Assay for Detection of the ail gene of 
Pathogenic Yersinia enterocolitica. Appl Environ Microbiol, 66: 3750-3755. 
 
[51] Delor I., Kaeckenbeeck A., Wauters G., and Cornelis G., 1990- 
Nucleotide Sequence of yst, the Yersinia enterocolitica Gene Encoding the 
Heat-Stable Enterotoxin, and Prevalence of the Gene Among Pathogenic 
and Nonpathogenic Yersinia. Infect Immun, 58: 2983–2988. 
 
[52] Robins-Browne R., Takeda T., Fasano A., et al., 1993- Assessment of 
Enterotoxin Production by Yersinia enterocolitica and Identification of a Novel 
Heat-stable Enterotoxin Produced by a Non Invasive Y. enterocolitica Strain 
Isolated from Clinical Material. Infect Immun, 61: 764–767. 
 
[53] Amirmozafari N., and Robertson D., 1993- Nutritional Requirements 
for Synthesis of Heat-stable Enterotoxin by Yersinia enterocolitica. Appl 
Environ Microbiol, 59: 3314–3320. 
 
[54] Delor I., and Cornelis G., 1992- Role of Yersinia enterocolitica Yst 
Toxin in Experimental Infection of Young Rabbits. Infect Immun, 60: 4269–
4277. 
 
[55] Aussel L., Karibian, T., Perry M., Bruneteau M., and Caroff M., 2000- 
Novel Variation of Lipid A Structures in Strains of Different Yersinia species. 
FEBS Lett, 465:87-92. 
 
[56] Bengoechea J., Najdenski H.,  and Skurnik M., 2004- 
Lipopolysaccharide O Antigen Status of Yersinia enterocolitica O:8 is 
Essential for Virulence and Absence of O Antigen Affects the expression of 
other Yersinia Virulence Factors. Molecular Microbiol, 52: 451–469. 



www.manaraa.com

 122

. 
[57] De Koning-Ward T., and Robins-Browne R., 1995- Contribution to 
Urease to Acid Tolerance in Yersinia enterocolitica. Infect Immun, 63: 3790-
3795. 
 
[58] Mobley H., Island M., and Hausinger R., 1995- Molecular Biology of 
Microbial Ureases. Microbiol Rev, 59: 451–480. 
 
[59] Young G., Amid D., and Miller V., 1996- A Bifunctional Urease 
Enhances Survival of Pathogenic Yersinia enterocolitica and Morganella 
morganii at Low PH. J Bacteriol, 28: 6487–6495. 
 
[60] Schubert S., Picard B., Gouriou S., Heesemann J., and Denamur E., 
2002- Yersinia High-Pathogenicity Island Contributes to Virulence in 
Escherichia coli Causing Extraintestinal Infections. Infect Immun, 70: 5335-
5337. 
 
[61] Jacobi C., Gergor S., Rakin A., and Heesemann J., 2001- Expression 
Analysis of the Yersiniabactin Receptor Gene fyuA and the Heme Receptor 
hemR of Yersinia enterocolitica In Vitro and In Vivo Using the Reporter 
Genes for Green Fluorescent Protein and Luciferase. Infect Immun, 69: 
7772–7782. 
 
[62] Hansen M., Pearl G., and Levy M., 2001- Intussusceptions Due to 
Yersinia enterocolitica Enterocolitis in a Patient with β-Thalassemia. Arch 
Pathol Lab Med, 125:1486–1488. 
 
[63] Bresolin G., Neuhaus N., Scherer S., and Fuchs T., 2006-
Transcriptional Analysis of Long-Term Adaptation of Yersinia enterocolitica to 
Low-Temperature Growth. J Bacteriol, 188: 2945–2958. 
 
[64] Goverd R., Huis in,t Veld J., Kuster J, and Mooi F., 1998- The 
psychrotrophic Bacterium Yersinia enterocolitica Recquires Expression of 
pnp, the Gene for Polynucleotide Phosphorylase, for Growth at Low 
Temperature (5oC). Molecular Microbiol, 28: 555-569. 
 
[65] Aulisio C., Mehlman I., and Sanders A., 1980- Alkali Method for Rapid 
Recovery of Yersinia enterocolitica and Yersinia pseudotuberculosis from 
Foods. Appl Environ Microbiol, 39:135–140. 
 
[66] Virto R., Sanz D., lvarez I., Condon S., and Raso J., 2005-
InactivationKinetics of Yersinia enterocolitica by Citric and Lactic Acid at 
Different Temperatures. Int J Food Microbiol, 103 : 251–257. 
 
[67] Pin C., Baranyi J., and Garcia de Fernando G., 2000- Predictive Model 
for the Growth of Yersinia enterocolitica Under Modified Atmosphere. J Appl 
Microbiol, 88: 521-530. 
 



www.manaraa.com

 123

[68] Harrison W., Peters A., and Fielding L., 2000- Growth of Listeria 
monocytogenes and Yersinia enterocolitica Colonies Under Modified 
Amospheres at 4 and 8°C using a Model System. J Appl Microbiol, 88: 38-43. 
 
[69] Barakata R., and Harris L., 1999- Growth of Listeria monocytogenes 
and Yersinia enterocolitica on Cooked Modified-Atmosphere-Packaged 
Poultry in the Presence and Absence of a Naturally Occurring Microbiota. 
Appl Environ Microbiol, 65: 342–345. 
 
[70] Virto R., Sanz D., Condon S., and Raso J., 2005- Comparison of the 
Chlorine Inactivation of Yersinia enterocolitica in Chlorine Demand and 
Demand-Free Systems. J Food Prot, 68: 1- 7. 
 
[71] Dykhuizen R., Frazer R., Duncan C., Smith C., Golden M., Benjamin 
N., and Leifert C., 1996- Antimicrobial Effect of Acidified Nitrite on Gut 
Pathogens: Importance of Dietary Nitrate in Host Defense. Antimicrob Agents 
Chemother, 40: 1422–1425.  
 
[72] Weissfeld A., and Sonnenwirth A., 1982- Rapid Isolation of Yersinia 
spp. from Feces. J Clin Microbiol, 15: 508-510 
 
[73] Delmas C.,  and Vidon D., 1985- Isolation of Yersinia enterocolitica and 
Related Species from Foods in France. Appl Environ Microbiol, 50:  767-771 
 
[74] Johnson J., 1998- Isolation and  Identification of Pathogenic Yersinia 
enterocolitica from Meat and Poultry Products. USDA/FSIS Microbiology 
Laboratory Guidebook 3rd Edition, 1-28. 
 
