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ABSTRACT 

A cross-sectional study was conducted on apparent ly healthy slaughtered swine a l Addis Ababa 

abattoi r from October 2004 10 February 2005. The objectives of the study were to estimate the 

prevalence o f Salmone/la in slaughter swine, to find out Salmonella serovars distribution. to 

detennine the antimicrobial resistance of Salmonella isolates to selec ted ant imicrobial agents 

and to invt!stigate the association between some potent ial ri sk factors and Salmonella 

contamination of carcasses, A to tal of 849 samples, consisti ng of cecal content (n =:; 278), 

mesenteric lymph nodes (n -= 278). carcass swab (n == 277) and scalding water (0 = 16) samples 

were co llected. The samples were examined for the presence of Salmonella following standard 

techniques and procedu res recommended by the Intemational Organization for Standardization 

(ISO). 

Out of a to tal of 849 samples. 173 (20.4%) were Sa/monel/a positive. Sixty-three of 278 

(22.7%) cecal content. 99 0(278 (3 5.6%) mesenteric lymph nodes and I I of277 (4.0%) carcass 

swab samples were found positive for Salmonella. By considering an animal positive fo r 

,)'u/monel/a when it is positive enher for cecal content or mesenteric lymph nodes or for bo th. 

I ~O (43.2 %) sv,;ine were found Infected wi th Salmollella. '-Jane of the scalding \\ater samples 

were POSIlI\·C. 

rhere was a statistically significant association between cecal content Salmonella status and 

carcass contaminmion with ,s·afmolle/fa at individual level. Swine that carry Sa/mondla in the ir 

cecal content \\ere 6.7 (OR (,7. 95% Cl = rI.90-23 .76j) times more likel) 10 end up as 

contrtminated C3rcasses than frcc Jnimals. 

Among 173 Salmonella isolmes 166 were identilied as specific scrova.rs and grouped into 17 

sl:rot~ pes. Salmonella Iladar (27 _~o 0), S. Eastboume (22.5%) and S. Saintpaul (21.40'0 ) \\ .:re the 

most prcvalent se royurs accounting for 71.1 % of total isolates. Olher serot)'pes isolalCd include 

5,". T)phimllriull1 (5.2%). S T)rhimurium vaf. Copenhagen (3.5%). S. Kentucky (29%) S. 

Enteritidis (2.3%) and S. i\e\\pon (2.3%). Two serotypes. S. Aillager and S. Tarshynl' were 

reponed for the first lime 111 t:lhiopia. Se r01~ pes predominantly isolated in thi s slUd~ were 

different from serovars fr('quentl~ reponed from swine in other count ries. Among serotypes 

\ 1 



which had more than 5 isolates: S. Hadar and S. Eastboume were isolated from all sample 

types. while S. aintpaul and S Typhimurium var Copenhagen \\'ere isolated from CC and 

\IL~ Salmonella Typhimuriurn was isolated only' from r-.ILN. 

All Isolates v.ere tested for susceptibility to a panel of J..J selected antimicrobials. Out of the 

173 isolates tested, 57 02.9%) were resistant. All the resistant isolates were multidnul resistant 

from [\\0 to up to ten different antimicrobials. Resistance was associated \\;th seror} pe Among 

the 17 serotypes identified. resistant isolates belonged to on ly ·L S. Hadar. S. K.entucky. S. 

Typhirnurium and S Braenderup, j\'last frequent resistance was encountered far streptomycm 

(32A%). followed by tetracycline (31.8%) and nitrofurantoin (:27.200). The most common 

panem of resi~tance obseryed \\as to nitrofurantoin, streptomycin and tetracycline representing 

82.5°0 of resistant isolates. Salmonella Kentucky. S. Typhimunum and S. Braenderup were 

resistant to J up to 10 different antlrnlCrOblals, 

Results of this study sh('l\\~d th~ potential risk Salmollel/o from S\\lnl' pose to public heallh In 

Ethiopia as ..;ourccs of p3thogemc and multi-drug resistant scro\ars. The risk factors associated 

with high pre\alence of Salmmlt..'lla In swine need 10 be identified. ';('1 that appropriate control 

measur<.'s (ould kle Implemented. It IS also necessary to detennme the role of the serO\'aT5 

identified. III salmonc:"lIosls. both in ~\\ine Jnd human beings in Elhk'pm 

Kc~ " ord s "\\lOt'. 5iabmmellcl. s~WtyPt' .... prc\·alence. anllmkrohlJI n:slstancc. Addis .·\baoJ. 

\'11 



\. INTRODUCTION 

Salmonellosis is considered to be one of the most common foodbome illnesses in hwnans. with 

worldwide d ist ribution (CDC, 2000) and is an economically imponant disease of all animal 

species. Infection of animals with various serovars of sa lmonellae can result in serious cl inical 

disease and always constitutes a vast reservoi r fo r infect ion of humans. The natural hab itat of 

Salmonella is the intestinal tract of humans and other animals. BOlh watcr and foods of animal 

orie.in hs\'c been identified as \'chicles for transmission of the organism. All strai ns of 

ScI/mo/1ella are considered pathogenic to humans (Doyle and Cliver, 1990; Radostits el af,. 

1994) 

almonellosls is an important z(.)nnOlic infection. perhaps the most widespread zoonosis in the 

world. and human salmonellosis causes \\ ide sprl:ad morbidit)o and economic loss (Acha and 

zyfres. 2001; Wray and Da\ics. 200)). Salmonellosis is the leading cause of foodbomc illness 

in many countries in the world It is morc wiuespread 111 young children. In elderl) clli7i!nS 

frequently affected with underly IIlg chronic diseases. ,1110 immuno-suppressed indi\'iduals. 

Iluman salmonellosis from tht: consumption of comaminatt"d fonds generally remains 011 th~ 

Increase world wide causing pain. suBenng and loss 01 Irisurl' lime (Radostits el a/.. 19C1·L 

D·"ou,\. 1997). 

~ aimonellosis is a sigllllicant cause of economic loss III farm allllnals because of the COSI uf 

chmcal JiS(";lSC. which incJmk death. <.Ibonion. diagnosis. i..II1J treatment of clinical C<b("~. 

diagnosllc labmalor) COSls. and Ihc CO!'I nl cnmrol and prc\cnllon Illl' losst.!s IIlcurred h)o Iht' 

h\cstocl., producers include rt'Juced ked I!rticiency. and n.:uuccJ \\eight gallls and mill... 

production in dairy herds be\"'3u~l' of Sai11l11ncllosis {D' Aousl. 19~9: Radostits ('/ 01 199-1) 

Salmonellae are a major caus~ of disea<;c in S\\ lI1e and have a siglllticant economic impaci For 

instance. It lIsed to cost US producers 100 million USD per yt'ar nationally 12 years ago I Ronl 

c.:I al.. 1993 t Clinical disease b usually caused by Salmond/a Choleracsuis, Occasional!). ,<..' 

l~rhimunum or. rarely. Sulmom.:/Ia Iyphisuis IS invoh .... J 111 IlKnlized cpizootics. Infecl!on 

\\ith olher se rolypes rarely causcs Jisca.1ie unless a naive or compromised ho~t ingests nlIlTIt.!rNI<;; 



organisms or a carrier becomes immunocompromised. Salmonellosis as a disease in s\\ine is 

reported \\orld\\ide and occurs mainly in weaned S\\IOC. Increased incidence of the djsease 

tends to be present In geographic areas of intenshe s\\;ne production. particularly in areas in 

\\hich swine are transported and ~omrn i ngled ( chwartz. 1993 ). 

Most Salmonella are not host-adapted and are considered potential pathogens for humans. In 

swine. infection '.\;th 3 ... ariet)' of scrOlypes is common: fe\\ serotypes are signiticam causes of 

disease. Salmonella infections In swine are important because of the zoonotic potenlial of 

Infected pork products and the effects of the actual disease in s'.,ine ( chwartz. (993 ). 

The economIC losses associated with human salmonellosis are associated '.\;th m ... esl1gauon. 

treatment. and prc'.entlon of illness. It ma~ also involve productivit) losses and absenteeism. 

co~t..s of food safety regulahlry. programs and co.sts to the food industry. for product recalls. 

negatIve publiclly and plant closures due t('l foodbornc.'" sa lmonellosis outbreaks (D' -\oust. 19 Y. 

Radostits ('I al. 19QJ. \\ 'ra) 3nd Da \ letS. ~0031 

Salmonella Ty phllnunum \\as me mO~l Irequeml) Isolated ca.use \\-orId \\ Ide or .\ulmcmellcJ 

gastroentcTltls. bacteremia.. and a:;ymptClmatlC carnage. HO\\~\l..'r, SlOce earl~ nmelJes S. 

Enteritidis has bel!n thl! most frequently i~olated scm ... ar Other common human sc-rolY pes Jre .\ 

'\t;!wPOrt. S Infanus. and S' Hl!id\?l~erg, thei r rdam'e trequenc) '.-arymg \\llh lime ~md 

geographic localiltt:"s IDa\l~ eI ill IQ90: ... an DUIJJ...eren ", (Ii. 200~, SI.:rotypes ad.tpted 1I).t 

particular amrnal SpC\.!6 an: USUJI!) ks .. pathogenic tor man cS. Pullt:mlm. " lJ.Jlhnarum. S 

Abonusequi..'1 ·\hnl"iU"'o\ IS). -\n l'"\certi, 'n is ,. Choleraesuis. which pmdUl.:e" a St'n(lu~ 

disea$e {r\.;ha and '::-7.: trio:" 20U II 

-\ high proponlOn f'l .,' Imondi" strJ,tn::- w1th multiple antiblOut: reSistanCe h:u h~t!"n ohsen. ed In 

many countnes. The main cau<.;e .. 01 thIS 111 mdustTl:..llized countries ha..; ht.'en the 11\t'ruse ant..! 

misuse of anlIbifltK" In amm31 feed -as J ~.ro\\lh enhancer. as \\ell J::> the IOdiscnmmant 

prescription-drug tn,!atrnent (""If people and ..lf1tmaIs. In de"c.'"Iopmg CQumnes. the prmciral cause 

of the emt:rg.enc~ 01 multiresistant S,rlm.mdla .:.:rain" ma~ be sdf-mcdicatton. mad~ p<lssible b~ 

the public's eas~ oll.l.:es, Iv amibiotit:s '.'lmout a pr~";(flplion and IOdis(rlmlOant ~md continullUs 

u"e of suhtherapeutlc doses of antimlcrohlab. WIthllut any pre!<criptilln In .:umnals t Acha anJ 



Szyfres, 2001). High level o f antimicrobial res istance was recorded in Ethiopia on iso lates from 

animals and animal products (Tibaijuka el aI. , 2002: Alcmayehu et al., 2003: Molla e.t al .. 

