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ABSTRACT 

Among the stool samples of 205 patients tested for bacteriological cultures, only 6 (2.9%) 

were positive for Yersil/ia, 22 (10.7%) for Salmonella. 12 (5.8%) for Shigella and 11 

(42.3%) for diarrhoeagenic E. coli. Out of the Yersil/ia spp. totally isolated in this study, 

only 3 (1.5%) were Yersil/ia enterocolitica and 3 (1.5%) were Yersil/ia pestis. Among 

Yersil/ia el/terocolitica strains two were isolated from children while one was from adult 

diarrhoeal patients. Similarly, 2 of these strains were from male patients, while 1 was from 

female patients. With regard to Yersinia pestis all strains were isolated from males, of 

which 2 were from children and one from adult diarrhoeal patient. 

The standardized agar disk-diffusion technique was used with disks of 13antmicrobial 

agents (ampicillin, carbenicillin, cephalothins, chloramphenicol, gentamycin, kanamycin, 

nalidixic acid, norfloxacin, polymyxin B, streptomycin, sulphadiazene, tetracycline, and 

trimethoprim-sulphamethoxazole. All (51) strains of enteric pathogenic bacterial isolates 

were sensitive to nalidixic acid, norfloxacin, and polymyxin Band 46 strains were resistant 

to cephalothin. Sensitivity to gentamycin, nalidixic acid, norfloxacin and polymyxin B is 

greater than 90% of the tested strains, while resistance to cephalothin, ampicillin and. 

tetracycline was greater than 50%. 

All strains of Yersil/ia ellterocolitica and Yersinia pestis were sensitive to carbenicillin, 

chloramphenicol, gentamycin, kanamycin, nalidixic acid, norfloxacin, polymyxin B, 

streptomycin, sulphadiazene and trimethoprim-sulphamethoxazole. All strains of Yersinia 

enterocolitica were resistant to ampicillin. Among Yersinia pestis strains, 66.7% were 

resistant to ampicillin and cephalothin respectively while 33.3% of the strains were 

resistant to tetracycline. 

Out of 22 Salmonella strains, all isolates were sensitive to norfloxacin, polymyxin B and 

nalidixic acid while 21 (95.5%) of strains were sensitive to gentamycin and kanamycin. 

Resistance was found 86.4% against cephalothin, 36.4% ampicillin and 27.0% 

sulphadiazene and both streptomycin and trimethoprim-sulphamethoxazole in 22.7% of 
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these strains. Eleven different combinations of resistant patterns were observed for all the 

Salmonella strains. 

All of the 12 strains of Shigella were sensitve to nadixic acid, norfloxacin, polymyxin B, 

gentamycin and kanamycin. Ampicillin, carbenicillin, cephalothin, streptomycin, 

sulphadiazene, tetracycline and trimethoprim-sulphamethoxazole were sensitive against ::; 

50% of Shigella isolates. Among the isolates, 91.7% were resistant against tetracycline, 

50% against cephlothin, 75% against each of ampicillin and strepomycin. Totally, 10 

different patterns of resistance were noted for Shigella spp. 

All strains of diarrhoeagenic E. coli were sensitive to gentamycin, kanamycin, nalidixic 

acid, norfloxacin and polymyxin B. While 90.9% of. them were sensitive to 

chloramphenicol. Of all these isolates, 81.8% strains were resistant against cephalothin and 

63.6% against sulphadiazene. 

Based on the above sumrnerized results the prevalnece and antimicrobial response of 

Yersinia spp. is discussed in comparison with those of Salmonella, Shigella and E. coli 

isolates. According to this study, gentamycin, kanamycin, nalidixic acid, norfloxacin and 

polymyxin B were effective to treat diarrhoeal patients against enteropathogens. 
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1. INTRODUCTION 

Diarrhoea is one of the most common diseases throughout the world. Recently diarrhoea 

has been defined as an increased loss of stool in the frequency and fluidity greater than the 

usual habit of each individual (Plotkin et ai, 1979) or it is an intestinal disorder 

characterized by abnormal frequency and fluidity of fecal evacuation Mims et ai., 1992). 