[75] Schiemann D. , and Toma S., 1978- Isolation of Yersinia enterocolitica 
from Raw Milk. Appl Environ Microbiol, 35: 54–58. 
 
[76] Pai C., Sorger S., Lafleur L., Lackman L. and Marks M., 1979- 
Efficacy of Cold enrichment Techniques for Recovery of Yersinia 
enterocolitica from Human Stools. J Clin Microbiol, 9: 712-715. 
 
[77] Doyle M., and Hugdahl M., 1983- Improved Procedure for Recovery of 
Yersinia enterocolitica from Meats. Appl Environ Microbiol, 45: 127-135. 
 
[78] Schiemann D., 1983- Alkalotolerance of Yersinia enterocolitica as Basis 
for Selective Isolation from Food Enrichments. Appl Environ Microbiol, 46: 
22-27. 
 
[79] Schiemann D., 1982- Development of a Two-step Enrichment 
Procedure for Recovery of Yersinia enterocolitica from Foods. Appl Environ 
Microbiol, 43: 14-27. 
 
[80] Wauters G., 1973- Improved Methods for the Isolation and the 
Recognition of Yersinia enterocolitica. Contr Microbiol Immunol, 2: 68-70. 



www.manaraa.com

 124

 
[81] Wauters G., Goossens V., Janssens M., and Vandepitte J., 1988- 
New Enrichment Method for Isolation of Pathogenic Yersinia enterocolitica 
Serogroup O:3 from Pork. Appl Environ Microbiol, 54:851-854. 
 
[82] Fukushima H., 1985-  Direct isolation of Yersinia enterocolitica and 
Yersinia pseudotuberculosis from Meat. Appl Environ Microbiol, 50:710–712. 
 
[83] Bhaduri S., Cottrell B., and Pickard A., 1997- Use of Single Procedure 
for Selective Enrichment, Isolation, and Identification of Plasmid-bearing 
Virulent Yersinia enterocolitica of Various Serotypes from Pork Samples. 
Appl Environ Microbiol, 63: 1657-1660. 
 
[84] Hussein H., Fenwick, S.G.,  and Lumsden J., 2001- A rapid and 
Sensitive Method for the Detection of Yersinia enterocolitica Strains from 
Clinical Samples. Lett Appl Microbiol, 33: 445- 449. 
 
[85] Nesbakken T., Kapperud G., Dommarsnes K., Skurnik M., and 
Hornes E.,  1991- Comparative Study of a DNA Hybridization Method and 
Two Isolation Procedures for Detection of Yersinia enterocolitica 0:3 in 
Naturally Contaminated Pork Products. Appl Environ Microbiol, 57: 389-394. 
 
[86] Fukushima H., 1987- New Selective Agar Medium for Isolation of 
Virulent Yersinia enterocolitica. J Clin Microbiol, 25: 1068-1073. 
 
[87] Sharma N., Doyle P., Gerbasi S., and Jessop J., 1990- Identification of 
Yersinia Species by the API 20E. J Clin Microbiol, 28: 1443-1444. 
 
[88] Schiemann D., and Devenish J., 1980-  Virulence of Yersinia 
enterocolitica Determined by Lethality in Mongolian Gerbils and by the 
Sereny Test. Infect Immun, 29:500–506. 
 
[89] Aulisio C., Hill W., Stanfield J., and Sellers R., 1983- Evaluation of 
Virulence Factor Testing and Characteristics of Pathogenicity in Yersinia 
enterocolitica. Infect Immun, 40:330-335. 
 
[90] Bakour R., Balligand G., Laroche Y., Cornelis G. and Wauters C., 
1985- A simply Adult Mouse Test for Tissue Invasiveness in Yersinia 
enterocolitica Strains of Low Experimental Virulence. J Med Microbiol, 19: 
237-246. 
 
[91] Kaneko S., and Matuyama T., 1987- Pathogenicity of Yersinia 
enterocolitica Serotype 03 Biotype 3 Strains. J Clin Microbiol, 25: 454-455. 
 
[92] Riley G., and Toma S., 1989- Detection of pathogenic Yersinia 
enterocolitica by using Congo red-magnesium oxalate agar medium. J Clin 
Microbiol, 27: 213-214. 
 



www.manaraa.com

 125

[93] Skurnik M., Boli I., Heikkinen H., Piha S., and Wolf-Watz H., 1984- 
Virulence Plasmid Associated Autoagglutination in Yersinia spp. J Bacteriol, 
158: 1033-1036. 
 
[94] Bhaduri S., Conway L., and Lachica R., 1987- Assay of Crystal Violet 
Binding for Rapid Identification of Virulent Plasmid-bearing Clones of Yersinia 
enterocolitica. J Clin Microbiol, 25: 1039-1042. 
 
[95] Kay B., Wachsmuth K., Gemski P., Feeley J., Quan T., and Brenner 
D., 1983- Virulence and Phenotypic Characterization of Yersinia 
enterocolitica Isolated from Humans in the United States. J Clin Microbiol, 
17:128–138.  
 
[96] Robins-Browne R., Miliotis M., Cianciosi S., Miller V., Falkow S., and 
Morris J., 1989- Evaluation of DNA Colony Hybridisation and Other 
Techniques for Detection of Virulence in Yersinia Species. J Clin Microbiol, 
27: 644-650. 
 
[97] Kuehni-Boghenbor K., On S., Kokotovic B., et al., 2006- Genotyping 
of Human and Porcine Yersinia enterocolitica, Yersinia intermedia, and 
Yersinia bercovieri Strains from Switzerland by Amplified Fragment Length 
Polymorphism Analysis. Appl Environ Microbiol, 72: 4061–4066. 
 
[98] Lambertz S., and Danielsson-Tham M., 2005- Identification and 
Characterization of Pathogenic Yersinia enterocolitica Isolates by PCR and 
Pulsed-Field Gel Electrophoresis. Appl Environ, 71: 3674–3681. 
 
[99] Hayashidani H.,  Kanzaki N., Kaneko Y., Okatani A., Taniguchi T., 
Kaneko K., and Ogawa M., 2002- Occurrence of Yersiniosis and Listeriosis 
in Wild Boars in Japan. J Wildlife Dis,  38: 202–205. 
 
[100] Shayegani M., Stone W., de Forge I., Root T., Parsons L., and 
Maupin P., 1986- Yersinia enterocolitica and Related Species Isolated from 
Wildlife in New York State. Appl Environ Microbiol, 52: 420-424. 
 
