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ISOLATION, IDENTIFICATION, ANTIMICROBIAL SENSITIVIT Y TEST AND
PUBLIC AWARENESS OF SALMONELLA FROM RAW GOAT MEAT
SLAUGHTERED AT DIRE DAWA MUNICIPAL ABATTOIR, EASTER N
ETHIOPIA

ABISTRACT

A cross-sectional study was conducted from JanB@fyl to April 2014 on 249 apparently
healthy slaughtered goats at municipal abattoiDofe Dawa. Since there is no report on
the status of Salmonella, the study was conductédtiae objectives, to isolate, identify,
estimate the prevalence, to delineate the antirbiatosensitivity and assess public
awareness on Salmonella. A total of 249 goat cesavab were systematically collected
and examined for the presence of Salmonella foligwthe standard techniques and
procedures. Out of the total of 249 carcass swaibmes, 44 (17.7%) were positive to
Salmonella. Of all isolates, 43(97.7%) were mugtipintimicrobial resistant and highest
level of resistance was observed for tetracyclinED0@6), nitrofurans (100%),
streptomycine (81.8%) and kanamycin (79.5%). Howealkisolates were susceptible to
ciprofloxacin. The knowledge, attitude and practioé goat meat handlers and consumers
were found poor. Therefore, goat meat providedhéodity was found less hygienic and not
safe for human consumption. Thus, urgent intergangirogram is essential to minimize
the risk associated with consumption of goat meataminated with Salmonella. Finally,
the authors recommended that the use of standardizecedures in slaughtering and
handling of goat meat, provision of training on b@sactice of handling of meat for

handlers and raising the level of awareness oppeo

Key words: Abattoir, Antimicrobial resistance, butcher, gaaeat, hygiene, identification,

isolation, Salmonella
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1. INTRODUCTION

Food safety remains a critical issue with outbreaksfoodborne illness resulting in
substantial costs to individuals, the food indusind the economy (Kaferstegt al,
1997). Despite advances in food science and tesgppfoodborne diseases remain one of
the major public health and economic problems akrothe world (WHO, 1995 and
Legnaniet al, 2004). The risk of foodborne iliness has inceglasarkedly over the last 20
years, with nearly a quarter of the populationighér risk for illness (CDC, 2003; 2004).
For instance in the United States, 76 million peogét sick, 325,000 hospitalizations,
5,000 Americans die each year from foodborne ilhasd 2,366,000 cases, 21,138
hospitalizations and 718 deaths in England and $V@eadet al., 1999 and Adalet al.,
2002). There are about 5.4 million cases of foodbodisease in Australia each year
(OzFoodNet, 2006). Hence, trends in foodborne skni@ the developed countries indicate
that the incidence of foodborne illness is incnegsand that it is likely to remain a threat

to public health well into this century (Crekral., 1996).

There are many and varied sources of organismsngaésod poisoning. Most cases of
food poisoning are caused by bacteria which anse fanimal, human or environmental
sources (Gracewt al, 1999). Contaminated raw meat is one of the nsauarces of
foodborne illnesses (Bhandaet al, 2007). Specific sources that contribute micrbbia
contamination to animal carcasses and to fresh theatg slaughter and dressing include
the faeces, the hide, water, air, intestinal cdstdywmph nodes, processing equipment, and
humans (Sofos, 2005), and can be transferred tccdheass during skin removal and
evisceration (Hanssoet al, 2000; Reidet al, 2002). The types of microorganisms and
extent of contamination present on the final prédace influenced by sanitation
procedures, hygienic practices, application of featety interventions, type and extent of
product handling and processing, and the conditminstorage and distribution (Sofos,
2005). There are four major pathogens that hawpuéetly been associated with meat and
meat products including Salmonella species, Campylobacter species, Listeria
monocytogengsand Escherichia coliO157:H7. These organisms have been linked to a
number of cases of human illness (Merstadl, 2010).



Salmonellas the most frequently reported cause of foodbdness (Birhaneselassie and
Williams, 2013). Foodborne salmonellosis often dalé consumption of contaminated
animal products, which usually results from infelcenimals used in food production or
from contamination of the carcasses or edible @gatemayehtet al, 2002).Salmonella
infection in meat animals arises from intensiverirgp practices and the use of
contaminated feeds (Eje&h al, 2004). Cross-contamination of carcasses @wahmonella
can also occur during slaughtering operations (BRarker, 1990). Stress associated with
transport of animals to abattoir augments sheddin8almonellaby carrier animals and
this may contribute to the spread of the organismther animals in the slaughter plant
(Isaacsoret al, 1999).

