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ABSTRACT 

A cross~scctional study was carried out Cor the period of 6 months in selected sites of Addis 

Ababa in order to determine the prevalence and distribution of Salmul/elfa in the cattle chain 

frolll abattoir to the COllsumer. The sources analyzed were pooled ca ttle faeces, pooled 

mesenteric Iymphnodes. single muscles from the diaphragm as well as from the abdominal 

region Additional minced beef from supermarket s destined for human consumption and 

additinally stool samples from the abattoir personnel were included i ll the survey. The isolated 

Salmollella strains were serotyped and resistance against antibiotics delclIllined 

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

Standardizat ion ( ISO 6579. 1998) was choscn Antimicrobial results \\ere analyzed based on 

the descrption by AV ID (1987). All the data collected on the prevalence and Salmonella 

distribution from the samples were presellled ill form of tables and figures The Chi· Square 

test analyzed statistically whether there was association between Salmollella plcvalence with 

animal condition or Illode of transport conditions, supcrmarket s or storage conditions in 

supermarkets. 

Analyzing prevalence and distribution of Salmullella from 235 abattoir cattle randomly 

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

five samples) 5 Salmullella strai ns (10.6 00) were isolated. in 47 pooled samples of mesenteric 

Iymphnodes there were 9 strains (196 00). 111 235 single samples of the abdominal (oblique 

and transverse musclc) 23 (9.8 %) and in 235 diaphragmatic muscles 28 Salmonel/a \,ere 

found (1\ 9 ~o) From 300 stool samples of the abattoir pcrsunncl ill 18 cases (6.0 %) 

St.,lmomdlll were isolated. tvlinced beef frolll the 22 supenllarkets \.,,·ilb an uverall of 330 

samples cOlllained in 26 of the unit s (7 9 °0) .''l'tdll1cJllcl/a cases 

In the entire study. 98 survivi ng Salmullel/a strains were serotypcd and identified as 27 

S. Anatulll. 53 S. Dublin. 5 S. leleagridis, I S. ~Iuenchen. 9 S. Sailllpaul alld 3 S rough 

forlll. From the pooled samples of faeces 4 S. Dublin and 1 S·. Muencl1en. of the pooled 

samples of IIlcscnteric IYlllphnodes 3 S. AIlt1tUIll and 2 S. Dubl in IwYe been found. In single 

salllpies of abdominal muscles 18 S. Dublin and 3 ') .. Analum and in diaphragmatic muscle 

samples 21 S. Dublin and 2 S. Anatull1 occurred. The cattle specific S. Dublin \.vas tbe lIlost 

dominan t serovar in all the cattle st1l1lples The 18 Salmol/ella isolates from the abattoir 

pelsollllcl consisted of 7 S. Aanlulll. 4 5/. Dublin, 5 S. Mcleagridis and 2 Salmollel/a rough 

\11 



forms, In thi s case S. Anal lim was the most predominant scrovar followed by S. Aleleagridis 

v.hich \\as never iso lated from the callie chain From mi nced beef 26 ~)"alll1()IIC!l/o st rains were 

cultivated comprising 12 S. Anatulll. 4 S. Dublin, 9 S. Saintp3u l and 1 S. rough form 

3 Sallllollel/a scrotypcs, (2 S. Anatulll. I S. Dublin and 6 S. Saintpaul) orig inated from Kal iti 

abattoir In this of Kara abattoir all 3 strains belonged to S. Saintpaul In minced meat 

originating from Addis Ababa lOS. Anatulll, 3 S. Dub li n and I S. rough form but no 

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

Iymphllodes. beef cuts and minced Ineat) no S. Saintpaul \\as detected neither. 

The 98 Salmullel/a isolates v.ere tested for resistance against the seventeen antibiotics This 

result is an inuication of rare ly using antimicrobial agents in Ethiopian ca ll ie. hence no drug 

resistance \\as observed during the antimicrobial tests 

Lo\\ prevalence of SalmVlw/la in the living cattle. indicated by 10\\ isolation rates from faeces 

and lymph nodes. at one hand and high Salmolle/lo prevalence in samples of beef cuts 

(abdominal and diaphragmat ic muscles) on the other hand lead 10 the conclusion that there 

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

during subsequent dressing operations_ To reduce Ihe Salmonel/a burden 10 the publ ic it is 

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

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

a considered Salnume/la contamination risk 10 quantify the total hazard of Salmollella 

inrection for the consul11ser 



1 . INTRODUCTION AND OBJ EC TIVES 

Ethiopia is fuund in Ihe eastern pa rt of Africa and is situated bel\vCCIi Eritrea in the 

north-east. Djibout i in the cast, in the south-cas! Somalia , Kenya in the sou tb -west and in 

the west and 11011h-\\ est Sudan The area of the country is I 128 176 kml (M icrosofi 

Enearta. 1994) 

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

estimates) Agriculture accounted for 48 ~o of the G OP ill 1992. and engaged 73 % of the 

economically active population The economy of Ethiopia depends heavily 0 11 the earnings 

from lht! ill..!.l icuhural sector. The COlintly has the highest ii\ 'cSlock population in Sub­

Saharan Africa with an estimated numbers of31 million cattle, 24 million sheep, 18 million 

goats. 7 million equines. 063 million mules. 52 million donkeys. I 07 mill ion camels and 

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

highlands. 

The livestock population of Addis Ababa is estimated to be 58 568 Livestock species found 

are cattle, sheep. fev. goats. horses and donkeys. The predominant species is caule. 

Holstei n- Friesians, Holstein-Friesian ClOsses with Zebu and Zebu breed types are available. 

They are mainly ~ept for milk and meat Zebu oxen are used for ploughing The livestock 

management system vanes between intensive {dairy}. semi-in tensive and extensive 

(~ l icroson Encana. 199-t) 

As a matter of princ iple sa lmonellae have been found in all domesticated mammals and the 

environment (Sojka ct al.1970) r. licrobial foodbornc infections and intoxica tions in human 

beings are cOlllmonly associated with microorganisms of animal origin (Addo and Diallo, 

1981) Consumption of contaminated meal and meat products hmc been responsible for 

many of these foodborne diseases (Bryan, 1980) Such contamination occurs wi th in 

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

1981) Foodbornc disease caused by S'u/mollel/o is a \ery important public heahh problem. 

not only ill developed countries but al so in developing ones. The hazard occurs mainly due 

to changes ill nutritional habits. the manner in which foods arc marketed and because of 

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

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



Salmonellosis occurs III caule from intensive. semi-intensive and extensive rearing 

practices. use of contaminated feeds and cross contamination of carcasses du ring 

slaughtering operations. Emironmcntal factors such as insects. rodent and avian vectors 

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

(\\110. 1993) Sa/J1Iolltdlll infection ill cah'cs can be fatal. \\hcrcas infection in adult 

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

animals fro m rearing farms to abattoir augmellts shedding of salmonellae (Samuel et al _ 

1981) Crov.ding and prolonged lairage in abattoi r pens predisposes animals to infection In 

some studies abauoirs ha\e demonstrated as potential sources of contamination of meat 

desti ned lor human consumption Sc\-eral repons havc stressed the impact of poorly 

disinfected knives and other slaughtering cquipmelll_ and poor h)giene among platH 

persunnel on can.;a~::. cOlltamination One study rc\ealed that tbe h':lI1ds of \' orkcrs in meat 

processing plants generally carricd 6- 15 ::.almonellae pcr hand and up to 140 salmonellae per 

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

the hands of\\orkers in the abattuir ( \\' 11 0. 1994) 

Salmonellosis is kno\\1l to e,ist 111 Ethiopia in animals as \\c ll as ill humans. The 

distribution of the disease is not \\ell knO\\n except that the causati\-e agent has been 

isolated from poultry and humans in Ethiopia (.\ tolomo, 1998, .\ tache and \lengistu. 1998). 

Fony-five Salmollella strains \\ere isolated from 700 samples collected from adult 

diarrhoeal out patients in Addis Ababa Among the isolates. comprised sera group C 31 1 

00. 1) 2-l4 0 0 • S. Typhi 1560: 0 • D 13 3 ~o. A 89 0 0 and E 67 00 Studies conducted in 

Uganda sho\\ ed. Salmonella organisms occurred in the stools of 8 I 0'0 of the patients with 

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

serOV3rs. S. Enteritidis human isolates \\ere phaget)pe 14b. "hich i::; reponed here for the 

first time III Africa Among animals. Sllimullellu \\as only rc~oyered from ~ 8 00 of 

slaughter pigs and belong to S. Uailey serotype (:"asinyama et al. 1998) 

Studies carried out in Bots\\ana. shO\\ed isolation of salmonellae flom 5 of the 57 faeces 

samples from sick animals (8_8 0 0 ) and from 6 of the 89 faeces ::.amples from apparent I) 

health~ t:aule (6 7 ~o) ScrOlypes found \\ere S. Anatum. .\: Brancastef. 

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

S. Enteritidis. S. Good\\ood. S. Leopold\'ille . . \i.lil1lolll!!la6.1' ZZt alld one unidentified in Ihe 

second group (,\ hiler. 1971) The other serotypcs encountered \\ Cl e S Typhimuriulll and S. 

Fischerkietz [rolll pooled bile sample:;. A total of 75~ meat samples and 117 frolll liver 



samples \\cre received froll1 difTerent pans of the COUlltry. The scrotypes isolated from the 

meat were S. Windhoek and S. OfTa and the li ver S. Oraenderup. S. Weltentreden and S. 

Newington (i\lliller. 197 1). In Zimbab\\e studies a \\ide range of serotypes was isolated 

(Chambers, 1977) The most frequent identified were S. Senficnberg, S. Newi ngton. S. 

Mobeni. S'. Typhi. S. Infantis . .\'. Typhi ll1uriulll. and S. lleidelberg bo th in slaugh ter call ie 

and human. In Zambia the work carried out for the first time in callie revea lcd 7 Salmonel/a 

sero\'ars isolates these \"ere; S. Alllager. S. Bareily, S. Bonn, S. Ileidclberg. S. Konondomi. 

S. Kisarawe and S. Weltervreden (Sharma ct al.. 1996) 

Development and spread of antimi crobial resistant of Salmouel/a ill food of ani mal origin 

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

incrcased risk o f treatmen t failu res ill humans. Rccemly tin.: lltpid spread of strain of 

multidrug·resislant S. T)phimurium DT 204 c and S. Enteritidis in food of animal origin and 

consequently to humans. has been a cause of serious conccrn and is \'ve il documented 

(Glynn ct al. 1998. i\lache and i\lengistu, 1998. i\ loloma, 1998. ~Ialorny ct al. 1999; i\lolla 

et al. 1999 ) Drug sensitivity tests on 23 Sall1lolll!IIa serotypcs (e.g .. "l. Typbimuriulll. S. 

Enteritidis. S. Infantis. S. Weltucdcn, S. Bareily and S. Saintpaul). isolalCd from milk. meat 

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

the disc diffusion method lead 10 the result that the strains were were sensi ti\c to 

chloramphenicol aminoglycosides, ampicillin. cephaloridine. bacitracin, polymyxin·B. 

cotrimoxazole and nitrofurantoin (Sharma and Josh i. 1992) 

In a revicw ofsahnoIlcllae as a foodbornc pathogen. D'Aoust cited findings ofstudics of the 

Salmollel/a contamination rate ofbeefcarcasscs that va ries frolll 0 2 00·25 0'0 with a median 

of 3 3 °0 (D'AOUSt. 1989) In a review of bm'ine sa lmoncllosis. (Sojka CI al. 1970) cited 

findings of studies ofincidencc ofsalmoncllae infection in normal callie at abattoirs ranging 

from 03 to 11 .6 0
0 but also notcd that dinerent samples and sampling techniques made the 

studies incomparable (Sojka el al . 1970) Isolation rates as high as 76 °0 from normal callie 

at an abattoir have bccn reponed (Samu('l et al. 1980) The type of sample is \\ell kno\\l1to 

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

detectiull ofsallllonellae infection in such callie mcscnteric lYlIlphnodcs ha\c been reponed 

to be superior to faeccs samplcs. \\ hich in tUl n. are superior to faeccs ( Ilanly el al , 1977) 

The inciJ~nce of Salmollel/a in beef carcasses \:arics as mcntioned abo\'c rrom 0 2 to 21 5 0 0 

Vl.ilh a median of 3.3 ~· o. these values ""ere derived primarily from analysis of faeces ceca. 



