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ABSTRACT 

A cross-sectional stud y was carried out for the period of 6 months in selected sites of Addis 

Ababa in order to determine the prevalence and distribution of Salmonel/a in the cattle chain 

fj'om abattoir to the consumer. The sources analyzed were pooled cattle faeces, pooled 

mesenteric Iymphnodes, sing le muscles from the diaphragm as well as \i'om the abdominal 

region. Additional minced beef from supermarkets destined for human consumption and 

additinally stool samples from the abattoir personnel were included in the survey. The iso lated 

Salmonella- strains were serotyped and resistance against antibiotics determined. 

for the cu lture method, the technique recommended by the International Organization for 

Standardization (ISO 6579, 1998) was chosen. Antimicrobial results were analyzed based on 

the descrption by A VlD (1987). All the data collected on the pl'evalence and Salmollella 

distribution Irom the samples were presented in form of tables and figures . The Chi- Square 

test analyzed stati stically whether there was association between Salmollella prevalence with 

animal condition or mode of transport conditions, supermarkets or storage conditions in 

supermarkets. 

Analyzing prevalence and distribution of Salmonel/a from 235 abattoir cattle randomly 

selected samples leads to the following results: in 47 pooled samples of faeces (containing 

five samples) 5 Salmollel/a strains (10.6 %) were isolated, in 47 pooled samples of mesenteric 

Iymphnodes there were 9 strains (19.6 %). In 235 single samples of the abdominal (oblique 

and transverse muscle) 23 (9.8 %) and in 235 diaphragmatic muscles 28 Salmonella were 

found (11.9 %). From 300 stool samples of the abattoir personnel in 18 cases (6.0 %) 

Salmollella were isolated. Minced beef from the 22 supermarkets with an overall of 330 

samples contai ned in 26 of the units (7 .9 %) Salmollella cases. 

In the entire study, 98 surviving Salmollel/a strains were serotyped and identified as 27 

S. Anatum, 53 S. Dublin, 5 S. Meleagridis, 1 S. Muenchen, 9 S. Saintpaul alld 3 S. rough 

form. From the pooled samples of faeces 4 S. Dublin and I S. Muenchen, of the pooled 

samples of mesenteric Iympllllodes 3 S. Analum and 2 S. Dubl in have been found. In single 

samples of abdominal muscl es 18 S. Dublin and 3 S Anatum and in diaphragmatic muscle 

samples 2 1 S. Dubl in and 2 S. Anatum occurred. The cattle specific S. Dublin was the most 

dominant serovar in all the cattle samples. The 18 Salmollel/a iso lates from the abaltoir 

personnel consisted of 7 S. Aantum, 4 S. Dubl in, 5 S. Meleagridis and 2 Salmonella rough 
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forms. In this case S. Allalllll/ was the most predomi nant serovar fo llowed by S. Meleagridis 

which was never iso lated fro m the cattle chain. From minced beef 26 Salmol/ella strains were 

cultivated comprising 12 S. Anatum, 4 S. Dublin, 9 S. Saintpaul and 1 S. rough form. 

3 Salmonella serotypes, (2 S. Anatum, I S. Dublin and 6 S. Saintpaul) originated fi'om Kaliti 

abatloir. In thi s of Kara abattoir all 3 strains belonged to S. Saintpaul. In llIinced meat 

originating from Addis Ababa lOS. Anatum, 3 S. Dublin and I S. rough form but no 

S. Saintpaul were found. In all the samples of Addis Ababa abattoir (faeces, mesenteric 

I ymphnodes, beef cuts and minced meat) no S. Saintpaul was detected neither. 

The 98 Salmonella isolates were tested for resistance against the seventeen antibioti cs. This 

result is an indicat ion of rarely using antimicrobial agents in Ethiopian cattle, hence no drug 

resistance was observed during the antimicrobial tests. 

Low prevalence of Salmonella in the li ving cattle, indicated by low isolation rates from faeces 

and Iymphnodes, at one hand and high Salmonella prevalence in samples of beef cuts 

(abdominal and diaphragmatic muscles) on the other hand lead to the conclusion that there 

must have been severe contamination during the skinning process as a resu lt of bad hygiene 

during subsequent dressing operations. To reduce the Salmonella burden to the public it is 

therefore essential to improve the hygienic conditions at slaughterhouse and to slaughter only 

health animals. In future there should be planned a study contaning all the meat products with 

a considered Salmonella contamination risk to quantifY the total hazard of Salmonella 

infection for the consumser. 
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1. INTRODUCTION AND OBJECTIVES 

Ethiopia is found in the eastern part of Afri ca and is situated between Eritrea in the 

north-east, Djibouti in the east, in the south-east Somalia, Kenya in the south-west and in 

the west and nOlth-west Sudan. The area of the country is 1.128. 176 kIn2 (Microsoft 

Encarta, 1994). 

The country has an estimated human population of about 60 million inhabitants (1999 

estimates). Agricu lture accounted for 48 % of the GDP in 1992, and engaged 73 % of the 

economically active population. The economy of Ethiopia depends heavily on the earnings 

from the agricultural sector. The country has the highest li vestock population in Sub­

Saharan Africa with an est imated numbers of 31 million cattle, 24 million sheep, 18 million 

goats, 7 million equines, 0.63 million mules, 5.2 million donkeys, 1.07 million camels and 

52 million chickens (FAa, 1993). Over 60 % of the cattle and sheep are found in the 

highlands. 

The li vestock population of Addis Ababa is estimated to be 58.568 . Livestock species found 

are cattle, sheep, few goats, horses and donkeys. The predominant spccies is cattle. 

Holstein-Friesians, Holstein-Friesian crosses with Zebu and Zebu breed types are available. 

They are main ly kept for milk and meat. Zebu oxen are used for ploughing. The livestock 

management system varies between intensive (dairy), semi-intensive and extensive 

(Microsoft Encarta, 1994). 

As a matter of principle salmonellae have been found in all domesticated mammals and the 

environment (Sojka et aI., 1970). Microbial foodborne infections and intoxications in human 

beings are commonly associated wi th microorganisms of animal origin (Addo and Diallo, 

1981). Consumption of contaminated meat and meat products have been responsible for 

many of these foodborne diseases (Blyan, 1980) Such contamination occurs within 

slaughterhouses, during processing and handling of meat prior to sale (Addo and Diallo, 

1981). Foodborne disease caused by Sallllollella is a very important public hea lth problem, 

not only in developed countries but also in developing ones. The hazard occurs mainly due 

to changes in nutritional habits, the manner in whi ch foods are marketed and because of 

deficiencies during production, storage and distribution. This situation has led to serious 

economic losses in public health and food industry (WHO, 1993). 



Salmo ne llosis occurs in cattle !i'om intensive, semi-intensive and extensive reanng 

practices, use of contaminated feeds and cross contamination o f carcasses during 

slaughtering operations. Environmental factors such as insects, rodent and avian vectors 

have also been involved the infection of herds and contamination of processing areas 

(WHO, 1993). Salmol/ella infection in calves can be fatal, whereas infection in adult 

animals tends to be limited to a healthy carrier state. Stress associated with transpolt of 

animals l1-OIn rearing farms to abattoir augments shedd ing of salmonellae (Samuel et aI., 

1981). Crowding and prolonged lairage in abattoir pens predisposes animals to infection. In 

some studies abattoirs have demonstrated as potential sources of contamination of meat 

destined for human consumption. Several reports have stressed the impact of poorly 

disinfected knives and other slaughtering equipment, and poor hygiene among plant 

personnel on carcass cuntamillation. One study revealed lhat the hands of workers in meat 

processing plants generally carried 6-15 salmonellae per hand and up to 140 salmonell ae per 

hand of slaughterhouses personnel and a subsequent study reported even higher numbers on 

the hands of workers in the abattoir (WHO, 1994). 

Salmonellosis is known to exist In Ethiopia in animals as well as in humans. The 

distribution of the disease is not well known except that the causative agent has been 

isolated from poultry and humans in Ethiopia (Molomo, 1998; Mache and Mengistu, 1998). 

Forty-five Salmol/ella strains were isolated from 700 samples collected from adult 

diarrhoeal out patients in Addis Ababa. Among the isolates, comprised sero group C 31.1 

%, B 24.4 %, S. Typhi 15.6 %, D 13.3 %, A 8.9 % and E 6.7 %. Studies conducted in 

Uganda showed, Salmol/ella organisms occurred in the stools of 8. I % of the patients with 

acute diarrhoeal in Kampala district, and belonged to S. Typhimurium and S. Enteritidis 

serovars. S. Enteritidis human isolales were phagetype 14b, which is reported here for the 

first time in Africa. Among animals, Salmol/el/a was only recovered from 4.8 % of 

slaughter pigs and belong to S. Bai ley serotype (Nasinyama et aI., 1998). 

Studies carried out in Botswana, showed iso latio n of salmonellae from 5 of the 57 faeces 

samples ti'om sick animals (8.8 %) and from 6 of the 89 faeces samples !i'om apparently 

healthy callie (6.7 %). Serotypes found were S. Anatum, S. Brancasler, 

S. Donna, S. Pomona and S. Typhimuriulll in the first group and S. Colorado, 

S. Enteritid is, S. Goodwood, S. Leo poldville, Salmol/ella 6,7:z:zu. and one unidentified in the 

second group (Miller, 1971) . The other serotypes encountered were S. TyphimuriuI11 and S. 

Fischerkietz from pooled bile samples. A total of 752 meat samples and 117 from li ver 
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samples were reccivcd from different parts of the country. The serotypes isolated from the 

meat were S. Windhoek and S. Offa and the li ver S. Braenderup, S. Weltervreden and S. 

Newington (Miller, 1971). In Zimbabwe studies a wide range of serotypes was isolated 

(Chambers, 1977). The most frequent identified were S. Senftenberg, S. Newington, S. 

Mobeni, S. Typhi, S. Infanti s, S. Typhimurium, and S. Heidelberg both in slaughter cattle 

and human. In Zambia the work carried out for the first time in callie revea led 7 Salmollella 

serovars iso lates these were; S. Amager, S. Bareil y, S. Bonn, S. Heidelberg, S. Konondomi, 

S. Kisarawe and S. Weltervreden (Sharma et aI. , 1996). 

Development and spread o f antimicrobial resistant of Salmollella in food of animal origin 

and human has for many years constituted a special public health concern due to the 

increased risk of treatment fai lures in humans. Recently the rapid spread of strain of 

multidrug-res istant S. Typhimurium Dr 204 c and S. Enteritidi s in food of animal origin and 

consequent ly to humans, has been a cause of serious concern and is well documented 

(Glynn et aI. , 1998; Mache and Mengistu, 1998; Moloma, 1998; MalOl-ny et aI. , 1999; Molla 

et aI. , 1999). Drug sensitivity tests on 23 Salmollella serotypes (e.g. S. Typhil1lurium, S. 

Enteritid is, S. lnfantis, S. Weltvreden, S. Bareily and S. Saintpau l), isolated from milk, meat 

and meat products calTied out using 24 different antib iotics and chemotherapeut ic agents by 

the di sc diffusion method lead to the resu lt that the strains were were sensitive to 

ch loramphenico l aminoglycosides, ampicillin, cephaloridine, bacitracin, polymyxin-B, 

cotrimoxazole and nitrofurantoin (Sharma and Joshi, 1992). 

In a review of sa lmone ll ae as a foodborne pathogen, D'Aoust cited findings of studies of the 

Salmollella contamination rate of beef carcasses that va ri es from 0.2 %-25 % with a median 

of 3.3 % (D'Aoust, 1989). In a review of bovine salmonellosis, (Sojka et aI., 1970) cited 

findings of studies of incidence of sa lmonellae in fect ion in normal callie at abattoirs ranging 

from 0.3 to 11 .6 % but also noted that different samples and sampling techniques made the 

studies incomparable (Sojka et aI. , 1970). Isolation rates as high as 76 % fi'om normal cattle 

at an abattoir have been reported (Samuel et aI. , 1980). The type of sample is well known to 

afTect the sensiti vity of detection, parti cul arly in subclinically infected carrier cattle. For the 

detection oC salmonellae infection in such cattle mesent eri c Iymphnodes have been repOlted 

to be superior to laeces samples, wh ich in turn, are superior to faeces (Hardy et aI. , 1977). 

The incidence of Salmollella in beef carcasses vari es as mentioned above Ii'olll 0.2 to 21.5 % 

with a median of 3.3 %, these va lues were derived primari ly from analysis of faeces ceca, 
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samples were received from different parts of the country. The serotypes isolated from the 

meat were S. Windhoek and S. Offa and the li ver S. Braenderup, S. Weltervreden and S. 

Newing ton (Miller, 197 1). In Zimbabwe studies a wide range of serotypes was isolated 

(Chambers, 1977). The most fi'equent ident ifi ed were S. Senflenberg, S. Newington, S. 

Mobeni , S. Typhi, S. Infantis, S. Typhimurium, and S. Heide lberg both in slaughter cattle 

and human. In Zambia thc wo rk carri ed out for the li rs t time in cattle reveal ed 7 Sa/mul/ella 

serovars isolates these were; S. Amager, S. Barei ly, S. Bonn, S. Heidelberg, S. Konondomi, 

S. Kisarawe and S. Weltervreden (Sharma et ai. , 1996). 

DevelOjlment and sprcad of antimi crobial res istant o f Sa/mol/ella in food o f animal orig in 

and human has for many years constituted a special public health concern due to the 

increased risk of treatment failures in humans. Recently the rapid spread of strain of 

multidrug-resistant S. Typhimurium DT 204 c and S. Enteritidis in food of animal origin and 

consequently to humans, has been a cause of serious concern and is well documented 

(Glynn et ai. , 1998; Mache and Mengistu, 1998; Moloma, 1998; Malorny et ai., 1999; Molla 

et ai. , 1999). Drug sensitivity tests on 23 Sa/mul/ella serotypes (e.g . S. Typhimurium, S. 

Enteritidis, S. Infant is, S. Weltvreden, S. Barei ly and S. Saint paul), isolated from mil k, meat 

and meat products carried out using 24 different antibiotics and chemotherapeutic agents by 

the di sc diffusion method lead to the result that the strains were were sensitive to 

chloramphenico l aminoglycosides, ampicillin, cephaloridine, bacitracin, polymyxin-B, 

cotrimoxazole and nitrofurantoin (Sharma and Joshi , 1992). 

In a review of salmone ll ae as a foodborne pathogen, D'Aoust cited find ings of studies of the 

Sa/mollella contamination rate of beef carcasses that varies from 0.2 %-25 % wi th a median 

of 3.3 % (D'Aoust, 1989) . In a review of bovine salmone llosis, (Sojka et ai. , 1970) cited 

findings of studies of incidence of salmonellae infection in normal cattle at abattoirs ranging 

from 0.3 to 11 .6 % but also noted that different samp les and sampling techniques made the 

studies incomparable (Sojka et ai., 1970). Isolation rates as high as 76 % fi'om normal cattle 

at an abattoir have been reported (Samuel et ai. , 1980) . The type of sample is well known to 

affect the sensitivity of detection, particularly in subclinically infected carrier cattle. For the 

detecti on of sa lmonellae infection in sLich cattle mesenteric Iymphllodes have been reported 

to be superior to faeces samples, which in tu rn, are superio r to faeces (Hardy et ai., 1977). 