Slaughtering procedures potentially involve mangksi of both direct and cross
contamination of carcasses and meat surfaces. @slaughter, faecal contamination of
edible organs with subsequent contamination otHreass may occur. This can be carried
through all slaughter procedures up to the prongssi the raw products, which are
important sources ofSalmonellain the human food chain (Edwards al, 1997).
Contamination of equipment, utensils and hands ofkers can sprea&almonellato
uncontaminated carcasses and parts, which can otsubsequent handling, processing,

transport, storage, distribution and preparatiorcémsumption (Ejetat al, 2004).

Salmonellosis causes significant morbidity and addyt in both humans and animals and
has a substantial global socioeconomic impact (dag$ al, 1997). There are 16 million
annual cases of typhoid fever, 1.3 billion casegjadtroenteritis and 3 million deaths
worldwide due toSalmonella(Bhunia, 2008). Mortality due t&almonellainfections is
mainly a health problem in developing countriest morbidity due to acut&almonella
infections also has important socio-economic impacindustrialised nations (Hansen-
Wester and Hensel, 20085almonellainfections in the United States account for roughly
19,336 hospitalizations, 17,000 quality adjustdd liears lost and $3.3 billion in total
medical expenditures and lost productivity eachry@atz et al, 2011). For human
salmonellosis in the Netherlands, the costs aimattd to be between 32 and 90 million
Euro per year (van Pelt and Valkenburgh, 2001).



Salmonellainfections are very common and an important pub&alth problem in many
parts of the world. Studies in different countriedicated thaBalmonella are wide spread
in small ruminants (Nabbut and Al-Nakhli, 1982 abdandraet al, 2007). Research to
date, as well as unpublished reports from differdesalth institutions in Ethiopia have
indicated that salmonellosis is a common problemd also showed the presence of a
number of serogroups/ serotypes in humans, ani@aisial food products and other foods
(Nyeletiet al, 2000; Muleta and Ashenafi, 2001; Mo#iaal, 2003; Tibaijukeet al, 2003;
Woldemarianet al, 2005, Asrat, 2008 and Akafete and Haileleul,1301

Moreover, an increase in the resistancesalmonellato commonly used antimicrobials
has been also noted in both public health and ineisr sectors in Ethiopia (Mollat al.,
1999; Mollaet al.,2003 and Asrat, 2008). The extensive use of tisé¢ lfite drugs has led
to the development of multiple drug resistance déwel which could pose a serious
problem in the near future (Getenet, 2008). Althgudttle study has so far been
undertaken to isolat&almonellafrom goat's meat in Ethiopia (Moll&t al., 1999,
Woldemariamet al, 2005; Wassie, 2004 and Akafete and Haileleul,12Grom central
part of the country and export abattoirs, there waseport regarding the status of the
Salmonellarom Dire Dawa municipal abattoir.

Thus, the objectives of the study were:-

» To isolate and identif§salmonellafrom goat meat slaughtered at Dire Dawa municipal
abattoir

» To estimate the prevalence Salmonellafrom goat meat slaughtered at Dire Dawa
municipal abattoir

» To delineate the antimicrobial sensitivity of tlselated pathogen

» To assess the knowledge, attitude and practicebaft@r workers, butchers and
consumers on meat hygiene and food safety



2. LITRUTURE REVIEW

2.1. Overview of food hygiene and food safety

Foodborne diseases remain a real and formidablélggro in both developed and
developing countries, causing great human suffeaumg) significant economic losses. Up
to one third of the population of developed cowstrimay be affected by foodborne
diseases each year, and the problem is likely teve® more widespread in developing
countries, where food and water-borne diarrhoesg¢aties kill an estimated 2.2 million
people each year, most of them Children (FAO/WHQ0&. The problem is severe in
developing countries due to difficulties in secgrioptimal hygienic food handling
practices. In developing countries, up to an es#hd@0% of cases of diarrheal disease are

associated with the consumption of contaminated {#mife and Abera, 2007).

Food safety is therefore a fundamental public heatincern, and achieving a safe food
supply poses major challenges for national fooétgabfficials. Changing global patterns
of food production, international trade, technologyublic expectations for health
protection and many other factors have createsheneasingly demanding environment in
which food safety systems operate. An array of boode hazards both familiar and new,
pose risks to health and obstacles to internatitnaale in foods. These risks must be
assessed and managed to meet growing and incrigasiomplex sets of national
objectives (CAC, 2007).