Iymphnodes and carcass swabs. These test materials vary greatly in thei r ability to indicate 

Salmullel/a ill flesh ly slaughtercd animals. The lower incidence of Salmol/el/a ill bovine 

likely stems frolll fceding habits, which include grazing in lields and consumption of rations 

with low animal protein content (Samuel ct aI., 1980) 

lIuman salmoncllosis is more \\idcspread in young children, in elderl y citizens frequcntly 

amictcd with undcrl ying chronic diseases and in immunosuppresscd indi\'iduals. Infants of 

one year or younger are particularly susceptiblc to this infect ion Transmi ss ion of the 

infectious agent occurs primarily between humans, from various animal s and environmental 

sources to humans. and less fr equentl y, fro lll humans to the environment. Demographic 

studies on the impact ofsocio-cconomic plcssurc have shown higher levels of sa lmo n c lio sis 

in the lower socio-economic classes, amJ in iueilS \\ ilh high population density level ( \VI IO, 

1985) 

Considering the above fac ts, thc current study was undertaken with the following specific 

objectives 

To estimate the prevalence and distribution of Salmol/el/a in the chain from ca ttle to 

consumer, the following samples are taken. 

• faeces and mesenteric lymph nodes frol11 catt le immediately after slaughtering, 

• muscle from the diaphragma and abdomen from slaughtered call ie. 

• minced beef from the supermarkets destined for human consumption, 

• stool samples from the abattoir pcrsonnel 

2. To iden ti fy the Illost common scrovars oL)tdmcmell" in animals and animal 

products as \\ ell as in humans. 

3 To detcrmine the level of antibio ti c susceptibili ty of 5ial"umell" isolates to 

cOllllllonly used an timicrobials. 
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2 . LITERATURE REVIEW 

2.1 The G e nus Salmonella 

2 I I T axono m y 

Salmonellae belong to the family Enterobacteriaceae According to the latest nomenclature 

that reOccts recent advances in ~("J1uJllt!lIa taxonomy. the genus ,)'u/mouel/a consists of two 

species: 5;. bOl/gun and S. elllerica (Lc Minor and Popoff. 1980) Sa/mol/ella bOl/gori 

conta ins less than 10 scrovars that arc extremely fafC The remaining morc than 2500 

scrovars belong to the Sa/mollel/a elllencli species and are divided II1\U six subspecies: 

S. I! lIlerica subspecies cntcrica. subspecies 5alal11ac, subspecies arizonac, subspecies 

diarizonae, subspecies houtenae and subspecies indica. All arc distingu ished by certa in 

biochemical characteristics, some of which correspond 10 previolls subgenera 

The genus Sa/mollel/a can roughly bc class ifi ed into three categories or groups based on 

pathogenicity Thc group of highly host adapted and invasive serovars includes species 

restricted Sa/mollel/a such as ,)', Pul\onllt1, ... ". Gallinanllll in poultry and S. Typhi in humans. 

The non-host adaptcd and invasivc scrovars, consist o r approximately 10-20 serovars of 

which the most importal1l are S. Typhimuriulll , S. Hadar. S. Arizonae and S. Enteritidis 

(Le ~ Iinor and popolr 1987) 

2 I 2 ~Iorphology 

Salmoncllac arc gram-negativc rods of followi ng size. 2-4 ~ 111 in length and 0 ,5 Il lll in 

width These organisms are facultative anaerobic and motilc. cxcept the non-motile 

S. Gallinarulll There are no morphological difference betwcen the subspecics Iserovars 

(Old. 1989, Seifert, 1996) 

2 1.3 Antigenic structUiC 

O-nnligt.'II: All Salmol/ella strai ns can be gruuped to a scrovar based on the ana lys is of 

somatic O-antigens, The heat-stable lipopolysaccharide-protcin complex (LPC) of thc cell 
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wall contains lipid A and a core ponion. The polysaccharides determine the serological 

specific it y. Abou t 67 O-antigens arc known so far which arc iden tified by arabic Ilumcrals 

1-67. The complete O-antigen is nOI o nl y the mature imillunogen of the Salmollella. It also 

posscsses virulence propert ies elici ti ng both humoral and cellular imlllunc responses from 

Salmollella infection (Lc [vlino r, 1984) 

II-a ntigcn: The nagellae are part or tlle bacterium and consist ofthcrmolabi le prote ins. The 

specificity is determined by the pattern o f amino acids The ii-ant igens are designated by a 

combination oflctters of the alphabet and Ilumerals (Le tvli nor, 1988) 

K-alltigen: The hull-antigen is like a microcapsule set o n the bacterial cell \\a ll. It s own 

spec ific ity may interfere wi th O-antigen du ring determinatio ll . For identifi cation purposes, 

the agglutination of the O-and II-amigen is dOlle and the lesults alc comparcd \\ilh known 

antigenic formu lae contained ill the Kaumnann-White diagnostic scheme. The li st is 

updated annually because new serovars of 5;allluJllella arc identified cont inuously (Le 

r-Iinor. 1988) 

in order to establish a complete antigenic composition of any Salmullella, serover antigens 

of the Oagella phases as \\ell 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 

T:llJ lc I : C hlss ifi c.'ltioll or ,..,'u/mOllel/a with help or K:lUlTm:l IlIl- \"hitc schemc showing 

"clll'csell tativc serotypcs (Le 1\1 inol' :lIld Popoff, 1997): 

Group SerUV3 1' So ma tic 

IJ S. T),Jlhilllu riu lII 1. ~, (1 51 12 

B ,')', Snintpaul 1,~ , II S I1 2 

C ,':1: t\lucllchcn 6.8 

DI s. Ent edtidi s 1, 9. 12 

DI S, Dubli n 1· 9,1211'il 

l~ S, A n;lhllll J. IU (l SI IJj. J~I 

Ii: S'. !\lelcagriliis 3, IU II SIIJj. 341 

6 

Fl:lgeli ll antigen "II" 

Phase I 

e, h 

d 

g. III , If] 11'1 

g, p 

l', II 

e, h 

phase 2 

1.2 

1. 2 

I, 2 

11 ,7 1 

1.6 

I, \\' 



- can only be detected in some special conditions 

[ ] can be present or not. 

2.2 Epidemiology 

Iloll1ologolls to the typ hoid and paratyphoid infections in humans, animal host-adapted 

strains can adversely affect the viab ility and productivity or herds and flocks. The damaging 

effects or S. Dublin inrections ill callie (Peters, 1985) are well ducumented and contrast 

sharply with the healthy carrier state or animals inrected with nOli-host adapted serovars. 

The predomi nance or S. Typ hillluriulll and S. Inrantis in animal reservoirs duplicates that 

encoulltered in human population Examination of contemporary data all the f.·equency of 

iso iatiull ofserovars from human and nonhuman sources is revealing S. TyphimuriulIl is the 

1lI0st common pathogen and etiological agent associated with the environment ami the food 

chain. The prevalence of thi s o rganism ill all continents including Africa, where only scan t 

data from Uganda (Lubwa na, 1985), and the Republic of Central Africa (Georges-Courbot 

et al.. 1984) arc available. corruborate designation of thi s serovar as a major human 

pathogen Although serovars I'ound in humans are frequently encountered in their fbod 

supply and environment. the ranking of serovars in order of frequency uf isolation from the 

human and non-human catcgories lIlay differ markedly. 

2.3 Diagnosis 

2 . 3.1 Cu ltur c 

Thc actual principlc3 of cultivation and isolatioll of S"llIIul/(:1I0 from routinc samples are 

(O·AoList. 1992: f-cllg 1992) 

Non-selective pre-enrichment (16-24hours) 

2 Selective enrichment (18-24 hours) 

3 Isolation on selective plating media (18-24 hours) 

4 Idclltific.1tio ll and sClotyping 

NO li-selec t ive PfC-CIII·ichIllCIiI ( 16-2-$ hours) : The optimuill pre-enrichment system 

enables Salmullella 10 recover and protect thc resuscitated cells frolll detrimental innuences 

or the competit ive organisll1s. "I he use of pre-enrichment provides reliable JesuIts cOlllpared 
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to use of direct selective enrichment. Different pre-enrichment media have been described 

and summarised by I-Iumbert and Colin ( 1991). Despite cont roversia l discussion abou t the 

best medium, buffered peptone water (BPW) is recommcnded fo r rout ine examination. The 

optimum prc-cnrichmcnt incubation period for cffective rccovelY of injured cells is 

genera ll y agreed 10 be 16-24 hour". 

Sch.>ct ivc en r ichmcn t: The objecti ve of enrichment med ia is to support the grO\\lh of target 

microbes present in mix ture cultures. Selective enrichment media ""iii iIlcl ude inhibi tory 

substances 10 dimi nish the repl ication of most organisms other Ihan sa lmonellae without 

enhancing directs the growth of the sa lmonellac thclllsch-es. The Illost cOllimon media are 

generally based on selcnitc. tetrathionate or magnesiulll chloride and malachite green 

(\·assiliadis, 1983) Peters ct al ( 1989) has demonslrated the importance of Ihe incuba tion 

iemperaturc and magnesium chloride concentration in the selective enrichment of 

s.llmollel lac 

Selective pln ti llg: In the isolation of sal monellae, the lise of suitable selective pla ting media 

increases the chances of successful isolation in the sample. Ideally. a Salmollella plating 

medium should inhibit the grQ\~th of competing microorganisms. allow the gro\vth of 

Salmollel/a with characteristic colonics which could be differentiated from non-Salmonella 

spp on the plates used. Basically, it is agreed that nonc of the selective plating media for 

Salmollella is ideal for all situations in the isolation of Sulmollel/a in foods and thai is why 

simultaneous use of two or more agar media is recolllmended almost in all Salmollel/a 

reference methods (f\ 10ats. 1981. Fricker, 1987, D'Aoust, 1992) Thcre are several selective 

plaling media for the isolation of Salmollel/a In general terms. Salmollel/a selective plating 

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

as brilliant glcell. bismuth sulphite and bile salt agar media (1\ \0315, 1981. IJusse, 1995) 

232 IJiochcIl11cai Characterization 

Salmonellae are characterised by fcrmentation of glucose, lysine. omithine, adonitol, 

arabinose and sorbitol \\;ith the product ion of acid and gas~ further typical reactions are 

deaminme and phcn) !alanine a positive methyl.red reaction and a negative \ 'oges-Proskauer 

reaction (Andrian and Dellae 1979). These microorganisms produce hydrogen sulphide in 

iron contained media and are lactose 1l0n·fcrmcllling (l3ibcrslcin and Zee. 1990) ISO 

(1 998) indicated that sc\cral biochemical tests may be used in the identification of 

8 



Sa/mollel/a . On triple sugar iron agar (TSI) 100 % of Sa/mollel/a spp. ferment glucose, and 

9 1 9 ~·o produce gas, 9 1,6 % produce hydrogen sulphide. On lysine decarboxylase 94.6 % 

react posi ti ve \\ hereas 98.9 % show negat ive results on indole reaction and 99 % are 

nega ti ve for urea spli tti ng, wh ile 992 % are nega tive to sucrose tl ilTerent biochemical tests 

are conducted in order to ditTercntiatc the genus Sa/llumel/a fro m other related mcmbers of 

the family En terobacteriaceae allcr growing them on se lect ive plat ing media using either 

conventional fluid media in tubes or colllmercial biochemical diagnostic i-.its. The 

confirmat ion of the target microorganisms depends 011 the plating med ium used and the type 

of colony picked for furt her biochemical and serological tests. The conventional tube test 

systems for the biochemical test of .)(" mullel/a are thought to be less convenient and more 

laborious as compared 10 the cOlllmercially ava ilable biochemical diagnostic kits \\hich are 

etTective in Iden tifying to a genus h::\cI (l\ loats, 1981, D'Aoust, 1992). 

233 Serolog ica l identifica t io n 

Characterization of Sa/molleI/o by "0"- and "11 "- antigenicity, which are thought La be 

essentia l for sero\'ar definition, has become the most impol1ant typing method. as more than 

2500 serotypes arc currcllIly recognized (W I-I O, 1992; PopotT et aI , 1996) Serological 

typing is rea lizcd information an agglutination reaction and oners an efTecti\·c tool ler 

identify ing the serotypes. The Kaun'mann-White scheme systematically assigns numbers 

and letters to the ditTcrent "0" - and "11"- (virulence) antigens to create distinCli\e serotypes 

(Le Minor. 1988, Quinn et al. 1994) Based on antigenic analysis. Kauffman's classification 

is still the 11Iost acceptable, The slide aggluti nation is tested with absorbed sera so that the 

content of "O"-antigclls and phase I and phase 2 "II "-antigens can be determined (Seifert, 

1996) 

2 3 4 P hagc typing 

Phage typing is the characterization of bactcria based on susccptibility to infect ion by a 

defined panel ofbactcriophages. It is the second important mcthod to be applied in the study 

of Sa/mol/e//a epidemiology Phage types predominate in particular animal hosts If human 

infections \\-ilh these types happcn, it can cniciently shorten the tillle tai-.cn to trace the 

animal sources of human outbreaks (Anderson et al. 1977). as well as in ass isting in the 

control of infection in the animals thctll selves. Phage typing is limited La a few scrovars. 



notab ly .\'. TyphL S. Tyhillluriulll, S. Dublin, S. Enteritidis. and S. Heidelberg. In 

S. Enteritidis. and S. Typhillluriurn. phage typing is said to be the prinicipal method of 

typi ng (Olscn ct aL 1993). 