~003b; Moll. et al .. l004b: Molla. 2004: Zewdu.l004) and human heinos (Mache et al .. 1997: 

~Iache. 2001). 

Foods containing products from farm animals. especially rrom poultry. swine. and caule. are 

important sources of human Salmonella infections (van Duijkeren el al. 2002). Reports 

indicate the occurrence of Salmollella in livestock and Iivesto k products. including swine and 

pork. in EthIopia (Pegram et al .. 198 1: Molama. 1998: Nyeleli et al., 2002: Tibaijuka et 01 .. 

2002; Alemayehu el al.. 2003: \\'oldemariam ef a/.. :2005: tolla and Mesfin. 2003; Ejcla el al.. 

:W04: \1011. et 01 "004a; lolla. 2004: Ze\\du. 2004) NOnlyphoid Salmollel/a were also 

identified as important causes of diarrhoea in Ethiopia (~ l ache. 2002: Ashenali and Gedebou. 

1985: ' lache ef af 1l)97). Sur,eillance of Salmol/ello scrovars and phage t}pes from human 

and animal sources is rde \ant for detecting outbreaks. for Identifying sources of infection and 

for implementing prc\ention and control ml!asUfcS (van Duijk~ren el al .. JOO~l. Therefore thi s 

study \\-a.o:; conducted" nh the objectin~s to: 

• Detc!rmine the prevalence of SalmOlwllu In SWint' at slaughter. 

• Idcmif~ C;erOl) pes and phnget) pes pre\ ~llem in S\\ lilt' 

• Establish antimicrobial susceptibilit~ n:Slst3.11Ce panems of ."idlmondla Isolates from 

$\\ ine und 

• Demonstrate GHCaSS contamination I\'\.d and sho\\ some of Ihl..' risk factors associated 

"ith carcas~ contamination in S" me in the abattoir 

, , 



2. LITERATURE REV IEW 

Salmonellae are smaiL Gram-negative. non-sponng. facultative anaerobic. rod-shaped. motile 

bacteria that belong to the family Enterobacteriaceae (Jay. 2000: Patterson and Isaacson. 

2003). Although members of this genus are motile by perilrichous flagella. non-flagellated 

variants. such S. PulJorum and S. Gallinarum. and non-motile strains resulting from 

dysfunctional flage lla do occur. Salmonellae are chemoorganotrophic : with an ability to 

metabolize nutrients by the respi ratory and femlentati ve path\\ays lD"Aoust. 1997). The genus 

S"almonella obtained ItS name from the American veterinarian Daniel E. Salmon. \\"ho first 

isolated S. enterica serotype Choleraesuis from swi ne in 1885 (Rabsch el af .. 2003). These 

bac teria can resist dehydration for a very long time. both in feces and in foods for human and 

animal consumption ( \cha and Sz~ fres. 200 I) . 

. \ccording to Jay (200 1) for epidemiological purposes. the salmonellae can be placed into three 

groups: 

• Those that imect humans only: These include S. TyphL S. Parat) phi A and S. Paratyphi 

C This grour mcludes the agents of t~ phoid and the paratyphoid fewrs. which are the 

most Sf'yere 01 all diseases caused b) salmonellae. 

• The host adapted seroyars (some of\\hich are human pathogens and ma~ be contracted 

from foods): Included are S. Gallinarum (poultry). S Dublin (cattie). S. Abonuso\"is 

(sheep). and ~ CholeraesUI$ (s\\;ne) 

• Cnadapted se~ 1\'3r5 (no host preference). Thest: are pathog.enic ror humans and other 

ammals. and tt~·~ IIlcJude most foodborne sero\"ar~. 

On the other hand L a..au ("/ al (2000) proposed auoptlon of the following temlS to describe 

Salmonella host -adar-fallon. to 3\"oid confuSIOn and contradiction \\tthlll the literature: 

Salmonella serotypes \\hich are almost exciusiveJ) assodmed \\'it11 one panicular host species 

to be referred as hosl·r~stncted sero l~ pes. Serot~ pt!s which arc pre\"alent 111 one panicular host 

species bUl which can also cause Jis~ase 111 other host species to be referred as host-adapted 

~erotypes and ubiquil< tiS :"erot~ pes to be referred a:-. un-restricted serot~ pes. 



2, 1. T axo nomy and nomcncblurc 

Salmonella nomenclature is complex. and sciemists use different systems to re fer to and 

communicate about this genus, It is still evol ving and the debate on the name for the type 

species is not like l) to be sett led any time scon (Brenner e l al., 2000). Various classification 

schemes have been proposed. leading to controversy and confusion. At present , the scheme 

conceived by Kauffmann·White is used. The Kauffmann-White scheme divides salmonellae 

into se rotypes. 0 (somatic), H (flagellar), and Vi (capsular) antigens are distinguished primarily 

on the basis of their antigenic structure (Acha and Szyfres, 200 I). Man) workers accept a 

scheme proposed b~ Le Minor and Poppof (1 987) of the WIlO co llaborative cente r fo r 

reference and research on Salmont!lla includ ing CDC (Brenner el al.. 2000). 

According to the scheme proposed by Le l\.1inor and Popper (1987). the genus Salmonella 

consists of 1\\0 SpeCIeS (I) S l'llflru..'d which is di\;ided into si...: sub species: S'. ell/ericcI subsp. 

C'1lrt!rica, S. enl£'rlCCI subsp \.lIal11(/(1, 5·:. ewerica suhsp_ on;n/1af!. S, (>wer /ult. subsp. 

dilln=mwL', S. ellll'rICae subsp.h,Jlllc}I(le and S. emetlc(I ::iubsp. mdlca: and (1) ). bongor; 

(ronnerl) called S cntl.'rit"1I sub:-p hungori) (PopofL:md Lr: Minor. 1997). 

f'Cf(lt) pc names designated b~ anugenic formulae includ~ the follll\\ ing: 

I) <.jubspccies designall,)n (subspecies I through VII. 

II) 0 (SOmalic) antigcI15 h1110wcd b) a colon. 

1111 II (flagellar) antigl!'n::- phase 1) followed b~ a cnlon. and 

1\') II :lIltlgl.'ns (rh3~c 2. : present) (for e:xampl~. ,\ulmmlt'lIl1 sl:rot)rc 1\' 45 ;;. Z .. , -) 

hu I\.lmmiac of sew!) PI:S In 

61:1.~·-1IBrcnnerL'IUI_ ::!()lIfll 

oongor!. V IS sull used for ullIf'onnHY (f('IT c:xamrk .\'. V 

'-hstorically. specit:s names v.ere .lrbllrarily gh'cn III scrovars 1~1f c(1n\'cni~nt rl':asons in medical 

practice. To avoid possible 'ii . .llln:6 of confusion. names II1dlc3ung geogmphicaJ ongm (If the 

first strain of the' nt:\\ St.'fl)\"Jr Jre now used. These numes. \\fongJy considerc:d as speL'il!s 

n.,m~:;. \\ere for this reason lIalh.:led. lhe~ are 111 fact \\lthoUI taxonomic status. used to name 

haCll'na frequl!ntl~ isolated In human or \eterinary medicine rhese names are no tonga 

5 



italicized. The first letter is a capilal lener. In clinical practice the subspecies name does not 

need (0 be indicated as on1) scro\ar5 of subspecies entericll bear a name. The name Salmonella 

serotype Typhimurium or Salmonella Typhimurium may be used for routine practice. Serovars 

of other subspecies of S entencu and those of S, hongor; are designated only by their antigenic 

formula {Popoff and Le Minor. j Q97}. However. a si mplified nomenclature is often preferred in 

diagnostic laboratones with the named serotypes of Salmonella being regarded as ·species·. 

such as S dublin or S l)pJllmurlllm (Quinn e l al .. 1999). 

2.2. Detection of Salmollella 

The genus Salmonella consists of resilient microorganisms that read ily adapt to extreme 

environmental conditions. alm(',"ell:J.~ actively grow within a wide temperature rang.e bet\\een 

(JC and -l51'C and pH range of .! to S. \\;th an opumum temperature of 37 'c and pH of 6.5 to 

7.5. The~ do not sury\ \e at temperatures higher than 70;'C. The) catabolize D-glucase and other 

carbohydrates: (D' \OllSt. 19<)7: \cha and SLyfres. ~OO 1 ). 