Diarrhoea is a worldwide problem that causes death among children in developing 

countries with high morbidity and mortality. It has a devastating effect particularly on small 

children, causing death to at least 4 to 5 million of those aged less than five years in Asia, 

Africa and Latin America. This is due to dehydration, which results from a rapid loss of 

fluid and electrolytes in diarrrhoeal stools (WHO, 1984). In general, diarrhoeal diseases are 

the major causes of morbidity and mortality in all age groups, but pediatric patients 

experience more frequent and more severe illnesses than adults (Giannella, 1993). 

Moreover, nowadays diarrhoeal illnesses are becoming one of the most common clincal 

observable gastrointestinal manifestations of AIDS problems, occurring at stages of HN-l 

infection, usually due to opportunistic infection (Colbunders et ai., 1990). 

According to Guerrant et aI., 1991), based on the basis of clinical symptoms and 

pathogenesis; diarrhoeal diseases are classified as acute watery diarrhoea, acute dysenteric 

diarrhoea, and chronic and persistence diarrhoea. Acute watery diarrhoea involves the small 

intestine and is characterized by the frequent passage of loss of watery stools without 

blood, while acute dysenteric diarrhoea is mainly localized to the large intestine and the 



stool consists of blood and mucous. Persistent diarrhoea begins in acute form, such as 

watery diarrhoea or dysentry but can extend for a long period of time. 

In developing countries, acute gastroenteritis which is complicated by malnutrition, 

constitutes a major cause of illness at all ages and kills millions of infants annually (Evans, 

1979). The incidence and the consequences of diarrhoeal diseases is the major health 

problems in tropical and developing countries (Cutting, 1979). This, therefore, necessitate 

the study on the etiology of diarrhoea in different parts of the world (WHO, 1980). Among 

those etiological agents of diarrhoea, the most important infective agents are of bacterial, 

viral and parasitic origins. With regard to bacterial agents, many members of 

Enterobacteriaceae are significant etiological agents of infectious diarrhoea that occur in 

both developed and developing countries, at all seasons, and among people of all ages, 

(WHO, 1990). Particularly Vibrio cholerae and related Vibrios, Salmonella. Shigella, 

diarrhoeagenic E.coli, Yersinia and Campylobacter belong to the group of diarrhoeal 

causative agents. 

In Ethiopia, despite the frequent occurrence of diarrhoea among the Ethiopian population 

caused by Salmonella and Shigella (Mogessie Ashenafi, 1983; Daniel Asrat et al.. 1999), 

and E. coli (Daniel Asrat et al .• 2001), the pattern of etiology of diarrhoeal agents caused 

by Yersinia enterocolitica has not been determined in all age groups (personal 

communication with Dr. Aberra Geyid). This is may be due to the series limitation of 

bacteriological diagnostic facilities in most laboratories and research centers. So still there 

is a need to study the prevalence of diarrhoea of these agents in all age groups in order to 
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detennine their magnitude of infection in various parts of the country. The pattern of 

dialThoea diseases, and the drug resistance pattems of the etiological agents are significant 

for health personnel in order to take the necessary measures. This study, therefore, attempts 

to investigate the etiological pattern by detennining the prevalence of Yersinia isolates in 

comparison to the prevalence of Salmonella, Shigella, and dialThoeagenic E. coli in acute 

dialThoea of all age groups in some Addis Ababa hospitals and health centers. This 

investigation is restricted to these organisms mainly because of financial, technical and 

time limitations. 