The illcidell ce of Sa/III 0 11 ella in beef carcasses va ri es as mentioneu above fro m 0.2 to 2 1. 5 % 

with a median of 3.3 %, these values were deri ved primaril y from analys is of faeces ceca, 
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IY IllPh ilOdes .-nd carcass swabs. These test materials vary greatly in their abi li ty to indicate 

Sa/mullelia io fi·eshly slaughtered animals. The lower incidence of Sa/mollella in bovine 

likely stel11s Crom feeding habits, which include grazing in fields and consumption of rations 

with low <lni ;nal protein contcnt (Samuel et aI. , 1980). 

HUOlan saln10nellosis is more widespread in young chi ldren, in elderly citi zens Irequently 

atnicted with underl yi ng chronic diseases and in immunosuppressed individuals. Infants of 

one year or younger are particularly susceptible to tllis infection. Transmission of the 

infectious agent occurs primarily between humans, from various animals and environmental 

sources to humans, and less frequently, from humans to the enviro nment. Demographic 

studies on lhe impact of socio-economic pressure have shown hi gher levels of salmonellosis 

In the lower socio-economic classes, and in arcas with high population density leve l (WHO, 

1985) 

COllsideIilg the above facts, the current study was undertaken with the following specific 

objectiv6: 

1. To e :;imate the prevalence and distribution of Sa/mollella in the chain Ii·om cattle to 

cOnsliner, the following samples are taken: 

• 
• 
• 
• 

fae<ts and mesenteric IYl11phnodes from cattle immediately after slaughtering, 

muCle from the diaphragma and abdomen Ii·om slaughtered cattle, 

[l1i~ed beef lI·om the supermarkets destined for human consumption, 

stal samples from the abattoir personnel. 

2 . 1:'oientify the most common serovars of Sa/mollella in animals and animal 

p~ucts as well as in humans. 

3. l'~etennine the level of antibiotic susceptibility of Sa/mollella isolates to 

a) l11onl y used antimicrobials. 
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Considering the above Facts, the current study was undertaken with the following specific 
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I . To estimate the preva lence and distribution of Salmol/ella in the chain lI'om cattle to 

consumer, the following samples are taken: 

• faeces a nd mesenteric lymph nodes from cattle immediately after slaughtering, 

• muscle from the diaphragma and abdomen from slaug htered cattle, 

• minced beef t1-om the supermarkets destined for human consumption, 
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2. To identiFy the most commo n serovars of Sallllol/ella in animals and animal 

products as well as in hU1l1ans. 

3. To determine the level of antibiotic suscepti bility of Sallllol/ella isolates to 

commonly used antimicrobia ls. 
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2 . LITERATURE REVIEW 

2.1 The Genus Salmonella 

2.1.1 Taxonomy 

Salmonellae belong to the ramily E nterobacteri aceae. According to the latest nomenclature 

that reflects recent advances in Sallllullella taxo nomy, the genus Sallllullelia consists of two 

species: S. bUlIguri and S. ellierica (Le Minor and Popoff, 1980). Sallllullelia bOllgori 

contains less than J 0 serovars that are extremely rare. The remaining more than 2500 

serovars belong to the Sallllollelia ellierica species and are divided into six subspecies: 

S. elllerica subspecies enterica, subspecies salamae, subspecies arizonae, subspecies 

diarizonae, subspecies houtenae and subspecies indica. All are d istingu ished by certain 

biochemical characteristics, some of which correspond to previous subgenera. 

The genus Sallllollella can roughly be c1assitied into three ca tegories or groups based on 

pathogenicity. The group of highly host adapted and invasive serovars includes species 

restricted Sa/Illollella such as S. Pullofllm, S. Gallinafllm in poultry and S. Typhi in humans. 

The non-host adapted and invasive serovars, consist of approximately J 0-20 serovars of 

which the most impOitant are S. Typhimurium, S. Hadar, S. Arizonae and S. Enteritidis 

(Le Minor and Popofl; 1987) . 

2.1.2 Morpho l ogy 

Salmonellae are gram-negative rods of following size: 2-4 ~m in length and 0.5 ~Ill in 

width. These organisms are facultative anaerobic and moti le, except the non-motile 

S. Gallinarum. T here are no morpholog ical difference between the subspecies Iserovars 

(Old, 1989; Seifert, 1996). 

2. 1.3 An tigenic structure 

O-antigen: All Sallllolle/ia strains ca n be grouped to a seruvar based on the ana lysis of 

somatic a-antigens. The heat-stable lipopolysacc haride-protein complex (LPC) of the cell 
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wall contains lipid A and a core portion. The polysaccharides determine the serological 

specificity. About 67 O-antigens are known so far which are identiCied by arabic llul1lerals 

1-67. The complete O-antigen is not only the mature immunogen of the Salnwnella. It also 

possesses virulence propert ies eliciting both humoral and cellular immune responses from 

Sa/monella infecti on (Le Minor, 1984). 

H-alltigen: The fl agell ae are part of the bacterium and consist of thermolabi le proteins. The 

specificity is determined by the pattern of amino acids. The I-I-antigells are designated by a 

combination of letters of the alphabet and numerals (Le Minor, 1988). 

K-antigen: The hull -antigen is like a microcapsule set on the bacterial cell wall. lts own 

specificity may interfere with O-antigen during determination. For identification purposes, 

the agglutination of the O-and H-antigen is done and the results are compared with known 

antigenic formulae contained in the Kauffmann-White diagnostic scheme. The list is 

updated annuall y because new serovars of Salmonella are identified continuously (Le 

Minor, 1988). 

In order to establish a complete antigenic composition of any Salmonella, serover antigens 

of the flagella phases as well as the "0" must be known (Le Minor and Popoff, 1997). 

Examples for classification by Kauffmann-White diagnostic scheme by means of 

agglutination test are given in table I. 

Table 1: Classification of Salnumella with help of Kauffmann-White scheme showing 

"epresentative se.-otypes (Le Minor and l'opolT, 1997): 

G,'oup Scrovar Somatic Flagella antigen "11" 

Phase 1 phase 2 

B S. Typhimlldllm !, 4, [15]12 1, 2 

II S. Saintpalll !,4, [l5J 12 e, h 1, 2 

C S. lVIuencheli 6,8 d 1,2 

Dl S. Enteritidis !, 9, 12 g, m, If] ]p] ]1,7] 

D l S. Dublin !, 9,12 [ViI g,p 

E S. Allatum 3,10 lIS] [15, 34] c, h 1,6 

E S. Meleagddis 3,10 ]15J ]15,34J e, h 1, w 
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- can only be detected in some ,pecial conditions 

[ 1 can be present or not. 

2 . 2 Epidemiology 

Homologous to the typhoid and paratyphoid infect ions in humans, animal host-adapted 

strains can adversely affect the viabi li ty and producti vity of herds and flocks. The damag ing 

effects of S. Dublin infections in cattle (Peters, 1985) are well documented and contrast 

sharply with the healthy carrier state of animals infected with no n-host adapted serovars. 

The predominance of S. Typhi murium and S. In fa ntis in animal reservo irs dup li cates that 

encountered in huma n population. Exami nat ion of contemporary data on the freque ncy of 

isolation of serovars Ii'om human and nonhuman sources is revea ling. S. Typhimurium is the 

most common pathogen and etiolog ical agent associated with the environment and the food 

chain. The prevalence of th is organism in all continents including Africa, where only scant 

data from Uganda (Lubwana, 1985), and the Republic of Central Afi'ica (Georges-Courbot 

et aI. , 1984) are ava il ab le, corroborate designation of thi s serovar as a major human 

pathogen . Although serovars found in humans are frequently encountered in their food 

supply and environment, the ranking of serovars in order of frequency of isolation Ii'om the 

human and non-human catcgories may differ marked ly. 

2.3 Diagnosis 

2.3. 1 Cul tur e 

The actual principles o f cultivati on and iso lation of Sa//ll ol/el/a fro m routine samples are 

(D' Aoust, 1992; Feng 1992) 

l . Non-selecti ve pre-enrichment ( 16-24hours) 

2. Selecti ve enrichment ( 18-24 hours) 

3. Isolation on selective pl ating media (18-24 hours) 

4. Ident ifica tion and sero typ ing 

Non-selective p"e-cnrichmcnt (16-24 hours): The optimum pre-enrichment system 

enables Sa/mol/el/a to recover and protect the resuscitated cells fi'olll detrimental influences 

of the competiti ve organisms. The use of pre-cnrichment provides reliable result s compared 
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to use of direct selective enrichment. Different pre-enrichment media have been described 

and summarisecl by I-lumber! and Colin ( 199 1). Despite controversial discussion about the 

best medium, buffered peptone water (BPW) is recommended for routine examination. The 

optimum pre-enrichment incubation period for effective recovery of injured cells is 

generally agreed tu be 16-24 hours. 

Selective enrichment: The objective of enrichment media is to support the growth of target 

microbes present in mixture cultures. Selcctive enrichment media will include inhibitory 

substances to diminish the replication of most organisms other than salmonellae without 

enhancing directs the growth of the sa lmonellae themselves. The most COlllmon media are 

generally based on selenite, tetrathionate or magnesium chloride and malachite green 

(Vassi liadis, 1983). Peters et al. (1989) has demonstrated the impOliance of the incubation 

temperature and magnesium chloride concentration in the selective enrichment of 

salmonellae. 

Selective plating: In the isolation of sahnonellae, the use of suitable selective plating media 

increases the chances of successful isolat ion in the sample. Ideally, a Salmollella plating 

medium should inhibit the growth of competing microorganisms, allow the growth of 

Salmollella with characteristic co lonies ·which could be differentiated from non-Salmonella 

spp. on the plates used. Basically, it is agreed that none of the selective plating media for 

Salmollella is ideal for all situations in the isolation of Salmollella in foods and that is why 

simultaneous use of two or more agar media is recommended almost in all Salmonella 

reference methods (Moats, 1981; Fricker, 1987; D ' Aoust, 1992). There are several selective 

plating media for the isolation of Salmonella. In general terms, Salmonella selective plating 

media could be grouped into three categories depending upon the se lective agents contained 

as: brilliant green, bismuth sulphite and bile sa lt agar media (Moats, 198 1; Busse, 1995). 

2.3 . 2 Biochemical Characteri z ation 

Salmonellae are characterised by fermentation of glucose, lysine, ornithine, adonitol, 

arab inose and sorbitol with the production of acid and gas; further typical react ions are 

deaminate and phenylalanine a positive methyl -red reaction and a negati ve Voges-Proskauer 

reaction (Andrian and Dellat, 1979). These microorganisms produce hydrogen su lphide in 

iron contained media and are lactose non-fermenting (Biberstein and Zee, 1990) ISO 

(1998) indicated that several biochemical tests may be used in the identification of 
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temperature and magnesium chlo ride concentration in the selective enrichment of 
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Selective plating: In the isolation of salmonellae, the use of suitable selective plat ing media 

increases the chances of successful isolation in the sample. Ideall y, a Sa/monel/a plating 

medium should inhibit the growth of competing microorganisms, allow the growth of 

Salmonel/a with characteristic colonies which could be differentiated from non-Sa/mollella 

spp. on the plates used. Basicall y, it is agreed that none of the selective plating media for 

Sa/mollella is ideal for all situations in the isolation of Salmollella in foods and that is why 

simultaneous use of two or more agar media is recommended almost in all Salmollella 

reference methods (Moats, 198 1; Fricker, 1987; D'Aoust, 1992) There are several selective 

plating media for the isolation of Sa/mollella. In general terms, Sa/mollella selective plating 

media could be grouped into three categories depending upon the se lective agents contained 

as: brilliant green, bismuth sulphite and bile sa lt agar media (Moats, 198 1; Busse, 1995). 

2. 3. 2 B ioc h e mical C h arac t erizat i o n 

Salmonellae are characterised by fermentation of glucose, lysine, ornithine, adonitol, 

arab inose and so rbi tol with the production of acid and gas; further typical react ions are 

deaminate and phenylalanine a posit ive methyl-red reaction and a negati ve Voges-P roskauer 
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Salmollella. On triple sugar iron agar erSl) 100 % of Salmollella spp. fe rment glucose, and 

9 1.9 % produce gas, 9 1.6 % produce hydrogen sulphide. On lysine decarboxylase 94.6 % 

react positi ve whereas 98.9 % show negative results on indole reaction and 99 % are 

negati ve for urea splitting, while 99.2 % are negative to sucrose different biochemical tests 

are conduc ted in order to different iate the genus Salmollella from other related members of 

the family Enterobacteriaceae aller growing them on selective plat ing media using either 

conventional fluid media in tubes or commercial biochemical diagnosti c kits. The 

confirmation of the target microorganisms depends on the plating medium used and the type 

of co lony picked for further biochemical and serological tests. The conventional tube test 

systems to r the biochemical test of Salmollella are thought to be less convenient and more 

laborious as compared to the commercially avai lable biochemical diagnostic kits which are 

efTective ill identify ing to a genus level (Moats, 1981, D'Aoust, 1992) 

2.3 . 3 Serological ident ifi ca tion 

Characterizati on of Salmullella by "0"- and "1-1"- antigenicity, which are thought to be 

essential for serovar defin ition, has become the most important typ ing method, as more than 

2500 serotypes are currently recognized (WHO, 1992; Popoff et aI., 1996). Serological 

typing is reali zed information an agg lu tination reaction and offers an effective too l for 

identifying the serotypes. The Kauffmann-White scheme systematically assigns numbers 

and letters to the different "0"- and "H"- (virulence) antigens to create distinctive serotypes 

(Le Minor, 1988; Quinn et aI. , 1994). Based on antige nic analysis, Kauffman's classification 

is still the most acceptable. The slide agglutination is tested with absorbed sera so that the 

content of "O"-antigens and phase I and phase 2 "B"-antigens can be determi ned (Seifert, 

1996) 

2.3.4 Phage t y ping 

Phage typi ng is the characterization of bacteria based on susceptibilit y to infection by a 

defined panel of bacteriophages. 11 is the second important method to be app li ed in the study 

of Salmollel/a ep idemio logy. Phage types predominate in particular animal hosts. If human 

infections with these types happen, it can efliciently shorten the time taken to trace the 

an imal sources of hUlltan outbreaks (Anderson et aI., 1977), as well as in ass isting in the 

cont rol or infection in the anima ls themsel ves. Phage typing is limited to a few serovars, 
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notably S. Typhi, S. Tyhimuriulll, S. Dublin, S. Enteritidis, and S. Heidelberg. In 

S. Enteritidis, and S. Typ himurium, phage typing is said to be the prinicipal method of 

typing (Olsen et a!., 1993). 