[101] Slee K., and Skilbeck N., 1992- Epidemiology of Yersinia 
pseudotuberculosis and Y. enterocolitica Infections in Sheep in Australia. J 
Clin Microbiol, 30: 712-715. 
 
[102] Fantasia M., Mingrone M., Martini A., Boscato U. and Crotti D. 
1993- Characterisation of Yersinia Species Isolated from a kennel and from 
Cattle and Pig Farms. Vet Rec, 132: 532-4. 
 
[103] Fukushima H., Nakamura R., Iitsuka S., Tsubokura M., Otsuki K. 
and Kawaoka Y. 1984- Prospective Systematic Study of Yersinia spp. in 
Dogs. J Clin Microbiol, 19: 616-622. 
 



www.manaraa.com

 126

[104] Fukushima H., and Gomyoda M., 1991- Intestinal Carriage of Yersinia 
pseudotuberculosis by Wild Birds and Mammals in Japan. Appl Environ 
Microbiol, 57:1152 1155. 
 
[105] Korte T., Fredriksson-Ahomaa M., Niskanen T. and Korkeala H., 
2004- Low Prevalence of yadA-positive Yersinia enterocolitica in Sows. 
Foodborne Pathog Dis, 1: 45-52. 

 
[106] Siriken B., 2004- The Presence of Yersinia enterocolitica and Other 
Yersinia Species in Ground Beef in Aydin, Turkey. Turk J Vet Anim Sci, 28:  
489-495.  
 
[107] Ramesh A., Padmapriya B., Chrashekar A., and Varadaraj M., 2002- 
Application of a Convenient DNA Extraction Method and Multiplex PCR for 
the Direct Detection of Staphylococcus aureus and Yersinia enterocolitica in 
Milk Samples. Mol Cell Probes, 16: 307-314. 
 
[108] Lee L., Gerber A., Lonsway D., and Smith J., 1990- Yersinia 
enterocolitica O:3 Infections in Infants and Children, Associated with the 
Household Preparation Chitterlings. N Engl J Med, 322:984–987. 
 
[109] Waage A., Vardund T., Lund V., and Kapperud G., 1999- Detection 
of Low Numbers of Pathogenic Yersinia enterocolitica in Environmental 
Water and Sewage Samples by Nested Polymerase Chain Reaction. J Appl 
Microbiol, 87: 814–821. 
 
[110] Thompson J., and Gravel M., 1986- Family Outbreak of Gastro-
enteritis Due to Yersinia enterocolitica Serotype O:3 from Well Water. Can J 
Microbiol, 32: 700-701. 
 
[111] Morris J., Prado V., Ferreccio C., et al., 1991- Yersinia enterocolitica 
Isolated from Two Cohorts of Young Children in Santiago, Chile: Incidence of 
and Lack of Correlation Between Illness and Proposed Virulence Factors. J 
Clin Microbiol, 29: 2784–2788. 
 
[112] USFDA. 2001-  U. S. Food and Drug Administration Center for Food 
Safety and Applied Nutrition. Chapter 8. Yersinia enterocolitica and Yersinia 
pseudotuberculosis. 
 
[113] Fukushima H., Saito, K., Tsubokura M., Otsuki K., and Kawaoka Y., 
1983- Isolation of Yersinia spp. from Bovine Feces. J Clin Microbiol, 18: 981–
982. 
[114] Thibodeau V., Frost E., Chenier H., and Quessy S., 1999- Presence 
of Yersinia enterocolitica in Tissues of Orally-inoculated Pigs and the Tonsils 
and Feces of Pigs at Slaughter. Can. J. Vet. Res, 63:96-100. 
 
[115] Palliste C., and Rotstein O., 2001- Yersinia enterocolitica as a Cause 
of Intra-abdominal Abscess: the Role of Iron. Can J Surg, 44: 135-136. 



www.manaraa.com

 127

 
[116] Strobel E.,  Heesemann J., Mayer G.,  Peters J., Weihrich-Muller S. 
and Emmerling P., 2000- Bacteriological and Serological Findings in a 
Further Case of Transfusion-Mediated Yersinia enterocolitica Sepsis. J Clin 
Microbiol, 38: 2788–2790. 
 
[117] Naktin J., and Beavis K., 1999- Yersinia enterocolitica and Yersinia 
pseudotuberculosis. Clin Lab Med, 19: 523 - 536. 
 
[118] Fredriksson-Ahomaa M., Naglic T., Turk N., et al., 2007- Yersiniosis 
in Zoo Marmosets (Callitrix jacchuss) Caused by Yersinia enterocolitica 
4/O:3. Vet Microbiol, 1-5. 
 
[119] Ethelberg S., Olsen K., Gerner-Smidt P., and Molbak K., 2004-  
Household Outbreaks among Culture-confirmed Cases of Bacterial 
Gastrointestinal Disease. Am J Epidemiol, 159: 406 - 412. 
 
[120] Shayegani M., Morse D., DeForge I., Root T., Parsons L., and 
Maupin P., 1983- Microbiology of a Major Foodborne Outbreak of 
Gastroenteritis Caused by Yersinia enterocolitica Serogroup O:8. J Clin 
Microbiol, 17:35–40. 
 
[121] Ackers M., Schoenfeld S., Markman J., Smith M., Nichols M., and 
Dewitt W., 2000- An Outbreak of Yersinia enterocolitica O:8 Infections 
Associated with Pasteurised Milk. J Infect Dis, 181: 1834-1837. 
 
[122] Jones T., 2003- From Pig to Pacifier: Chitterling-associated Yersiniosis 
Outbreak Among Black Infants. Emerg Infect Dis, 8: 1007 - 1009. 
 
[123] Sakai T., Nakayama A., Hashida A., Yamamoto Y., Takebe H., and  
Imai S., 2005- Outbreak of Food Poisoning by Yersinia enterocolitica 
Serotype O8 in Nara prefecture: The First Case Report in Japan. Jpn J 
Infect. Dis, 58: 257 - 258. 
 
[124] Nesbakken T., Kapperud G., Dommarsnes K., Skurnik M., and 
Hornes E., 1991- Comparative Study of a DNA Hybridization Method and 
Two Isolation Procedures for Detection of Yersinia enterocolitica 0:3 in 
Naturally Contaminated Pork Products. Appl Environ Microbiol, 57: 389-394. 
  
[125] Lambertz S., 2005- Development of a PCR-based method for detection 
of pathogenic Yersinia enterocolitica in pork. Doctoral thesis Swedish 
University of Agricultural Sciences. 
 