2.1.1. Food hygiene and food safety practices mdpia

Foodborne diseases are common in developing ceantrcluding Ethiopia because of the
prevailing poor food handling and sanitation preesi inadequate food safety laws, weak
regulatory systems, lack of financial resourcesnt@st in safer equipment, and lack of
education for food handlers (WHO, 2004). Nationalgidne and Sanitation Strategy
program (MoH, 2005) reported that in Ethiopia mthv@n 250,000 children die every year
from sanitation and hygiene related diseases andtad0% of the disease burden was
related to poor hygiene and sanitation in Ethiopiasafe sources, contaminated raw food
items, improper food storage, poor personal hygeduming food preparation, inadequate
cooling and reheating of food items and a prolongec: lapse between preparing and
consuming food items were mentioned as contributamgors for outbreak of foodborne
diseases (Linda du and Irma, 2005).



Studies conducted in different parts of the coustrgwed the poor sanitary conditions of
catering establishments and presence of pathogerganisms like campylobacter
Salmonella, Staphylococcus aureus, Bacillus ceesubs Escherichia coli(Bayleyegnet
al., 2003; Abereet al, 2006; Knife and Abera, 2007; Tefezhal, 2009 and Mekonneet
al., 2013).

Of the foods intended for humans, those of animgirotend to be most hazardous unless
the principles of food hygiene are employed. Anipraducts such as meats, fish and their
products are generally regarded as high-risk conitmhanl respect of pathogen contents,
natural toxins and other possible contaminants addlterants (Yousutt al, 2008).
Bacterial contamination of meat products is an ordable consequence of meat
processing (Jonest al, 2008). Even if data regarding meat borne diseas&thiopia are
extremely scarce, a few studies conducted in diffeparts of the country have shown the
public health importance of several bacterial pgédms associated with foods of animal
origin (Bayleyegnret al, 2003; Ejetaet al, 2004: Ademet al, 2008; Kumaret al, 2009
and Teferaet al, 2009). Salmonellaremains a leading etiological agent in bacterial
foodborne diseases (D’Aoust, 1991).

2.2. Overview ofSalmonella

2.2.1. Historical background

The Salmonellabacterium was first described by Theobald Smittb9t8934) and then in
1885, two American veterinarians, Salmon and Sisihated the bacterium causing hog
cholera from infected pigs (Salmon and Smith, 188B)e nameSalmonellawas
subsequently adopted in honor of Dr. Salmon. Okerdecades following the pioneering
work of Salmon and Smith, many oth®almonellawere isolated from both animals and
humans (Widal, 1896; Getenet, 2008). The antigeat&ssification or serotyping of
Salmonellaused today is a result of years of study of angbioderactions with bacterial
surface antigens by Kauffman and White in the 19#0s1940s (Kauffmann, 1950).
According to this Kauffmann-White scheme, e&aimonellaserotype is recognized by its
possession of a particular lipopolysaccharide (LBSY antigen and a flagellar or H
antigen. This led to the description of more th&f@serotypes at present (Brenetal,
2000; Popofet al, 1998 and Popott al, 2004).



2.2.2. Classification and nomenclature

Historically Salmonellahad been named based on the original places @ftisolsuch as
SalmonellaLondon andSalmonellalindiana. This nomenclature system was replaced by
the classification based on the susceptibilitysofates to different selected bacteriophages
which is also known as phage typing. Phage typngenerally employed when the origin
and characteristic of an outbreak must be detemniyedifferentiating the isolates of the
same serotype. It is very reproducible when intisonal standard sets of typing phages are
used More than 200 definitive phage types (DT) Haaen reported so far. For exam3e,
Typhimurium DT104 designates a particular phage tigs Typhimurium isolates (Hanes,
2003; Andrews and Baumler, 2005 and &wual, 2011).

Epidemiologic classification oSalmonellais based on the host preferences. The first
group includes host-restricted serotypes that tnéedy humans such &S. Typhi. The
second group includes host-adapted serotypes vanelassociated with one host species
but can cause disease in other hosts serotypesas8cRullorum in avian. The third group
includes the remaining serotypes. Typicallsalmonella Enteritidis, Salmonella
Typhimurium andSalmonellaHeidelberg are the three most frequent serotypesvezed

from humans each year (Gray and Fedorka-Cray, a66828Boyeret al, 2008).