2.3 5 13iu t yp in g 

It is important to realize that biotyping is an essent ial completion to the Kauffmann-Whitc 

scheme, \\!lich has bcen widely lIsed LO clarify the biochemical heterogeneity among 

Salmonella spp. (Ewing. 1986; Le Minor, 1988), and to segregate scrovars into ferlllc-Iltativc 

groups. Sc\'craJ biotyping schemes have been proposed for the dincremiarioll of 

epidemiologically related strains of S. Typhimurium. The subtype (designated a-j. x. y and 

z) defines the paltern of reading in seconda!)' tests. For example. biotype denotat ion or 

S. Typhimuriull1 strain that is positive in the sallle primary (Abalaka and Dribcil. 1980) and 

in the 12 secondary (0) tests This helps to establish an epidemiological rela tionship 

between strains that affect human and those that do not. Some repol1s 011 the biotyping 

S. TyphimuriulIl flom dilTelcnt sourccs and diffclcnt geographical areas clearly underline 

the va lue of the biotyping scheme (Barker and Old, 1980). 

236 Anlibiogram t ypIng 

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

disks impregnated wilh standard amounts of antibiotics arc placed on the surface of a 

Mueller-I linton agar plate previously inoculated with the test organism The L.ones of 

gro\\1h inhibition ale mcasured following overnight incubation of the plate and resistance is 

assessed according to the National Committee for Clinical Laboratory Standards (1997) 

The typing method is rarely used alone as the typability of strains of Sa/mollella from 

livestock are onen local due to the relatively 10\\ prevalcncc of antibiotic resistam strains 

(Olscn et 31 . 1993) 

237 ~lolecular typing methods 

The epidemiology of Sa/monella is relatively \\ell kno\\11 duc 10 the \\ide spread acceptance 

and use of harmonized discriminatory and definitivc typing methods, notably sero- and 

phage typing_ The molecular mcthods have added an extra degree of discriminatOl), pO\\er 
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to the cOllventional methods and do allow a finer di stinction betwecn strains (Barruw, 

1997). At present. typ ing by pu lsed fie ld ge l c lecrophoresis appears to be the molecular 

method of choice In future. typing will most likcly involve anal yzi ng signature sequences, 

however these methods have not been fully deve loped yet Systematic comparat ive 

molecu lar typing of Sa/monella isolates from animal s, food and humans can be a powerfu l 

tool 10 determine the pub lic health impact of the primary sources or Sa/mollel/a in the 

COtlll ll)' or region Furthermore. it can provide early detection of changes in the contribution 

from difrerent sources. lor instance as a result of control programllles (Anonymous, 1998). 

The molecular typi ng methods are available and in regu lar usc. in public health and 

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

coulltries makes further ep idemiological sub-grouping necessary For var ious bacterial 

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

1994): the plasmid profili ng, the pattcrn of outer membrane proteins and LPS, the 

fingerprinting of total genomic DNA including ribotyping and multilocus enzymes 

clectophoret ic typ ing. When such methods have been applied to S. Enterit idis. they revealed 

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

tbat thc clone observed today emerged from a heterogencous population before the onset of 

epidemic spreading (Helmuth and Schroeter, 1994) 

2.4 Distribution of Salmon e lla serovars 

2 4 I Worldwide 

Sa/mullel/a has a worldwide di stribution On the other hand the importance of Sa/mulld/u 

species diners geographil:i1l1y ~lal1y serovars such as S. TyphimuriullI and S. Enteritidis do 

fai l to rcconginise any regiona l boundaries and are i ll sharp contrast wi th othcr serovars 

whose distribution tends 10 be restricted to certain areas. In the United Stales outbreaks of 

salmonellosis were associated with eating raw ground beef, causing gaslro-intestinal illncss 

from S. Typhimuriulll (Roels et aL 1997). Studies carried oul in an abattoir in I3razil 

according to Campos ct al (1989). sho, ... ed that the dominant selOvar was S. Dublin from 

ca ttle (98 isolates fi·oml19 isulatc~ ofanilllai OIigin) [1\ Finland the mosl comlllon serotypcs 

were S. [nfalltis and ,')'. Typhimuriulll . Other sCI"Dtypes were found only occasionally. In 

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. EllIeritidis was detected in 

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

S. Enteritidis (FAO/World 13ank, 1992) S. Uganda, as a Ilew and highly pathogenic serovar 

causing food poisoning, has bcen isolatcd in human. associaLCd \\ ilh consumption of 

contaminated food in Italy (Ricci ct al. 1990) In Iran. 45 faeces samplcs from diarrhoea l 

CO\\S and calves contained 7 Salmollella scro\'ars 7 1 ~o of Ihem \\-cre S. Entcritidis and 

29 ~D oS: T)phimurium From 429 faeces samples of human suspicious to sa lmo nellosis. 13 

strains of Salmonella (3 03 DO) were isolated, 6 1. 5 00 o f them belonged to 5: Typhi and the 

ncxt two species were S. Paralyp hi A (23 I %) and S. Enteritidis (15A 00) (llemmatzadeh 

and Salemi, 1998) 

2 Y 2 Africa 

Se\-eral sero types of Salmollella have been reponed ill Africa In ,\ igeria. S. Dublin. 

S. \\' idcmarsh and S. Ilandoff \-\ere reponed as predominant SCrOI)peS (Adcsiyun and Oni. 

1989) In Bots\\ana. the most comlllon SalmoJ/el/ll serotypes among isolates from the 

abattoir \\ere .. \'. Allatum, S. Brancaster and S. T)phimuriu lll from slaughtcrcd catt le (~Iiller 

1971). According to lIummel (1979), in Tanzania, the most prc\'ailing serovars \\-erc 

S. Typhimuriulll. S. Entcritidis. S. GallinamJ11 and .): t\natum among 436 Salmo/1ella from 

different species of animals These sero\'ars are also COl11mon in Zambia (Sharma et al. 

1996). In Zimbabwe. swdies shQ\v a wide range of serotypcs found in the abattoir cattle and 

personnel (Chambers, 1977) The most frequent identi fied serO\ars \"ere S. Senflenberg. 

S. Newington, S. (-.Jobeni. S. Typhi. S. lnfantis. S. Typhimuriu lll. and S. Ilcidclberg. both in 

slaughter cattle and human 

2 4 3 Ethiopia 

In Ethiopia. no reponed studies have been carried out in the abattoir cattle I-! Q\\-e\cr, 

according to the work donc by ,\Iolla et aL (1999). the common isolates from minced beef 

with origin of some supermarkets in Addis Ababa \\ere S. Dublin. S. \Iuenchen and S. 

AnatuJ1l Salmondla strains iso lated from diarrhoeal patients ill Addis Ababa comprised S. 

typhi wi th serogroups B. C 0 and E (\lache and Mengistu 1998). In poultry. the isolation 

of S. Enteritidis. S. Uganda and S. Anatulll causes a health rish. 10 the public (\Iolomo 
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1998). Teshome and ~ I ebratu (1988) have confi rmed the presence of S. l>ullol11l11 in one 

broiler farm in Ethiopia 1 he \\ hole range of the status of Salm()lId/a scrotypes existi ng 

recently is yet unknown As today nev. Sa/mullt.'lIa sero\"ars infecting livestock are reported 

\\orld\\ide. the existence of several up to no\v not detected Salmollella serotypes is also 

e.'pected in Ethiopia 

2.5 Public health Sign ificance 

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

has been associated \\ilh the spread of Salmollella in animal production, leading 10 frequent 

occurrence of .;;almonella in food for human consumption Although nearl..,. all .5almol1ella 

serotypes are potentially pathogcnic to man. the two serot}pcs. S. Typhil1luriul11 and .\', 

Enteritidis. predominate primarily This fact reflects an enhanced potential in the serotypes 

to spread and persist in modern food of animal origin production systems (\\ 'egener et al. 

1998) Salmonellosis in human occurs afier consumption of food contaminated \\ith 

S'ulmoncl/a Additionally in 1lI0st cases salmonellosis in human is influenced by factors such 

as age, predisposing diseases. causing Sa/mollella 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 fe,"cr. anorexia, headaches and malaise The 

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

cause illness in young children and in pcrsons \\ho are iml11ullocolllpromised Enteritis 

infection can also occur concurrently \\ith imlllunodeficicncy \irus (HI\,) infection and is 

one of the common complications of Acquired Immunodeficiency S)ndromes (A IDS) 

(;\otermans et al. 1(96) 

Contributing faclOrs ill episudes of foodbornc sairnoncilosis include slo\\ cooling of 

recontaminated cooJ... ed foods. inadequatc cooking of ra\\ food mgredients. improper hOi 

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

faulty handling of ra\\ ingredients. or use of poorly sanitized equipment Although use of 

improper holding temperatures rcmains the single most comlllon fault in food handling 

practices. infected food handlers can also playa detrimental role in outbreaks (13f!an. 1980) 
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2.6 Prevention and control of salmonellosis in meat 

and meat products of c attle 

The control of Sa/mvllello in beef and derived products is a Illost challenging task due to the 

complc,ity and interdependence of various aspects of animal husbandry. slaughtering and 

meat processing . Rctrospective ana lysis of control llIeasurcs and their impact on the 

bacterial quality and safety of meat have bcen disappointing because problems identified 

se\eral decades ago still figure prominently in contemporary updates 10 the prevalence of 

Sa/monella in the human food chain Ilo\\e\er. curren t Ic\cls of ."ill/mollel/a in lIleat 

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

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

stab le level to table (Wi lD, 1994) 

Good manufacturing practices (GMP) arc widely postula ted 10 improve the bacterial quality 

and safety of the food suppl y. The sllccess of the approach has been atlained largely through 

sll ingellt control of key manufacturing conditions such as temperature. pi I, and 

bacteriological quality. The testing of ra\\ meat and in-line control of processed meat using 

statistically significant salllpling plans and sensitive analytical methods, as \Veil as regular 

bacterial monitoring of tbe abattoir emirolllllent are necessary to unco\cr deficiencies III 

abatloir sanitation and 1O identify Ile\\ sources of product comanll nation (D'Aoust. 1994), 

Numerous opportunities exist at the [.1rl11 le\'e\ to control effectively the Clltf) and spread of 

Sa/mollel/a in raJ III animals. In addition to rcgulatcd importation of li vestock and 

slaughtered animals. Salmollella cross-infection of herds is minimized by the use of 

Sa/mullella free breeding stocks and animal feeds. and the avoidance of stressful conditions 

ari sing from overcrrJwding of animals and from feed and water dcpri\ at ion. ~ lain I)' animal 

feeds have been identified as an important contributor to Sa/mollclla infection The causes 

are processing of non-edible onal from infected animals into protein concentrates and cross­

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

product areas. The use of poorly dcsigned equipment thaI cannot be readily dismantled and 

reassemblcd for Icgular disinfccting. and bulk production and shipping of feeds ale some of 

the extra faclOrs that cOlllribute IU the frequently poor bacterial quality of animal feeds 

(Brisabois, 1997) 
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Furthermore only meat which has been subjected to inspections according to the Codex 

Ali mentarius Code fo r ante-Illortem and post-mortem inspection o f slaug hter animals or 

similar provisions should be used fo r further proccssing. Thc ante-mortem and post-1Il011em 

inspection. howcver. will not nccessarily detcct healthy carriers, in which ,"a/mollel/a 

organisms lIlay be present in mcsenteric Iymphnodes or gut content. NUlllerous studies have 

shown thut slaughtcli ng or meal animals anlp lifics thc plcvaicill ,"illlnumel/ll problelll in 

farm animals. PUllctual withdrawal offceds from slaughter animals. rapid transport from thc 

farm to the slaughtering plant, and minimal holding periods in lairage pens will substantially 

reduce Sa/mullel/a excretiun and surface contamination of animal hides. Some studies 

demonstrated generally lower Sa/mollel/a contamination of raw meat products in Imge 

supermarkets than in local shops and underlined a causal relationship between frequent 

handling and cross-contamination of raw products (Jackson ct al . 1991, l\ latayas, 1988). 