[126] Jacobs J. Jamaer D., Vandeven J., Wouters M.,  Vermylen C., and 
Vandepitte J., 1989- Yersinia enterocolitica in Donor Blood: a Case Report 
and Review. J Clin Microbiol, 27: 1119-1121. 
 



www.manaraa.com

 128

[127] Burke V., Robinson J., Cooper M., Beaman J., Partridge K., 
Peterson D., and Gracey M., 1984- Biotyping and Virulence Factors in 
Clinical and Environmental Isolates of Aeromonas Species. Appl Environ 
Microbiol, 47:1146–1149. 
 
[128] Janda J., 1991- Recent Advances in the Study of the Taxonomy, 
Pathogenicity and Infectious Syndromes Associated with the Genus 
Aeromonas. Clin  Microbiol Rev, 4: 397-410.  
 
[129] Carnahan A., Behram S., and Joseph S., 1991- Aerokey II: a Flexible 
Key for Identifying Clinical Aeromonas Species. J Clin Microbiol, 29:2843–
2849. 
 
[130] Sakazaki R., and Shimada T., 1984- O-Serogrouping Scheme for 
Mesophilic Aeromonas Strains. Jpn J Med Sic Biol, 37:247- 256. 

[131] Thomas L., Gross R., Cheasty T., and Rowe B., 1990- Extended 
Serogrouping Scheme for Motile, Mesophilic Aeromonas Species. J Clin 
Microbiol- 28:980–984. 
 
[132] Shimada T., and Kosako Y., 1991- Comparison of Two O-
serogrouping Systems for Mesophilic Aeromonas spp. J Clin Microbiol, 
29:197-199.  

[133] Korbsrisate S., Dumnin S., Chawengkirttikul R., et al., 2002- 
Distribution of Aeromonas hydrophila Serogroups in Different Clinical 
Samples and the Development of Polyclonal Antibodies for Rapid 
Identification of the Genus Aeromonas by Direct Agglutination. Microbiol 
Immun, 46:875-879.  

[134] Brandi G., Sisti F., Giardini F., Schiavano G., and Albano A., 1999- 
Survival Ability of Cytotoxic Strains of Motile Aeromonas spp. in Different 
Types of Water. Lett Appl Microbiol, 29:211-215. 
 
[135] Palumbo SBencivengo M., Corral F., Williams A., and Buchanan L. 
, 1989- Characterization of the Aeromonas hydrophila Group Isolated from 
Retail Foods of Animal Origin. J Clin Microbiol- 27: 854-859 
 
[136] Demarta A., Tonolla M., Caminada A., Beretta M., and Peduzzi R., 
2000- Epidemiological Relationships Between Aeromonas Strains Isolated 
from Symptomatic Children and Household Environments as Determined by 
Ribotyping. Eur J Epidemiol, 16:447-453. 
 
[137] Monfort P., and Baleux B., 1990- Dynamics of Aeromonas hydrophila, 
Aeromonas sobria, and Aeromonas caviae in a Sewage Treatment Pond. 
Appl Environ Microbiol, 56:1999–2006. 
 



www.manaraa.com

 129

[138] Handfield M., Simard P., Couillard M., and Letarte  R., 1996- 
Aeromonas hydrophila Isolated from Food and Drinking Water: 
Hemagglutination, Hemolysis, and Cytotoxicity for a Human Intestinal Cell 
Line (HT-29). Appl Environ Microbiol, 62: 3459–3461. 
 
[139] Rabaan A., Gryllos J., Tomas M., and Shaw J., 2001- Motility and the 
polar flagellum are required for Aeromonas caviae adherence to HEp-2 cells. 
Infect Immun ,69:4257-4267.  
 
[140] Kirov S., Tassell B., Semmler A., O'Donovan L., Rabaan A., and 
Shaw J., 2002- Lateral Flagella and Swarming Motility in Aeromonas 
Species. J Bacteriol,184:547-555 
 
[141] Canals R., Altarriba M., Vilches S., Horsburgh G., Shaw J., Tomas 
J., and  Merino S., 2006- Analysis of the Lateral Flagellar Gene System of 
Aeromonas hydrophila AH-3. J Bacteriol,188: 852-862. 
 
[142] Zhang Y., Lau L., Arakawa E., and Leung K., 2003- Detection and 
genetic analysis of group II capsules in Aeromonas hydrophila. Microbiol, 
149: 1051–1060. 
 
[143] Esteve C., Alcaide E., Canals R., Merino S., Blasco D., Figueras M., 
and Tomas J., 2004- Pathogenic Aeromonas hydrophila Serogroup O:14 
and O:81 Strains with an S Layer. Appl Environ Microbiol, 70: 5898-5904. 
  
[144] Mittal K., Lalonde G., Leblanc D., Olivier G., and Lallier R., 1980, 
Aeromonas hydrophila in Rainbow Trout: Relation Between Virulence and 
Surface Characteristics. Can.J Microbiol, 26:1501-1503. 
 
[145] Dooley J., Lallier R., Shaw D., and Trust T., 1985- Electrophoretic 
and Immunochemical Analyses of the Lipopolysaccharides From Various 
Strains of Aeromonas hydrophila. J Bacteriol, 164:263–269. 
 
[146] Janda J., Reitano M., and Bottone E., 1984- Biotyping of Aeromonas 
Isolates as a Correlate to Delineating a Species-associated Disease 
Spectrum. J Clin Microbiol, 19: 44–47. 
 
[147] Abrami L.,  Fivaz M., Decroly E.,  et al., 1998- The pore-Forming toxin 
Proaerolysin is Activated by Furin. J Biol Chem, 273:32656-32661. 
 
[148] Santos J.,  Gonzalez C., Otero A., and Garcia-Lopez M., 1999- 
Hemolytic Activity and Siderophore Production in Different Aeromonas 
Species Isolated from Fish. Appl Environ Microbiol, 65: 5612–5614 
 
[149] Gonzalez-Serrano C.,  Santos J., Garcıa-Lopez M.,  and Otero A., 
2002-  Virulence Markers in Aeromonas hydrophila and Aeromonas veronii 
biovar sobria Isolates from Fresh Water Fish and from a Diarrhea Case. J 
Appl Microbiol, 93: 414–419 



www.manaraa.com

 130

 
[150] WHO., 2002- Guidelines for Drinking Water Quality- 2nd ed. World 
Health Organization, Geneva.  

[151] Sautour M., Mary P., Chihib N., and Hornez J., 2003- The effects of 
Temperature, Water Activity and pH on the Growth of Aeromonas hydrophila 
and on its Subsequent Survival in Microcosm Water. J Appl Microbiol,  95: 
807-813.  