In general. the det~ct1on of Salmol7e1la from products intended for hun1i.1n consumption or 

feeding of animals. necessitates tl)UT .. ucc~ssh'e stages: pre-enrichment 10 non selective liquid 

medium. t=nrichment in seleclI\e liqUId media. plilting out and recognlllon and confinnalion 

(ISO 6579.1998). Funk III al. I}OOfH usmg on~ enrichment and plating media demonstrated lhat 

se nsiti\ it~ of Sa/molldla detection inc reased with fecal sample weight. and ranged from 9 °'0 

for rectal (mobs to "18 110 hlr ~5 ;ram samrles on a study conducted l.."In !'i\\in~ -nle mag.nltude III 

the em~CI ol,-.scned. Induding thl.. nlpJe.,t sens\tl\IlY (0.75 - 1}7 I ollh(.' l<.Irgest sample "eight 

categof) es g.ramsl. c1earl~ h~:. lmplln;.mt Implications for the dt.·slgn .md Interpretation of 

epidemiologic studies ba~ed \"In l'U!lurc of 5; elllerlL"u in s\\;ne herds 

2,2.1. Pre·enru.:hmcm in non-sdc.:t!\e liqUid medium 

me lest sample 1:- mHI3Il~ m(\~\.JI..lteJ ,nW <J l1(.lO-mhil:'I1ory hquiJ medIUm to f3\our the rcpJlr 

anll growth 01 !'itres:-;eJ I1r !iu"'!clh.all~ -lIljureJ salmonellae anslIlg from exposure to heal. 

{reeLing. deSiccation. prl'ser\'iJtl\ C~. high l'lsmotlc pr\!ssure or \\ ide ll'mpcr.uure fiuctuatil')n:-. 
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(Andrews. W. H. 1989; 0 ' A OUSL 1989). This step ill the detection of Salmonella involves 

inoculation of buffered peplone \\ ater (al so used as diluent ) (ISO 6579. 1998) or lactose broth 

(FDA. 1998) with the test portion. and incubation at 35°(' or 37°C for 16 h to 20 h (ISO 6579. 

1998) or 24 ± 2 h at 35°C (FDA. 1998). 

2.2.2. Enrichment in selecti ve liquid media 

Enrichment is done by the transfer of 0. 1 III I o f the culture obtained in nonselective pre· 

enrichment medium to a lube containing 10 ml of a Rappaport· Vassil iadi s magnesium chloride 

malachite green medium (RV medium) (ISO 6579. 1998: FDA. 1998) and transfer of another 

lO ml to a fl ask containing 100 ml of selenite cystine medium (ISO 65 79, 1998) orl ml mixture 

to 10 1111 tetrathionate jTT) broth (FDA. 1998). The inocula ted RV medium is incubated a1420C 

for 18 to 24 h (ISO 6579. 1998) or 24 ± 2 h at 42 ± O.2°e (FDA. 1998). and seleni te cystme 

medium at 35°C to 3 - 'C for 18h to 2~h (ISO 6579. 1998). The IT broth is incubated at ~4 ± 2 h 

at 43 ± O.2°e (FDA . 1998) 

)'le3ns of enrichmcm for Salmonella can have profound effects on the abilit) to recover them 

from animal sources. foods. \\ater or en, ironmental samples. The method selected will \'ary 

with regard to the neeJ for non·selective nutrient broths such as buffered peptone water (8PW) 

or i~ pticase SO) broth (TSB) for resuscitating damaged cells from heat·suessed. desiccated. or 

otherwise less than Ideal samples. Other speclInens containing high numbers of competing 

bacteria such as feces or ground meats ma~ require highly selectl\c media to prevent 

\)\"I~rgro\\1h b~ colih'1rms that can readil~ Otlt·compeh..' the Sal/1/o/lf!l!a (\laddo:\. 2003). If 

frorl!us species arc a problem. the enrichment broths can be incubateJ at ·n·c. or sodium 

sulphath iazole added II) thc broths at 0.125 mg I tlO m!. fhe host-adapted scrotypes from swine 

and poult ry arc mon.' fastidious than most of the othcr common l ~ isolatcd scrot~ pes. Thc~ do 

not tolerate selenite hroth or tertrathlonatc broth (Quinn (!l al .. 1999). 
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:! 2.3, Platmg out and identification 

PIO-ting. OUI and identitication in\'o!\'es Inoculation of 1\\0 sclccu \'e sol id media (ISO 6579. 

199 ); 

• Brilliant green phenol red agar. unless me International tandard appropriate to the 

product to be examined. or other specific considerations (for example the isolation of 

laclOse·positiw Salmonellat require substitution of some other medium as the one for 

obligatory use: 

• The choice of the second medium is lert lO the discretion of the testing laboratory. 

unless there is a specific intemauonal standard . relating to the product to be examined. 

which specifies the composition of this second medium . 

Accordmg to FD.\ 111:)98). 3 mm Icopful (10 ,.il) lO,"uD3ted IT broth and R\' medium is 

streaked on bismuth sullite 18 ) agar. xylose I~sme deso:xycholate (XLD) agar . .md Hektoen 

enteric (HE) agar. 

ll1e hoshldapled s\.·rot~ pes fn:ml swine and poullr} ar~ morc 1astidIOUS than most or the other 

~(lmmonl~ Isolated serot: pes 5u they do not tolerate brilliant gr~en agar; although most strains 

of S Chol~raesllis Will gro\, on modified brilliant green agar (Quinn CI al. 19(9 ). 

\lan~ commerciall)- 3\ailablc methods to enhance dctl!ctlon ofSulmondlll organisms by means 

II!' anllhod~ capture ha\~ heen mcreasingl) uti lized lO Impnwe the: scnslti\' it~ and ~peci ficil) of 

U1li~ens dctcl.:l1on. lmmunomagneuc beads. cnat~d \\ Hh antl ·.~·1I1m(Jt1td/u l.P(";' \1T flagella 

.mtih,"'<li6. ha\c bl..'t..'n used 10 c..Ipture "a/m(Jl/d/u Irum L'nnchmcni hroth SUspl.'nSlons. The 

rh.!ad~ arc then plated ~~ rollmg them across the agt.!r ,>urtac.:< llt differenual Of selecll\e medIa 

for hOlh) such as XLD Of Btj \\tJddo\.. ~ 003). 

2: 4 Confinnatlon 

Pn:sumpu\c -"'a/molld/ll C\,hlOh~S 3re subcultun:d and cnntinned h~ means ('I appropri ate 

hll1cht:mlcal and st!Wll'glcal te~lS. For conlirmatJon 1~ plI:al Ilr suspcu COI\lmes are "lrcaked onto 



lhe surface of pre-dried nutrient agar plates. in a manner which will allow well-isolated colonies 

to develop. Pure cultures are used for biochemical and serological confirmation (ISO 6579. 

1998). 

According to FDA (1998). lightl~ touch the very center of presumptive colony to be picked 

\\ith sterile inoculating needle and inoculate triple sugar iron agar (TS I) slant by streaking slant 

and stabbing bun. Without fl aming. inoculate lysine iron agar (UA) slant by stabbing butt 

twice and then streaking slant Streak TSI agar cultures that appear 10 b..: mixed on MacConke) 

agar. li E agar. or XLD agar ill order to purif) . 

2.2.4. 1. Biochemical confirmation 

nlC majorilj of salmondlae are nQn-lactos~ fenncnters and produce pale colomes on 

MacConk.e~ agar and an alkaline reaction 1Il the medium Howcver. it Illllst be remembered that 

S(lI11~ strains of 5; ari:onae arc lactose posi tive and st rains of S. I yphimurium ha\o'c- bccn 

cm:nuntc-red carrying plasmids \\ nh genes coding for lactose fennentntion. Most salmonellae 

gi\L' an alkaline reaction in hnlham green agar and ha\~ red cl1lonics. On XLD medium the 

nmioril~ of Salmonella ~~wlypc-~ produce hydrogen sulphide and ha\ e red colonies with a black 

(1 1 ~Sl center. Colonies characteristic for Salmonella (In til\;' selectivdindicator media are 

inoculatl:d. singly in to a triple <;jugar iron (TS I) agar slope and lysine decarboxy lase- broth. rhe 

t~ pical reaction for Salmmll.:fla 111 TSI agar IS a red (alkaline) slam. ye llow (acid! butt and 

SlIpl!nmposed (black) I I:" rr~,JU! .. Hon (It Y III ..... ). The lest lor h-sine dc-carbo",\ lalion is . -

pmllli\'f;~. 1100\e\'L'r .. \ C1w!rt'.Jt'$UJs. do~s nOI produce II.S although S. Cho!eraesm:-> blnt~ pe 

kun/L'llttnrf IS H~S positive ",almondlae arc ox !da'\c llt'gatJ\(' Jnd CJt.tiasl! pOSII1\'1.~. gro\\ nn 

cltr.ltc us the: sole carbon ... ourcc:. lh) not hydrol) b! urea <'U1d proJucc: acid and gas from gluco=-e 

In lSI. If the real:tilll1l11 I~I and I~sinc Jccarboxylasc hroth b t'qlll\'Ocal. further hiochemical 

tests should be carried OUI or an idelltification system used such as API :!Ol- (Anal)tah 

pnlduCIS) (D'Auust, 199-; Qumn el al .. \999). ,f')almm/(,/Ia g~neml1) arC p·galaclOsidase. 

\ ilgt:s-Proskauer and IIldole nl':;~tl\1! (ICi() 6579. 199~1. 
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The prevalence of Salmonella specIes as a biochemically homogeneous group of 

microorganisms is rapidly diminishing. The situauon \\~11 Iikel) lead to a reassessment of the 

diagnostic value of biochemIcal traits and to their likely replacement \\;th molecular 

technologies ta rgeted at the identification of stable geneti c loci and/or thei r products that are 

unique to the genus Salmonella ,D"Aoust. 1997). 