2.3.5 Biotypi n g 

It is im portant to reali ze that biotyping is an essential completion to the Kauffmann-Wh ite 

scheme, which has been widely used to clarify the biochemica l heterogeneity among 

Salmollella spp. (Ewing, 1986; Le Minor, 1988), and to segregate serovars into fermentative 

groups. Several biotyp ing schemes have been proposed for the differentiation of 

ep idemiologicall y related strains of S. TyphimuriuIl1. The subtype (designated a-j, x, yand 

z) detines the palleJ'lJ of reading in secondary tests. For example, biotype denotation of 

S. Typhimurium strain that is positi ve in the same primary (Abalaka and Dribeil, 1980) and 

in the 12 secondary (0) tests . This helps to establi sh an epidemiological relationship 

between strains that affect human and those that do not. Some reports on the biotyping 

S. Typhil1luriulll frolll different sources and different geographical areas clearl y underline 

the value of the biotyping scheme (Barker and Old, (980). 

2.3.6 A nti b iogram typ in g 

Patterns of antibiograms have been used to subgroup Salmollella spp. In this method, paper 

di sks impregnated with standard amounts of antibi otics are placed on the sUlface of a 

Mueller-Hinton agar plate previously inoculated with the test organism. The zones of 

growth inhibition are measured following overnight incubation of the plate and resistance is 

assessed accord ing to the National Committee for Clinical LaboratolY Standards (J 997). 

The typing method is rarel y used alone as the typability of strains of Sa/mol/el/a from 

livestock are often local due to the relatively low prevalence of antibiotic resistant strains 

(Olsen et a!. , 1993) . 

2.3 .7 Mo l ec ul a r t y pin g m e thods 

The epidelll iology orSa/mollel/a is relatively well known due to the wide spread acceptance 

and use of harmon ized di scri minatory and definiti ve typing methods, notably sero- and 

phage typing. The molecular methods have added an extra degree of discriminatolY power 
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to the conventional methods and do all ow a finer distinction between strains (Barrow, 

1997). At present, typing by pu lsed field gel elecrophoresis appears to be the molecular 

method of choice. In future, typing wi ll most li kely involve analyzing signature sequences, 

however these methods have not been full y developed yet. Systematic comparative 

molecular typing of Sa/Illol/ella isolates from animals, food and humans can be a powerful 

tool to determine the public health impact of the primary sources of Sa/Illonella in the 

country or region . Furthermore, it can provide early detection of changes in the contribution 

from different sources, for instance as a resu lt of control programmes (Anonymous, 1998). 

The molecular typing methods are avail ab le and in regular lise, in public health and 

veterinary laboratories. The predominance of certain phage types of S. Enteritidis in various 

countries makes further epidemiological sub-grouping necessary. For various bacterial 

species, the following methodes have been proven very usefully (Helmuth and Schroeter, 

1994): the plasmid profiling, the pattern of outer membrane proteins and LPS, the 

f1ngerprinting of total genomic DNA including ribotyp ing and multilocus enzymes 

electophoretic typing. When such methods have been applied to S. Enteritidis, they revealed 

a homogeneous, clonal structure in contemporary PT4 isolates. Furthermore, they indicated 

that the clone observed today emerged fi·om a heterogeneous population before the onset of 

ep idemic spreading (Helmuth and Schroeter, 1994). 

2.4 Distribution of Salmonella serovars 

2.4. J Worldwide 

Sallllollella has a worldwide di stribution. On the other hand the impoltance of Sallllol/ella 

species differs geographically. Many serovars such as S. Typhilllurium and S. Enterit idis do 

fai l to reconginise any regional boundaries and are in sharp con trast with other serovars 

whose di stribution tends to be restricted to certain areas. In the United States outbreaks of 

salmonellosis were associated with eating raw ground beef, causing gastro-intestinal illness 

fi·om S. Typhimurium (Roels et aI. , 1997). Studies carried out in an abattoir in Brazil 

according to Campos et al. (1989), showed that tile dominant serovar was S. Dublin from 

cattle (98 isolates fron!l19 isolates of animal origin). In Finland the most common serotypes 

were S. Infantis and S. Typhimurium . Other serotypes were found only occasionall y. [n 

Denmark, S. Dublin was the predominant serotype in beef. In Germany, S. Typhillluriulll 
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was the most frequent serotype in meat and meat products. S. Enteritidis was detected in 

varying degrees. S. Typhimurium was the more ti"equent iso lated in France compared to 

S. Enteritidis ( FAO/World Bank; 1992). S. Uganda, as a new and highly pathogenic serovar 

causing Cood poisoning, has been isolated in human, associated with consum ption of 

contaminated food in Italy (Ricci et a I. , 1990). In Iran, 45 faeces samples from diarrhoeal 

cows and calves contained 7 Sa/Illollel/a serovars . 7 1 % of them were S. Enteri tid is and 

29 % S. Typhimllrium . From 429 faeces samples of human sllspic iolls to salmonellosis, 13 

strains of Sa/Illollel/a (3.03 %) were isolated, 6 1. 5 % of them belonged to STyphi and the 

next two species were S Paratyphi A (23. 1 %) and S. Enteritidis ( 15.4 %) (I-lemmatzadeh 

and Salemi, 1998). 

2.4.2 Afr i ca 

Several serotypes of Sa/mollel/a ha ve been report ed in Alhca. In Nigeria, S. Dublin, 

S Widemarsh and S. Handoff were reported as predominant serotypes (Adesiyun and Oni , 

1989). In Botswana, the trlost comlllon Sa/Illollel/a serotypes among isolates n'om the 

abattoir were S. Anatllm, S. Brancaster and S. Typhimuriulll from slaug htered cattle (Mi ll er 

197 1). According to Hummel ( 1979), in Tanzania, the most prevailing serovars werc 

S. Typhimuriulll, S. Enterit idis, S. Gallinarum and S. Anatum among 436 Sa/mollel/a from 

different species of animals. These serovars are also common in Za mbia (Sharma et aI., 

1996). In Z imbabwe, studies show a wide range of serotypes found in the abattoir cattle and 

personnel (Chambers, 1977). The most frequent identified serovars were S. Senften berg, 

S. Newington, S. Mobeni, S. Typhi , S. Infanti s, S. Typhimurium, and S. Heidelberg, both in 

slaug hter cattle and human 

2.4.3 E thi op i a 

In Ethiopia, no repOIted studies have been carried out in the abattoir cattle. However, 

according to the work done by Mo lla et al. (1999), the common iso lates from minced beef 

with origin of some supermarkets in Add is Ababa were S. Dublin, S. Muenchen and S. 

Anatulll. Sa/Illollel/a strains iso lated f)'om diarr hoea l patients in Add is Ababa comprised S. 

typ hi with serogroups B, C, D and E (Mache and Mengistu 1998). In poultry, the iso lation 

of S. E nteritidis, S. Uganda and S. AJlatulll causes a health risk to the public (Molomo 
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1998). Teshome and Mebratu (1988) have confirmed the presence of S. Pullolum in one 

broiler farm in Ethiopia. The whole range of the status of Salmollella serotypes ex isting 

recently is yet unknown. As today new Salmollella serovars infecting livestock are reported 

worldwide, the ex istence of several up to now not detected Salmollella serotypes is also 

expected in Ethio pia. 

2.5 Public health Significance 

The incidence of human salmonellosis has increased during the last decades. This increase 

has been associated with the spread of Salmollella in an imal production, leading to frequent 

occurrence of salmonella in food for human consumption. Although nearly all Salmollella 

serotypes are potentially pathogenic to man, the two serotypes, S. Typhimurium and S. 

Enteritidis, predominate primari ly. This fact reflects an enhanced potential in the serotypes 

to spread and persist in modern food of animal origin production systems (Wegener et aI. , 

1998). Salmonellosis in human occurs aller consumption of food contaminated with 

Salmollella. Additionally in most cases salmonellosis in human is influenced by factors such 

as age, predisposing diseases, causing Salmollella serovar and the infection dose. The 

incubation period ill human is about 6-72 hours and the main symptoms are diarrhoeal, 

abdominal pain, vomiting, nausea, mild fever, anorexia, headaches and malaise. The 

infectious dose is said to be from 100 up to 10 000 bacterias. Less than 100 bacteria may 

cause illness in young children and in persons who are immunocompromised. Enteritis 

infection can also occur concurrently with immunodeficiency virus (HJY) infection and is 

one of the common complications of Acquired Inllllunodeficiency Syndromes (AJDS) 

(Notermalls et aI. , 1996). 

Contributing [actors in ep isodes of foodborne sa lmone llosis include slow cooling of 

recontaminated cooked foods, inadequate cooking of raw food ingred ients, improper hot 

storage of recontaminated cooked foods , cross-contamination of prepared foods through 

faulty handling of raw ingredients, or use of poorly sanitized equipment. Although use of 

improper holding temperatures remains the single most COlllillon fault in food handling 

practices, infected food handlers can al so playa detrimental role in outbreaks (Bryan, 1980) . 
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was the most frequent serotype in meat and meat products. S. Enteritidis was detected in 

varying degrees. S Typhimurium was the more frequent isolated in France compared to 

S. Enteri tidis (FAO/World Bank; 1992). S Uganda, as a new and highly pathogenic serovar 

causing food poisoning, has been isolated in human, associated with consumption of 

contaminated lood in Italy (Ricci et a I. , 1990). In Iran, 45 faeces samp les from diarrhoeal 

cows and calves contained 7 Sa/Illollella serovars. 7 1 % of them were S. Enteritid is and 

29 % S Typhimurium . From 429 faeces samples of human suspicious to salmonellosis, 13 

strains of Sallllollella (3.03 %) were iso lated, 6 1. 5 % of them belonged to STyphi and the 

next two species were S Paratyphi A (23 . I %) and S Enteri tidi s ( 15.4 %) (I-lemmatzadeh 

and Salemi , 1998). 

2.4.2 Afr i ca 

Several serotypes of Sa/Illollel/a have been reported in Ali'ica. In Nigeria, S. Dublin , 

S. Widemarsh and S. I-landoff were reported as predominant serotypes (Adesiyun and Oni, 

1989). In Botswana, the most common Sa/mollella serotypes arnong iso lates from the 

abattoir were S. Anatum, S. Brancaster and S. Typhimurium from slaughtered cattle (Miller 

1971). According to Hummel (1979), in Tanzania, the most prevail ing serovars were 

S Typhill1urium, S Enteritidis, S. Gallinarull1 and S. Anatum among 436 Salmollella froll1 

different species of animals. These serovars are also common in Zambia (Sharma et aI. , 

1996). In Zimbabwe, studies show a wide range of serotypes found in the abattoir cattl e and 

personnel (Chambers, 1977). The most frequent ident ified serovars were S. Senftenberg, 

S. Newington, S. Mobeni, S. Typhi , S. Infanti s, S. Typhimurium, and S. Heidelberg, both in 

slaughter cattle and human 

2. 4 .3 E thiopi a 

In Et hiopia, no reported studies have been carried out in the abattoir catt le. However, 

according to the work done by Molla et al. (J 999), the common isolates from minced beef 

with origin of some supermarkets in Addis Ababa were S. Dublin, S. l'vIuenchen and S 

Anatum. Sa/Illollella strains iso lated fi'om diarrhoeal patients in Addis Ababa compri sed S. 

typhi with serogroups B, C, 0 and E (Mache and Mengistu 1998). In poultry, the iso lation 

of S. Enteritidis, S. Uganda and S. Anatulll causes a health risk to the publi c (l'vIo lol11o 
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1998). Teshome and Mebratu ( 1988) have confirmed the presence of S. Pullo ru m in one 

bro il er farm in Ethiop ia. The whole range of the status of Sallllollella serotypes ex isting 

recently is yet unknown. As today new Salmollella serovars infecting li vestock are reported 

wo rldwide, the existence of severa l up to now not detected Salmollella serotypes is also 

expected in Ethio pia . 

2.5 Public health Significance 

The incidence of human sa lmonellosis has increased during the la st decades. This increase 

has been associated with the spread of Salmonella in animal production, leading to frequent 

occurrence of salmonella in food for human consllmption. Although nearly all Salmonella 

serotypes are potentially pathogenic to man, the two serotypes, S. Typhimurium and S. 

Enteritidis, predominate primarily. Thi s fact retl ects an enhanced potential in the serotypes 

to spread and persist in modern food o f animal origin production systems (Wegener et aI. , 

1998). Salmonellosis in human occurs aner consum ption of food contaminated with 

Salmollella. Additionall y in most cases salmonellosis in human is influenced by factors such 

as age, predisposing diseases, causing Salmollella serovar and the infection dose. The 

incubation period in human is about 6-72 hours and the main symptoms are diarrhoeal, 

abdominal pain, vomiting, nausea, mild fever, anorex ia, headaches and malaise. The 

infectious dose is said to be t1·om 100 up to 10 000 bacterias. Less than 100 bacteria may 

cause illness in young children and in persons who are immunocompromised. Enteritis 

infection can also occur concurrently with immunodeficiency vi rus (l-llV) infect ion and is 

one of the common compl icat ions of Acquired lnununodeficiency Syndromes (AIDS) 

(Notennans et aI., 1996). 

Contributing factors in episodes of foodborne sa lmonellosis include slow cooling of 

recontaminated cooked food s, inadequate cooking of raw food ingredients, improper hot 

storage of recontaminated cooked foods, cross-contamination of prepared foods through 

fau lty handling of raw ingred ients, or use o f poorly sanitized equipment. Although use of 

improper holding temperatures remains the single most common fault in food handli ng 

practices, illfected food handlers can a lso playa detrimental role in ou tbreaks (Blyan, 1980) . 
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2 . 6 Prevention and control of salmonellosis in meat 

and meat products of cattle 

The control of Sa/Illollel/a in beef and derived products is a most chall enging task due to the 

complexity and interdependence of various aspects of an imal husbandlY, slaughtering and 

mea t process ing. Retrospecti ve analysis of contro l measu res alld the ir impact on the 

bacteria l qua li ty and safety of meat have been disappointing because problems identified 

severa l decades ago still figure prominently in contemporary updates to the prevalence of 

Salmollel/a in the human food chain . However, current levels of Sa/Ill ollella in meat 

products and increasing trends in human infection and food-borne outbreaks underline the 

need for increased vigilance and concerted government and industrial controls from the 

stab le level to tab le (WHO, 1994). 

Good manufacturing practices (GMP) are widely postulated to improve the bacterial quality 

and safety of the food supply. The. success of the approach has been attained largely through 

stringent control of key manufacturing conditions such as temperature, pH, and 

bacteriological quality. The testing of raw meat and in-li ne control of processed meat using 

statistically significant sampling plans and sensitive analyt ical methods, as well as regular 

bacterial monitoring of the aba ttoir environment are necessary to uncover deficiencies in 

abattoir sanitation and to identify new sources of product contamination. (D'Aoust, 1994). 

Numerous opportunities exist at the farm level to control effect ively the entry and spread of 

Sallllollella in farm animals. In addition to regulated importation of li vestock and 

slaughtered animals, Sa/Illollel/a cross-infection of herds is minimized by the use of 

Sa/Illolleffa free breeding stocks and animal feeds, and the avoidance o f stressful conditions 

ari sing from overcrowding of animals and from feed and water depriva tion. Mainly ani lll al 

feed s have been identified as an important contributor to Sa/IllOllel/a infection. The causes 

are processing of non-edible offal from infected animal s into protein concentrates and cross­

contamination of rendered products through inadequate separation of raw and fini shed 

product areas. The use of poorly designed equipment that cannot be readily dismant led and 

reassellibled fo r regular disinfecting, and bulk production and shipping of feeds are some of 

the extra (actors that contribute to the fi'equently poor bacterial quali ty of animal feeds 

(Brisabois, 1997). 