The genus consists of two species: the firsSisentericawhich is divided into six
subspecies(Figure 1B. entericasubsp.entericg S. entericasubsp.salamag S. enterica
subsp.arizonae S. entericasubsp diarizonag S. entericasubsp houtenaeandS. enterica
subsp.indica; and the second iS. bongori(formerly calledS. entericasubsp.bongor
(WHO, 2003c).Salmonella entericaubspecies | is mainly isolated from warm-blooded
animals and accounts for more than 99% of clinealates whereas remaining subspecies
andS. bongoriare mainly isolated from cold-blooded animals aocbant for less than 1%
of clinical isolates. As an example, the KauffmapeciesSalmonella yphimuriumis
now designated aSalmonella entericaubspecies | serotype Typhimurium. Under the
modern nomenclature system, the subspecies infmnmegt often omitted and culture is
calledS. entericaserotype Typhimurium and in subsequent appearanisewritten asS.
Typhimurium. This system of nomenclature is usedvadays to bring uniformity in

reporting (Andrews and Baumler, 2005 and Parry6200



Kauffmann-White scheme classifieSalmonella according to three major antigenic
determinants composed of flagellar H antigens, sicn@ antigens and virulence (Vi)
capsular K antigens. This was adopted by the latemal Association of Microbiologists
in 1934. Agglutination by antibodies specific fdretvarious O antigens is employed to
groupSalmonella into the 6 serogroups: A, B, C1, C2, D and E.iRstanceS Paratyphi
A, B, C andS. Typhi express O antigens of serogroups A, B, Gl.yrespectively. More
than 99% ofSalmonellastrains causing human infections belongSaimonella enterica
subspeciesenterica Although not common, cross-reactivity between @tigens of

Salmonellaand other genera @&nterobacteriaceado occur (Puet al, 2011).

Therefore, further classification of serotypesasdd on the antigenicity of the flagellar H
antigens which are highly specific f&almonella(Scherer and Miller, 2001). In brief, O
antigens are lipopolysaccharide (LPS) of the otmeterial membrane. They are heat
stable, resistant to alcohol and dilute acids. Hgans are heat-labile proteins associated
with the peritrichous flagella and can be expredsedne of two phases. The phase 1 H
antigens are specific and associated with the inohogical identity of the particular
serovars whereas phase 2 antigens are non-spagifgens containing different antigenic
subunit proteins which can be shared by many sesoua antigens which are heat-
sensitive carbohydrates are producedShimonellaserovars that express a surface-bound

polysaccharide capsular antigen (Hu and Kopeck@329ousef and Carlstrom, 2003).



Salmonella

v Y
Salmonella bongori Salmonella enterica
I
(0) Subsp.[ | Subsp Il Subsp.Illa  Subsp. b Subsp. 1V Subsp. VI
enierica | salamag  arzonae  diarizonse  haulenae indica
(1434) (489) (94) (34) (70) (12)
Majority of human and animal infcctions
v Y
Typhoidal Salmonellae Non-Typhoidal Salmonellae (NTS)
Human restricted/adapted Non-human restricted/adapted
|
Enteric Fever ! Y
S, Typhi (astroenteritis Extra-intestinal
S, Paratyphi A (invasive)
Humans/animals / A/\A
§. Paratyphi B Self-limiting p Bacteracmia* Focal infection* ~ Bacteraemig®
8. Paratyphi € (non-invasive) (invasive)
8. Choleracsuis 3. Choleracsuis

3. Typhimurium 3. Typhimurim . Typhisuis S, Typhisuis

S, Enteritidis S, Enteritidis 8. Typhimurium S, Typhimurium

+ 1300 others 5. Dublin 5. Enteritidis 5. Enteritidis

5. Virchow 5. Dublin 5. Dublin
5. Heidelberg 8. Virchow

5. Heidelberg

Figure 1: Classification of the gen8almonella

Source: Langridget al, (2008).

Note: Numbers in brackets indicate the total numbersefotypes included in each
subspecies.

* Common serotypes are listed but other serotypey wause bacteraemia or focal

infection; subsp = subspecies.



2.2.3. General characteristics of Salmonella

Salmonella make up a large genus of gram-negative bacillihiwitthe family
Enterobacteriacea@nd it constitute a genus of more than 2300 spestyhat are highly
adapted for growth in both humans and animals bhatldause a wide spectrum of disease.
The growth ofS. typhiand S. paratyphiis restricted to human hosts, in whom these
organisms cause enteric (typhoid) fever. The redwif Salmonellaserotypes, referred
to as non-typhoidabalmonellacan colonize the gastrointestinal tracts of atrange of
animals, including mammals, reptiles, birds, arsats. More than 200 of these serotypes
are pathogenic to humans, in whom they often cajastroenteritis and can also be

associated with localized infections and/or bactéagFuaci and Jameson, 2005).