~.::!.4 . 2 . Serologica1 confirmation 

The detection of the presence of Salmonella 0-. Vi - and H- antigens IS h!sted b~ slide 

agglutination \\~th the appropnatc sera. from pure colonies and after 3Ulo-agglutinable strains 

ha\"e heen eliminated II 0 65~9" 1998) 

::! ::! .5 T~ pIng of Sal"wnella 

t\ typing method IS Je1ined as an) method that can be used ttl differ\!ntiate bacteria be~ond 

~pecies Il'\-el Outbre-J.li. In\'csti£.!tions and tracing of zoonCllic bacteria among li\ c..:\{)c(.. and 

from !1\!.!:SlOCK \ ia food to man":Jl1 be performed by the use of bacterial ty pll1g me-thods. Iltese 

methods ~an ~ubdh'id~ 3 bacten31 speCies into Individual clonal Iin~$. I.~. groups at baclcna 

produced b~ the continuous di\ lsian of cells from the same ancestor (Olsen el 01 .. 19Q3J 

Tht.'rc arc phenotYPh.: and gen\'~ pIC t~ plllg methods. Originall~ pht:'nlH) pIC t) ping. method",. 

suc.:h J:-;. serOt~rmg. ph:.sgc I~ FHig .1!1Li bl(lt~ ping. were th~ unl:- method~ apphed Ih~se 

traditional OlC'ulIJds :,Idl pia) a h"'; lnlpOnam role In tracing 1f bad~na. and sroradu: t..ast:''' uf 

salmonellosis. 10r example. \HI 'lnl) b-~ grouped to foml 3 l~l1Iall\e oUlbreal-. It th~ Isolates 

sho\\ identic.:al ser01~ pmg. and \\he r~ applicable. identical phi:l~e t~ ping results. 1 he!)c' methods 

~lill pro\id~ the basic. detinitiH bach-ground agmnst \\hich nUlre 3dvanced typmg mt:thnds 3re 

3ppl!ed (OI5~n d ul .. Il)93). 
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2.2.5.1. Serotyping 

ereolyping is based on !.he 0 (somatic) and H (flngellar) antigens and a sl ide agg llllination lest 

is used. Rare strains of S. Dublin hav~ a Vi (virulent) capsular antigen that can mask the ce ll 

wall (0) antigens. Boiling a suspension of S. Dublin for 10-20 minutes will destroy the Vi 

antigen. A loopfull of culture of the Sa/monella to be scrotyped should be suspended in a drop 

of sali ne on a microscope slide and examined for autoagglutination. This can occur \\'i lh rough 

stra ins and will invalidate the serOlyping (Quinn I!! 01 .. 1999). 

A Sl1100th Salmollel/ll to be serotyped is emulsified in a drop of 0,85 % saline on a clean 

microscope slide. A drop of antiserum is added to. and mixed well \\ ilh , the Salmonella 

suspension. The slide is rocked geml) tor about 30 seconds and the antigen-antibody mixture 

examined for agglutination. The Salnlfm~'lIa is first t~sted agalllst antisera to the 0 (somatic 

antigens) and then the 11 (nagdla) antigens (Quinn el al .. 1999). Flagellar antigens are oft\\·o 

typ~s: specific phast: llr phase L and group phase or phase 2. Phas~ I antigens are shared with 

onl~ a fe\\ other spcl..:ies or varieties of Salmondla: phase 2 Illel: he more "idel: distnbuted 

among sc\eral species ( Ja~. 10001 

Some semI> res haH' ~t:veral du'fercnt pht?llotypes. and their idl'nti IiC:ltI<.ln can be important 111 

epidemiologic II1\cstigatiol1. Phage I) pmg is also useful for some serotypes (Acha and Slyfres. 

200 I). J\ppm\im3td~ 2.500 dltlerent Salmonel/a serovars he1\ c been described. and the 

number increas\:'s annuall) a!i lIe\\ "ef(n-ars are recognized C\\ raj and Dm-ies. ~003). 

:!.25_:?' Plug\.' t~ring 

Phage tYPing SI.:hl!11ll!s for ,)'ulmmlt'I/LI ~·III.!nca scrovars are based {)n pattems of lYSIS produced 

by distinct phages Isolated from a \afle[~ of sources (Olsen Ifllli. 1993: Quinn el ul .. 1999: 

1 leuzenrot:der l'r al 200-l). Pure cuitur('S "r bacteria tire flooded onto plates and suspensIOns or 
t) ring phagt:s 3n: spotted Onlt' Ihe plale:-. SlralnS that are suscepllhk to mfection b} the same 

phages arc allocated to the ..ame ph3~l;!'l~ pe. As this t) ping method is cheap and bbor 

Ule'(pen~l\c. It IS nonnaH) the '-t:cnntl meth(ld to be applied 111 the study of Sa/mOl/diu 

1 J 



epidemiology. and phage typing schemes have been developed for many important Salmonella 

scrotypes. Phage typing is the principal method of typing in S. Enteritidis and S. Typhimurium 

(Olsen el al .. 1993). Phage typing has been used to subdivide isolates within serovars T}'phi. 

Typhimurium. Enteritidis. Vireho\\. Hadar and Heidelberg. Although phage typing is essential 

for the subdivision of Salmone/la serovars, the method can prove inadequate for serovars in 

which a small number of phage types predominate (Heuzenroeder el al .. 2004). 

2.2.5.3. Antibiogram t~ping 

Antimicrobial agents have been used in agricultu re since the early 1950s lO treat infections and 

improve gro\\lh and feed efficiency. The \\idespread use of antimicrobial agents in food 

animals is associated \',lith increasing antimicrobial resistance in foodborne pathogens and 

subsequent multidrug·rcsistant bacterial infections in humans (Angulo (!i 01. 2004). In recent 

years. antimicrobial·resistant SalmOllclla strains have been isolated \\ ith increasing frequency 

(Gebreyes el al.. 1000). Increasing antimicrobial resistance in food borne pathogens may result 

in treatment failures. prolonged or more severe illness. increased hospitalization. and increased 

1110rtalil) (Angulo e/ ell :2004). Resistance to antimicrobial agents is considered to be relatively 

unstable. because the majority 01 bactt:rial resistance factors ar~ carried on plasmids that are 

of len transferable bemeen strains. and which may be. dependent on selection pressure to be 

stably maintained. As a consequence. Jntibiograms are rarely used as the anI) t) ping method. 

The epidemi{\logical importance LS secondary to the implications for th"rap~ and control. 

Howe\,er. the resuits of these ill\ e5tig~t!Ons can readily be used for epidemiological purposes. 

The spread of multiple resistam sua1l1s among li\estock is often lrac,,:d using the antibiogram as 

a I) plllg method. preferably combined \\ nh olher typing methods (Olsen elof.. 1993). 

2.2.5.4 . Genetic ~nd molecular 1) ping methods 

Genotypic t~ plllg in\olves molecular techniques that enable D:--': A-based anal~ ses of 

chromosomal or extm·chromosomal gt!llctic ckments. such as pulsed field gel electrophoresis 

tpFGE) and amplified fragment length )1lliymorphism V\FLP) (Nlasio\\ 1.'1 01 .. 1993). r..tolcculi:lr 

typing is used \\hen convention.:tl m~lhods fail to gm;' sufficient discrimination between 



isolates (Heuzenroeder ef al .. 2004). Genetic typing methods involve plasmid profil ing. plasmid 

restriction analysis. restriction analysis of the full genome and PeR-based typing , Bacterial 

genomes can be compared by electrophoretic separation of DNA-fragments generated in vitro 

by digestion with restriction I!ndonuclcase enz~ mes (Olsen e ( al.. 1993). Pulsed field gel 

electrophoresis has been in use for some considerable lime and is the accepted gold standard 

adopted by organisations such as CDC in Atlanta (Heuzenroeder e( at.. 2004). Plasmid profiling 

and plasmid restriction analysis has been extensively used for typing of Salmollella. often to 

line-tune conclusions based on phage [~ping results (Olsen el af .. 1993). 

2.3. Epidemiology 

The epidemiology of salmon~lI osls as a disease of animals and zoonosIS is complex. The 

epidemiological patterns lhtTcr greJtly bel\\e~n geographical areas depending on climate. 

population densit~. land use. famling practll:es. 1000 harvesting and proces:-;ing technologies. 

and consumer hablls (Radosllts I!I (II.. 1994) 

2.3.1. Distribution 

r..1embers of the genu~ 5iufmnnella are ubiquitous pathogt:ns found 111 humans and their 

Ihestock. \\1Id mammals. reptiles. buds. ~md e\ en Insects (Da\'is /..'1 al.. ll)I.}O). \!i intt:sl inal 

forms. the organi~ms are ~"\cretcd 111 feces from \\ hich th~y may be transmitted by IIlSCCl5 and 

other Ih 109. r.:rc:lllln::-; ttl iJ large number of plar.:e-s. they may also be found 111 WOller. especially 

polluted water d<J.y_ 201JOl. Although pnmdril~ II1te~unal bacteria. the~ art.' wide spread in the 

cll\'ironm~nt and commonl~ found in fJnll t'tlluent:;:. human sc\\agc. and in Jn~ l11alt.'nalsubjecl 

to fecal contOlminalion SalmonellosIs hill- heen n:cl'gnized in all countri~~ but appt.'ar:-o to he 

most prevalent In areas of II1tensi\e • .mimal husbandry. especially poultry and S\\lm~ production 

(\\ 'ray and Da\ies. J003) 

World\\ ide .. '\. Enteritidis is tilt.' most pn..'\ alclH semi) reo follo\\ ed b~ S T~ phllllurium. Changes 

In the rclati\'c In:quem .. ~ of scrotypt!s can h~ oh:-;er\"cd over short period of lime. :'>omctime!i 

within one or two years. ()nl~ a limited number l)j scrot~ pes are isolated lrom man or .mimals 

I'; 



in a single region or coumry. The predominance of one or another can val') over time. Some 

serotypcs. such as S. Enteritidis and S. Typlumurium. are found worldwide: in contrast, S. 

Welte\'ereden seems to be confined to Asia (t-\cha and zyfres. 200 I ). 

~.3.2 Host range 

ahnonellae have a "ide vanery of domestic and "ild animal hosts (Acha and Szyfrcs. 200 I). 