Furthermore on ly meat which has been subjected to inspections according to the Codex 

Alimentarius Code for ante-mortem and post-mortem inspection of slaughter animal s or 

simi lar provisions shou ld be used for further processing. The ante-mortem and post-mortem 

inspection, however, will not necessaril y detect healthy carriers, in which Sallllullella 

organisms may be present in mesenteric lymph nodes or gut content. Numerous studies have 

shown that slaughtering of mcat animals ampl ifies the preval ent Sallllullella problem in 

farm animals. Punctual withdrawal of feed s from slaughter animals, rapid transport from the 

farm to the slaughtering plant , and minimal holding periods in lairage pens will substantia ll y 

reduce Sallllol1ella excretion and surface contamination of animal hides. Some studies 

demonstrated generall y lower Sallllullella contaminat ion of raw meat products in large 

supermarkets than in local shops and underlined a causa l relationship between frequent 

handling and cross-contamination of raw products (Jackson et ai, 1991 , Matayas, 1988). 

2.6. 1 Temperature con tr o l 

In rooms where the meat is deboned, trimllled or otherwise hand led wi th exposure to cut 

surfaces, the temperature should be kept sufficiently low to inhibit the growth of 

Salmullella. Studies show that some exceptional strains of Sallllullella may grow at 

temperatures as low as 5.3 °C; but their growth is suffi ciently retarded at 10 °C during a 

period of eight hours to be considered being insigni ficant. It is therefore advisable to carry 

out cutting at temperatures at or below 10 °C, provided that at the end of each working shift, 

normally lasting eight hours, cleaning and disinfecting of surfaces which come into contact 

with meat is carried out more frequently. In these rooms there should be thermometers or 

temperature recorders to be checked at least daily (WHU, 1994). 

2.6.2 C leaning of equipment 

Sanitation is one of most important measure for preventing the carry ing over of Sallllollella 

from one operation to another or 6·om one worki ng area to another. Cleaning and 

disinfecting should be done in regular time intervals. Furthermore sanitation has to be done 

when an operation is changed, and under all circu mstances, if raw meat has been hand led on 

the table that will be subsequently used [or the handling of cooked meat. It has been found 

that in a meat product establishment Sallllonel/a contamination most [requently ari ses from 
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sewage disposal taps, containers, fi lling machine, hands, walls, doors and utensil s. These 

sources, especially those that come into direct contact with meat and meat products, are 

hygienic control points. Monitoring of the effect of cleaning and disinfecting should be done 

regularly by inspection, and occasiona ll y, once a week, by microbiological testing with 

swab or agar contact methods (Matayas, 1988) . 

2.6.3 Storage and di s p osa l of waste 

It is important to ensure that waste material is handled in a way, which excludes 

contamination of meat, meat products and drinking water. All waste should be removed 

fi·olll the meat handling area, preferabl y immediately, but at least once a day and receptacles 

and the like which have been in contact with waste should be cleaned and disinfected 

regularly (WHO, 1994). 

2.6.4 Processing 

Meat and meat products should be prepared, processed and sto red in a way which ensures 

that Sallllollella organisms are inactivated to avoid contamination of the products after 

process mg. If that precondition is not fulfi lled, the multiplication of Sa/mollella must be 

limited. In th is context the fo llowing facts on the resistance / sensitivity of Sallllollella 

organisms should be kept in mind: temperatures for growth are between 5 ·C and 46 ·C, but 

below 10 ·C the generation time is 10 hours or longer; pH for growth is between 4.0 and 

9.0; salt (sod ium chloride) concentrations which are normall y used for techno logical or 

sensorical reasons will not inhibit this micro-organi sm. Generall y, Sa/mOl/ella like other 

enterobacteriacea, are not very res istant to heat. The processing of meat products must take 

these factors into consideration and should be supervised by competent personnel (D'Aoust, 

1994). 

2.6.5 Pos t -p r ocess in g h and lin g 

Meat products should be elTecti ve ly protected against recontall1ination and aga inst growth 

of Sa/Illulle//a after processing has been completed. In this respect packaging is an important 

facto r. It may be carried out before heat process ing, for instance, with cans or other 

containers that are heat processed at the sall1e till1e as the product. The can or container 
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sewage disposal taps, containers, filling machine, hands, walls, doors and utensi ls. These 

sources, especially those that come into direct contact with meat and meat products, are 

hygienic control po ints. Monitoring of the effect of cleaning and disinfecting should be done 

regularly by inspection, and occasionally, once a week, by microbiological testing with 

swab or agar contact methods (Matayas, 1988). 

2.6.3 Storage and disposal of w a ste 

It is impo rtant to ensure that waste material is handl ed in a way, which excludes 

contamination of meat, meat products ancl drinking water. All waste should be removed 

11-0nl the meat handling area, preferabl y immediately, but at least once a clay and receptacles 

and the like which have been in contact with waste should be cleaned and disinfected 

regularly (WHO, j 994). 

2.6.4 Processing 

Meat and meat products should be prepared, processed and stored in a way which ensures 

that Salmol/ella organisms are inactivated to avoid contamination of the products after 

processlllg. If that precondition is not fulfilled, the multiplication of Salmol/ella must be 

lilllited. In this context the following facts on the resistance I sensiti vity of Salmonella 

organisms should be kept in mind: temperatures for growth are between 5 °C and 46°C, but 

below 10°C the generation time is 10 hours or longer; pH for growth is between 4.0 and 

9.0; salt (sod ium chloride) concentrations which are normally used for technological or 

sensorica l reasons wi ll not inhibit this micro-organism. Generally, Sa/mo/lella like other 

enterobacteriacea, are not very res istant to heat. The processing of meat products must take 

these factors into consideration and should be supervisecl by competent personnel (D'Aoust, 

1994). 

2.6.5 Post-processing handlin g 

Meat products should be effectively protected against recontamination and against growth 

of Salmul/ella after processing has been completed. In this respect packaging is an important 

factor. It may be carried out before heat process ing, for instance, with cans or other 

conta; ners that are heat processed at the same time as the product. The can or container 
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closure is an important control point, as imperfect sealing Illay cause post-process 

contamination (Matayas, 1988). Monitoring of can or container closures and the quality of 

the water used for cool ing should be carried out regularly . Meat products which are heat 

treated prior to packaging should be promptly chilled to an internal temperature of not more 

than 7 °C and should be packed wi thou t delay in a separate area, where cross-contamination 

Ii·om raw IIleats can be avo ided. If any operation, such as cutting or slicillg, is perfo rmed 

before packaging, thi s operation should be carried out under satisfactory hygienic 

conditiolls. Packages should be regularly inspected to ensure the detection and rejection of 

those which are visibly defect ive (Matayas, 1988; WHO, 1994). 

2.6.6 Storage and t emperature of meat and meat products 

Manufactured meat products should physically be separated from raw meat during storage. 

The storage temperature shou ld be sufficiently below 4 °C to prevent the growth of 

survivillg Salmollella ill every case. Certain meat products, such as barbecued, roasted or 

boiled meat, alternatively may be stored at higher temperatures, e.g. ill delicatessen shops or 

in food-service establishments (Sharp, 1990). 

2.6.7 Sampling and laboratolY contro l procedures 

Where processlllg is carried out under good hygienic cond itions with emphasis on the 

monitoring for the critical control points as outlined, it is generall y not recommended to 

search for Salmollella in the end products. However, on line control and the use of indicator 

organisms is recommended . Where there is access to an outside laboratory, meat products 

shou ld be transported to the laboratory for routine or spot checks for the presence of 

Salmollella. It is advisable to cany out such checks if there are substantial changes in the 

processing, which might introduce conditions enabling the survival or growth of Salmollella 

(Hi ldebrandt and Weill, 1994) On the basis of the "FOSTER plans" samplillg procedures for 

detecting Salmollella contamination are proposed . In view of the fact that old people, 

chi ldren and the sick need special protection five categories were formed depending on the 

number of ri sk facturs, and these categories were subsequently more closely deli ned. Each 

of these groups were associated with a particular sampl ing plan with (irrespective of the size 

or the lot) is charaterized by acceptance number c and sample size n (table 2) . Plans with 
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c = 1 for cases where a positive sample is found during examination wele neglected by 

quality control institutions and onl y the plans with c = 0 are used up to now. 

Table 2: I"'odllct haza"d chanlcteristics and acceptance plalls (I' OSTER plalls) 

Category [: Non-steri[e food for children, old people and sick 

n = 60; c = 0 or II = 95; c = I 

Category [I: Food with three hazards characteristics, that is, sensitive ingredient, no 

Destructive step during manufacturer, likehood of growth if abused 

n = 30; c = 0 or n = 48 ; c = I 

Category 111: Food with two hazard characteristi cs 

11 = 15; c = 0 or n = 24; c= [ 

Cateegory IV: Food with one hazard charateristics 

n = 15; c = 0 or n = 24; c = 1 

Category V: Food with no hazard characteristic; does not usuall y need to be controlled 

n = [5 ; c = 0 or n = 24; c = [ 

Later on sampl ing plans in microbio logy quality control in foods are developed by the 

lCMSF (International Commissioll on Microbiological Specifications for Foods, 1986). 

They are publi shed in the fo llowing well recommended book: "Microorganisms in foods 

Vo l. 2, Sampling for microbiological analysis: Principles and specific app[ications". This 

work was meant as an attempt of a universall y applicable sampli ng strategy. Some of the 

ideas were taken fi'om FOSTER plan and modified. The " ICMSF Sampling Book" also 

works with risk categories, here called cases. The I 5 possible cases deriving fi'om a 

combination of fi ve risk classes with three of treatment are shown in tab le 3. 
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Table 3: Suggested sampling plans for combinations of degrees of health haza,'ds 

and conditions of use (ICMSF 1986), 

Deg,'ee of concern Conditions in which food is expected to be hnndled and 
.-elntive to utility consullled nftu salllpling in the usual course of even ts 
and health 
hnzard Conditions reduce Conditions cause Conditions lIIay 

deg,'ee of conce .... no chnnge in increase concern 
concun 

No direct health Increased shelf Ii fe No change Red uced shelf-life 
hazard, utili ty e,g, Case I Case 2 Case 3 
shelf life and 3-class, n = 5, c = 3 3 -class, n = 5, c=2 3-class, n = 5, c = I 
spoi lal!e 
Health hazard low, Reduced hazard No change Increase hazard 
indirect (indicator) Case 4 Case 5 Case 6 

3-class, n = 5, c = 3 3-class, n = 5, c = 2 3-class, n = 5, c= I 
Moderate, direct, Case 7 Case 8 Case 9 
limited spread 3-class, n= 5, c= 2 3-class n = 5, c = 1 3-class, 11 = 10, c = I 
Moderate, direct Case 10 Case II Case 12 
potentiall y 2-class, n = 5, c = 0 2-class, n = 10, c = 2-c lass, n = 20, c = 0 
extensive sDl'ead 0 
'Severe direct Case 13 Case 14 Case 15 

2-class, n = 15 c = 0 2-class, n = 30,c= 0 2-c lass, n = 60, c = 0 

• Includes Salmollella 

2 .6.8 Training of personne l 

The competent official authority should, in collaboration with professional organisations 

and managers as appropriate, arrange for training courses, not only for the employees but 

al so for inspectors in meat processing establi shment. The emphasis should be laid on the 

importance orthe hygienic handling of meat and especially on the criti ca l control points of 

these processes during Salmollella contamination, growth and cross-contamination may 

chie fl y occur (WHO, j 994). 

Education of consumers and of food handlers in food service establishment on the safe 

handling and cooking of poten tiall y hazardous meats and other raw ingredients constitutes 

an important fact of a comprehensive control program. Current national stati stics on causes 

offoodborne outbreaks involving basic food preparation steps such as adequate refrigeration 

and thorough cooking of foods indicate that the educational needs have yet to be satisfied 

(Stoll , j 993) 
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3 . MATERIALS AN D METHODS 

3.1 Description of study area and population 

3.1. 1 Study area 

The study was carried out in Addis Ababa, at the mam abattoir and 22 selected 

supermarkets in the city. The cattle population is estimated at 58.568 (1999 estimates). 

Addis Ababa has cool climate with an average rainfall of 1800 nll11 and is situated 

2500 111 above sea level. The main rain season extends from June to September with an 

average rainfall of 866 mm (84 % of rain in the year) . Rainfall and temperature data from 

the National Meteorological Services Agency (NMCA 1999) indicate also a short rainy 

season from March to May. The annual average temperatures are maximum 

26 ·C, minimum II ·C with an overall average of 18.7 0c. Highest temperatures are reached 

in May. Day length is fairly constant throughout the year, at 12-13 hours, with about 6 hours 

of sunshine during rainy months and 8- 10 hours for the rest of the year (NMCA, 1999). 

3.1.2 Study population 

The study population included random sampling of 235 cattle, with the total number of 564 

specimen which included 47 pooled samples, containing five sing le samples of faeces and 

mesenteric lymphnodes, 235 samples each of abdominal (obliquus and transversus) and 

diaphragmatic muscle. The sampl ing design is illustrated in table 4. This study was later 

followed by sampling of 300 stool samples from the slaughterhouse personnel. From 22 

supermarkets, 5 different minced beef samples were collected, once in a week for three 

weeks, resu lting in an overall of330 sampl es. 
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Table 4: TYIJeS of specimen sampled in the cross-sectional cattle study 

Numbet· of TYlle of S(lecimen and Numbe,' 

Animals Facces Mesenteric Dia(lhragmatic Abdomen 

Exa mined (Iooled Iym(lhnodes Muscle Muscle 

I'e,' week (Iooled 

25 5 5 25 25 

25 5 5 25 25 

20 5 5 20 20 

20 5 5 20 20 

20 5 5 20 20 

25 5 5 25 25 

25 5 5 25 25 

25 5 5 25 25 

25 5 5 25 25 

25 5 5 25 25 

1'otalnumbel" of specimens: 

264 47 47 235 235 

The present study is a cross-sectional study and involved determination of the prevalence 

and di stribution of Salmollella in faeces, lymphnodes and two different beef cuts from the 

abattoir and minced beef from supermarkets. The program included week ly visits on fi xed 

days at the abattoir and supermarkets. At the abattoir an average of 600 cattle, 150 pigs, 500 

sheep and goats are slaughtered daily . The study population invo lved sampling of 20-25 

animals weekly. 300 stool samples from the 700 abattoir workers were drawn. Identification 

and c1assitication of the rnost common serovars of Sa/Illollella in animals and products as 

well as in humans was also conducted. In order to assess some factors contributing to 

Sallllollella, a questionnai re was also administered to abattoir personnel and observations on 

pre-slaughter cond iti ons, slaughter faciliti es, post-slaughter handling and status of the 

supermarkets. 
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3.1 . 3 Samples investigated 

The samples invest igated from the abattoir were faeces, mesenteric Iymp hnodes, diaphragm 

and abdominal muscles from slaughtered cattlc . Minced beef samples destined for 

consumption were bought from the supermarkets in Addis Ababa. Stool samples from the 

abattoir workers were collected in co llaboration with the medical personnel in the abattoir 

clinic. 