Members of the genusalmonellaare ubiquitous pathogens found in humans and
livestock, wild animals, reptiles, birds, insec@Gefenet, 2008) and can multiply under
various environmental conditions outside the livimgsts (Puiet al, 2011).Salmonella

are gram-negative, non-spore forming, facultativaesiobic bacilli, and 2 to 3 by 0.4 to 0.6
um in size (Getenet, 2008). They do not requirewsadthloride for growth, but can grow
in the presence of 0.4 to 4%. M&tlmonellaserotypes grow at temperature range of 5 to
47°C with optimum temperature of 35 to 37°C but earan grow at temperature as low as
2 to 4°C or as high as 54°C . They are sensitivieett and often killed at temperature of
70°C or aboveSalmonellagrow in a pH range of 4 to 9 with the optimum bedw 6.5 and
7.5. They require high water activity (aw) betw&e89 and 0.94 (pure water aw=1.0) yet
can survive at water activity less than 0.2 suclnadried foods. Complete inhibition of
growth occurs at temperatures less than 7°C, psitlean 3.8 or water activity less than
0.94 (Puiet al, 2011).

Like other members of the familgnterobacteriaceaethey produce acid on glucose
fermentation; reduce nitrates to nitrite, and d@miiduce cytochrome oxidase. In addition;
all Salmonella exceptS. gallinarum-pullorumare motile by means of peritrichous
flagella, and all buS. typhiproduce gas (}$) on sugar fermentation (Fuaci and Jameson,
2005 and Getenet, 2008almonellaare non- capsulated exceptTyphi, S. Paratyphi C
and some strain @& Dublin (Getenet, 2008).



2.2.4. Geographic distribution and host range

Salmonellais one of the leading causes of bacterial foodbalisease in industrialized as
well as developing countries even though the inmdeseems to vary between countries
(Radostitset al, 1994; D’'Aoust, 1997; Mollat al, 2003 and Chiet al, 2004). The wide
variations in the national prevalence of Salmorsgdldikely arise from limited scope of
studies and lack of coordinated epidemiologicalveliance systems, under-reporting of
cases and the presence of other diseases consenedof high priority (Radostitst al,
1994 and Molleet al, 2003).

The epidemiology of salmonellosis is complex laygeécause there are more than 2,500
distinct serotypes (serovars) with different resas/and diverse geographic incidences.
Changes in food consumption, production, and tistion have led to an increasing

frequency of multistate outbreaks associated widsif produced and processed foods
(Roundset al,, 2010).

According to the WHO Global Salm-Surv, during 208@32, S. Enteritidis was by far the
most common serotype reported from humans globkdl®2002, it accounted for 65% of
all isolates, followed bys. Typhimurium at (12%) an®. Newport at (4%). Among non-
human isolates, S. Typhimurium was the most comyn@ported serotype in all the three
years, accounting for (17%) of isolates in 2002ofeéd byS. Heidelberg (11%) and S.
Enteritidis (9%).SalmonellaEnteritidis,S. Typhimurium ands. Typhi were ranked among
the fifteen most common human serotypes in alloregjiof the world throughout the three
year study periodSalmonellaAgona,S. Infantis,S. Montevideo,S. Saintpaul S. Hadar,S.
MbandakaS.Newport,S. ThompsonS. Heidelberg an&. Virchow were also widespread.
In Africa in 2002, S Enteritidis andS Typhimurium were each reported from
approximately one fourth of isolates from humansalé@iset al, 2006 and Swaminathan
et al, 2006).
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2.2.5. Reservoir host and source of infection

Salmonellosis is the most common foodborne diseas®th developing and developed
countries, although incidence rates vary accordmthe country (Stevenst al, 2006).
The fecal wastes from infected animals and humaesimportant sources of bacterial
contamination of the environment and the food ch{@danceet al, 2008). Members of
Salmonellaentericasubspecieentericaare widely distributed in the environment and in
the intestinal tracts of animals (Anjuet al, 2011). People can become infected following
a failure of personal hygiene after contact witfeated animals and or other infected
people. Environmental contamination, especiallyeated water is also important (Gracey
et al, 1999). Most human infections are acquired thnoagnsumption of contaminated
food of animal origin (Gracegt al, 1999 and Anjunet al, 2011).