All members of the genus arc considered to be potential!) pathogenic. although serovars may 

differ widel} in their host range and the pathogenic syndromes that they produce. Some 

serovars appear to sho\\ a degree of host adaptation and primarily infect one animal species. 

The) a150 lcnd to cause more severe illness than the other sero\'ars. For example. S. PuJlorum 

and S. Gallinarum inlect poultt:. S Choleraesuis occurs in swine. and S. Dublin appears to 

have predilection for caule. although occasional outbreaks of disease caused by thIS scro\'sr 

(.lCCur in sheep. In contr3.!>t. .~'. T}phimunum afft!cts all species ofanima1s and is one of the most 

common causcs of food poisoning. In humans. The numerous othcr sero\'3rs ar~ wide!) 

distributed. and the predonllnnnt ~cro\;ar for iln animal species in a countr) ma) \'aT) o\er the 

~car Although the dis,"ase can affect all species 111 domestic animals. young animals and 

pregnant animals are the most suscepubJe \lany ammals may also be Infected without sho\\ing 

illness (\\'ray and Davies. ::!OD31 

:2 3.3. Sources of infectIon and transmission 

~ 3.; 1 Sourc(! t"fmk(lIon wfal1lmals 

Intected ammals are thl' ::iOurces 01 [he organisms. \\hich they c\crete. and infect oth~r animals 

dlrectl) (nmmal- to- animal transmission). or mJir"ctl~ by contammation of the cm1ronmenl. 

rnmarily feed and Walcor !'>uppli~s. Thco faml 31llm3i may be infected III man} ways: h~ ammal­

tt..'!- animal transmi sion. ~sp~clall) of hllst-adapt.:J senwars: b~ contaminatc;od animal ft:ed. and 

i'y .t comammatl.!d ~n\lrunment Ism\. hirds. rnd"nls. msl.!cts. \\ah:r supplies) \i(ln-spccles 

I~ 



specific sero types also spread easily from one animal species LO another and also to humans 

(RadoSlils el 01 .. 1994: Acha and Sz,·fres. 2001). 

Feed contaminated by such ingredients as bonc. meal. or fishmeal plays an importam role as a 

vehicle of infection. Close contact between animals and the usc of concentrated feed or 

ingredient that rna} be contaminated create conditions favo rable to outbreaks (Acha and 

Szyfres. 2001). Feeds may be contaminated. during storage. by wi ld animals, especially rodents 

or birds. Flies and other insects ha\-e also been shown to be vectors of Salmonell{l. 

Contamination may also occur in the feed mill or during transport either to the mill or to the 

farm (Wra)' and Davies. 2003). 

Fann building may became directl: con taminated with Salmonella fo11o,,,il1g outbreaks or 

indirectly contaminated from other sources such as t:omaminatcd \\iater used for cleaning or 

from \\ ild animals and birds. Du:..t in 3mmal house may contain large number of 

micrnorganisms and ma) cause :l1rborne transmission of SalmD/wlla (\\fray and Davies. 20(3). 

Salmonella may suryjve for long periods in infected feces and slurries. In 1110St. unt.:omro~lt.'d 

fec~s. ~\'ClJmoJlf!!la may suni\"c lor 3 to -l months In Ii::mpl.!rate climates and for longer perlnd in 

honer climates (Wray and Da\ ito's. ~OO~ I 

l"om3111l11ated drinking w3tcr may facilitate the rapid spread of Sa/monella among farm 

<1ll1mals. which often defecate tn th~lr dnnking water Infection h: such water may occur dUring 

tlnoulIlg. contaminating the paslurt! (\\'ra~ and Davies . .::n031 In de\"eloping countnl:~. the 

"'ouree of infccllon IS ll1ainl~ the l"lmtaminatcd CI1\ Ironment and water sources \\hen.' .U1il11;:\ls 

cro\\d tugether IA-eha and S7: frc:-.. 20UII. 

Bec.lUst.! ~)'afm()l1efla a re often sh~d 1I1 lorge numbas tn the feces. fecal·oral route IS like!) a 

maJor route for transmission of the Oft!anisms. However. other possibilities. such as II1lcellon 

via mucOliS nu:mbrane ofth(, COnlUnCt1va~ or upper reSplrator~ Iract are suspectcd {Quinn':l (1/ . 

ICJI.}<); \\ ra} and Da\ ies, :!no.,) \t.'msoi or dust -horne transmission. need to he C('nSllkred 

esreciall~. \\here larg~ group 01 JlllI1101is .1re housed lO~t.!lhcr In poultry. O\arian uansnllssinn 

mil~ be l:aused cuher directl~ or mdlrt.'ctly by Suil1umdla (\\ ra) and Da\·ies. 2003} 
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2.3.3.2. Source of infeclion for human beings 

Animals an: the reser\'oi r of zoonolic salmonellae. Practically any food of animal orig in can be 

a source of infection for humans. The most common vehicles are contam inated poultry, pork. 

beef, eggs. milk, and mIlk and egg producls. Chickens. turkeys. geese. and ducks constitute the 

most important animal reservoir of asymptomatic Salmonella excreters in the human food chain 

(O·Aoust. 1998; Acha and Szyfres. 2001). Foods of vegetable origi n contaminated by animal 

products. human excreta. or diny utensils, in both commercial processing plants and household 

kitchens. ha\'e occasionally been implicatcd as vehicle of human salmonellosis. Meat can 

becomc contaminated in abattoirs by means of contaminated equipment and utensils during 

skinning and butchering. COI1laminalcd public or private water supplies are important sources 

of infection 111 typhoid fe\cr (S. T)phi) and. less frequently. in other Salmonella infections 

(Aeha and Szyfres. 200 I) Transmission of S,,/mol7efla spp. to human being by direct or indirect 

contact 10 animals has been reported (h:y el (.If .• 2000; llendnks~n ('I 01 .. 200.t) . 

Important contributing. factors are lIladequatc cooking. slcm cooling of the food. lack o f 

r..?frigcfation for many hours . and inadequate reheating before s..?r\'ing. Large outbreaks are 

in\'ariably dul..' to improper handling of food in r..? staurants :1nd institutional dining facilities. 

Humans can ,] Iso comract the infection directly from domestic animals or houst! pets. such ;;IS 

dogs. tun ics. lllonJ..:eys. hamsters. and ~llh..?r5 (Acha and Szyfrcs. 200 I). 

BeC3USl' 5:.llmnnellae are facultatiw IIltrdcdluiar orgamsl11 ~ Ihat sUl"\l\'e in th..? rhagol~ SOn1I.' of 

11l3crophag6. the) can evade the haclenocldal effects oj ,11111b()J~ and complement. TI1U::'. 

persistence \11" IIlfecli(Hl in animals and 111 thl..' envirol1mcllI is Il1lpOn;11ll epidemiological features 

of sahnondlosis. \\'hen an allll11al I .. lIIfected with 50;. Dublin. for example. it may become a 

clinical case' Of an ac ti\'e carrier. pm,sing organisms consta!1ll~ or mtennittent l) in the feces. It 

may abl\ pl..'come a lalen! carner \\lIh infection persi::,ting III lymph nodes or tonsils but no 

salmondlJe 111 the feces. or even a paSSI\-C carrier which is constantly picking up infection from 

the paslUrl.' or Ih~ calf pen Il,-,o r. bUI is 110t II1vaded so thJ t \\hen it is r~moved rrom the 
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reported before 25 )cars from swine was found one of the dominant serovars in our study. It 

might be worth mentioning at this point that researchers who anal)zed a very large data 

reponed change in serotype distribution ovcr a study period. These researchers also 

demonstrated considerable difference in the distribution of sero- and phage types between 

chickens. swine, and canle (\an Duijkeren ef aI., 2002). Recovery of 17 serotypcs from swine 

in our study demonstrated the diversity of serotypes of Salmonella infecting swine in Ethiopia. 

5.3. Anfi microbi al resistance 

All o f the isolates recQ\'c red In the stud) were tested against a panel of 24 antimicrobials for 

detection of presence o f resistance. Out of 173 isolates tested. 57 (32.9°"0) were found resistant 

to two or more antimicrobials . Our result compares favorably \\lIh 31 8% and 32.7% o\'erall 

resistance reponed fM isol:lIe5 from sheep and gOalS ami food sampil!s b) \Io lla (2004) and 

?", ... du (:!004) respectivel) In Ethiopia. Our result. hOWCH'f. was much lo\\er than 57,4%. 

<)3 ) "0. 93 2~'o . 79°'0. 63.7t 
'. 44.8~'0 prevalence of antiminobial resi:·aallce for on~ or more 

dmgs 10 Isolates from chicken carcasses and gibleb CTibaijuka ('I (II.. :!OO:!). diarrhoeal out­

p'llIl!IllS \\ Iache l'r (//. 1Qc)~1. diarrhoeal pediatric {lut-paucnts (i\lachl! . ~002). human beings 

lGedebou and Tasse\\. 19811. chicken carcasscs and giblets ( \1olla /:1 (Ii.. 2003b) and camels 

(\lolla ('( al. :!OO-lb) rcspectl\eiy in Ethiopia. The rcsistUnce Status obsa\'ed in this study was 

better than 85. 1 % reslstancl.' reponed for one or 111 0re antimicrobial in So1111011('lIo isola tes from 

rtlgs III I onh Carolina !GI.'hrcyes el al . 2000), 1111." diffl'rcnce observed iO antllnicrobial 

n!Slstam.:c Je\el l,r l)ur iSliltite~ compared with th~ ;,lhv\\.' rnt:ntionetl \\llfks might be due 10 

JII"ferl.:.'nce 10 ~~m[Yrc':'l l\1 lS\l lntes recoverl'd 111 respcC"tlvc ~Iudies or It ollght be due to 

dlJfcft:nce in freqllcnc) 01 ll:-e of antimicrobials in dilii:r"nt species. Comparis~m of reslstancc 

I)f l1ur isolates with 1!'t11ate~ 'rom swine and analYSIS of trcnd of resistance among Salmonella 

Isulates from S\\lOe 10 Ethiopia was not possible because 1'1 absence of works nn salmonellae of 

.Ii\\ mc 10 the countI') 

All lIf the resistant ISI\Ia!t:~ \\t!rc resistant to at Il!ast ~ antimicrobials (Jllultldrug rt:sistant) this 

\\3!-. tn agreement \\nh a HI " multidrug resistanct! reported by ~' tolln (~Of)4) among isolates 

lrom sht::ep and goats ~lullt,jl1.1g resistance was hlghL'r III I.:.llir isolatcs cOl11l1ared to its 54.80/0 
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and 52.5% prevalence in isolates from chicken carcasses and giblets (Tibaijuka el al .. 1002: 

:"10113 el al .. 2003b). 71.9%J prevalence in isolates from food samples (Zewdu. 2004). and 33.6 

% prevalence in isolates from camels (f\·lolla ef al . 2004b). 