All samples were taken under aseptic conditions and transported in a cool box to the 

Microbiology Laboratory of Faculty of Veterinary Medicine, immediately after collection 

and cooled at 2-4 °c All samples were labelled accordingly and accompanied with the 

necessary identifying information. This included the date of sampling, type of specimen and 

its source. 

3.2 Culture Method 

For the culture method, the technique recommended by the International Organization for 

Standardization (ISO 6579, 1998), was used (Figure I) . 
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Figure I: Diagl'lllll of procedur'e: ISO 6579 (1998) 

Test portion, 25 g + Pre-enrichment medium, 225 ml 
incubation at 37°C for 18 h to 20 h 

,j, 

0. 1 ml of cu lture +- Selective enrichment 
10111 1 of KY . broth 
(magnesium chloride I malachite greenl 

~ I mlof culture 
10 ml of Selenite Cystine broth 

incubation at 37 °C for 24 h 

soya peptone broth) 
incubation at 42 °C for 24 h 

(and if necessary [or further 24 h) 

(and in necessary for further 24 h) 

Plat ing out on selecti ve 

media in Petri di shes 

I'" solid selecti ve plating-out 

medium 

2nd solid select ive 

plating-out medium 

I£: (MacConkey) (BPLS) 

incubat ion at 37°C 

for 20 h to 24 h (and for a 

further i8 h to 24 h if necessary) 

At least fi ve characterist ic colonies 

(fi'OI11 each plate) 

,j, 

incubation on nutrient agar 

Incubat ion at 37 ° C for 18 h to 24 h 

Biochemical confirmation Serological confirmation 

interpretation of results 
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3 . 3 Sampling Procedures and Processing 

• On the first level pooled samples of faeces (containing li ve single samples) were 

collected Ii'om slaughtered cattle at the Addis Ababa abattoir 11'0111 235 animals. 

2-3 g samples of faeces were added to Rappaport Vassiliadis (RV) broth for one day. The 

following day O. I ml was transferred to the next RV, after I and 2 days streaking on two 

different plates of BPLS and MacConkey. 

• On the second level pooled samples of mesenteric lymphnodes (containing five single 

samples) were collected from the same number of animal s. 25 g were addded to 225 ml 

of peptone water [or one day and on the next day transferred to RV and SC, on the third 

day streaking onto selective agar medium (BPLS and MacConkey). 

• On the third level co llection of si ngle beef cuts 1i'0I11 diaphragama and abdominal 

muscles separate ly weighing 25 g from 235 animals. They were treated as in the second 

leve l. 

• Additionall y, collection of stool samples from 300 abaltoir workers, weighing 2-3 g and 

treatment as in first level. 

• On the fourth level, collection of 300 minced beef samples from 22 supermarkets, 

weighing 25 g. Treatment as in second level. 

3.4 Culture procedures 

3.4. 1 Pre-enrichment 

Diaphragm and abdominal (M obliquus and M. transversus) muscles of 25 g, mesenteric 

lymphnodes as pooled 25-50 g, raw minced meat 25 g, al l separately were mixed using a 

stomacher in 225 ml buffered peptone water (BPW) and incubated at 37 "c for 16-20 hours 

for pre-enrichment. Cattle and human faeces samples do not need any pre-enrichment. 
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3.4 .2 Enrichment In selective liquid mcdia 

After pre-enrichment, 0.1 ml of the separate culture was transferred to 10 ml of Rappaport­

Vassiliadis broth and I Inl to 10 ml of selenite cystine broth to bc incubated for 24 hrs at 

42 "c and 37°C respectively. CallIe laeces and human stool were enriched in 10 ml 

Rappaport- Vassil iadis broth for one day and transferred to the next RV on the next day. 

3.4.3 Platin g out and recogn i tion 

From the cul tures obtained in 3.4.2. each sample was plated out on BPLS- and MacConkey 

agar med ium and incubated at 37°C for 24 hours. The plates were examined for the growth 

of Sa/mollella colonies. If growth is sl ight or if no typical colonies of Sa/II/ollella are present 

on BPLS and MaeConkey agar, they were reincubated at 37°C for further 18-24 hours. 

About five suspected co lonies were selected from each plate and streaked on nutrient agar. 

Aller streaki ng of the suspected colonies, they were incubated at 37 "c for 24 hours. They 

was re-exami ned for the presence of Sa/mollella. The suspected colonies were subjected to 

confirmation using biochemical tests. 

3.5 Biochemical and Serological tests 

The isolates were biochemically differentiated from other Gram- negative genera uSing 

reaction on TSI agar slopes, Lysine decarboxylase and Simon 's citrate aga r slopes. These 

were performed in order to increase the likelihood of obtain ing suspected Salmollella 

colonies for serological confirmation. Apal1 from TSI agar slopes, lysine decarboxy lase and 

Simon's citrate agar slopes, the biochem ica l tcsts were carried out using " Enterotube 11" 

(Roche-Diagnostic, Basel) as described by the manufacturer. For thi s purpose only obtained 

pure colonies were used. The tubes were incubated overnight at 37°C, aner inoculation. The 

reactions were recorded on the interpretation pad. They were considered negative only if the 

compartments remain unchanged wi th the except ion of in do le and Vosges-Proskauer. These 

two were tested by addi ng their respect ive reagents. The tubes were read by writing down 

the numbers for each posit ive reaction on the interpretat ion pad in comparison with a 

reference pattern supplied with the product 1I·om the manufacturer. The numbers i.e. the 

values for eaeh positive reaction were added and then a five d igit number (ID value) was 
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obta ined, referring to the CClS (Computer Coding and Identification System) for 

"Enterotube 11 " (Hoffman-La Roche and Co. AG, Switzerland) . 

Suspected Salmol/el/a isolates were tested further using anti-Salmullel/a sera I and Ii as well 

as with group specific anti-Salmullel/a sera following the recommendations of the 

manufacturer (Silin, Berlin). From isolates reacting to groups B, C, D or E, a sing le colony 

was transferred to nutrient agar and incubated for 24 hours and at 37°C. The isolates were 

then transpOlted maintaining the cold chai n to the Institut fiir Lebensmittelhygiene for 

validation and finally to the BgYY (Bundesinsitut fur gesundheitlichen Yerbraucherschutz 

und Yeterinarmedizin , Berlin) for final confirmation. Originally in Et hiop ia 118 Salmollel/a 

strains were iso lated. After storing, transport and recultivation, finall y 98 Salmollella strains 

were serotyped. 

3.6 Serotyping at BgVV, Berlin 

For serotyping, iso lates were fir st plated on Gassner Agar and incubated overnight at 

37°C. A small amou nt of one single co lony was mixed with rabbit-anti sera against "0"­

antigens to check for agglu tination. Afterwards, from the same colony a small amount was 

transferred to sem i-solid agar plate and incubated overnight. Testing was done in the same 

way, looking for the second H-phase of Salmollella. Results of the first day were confirmed 

by repeated testing. 

All anti-sera used were prepared by the Reference Laboratory by their own. First pools of 

sera were used fo r grouping, afterwards all individual sera included in a group which 

showed positive agglutination were tested individually. Finally, using the ant igen formula in 

the Kauffmann-White scheme, the sero var was determined. 

3.7 Te s ting for antibiogram in BgVV, Berlin 

Seventeen antibiotics were tested against the strains detected. These drugs were the 

fo llowing (tab. 3): Amikacin (AK 30 >tg), Ampicillin (AMP 10 ~lg), Cefuraxolin (CXM 30 

~lg), Ch loramphenico l (C 30 ~lg), Coli stin (CT 10 >tg), Enrofloxacin (ENR 5 ~lg) , 

Furazolidon (rR 1 00 ~lg), Gentamyc in (CN 10 >tg), Kanamycin (K 30 [lg), Nalidixin acid 
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(Na 30 Ilg), Neomycin (N 10 Ilg), Polymyxin B (PB 300 Ill), Streptomycin (S 25 ,lg), 

Sulphamethoxazoln"r imethoprim (SXT 25 ,lg), Sulphonamide (SU 300 Ilg), Tetracycline 

(TE 300 Ilg) and Trimethopril11 (W 25 'lg). Testing was done following the procedure 

described by Arbeitskreis fUr Veterinannedizi nische Infek tionsdiagnostik (A YLD 1996). 

Briefl y, an agar diffusio n test was carried o ut using Mueller-Hinton agar. Each strain was 

culti vated firs t in L-bro th overnight at 37 "C. Al'terwards culture was di luted adequately and 

plated on M uell er-Hinton agar to enab le growth of non-confluenting colonies on the plate. 

Commerciall y (OXOID) avail ab le platelets containing stand ardized amounts of 

antimicrobi als were placed o n the agar plates inoculated with the strain to be tested. 

Interpretatio n was do ne fo llowing incubation overnight at 37 "c by read ing the zone of 

inhib ition of growth. The diameter of the zone surrounding each antimicrobial di sk with no 

bacteria l growth was determined criteria for scoring test strains as sensitive, intermediate or 

resistant were used accord ing to DIN 58940 (Deutsches Lnstitut fur Normung e.Y., 1989) 

interpretative standards. 

Table 5 : Antibiotic disks used, their- symbols and concentmtion pel' disl{ 

Antibiotic Symbol Concen tf .. tio n (ud disk) 
Amikacin AI< 30 
Ampici ll in AMP 10 
Cefuraxolill CXM 30 
Chl oamphellicol C 30 
Colistin CT 10 
Enrofloxacin ENR 5 
Furazolidoll FR 100 
Genlamycin CN 10 
Kanamycin K 30 
Nalidixic acid NA 30 
Neomycin N 10 
Polymyxill PB 300C\l)) 
Streptomycin S 25 
Sulpha metoxazo le-Iri methop ri In SXT 25 

Sulphonamide SU 300 

Tetracycline TE 30 
Trimethoprim W 2,5 

3 . 8 Data Analys i s 

All the data co ll ected fi·Dln samples of the abattoir cattle (poolcd faeces and mesenteric 

Iymp hnodes, Illuscles from diaphragm and abdominal), abattoir wo rkers and minced beef 
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oom supermarkets were stored and analyzed using the software Microsoft Exce l. Analysis 

of data on the prevalence and distribution of Sa/mol/el/a are presented in the form of tables 

and fi gures. 

To compare the pool prevalence for faeces and mesenteric Iymphnodes with the Sallllol/ella 

prevalence of individual muscle samples of abdominal and diaphragm it was calculated 

using formula shown below. With the help of this formula , the individual-level prevalence is 

estimated on the basis o[pool samples. 

Calculated (l,·cvalcllcc : P = 1 - (1 - (lool p"cvalcllcc)lI" 

P = prevalence of single samples 

n = pool size; in this case 5. 

The second formula for the created pool [rom individual single samples that based on one or 

more Salmollel/a was considered as a positive pooled samp le (Cowling et aI. , 1999). 

Calculated Pp = 1 _ (1 _ p)5 

Pp = pool prevalence 

P = single prevalence (in this case N /235, 

"N" is the number of Sa/mol/ella positive cases) 

Graphs were drawn using MS Excel to illustrate the prevalence and distribution of 

Sa/mol/ella from the samples. The statgraphics plus 2. 1 statist ical software (Magnugistics, 

Inc., Rockville, Ma., USA) was used for the Chi-square test to see whether salmonellosis of 

the abattoir cattle was associated with animal condition, mode o f transport, source of 

minced beef from supermarkets ancl storage conditions. Calculat ion was clone accordi ng to 

Martin et al ., ( 1987). An timicrobial resu lts were analysed based on the descript ion by AVID 

( 1996). 
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4. RESULTS 

This was a cross sectional study whose objective was to estimate the prevalence and 

distribution of Sa/mollella from 235 abattoir cattle, selected as random samples .. The 

sources analyzed were pooled cattle faeces, pooled mesenteric Iymphnodes, single muscles 

fi·om the diaphragm as well as from the abdominal region . Additional minced beef Ii'om 

supermarkets destined for human consumption and additinally stool samples from the 

abattoir personnel were included in the survey. The isolated Salmonella- strains were 

serotyped and resistance against antib iotics determined. 

Sa/mollella iso lates from 47 pooled faeces samples were 5 ( 10.6 %), from 47 pooled 

mesenteric lymphnodes 9 (19.6 %), from 235 single samples each of the abdominal (M. 

obliquus and M. transversus) muscle 23 (9.8 %) and of the diaphragmatic muscle 28 ( 11.9 

%). In 300 stool samples fi·om the abattoir personnel 18 isolates (6.0 %) Sa/mollella have 

been detected. Minced beef from the 22 supermarkets with an overall of 330 samples 

contained Sa/mollella in 26 cases ( 7.9 %), as shown in table 6. 

A questionnaire was administered to get more information about the abattoir ' s pre-s laughter 

conditions, s laughter facilities, post-slaughter handling and disease status, furthermore the 

association of salmonellosis in the abattoir cattle with the condition of animals and mode of 

transport, and fi nally about the prevalence of Sa/mollella in minced beef from supermarket, 

with associat ion to storage conditions. 

[n order to establish a link between serovars and their potential to public health hazard, the 

most common serovars of Sa/mOl/ella fro m the abattoir cattle and personnel on the one hand 

and minced beef fi'ol11 supermarkets on the other were defined. Furthermore, the antibiotic 

suscep tib ility of S'a/mollella iso lates to commonly used antimicrobial agents was tested due 

to the significance to public health from the viewpoint of food hygiene and the therapy of 

salmone ll osis. 

In the study 98 Salmonella strains were serotyped and idenlified as 27 S. Anat uIn 53 S 

Dub lin, 5 S. Meleagridis, I S Muenchen, 9 S Saintpaul and 3 S rough forill . All 98 strains 

reacted sensitive against the seventeen antimicrob ial agents used. 
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Table 6: Frcqucncy of Salmol/el/a isolntcs by source 

Source Number examined 

Abattoir': Cattle 

I'ooled faeces 47 

Pooled. Lnll. mes. 47 

Estimated faeces 235 

Esti mated Lnn. mes. 235 

A b. M usc1e 235 

Dia. M usc1e 235 

C. ab. Muscle 47 

C. dia. Muscle 47 

Abauoir' : Personnel 

Human stool 300 

Supennar'kct 

Minced beef 330 

Bold lines contains the original data 

Lnn. mes. = mesenteric Iymphnodes 

Ab. = Abdominal 

Dia. = Diaphragm 

Number of isolates 

5 

9 

5 

10 

23 

28 

19 

22 

18 

26 

I'ositive samplcs (%) 

10.6 

19.2 

2. 1 

4.3 

9.8 

11.9 

40.4 

46.8 

6.0 

7.9 

Table 6 shows the frequency of Salmollella iso lation by source. 235 abattoir cattle were 

sampled. From each cattle single samples of mesenteric Iymphnodes and faeces are taken. 