26 . 1 Tcmpcrature cO lltrol 

In rooms whcre the meat is dcboned. trimmed or othcmise handled \\;th exposure to cut 

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

Sa/mollella. Studics show that some exccptional strai ns of Sa/molleI/o may grow at 

tempcratures as low as 53°C. but their gro\\th is sumcicntly retarded at 10°C during a 

period of eight hours to be considered being insignificant. It is therefore advisable to can)' 

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 

\Vilh llIeat is carried out more frequently. In these rooms therc should be thermometers or 

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

26.2 Cleaning o f equipment 

Sanitation is onc of most important measure for preventing the cal rying ovcr of Sa/mollel/a 

from o ne opelatioll to another or from one working area to R1Iother Cleaning and 

dis infecting should be done in regular tilllc intcrval s. Furthcrmore sanitation has to be done 

\\hen an operatioll is changed. and under a1l circlIlllstances, if r3\ ... meat has been handled 011 

Ihe table Ihat will be subsequently used for the handling of coo!..cd meat It has been found 

that in a meat product establishment Slllmvl/(·I/.(J contamination 1110 5.1 fi·cqucntly arises from 
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sewage disposal laps. containers, fill ing machi ne. hands, wa ll s. doo rs and utensils. These 

sources. especially those that cO llle into direc t contact with meal and meat products, are 

hygienic con trol points Moni toring of the effect of cleaning and disinfecting should be done 

regularly by inspection, and occasionall y. once a week, by microbiological testing with 

swab or agar con tact methods (l\ latayas, 1988) 

263 Storage and disposal of waste 

It is ill1purtal1l tu ensure that waste material is handled in a way. which excludes 

contamination of meal. meat products and drinking water All \\aste should be removed 

from the meat handling area. preferably immediately. but at least once a day and receptacles 

and the like \\hich have been in cOl1lact \\ith waste should be cleaned and disinfected 

regularly <II 110,1994) 

26-4 P rocessing 

l\leat and meat products should be prepared, processed and stored in a \\lay which ensures 

that Salmollel/a organisms are inactivated to avoid contaminatiun of the products ancr 

processing If that precondition is not fulfilled , the multiplication of Salmollel/a must be 

limited In this contexl the following facts on the resi stance I sensi tivity of Salmol/dla 

organisms should be kept in mind ' temperatures for growth are bet\\een 5 °C and 46°C. but 

below 10 °C the generation time is 10 hours or longer , pI! for grov.1h is ben ... een 40 and 

90; salt (sodiullI chloride) conccmrations which arc normally lIsed for technological or 

sensorical reasons \\ ill not inhibit this micro-organ.ism Generally. Salmollel/u like other 

eilierobacteriacca. are not very resistant to heat The processing or Illcat plOducts must take 

these factors into consideration and should be supervised by competent personnel (0' Aoust. 

1994) 

26.5 Post-proces si ng handling 

i\leat products should be elTccti\cly protected against reconta1llination and against gro\\th 

or 5J'olmollel/a ancr processing has been completed In this respcct packaging is an important 

ractor It Illay be can·jed out before heat processing, for instance. \\ ith cans 01 other 

containers that are heat plOcessed al the same time as the product The can or container 
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closure is an important cont rol point. as imperfect sealing may cause post-process 

contamination (Matayas. 1988). Monitoring of can or conta incr closures and the quality of 

the water uscd fo r cooli ng should be carried out regularly. I\ leat products which are heat 

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

than 7 °C and should be packed without delay in a separate area, \-\ here cross-contamina tion 

from laW meats can be avoided If any opcra tion, such as cutting ur slicing, is pcrfoll1led 

before packaging, Ihis operation should be carried out under sa ti sfactory hygienic 

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

those which are visibly defecti ve (Matayas, 1988; WilD, 1994). 

26 , 6 Storagc and temperaturc of meat and meat products 

Manufactured meal products should phys ical ly be separated from law mcat duri ng slOrage. 

The storage tcmperature should be sumcicnlly below 4 °C to prevent the growth of 

surviving Sa/monel/a in every cusc. Cel1aill lI1eat products, sllch as barbecued. roasted or 

boiled meat, alternatively may be stored at higher temperatures. cg in delicatessen shops or 

ill food-service establishments (Sharp, 1990). 

26.7 Sampling and laboratory control procedures 

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

Illonitoring for the crit ical control points as outlined, it is generally no t recolllmended to 

search for So/mollel/a in lhe end products. Ilowevcr. online control and the use of indicator 

organisms is recolllmended Where there is access to an outside labOlatol),. meat products 

should be transported to the laboratory for loutine or spOI checks for the presence of 

,YlI/m(JII/Jl/a. It is advisable 10 carry Ollt such checks if there are substantial changes in the 

processing, which might introduce conditions enabling the survival or growth of ... \'a/mollel/a 

(I liidebrandt and WciB. 199""'). On the basis of the " FOSTER plans" sampling procedures for 

detecting Sa/muJlel/" contamination are proposed. In view of the fact that old people, 

childrcn and the sick need special protection rive categories \\·erc formed depending 011 the 

Ilumber of lisk fac tOis. and these categories were subsequcn tl y mo re closely defined. Each 

of these groups \\cre associated wi th a pm-ticular sampling plan wilh (inespective oftbe size 

of the lot) is chalateri.led by acceptance lIumber C and sample size n (table 2) Plans wilh 
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c = 1 for cases \,here a positive sample is found during examination were neg lected by 

quality control institutions and only the plans with c = 0 arc used up 10 now, 

T:lblc 2: P.'odllct h:lz:11'(1 chOlraC1Crislics Olild acccpl:lllc{" IIIall5 (FOSTER Jllans) 

Category 1 NOll-steri le food for childrcn. old people and sick 

n = 60: c = 0 or n = 95, c = I 

Category II ' Food \, ith three hazards characteristi cs, that is. sensitive ingredient. no 

Destructi\c stcp during lIlanufacturer, likehootl of growth ifabused 

11 - JO. c = 0 or n 48. c = I 

Category Ill. Food with 1\ .... 0 hazard characteristics 

1\ = 15. c - 0 or tl = 24; c= 1 

Catecgol)' IV: Food \\ith one hazard charatcristics 

n = 15. c = Oor n = 24. c = \ 

Calcgory V Food \\ilh 110 hazard characteristic. docs notllsuall y need to be controlled 

n =-- 15.c=Oorn = 24.c = \ 

Later 011 sampling plans in microbiology quality control in foods are de\ cloped by the 

lCMSF (lntemational COl11l11ission 011 Microbiological Specifications for Foods. 1986). 

They arc published in the following "ell recolllmended book . "~ l icroorgan i sl1ls in foods 

VoL 2, Sampling for microbiological analysis' Principles and specific applications". This 

work was meant as an attempt of a lllli\'crsally applicablc sampling strategy. Some of the 

ideas were taken from FOSTER plan and modiried The " I C~ I SF Sampling l3ook" also 

works wilh risk categories. hcre called cases. The 15 possible cases deriving from a 

combi nation afrive lisk classes \\ith three oftreatmcnt arc sho\\11 in table 3 
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Table 3: Suggesled sampling plans for combinations of degrees ofheallh hazards 

and condilions of lise (IC MSF 1986). 

Deg,'ee of concent Condilions in which food is eXl1ecled 10 be handled :tlld 
rellllivr 10 ulili ly consullIed after sampling in lit e usual com'se of evrilis 
and heallh 
haz:u'd COllditions retlllcr COluJiliollS cause Conditiolls lIIay 

degn~e of COII CHII 110 challge in iucrc:lse CUllcenl 
cuncern 

No direct health Increased shclflife No change Reduced shelf- life 
hazard, utili ty e,g . Case I Case 2 Case 3 
shelf life and 3-class, It = 5, C = 3 3-c1ass, n = 5. c=2 3-cJass. n = 5, c = I 
spoi lage 
Health ha.lard low. Reduced hazard Nu change Increase haLard 
indirect (indicator) Case 4 Case 5 Case 6 

.I-class 11 = 5 c ~ J 3-cJass, II = 5, c 2 . 3-cJass, 11 = 5, c= 1 
Moderate, direct. Case 7 Case 8 Case 9 
limited sp'!,ead 3-cJass, n= 5. c= 2 3-class 11 = 5, C = I 3-c1ass, n = 10, C = I 
Moderate, direct Case 10 Case II Case 12 
potentially 2-class. It = 5, c = 0 2-class. 11 = 10. c = 2-cJass. n = 20. c = 0 
extensive spread 0 
*Severe direct Case 13 Case 14 Case 15 

2-cJass, II = IS e ~ 0 2-class, 11 = 30,c= 0 2-class n = 60, c = 0 

*' Includes Sa/mollella 

"' 
2 . 68 Training of persollnel 

The competent onicial authority should, in collabormioll with professional organisations 

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

also for inspectors ill meat processing establishment. The emphasis should be laid on the 

importance of the hygie nic handling of meat and especially on the critica l control points of 

these processes during S'u/mollella contamination, growth and cross-contamination may 

ehieny oecur (\\' 110, 1994) 

Educat ion of consumers and of food handlers in food service establishment on the safe 

handling and cooki ng of potentially hazardous meats and other raw ingredients constitutes 

an important I:lct ora comprehensive control program Current national statistics 011 causes 

of foodborne outbreaks involving basic food preparation steps sll ch as adequate refrigera tion 

and thDioligh cook ing of foods indicate thaI the educational needs have yet to be sat isfied 

(Stoll, 1993) 
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3. MATERIALS AND METHODS 

3.1 Description of study area and population 

3 I I Studyarca 

The study was carried out III Addis Ababa, at the lIIalll abattoir and 22 selected 

supermarkets in the city "I he catt le population is estimated at 58 568 (1999 estimates) 

Addis Ababa has cool climate wi th an average rl.linfal1 of 1800 IlUIl and is s ituated 

2500 III above sea level The main rain season extends from June to September w ith an 

average rainfall of 866 mill (84 °0 of rain ill the yea r) Rainfall ami lcmpclatu lc tlala frum 

the l ational ~lcLcolological Sen'ices Agency (NJ\ lCA 1999) indicate also a short rainy 

season from l\larch to !\ Iay. The annual average temperatures are maXII11U1ll 

26 C, minimum 11 C with an overal l average of 18.7 C. Il ighcs! temperatures arc reached 

in J\ l<.ty Day length is fairl y consta nt throughout the yea r, at 12-13 hours, wi th abou t 6 bours 

ofsullshinc during rainy months and 8- 10 hours for thc rcst of the yea. ( i\ ICA.1999) 

3 I 2 Study population 

The study populat ion included random sampling of 235 cattle, \\ itlt the total number of 564 

specimen which included 47 pooled samples. containing five single samples of faeces and 

mesenteric lymphllodes, 235 samples each of abdoillinal (obliquus and transversus) and 

diaphragmatic Illllscle The sampling design is illustrated in table 4 This study was later 

followed by sampling of 300 stool samples frolll the slaugluerhousc personnel. from 22 

supermarkets, 5 different minced beef samples were collected. once in a \\cek for three 

wecks, resulting in an overall 01'330 samples. 
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Table 4: TYlles of specilll en sanq}led in the cross-sec tional cattle sl ud)' 

Number or T ype o f S pecimen and N umber 

Anil1l:ll s Fat.·ces M('sellieric Uin Jl h I'a g lll a t ic A L)(lolllc II 

EX:Hllin cd lJo uled IYlIIl,hllodes Muscle l\ I uselc 

I' c i' wccl<. pooled 

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 

Tot al IllllII bct' of s Jl cd mens : 

26~ ~7 ~7 235 235 

The present study is a cross-sect ional study and in\'olved determination of the prevalence 

and distribution of Sa/moNel/a in faeces. Iymphnodcs and t\\O diHcrent beef cuts from the 

abattoir and minccd bee I" frolll supermarkcts. The program included weekly \ isits on fixed 

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

sheep and goats are slaughtercd daily_ The study population involved sampling of 20-25 

animals weckly. 300 slOol samples frolll the 700 abattoir \vorkel s \\crc drawn Idcntification 

and classification of thc JlIost common serovars of S'u/mullel/a in animals and products as 

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

Sa/mollella. a questionnaire \\as also administered to abattoir persollnel and observations on 

pre-slaughter conditions. slaughter facilitics. post-slaughtcr handling and status of the 

supermarkets. 
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3 . 1 3 Sa mple s investigated 

The samples investigated frolll the abattoir were faeces, mesenteric IYlllphnodes, diaphragm 

and abdominal muscles fro m slaughtered cattle Minced beef samples destined for 

consumptioll were bought from the supermarkets ill Add is Ababa Stool samples from the 

abattoir workers \\erc collected in collaboration with the medical persolillel in the aba lloir 

clinic. 

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

MiclObiology Laboratory of Faculty of Veterinary Medicine, imlllediately anel' co ll ection 

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

necessary identifying info rJ1l ation. This included the date of sa mpling, type of specimen and 

it s source. 

3.2 Culture Method 

For the culture method, the technique recoll1mended by the Interna tional Organization for 

Standardillltion (ISO 6579.1998). was used (Figulcl) 
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Figure I : Oiagr:tlll of Ilroccdul'e : ISO 6579 (1998) 

Test portion. 25 g + Plc-cnrichmcnt mediullI. 225 1111 
incubation at 37 °C for 18 h to 20 h 

0. 1 1111 of culture (- Sclective CIII iclllllCllt 
IOml of R.V.hroth 
(magnesi um chloride I malachit c grccn! 