[152] Namdari H., and Cabelli V., 1990- Glucose-mediated Catabolite 
Repression of the Tricarboxylic Acid Cycle as an Explanation for Increased 
Acetic Acid Production in Suicidal Aeromonas Strains. J Bacteriol, 172:4721-
4724. 
 
[153] Pin C., Velasco R., George S., Garcia G., and Baranyi J., 2004- 
Analysis and Validation of a Predictive Model for Growth and Death of 
Aeromonas hydrophila under Modified Atmospheres at Refrigeration 
Temperatures. Appl Environ Microbiol, 70: 3925-3932. 
 
[154] Palumbo S., Maxino F., Williams A., Buchanan R., and Thayer D., 
1985- Starch-Ampicillin Agar for the Quantitative Detection of Aeromonas 
hydrophila. Appl Environ Microbiol, 50:1027–1030. 
 
[155] Arcos M., Vicente A., Moriningo M., Romero P., and Borrego J., 
1988- Evaluation of Several Selective Media for Recovery of Aeromonas 
hydrophila from Polluted Waters. Appl Environ Microbiol, 54: 2786-2792. 
 
[156] Villari P., Pucino A., Santagata N., and Torre I., 1999- A comparison 
of Different Culture Media for the Membrane Filter Quantification of 
Aeromonas in Water. Appl Microbiol, 29: 253–257. 
 
[157] Minana-Galbis D., Farfan M., Loren J., and Fuste M., 2002- 
Biochemical Identification and Numerical Taxonomy of Aeromonas spp. 
Isolated from Environmental and Clinical Samples in Spain. J Appl Microbiol, 
93: 420-430. 
 
[158] Kelly M., Stroh E., and Jessop J., 1988- Comparison of Blood Agar, 
Ampicillin Blood Agar, MacConkey- Ampicillin-Tween Agar, and Modified 
Cefsulodin-Irgasan- Novobiocin Agar for Isolation of Aeromonas spp. from 
Stool Specimens. J Clin Microbiol, 26: 1738-1740. 
 
[159] Mishar S., Nair G., Bhadra R., Sikder S., and Pal S., 1987- 
Comparison of Selective Media for Primary Isolation of Aeromonas Species 
from Human and Animal Feces. J Clin Microbiol, 25: 2040-2043. 
 
[160] Abbott S.,  Seli S., Catino M., Hartley M., and Janda J., 1998- 
Misidentification of Unusual Aeromonas Species as Members of the Genus 
Vibrio: a Continuing Problem. J Clin Microbiol, 36:1103-1104. 
 



www.manaraa.com

 131

 
[161] Vivas J., Saa A., Tinajas A., Barbeyto L., and Rodriguez L., 2000- 
Identification of Motile Aeromonas Strains with the MicroScan WalkAway 
System in Conjunction with the Combo Negative type 1S Panels. Appl 
Environ Microbiol,  66:1764-1766.  

[162] Fosse, T., Giraud-Morin, C., and Madinier I., 2003- Induced Colistin 
Resistance as an Identifying Marker for Aeromonas Phenospecies Groups. 
Lett Appl Microbiol, 36: 25-29.  

 [163] Canonica F., and Pisano M., 1985- Identification of Hydroxy Fatty 
Acids in Aeromonas hydrophila, Aeromonas sobria, and Aeromonas caviae. 
J Clin Microbiol, 22: 1061-1062. 
 
[164] Janda J., Oshiro L., Abbott S., and Duffey P., 1987- Virulence 
Markers of Mesophilic Aeromonads: Association of the Autoagglutination 
Phenomenon with Mouse Pathogenicity and the Presence of a Peripheral 
Cell-associated Layer. Infect Immun, 55:3070–3077. 
 
 [165] Kokka R., and Janda J., 1990- Isolation and Identification of 
Autoagglutinating Serogroup O:11 Aeromonas Strains in the Clinical 
Laboratory. J Clin Microbiol- 28:1297-1299. 
 
[166] Kokka R., Vedros N., Janda J., et al., 1990- Electrophoretic Analysis 
of the Surface Components of Autoagglutinating Surface Array Protein-
positive and Surface Array Protein-negative Aeromonas hydrophila and 
Aeromonas sobria. J Clin Microbiol, 28:2240–2247. 
 
[167] Ocholi R., and Spencer T., 1989- Isolation of Aeromonas hydrophila 
from a Captive Caracal Lynx (Felis Carcal). J Wild Dis, 25: 122-123. 
 
[168]  Cipriano R., 2001- Aeromonas hydrophila and Motile Aeromonads 
Septicemias of Fish.  Revision of Fish Disease Leaflet, 68: 1-25. 
 
[169] Ceylana E., Berkatasb M., Korkocab H., Keles A., Bozkurtb H., and 
Kurtoglub M., 2003- Prevalence and Antibiotic Sensitivity of Motile 
Aeromonas in Dogs. ACTA VET. BRNO, 72: 607–612 
 
[170] Nayduch D., Noblet G., and Stutzenberger F., 2005- Fate of Bacteria, 
Aeromonas caviae, in the Midgut of the Housefly, Musca domestica. 
Invertebrate Biology,124: 74–78. 
 
[171] Snower D., Ruef C., Kuritza A., and Edberg S., 1989- Aeromonas 
hydrophila Infection Associated with the Use of Medicinal Leeches. J Clin 
Microbiol, 27: 1421–1422. 
 
[172] Taher A., Rao B., Alganay K., and El-Arabi M., 2000- An Outbreak of 
Acute Gastroenteritis Due to Aeromonas sobria in Benghazi, Libyan. Arab 
Jamahiriya. Eastern Mediterranean Health Journal,  6:497-499.  



www.manaraa.com

 132

 
[173] USFDA, 2001-  U. S. Food and Drug Administration Center for Food 
Safety and Applied Nutrition. Chapter IV. Outbreaks Associated with Fresh 
and Fresh-Cut Produce. Incidence, Growth, and Survival of Pathogens in 
Fresh and Fresh-Cut Produce. 

[174] Szabo E., Scurrah K., and Burrows J., 2000- Survey for 
Psychrotrophic Bacterial Pathogens in Minimally Processed Lettuce. Lett 
Appl Microbiol, 30:456-460.  

[175] Kirov S., Castrisios M., and Shaw J., 2004- Aeromonas Flagella 
(Polar and Lateral) Are Enterocyte Adhesins That Contribute to Biofilm 
Formation on Surfaces. Infect Immun, 72: 1939–1945. 
 