Fony·six (9'r.9%) out of 47 S. Hadar isolates were multidrug resistant. Resistance of this serovar 

for 31llimicrobials was reponed from camels (l\.lolla ef 01. 2004b) and meal samples (Zewdu. 

200-1) earlier in Ethiopia This serotype was resistant to streptomycin. tetracycline and 

nitrofurantOin ingle or combined resistance of this serotype to streptomycin and tetracycline 

was observed 111 isolates from meat samples (Zewdu. 2004) and 3 combined resistance for 

streptomycin and tetracycline in isolates from camels t lalla e[ al . :!OO-lb). However. the 

TCSi:itant isolales of this SeTal) pc III OUI study were all rnultidrug resistant and moreover they 

\\~rc additionall~ resistant to nitrofurantoin. 

Salm()lIella Kentucky Isolated in this study \\ere all mullldurg resistant for 4 lip to 9 serotypes. 

IlIgh le\'el of multidrug rt'sistanc~. consistent to OUI result. was observed on isolates of this 

serot) pc from meal samples in Ethiopia earlier lZc\\du . .2004). In addition to the serovars 

iUUOj multidug reslst;;:mce. the reSIstance pattern of the IS('Ilatcs from this study and Ze\\du's 

stuJ) \\ere more or kss the same. Salmoni!lIa Kf!nluck: \\as also among most resistant 

SeTOI) pes isolated from feedlot canle in lJSA (Dargatz i!1 al . .2002 I. 

Onl) 2 of') (22 .2°/0) S. T)phllllUnUm isolates were resistam to antimicrobials: howc\er. these 

isoknes \\t:re the onl) llnl.:~. \\hich demonstrated resi:stan~e lelf 10 ant llnicroblab in this ~tud:. 

\\ .. ~ high Je\e1 of mu!tlp!t.· dru~ resistam:e of this serm:p~ \\as regislt!red III I.:<lmds nn,3%) 

(\1olla d (II. 1004bl. shccp anJ ~lats (6:!,5%) (\Iolla . .200.1) JmJ chicken Glrcasses and giblets 

l.~3 .. ~·'OI ( \lol1a .:t ,,/.. 200yb, In Ethiopia. High k\c1 t"lf muluple;: drug resistan.:t: \\as also 

repllned on S Typilimunum Isolates from swine (Gebre)cs ('I 01 .. 2000: Gt.'breycs i!1 al 2004) 

ami fecdlOl cattle (Dargall l'I al.. 20021 in USA. Our bolates \\ere resistant 10 ampicilJin. 

chh)famphenicol. streptomycin. :sulfonamides. and tetracycline. In addition to other 

antimicrobials. The l11uhidrug resistant S. Typhimurium DT I 0.1 IS known Il' ~ho\\ resistanct! to 

the~\.' amimicrobiab t \hl!rak. e[ .11. I <)<)9). The obscn ilunn of this resistance pattern ma~ 

Hldl~ • .H~ t"dstence of th~ ~trall1 1:1 Ethiopia Pigs could pia) important role III zoonll!-I~ oj 

Illultidmg resistant .\. I)phlmurium t ~lolbak 111 ul. 199c)). 
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The single isolate of S. Braende rup obtained from the study was found to be mult idrug res istant 

to 6 antimicrobials. This result agrees with previous report s of high prevalence o f multiple drug 

resistance among isolates o f S. Braenderup in this country. Such high resistance to 

antimicrobials with a morc or less similar pattern was reported for thi s serotype isolated from 

camels (Molla ef a/. , 2004b). chicken carcasses and giblets (Tibaijuka el al .. 2002: Malia ef 01 .. 

2003 b) in Ethiopia. 

In other stud ies S. Typhimuriulll var. Copenhagen. obtained from different sources was 

frequently identified to be rn ultidrug resistant (Gebreyes eI al., 2000: Ma lia el al .. 2003b: 

Gebreyes el al 2004). Agai n unl ike our findings. resistance was reg istered for S. Saintpau l 

iso lates obtained from chicken meat and giblets in Ethiopia (Tibaijuka el al .. 2002). Various 

workers reported resistance to antimicrobials in S Anatum isolated from different sources in 

different countri es (Morgan e/ (//.. 1987: Tibaijuka el a/ .. 2002; Darga tz el al .. 2002: Malia el 

£II.. 2003b). Resistance was also reported in S. Infantis iso lated from slaughter s\\ ine in 

\ustralia (i\ lorgan el al.. 19H7). Ant imicrobial resistance of S. lJavana isolated from slaughter 

s\\'ine was reported from Australia (Morgan el al 1987) but isolates obtained from camels in 

Ethiopia were all reportl'd sensitive (l\ lolla el 01. :004b). As it was the case In our stud) S. 

\Iuenchen isolated earlier 111 i:.thiopia from camel was also sensi ti\e for all antimic robials 

tested (MaJla el at.. 2004h I 

Streptomycin was the lea..,t effecti\'e antimicrobial Out of 1:3 total isolates 56 (32.4%) were 

n:sistant to streptomYCIll. t ompared 10 the 57 re~I'lant isolates ident ified In the 'Itud) 98.21!0 

5657) of the resistant Isnlate~ were reSIstant to streptCll11ycln. Various \\orkl:r.., han: reported 

comparable high level 01 rt:.."stance of sillmoncllal.? to stn:pll1l11ycin from different sources in 

Ethiopia (Tibaij uka el af .. 2002: Molla el af .. 200:;h: ~lQlla. 200 .. 1.. Zewdu. 2004. \ lolla er al .. 

ctl04b). 

rhirty one poin t two percenl (55/ 173) of Salmond/'l isolates recovered dunng this study wcre 

tetmcycline resistant. Varying level of resistance of salmonellae has been reported from 

Ethiopia Ir0111 differem Sllllrccs. Lower resislan..:e tllietracydmc. compared to this study. was 

reported by Molla (200 .. Q l)1l Isolates from sheep and goats! 13.6%). Zewdu (2004) on isolates 

from food items (15.300) and \ lolla er a/ (200~bl on isolatcs fro m camels (12.9 %). On the 
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other hand higher resistance. compared to our resull. was reported frequently. especially on 

human isolates in Ethiopia. Seventy one point one percent of isolates from diarrhoeal 

outpatients in Addis Ababa were resistam of tetracycline (Mache el al .. 1997) while 59.3°/0 

isolates from diarrhoeal pediatric outpatients in Jimma were resistant (Mache. 2002). Howe\·er. 

susceptibilil: of most iso lates from humans has been reponed (Gedebou and Tassc\\. 1981). 

~juch higher level of resistance has also been reponed on isolates from animals and animal 

products in Ethiopia and elsewhere. Molla and associates (2003b) reported a 41.2% resistance 

among isolates of Salmonella from chicken carcasses and giblets in Ethiopia. While as high as 

8 .. L2:% and 64.5% resistance to tetracycline among Salmonella isolates was reponed from North 

Carolina (Gcbreyes el al .. 2000) and on isolates from pork carcasses in Northeast Georgia 

(Epling and Carpente r. 1990) respectiwly. This result is also lower than in The Netherlands 

\\here 40 % of isolates frolll s\\"ine \\ere resistant to tetracycline (van der \\ olf er al .. 1999). 

'itrofuramoin resistance was the third frequent resistance observed in this study. 47 out of 173 

(2-.2°0) isolates were resistant to this antimicrobial. Nitrofurantoin resistance \\a5 n01 found on 

80 Salmol1el/a isol:ncs obtained from chicken carcasses and giblets from Dcbre Zeit and AddiS 

Ababa (~Iolla el <II .. 2003b). 

Resistance of salmonellae for ampicillin \\as ·-L6% and it was 4% for amoxicillin.'cla\""ulanic 

acid . ciprofloxacin. nalidixic acid and sulfisoxazole each. Several workers have reported a 

relalh·ely high le\eI of ampicillin resistance among Salmonella isolates from different sources 

111 differcllI countnes (Epling and Carpenter. 1990: ;'lache el 01 ... 1997: \·an der \\'olf clal ... 

1999: Gebreyes elal. 2000: TibJ.ijuh.a l" al.. 2002: :'Iache .. 2002: ~lolla el d/ .. l003b: ;'Iolla 1.'1 

af ... 2004b ~ :'1 \,l1a. 2004: Zcwdu. ~OOJ. Gehreyes <:1 al.. 1004bJ .. \ 10\\ Ic\·el of resislance 

against amoxicillin cla\'ulanic aCid (4%, was reponed as compared to resi~lance repofts for tillS 

ami microbial by other workers i.e. Gebreyes el al. (2000). tVlolia er (I/. t2003b). and Gebre\"es 

({ <II (2004 ). 