- ) I 1111 of cultu rc 
101111 ofSclcnite Cystinc broth 

incubation at ]7 °C for 24 h 

soya peptone broth) 
incubation at 42 °C fO I 24 h 

(and ifnccessary for further 24 h) 

(and in necessary for furthcr 24 h) 

Plating out on sclectivc 

media in Petri dishes 

lia solid selective plating-out 

Illcdiuill 

2"" IOd I 0 so I sc eCIi vc 

plating-out mcdiulll 

(I3 PLS) ;:: (~ l acConkcy) 

Incubation at 37°C 

for 20 h 10 24 h (and for a 

furlhcr 18 h to 24 h if necessary) 

AlleaSI fi ve characteristic colonies 

(from each plate) 

Incubation on Ilutrient agar 

Incubation at 37 ° C for 18 h to 24 h 

Biochcmical confirmation Serological confirmation 

Interp retation orresults 



3.3 Sampling Procedures and Processing 

• On the first level pooled salllp' les of faeces (conlaining five single samples) were 

collected flom slaughtered cattle al the Addis Ababa abattoir from 235 animals. 

2-3 g samples of faeces \\ ere added to Rappaport Vassiliadis (R V) broth for olle day 'I he 

following day 0. 1 ntl was tra nsferred 10 the ncxt RV, aner I and 2 days streaking on two 

difTercnt plates oflJ PLS and f!.lacConkcy 

• On the second level pooled samples or mesenteric IVIllp-hnoucs (containing five single 

samples) \Vere collected from the same number ofanilllais. 2S g \\cre addded to 225 Illl 

of peptone \\aler rorolle day and all the ne:..1 day transferred to RV and Sc. on the third 

day streaking unto selective agar mediulll (DPLS and i\. lacConkey). 

• On the third level collection of single beef cuts froill diaphragama and abdomi nal 

muscles separately \\eighing 25 g from 235 animals. They \\ere treated as in the second 

le\"el 

• Additionally, co ll ection of 51001 samp-ics from 300 abattoir \\'orkers, weighing 2-3 g and 

treatmcnt as in !irst le\el 

• On the fourth level, collection of 300 minced beef samp-Ies from 22 sugermarkets, 

weighing 25 g Treatment as in second Ic\cl 

3.4 Culture procedures 

3 4 I Pre- enrichmcnt 

Diaphragm and abdominal (f\\ obliquus and f\1 trans\ersus) lTluscles of 25 g. mesenteric 

Iymphnodcs as poolcd 25-50 g. raw minced mea l 25 g, all scparately \ .. erc mixcd using a 

stomacher in 225 1111 buffcred peptone water (I3PW) and incubated at 37 °C for 16-20 hours 

for pre-enridllllclll Callie and human f:1CCCS samples do not need allY pre-cnrichment 
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3.4.2 Enr ichment,n selective liquid media 

Afler pre-enrichment, 0. 1 1111 of the separate culture was transferred tu 10 1111 of Rappaport­

Vassiliadis broth and I ml to 10 Illi of seleni te cys ti ne broth to be incubated for 24 hrs at 

42 "C and 37 .,c respectively . CaL LIe f:1eces and human stool were enriched in 10 III I 

Rappapol1- Vassi liadis broth for OIiC day and transferred to the nex t ltV 0 11 the next day. 

3.4.3 P lating out and recognition 

From the cu ltu res obtained in 3.4.2. each sample was plated out 011 I3PLS- and MacConkey 

agar medium and incuba ted at 37 "c for 24 hours. The plates were examined lor the growth 

of Sa/moll('l/a colonies. I f growth is slight or i r no typical colollies uf Sa/monel/a arc presellt 

on I3PLS and MacConkcy agar, they were reincuba led at 37°C fo r further 18-24 hours. 

About five suspected colonies were selected from each plate and st reaked on nutrient agar. 

After streaking of the suspected colonies, they were incubated at 37 ue for 24 hours. They 

was re-exami ned for the presencc uf Salmol/el/a. The suspected colonies were subjected to 

confirmat ion using biochemicallests. 

3.5 Biochemical and Serological tests 

The isolates were biochemically different iated from other Gram- negative genera uSlIIg 

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

were performcd in order to increase the likelihood of obtaining suspected Sa/mollella 

colonies for serologica l confirmation Apart from TSI agar slopes, lysine decarboxylase and 

Simon's ci tra te agar slopes, the biochemical tests were carried ou t using" Enlerotube I r' 
(Roche-Diagnostic. Basel) as described by the manufacturer for Ihis purpose only obtained 

purc colonies were used. The tubes wcre incubated overnight at37 "e, ancr inoculation. The 

reactions werc recorded on the interpretation pad. They were considered negat ive onl y if the 

compartments remain unchanged wi th the exception of indole and Vosges-Proskauer These 

two were tested by adding thcir respecti ve reagent s. The tubes were read by writing down 

the numbers lor each positive reaction on the interpretation pad in comparison with a 

reference pattern supplied with the product from the manufacturer. The numbers i.e. the 

va lues for each positive reaction were added amJ then a five digit number (ID value) was 
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obtained. referring to the eCls (Computer Coding and Identification System) for 

"Enterotube II " (HolTman- La Roche and Co. AG, Switzerland) 

Suspected .\'almuuel/a iso lates were tested rUlther using anli-5;almullel/a sera I and II as wel l 

as with group specific allti-Salmul1el/a sera rollowing the Iccollllllendations of the 

manufacturer (S ifin , l3erlin) From isolates react ing 10 groups B. C, D or E. 11 single colony 

was transfelTed to nutrient agar and incubated lor 24 hours and at 37°C. The iso lates were 

then transported maintaining the cold chain to the Institut fur Lcbensmitlelhygienc for 

validation and finally to the IJgVV (13undesinsitut rur gesundhcillichell Verbraucherschutz 

und Veterinarmcdizin, Berlin) for final confirmat ion. Originally in Ethiopia 118 Salmollella 

strains \\ere iso lated. Aner storing, transpoll and recullivalion. finally 98 Salmouel/a strains 

\\cre serotypcd 

3.6 Serotyping at BgVV . Berlin 

For serot),pillg. isolates \\ere first plated 011 Gassner Agar and incubated overnight at 

37 °C~ A small amount of onc single colon), \\as mixed ".ttil rabbit-anti sera against "0"­

antigens to chee!... lor agglutination. Anerwards, Ii'olll the salllc colony a slllall amount was 

transferred to semi-sol id agar platc and incubated 0\ ernight. Testing was do lie in the same 

way, looking for the second I I-phase of Salmollella. Results of thc first day \\ere confirmed 

by repeated tcsting 

All anti-sera used were prepared by the Refercnce Laboratory by their o\\n First pools of 

sera \\ele used for grouping. af1cl"\\ard s all individual sera included ill a group which 

showed positi\c agglutination \\ere tested individually_ Finally. using the antigcn formula in 

the KauITm<lllll-White schcme. the serovar \\las dctermined 

3 . 7 Testing for antibiogram in BgVV . Berlin 

Seventeen antib iot ics \\ere tested against the strains detected These drugs \\-ere the 

follo\\ing (tab 3) Aillikacill (AI< 30 ~g). Ampicill in (t\J\ IP JO ~Ig). CerUlaxoli n (CX\l 30 

~lg), ChlOiamphcnicol (C 30 ~Ig). Coli :-.tin (CT 10 pg), [Ill onoxaein (ENR 5 ~lg). 

Furazolidllll (1. 1{ 100 ~Ig), GClltalllye in (eN 10 ~Ig), Kanamycin (K 30 p.g). Nal idixin aeid 
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(Na 30 ~Ig) , eomycin (N I 0 ~Ig). Polymyxin Il ( I'll 300 IU), Streptomycin (S 25 ~Ig), 

Sulphamcthoxazoln", illlclhoprim (SXT 25 ~lg). Sulphonamide (SU 300 ~lg). Tetracycline 

(TE 300 ~lg) and Trilllclhoprim (W 25 pg) , Testing was done fo llowing the procedure 

described by Arbeitsk l cis 1111' Vctcrinarmcdizi nische Infcktiollsdiagnustik (AVID 1996). 

Orielly. an agar diO'usion tes t was carri ed out using Mueller-Hinton agar. Each strain was 

cultivated filst in L-brotb overnight al 37 uc. AOcrwurds cult ure \\35 diluted <Idcqualcly and 

plated on ~lueller- l lillloll agar to enable growth of non-collnucllling colonies on the plate. 

COl1lmercially (OXOID) ava ilable platelets containing standardi zed amounts of 

antimicrobials were placed 011 the agar plates inoculated with the strai n to be tested. 

IntcrpJctation was done followi ng incubation ovcrn igh t at 37 "(' by lcad ing the zonc of 

inhibi ti on of growth Thc diamctcr of the zone su rrounding each ant imicrob ial di sk with 110 

bacterial growth was dctcllHined criteria fOJ ~~UliJlg le:-.l 31 lains as sensitivc. iIHenllcdiatc o r 

resistant were lIsed according to DIN 58940 (Oculscbcs Institut fur Normung c .V. 1989) 

interpretati\,e standards 

Table.S: Antibiotic disks lI sed , their s)'lIIbols :lnd concentration per disk 

Alltibiotic Symbol ('onccntrllt i O Il (~HVdisk) 

Amlkacin AK 30 
AmpiCillin MIP 10 
CefuraxollII CXM 30 
ChloamphcnJcol C 30 
Colistin CT 10 
Enrofloxacin ENR 5 
Furazolidoll FR 100 
Gentanlycin CN 10 
Kanamycin K 30 
Nalidixic aCId NA 30 

-

Neomycin N 10 
Polymyxin PB 300 (lU) 
SLreptomycin S 25 
Sulpha lIletoxazo le-t n J I let h op n III SXT 25 

SulphoJlamide SU 300 

Tetracycline TE 30 
Trimethopnm IV 25 

3.8 Data Analys i s 

All the d'lta collecteu flOrn samples o f the abattoir cattle (pooled faeces and mesenteric 

lymphnodcs. muscles liOlI1 diaphragm and abdominal). abattoil \vulkers and minced beer 

27 



from supermarkets were stored and analyzed using the soflware !\.Iicrosofl Excel. Ana lysis 

of da ta 011 the prevalence and distribution of S'u/monel/a are presented in the form of tables 

and figures. 

To compare the pool prevalence for faeces and mesenteric IYllIphnudes with the ~'a/I1I()lIel/a 

prevalcnce of individual musclc samples of abdominal and diaphragm it was calculated 

using formula shown belo\\ With the help of this fOintula, the individual-level prevalence is 

estimated on the basis of pool samples 

C:lIculated prc\'alcnce : p ::;:: I - (I - pool prcv:llcIICC)11I 

p ::;:: prevalence of single samples 

n = pool size; in Ihis case 5. 

The second formula for the creatcd pool from individual single samples that based on one or 

1110re Sa/mollel/a \\as considered as a positive pooled sample (CO\\ ling et ai, 1999) 

Calculated Pp = I _ ( I _ p)5 

Pp = pool prevalence 

P = single prevalence (in this case i\ 235, 

<eN" is the number of Sa/mollella positivc cases) 

Graphs \\ere drawn using !\. IS Excel to illustrate the prevalence and distribution of 

Sa/monella fi'om Ihe samples. The statgraphics plus 2. 1 stati stical solhvarc (!\. lagnugistics. 

Inc .. Rockville, !\.la, USA) \\as used for the Chi-square test to see whether sa lmonellosis of 

the abattoir cattle \\as associated \\ ith animal condition. mode of IranspOI1, source of 

minced beef from supcrmarkets and storage conditions Calculation was done according to 

t\lartin et aI., (1987) Antimicrobial results \'vere analysed based on the description by AV ID 

(\996) 
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4. RESU L TS 

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

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

SOU ICCS ana"yzcd were pooled cattle faeces, pooled mesenteric lymphnodcs, single muscles 

frolll the uiaphragm as we ll as frol11 the abdominal region. Addi tional minced beef from 

supermarkets dest ined for human consumption and additinaliy siool samples fro m the 

abattoir persollnel were included in the survey. The iso lated Salmonella -strains were 

scrotyped and resistance aga inst antibiot ics determi ned. 

Salmonella isolates rrom 47 pooled filcces samples were 5 (10.6 %), from 47 pooled 

mcsentci ie Iymphnodcs 9 ( 19.6 %). from 235 single samples each of thc abdomi nal (M . 

obliquus and r.. 1 transversus) Illuscle 23 (9_8 ~o) and of the diaph ragmatic muscle 28 ( 11.9 

~o) In 300 stool samples from the abattoir personnel 18 iso lates (6.0 0 0) Salmu/wl/a have 

been detected. i\linced beer from the 22 supermarkets with an overall of 330 samples 

contained Salmollel/a in 26 cases ( 7.9 %), as shown in table 6. 

A questionnaire was administered to get 1110re information about the abattoir's pre-slaughter 

conditions. slaughtel facilities. post-slaughter handling and disease status, funhermore the 

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

transport, and finally abou t the prevalence of Salmollel/a ill minced beer from supermarket, 

with association to storage condit ions. 