[176] Cho S., Kim J., Kim J., Shin H., Kang Y., and Lee B., 2006-
Surveillance of Bacterial Pathogens Associated with Acute Diarrheal Disease 
in the Republic of Korea During One Year, 2003. J Microbiol, 44: 327-335. 
 
[177] Pazzaglia G., Escalante J., Sack R., Rocca C., and Benavides V., 
1990- Transient Intestinal Colonization by Multiple Phenotypes of Aeromonas 
Species During the First Week of Life. J Clin Microbiol, 28:1842-1846.  

[178] Lee, W., and Puthucheary S., 2001- Retrospective Study of 
Aeromonas Infection in a Malaysian Urban Area: a 10-year Experience. 
Sin J Med, 42:057-060.  

[179] Juan H., Tang R., Wu T., and Yu K., 2000- Isolation of Aeromonas 
hydrophila in Children with Diarrhea. J Microbiol Immun Infect, 33:115-117.  

[180] Essers B., Burnens A., Lanfranchini F., et al., 2000- Acute 
Community-acquired Diarrhea Requiring Hospital Admission in Swiss 
Children. Clin Infect Dis, 31:192-196. 
 
[181] Sinha S., Shimada T., Ramamurthy T., Bhattacharya S., Yamasaki 
S., Takeda Y., and Nair G., 2004- Prevalence, Serotype Distribution, 
Antibiotic Susceptibility and Genetic Profiles of Mesophilic Aeromonas 
Species Isolated from Hospitalized Diarrhoeal Cases in Kolkata, India. J Med 
Microbiol, 53: 527–534. 
 
[182] Chan S., Ng K., Lyon D., Cheung W., Cheng A., and Rainer T., 
2003- Acute Bacterial Gastroenteritis: a Study of Adult Patients with 
Positive Stool Cultures Treated in the Emergency Department. J Emerg 
Med, 20:335-338.  

[183] Borchardt M., Stemper M., and Standridge J., 2003- Aeromonas 
Isolates from Human Diarrheic Stool and Groundwater Compared by Pulsed-
Field Gel Electrophoresis. Emerg Infect Dis, 9: 224-228. 
 



www.manaraa.com

 133

[184] Agger W., McCormick J., and Gurwith M., 1985- Clinical and 
Microbiological Features of Aeromonas hydrophila-associated Diarrhea. J 
Clin Microbiol, 21:909–913. 
 
[185] Moyer N., 1987- Clinical Significance of Aeromonas Species 
Isolated from Patients with Diarrhea. J Clin Microbiol, 25:2044-2048.  

[186] Merino S., Camprubi S., and Tomas J., 1992- Effect of Growth 
Temperature on Outer Membrane Components and Virulence of 
Aeromonas hydrophila Strains of Serotype O 34. Infect Immun, 60:4343-
4349.  

[187] Esterabadi A., Entessar F., and Khan M., 1973- Isolation and 
Identification of Aeromonas hydrophila from An Outbreak of 
Haemorrhagic Septicemia in Snakes. Can J  Comp Med, 37:418-420.  

[188] Pasquale V., Baloda S., Dumontet S., and Krovacek K., 1994- An 
Outbreak of Aeromonas hydrophila Infection in Turtles (Pseudemis scripta). 
Appl Environ Microbiol, 60: 1678–1680. 
 
[189] Huys G., Pearson M., Kaempfer P., Denys R., Cnockaert M., Inglis 
V., and Swings J., 2003- Aeromonas hydrophila subsp. ranae subsp. nov., 
Isolated from Septicaemic Farmed Frogs in Thailand. Int J Syst Evol 
Microbiol, 53:885-891. 
 
[190] Novotny L., Dvorska L., Lorenova A., Beran V., and Pavilk I., 2004- 
Fish: a Potential Source of Bacterial Pathogens for Human Beings. Vet Med  
Czech, 49: 343–358. 
 
[191] Carnahan A., Hammontree L., Bourgeois L., and Joseph S., 1990- 
Pyrazinamidase Activity as a Phenotypic Marker for Several Aeromonas spp. 
Isolated from Clinical Specimens. J Clin Microbiol, 28: 391-392. 
 
[192] Ivanova E., Zhukova N., Gorshkova N., and Chaikina E., 2001- 
Characterization of Aeromonas and Vibrio Species Isolated from a Drinking 
Water Reservoir. Appl Environ Microbiol, 90: 919-927. 
 
[193] Wilcox M., Cook A., Eley A., and Spencer R., 1992- Aeromonas spp. 
as a Potential Cause of Diarrhoea in Children. J Clin Pathol, 45: 959-963. 
 
[194] Kirov S., Barnett T., Pepe C., Strom M., and Albert M., 2000- 
Investigation of the Role of Type IV Aeromonas Pilus (Tap) in the 
Pathogenesis of Aeromonas Gastrointestinal Infection. Infect Immun, 68: 
4040–4048. 
 
[195] Vally H., Whittle A., Cameron S., Dowse G., and Watson T., 2004- 
Outbreak of Aeromonas hydrophila Wound Infections Associated with Mud 
Football. Clin Infect Dis, 38:1084-1089. 



www.manaraa.com

 134

[196] Tsai Y., Hsu R., Huang T., Hsu W., Huang K., Li Y., and Peng K., 
2007- Necrotizing Soft-Tissue Infections and Sepsis Caused by Vibrio 
vulnificus Compared with Those Caused by Aeromonas Species. J Bone 
Joint Surg Am, 89:631-636. 
 
[197] Furusu A., Yoshizuka N., Abe K., et al., 1997- Aeromonas hydrophila 
necrotizing Fasciitis and Gas Gangrene in a Diabetic Patient on 
Hemodialysis. Nephrol Dial Transplant, 12:1730 -1734. 
 
[198] Ko W., Wu H., Chang T., Yan J., and Wu J., 1998- Inducible β-Lactam 
Resistance in Aeromonas hydrophila: Therapeutic Challenge for 
Antimicrobial Therapy. J Clin Microbiol, 1998. 36: 3188–3192.  
 
[199] Hiransuthikul N., Tantisiriwat W., Lertutsahakul K., Vibhagool A., 
and Boonma P., 2005- Skin and Soft-tissue Infections Among Tsunami 
Survivors in Southern Thailand. Clin Infect Dis, 41:93-96.  

[200] Kao H., Huang Y., and Lin T., 2003- Fatal Bacteremic Pneumonia 
Caused by Aeromonas hydrophila in a Previously Healthy Child. J 
Microbiol Immun Infect, 36:209-211.  