II. LITERATURE REVIEW 

1. YERSINIA 

1.1 General characteristics 

The genus Yersinia belongs to the family Entherobacteriaceae and consists of 11 species 

and 5 biovars including Y. pestis, the cause of plague (Jay, 1996). The tenn yersinosis 

refers to infection with Yersinia species other than Y. enterocolitica (Joklik, 1984). The 

species of primary interest in dialThoeal disease is Y. enterocolitica. This Gram-negative 

and rod shaped bacterium is somewhat unique in that it is motile below 30°C but not at 

37°C. It produces colonies of 1.mm or less on nutrient agar. Y. enterocolitica is oxidase 

negative and ferments glucose with little or no gas production. Naturally Y. enterocolitica 

lacks phenylalanine deaminase but it is urease positive (Jay, 199.6). The species negative to 

H2S production, lysine decarboxylase, arginine dihydrolase, esculin and citrate (Simmons) 

reaction. However, it is positive to catalase, methyl red and ornithine decarboxylase tests. 
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Generally Y. enterocolitica fennents glucose, galactose, mannitol, sucrose, sorbitol and 

cellobiose but it does not ferment rhamnose, adonitol, dulcitol, raffinose and lactose. It is 

unique as a pathogen in being psychrotrophic (living and grow in cold temperature) (Joklik, 

1984). 

1.2 Growth requirements and cultural techniques 

Growth requirements and metabolic pathways are similar to those of the other 

Enterobacteriaceae. The difference between the species is based on biochemical tests. The 

results of different tests are markedly affected by temperature (Joklik, 1984): There is no 

growth below _2°C and above 45°C and the optimal temperature is in between 22°C and 

29°C. No growth is observed between pH 4.6 and 9.6 but the optimal PH is in the range of 

7.0-8.0. Y. ellterocolitia is destroyed in 1-3 min. at 60°C (Hanna, et al., 1977). It is rather 

resistant to fi'eezing (Leistrer et ai, 1975). 

Cultural methods for the isolation of Y. ellterocolitica fi'om clinical and environmental 

samples compared with Salell/ollella, Shigella and diarrhoeagenic E. coli require special 

selective media such as Yersinia selective agar base or cefsulodin-Irgasan novobiocin 

(ClN) agar base and antibiotic supplement cefulodin novobiocin (CN). Yersinia selective 

agar base is a selective and differential medium that supports good growth of Y. 

enterocolitica and other Yersillia species. It has been found to be far superior to 

MacConkey, Salmonella-Shigella (SS) or other agar media (Power and McCuen, 1988). 

Biochemical tests should be carried out for further identification of isolates. 
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1.3 Epidemiology of enteric yersinosis. 

Yersillia ellterocolitica was first isolated from humans in Czechosloavakia in 1963 

(Rakovsly 1973). Yersinia enterocolitica and the related spp. are widely distributed in the 

ten'estrial and aquatic habitats, which are sources of the organisms to wann-blooded 

animals. It is found more often among human than the other species (Jay, 1996). Animals 

from which Yenterocolitica has been isolated include wild and domestic mammals, birds 

and inVet1ebrates. It is widely believed that swine constitutes the most common source of 

Y.ellterocolitica in humans (Toma and Deidrick, 1975; Pedersen, 1976). 

The majority of cases have come from Northern Europe, especially France, Gennany and 

the Scandinavian countries. The sources of infection in humans are poorly known 

(Swaminathan et al., 1982). It may will be direct contamination of food or water by 

infected animals (Joklik et al., 1984). Several investigators agree that water might be a 

reservoir for Y. enterocolitica, and source of infection by consumption of contaminated 

water (Toma and Deidtick, 1975). The majority of human infections occur at cold climatic 

condition (Joklik et al., 1984). In some areas these Yersinia species are as common 

causative gaents of serious gastrointestinal disease as is shigellosis (Mims et al., 1992). 

The incidence of Y. ellterocolitica infection with both human sexes is the same for all males 

and females. Y.enterocolitica is primarily a disease of infants, whereas Y. 

pseudotuberculosis more commonly affect persons 10 to 20 years of age. The frequency of 

isolation of Y. enterocolitica from persons suffering from intestinal diseases in the southern 
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part of Gennany was 1.5% and was second only to the incidence of Salmonella 

(Swamiathan et ai., 1982). 