In ordcr to establish a link between serova rs and their potclltiallo pub lic health haz.a rd, the 

most COllllllon serovars of Salmollel/a from the abattoir callie and persollnel on the OIlC hand 

and minced beef from supermarkcts on the other \\ere defined Furthermore. the antibiotic 

susceptibility or Salmollel/u isolates to commonly used an timiclobial agcnts was tested due 

to the significance to pub li c health from the viewpoint of food hygiene and the thcrapy or 

salmonellosis 

In the study 98 Salmonella strains welC serotyped and identified as 27 S AnatullI 53 S 

Dublin. 5 S. ~Ieleagridis. I S' I\ lucllchen. 9 S Sailltpau l and 3 S rough rorm All 98 strains 

reactcd sensitive against the seventeen antimicrobial agents lIsed 
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Tnblc 6: FI'('qllcncy or Salmollella isolatcs by source 

Source Number examined 

Aballoir: Cattl c 

),ooletl r:lcccs 47 

Pooled. Lilli. IIICS . 47 

Estimated faeces 235 

Estimated Lilli mcs. 235 

A b. i\I usch' 235 

Oi:l. i\I uscle 235 

C. abo ~ I usclc 47 

C di". ~ I Llscic 47 

Ab:Htoir : Persollncl 

1I1Iman stool 300 

Supcflnarket 

Minced beef 330 

Oold lines contains the original da ta 

Lilli mes. = mcsenteric IYlllphnodes 

Ab = Abdominal 

Dia = Diaphragm 

Number or isolates 

5 

9 

5 

10 

23 

28 

19 

22 

18 

26 

Positive SamlJles ( 'Yo ) 

10.6 

19.2 

2 1 

4.3 

9 .S 

11.9 

404 

46.8 

6.0 

7.9 

Table 6 shows the frcqucncy of Sa/molle"" isolation by sourcc 235 abatto ir cattlc were 

sampled From each cattle single samples of mescnteric lymphnodcs and faeces arc taken. 

For both matrices 5 single samples have becn combined to <I pooled sample, leading to 47 

pool samples for each matrix Further 235 single samples of diaphragillatic muscle and 235 

single samples of abdominal muscles are separately drawn. Additionally. the study included 

300 stool samples (i"om the aballoir personnel and 330 minced beef samples from the 

supermarkets. The follow ing numbers oL)"clfl11ollella were isolated pooled faeces 5/47 ( I 0.6 

0/
0). pooled mesentelic Iymphnodes 9/47 ( 19.6 %). abdominal (obliquus and transversus) 

231235 (9 8 %) and diaphragmatic muscle 28/235 ( I 1.9 0'0), human stool 18/300 (6.0 ~o) and 

minced beef ~6/330 (7.9 0 0) The estilllation of the single samples based Oil pooled ones was 

calculatcd with the help of the formula given on page 28 led to the following resu lts for 

faeces 5/~17 '\ 5 (:! I °0) and for IYllIphnodcs 10/47 x 5 (4 3 0'0) The cOllversion of" indi\idual 

samples into Cleated pool samples \\'as also done using the fOI/Hula given on 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 = I - (I - Pool Prevalence) "!' 

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 a1 (1999). The est imated prevalence for single samples was 2 1 

% in faeces and 4.25 % in mesenteric lymphnodes respectively. 

31 



Fig. 2 ill ustrates the overlapping of the exact binomial confidence intervals (el) 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 %), C I = 

0.36 (lower limit = LL) to 4.22 (upper limit = UL) and mesenteric lymph nodes 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 CUL) and diaphragma muscle 28 

(11.9",) CJ = 8. 11 (L.L) to 168(UL) 

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

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

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

transformed to "created pooled data", Created pools means summi ng up the results of five 

cows (following ro\', of numbers). Every sample of five 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 

compri sing Salmonella positive were 12 pools with I, 5 pools with 2, 4 pools with 3. I pool 

with 4 and I pool with 5 respectively_ The prevalence of created pools \\as 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 (rea l pool) faeces 5 ( 10.6 %), 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 (UL) and 

abdominal muscle created pool 22 (46.8 %) CI ~ 32. 1 (LL) t061.9 (UL). 

Fig. 4: The obsen'ed 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, I, 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 canle samples are drawn randomly and no bias exists. With the help of the 

formula 

Calculated prevalence: P = I - (1 - Pool Prevalence)115 
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it was possible to calcu late the probabi lity Pcs for a single to be Sa/mol1ella posit ive on the 

bas is of the created pools. The calculated va lue amoun ts Pcs = 0 . 125 ifbi nolllia l distribution 

was accepted. In the next step the probability of 0, I, 2, 3, 4 and 5 positive resul ts ill the 

pool of 5 samples was calculated and drawn in r:ig 4 as «expected for Pcs = 0 126". The 

third distribution curve is calculated with help of the same principles but using the real 

prevalence Prs = 43 /235 (0 . 183.) 

4.2 AIJ:lttoir pe r'soli li el Sloo l dala 

Table 7 illustrates the 300 human stool samples exa mined. the Sa/mol/ella prevalence was 

18 (6.0 %) and CI = 3.6 (LL) 10 9.3. (UL) 

TalJle 7: Confidence intcn'al of .'l'a/munel/" pr'evalence ill lIlJattoir' pcrsonnel stool 

Sourcc Nu. No. J>rcv:llcllce UL LL 

examincd Positivc (%J 

I luman stool 300 18 6.0 9.3 3.6 

4.3 Detailed analysis of th e minced beef data 

Table 8 illustrates the Sa/mollella distribution detected in the supermarket samples in Addis 

t\baba. Fineen samples of minced beef were collected from each supermarket , therefore 

from 22 supermarkets a total of330 specimens were sampled of\\hich 26 (7.9 %) contained 

Sa/mollel/ll . The range was 0 up to 3 isolates per 15 samples. Table 8 shows the abattoir 

source of minced beef. 100. 
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Table s: S(l/munel/(l iso lation ill minced beef frolll supermarkets 

Supenllarkel Source No. No. of S:lIl1llles pos itive 

No. cxamincd for .\'uluumel/ll 

I 2 IS I 

2 I IS 0 

3 3 IS 1 

4 I IS 1 

5 2 IS 1 

6 2 IS 1 

7 1 IS I 

8 2 IS 2 

9 1 IS 5 

10 2 IS 3 

11 I IS 0 

12 I IS 0 

13 2 IS 0 

14 I IS I 

IS 1 IS I 

16 1 15 0 

17 1 IS I 

18 3 IS 2 

19 I IS 2 

20 2 IS I 
-

21 I 15 2 

22 2 15 0 

TolalnllllllJer of specimen 330 26 (7.9 %) 

I ::::: Addis Ababa aballoir; 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 

di~erence 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.S (ll) to 20.2 (UL); Kaliti abanoir SO, 9 (11.3 %), CI = 
5.3 (Ll) to 20.3 (Ul): Kara abanoir 30, 3 (10.0 %) CI = 2.1 (ll) to 26.5 (Ul). 

Table 9: Salmun ella isolations associated with animal condition 

Animal condition Sa/mollelltl (+) Sa/mollella (-) total Positive (%) 

Poor (0) II I 12 91.7 

Average (I) IS S3 101 21.7 

Good (2) 14 97 III 12.6 

Excellent (3) 0 II II 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: 917 %. average: 21.7 % good: 12.6 % and in excellent (healthy animals): 0 %. 
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The lable also shows that there was significant difference (X 1= 48.09, d.f = 3, P < 0.05) in 

Sa/monella prevalence rate and animal condition. 

TalJlc 10: Sa/mol/ el/a isol:llio ll s associntcd wil h the lII oue of trans port 

lIIod e of h 'ans pol-t .'l'a/m unel/a (+ ) .')'a/mull el/a (-) Tol:11 

FOOl 13 61 74 

Rail 18 71 89 

Road 12 60 72 

Total 43 192 235 

Table 10 sho\\s the lIIuue UfllilU::'PUlt uf tllt.: allililab tu the alJaHoir and Sa/mollella isolation 

rate It was done by hoof, rail or road Of the 235 animals sampled, 192 were negative and 

43 \,"cre Salmollella positive. The Chi-Square test was used to see if there \,;as any 

associat ion in the abattoir bel ween disease status and mode of transport Table 10 shows thaI 

there was no signi fi cant di!1crcnce (X2 = 0.38, d f = 2, P > 0.05) in Salmullella prevalence 

rate and mode of (ranspOl t. 

Table 11: Sa/moll el/a isolations in minced beef frolll the supcnnarkcts associated 

with stor:lgc 

storage Sa/mollella (+) Sa/m ullel/a (-) 'l'olnl 

cold room (0) 
, 

I <I J 

refrigeralOr (I) 12 3 IS 

not cooled (2) I 2 3 

Total 16 6 22 

Table II illustratcs the Salmullella detcction in minccd bcef by storing III the coldroont, 

rcfrigcralOr and non cooled facilitics. Salmund/a isolatcs were 16 positi\c and 6 negative in 

an ovcrall of 22 samplcs. The Chi-Squarc tcst was used to see if the prevalence of 

Salmundlll in minccd bcef of supermarkcts was linkcd with storage tcmperature The tablc 

shows that thelc \\as 110 significant diflercnce (X2 = 2 76, d r= 2, P > 0.05) ill SCllmollella 

prcvalencc rate and stul agc. 
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4 . 4 Results of serotyping 

Table 12 illustrates the results of scrotyping o f 72 Salmollella strains isolated from the 

abauoir cattle and personnel 

Table 12: :~;almoll ell(l scrutypcs isoial cli fl"OlII aiJattoir samples 

Source No. of .()ulm uuel/u isuJ:llcs 

Abattoir: Cattlc 

Faeces pooled 

LIIIl . mes. 

Pooled 

abdominal muscle 

diaphragmatic muscle 

A Lm ((oir: personnel 

Total 72 

SA = Salmoncll" AnatulIl 

SD = Sa/monella Dublin 

SA 

3 

3 

2 

7 

15 

SME = Sulmomdla rVlelcagridis 

SMU = Salmollella t\.tucllchcli 

SRF = Salmollella rough form 

S I) SM IC S~ I U 

4 1 

2 

18 

21 

4 5 

49 5 1 

SI{ 

2 

2 

Fro m the pooled samples or faeces (conlainiug 5 single samples) 4 S. Dublin and 1 S. 

t\ lucnchcli. of the pooled samples of mesenteric lymphllodcs (co ntaining 5 single samples) 3 

S. AnatulIl and 2 S. Dublin have been found . Similar to the cattle faeces, S. Dublin 

dominated ill the beef cuts sing le samples. In single samples of abdomina l muscles 18 S. 

Dublin and 3 S. J\natum and in diaphragm muscle samples 21 S. Dublin and 2 S. Anatum 

occurred The 18 SalmvlII:lIl1 iso lates from the abatto ir personne l consisted of 7 S. Anatulll. 

4 S. Dubl in,S ,Y. :'>. lelcagridis a nd 2 Salmullella rough fo rms. In lo tal the di stri bution of 72 

Salmullell" serovars luns as fo llows: 15 S. J\nalulll, 49 ,Yo Dublin. 5 S. fl.. lclcagridi s. I 5;. 

i\tue llcilen and 2 S. rough fo rm, respec ti vely. 
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Table 13 shows the frequ ency o f Salmo nella serotypes in minced beef from the three 
aballoir sources . 

Table 13: The f'-C(IU CnC)' of S:l lmollclla Scro l)'pcs in minccd bcef rI'O III supcnnarltcts ill 

three :d.)lIUoir-sourccs 

S upenllarl(ct So urcc 
No. 

1 2 
2 1 

3 3 
<I 1 

5 2 

6 2 

7 1 

8 2 

9 1 

10 2 

11 1 

12 1 

13 2 

14 1 

15 1 

16 1 

17 I 
18 3 

19 1 

20 2 

21 1 

22 2 

T otal 26 

SA = Salmolldla Analull1 

SO = Salmundla Dublin 

SSp = SCllmonella Saintpaul 

SRF = Salmonella ro ugh forlll 

No. of Salmollella iso lates 

SA SD SSp SR 
1 

1 
1 

1 
1 

1 
2 

3 1 1 
2 1 

1 

1 

1 
2 

2 
1 

1 1 

12 4 9 1 

1 = Addis Ababa abattoir 

2 = Kaliti abatto ir 

3 = Ka ra abau oir 

Of the 26 Salmullella strains me 12 S. Anatul11. 4 S Dublin, 9 S. Sainlpau l and 1 S. rough 

forlll _ An angcd fo r the aba ttoir SUUl CCS of the Salflumel/u 3 5'ulfluJlleJla serolypes (2 S. 

AnatulII , 1 S. Dublin and 6 S. Saint paul) originated fi ClIl Kalili abattoir. FIOIll Kara abattoir 
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all 3 strains belonged to S. Saini paul. III the minced beef from Addis Ababa 10 S. Anatum, 3 

S. Dublin and I S. ro ugh lorm were founo. In ;.!l 1 the samplcs or Addis Ababa abattoir 

(faeces, mcsellteric lymphnodes. bccf cu ts and minccd meat) no S. Saint paul was dctected. 