For both matrices 5 sing le samples have been combined to a pooled sample, leading to 47 

pool samples for each matrix . Further 235 sing le samples of diaphrag matic muscle and 235 

single samples of abdominal muscles are separately drawlI. Add itio nall y, the study included 

300 stool samples fi·om the abattoir personnel and 330 minced beef samples fTom the 

supermarkets. The following numbers of Salmollella were isolated: pooled faeces 5/47 (10.6 

%), pooled mesenteric Iymphnodes 9/47 (19.6 %), abdominal (obl iquus and transversus) 

231235 (9.8 %) and diaphragmatic muscle 28/235 (11.9 %), human stool 18/300 (6.0 %) and 

minced beef26/330 (7 .9 %). The estimation of the single samples based o n pooled ones was 

calculated with the help of the formula given on page 28 led to the following results: for 

faeces 5/47 x 5 (2. I %) and for Iymphnodes 10/47 x 5 (4 .3 %). The convers ion of individual 

samples into created pool samples was also done using the formula given 011 page 28. 
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The computation for the abdominal and diaphragm muscles is as follows: 19/47 (40.6 %) 

and 22/47 (46.8 %) respectively. 

4.1 Detailed analysis of the cattle data 

Fig 2: Salmonella prevalence in single cattle samples 
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Lnn. meso = mesenteric lymph nodes 

Dia. Mus. = Diaphragm Muscle 

Ab. Mus. = Abdominal Muscle 

Calculated prevalence: P = 1 - (1 - Pool Prevalence)1/5 

The above formula was used to calculate the individual prevalence for faeces and 

mesenteric Iymphnodes from pooled samples. This is done in order to make it comparable 

with the prevalence for individual samples of abdominal and diaphragm muscles. The 

mathematical procedure for estimation of individual-level prevalence based on pool samples 

was reviewed by Cowling et al. (1999). The estimated prevalence for single samples was 2.1 

% in faeces and 4.25 % in mesenteric Iymphnodes respectively. 
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Fig 2 illustrates the overlapping of the exact binomial confidence intervals (CI) indicating 

no significant difference between the four groups. The prevalence of Salmonella estimated 

as individual level prevalence based on pool samples, where isolates were 5 ( 2. 1 %), CI = 

03 6 (lower limit = LL) to 4.22 (upper limit = UL) and mesenteric Iymphnodes 10 ( 4.26 %), 

CI = 2.68 (LL) to 7.15 (UL). For 235 single samples of beef cuts the corresponding data are: 

abdominal muscles 23 ( 9.8 %), CI = 6.3 (LL) to 14.3 (UL) and diaphragma muscle 28 

(1 1 9%) CI = 8. 11 (L.L) to 16.8 (UL). 

F ig. 3: Salmonella prevalence of the pooled vs. created pool (% ) 
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Lnn. meso = Mesenteric Iymphnodes 
C. abo = Created abdominal pool 
C. dia. = Created diaphragm pool 

Created pooled data (5 samples were considered as one pool for analysis) 

To compare the cattle data on a pool level the results of the muscles analysis were 

transformed to "created pooled data" . Created pools means summing up the results of fi ve 

cows (following row of numbers). Every sample of fi ve with one or more Salmonella 

positive was considered as a positive pooled sample. At the end there have been 47 created 

pools (containing 5 single samples) . In detail there were 24 pools without Salmonella, those 

comprising Salmonella positive were 12 pools with 1, 5 pools with 2, 4 pools with 3, 1 pool 

with 4 and 1 pool with 5 respectively. The prevalence of created pools was calculated as P 

pool = 23/47 = 0.489. 
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Figure 3 shows that the exact binomial confidence intervals are mainly overlapping and 

there is no significant difference between pooled and created pool with the exception of 

pooled faeces samples. The calculated values are (real pool) faeces 5 (1 0.6 %), CI = 3.5 

(LL) to 23. 1 (UL), mesenteric Iymphnodes real pool 9 (19.2 %), CI = 9.14 (LL) to 33.3 

(UL), diaphragm muscle created pool 19 (40.3 %,) CI = 26.4 (L.L) to 55.7 CUL) and 

abdominal muscle created pool 22 (46.8 %) CI = 32.1 (LL) t061.9 (UL). 

Fig. 4: The observed vs. the expected distribution of the number of positive samples in 

created pools (size of pool n = 5) abdominal muscle and diaphragm 

muscle 
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Fig. 4 illustrates the observed distribution of the created pools with 0, 1, 2, 3, 4 and 5 

positive single samples. The good correspondence of the two values for probability of real 

single (Prs) and probability of single estimated from created pool (Psc) shows that the 

results seem to be in agreement with the mode of the binomial distribution. The condition is 

allowed, that the cattle samples are drawn randoml y and no bias exists . With the help of the 

formula 

Calculated prevalence: P = 1 - (1- Pool Prevalence)lfS 
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it was possible to calculate the probabil ity Pcs for a single to be Salmollella positive on the 

basis of the created pools. The calculated value amounts Pcs = 0.1 25 if binomial distribution 

was accepted. In the next step the probability of 0, 1, 2, 3, 4 and 5 positive results in the 

pool of 5 samples was calculated and drawn in F ig. 4 as "expected for Pcs = 0. 126". The 

third d istribution curve is ca lculated with help of the same princip les but using the real 

prevalence Prs = 43/235 (0. 183.) 

4.2 Abattoir pel'sonnel stool data 

Table 7 illustrates the 300 human stool samples exam ined, the Salmollella prevalence was 

18 (6.0 %) and CI = 3.6 (LL) to 9.3. (UL). 

Table 7: Confidence intcl'val of Salmollella prevalencc in abattoir' pel'sonncl stool 

SOUl'ce No. No. Pl'evalcnce UL LL 

examined l'ositivc (0;'. ) 

Human stool 300 18 6.0 9.3 3.6 

4.3 Detailed analysis of the minced beef data 

Table 8 illu strates the Salmollella distribution detected in the supermarket samples in Addis 

Ababa. F ifteen samples of minced beef were coll ected from each supermarket, therefore 

from 22 supermarkets a total of330 specimens were sampled of which 26 (7,9 %) contained 

Sa/molle//a. The range was 0 up to 3 iso lates per 15 samples, Table 8 shows the abattoir 

source of mi nced beef, too. 

34 



Table 8: Salmonel/a isolation in minced beef from supermarkets 

Su perma "ket Source No. No. of samples positive 

No. examined fo.· Salmonella 

1 2 15 1 

2 1 15 0 

3 3 15 J 

4 1 15 1 

5 2 15 1 

6 2 15 1 

7 I 15 I 

8 2 15 2 

9 I 15 5 

10 2 15 3 

IJ I 15 0 

12 I 15 0 

J3 2 15 0 

14 I 15 I 

15 I 15 I 

16 1 15 0 

17 1 15 1 

18 3 15 2 

19 1 15 2 

20 2 15 1 

2 1 1 15 2 

22 2 15 0 

Total number of specimen 330 26 (7.9 %) 

1 = Addis Ababa abattoir; 2 = Kaliti abattoir; 3 = Kaliti abattoir 
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Fig 5: Salmonella prevalence in minced beef by abattoir sources 
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Fig. 5 illustrates the overlapping of the binomial confidence interval between abattoir 

sources at 95 % binomial confidence interval. This shows that there is no significant 

difference between the abattoir sources. For the three abattoir sources from the supermarkets 

sampled there is given: the sample size, the number of Salmonella isolates and the 

Salmonella prevalence with the binomial confidence intervals respectively: Addis Ababa 

abattoir 105, 13 ( 12.4 %), CI = 6.8 (LL) to 20.2 (UL); Kaliti abattoir 80, 9 (11.3 %), CI = 

5.3 (LL) to 20.3 (UL); Kara abattoir 30,3 (10.0 %) CI = 2. 1 (LL) to 26.5 (UL). 

Table 9: Salmonella isolations associated with animal condition 

Animal condition Salmonella (+) Salmonella (-) total Positive (%) 

Poor (0) I I 1 12 91.7 

Average (I) 18 83 101 21.7 

Good (2) 14 97 1 11 12.6 

Excellent (3) 0 11 I I 0 

Total 43 192 235 

The Chi- square test was used to see if there was any association of salmonellosis in animals 

and their condition. Of235 animals sampled, 192 were Salmonella negative and 43 positive 

table 9. The frequency of salmonellosis in animals according to their condition were: poor 

status: 91.7 %, average: 21.7 % good: 12.6 % and in excellent (healthy animals) : 0 %. 

36 



The tab le also shows that there was signifi can t difTerence (X 2= 48.09, d.f = J, P < 0.05) in 

Sa/mollella preva lence rate and animal condition. 

Table 10: Salmollel/a isoilltions nssocinted with the mode of tnlllspo,·t 

mode of tnlllsport Salmollel/a (+) S"lmollel/" (-) Totlll 

Foot 13 6 1 74 

Rail 18 7 1 89 

Road 12 60 72 

Totnl 43 192 235 

Table to shows the Illode of transport of the animals to thc abattoir and Salmollella isolation 

rate. It was done by hoof, rai l or road . Of the 235 animals sampled, 192 were ncgative and 

43 were Salmol/ella posit ive. The Chi- Square test was used to see if there was any 

association in the abattoir bctwecn disease status and mode of transporl. Table 10 shows that 

there was no significant difference (X2 = 0.38, d.f = 2, P > 0.05) in Sa/mol/ella prcvalence 

rate and mode of transporl. 

Table 11: Sa/mollel/a isolntiolls ill minced beef f,"oll1 the supenllnl'l{ets associated 

with stornge 

sto"age SallluJllella (+) Sa/mol/ella (-) Totnl 

cold room (0) 3 1 4 

refi'igerator (I) 12 3 IS 

not cooled (2) 1 2 3 

Total 16 6 22 

Table II illustrates the Sa/mol/ella detection in minced beef by storing in the co ldroo m, 

refrigerator and nOll cooled facilities. Salmol/ella iso lates were 16 positive and 6 negative in 

an overall of 22 samples. The Chi- Square test was used to see if the prevalence of 

Sa/mol/ella in lllinced beef o f supermarkets was li nkcd wi th storage telllpcrature. Thc table 

shows that there was no significant difTerence (X2 = 2.76, d.f = 2, P > 0.05) in Sa/mul/el/a 

prevalence rate ancl storagc. 
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4.4 Results of serotyping 

Table 12 illustrates the results of serotyping of 72 Salmullella strains isolated frol11 the 

abattoir cattle and personnel. 

Table 12: Salmollellil SCI'olypcs isolated from abaHoil' samples 

Sourcc No. of Sa/molldhl isolates 

AbaUoir: Cattle 

Faeces pooled 

Lnn. mes. 

Pooled 

abdominal lIluscle 

diaphragmatic muscle 

AbaUok: personnel 

Total 72 

SA = Sa/munel/a Anatul1l 

SD = Salmonella Dublin 

SA 

J 

J 

2 

7 

15 

SME = Salmollella Meleagridis 

SMU = Salmullel/a Muenchen 

SRF = Salmullel/a rough [orm 

SI) SME SMU 

4 I 

2 

18 

21 

4 5 

49 5 1 

SR 

2 

2 

From the pooled samples of faeces (contain ing 5 single samples) 4 S. Dublin and I S. 

Muenchen, of the pooled samples of mesenteric lymphnodes (containing 5 single samples) J 

S. Anatum amI 2 S. Dublin have been found. Similar to the cattle faeces, S. Dub lin 

dominated in the beef cuts sing le samples. In sing le samples of abdominal muscles 18 S. 

Dublin and 3 S. Anatum and in diaphragm muscle samples 2 I S. Dublin and 2 S. Anatull1 

occurred. The 18 Salmonella isolates from the abattoir personnel consis ted of 7 S. Anatulll, 

4 S. Dublin, S S. Mcleagridis and 2 Salmullella rough forms. III tutal the di stribution uf 72 

Salmullella serovars runs as follows: 15 S. Anatulll, 49 S. Dublill, 5 S. Meleagridis, I S. 

Muenchen and 2 S. rough form , respectively. 
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4 . 4 Results of serot y ping 

Table 12 illustrates the results of serotyping of 72 Sallllullella stra ins iso lated from the 

abaLLoir caLLie alltl personnel. 

Table 12: Salmollel/a SCl"UtY(lcs isolatcd f"om abattoir samples 

Sou/'CC No. of Salmoll el/a isollllcS 

AbattoiJ·: Cattle 

l'aeces pooled 

Lnll. meso 

Pooled 

abdominal lIIuscle 

diaphragmatic muscle 

AbaUoi.-: personnel 

Total 72 

SA = Sa/Illollella Anatul1l 

SD = Sallllunel/a Dublin 

SA 

3 

3 

2 

7 

15 

SME = Sallllonella Meleagridis 

SMU = Sa/Illonella Muenchen 

SRF = Sa/munella rough form 

SO SME SMU 

4 I 

2 

18 

21 

4 5 

49 5 1 

SI{ 

2 

2 

From the poolcd samples of faeces (containing 5 single samplcs) 4 S. Dublin and I S. 

Muenchen, of the pooled samples ofmesellteric Iymphnodes (conlaining 5 sing le samples) 3 

S. Anatull1 and 2 S. Dublin have been found. Similar to the cattle faeces, S. Dublin 

dominated in the beef cuts sing le samples. In sing le samplcs of abdom inal muscles 18 S. 

Dublin and 3 S. Anatum and in diaphragm muscle samples 2 1 S. Dublin and 2 S. Anatum 

occurred . The 18 Salmollella iso lates from the abattoi r personnel consisted of 7 S. Anatum, 

4 S. Dublin, 5 S. Mclcagridi s and 2 Salmullella rough forms. In tutal lhe di stribution of 72 

Salmollclla serov<lrs runs as follows: 15 S. Ana lum, 49 S. Dub li n, 5 S. Meleagridis, I S. 

Mucnchen and 2 S. rough form, respect ively. 
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Table 13 shows the fj'equency of Salmonella scrotypes inlllinced beef fi 'olll the thrce 
abatto ir sources. 

Tablc 13: Thc frcqucllcy of Salmollclla serotypcs ill millced becf from slIpenllarkels ill 
t1I1'ce abattoir' sources 

Supcnlln"'lct Source 
No. 

I 2 
2 1 

3 3 

4 1 

5 2 

6 2 

7 I 

8 2 

9 I 

10 2 

11 I 

12 I 

13 2 

14 1 

15 I 

16 I 

17 1 

18 3 

19 1 

20 2 

2 1 I 

22 2 

Tolal 26 

SA = Salmollel/a Anatul1l 

SD = Salmollel/a Dubl in 

SSp = Sa/mollella Saintpaul 

sru' = Salmollella rough form 

No. of Sa/moil ella isolntcs 

SA SD SSp 

1 

1 

1 
1 

1 

1 
2 

3 1 

2 1 

1 

1 

1 

2 
2 

1 
1 1 

12 4 9 

1 = Addis Ababa abattoir 

2 = Kali ti abattoi r 

3 = Kara abattoir 

SR 

1 

1 

Of the 26 Salmonel/a strains are 12 S. Anatulll, 4 S. Dublin, 9 S. Sainlpaul and 1 S. rough 

[orlll. Arranged for the abattoir sources of the Sa/mollella 3 Sa/malleI/a scrotypcs (2 S. 