[201]  Murata H., Yoshimoto H., Masuo M., Tokuda H., Kitamura S., 
Otsuka Y., and Miura Y., 2001- Fulminant Pneumonia due to Aeromonas 
hydrophila in a Man with Chronic Renal Failure and Liver Cirrhosis. Internal 
Medicine, 40:118-123.  
 
[202] Mukhopadhyay C., Bhargava A., and Ayyagari A., 2003- Aeromonas 
hydrophila and Aspiration Pneumonia: a Diverse Presentation. Yon J Med, 
44:1087-1090.  
 
[203] Miyake M., Iga K., Izumi C., Miyagawa A., Kobashi Y., and Konishi 
T., 2000- Rapidly Progressive Pneumonia due to Aeromonas hydrophila 
Shortly After Near-drowning. Internal Medicine, 39:1128-1130.  
 
[204] Qadri S., Gordon P., Wende R., and Williams R., 1976- Meningitis 
Due to Aeromonas hydrophila. J Clin Microbiol, 3: 102-104. 
 
[205] Brouqui P., and Raoult D., 2001- Endocarditis due to Rare and 
Fastidious Bacteria. Clin Microbiol Rev, 14:177-207.  
 
[206] Huang L., Chen H., Chen T., Siu L., Fung C., Lee F., and Liu C., 
2006- Secondary Aeromonas Peritonitis is Associated with Polymicrobial 
Ascites Culture and Absence of Liver Cirrhosis Compared to Primary 
Aeromonas Peritonitis. APMIS, 114:772–778. 
 
[207] Clark N., and Chenoweth C., 2003- Aeromonas Infection of the 
Hepatobiliary System: Report of 15 Cases and Review of the Literature. 
Clin Infect Dis, 37:506-513.  



www.manaraa.com

 135

[208] Rodrıguez C.,  Campos R., Pastran B., Jimenez I., Garcia A.,  
Meijomil P., and  Rodrıguez-Morales A., 2005- Sepsis Due to Extended- 
Spectrum b-Lactamase–Producing Aeromonas hydrophila in a Pediatric 
Patient with Diarrhea and Pneumonia. Clin Infect Dis, 41:421–422. 
 
[209] Fang J., Chen J., Chen W., and Hsu K., 1999- Haemolytic-Ureaemic 
Syndrome in an Adult Male with Aeromonas hydrophila Enterocolitis. Nephrol 
Dial Transplant, 14:439-440. 
 
[210] Chou S.,  Tsai C., Kau S.,  Kau H., and  Hsu W., 2004- Aeromonas 
Hydrophila Orbital Cellulitis in a Patient with Myelodysplastic Syndrome. J 
Chin Med Assoc, 67:51-53. 
 
[211] Elwitigala J., Higgs D., Namnyak S., White J., and Yaneza A., 2005- 
Septic Arthritis due to Aeromonas hydrophila: Case Report and Review of the 
Literature. Int J Clin Pract, 59:121–124. 
 
[212] Legani P., Leoni E., Soppelsa F., and Burigo R., 1998- The 
Occurrence of Aeromonas Species in Drinking Water Supplies of An Area of 
Dolmite Moutntains, Italy. J. Appl. Microbiol, 85: 271-276. 
 
[213] Deodhar L., Saraswathi K., Varudkar A., et al.,  1999- Aeromonas 
spp. and their Association with Human Diarrheal Disease. J Clin Microbiol, 
29:853–856. 
 
[214] Moyer N., Luccini G., Holcomb L., Hall N., and Altwegg M.,  1992- 
Application of Ribotyping for Differentiating Aeromonads Isolated from 
Clinical and Environmental Sources. Appl Environ Microbiol, 58:1940-1944.  

[215] Filler G., Ehrlch J., and Strauch E., 2000- Acute Renal Failure in an 
Infant Associated with Cytotoxic Aeromonas sobria Isolated from Patient’s 
Stool and from Aquarium Water as Suspected Source of Infection. J Clin 
Microbiol, 38: 469–470. 
 
[216] Sechi L., Deriu A., Falchi M., Fadda G., and Zanetti S., 2002- 
Distribution of Virulence Genes in Aeromonas spp. Isolated from Sardinian 
Waters and from Patients with Diarrhoea. J Appl Microbiol, 92:221-227. 
 
[217] Butt A., Aldridge K., and Sanders C., 2004- Infections Related to 
the Ingestion of Seafood Part I: viral and Bacterial Infections. Lan Infect Dis, 
4:201-212.  

[218] Jones B., and Wilcox M., 1995- Aeromonas Infections and their 
Treatment. J Antimicrob Agents Chemother, 35: 453–461. 
 
[219] Burke V., Robinson J., Gracey M., Peterson D., and Partridge K., 
1984- Isolation of Aeromonas hydrophila from a Metropolitan Water Supply: 



www.manaraa.com

 136

Seasonal Correlation with Clinical Isolates. Appl Environ Microbiol, 48:361–
366. 
 
[220] Namba A., Mano N., and Hirose H., 2007- Phylogenetic Analysis of 
Intestinal Bacteria and their Adhesive Capability in Relation to the Intestinal 
Mucus of Carp. J Appl Microbiol, 102: 1307–1317. 

 
[221] Evangelista-Barreto N., Viera R., Carvalho F., Torres R., Santanna 
E., Rodrigues D., and Reis C., 2006- Aeromonas spp. Isolated From 
Oysters (Crassostrea rhizophorea) From Natural Oyster Bed, CEARA, 
BRAZIL. Rev Inst Med tro S Paulon, 48:129-133. 
 
[222] Ghenghesh K., El-Ghodban A., Dkakni R., Abeid S., Altomi A., 
Tarhuni A., and Marialigeti K., 2001- Prevalence, Species Differentiation, 
Haemolytic Activity, and Antibiotic Susceptibility of Aeromonads in Untreated 
Well Water. Mem Inst Oswaldo Cruz, Rio de Janeiro, 96: 169-173. 
  
[223]- Albert M.,  Ansaruzzaman M., Talukder K.,  et al., 2000- Prevalence 
of Enterotoxin Genes in Aeromonas spp. Isolated from Children with 
Diarrhea, Healthy Controls, and the Environment. J Clin Microbiol, 38:3785-
3790. 
 
[224] American Public Health Association (APHA), 1985- Standard 
methods for the examination of water and wastewater, 16th ed. American 
Public Health Association, Washington, D.C. 
 
[225] Weagant S., Feng P., and Stanfield J., 2001- Chapter 1. Food 
Sampling and Preparation of Sample Homogenate. Bacteriological Analytical 
Manual, 8th ed. 601-672. 
 