4.5 Antimicrobial test results 

All the 98 Sa/mullel/a strains, namely S. Allalulll, S. Dublin, S. Meleagridis, 

S. Mucllchen, S. Saintpau l and S. rough form isolated frol1l the abattoir callie samples, 

personnel and minced beef li'OI11 supermarkets were testcd ill Icsistance agai nst the 17 

antibimiclObials al ready shown in the previous table 3. All the !)'a/uuJflel/£1 st rains wcre 

sensitive to the 17 drugs. 

4.6 Questionnaire survey 

In o rder to assess some factors contributing 10 Sa/mollel/a occurrcncc, a questiollnaire was 

administered to the abattoir personnel and observations on pre-s laugh ter condit ions, 

slaughtcr facilities, post-slaughtcr handling and disease status. Additionally, thc conditions, 

storage f.1cilitics and sources of meat to the supermarkets wcrc registercd. 

4.6.1 The pre-slaughter conditions 

The source of catt le was from different parts of the countt)'. It was transported by vehicle, 

rail and foot. The noticed C0I111110n callie discases \\'CI'C tubcrculosis (TU), helminthiasis and, 

in sOl1le cascs, various mctabol ic disorders. Animals brought ror sltlugh tcr wcrc adults agcd 

5 ycars or older. Usually, animals wcre numbcred aftcr arrival at thc abauoir by giving an 

abattoir code numbcr An avetage or 450-500 animals arc slaughtclcd daily . Discase 

suspected catt le \\cre additionally sc[ccncd for 'I'll, blood para:sitcs and Foot and i\louth 

Disease ( Fr.lD). A vctcrinarian and assistant tlIeal inspectors carlY Qut thc anle-Illortem 

i IlSpcct iOIl. 

4 . 6.2 Siaughtcr Facilitics 

Uirds, IOdcll ts ami othcr vermin arc attracted by thc bOlles that ale c .... poscd outsidc ,lIld do 

invade thc gencral sun oundillg of thc ab.Htuir The design ,ulll facilitics o r thc slaughter line 

arc bOlh mcchanized and manual. The major source or watcr is chlorinated tap water. A 
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veterinarian and assistant vetcrinarian mcat inspectors carry out the post-monelll inspection. 

At slaughtcr the Illost frcquclll findi ngs of llIeat inspcctiull arc pathological lesions, 

pneumonia, cillphyscma, abscess, calculii , ncphritis, pyaemia and '1'13 lesions. The 

condelllllcd specimens and inedible slaughter alTai including intcstincs and thci r contents 

arc processed into blood llIeal, animal concentrates and bone meal for pets, poultry, callie 

and other li veslOck. The disposed \\aste passes into the main internal drainage and is 

emptied to the pit-holes and some of it is incinerated. 

4 .6. 3 P os t -s lau ghter handling anti disease status 

The type of laboratory analysis in case of a suspected disease <I re blood smcars and faeces 

for parasites, l3aci llus arHluacis, T13 and discharges. '1'13 is a reportcd disease the of the 

abauoir's personnel. The slaughterhouse storage facilit ies include cold roOIllS and 

refr igerators. The llIeat is transpo rted in closed trucks alld thell supplied to priva te ami stale 

owned butcher shops and supermarkets. 

4.7 Supermarkets 

The sourcc of meat from the supermarkets were Addis Ababa. Kaliti and Kara The mode of 

transport of meat ami meat products are usuall y closed vehicles. The types of storage 

fac ilit ies arc mainly cold roOIllS and refrigera tors. J\ leat is processed into sausages and 

minced beef. The disease screening for the personnel is done by public health personnel, in 

some cases screening for TIJ , salmonel losis and other zoonotic diseases. Meat and meat 

products are randomly co llected for various laboratory analyses. 
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5 . DISCUSSION 

This study was planlled as a baseli ne stall The Addis Abab'l abattoir was selected as a 

model 10 determine the SlIlmomdlll prevalence from call ic samples, starting with the pooled 

faeces followed by mesenteric Iymphnodes and Illuscles from the diaphragm as well as from 

the abdominal region. The prevalence of Salmullella was determined up to the end product, 

that means minced beef sold i ll Add is Ababa supermarkets Addi tionally. the human stool 

fi'olll the abattoir personnel was ana lyzed for Sa/mollella serolypes 

Abattoir cross sectiona l stu dy 

Generally the faci that 5ialmullella occurs at Addis Ababa abattoir is in agrecmclH wi th 

studies of olher authors 011 the abattoir. From the cun"ent studies Salmollella isolates from 

the diaphragm 28 / 235 (11.9 ~o) and abdominal 23 1 235 (9,8%) muscles show beef cuts 10 

be the 1Il0st important source for Salmullella in comparison to expected numbers (calculated 

from pool samples) for individual faeces of callie for n = 5147 x 5 (2. 1 0..0) and mesenLeric 

Iymphnodcs 11 = IO/47x 5 (38 %) Low prevalencc in living animal. indicated by low 

isolation rates of faeces and Iymphnodes, leads to the conclusion that the contamination of 

oeef cu ts is not due to spreading of Salmollella in the living or dying organisms. There Illust 

have becn severe cross-contamination during the skinning process as a result of bad 

hygienic condi tions during subsequent dressing operations. One probablc source could have 

been from infected abaltoir personnel because in 18 ( 6 %) of the 300 stool samples 

Salmullella were isolated. On the other hand in the human faeces S , Meleagridis was 

detected. a serovar \dlich has never been found in cattle (sec p. 46) Several repons have 

stressed the impact of poorly disinfected knives or other slaughtering equipment and bad 

hygiene among the slaughterhouse personnel 011 cross contamination (W IIO. 1985). In this 

Addis Ababa study other contamination routes are also probable. Mainly some 

environmental factors. such as insects. rodcllls. avian vectors and water could have also 

been in\'olved in the infection or herds and contamination of processing areas. These veclors 

have also been dcmonstrated in abattoirs of other countries 10 bc the poten tial source of 

contamination oflllcat destined for human consumption (Samuel et al.. 1980) All thc facts 

IIIcntioned above as causative agents of beef contamination during the slaughter process are 

also fall lid at the Addis Ababa abattoir 



In previous studies it was reported, that stressful condi tions and over-crowding associated 

with transport of animals from rear ing farllls to the abattoir induces shedding of Salmollella 

in animals (Samuel et aI., 1981). However, from the Addis Ababa studies the Chi-Square 

test indica tes sal mo nellos is detection in catt le !i'om the abattoir was not correlated with 

circuillstanccs of animal transport. On the othcr hand, the results lead to the conclusion that 

the health sta tus of the callie is associa ted with sa lmonellos is because in the !lICces and/or 

mesenteric Iymphnodes of 12 cows classi fied as «poor conditioned" Salmonella was 

detected in II times. 

In thi s survey pool-lesting was lIsed lor the faeces and mescntcric sample ill agrecment to 

Cowling ct al. (1999). Collcctive sample test ing can be used to determine hcrd status 

(infected or lion inrected) or, if multiple pools per herd arc used, the indi vidual animal 

prevalence can be estimated with the help or these results as showll in this study. 

Thc consumption of raw meal by the abatLoir personnel Salmum.:llu was isolated of by stool 

samples 18 (6 %) of the 300 slool samplcs Jllay be interpreted as an indication of chain 

contaminat ion between cattle ca rcass and people. This is concluded from work carried out 

III a igerian abattoir (Addo and Diallo, 1981). Outbreaks of human salmonel los is as a 

result or eating raw ground beer have previously been described by Roels ct a1. (1997). It's 

adv isable to cook meat thoroughly for human consumption to reduce the risks or rood borne 

illness. Despite some unsanitary practices at the slaughterhouse arc detected in Ethiopia. 

I ittle is kno\\ It to quanti fy the risk of contamination or meat with Salmollella at that level. 

For examplc inrormation is 110t available on the degree or cOlllulllination of the environlllcnt 

with Salmollella caused by untreated cn1uents or the SalIllUIJ{'lIlI prevalence in pests like 

rodents or birds. 

S upcrlllal"ilct noss sec tional stud y 

In the prescnt study the isolation rate uf 26/330 (7.9 %) from Illinced beer o f the Addis 

Ababa superlllarkets was less 1han the rale of 20/50 ( 40 %) samples reported by Molla et aL 

(1999) . The dirfercnce betwecn the results of the lattcr and the present one, though carricd 

out in the sallie cnvironlllent, could have been duc to impruvemcnt of the hygienic 

slandards, seasonal innucllces or fundamcntal difTerences between the shops included III 

both studies. Espec iall y there was demonstrated a lower ,<';lIll1uJ/I('lla contamination or 

minced beef ill large supermarkets than in local shops. These findings underline a casual 
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relationship bctwcen frcquent hand ling and cross comaminatioll of bccf products But it is 

c1car tllat concerning tllc way from thc Addis Ababa s\aughlcJllOuse 10 the consumer, the 

prevalence of Salmonella does 110t increase during beef transport, production of minced beef 

and selling it ill the supennc:1I kets. 

Q UCS tiOIlIl:til'c S li ney 

The scope of the qucsLiollll<lirc was gaining lIIorc infonnatioll by an assessmcnt of factors 

contributing to salmonellosis in the abattoir and in minced beef from supermarkets. 

Applying this questionnaire, important informalion about lhe health haza rds of 

salmonellosis to people and livestock can be obtained. Interviews ur otlier efforts ca rried oul 

bcfore and aner the campaign contribute all impoltallt fact of a comprehellsive cOlltrol 

program against Sa/mullella. As shown by this Addis Ababa study il is neccssa ry to carry 

oul ante-mortem and post-Illortem inspection on slaughter animals. Only apparcntly healthy 

animals are to be rccomillended for slauglHer ill the abattoir. because a much higher ri sk of 

salmonellosis can arise ('rolll animals of poor condit ion. Storage did nol havc any elTect on 

Salmollella prevalence of minced bccf from the supermarkets, but the sources of beer 

impact on the isolated serotypes (p. 46). 

SCl'o types iso lntell 

T he present study was conducted to dctcct Sa/lJlullella serotypes which arc common in the 

Ehtiopian line from stable to table. Taking samples from callie at thc slaug hterhouse, beef 

cuts, abatloir pcrsonnel and minced beef should give SO Il1C information w hether therc exists 

a link between the scrovars of dincrcnt steps of prc-and post-harvest I1Ical chain and 

serovars of potential public health hazard thaI could bc iso latcd. In this study cal ried out for 

the first timc 0 11 salmoncllosis ill the Addis Ababa region in aballoir cattle ;'lIld human 

personncJ. predominant Salmollella serotypes were S. Dublin followcd by S. !\natum. Ooth 

scrovars \\crc 1I10stly iso lated from pooled samples of bovine faeces, mcsentcrie 

Iymphnodcs and beef cut samplcs or the diaphragmatic and abdominal muscle. Thesc results 

agrec with wor"-s carried out by various authors conccrtling diffcrclll slaughtcrhouses in 

Aliica and other palts of thc world (~lillcr. 1971; Chambers. 1971 ; J\desiyull and Oni, 

1980; Sharma cl al 1996; PAO/World lJank ; 1992; Anonymous, 1997). According 10 

literature S. Dublin appears to be almost callie spccilic as it is cOlll lllordy identified in this 



ruminant. On the other hand S. i\ luenchen which was only isolated frolll cattle faeces and S. 

r\natulll are not host specific. 

Thc Salmullella strains (rolll the abattoir PCI sOl1l1el comprised S. Anatum. :-;. Dublin and S. 

i\·leleagridis. In this study carried out for the first lime on abattoir workers thcse serotypes 

are lirstly reported for man in Elhiopia. too Previous studies from human diarrhoeal 

outpaticnts in Addis Ababa show S. Typhi scrogroup B, C, 0 and E whose source of 

infection may be contaminated food (l\Jache and Megistu, 1998) Concerning the 

slaughtered abattoir cattle S. AnalUm and S. Dublin have been isolated This could but must 

!lot have been linked to the consumption of ra\\ meat by the abattoir personnel. v.hich 

excreted the same serovars. These serovars \\ere also isolated from the abattoir workers and 

children ill Zilllbal}\'vc (Challlbt:I~. 1977) S t>.lcleagridis \\as also dClccted frolll the stool of 

abattoir \\orkers 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 

nOl any case of contamination of the 330 bcefcut samples by S. l\leleagridis 

Findings of Salmullella in minced bcef from the supermarkets showed S. Anatum. 