Resistance agamsi ciprotloxacin wa::. -1-°'0. No resistance was registered against thi~ 

antllllic robial by (l\lolla el 01. .. 2003b: \10113 t( (z/ . 2004b; Gebreyes u 01 .• 2004b). Hsueh t'/ til 

(~OO-4l reported an o\erall clproflnxaclI1 resistance of 2.7% (186-1) of all nontyphOid 

f.';almonclill isolates from humans in raiwan 1 he detection of 4% re~l~lance against Ihl" 
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noroquinolone antibiotic signifies its implications in treatmenl of human patients. Pigs were 

reponed to be sources of cipronoxacin resistant S. Typhimurium to humans (Hsueh el al .. 

200-l ) Resistance against this antibiotic. in the present study. was observed in serovars S. 

Kentucky and S. Typhimurium . Its presence especia!l~ in the \\'ell~kno\\"n zoonotic scrovar. S. 

i"yphimuri ul11 implies the very narrow option with \\hich health professionals would be left 

\\ ith in treating tht:ir patients. The fact that some of these iso lates were simultaneously res istant 

to chloramphenicol. gentamicin and norfenicol in addition to the other quinolone nalidixic acid 

fu rther complicates the si tuation. 

All isolates. which were resistant to cipronoxacin. were also reSIstant to nalidixic acid. This 

may show a cross resistance against the two quinolones. Earlie r reports rrom Eth iopia, 

howcve r. indicated susceptibili ty of all tes ted isolates to this antimicrobial (Molla t.U al.. 2003b; 

\Iolla ef 0/ .. 200-4b). Public and an imal health implicalions of resistance aga insl nalidixic acid 

are Ihe samc as th,:u to ciprofloxacin. To our know'ledge thi s is the first report of resistance 

aga inst ci pronoxacin and nalidixic acid in thi s country The high prevalence to ciprofloxacin 

documented in our investigation may be associated with importation of contaminated products 

and U5~ of nuoroquinolones in humans. Quinolones are not frequentl~ used in veterinary 

medicine in Ethiopia. 

Variolls workers reported sulfisoxazole resistance on isolates from different sources in Ethiopia 

(Molla el al. . 200Jb: t-.tolla. 2004; Zcwdu, 200-!). The -4% resistance of Sa/mollel/a isolates of 

this work is much IQ\\ier than reports of these researchers. 

The multidrug resi stant isolates belonging to S. T; phimurium. S. Braenderup and S. Kentucky 

were also found resistant to spectinomycin. About 2.9 % of the total isolates v.'erc resistant to 

this antimicrobial. As compared to works conducted by other ill\estigators i.c. T ibaij uka ef 01. 

("002). Molla el ,,/. (2003b). Zewdu (2004) and Molla el (1/ . (2004b) in Ethiopia. resu it of the 

present study is much lower. 

Two isolates (1.2%) were resistant to chloramphenicol. Resistance against thi s an ti biotic was 

recorded earli er in Ethiopia and elsewhere (Mache et (II.. 1997: Gebreyes el al.. 2000; Nlache. 

2002: Malia el a/. . 2003b; Gebreyes el 0/ 200";). The proportion of isolates with 
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chloramphenico l resistance in the present study. however, was lower. Resistance against thi s 

antibiotic was observed only in S. Typhll11Urium. A high correlation was reponed between 

Salmonella Typhimurium and chloramphenico l resistance (Gebreyes el 01. ]004b). The two 

isolates. which were resistant to chloramphenico l. were res istant to to antimicrobials in total. 

Gedebou and Tasse\\ , ( 198 I) reponed susceptibility of all tested isolates against this antibiotic 

in Ethiopia 2A yeas ago. Repeated detection of resistance against thi s antibiotic since then 

demonstrates increasing resistance of salmonellae with time to this commonly used 

antimicrobial in humans in Ethiopia 

Salmonella Typhi murium Isolates. \\ h1C h were resistant to chloramphenico l. were the o nl ~, 

ones. \\h ich v"ere resistant to florfenicol too. This finding is in agreement with the work of 

~t olla l'l 01. (2003b) as resistance against this antibiotic was recorded among S. Typhimurium 

isolate..; from cillr.:ken carcasses and giblets. 

The re~ult nc ohtain~d. 1.20/0 resistance for gentamicin. agrees with 3°.0. reSiSIJnCe reponed 

from 'I..lnh Carolina among isol3.les fITllll swine (Gebreyes Itt al .. 2000). Susceptibility of a ll 

isolates lesteJ against genuumcln In dl rrerl!nt studies was reponed (Gedcbou and Tas!'o.c\\. 19 I: 

Ashenafi and G"debou. 1985: Epling and Carpenter. 1990: \ an der Wolf el al .. I q99: !\Iolla d 

01 .. J003b; \ lolla e{ al. 200.1 h,. Both Isolates resistant to gentamicin \\ere 5,. KenlUck) and 

\\ere resistant to 'J antimicrobials tT abh.~ 12). 

Resislance against both 'iul!J.mcth\r"azl1Ie trimcthopnm and trimct.hoprim W~ 0.60 o. -\ 

multi drug re:->Istant 3ml onl) IsoldtC' 01 " Braenderup was resi~ta.nt IN Ihese antmucfllblals. rhe 

present !\tuJ~ IS in agreement \\lIh I 2' 0 resistance rcponed}:!~ IGebreycs ela/.. 2000) ilnd a no 

resistance rt!pon (Gedebou and Ta'oi:-;c\\-. 198 1: Ashenafi and (iedebau. 1985). but disagrees 

with much higher resistance rcpMtcJ for sulfarnethoxazole tnmcthopnm (t\ lache el cJ/.. lqQ- ; 

van dl.'r \\ nlf el al .. 19C)Q: ~tache. ~U02: Ilbaijuka clal .. ~002: \h"tlla 1,:1 o/.. :!003b: ~tolla ct til.. 

:!OCl-lbl and for lrimethopnm (l'plin~ ;md Carpenter. tQ90: Tibaijuka d ell.. 200~: ,\10113 tI Ill.. 

:!OQ.1b S"lmmrel/o Braenderur \\ il.') found assOCiated \ .. nh trilllcthupnm and 

sulfarlleilill\az(11e tnmclhoprim rl.!~btJ.n ... ·1.! (~ I olla el u/.. 2003h. \ lolla l'1 til.. 2004b) 



Differences observed in overall antimicrobia l resistance between isolates of this work and 

\\orks by other imcstigators might be due to dinerenccs in the composition of serovars 

identified in the studies. or it might be due to the type and frequency of antimicrobial use in 

different species of animals and human beings. No resistance was detected for amikacin. 

apramycin. carbadox. ceftriaxone. ceftiofur. cefoxitin, kanamycin. neomycin and tobramycin. 

In agreement with this study. susceplihilit) of Salmonella isolates to most of these 

antimicrobials was reported in Ethiopia (Molla ('I al .. ::!OOJb: r,.'lolla "I al., 1004b). Howe\·cr. 

resistance was registered against kanamycin (Mache el al .. 1997: Gebreyes el al .. 2000) and 

Neol11)cin (Epling and Carpenter. 1990: Dargatz", al .• 2002). 

High lewl of resistance. as it might be expected. was obscrved to frequently used 

antimicrobIals (strertom~cin. tetracycline) in ammal health in the coumf) J{o\\c\·er. we hme 

tlbscn"cd resislanc~ III antlmlcrohials \\hlch are rarely or not used (ampicillin. clpronoxacin, 

nalid"ic acid. chll,ramphenh:ol. llorteOicol. gentamiCin) 111 \CtCTln3f) mcdKIO'-' 10 ElhlOpla. 

~ugg.esung IInportan(t.' 01 Imported contaminated Item~ or use or anumicroblals in humanbcings 

(lr CfOS!-. rl!SI~lanCC hct\\~cn antimicrobials. 

7.1 



6. CO NC L US IONS AND RECO~I~IENDATIONS 

There was high Ic\ 'cl of Salmonella infection in slaughter swine in Ethiopia. i-I owc"er. carcass 

contamination compared to the supply of Salmonella with slaughter swine was ve~ low The 

cOOiaminalion level was 10\\ compared nen to slaughterhouses in some developed countries. 

Lo\\' carcass contammation obscn.ed in face of high level of pre\"aknce of Salmonella in cecal 

content and mesentenc l~mph nodes indicate slaughter processes followed could reduce carcass 

contamination. 

upply of infected animals to the s laughterhouse \vas the mam source of contamination of 

carcasses during =,Iaugh ler. S'.\ ine with Salmonella in their cecal content were more likely 10 

~nd up with contamtnJled carcass compared to swine \\ hich were m:gatl\ c. 

The most frequent ~I!rot~pt:s mfecting swine in Ethiopia \\ere different from those 10 other 

countrles_ This may ~ attnbuted to differences in maintenance hosts of.f\,·almond/a m·ailable in 

the sWIne' ~ en\·ironm~nt Ihe number of Sa/mam'lIa serotypes I 1"7) isolated from our slud~ 

animals was high. sho\\ing diwrsuy of sero\"ars In ecting swine in Ihi~ countr: About half of 

the serotypes I!'olated In this .;,tudy were among the serorypes comml'nly isolated from human 

bemgs in different countries. ~ome or the serol) pes are also kno\\" causes of clinical disease In 

o:;wmC'. mdicating pO~:-' Ibilit~ ('It ammal health Imparlance of Salllwl1dla in swine III Ethiopia 

\ tultldrug. rC~I~tant !>almnn"-' ,jac \\ere prevalent In this o:;tud~. rc:-oistance '''<is lounJ fllr 

antibill1ics that JrC consideC1:d lir:-.t choke drugs for Salmo1lella: ;J.l'ntamicin. chlommphltl11col. 

clpr('Itloxacin. tlorferHcol and nalidixic acid. There were tWO ISOi..lh!S of S. Typhimunuill \\llh 

combined resistance to ampicillin. chloramphenicol. streptomycin. sulfisoxazole and 

telrJc~ dine which c{\uld indicate presence of multiresistant S. T~ phllllunum DTt O-L 

Pr~~ence of sero\a~ '.\hlCh are commonl~ isolated from human bemg!" coupled with melr IlJgh 

pr~\ aknce and muluJrug r6btJn(.'c, IOdlcates the potential s"\me could play 111 the Z~'{'In(\!-t! ... 01 

salmonellosis 111 EthiC .pia. h thl~ \"or!... is thl: lirsl of IL<; kjnd in 50\\ IIlC in Ethiopia it \\ouIJ 'en. C 
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as a baseline data for monitoring serotype distribution and antimicrobial susceptibility of 

Salmonella in the future. 