As it had been observed in Canada, all Yersinia enterocolitica serotypes were more 

prevalent than 0: 3 in adults (Caprio Ii et al., 1978) as well as a family outbreak of 

yersiniosis have been reported (Martin, 1982). According to Weissfeld and Sonnewirth 

(1988), the incidence of Y. entrocolitica in adult was almost equivalent to that of the 

incidence of salmonellosis in USA. Several attempts were made to isolate this pathogen 

from diarrhoeal patients in Bangladesh. This lead to the conclusion that the pathogen is not 

important in tropical countries (Somadi et ai., 1982). However, Y. enterocolitica was found 

in 2.5% of the urban and 5.8% of the tUral population in Nigeria (Jay, 1996). This pathogen 

was isolated more frequently from stools of urban children living in areas without pip­

borne water than urban children residing at places connected by pip-borne water supplies 

(Oluanya and Olusany, 1987). In the case of Ethiopia, the pattern of etiology of diarrhoea 

agents caused by Y. enterocolitica has not been detennined in all age groups (Mogesse 

Ashenafie, 1983). 

1.4 Pathogenesis and pathophysiology of Yel'sinia entel'ocolitica 

In addition to gastroenteritis, this organism is associated with different human syndromes 

such as invasion of the portal system, leading to liver involvement, and generalized 

septicemia with colonization in other parts of the body. The incidence of gastroenteritis 

syndrome is highest in the very young and old people. The symptoms are fever, diarrhoea, 

sever abdominal pain, vomiting, pharyngitis and headache. Symptoms of the gastroenteritis 

6 



syndrome develop several days following ingestion of contaminated food and are 

characterized by abdominal pain and dialThoea. Children appear to be more susceptible 

than adults, and the organisms may be present in stools for up to 40 days following illness 

(Asakawa et al., 1973). 

The primary lesion results from the invasion of the wall of the small intestine, usually in the 

area of the ileum. Ulcers on intestinal mucosa at the site of lymphoid tissue may develop 

and lead to extensive loss of blood and fluid, strongly resembling the intestinal findings in 

typhoid fever (Joklik et al., 1984). 

Yersinia elllerocolitica produces a heat-stable (ST) enterotoxin that survives 100°C for 20 

min. It is not affected by proteases and lipases but biological activity is lost upon treatment 

with 2-mercaptethanol (Okamoto et al .. 1981; and Okamoto et al., 1982). When subjected 

to isoelectIic focusing, two active fractions (ST -1) and (ST -2) have been found (Okamoto 

et al .. 1981). ST-l is methanol soluble and stimulates guanylate cyclase and the cAMP 

(cyclic adenosine monophosphate) response in intestines, while the mechanism of ST-2 is 

not yet clear (Okamoto et al., 1981; and Robins-Browine et ai., 1979). It is produced only at 

or below 30°C (Pai et al., 1978) and its production is favored in the pH range 7-8. 

In the United States, 43 strains of Yersinia enteocolitica from children with gastroenteIitis 

and 18 laboratory strains were examined for ST production, and all clinical and 7 

laboratory strains produced ST using the infant mouse assay, and all were negative in the 
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Y -1 adrenal cell assay (Pai et at., 1980). Although pathogenic strains of Y.enterocolitica 

produce ST, it appears that this agent is not critical to virulence (Schiemann, 1981). 

1.5 Treatment and control measures 

Susceptibility of Y. enterocolitica and other species to ampicillin, tetracycline and other 

commonly used antibiotics is variable. So sensitivity testing is essential for each isolate 

(Cover and Aber 1989). Antibiotics are usually recommended in the case of severe disease 

or in patients with underlying illness. Trimethoprim-sulphamethoxazole, aminoglycosides, 

chloramphenicol, and the third generation cephalosporins are all appropriate choices for 

children (Giannella, 1993). Other fonus of supportive care, such as fluid and electrolyte 

balance, are essential in the case of the severely ill patients. Gentamycin or 

chloramphenicol is recommended for treatment of Yersinia septicemia (Joklik, 1984). 