 [226] Altwegg M., Steigerwal, A., Altwegg-Bissig R., Luthy-Hottenstein 
J., and Brenner D., 1990- Biochemical Identification of Aeromonas 
Genospecies Isolated from Humans. J Clin Microbiol, 28:258–264. 
 
[227] Higginsa M., Walshb M., Kennedy S., Hylanda J., McDermotta E., 
and Higgins N., 2001- Granulomatous Appendicitis Revisited: Report of a 
Case. Dig Surg, 18:245–248. 
 
[228] Ber R., Mamroud E., Aftalion M., Tidhar A., Gur D., Flashner, Y., 
and Cohen S., 2003- Development of an Improved Selective Agar Meium for 
Isolation of Yersinia pestis. Appl Environ Microbiol, 69: 5787–5792. 
 
[229] Altorfer R., Altwegg M., Zollinger-Iten J., von Graevenitz A., 1985- 
Growth of Aeromonas spp. on Celsulodin-Irgasan-Novobiocin Agar Selective 
for Yersinia enterocolitica. J Clin Microbiol. 22:478-480. 
 



www.manaraa.com

 137

[230] Noyen R., Vadepitte J., Wauters G., and Selderslaghs R., 1989- 
Yersinia enterocolitica:Its Isolation by Cold Enrichment from Patients and 
Healthy Subjects. J Clin Pathol, 34:1052-1056. 
 
[231] Rouf, M., and Rigney M., 1971, Growth Temperatures and 
Temperature Characteristics of Aeromonas. Appl Microbiol, 22: 503-506. 
 
[232] Desmond E., and Janda M., 1986- Growth of Aeromonas Species on 
Enteric Agars. J Clin Microbiol, 23: 1065-1067. 
 
[233] Wilcox M., Cook A., Thickett K., Eley A., and Spencer R., 1992- 
Phenotypic Methods for Speciating Clinical Aeromonas Isolates. J Clin 
Pathol, 45:1079-1083. 
 
[234] Paniagua C., Rivero O., Anguita J., and Naharro C., 1990- 
Pathogenicity Factors and Virulence for Rainbow Trout (Salmo gairdneri) of 
Motile Aeromonas spp. Isolated from a River. J Clin Microbiol, 28:350-355. 
 
[235] National Committee for Clinical Laboratory Standard, 2001- 
Performance Standards for Antimicrobial Susceptibility Testing. Elleventh 
Information Suplement. Document M 100-S11.21. NCCLS. Wayne, 
Pennsylvania, USA. 
 
[236] Shayegani M., DeForge I., McGlynn D., and Root T., 1981- 
Characteristics of Yersinia enterocolitica and Related Species Isolated from 
Human, Animal, and Environmental Sources. J Clin Microbiol, 14:304–312. 
 
[237] Metchock B., Lonsway D., Carter G., Lee L., and Mcgowan J., 1991- 
Yersinia enterocolitica: A Frequent Seasonal Stool Isolate from Children at 
an Urban Hospital in the Southeast United States. J Clin Microbiol, 29: 2868-
2869. 
 
[238] Subashkumar R., Thayumanavan T., Vivekanandhan G. and 
Lakshmanaperumalsamy P., 2006- Occurrence of Aeromonas hydrophila in 
Acute Gasteroenteritis Among Children. Indian J Med Res, 123: 61-66. 
 
[239] Schiemann D., 1978- Association of Yersinia enterocolitica with the 
Manufacture of Cheese and Occurrence in Pasteurized Milk. Appl Environ 
Microbiol, 36:274–277. 
 
 [240] Legani P., Leoni E., Soppelsa F., and Burigo R., 1998- The 
Occurrence of Aeromonas Species in Drinking Water Supplies of An Area of 
Dolmite Moutntains, Italy. J Appl Microbiol, 85: 271-276. 
 
[241] Ormen O., and Ostensvik O., 2001- The occurrence of aerolysin-
positive Aeromonas spp. and Their Cytotoxicity in Norwegian Water Sources. 
J Appl Microbiolol, 90:797-802. 
 



www.manaraa.com

 138

[242] Singh I., Bhatnagar S. and Virdi J., 2003- Isolation and 
Characterization of Yersinia enterocolitica from Diarrheic Human Subjects 
and Other Sources. Cur Science, 84: 1353-1355. 
 
[243] Ziegert E., and Diesterweg I., 1990- The occurrence of Yersinia 
enterocolitica in sewage. Microbiol research, 145: 367–375.(Abstract) 
 
[244] Burke V., Robinson J., Gracey M., Peterson D., Mery N., and Haley 
V., 1984- Isolation of Aeromonas spp. from an Unchlorinated Domestic Water 
Supply. Appl Environ Microbiol, 48: 367-370. 
 
[245] Rahman, M.,  Huys G., Rahman M., Albert M., Kuhn I., and Mollby 
R., 2007- Persistence, Transmission, and Virulence Characteristics of 
Aeromonas Strains in a Duckweed Aquaculture-Based Hospital Sewage 
Water Recycling Plant in Bangladesh. Appl Environ Microbiol, 73: 1444–
1451. 
 
[246] Kandolo K., and Wauters G., 1985- Pyrazinamidase Activity in 
Yersinia enterocolitica and Related Organisms. J Clin Microbiol, 21: 980-982. 
 
[247] Laird W., and Cavanaugh D., 1980- Correlation of Autoagglutination 
and Virulence of Yersinia. J Clin Microbiol, 11:430–432. 
 
[248] Capilla S., Goni P., Rubio M., et al., 2003- Epidemiological Study of 
Resistance to Nalidixic Acid and Other Antibiotics in Clinical Yersinia 
enterocolitica O:3 Isolates. J Clin Microbiol, 41: 4876-4878.  
 
[249] Preton M., Brown S., Borczyk A., Rilley G., and Krishnan C., 1994- 
Antimicrobial Susceptibility of Pathogenic Yersinia enterocolitica Isolated in 
Canada from 1972 to 1990. Antimicrob Agents Chemother,  38: 2121-2124. 
 
[250] Schmidt A., Bruun M., Dalsgaard I., and Larsen J., 2001- Incidence 
Distribution, and Spread of Tetracycline Resistance Determinants and 
Integron-Associated Antibiotic Resistance Genes among Motile Aeromonads 
from a Fish Farming Environment. Appl Environ Microbiol, 67: 5675–5682. 
 
[251] Joseph S., Daily O., Hunt W., Seidler R., Allen D., and Colwell R., 
1979- Aeromonas Primary Wound Infection of a Diver in Polluted Waters. J 
Clin Microbiol, 10:46–49. 
 

 