Anatul1l, I S. Dublin and 6 S. Sainlpaul) orig inated fi'ol1l Kalili aballoir. Fronl Kara abattoir 
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all 3 strains belonged to S. Saintpaul. In the minced beef Ii'om Addis Ababa lOS. Anatul11, 3 

S. Dublin and I S. rough form were fo und. In all the samples of Addis Ababa abattoir 

(faeces, mesenteric Iymphnodes, beef cuts and minccd meat) no S. Saint paul was detected. 

4.5 Antimicrobial test results 

All the 98 Sa/mollel/a strains, namely S. Anatulll, S. Dublin, S. Meleagridis, 

S. Muenchen, S. Saintpaul and S. rough form isolated from the abattoir cattle samples, 

personnel and minced beef from supermarkets were tested in resistance against the 17 

antibimicrobials already shown in the previous table 3. All the Sa/Illoliel/a strains were 

sensitive to the 17 drugs. 

4 . 6 Questionnaire survey 

In order to assess some factors contributing to Sa/mollella occurrence, a questionnaire was 

administered to the abattoir personnel and observations on pre-slaughter conditions, 

slaughter facilities, post-slaughter handling and disease status. Additionally, the conditions, 

storage facilities and sources of meat to the supermarkets were registered. 

4.6.1 T he pre-slaughter conditions 

The source of cattle was fj'om different parts of the country. It was transported by vehicle, 

rail and foot. The noticed comIIlon cattle diseases were tuberculosis (Til), helminthiasis and, 

in some cases, various metabolic disorders. Animals brought [or slaughter were adults aged 

5 years or older. Usually, animal s were numbered after arrival at the abattoir by g iving an 

abattoir code number. An average of 450-500 animals are slaughtered daily. Disease 

suspected cattle were additionally screened [or 'I'D, blood parasites and Foot amI Mouth 

Disease (FMD). A veterinarian and assistant meat inspectors carry out the ante-mortem 

inspection. 

4.6.2 Slaughter Faci litie s 

Birds, rodents and other vermin are attracted by the bones that are exposed outside and do 

invade the genera l surrounding orthe aba ttoi r. The design unci faci lities o rthe slaughter line 

are both mechanized amI manual. The IlJaJor source of water is ch lorinated tap water. A 
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veterinarian and assistant veterina ri an meat inspectors carry out the post-mortem inspection. 

At slaughter the most frequent findings of meat inspection are pathological lesions, 

pneumo nia, enlphyse llla, abscess, calculii , nephritis, pyaelllia and T O lesions. The 

condemned specilllens and inedi ble slaughter omll including intestines and their contents 

are processed into blood meal, an imal concentrates and bone meal for pets, poul try, cattle 

and o ther li vestock. The disposed waste passes into the main internal drainage and is 

emptied to the pit-holes and some of it is incinerated. 

4.6.3 Pos t -s l aug ht er h a ndlin g an d di sease s t a tu s 

The type of laboratory analys is in case of a suspected disease are blood smears and faeces 

for parasites, Bacillus anthracis, TB and di scharges. TB is a reported disease the of the 

abattoir's person nel. The slaughterhouse storage fac iliti es include cold rooms and 

refrigerators. The meat is transported in closed trucks and then suppli ed to private and state 

owned butcher shops and supermarkets. 

4.7 Supermarkets 

The source of meat fro lll the supermarkets were Addis Ababa, Kaliti and Kara. The mode of 

transport of meat and meat products are usua ll y closed vehicles. The types of storage 

faciliti es are mainl y co ld roOIllS and refrigerators. Meat is processed into sausages and 

minced beef The di sease screening for the personnel is done by publi c health personnel, in 

some cases screening lo r 'fB, salmo nellosis and other zoonoti c di seases. Meat and meat 

products are randoml y co llected for various labo ratOIY anal yses. 



5. DISCUSSION 

This study was planned as a baseline start. The Addis Ababa abattoir was selected as a 

model to determine the Salmul/ella prevalence from cattle samples, starting with the pooled 

faeces fo llowed by mesenteri c Iymphnodes and muscles from the diap hragm as well as from 

the abdo mi nal region. The prevalence of Salmol/ella was determi ned up to the end product, 

that means mi nced beef so ld in Addis Ababa supermarkets. Additionall y, the human stool 

from the abattoir personnel was analyzed fo r Salmol/ella serotypes. 

Abattoi.· cJ"oss sectional stndy 

Generall y the fact that ~almo/1ella occurs at Add is Ababa abatto ir is in agreement with 

studies of other authors on the abattoir. From the current studies Salmol/ella iso lates 11'om 

the diaphragm 28 /235 (11.9 %) and abdominal 23 1235 (9.8%) muscles show beef cuts to 

be the most important source for Salmol/ella in comparison to expected numbers (calculated 

from pool samples) for individual faeces of cattle for n = 5147 x 5 (2 .1 %) and mesenteric 

Iymphnodes n = 10/47x 5 (3.8 %). Low prevalence in living animal, indicated by low 

isolation rates of faeces and lymph nodes, Icads to the conclusion that the contamination of 

beef cuts is not due to spreading of Salmonella in the living or dying organisms. There must 

have been severe cross-contamination during the skinning process as a result of bad 

hygienic conditions du ring subsequent dressi ng operations. One probable source could have 

been Ii'om infected abattoir personnel because in 18 ( 6 %) of the 300 stool samples 

Salmonella were iso lated. On the other hand in the human faeces S Meleagridi s was 

detected, a serovar which has never been found in cattle (see p. 46). Several reports have 

stressed the impact of poorly di sinfected knives or other slaughtering equ ipment and bad 

hygiene among the slaughterhouse personnel on cross contamination (WHO, 1985). In thi s 

Addi s Ababa study other contaminat ion routes are also probable. Mainly some 

environmental factors, such as insects, rodents, av ian vectors and water could have also 

been invo lved in the infection of herds and contamination of processing areas. These vectors 

have also been demonstrated in abattoirs of other countries to be the potential source of 

contamination of mea t destined for human consum ption (Samuel el aI. , 1980). All the facts 

Illentioned above as causative agents of beef contamination during the slaughter process are 

also fo und at the Addis Ababa abattoir. 
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In previous studies it was reported, that stressful conditions and over-crowding associated 

with transport of animals from rearing farms to the abattoir induces shedding of Salmollella 

in animals (Samuel et aI., 198 1). However, from the Addis Ababa studies the Chi-Square 

test indicates salmonellosis detection in cattle Ii'om the abattoir was not con'e1ated with 

circulllstances of animal transport. On the other hand, the results lead to the conclusion that 

the health status of the ca ttl e is associated with sal monellosis because in the I~leees and/or 

mesenteric Iymphnodes of 12 cows class ified as "poor conditioned" Salmollel/a was 

detected in II times. 

In this survey pool-tcs ting was used for the faeces and mesenteric sample in agrecment to 

Cowling et al. (I999). Collective sample testing can be used to determine herd status 

(infected or non infccted) or, if multiple pools per herd arc used, the individual animal 

prevalence can be estimated with the help of these results as shown in this stud y. 

The consumption of raw meat by the abattoir personnel Salmollella was isolated of by stool 

samples 18 (6 %) of the 300 stool samplcs may be interpretcd as an indication of chain 

contamination bet wcen callIe carcass and people. This is concluded frolll work carried out 

in a Nigerian abattoir (Addo and Diallo, 198 1). Outbreaks of human salmonellosis as a 

result of eating raw ground beef have previously been described by Roels et al. (I997). It's 

advisable to cook meat thoroughly for human consumption to reduce the risks of food borne 

illness. Despite some unsanitary practices at the slaughterhoLlse are detected in Ethiopia, 

little is known to quantify the risk of contaminat ion of meat with Salmollella at that level. 

For example information is not available on the degree of contamination of the environment 

with Salmollella caused by untreated cmuents or the Salmollella prevalencc in pcsts like 

rodcnts or birds. 

Supcnnllrl,et uoss sectional study 

In the present study thc isolation rate of 26/330 (7.9 %) Ii'olll luinced beef of thc Addis 

Ababa supermarkets was less than the rate of20/50 ( 40 %) sampl es reportcd by Molla et al. 

(1999). The difference between the results of the lattcr and the prcscnt one, though carried 

ou t in thc sa llie cnvironment, could havc bccn due to improvement of the hygienic 

standards, seasonal inlluences or fundamcntal differences between the shops included in 

both studies. Especia ll y there was demonstrated a lower Salll/ol/el/a contamination of 

minced beef in large supermarket s than ill local shops. These Jindings underline a casual 
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relationship between fi·equent hand li ng and cross contamination of beef products But it is 

c lear that concerning the way fro m the Addis Ababa slaughtcrhouse to tile consumer, the 

prevalence of Salmollella does not increase during beef transpolt, production of minced beef 

and selling it in the supermarkets. 

Qucstiollnail·c Stllvey 

The scope of the quest ionnaire was ga ining more information by an assessment of factors 

contributing to sa lmonellosis in the abattoir and in minced beef from supermarkets. 

Applying this questionnaire, important information about the health hazards of 

salmonellosis to people and livestock can be obtained. Interviews or ot ller eITorts carried out 

before and aller the campaign contribute an important fact of a comprehensive control 

program against Salmollella. As shown by thi s Addis Ababa study it is necessary to carry 

out ante-mortem and post-mortem inspection on slaughter animals. Only apparently healthy 

animals are to be recommcnded for slaughter in tile abattoir, because a much higher ri sk of 

salmonellosis can arise fi·om animals of poor condition. Storage did not have any eITect on 

Salmollel/a prevalence of minced beef fi·om the supermarkets, but the sources of beef 

impact on the isolated serotypes (p. 46). 

ScrotYJlCs isolated 

The present study was conductcd to detect Salmollel/a scrotypes which are common in the 

Ehtiopian line fi·om stable to table. Taking samples fi·ol11 cattle at the slaughterhouse, beef 

cuts, abattoir personnel and minced beef should give some information whether there exists 

a link between the serovars o f diITerent steps of pre-and post-harvest meat chain and 

serovars of potential public health hazard that cou ld be iso lated. In thi s study carried out for 

the lirst time on sa lmonellos is in the Addis Ababa reg ion in abattoir callie and IlUman 

personnel, predominant Sa/mollel/a serotypes were S. Dublin followed by S. Anatum. Both 

serovars were mostly isolated from pooled samples of bovine faeces, mesen teric 

I ymphnodes and beef cut samples of the diaphragmatic and abdominal muscle. These results 

agree with works carri ed out by various authors concern ing difTerent slaughterhouses in 

Africa and ollier parts of tlie wodd (Millcr, 197 1; Challlbers, 1971; Ades iyun and Oni, 

1980; Sharma et al. 1996; f AO/Wodd ilank; 1992; Anonymous, 1997). According to 

literalure S. Dublin appears lo be almost cattie specific as it is cOIllIllonly idenlilied in this 



ruminant. On the other hand S. Muenchen which was only iso lated from cattle faeces and S. 

Anatum are not host specific. 

The Salmollella strains fi·om the abattoir personnel comprised S. Anatum, S. Dublin and S. 

Meleagridis. In th is study carried out for the first time on abattoir workers these serotypes 

are firstly reported for lIlan in Ethiopia , too. Previous studies from human diarrhoeal 

outpatients in Addis Ababa show S. Typ hi serogroup B, C, D and E whose source of 

infection may be contaminated food (Mache and Megistu, 1998). Concerning the 

slaughtered abattoir cattle S. Anatum and S. Dublin have been isolated. This could but must 

not have been linked to the consumption of raw meat by the abattoir personnel , which 

excreted the same serovars. These serovars were also isolated from the abattoir workers and 

children in Zimbabwe (Chambers, 1977). S Meleagridi s was also detected from the stool of 

abattoir workers. Its origin can only be justified by other contaminated food products, as it 

was not identified in any sample of the abattoir cattle. It should be pointed out that there was 

not any case of contamination of the 330 beef cut samples by S. Meleagridis. 

Findings of Salmollella in minced beef from the supermarkets showed S. Anatum, 

S. Dublin and S. Saintpaul as the most fi·equent serotypes. The dominance of S. Anatum and 

S. Dublin in minced beef is in agreement with the work of Molla et al. (1999), concerning 

the same matrix. The source of the two serotypes found in minced beef from supermarkets 

could have been from the Addis Ababa abattoir because these strains were isolated fi·om 

samples collected at the same slaughterhouse. On the other hand S. Saintpaul is a new 

serovar to be repOited in Ethiopia. The origin of S. Saintpaul from Kaliti and Kara abattoirs 

supplying meat to supermarkets to be processed into minced beef was clearly shown in this 

study. From the point of view of tracing back it seems very important that no minced beef 

from Addis Ababa slaughterhouse contained S. Saintpaul because th is serotype was not 

isolated at the slaughterhouse itself. However, S. Sai ntpau l has been well documented from 

two other abattoir studies (Adesiyun and Oni, 1980; Shrama and Joshi, 1992). There was no 

difference in overall fi·equency of Sa/mollella between the three abatto ir sources except the 

difference in frequency of serotypes. In future there should be designed a stud y covering all 

meat products with a considerable Salmollella contamination risk to get more detailed 

information about the Sa/mollel/a in fection chains in Ethiopia. 
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Antimicrobial scnsitivity of SalmoJlella isolatcs 

From the viewpoint of food hygicne and therapy of salmonellosis the scnsitivity of 

Salmollella isolates to commonly used antimicrobial agents is of public health significance. 

In the prcsent study 98 Salmollella strains (namely S. Anatum, S. Dublin, S. Meleagridis, S. 

Mucncitcn, S. Saint paul and S. rough form) iso lated from thc aballoir cattlc samples, 

slaughterhouse pcrsonnel and minccd bccf from supcrmarkets havc been testcd for 

resistance against 17 antimicrobials. Al l Salmonella strains showed sensitivity against the 

17 drugs in the lollowing concentration: Amikacin (AlC 30 ~lg), Ampicillin (AMP 10 Ilg), 

Cefuraxolin (CXM 30 ~lg), Chloramphenicol (C 30 Ilg), Co li stin (CT 10 Ilg), Enrofloxacin 

(ENR 5 ~lg) , Furazolidon (FR I 00 ~lg), Gentamycin (CN I 0 ~lg) , Kanamycin (K 30 Ilg), 

Nalidixin acid (Na 30 Ilg), Neomycin eN 10 Ilg), Polymyxin B (PB 300 lU), Streptomycin 

(S 25 ~lg), SulphamethoxazollTrimethoprim (SXT 25 Ilg), Sulphonamidc (SU 300 ~lg), 

Tetracycline (TE 300 Ilg) and Trimethoprim (W 25 Ilg). This is a clear indication that most 

of the antmicrob ial drugs are rarely utilized in cattle hence no drug resistance was observed 

antimicrobial testing. Preventing of development of rcsistance in Salmollella in food of 

animal origin does not only imply that antibiotics should ncver bc administered to control 

subclinical Sa/mol1ella infection, but also that the use of antibiotics fo r food of animal origin 

in general should be to the least possible cxtcnt. Spccial care should be taken lor the classes 

of antibiotics used for treatmcnt of human Sa/mollel/a infections, notably flouroguinolones 

and aminoglycosides. Basing on the information presented above, it is important that the 

prudent use of fluoroguinolones in the Ethiopian veterinary field should continue with the 

idea that their application sllOuld maximizc the thcrapeutic elTect and minimize the 

emergcnce of resistance as documcnted by Malorny et al. (I999): 

On the other hand recently research work demonstrated a rapid growlllg multidrug­

resistance for many Salmollella strains isolatcd fi'olll livestock and humans in many regions 

of the world. The predominant serovars iso lated of foods of animal origin, mainly S. 