Control measures against Y. pestis include the control of flea, rat, rodent and treatment of 

pneumonic plaque as well as restriction of movement in highly infected areas. In addition, 

garbage disposal and application of good personal hygiene are significant control measures. 

With regared to Y. enterocolitica, water sanitation and communal hygiene. 
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2. SALMONELLA, SHIGELLA AL'l'D DIARRHOEAGENIC E. COLI 

2.1 SALMONELLA 

2.1.1 General characteristics 

Salmonella is in the family Enterobacteriaceae. Salmonellae are facultatively anaerobic, 

Gram-negative bacilli that are typically oxdase negative, non-lactose fennenting, H2S 

positive and produce gas. They are indistinguishable from E. coli under microscopic or on 

ordinary nutrient media. In contrast to Shigella, Salmonella infect many animal spp. besides 

humans and are capable of invading external tissues and causing enteric fever, the most 

sever of which is typhoid fever. According to Ewing et al. (1986) there are only three 

species of Salmonella: S. enteritidis, S. cholrae-sllis, and S. typhi (Ewing and Edwards, 

1972). However, some significant changes have occurred in the taxonomy of Salmonella. 

All of them have been placed into two species: S. enterica and S. bongori, with the 2,324 

serovars being divided into 5 subclasses or groups, most of which are classified under S. 

ellterica, the type species (LeMinor and Popoff, 1987). These classifications are based on 

DNA-DNA hybridization and multilocus enzyme electrophoretic characterization of the 

genus. 
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2.1.2 Biochemical and cultural characteristics 

Salmollella are able to grow on a large number of culture media and produce visible 

colonies within 24 h at about 37°C. They can be isolated using differential and selective 

media of various Iypes, such as McConkey and SS Agar (Ewing, and Edwards 1972). 

Salmonellae are generally unable to ferment lactose, sucrose or salicin. However, glucose 

and other monosaccharides are fermented with the production of gas. S. typhi, however, 

does not produce gas from glucose fermentation and H2S production may be very slight. 

But most strains are motile and produce H2S from thiosulfate. Although they normally 

utilize amino acids as N-sources, in the case of S. typhilllllrillm; nitrate, nitrite, and NHJ can 

also serve as sole source of nitrogen (Page and Solberg, 1980). 

The optimal pH for growth is around neutrality i.e. 6.6 to 8.2 (Chung and Goepzert, 1970). 

The lowest temperature at which growth has been reported is S.30C for S. Izedelberg and 

6.2oC for S. typizimlll'illlll (Matches and Liston, 1968). Temperature around 4SoC has been 

reported by several authors to be the upper limit for growth. With regard to moisture, 

growth inhibition has been reported for aw (water activity) values below 0.94 in media with 

neutral pH; with higher aw as value being required as the pH is decreased toward growth 

minima. Unlike the Staphlococci, Salmollella are unable to tolerate high salt concentrations, 

brine above 9. 0% is reported to be bactericidal (Jay, 1996). All salmonellae are readily 

destroyed at milk pasteurization temperature. 

10 



2.1.3 Epidemiology of Salmonella infections 

Salmonella is found in nature and occurs in the intestinal tract of domestic and wild 

animals. Although their primary habitat is the intestinal tract, they may be found in other 

part of the body from time to time. As intestinal forms, the organisms are excreted in feces 

from which they may be transmitted by insects and other living creatures to a large number 

of places. As intestinal forms, they may also be found in water, especially polluted water 

(Jay, 1996). 