The present study documented high prevalence of Salmonella in slaughter swine in Ethiopia. 

and the association bCl\veen prevalence of Stlimonella in slaughter swi ne and carcass 

contamination. Therefore factors that conU'ibUlc to high prevalence of Salmonella in slaughter 

swine should be identified and measures taken to reduce prevalence of Salmonel/a in swine 

supplied to slaughter. These measures would help to reduce So/monel/a in pork and also reduce 

enviromnental contamination. Special care should be taken during evisceration in order to 

rl.!duce carcass contamination. since gut Salmonel/a status was directly related to carcass 

contamination. 

"cro\n.rs known to infect humans and those \\hich could induce clinical disease in swine "ere 

umong the isolates of this stud}. TIlcre "as also multiple drug resistance among these isolates. 

There IS. therefore. a nced to dctermine the rok of these serovars in salmonellosis in swine. and 

monitor the sero\'ar distribution and antimicrobial resistance patterns of Salmonella Isolates 

from s\\ ine in order to trace human infections and to substantiate the risk of transfer of resistant 

salmonellae to humans. 
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S. APPENDI CES 

Appendix I: Media used and preparations for the isolation and identification of SCI/monel/a 

1. Buffered pepton e waler (BP\V) (AES loborntoi re. Ceclex. France) 

Composition (gllitel): Peptone from casein I 0.0: sodium chloride 5.0; di-sodium hydrogen 

phosphate 3.5; potassium dihydrogen phosphate l .5 

PreparafiofJ Twenty grams of this med ium was dissolved in one liter of distilled water and 

sterilized b) aUlocla\·jng at 121°C for 15 minutes. 

2. Rappa port-V~,ss ili il dis (RV-l\'ledium) (DireoT
", Becton Dickinson. USA) 

Compmif;rm (g/lirer): Pancreatic digest of casein 4.54: odium chloride 7.2: Monopotassium 

phosphate lA5: i\!J.gncsium chloride (anhydrous) 13.4: Malachite green oxalate 0.036. 

p,.eparation: uspcnd 26.6 grams of the powder in I liter of purified water. Mix thoroughl) . 

Warnl slightly to completely dissolve the powd~r Displ!llse 10 1111 amounts into suitable 

containers. autod:ne at 116°C for 15 minutes. Test samples oj the linished product for 

pt .. rfonnanc~. uS1I1g ~tab le. typical control culturl's. 

3. elenil(' hroth (Odeo. Becton Dickinson_ t Jar\":. rrnnce) 

Composition (g liler): Pancreatic digest of casein :\.0: lactose ·to: !;odiull1 selenite 4.0: sodium 

phosphate 10.0 

Prepllrtllion: . u.spcnd ~3 grams of the po\\Ja in I liler of dlstilltd \\ater. Ileal to boi ling. 

'\ \'oid o\crheating Do not autoclav~ 

.... . Bri ll ian t ~r('cn-phcno l -rfd :lg:lr (B P L~ I\ g~lr) (:-·.Jerck. DarmS1Jdl. Cicrnlany) 

Composition (g lira) Peptone 10.0: meat extract 5.0; yeast extract 3.0: lactose 10.0: saccharose 

10.0; disodium hydrogcn phosph31c 1.0: =,\~diUlll dihydrogtm pho!iophate 0.6: brilliant green 

0.005: phenol red II.U9: agar 10.0 

PrcpClrllli(J1I Fort~ nine point se\'en (49. - , grams of the po\\dc:r \\as ::iuspcndcd in om: liter of 

distilled \\aler. cilrefull~ brought to the hoil \\ilh Irequent agi latitlll to dissol\c completely. 

mIxed \\cll and pour"d 11110 Petri di5hcs. 



5. Xylose lys in e desoxycholalc agar (XLI)-agar) (AES laboratoire. Ccdex. France) 

Cnmpo.'IlIiolJ (g:liler) Yeast extract 3.0: L-Lysine hydrochloride 5.0: xylose 3.75: lactose 7.5: 

sucrose 7.5: sodium desoxycholatc 1.0: sodium chloride 5.0: so lum thiosulphate 6.8: Iron (iii) 

ammonium citrate 0.8: phenol red 0.08: agar 16.5 

Preparation Fift) -sc\en grams of the powder \\as suspended in one liter of dist illed water. 

brouglll to Ihe boll with frequclll agitation to dissolve completcl}. mixed well and poured into 

Petri dishes. 

6. Trip le s uga r iron agar (T I) (DifeD, Becton Dickinson. Claix. France, 

Composition (g!liter) Beef eXlfact 3.0: yeast extract 3.0: pancreatic digest of casein 15.0; 

proteose peptone 0.3 5.0: dexuose 1.0: lactose 10.0: sucrose 10.0: Ferrous sulfate 0.2: sodium 

ch lorid<: 5.0: Sodium thiosulfate 0.3; Agar 11; Phenol red 0.024 

PreparCllion Suspend 65 grams of the powder In 1 Jit~r of purilicd \\'ater. ow\ thoroughly Ileat 

\\ nh frequent a£.itation and boil for I mmute to complclcl~ dissol\'c the po\\'dcr Dispense into 

tubes and autocla\'(~ aI 1210C for 15 minutes. Cool 10 a slanted position so that deep bUllS are 

fomled . 

. Lysine iron agar CLI . .\ ) \DifcoT\l. BectOn DlcklOson. Claix. France) 

Compusilion (~liler) Peptone 5.0: yeast extract 3.0: dextrose 1.0: L-L~sjne lIel 10.0: Ferric 

ammonium curate 0.5. Sodium thiosulphate O.O~: bromcresol purple O.O:::!: Agar 15 O. 

Prcpurariol/ Suspt.'nd 14 5 gram of the po\\der In I liter of distilled \\ilter i\1ix thoroughly 

Ilem \\ ith frequent agnation and boil tor I mlOut~ to comrI~td~ di~ ... ,)l\e the po\\dcr . 

. \utocl3\"t~· al 121 ( tllr I ~ minutes. 

S. Cre:l agar b~I"'(,' {BBL®. Becton Dickinson. lS:\) 

Compo.Hfion fg llh'rJ Pancreallc Digest of Gelaun 1.lt dt!Xlrosc I 0: :,\,dium chloride 5.0: 

potassium phll~phJte ~ 0.' r~a }o; Phenol red 0.012 

Pr~parcJf1nn: Susrend 2l}~ of the powder in llJl) ml of distilled \\ater \ti\. Ihorou£hl~ and 

sterilize by filtratIOn Su .... pcnd 15g of Agar In 900 1111 di sti lled watt!T AUloclan~ at 121 (lC for 15 

minutes. Cool to 50 'l .and add 100 ml of lilter sterilized urea agar b:1Si.: \11'; thoroughl~ and 

dispense- aseput.:all~ In -aerile tubes. Cooltubcd medium In a slanted PllsllIon :-;0 lhal deep buns 

arC" tormed. 
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9. H.ambach®-agar (Merck. Darmstadt. Gcmlany) 

Composition (glliler) Peptone 8.0; sod ium chloride 5.0: sodium desoxycholatc 1.0: 

chromogenic mix 1.5: propylene glyco l 10.5 : agar-agar 15.0 

Preparation: 

i One vial of liquid mix was added 10 250 or 1000 ml distilled water and mixed by swirl ing 

until completely dissolved (1l1~ water quantity is dependent on the respective pack size.) 

11 One vial of nutrient-powder was added and mi. .... ed by s\'o;r1ing until completely suspended. 

iii . The medium was heated in a boiling water bath until totally dissolved. while carefu ll y 

shaking from time to time. 

1\. The medium was cooled as fast as possible in a \'oater-bath (45-50 uC). During thi s 

procedure (max . 30 minutes) it gentl) shook from time to time a nd poured in to plates. 

\ In order to prcvem an) precipitate or cloning of the chromogenic-mix in the plates. petri 

dishes were placed on a cool surface during pouring procedure 

10. Tryptic SO) agar I Difco_ Spari-.s. LSA) 

('O/npusition (g'liter) Pancreatic digcst of casein 15.U: cnz~ malic digest of soybean meal 5.U: 

sodium chloride 5.0: a~ar 15.0 

['rcpururioll forty grams 01 tht' pcmdcr was suspt'nded in I liter of distilled \'outer and mixed 

thoroughly The medium \\as hcatcd with frequent agltJlIon and boiled for 1 ITImute to 

completel) dissolw the po\'oder Then It \ \ 35 autocla\ cd at I ~ I {)C for 15minutes. dispensed Into 

transporting lubes and allowed the medium 10 solidtl~ 

11. Brain he.lrt in fusion ~H!:lr (Difco. Becton Dickmson. Clai .... _ Fr.mce) 

( 'o /llpasition (g lit£'rj Infusion from cal r brains 20U.O_ inlusion from beef hean ~50 II. proteose 

reptonc 10.0. dextrose 2.0. sodium dlloridc 5.0. disodmm phosphate 2.5. agar 14 .0. 

PreparCltiol1- Suspend 5:2 gr.lJllS in I litre distilled waler and heat ot boiling til (.hssohe 

~ompletd~ Sterilize in the autlJcl<1\ t' for 15 minut!"''S ~l\ I ~ I L 
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