S. Dubl in and 5;. Saintpaul as the most frequent serotypes The dominance of S. Anatum and 

S. Dublin in minced beef is in agreement with the work of i\tolla et al (1999), concerning 

the same matrix The source of the 1\\0 scrotypes found in minced beef from supermarkets 

could have been from the Addis Ababa abattoir because these slJains "ere isolated from 

samples collected at the sallie slaughterhouse On the other hand S. Saintpaul is a ne\\ 

serovar to be reported in Ethiopia. The origin of S. Saintpaul from Kaliti and Kara abattoirs 

supplying Illeat to suoermarkcts to be processed into minced beef\\as clearly shown in this 

study From the point of view of tracing back it scems very important that no minced beef 

from Addis Ababa slaughterhouse contained S. Sail1lpaul because th is serol)pe was not 

isolated at the slaughterhouse itsel fila ..... e\ CI, S. Saint paul has been well documented from 

two other abattoir studies (Adesiyull and Oni, 1980. Shrama and Josh i, 1992) There was no 

difference in overall frequency of Salmollella bel\\cen the three abattoir sources except the 

difference in frequency of serotypes. In future there should be designed a study covering all 

meat products \\' ilh a considerablc Salmollella cOl1lamination ri .. k Lo gCI more detailed 

information about the Sa/mol/ella infection chains in Ethiopia 
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Antimicrobial sensitivity of Salmo" ella iso lates 

From the viewpoint of food hygiene and therapy of salmonellosis lhe sensitivi ty of 

Salmullella isolates to cOllllllonly lIsed antimicrobial agents is of public health signilicance. 

In the present study 98 Salmolldla strains (namely S. Anatulll, S. Dublin, S. Melcagridis, S. 

Mucnchcn. S. Saint paul and S. rough form) isolated frolll the abattoir cattle samples, 

siaugiiteliiouse persollliel i.llid Illinced beef frolll supenllalkets llave been tested for 

resistance against 17 antimicrobials. All ,)'allllollel/a wains showcd sensitivity against the 

17 drugs in the following concentration Aillikacin (AK 30 JIg), Ampicillin (Ai\ IP 10 ~g), 

Ccluraxolin (CXi\1 30 ~lg), Chloramphenicol (C 30 ~lg). Colistin (eT 10 ~Ig), Enronoxacin 

(ENR 5 ).Ig), Furazolidon (FR I 00 ~Ig), Genlamycin (eN I 0 ~Ig), Kanamycin (K 30 ~Ig), 

1 alidixin acid (Na 30 ~lg), Neomycin (N 10 ~lg). Polymyxin 13 (P13 300 JU), Streptomycin 

(5 25 ~lg), 5ulphalllethoxazolfrrilllethoprim (SXT 25 ~lg) , Sulphonamide (SU 300 ~Lg) , 

Tetracyeline (TE 300 ~g) and Trimethoprim (W 25 ~lg). This is a clear indication that IllOst 

orthe ant microbial drugs arc rarely utilizcd ill cattlc hcnce no drug resistanec was obsc['\cd 

antimicrobia l tcsting Prcventing of develo pment of resistance ill Salmollella in food of 

animal origin does not only imply that antibiotics should ncver be administered to control 

subclinical Salmulldlu infection. but also that the usc of antibiotics for food of animal origin 

in general should be 10 the least possible extent. Special care should be takcn for the c1asscs 

of antibiotics used for treatmcnt of human Salmollella infections. notably nouroquinoloncs 

and alllinoglycosides [lasing o n the information prescnted above, it is important that the 

prudcl1t lise of nuoroquinolollcs in the Ethiopian veterinary lield should cOlltinue with the 

idea that their application should maximize the therapeutic eO'ect and minimizc the 

emergence of resistance as documented by ;>. Ialorny et al (1999). 

On the other hand recently lesearch work demonstrated a rapid gro\\lIIg 11lultidrug­

resistance for Illany Salmollel/a strains isolated from livcstock alld humans in llIany regions 

of the world The predominant serovars isolated of foods of animal urigill, mainly S. 

Anatulll and S. Dublin, ha\ e developed resistance patterns 10 streptolllycin. neomycin and 

tetracycline (Adesiyull and Oni, 1980. Shrama and Joshi. 1992) rrolll abattoir 

investiga tions carried out in 13razil the dominant strain from mc<H and mcal products of 

cattle oligin was .. \'. Dublin too and this scrotype was resistant to tetracyclinc. 

chloramphen icol. kanamycin. ampicillin, nalidi:-. ic acid. gentamicin and II imelhoprim­

sulmethoxazolc (Composs et ai, 1989) OLher authors stated that the transition of 
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multiresistant Salmonella strains from cattle to human is (sli ll ) a seldom event. but a low 

risk does exist. 

Regarding the gIven facts sal monellosis is of public health significance, because the 

probability of ea ting meat or meat products cO ll tamillalcd with Salmollella must be taken 

into account. Prevention measurcs must start at the level of animal production. Reduction 

of the prevalence ofSoll11ullello should be based on good production practices (G il!» which 

includes biosecurity, cleaning, disinfection and animal hygiene. This Gill' should 

furthermore be incorporated in food production. transpOI1 and selling as cOllllllod it y food 

safety/quality assu rance programmes. Integra l fo r the success of interventions at the animal 

production level are in-depth understanding of the epidelliiology and microbial 

characteristics of specific pathogens, animal idcntifica tion und diagnost ics. At tbe 

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 regarding the storage, handling, use and preparation of 

meat and meat products. 

6. CONCLUSIONS AND RECOMMENDATIONS 

1. Concerning the "cow-chain" the prevalcnce of Salmullella in single samplcs is relatively 

low ill the faeces (2.1 %) and mesenteric Iymphnodes (4 2 %) of the Ethiopian abattoir 

cattle ill comparison lO the Salmol1ello loads of beef cuts (9,8 % and 11 .9 % 

respecti vely) and Ininced beef fi·olll superlllarkets (7.9 %). Apal t from tllese sourccs tile 

level of the !'J'olmullello prevalence in stool samples of slaughterhouse \\orkers (6.0 %) 

lies bet\\een these two groups. 

2. The highest prevalence of Solmullella in beef cuts was found ill cattle being slaughtered 

in poor condition To reduce the Salmullella burden to the public it is therefore esscntial 

to perform intensive live inspection and to slaughter only healthy animals. 

3 The data frolll bacteriological analysis of beef cut samples from abdomen (9.8 %) and 

diaplllaglll (11 .90,.·0) show that there must have been sevclc add itional contaminations 

during the slaughter process. mainly during the step ofskinnillg 

4 III G 00 of the human stool samples (I'om the slaughterhouse \\orkcrs ~Vlfllllullella was 

isolated Theoreticall y. the employees play an important role as a source for Salmollella 
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cont amination. On the other hand S. Mcleagridis was onl y found In human faeces 

samples and this serotype was never isolated rrom the "cow chain". 

5. Although the level of the Salmonella load of minced beef from supermarkets (7.9%) 

does 1I0t exceed Ihe Salmollella burden 01' the original beef ClIIS, there arises a severe 

risk for the consulller or raw beef 

6. The mosl frequelll isolated .)·almoJlella serulypes In ealllclbeef samples were 

S. Dublin and S. AnalUlll S. Mucnchcn and S. rough form werc found less frequently. S. 

Meleagridis was only detected in human slool and S. Saintpau l in minced beef Tlot 

oliginaling Ii'om Addis Ababa slaughlcdlOUSC. 

7. None of the 98 tested Sa/mollei/ll strains showed resistance against 17 anlimicrobial 

substances. 

The following recommendations must be considered generally and are important to improve 

the hygienic sta tus of Elhiopian beef: 

• Separation or 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. 

• EnvilOnmental factors such as insects. rodcnts and avian vectors IllllSt be under control 

because they are involved in the infection of herds as well as in the contamination or 

processing areas and carcasses 

• During slaughter, Good Manuracturing Practices should bc followcd which include 

cleaning and disinfecting of knives and aprons, hand washing, avoidance or contact 

between carcasses and other surfaces and optimal cleaning education and motivat ion of 

slaughterhouse personnel and adequate control by cOlIJpetent omcial authority 
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8. APPENDICES 

Appendix 1. 

Positive cattle pooled samples of mesenteric Iymphnodes and faeces 

Data worksheet 

Pooled 10 MeS.Ln Faeces Status Trans Cond Antibiogram Serovar 
1 0 n 0 v 2 
2 D n [l v 1 
3 0 n p v 2 
4 0 n 0 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 0 n 0 f 2 
23 n n n f 2 
24 n n n f 1 
25 n n n f 2 

r 26 n P p v 3 
27 0 n 0 v 3 
28 n n n v 3 
29 n n n v 2 
30 n n n r 2 
31 0 n P r 2 
32 0 n p r 2 
33 n 0 0 v 1 
34 n 0 P r 1 
35 n D 0 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 0 0 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 0 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 0 n 0 

. 4 n n n 
5 0 0 0 
6 n n n 
7 n n n 
8 p p- O 
9 n n n 
10 n 0 0 
11 n n n 
12 n n n 
13 n n n 
14 n n n 
15 n n n 
16 n 0 0 

17 n n n 
18 n 0 0 

19 n n n 
20 0 D 0 
21 0 0 0 

22 0 0 0 
23 p- n 0 
24 0 n 0 

25 n n n 
26 n n n 
27 n n n 
28 n n n 
29 n ' 0 0 

30 n 0 0 

31 0 p- O 
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32 p p P 
33 p n p 
34 n p 0 
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 0 

Appendix 3 

Abattoir Personnel Positive Results 

. SA Status 

10 A010 p 
32 A032 P 
41 A041 P 
52 A052 p 
70 A070 p 
80 A080 P 
98 A098 p 
102 A102 p 
129 A129 P 
148 A148 p 

159 A159 p 
168 A168 P 
176 A176 p 

178 A1 78 p 
224 A224 P 
239 A239 p 
272 A272 p 
274 A274 P 

N = Negative ; P = Positive 
SA = Salmonella Anatu m 
SO = Salmonella Dublin 
SME = Salmonella Meleagridis 
SM U= 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 iso lalion in minced beef fro 111 supcrrlla rkclS 

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 P 1 
16 n 1 
17 P 1 
18 p 3 
19 P 1 
20 p 2 
21 p 1 
22 n 2 

Total 

SA = !'J'allllollella Anatulll 

SO = Sa/monella Dublin 

SSp = Salmollella Saintpaul 

SRF = Salmonella rough form 

NR= f\O Resistance 

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 abattoir 

3 = Kara abattoir 
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No. of Salmonella 
isolates 

SA SO ~ ~ 
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. Auattoir 

• Pre-Slaughter comliliolls 

o. igin of animals 

2. The ~ l odc of Transport 

a. Vehicle b. Rail c. By foot 

3 Disease Ili story frolll source of animals 

4 Age groups o f animals brought for slaughtc 

a Young b Juveniles c. Adults 

5 Identification of animals 

.a Tatoo b. Ear tags c, None 

6 The number of an imal s slaughtered ill a day 

7. Against which diseases arc animals screened before slaughter 

8. Who carries outlhe antc-Illortem inspection? 

a Veterinarians b. Animal Ilcalth Technic ians c. None 

• Slaughter Facilities 

9 The design and facilities in Ihe abattoir 

10. The general surround ing in the abattoir 

II The f.1cilities used during slaughter of animals 

12. The lype of protective clothing used by the personnel in the abattoir 

13 What is the source and quality or\~ater uscd? 

a. Tap watcr IJ , Iland carri ed c. l3orehole d. wells 

\4 \\ow are the animals slaughtered? 

a. 1\ 1echanized b ~ l anllal 

15 Who carrics ou t the post-mol tem inspcction? 

a. Veterinarians b Animal Il ealth Technicians c. None 

16. I low ale Ihe condcmned specimens disposed? 
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17 The d isposal of waste 

a Incenerator b. I>it -holes c. Open di sposal 

18 What are the COllllllonest conditions at meat inspect ion? 

• Posl-SI:wght er halldling alltl disc:l se SI:ll us 

19 The t)pe of laboratory analysis ill case ufa suspect cd diseases 

20 Any reponed disease cases from the personnel 

21 The type of storage facilities 

a Cold rooms b. Fridges c. Ilone 

22 How is the meat transported to the supermarkets and butcher shops? 

23 To \\-hich supermarkets and butcher shops is the meat supplied in the city? 

B. Suprrmarkct ami LHllclICI· shops 

The source of meat 

2 What is the mode of transportation of meat and meaL products 

a Open \ 'chicles b. Closed Vehicles c. Closed and lefrigerated d By hand 

3 The I)pe of storage facilities 

a Cold room b Refrigerators c 1'"0l1C 

4 What are the types of meat processing ca rried out? 

5. The type of CUlling facilities 

6. 110\\ is the packaging done 

7 Any prc\ious complaints from clients 011 illness contacted on consumption of 

meat and meat products 

8 Is there any disease screening for the personneJ'> Which olles? 

9 The type ofprotecti\e clothing used by the personnel 

10. Is there any inspection by the Public health personnel 

II Are there any specimens sampled ror laboratory analysis? 
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Namc or Interviewer 

Date 

Signature. 

EXPECTED OUTCO~I E : 

The study wil l answer thc lollo\\ill£ questions: 

• Are salmonellae present in slaughter cattle and meat (bed)? 

• If yes, what is the count? 

• What are the most prevalent seorva rs? 

• Ilow is the Antibiogram picture of the isolates? 

Do salmonellae serovars agree with those from human stool samples (zoonotic aspect -

foods of animal origin as a source of infection). 
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