An organism carrier is defined as a person or an animal that repeatedly sheds Salmonella 

spp., usually through feces, without showing any sings or symptoms of the disease (Jay, 

1996). Infants frequently become long-term carriers and may harbor the bacteria for longer 

periods than older persons and thereby transmit infection to other members of the family 

(Szanton, 1957). Transmission may be direct by means of the fecal-oral route, it may be air­

borne or it may be indirect by means of foods (Chapman, 1980). Contaminated milk, 

poultry, meat, pork, egg products and beef products are associated with outbreaks of 

salmonellosis (Jay, 1996). 

For epidemiological purpose, the salmonellae can be classified into three categories. (l) 

Those that infect humans only; which include S. typhi, S. paratyphi A, and S. paratyphi C. 

They are the agents of typhoid and the paratyphoid fever, which are the most severe of all 

diseases caused by Salmonella. Of all, typhoid fever has a longest incubation time, fever 

and has highest mortality rate (Jay, 1996). (2) The host-adapted serovars, some of which 
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are human pathogens and may be contracted from foods. (3) Unadapted serovars (no host 

preference). They are pathogenic of humans and other animals, and they include most of 

food borne serovars (Jay, 1996). 

Salmonella spp. cause a variety of human diseases called salmonellosis. The range of 

disease is from mild self-limiting gastroenteritis to a more severe form, such as bacteremia 

or typhoid fever, which can be severe and life threatening. Salmonellae, the most common 

bacterial cause of gastroenteritis in the United States, are estimated to cause 1 million to 2 

million infections per year (Hargrett-Beah et al., (1988). The group at greatest risk for 

infection is infants. 

In the case of developing countries, according to Wamola (1980), the isolation rate of 

Salmonella was 24-35% in Kenya. In most developing countries S. typhi was the most 

dominant strain followed by S. Iyphilllllrillm. In 1979, from Vietnams refugees in Hong 

Kong the prevalence rate of Salmonella was 13.5% (Anton et al., 1981). In Iraq, in between 

1973 and 1976, the prevalence of Salmonella was 10.85% (Allos, 1978). In Ethiopia, forty­

five strains of Salmonella was isolated from 1000 adult out-patients in 1983 (Mogessie 

Ashenafi, 1983) and the prevalence of Salmonella in all age groups were 3.8% (Daniel 

Asrate et al., 1999 and Zeleke W/Tenssai (1990 Zeleke W/Tenssai (1990). 
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2.1.4 Pathogenesis and pathophysiology of Salmonella 

Salmonella species cause a valiety of human diseases called salmonellosis. Infection with 

the organism is known to cause a variety of clinical syndromes including (I) acute 

gastroenteritis; (2) local, non-intestinal infections; (3) bacteremia; (4) an asymptomatic 

carrier state; (5) enteric fever, including typhoid fever (Giannella, 1993). The severity of 

the diarrhoea disease depends on the virulence of the strain and the condition of the human 

host. Salmonellae cause disease through invasion of epithelial cells in the ileum and colon, 

leading to the typical clinical picture of watery stools; which often conrath blood and 

mucous. Generally, the disease is characterized by diarrhoea, fever, and abdominal pain 

that is self-limiting and lasts for 2 to 5 days. Salmonella infection in man is almost acquired 

by ingestion of the organism. The incubation period varies between 8 and 72 hours and 

duration of illness is between 5 and 7 days (Plotkin et al., 1979). 

Pathogenicity is determined by surface antigens, invasiveness and toxins. Surface 0 and Vi 

antigens in S. typhi may be contributed to attach to host receptor cells. The Vi antigen may 

serve to protect the 0 antigen from antiserum and prevent phagocytosis (Joklik, et al., 

1984). Like Shigella, virulent Salmonella penetrate the epithelial lining of the small bowel. 

However, unlike Shigella, Salmonella do not reside in the epithelial lining but pass 

subepithelial tissue (Joklik et al .. 1984). 

In the pathogenesis of Salmonella, mostly two types of toxins, such as an enterotoxin and a 

cytotoxin, are involved. The enterotoxin was first demonstrated in 1975 by Koupal and 
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