Anatum and S. Dublin, have developed resistance patterns to strcptomycin, neomycin and 

tetracycline (Adesi yun and Oni, 1980; Shrama and Joshi, 1992). From abattoir 

investiga tions carried out in Brazil the dominant strain 1'1'0111 meat and lIleat products of' 

cattle origin was S. Dublin too and thi s serotype was resistant to tetracycline, 

chloramphenicol, kanamycin , ampicillin, nalidixic acid, gentamicin and trimethoprim­

sulillcthoxazole (Composs et aI. , 1989). Other authors stated that thc transition of 
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Antimicrobial sensitivity of Sa/mol/eli" isolates 

From the viewpoint of food hygiene and therapy of salmonellosis the sensitivity of 

Salmollella iso lates to commo nl y used antimicrobial agents is of pub lic health significance. 

In the present study 98 Salmollel/a strains (namely S. Anatu rn, S. Dublin, S. Meleagridi s, S. 

Muenchc lI, S. Saint paul and S. rough [orm) iso lated from the abattoir cattle samples, 

slaughterhouse personnel and minced beef n'om supermarkets have been tested fo r 

resistance aga inst J 7 antimicrobia ls. A ll Salmollella strains showed sensitivi ty against the 

J 7 drugs in the foll owing concentration: Amikacin (AK 30 ~lg), Ampicillin (AMP 10 ~lg), 

Cefu raxolin (CXM 30 ~lg), Chloramphenicol (C 30 ~lg), Coli stin (CT I 0 ~lg) , Enrofloxacin 

(ENR 5 pg), Furazolidon (FR I 00 ~lg), Gentamycin (CN 10 pg), Kanamycin (K 30 pg) , 

Nalidixin acid (Na 30 pg), Neomycin (N 10 pg), Polymyxin B (PB 300 10), Streptomycin 

(S 25 pg), SulphamethoxazollTrimethoprim (SXT 25 pg), Sul phonamide (SU 300 ~lg), 

Tetracycline (TE 300 ~lg) and Trimethopri m (W 25 pg). This is a clear indication that most 

of the antmicrobial drugs are rarely uti li zed in cattle hence no drug resistance was obselved 

antim icrobial testing. Preventi ng of development of resistance in Salmollella in food of 

animal orig in does not only imply that antibiotics should never be administered to control 

subcl inical Salmonella infection, but also that the usc of antibiotics for food of animal orig in 

in general should be to the least poss ible extent. Spccial care should be taken fo r the classes 

of antibiotics used for treatment of human Salmonella infections, notab ly flouroqu ino lones 

and aminoglycosides. Basing on the information presented above, it is important that the 

prudent use of fl uoroquinolones in the Ethiopian veterinary field shou ld continue with the 

idea that their applicati on shou ld maxi mize the therapeutic effect and minimize the 

emergence o f res istance as documented by MalOl'ny et al. (J 999): 

On the other hand recently research work demonstrated a rapid growIng l11ultidrug­

res istance for many Salmollel/a strains iso lated fro m li vestock and humans in many regions 

of the worl d. The predominant serovars iso lated of foods of animal o rig in, mainly S. 

Anatu m and S. Dublin , have develo ped res istance pattems to streptomyc in , neomycin and 

tetracycline (Ades iyun and Oni , 1980; Shrama and Joshi , 1992). From abattoir 

investiga tions carried out ill Brazi l the donli nan t stra in from meat and meat products of 

cattl e origi n was S. Dublin too and this serotype was res istant to tetracycl ine, 

chloramphenicol, kanamycin, ampicill in, nalidix ic acid, gentamicin and trimethoprim­

sul llletil oxazole (Composs et aI. , 1989). Other authors s tated that the transition of 
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multiresistant Salmollclla strains o'om cattle to human is (still) a seldom event, but a low 

risk does exist. 

.Regarding the g iven facts sa lmonellosis is of public health significance, because the 

probability of eating meat or meat products contaminated with Sallllollella must be taken 

into account. Prevention measures must start at the level of animal production. Reduction 

of the prevalence of Sallllollella should be based on good production practices (GPP) which 

includes biosecurity, cleaning, disinfection and animal hygiene. This GPP should 

furthermore be incorporated in food production, transport and selling as commodity food 

safety/quality assurance programmes. Integral for the success of intervent ions at the animal 

production level are in-depth understanding of the epidemiology and microbial 

characteristics of specific pathogens, animal identification and diagnostics. At the 

consumption end of the continuum, the public, especially food handlers and consumers, 

need education in safe handling of food. Furthermore, recommendations about important 

measures that reduce the general risk of infection from foods should be published. These 

consultation includes guidelines regard ing the storage, handling, use and preparation of 

meat and meat products. 

6. CONCLUSIONS AND RECOMMENDATIONS 

j . Concerning the "cow-chain" the prevalence of Sallllollella in single samples is relatively 

low in the faeces (2. 1 %) and mesenteric lymphnodes (4.2 %) of the Ethiopian abattoir 

cattle in comparison to the Salmollella loads of beef cuts (9,8 % and 11.9 % 

respectively) and minced beef from supermarkets (7.9 %). Apart from these sources the 

level of the Salmollella prevalence in stool samples of slaughterhouse workers (6.0 %) 

li es between these two groups. 

2. The highest prevalence of Sallllollella in beef cuts was found in cattle being slaughtered 

in poor condition. To reduce the Salmollella burden to the public it is therefore essential 

to perform intensive li ve inspect ion and to slaughter on ly healthy animals. 

3. The data [rolll bacterio logica l analys is of beef cut samples frolll abdomen (9.8 %) and 

diaphragm (1 1.9 %) show that there must have been severe add itional contaminat ions 

during the slaughter process, mainly duri ng the step of skinn ing. 

4 . In 6 % of the human stool samples [rom the slaughterhouse workers Sallllollella was 

iso lated . Theoreticall y, the employees play an illlpo rtan t role as a source for Salmollella 
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contami nation. On the other hand S. Meleagridis was only fo und III human faeces 

samples and this serotype was never isolated U·OIll the "cow chain". 

5. Although the level of the Salmollella load of minced beef from supermarkets (7.9%) 

does not exceed the Salmollella burden of the original beef cuts, there arises a severe 

ri sk for the consumer of raw beef 

6. The most liequent iso lated Sa/mollel/a serotypes In cattle/beef samples were 

S. Dublin and S. Anatum. S. Muenchen and S. rough form were found less frequently . S. 

Meleagridi s was only detected in human stool and S. Saintpaul in minced beef not 

orig inating from Addis Ababa slaughterhouse. 

7. None of the 98 tested Salmollella stra ins showed res istance against 17 antimicrobial 

substances. 

The following recommendations must be considered genera ll y and are important to improve 

the hygienic status of Ethiopian beef: 

• Separation of healthy and sick or suspected animals before slaughter and avoidance of 

stress to the animals, strict separation in the slaughterhouse between "unclean" and 

"clean" area. 

• Environmental factors such as insects, rodents and avian vectors must be under control 

because they are involved in the infection of herds as well as in the contamination of 

processing areas and carcasses. 

• During slaughter, Good Manufacturing Practices should be follo wed which include 

cleaning and disinfecting of knives and aprons, hand washing, avoidance of contact 

between carcasses and other surfaces and optimal cleaning education and motivation of 

slaughterhouse personnel and adequate control by competent official authority. 
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8 . APPENDICES 

Appendix 1. 

Positive cattle pooled samples of mesenteric lymph nodes and faeces 

Data worksheet 

Pooled 10 MeS.Ln Faeces Status Trans Cond Antibiogram Serovar 
1 p n p v 2 
2 p n p v 1 
3 p n p v 2 
4 p n p f 1 
5 n n n r 2 
6 n n n f 2 
7 n n n r 2 
8 n n n f 1 
9 n n n v 2 
10 n n n v 2 
11 n n n v 1 
12 n n n f 1 
13 n n n v 1 
14 n n n v 0 
15 n n n f 1 
16 n n n v 1 
17 n n n r 1 
18 n n n r 2 
19 n n n f 2 
20 n n n f 2 
21 n n n f 2 
22 p n p f 2 
23 n n n f 2 
24 n n n f 1 
25 n n n f 2 
26 n p p v 3 
27 p n p v 3 
28 n n n v 3 
29 n n n v 2 
30 n n n r 2 
31 p n p r 2 
32 p n p r 2 
33 n p p v 1 
34 n p p r 1 
35 n p p r 3 
36 n n n v 1 
37 n n n v 1 
38 n n n v 2 
39 n n n v 2 
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40 n n n v 2 
41 n n n v 2 
42 n p p v 2 
43 n n n v 2 
44 n n n r 1 
45 n n n r 1 
46 n n n r 1 
47 p n p r 1 

Appendix 2 

Created pool for the abdominal and diaphragmatic muscles 

Data work sheet 

Pooled A.M D.M Status Serotype Antibiogram 
10 
1 n n n 
2 n n n 
3 p n p 
4 n n n 
5 p p P 
6 n n n 
7 n n n 
8 p p P 
9 n n n 
10 n p p 
11 n n n 
12 n n n 
13 n n n 
14 n n n 
15 n n n 
16 n p p 
17 n n n 
18 n p p 
19 n n n 
20 p p P 
21 P p p 
22 P p P 
23 P n p 
24 P n p 
25 n n n 
26 n n n 
27 n n n 
28 n n n 
29 n p p 
30 n p p 
31 P p p 
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32 P p p 

33 P n p 
34 n p p 
35 p p P 
36 p p p 
37 n n n 
38 n p p 
39 p n p 
40 p n p 
41 p p P 
42 p P P 
43 n p p 
44 n p p 
45 P P P 
46 P n P 
47 n p p 

Appendix 3 

Abattoir Personnel Positive Results 

SA Status 

10 A010 
32 A032 
41 A041 
52 A052 
70 A070 
80 A080 
98 A098 
102 A102 
129 A129 
148 A148 
159 A159 
168 A168 
176 A176 
178 A178 
224 A224 
239 A239 
272 A272 
274 A274 

N = Negative; P = Positive 
SA = Salmonella Anatum 
SD = Salmonella Dublin 

P 
P 
P 
p 
p 
p 

P 
P 
P 
P 
P 
P 
P 
P 
P 
p 

P 
P 

SME = Salmonella Meleagridis 
SMU= Salmonella Muenchen 
SRF = Salmonella. rough form 
NR = No Resistance 

Antibiogram 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

60 

Serotype 

SO 
SA 

SME 
SME 

SO 
SME 

SO 
SA 

SO 
SA 

SME 
SA 

SME 
SR 

SA 
SR 

SA 
SA 

7SA 4SD 5SME 2SR 



Appendix 4 

Salmonella isolation in minced beef from supermarkets 

Supermarket Status Source 
10 No 

1 P 2 
2 n 1 
3 p 3 
4 p 1 
5 p 2 
6 P 2 
7 P 1 
8 p 2 
9 p 1 

10 p 2 
11 n 2 
12 n 2 
13 n 2 
14 p 1 
15 I::l 1 
16 n 1 
17 P 1 
18 P 3 
19 P 1 
20 P 2 
21 P 1 
22 n 2 

Total 

SA = Sa/mol/ella Anatum 

SD = Sa/mol/ella Dub lin 

SSp = Sa/mol/ella Saintpaul 

SRF = Sa/mol/ella rough form 

NR= No Res istance 

Storage Antiboigram 

1 NR 
2 NR 
1 NR 
1 NR 
0 NR 
1 NR 
1 NR 
2 NR 
1 NR 
1 " 
0 " 
1 " 
1 " 
1 " 
0 " 
2 " 
1 " 
1 " 
0 " 
1 " 
1 " 
1 " 

1 = Addis Ababa abattoir 

2 = Kaliti abatto ir 

3 = Kara abattoir 

(;1 

No. of Salmonella 
isolates 

SA SO ~ I~ 
1 

1 
1 

1 
1 

1 
2 

3 1 1 
2 1 

1 
1 

1 
2 

2 
1 

1 1 
12 4 9 1 



Appendix 5 

Questionnaire Specimen 

A. Abatloil· 

• Pre-Slaughter conditions 

1. Origin of an imals 

2. The Mode of Transport 

a. Vehicle b. Rail c. By foot 

3. Disease History trom source of animals 

4. Age groups of animals brought for slaughte 

a. Young b. Juveniles c. Adults 

5. Identification of animals 

a. Tatoo b. Ear tags c. None 

6. The number of animals slaughtered in a day 

7. Against which diseases are animals screened before slaughter 

8. Who carries out the ante-mortem inspection? 

a. Veterinarians b. Animal Health Technicians c. None 

• Siaughte.· Facilities 

9. The design and fac ilities in the abattoir 

10. The general surrounding in the abattoir 

II . The facilities used during slaughter of animals 

12. The type of protective clothing used by the personnel in the abattoir 

13. What is the source and quality of water used? 

a. Tap water b. Hand carried c. Borehole d. wells 

14. How are the an imals slaughtered? 

a. Mechanized b. Manual 

15. Who carries out the post-mortem inspection? 

a. Veterinari ans b. Animal Health Technicians c. None 

16. How are the condel1lned specimens disposed? 
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17. The disposal of waste 

a . Incenerator b. Pit-holes c. Open disposal 

18. What are the commonest conditions at meat inspection? 

• Post-Slaughter- handling and disease status 

19. The type of laboratory ana lysis in case of a suspected diseases 

20. Any reported disease cases frolll the personnel 

2 1. The type of storage fac ilities 

a. Cold rooms b. Fridges c. none 

22. How is the Illeat transported to the supermarkets and butcher shops? 

23. To which superlllarkets and butcher shops is the meat supp li ed in the city? 

B. Supe ... "ar-ket and butcher- shops 

I. The source of meat 

2. What is the mode of transportation of meat and Illeat proclucts 

a. Open Vehicles b. Closed Vehicles c. Closed and refrigerated d. By hand 

3. The type of storage facilities 

a. Cold room b. ReJ}-igerators c. None 

4. What are the types of meat processing carried out? 

5. The type of cutting facilities 

6. How is the packaging done 

7. Any previous complaints from clients on illness contacted on consumption of 

meat and meat products 

8. Is there any disease screening for the personnel? Which ones? 

9. The type of protect ive clothing used by the personnel 

10. Is there any inspection by the Public health personnel 

11. Are there any specimens sampled for laboratory analysis? 
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