Foods of animal origin, particularly meat, poultand, in some instances, unpasteurized
egg products are considered to be the primary ssuo€ human salmonellosis (Tauxe,
1991; Nielseret al.,1995; Wray and Davies, 2000; Acha and Szyfres, 20Hite et al.,
2001). It has been reported that livestock and tw@ducts can contribute to as much as
96% of the totalSalmonellainfection in humans (Dahal, 2007). Most of thesedfo
products, e.g. beef, mutton and poultry, becometaroimated during slaughter and
processing, from the gut contents of healthy ekxwgeanimals. In the same way, all food
that is produced or processed in a contaminatedogmient may become contaminated
with Salmonella and be responsible for outbreaks or separats chshsease as a result
of faults in transport, storage, or preparation A@ist, 1997). UnlikeS. typhiand S.
paratyphij whose only reservoir is humans; non-typhoidasaiellosis is acquired from
multiple animal reservoirs (Fuaci and Jameson, 2005

A less common source of non-typhoidghlmonellainfections is exposure to pets,
especially reptiles. Fecal carriage rates in reptdan be more than 90%. It is estimated
that approximately 74,000 infections wi#almonellaresult from exposure to reptiles and
amphibians in the United States each year (AAP3R0lnce 1986, an increase in the
popularity of non-banned reptiles, including igusinhas been followed by increases in
rates of Salmonellainfections. Other pets, including African hedgehogsakes, birds,
rodents, baby chicks, ducklings, dogs, and cats,ats0 serve as potential vectors (Fuaci
and Jameson, 2005).
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2.2.6. Mode of transmission

Salmonellanfection appears to be one of the most commomeies of an enteric disease
that is transmitted from animals to humans. Thesmassion occurs both through food
products, such as meat, dairy products, and eggksbw direct contact between animals
and humans through the fecal-oral route (Olssilgl, 1985).

Foodborne salmonellosis often follows consumptibonamtaminated animal products such
as raw meat, poultry and eggs. Not washing fraegitsfand vegetables before eating them,
as well as not thoroughly cleaning work surfacesdus prepare raw meat and other foods
in the kitchen can also be sourceS#lImonella Food can also be contaminated by food
handlers who do not thoroughly wash their hand$ widap after handling raw meat or
after using the bathroom (WHO, 198%almonellainfections are primarily of foodborne
origin but can also occur through contact with aéel animals, humans, other feces
(Roundset al,, 2010).

The main mode of transmission is from food prodwectstaminated with animal products
or waste most commonly eggs and poultry but alsteroooked meat, unpasteurized dairy
products, seafood, and fresh produc8&d.enteritidisassociated with chicken eggs is
emerging as a major cause of foodborne diseaseroRjppately 1 in 20,000 eggs is
thought to be infected witls. enteritidis Between 1974 and 1994, there was a fivefold
increase (from 5% to 25%) in the isolationSfenteritidisrom eggs in the United States;
in 1998, the U.S. Department of Agriculture estiadathat 80% of all salmonellosis cases

were caused by infected eggs (Fuaci and James05).20

2.2.7. Carrier states and susceptibility

Stool cultures remain positive for four to five Weeafter infection. Morbidity and
mortality associated with salmonellosis are higla@stng the elderly, infants, and immune
compromised individuals, including those with hetobghopathies and those infected
with HIV or with pathogens that cause blockade le# teticuloendothelial system (e.g.,
patients with bartonellosis, malaria, schistosomja®r histoplasmosis) (Fuaci and
Jameson, 2005).
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Conditions that decrease stomach acidity like aea afjless than one year, antacid
ingestion, or achlorhydric disease or conditionst tldecrease intestinal integrity
(inflammatory bowel disease, history of gastroitited surgery, or alteration of the
intestinal flora by antibiotic administration) imase susceptibility t8almonellainfection

(Fuaci and Jameson, 2005).

2.2.8. Virulence factors

The outcome of &almonellanfection is determined by the status of the host status of
the bacterium. The status of the bacterium is detexd by the so called virulence factors
which is described as follows (Van Asten and vajk,[3005).

Salmonella Pathogenisity Islands (SPIs) Fhe majority of virulence genes 8almonella
are clustered in regions distributed over the clumome calledSalmonellapathogenicity
islands (McClellanckt al, 2001). The SPIs are of major importance fonvinglence ofS.
enterica Hallmarks ofSalmonellavirulence, such as cell invasion, intracellularvstal
and the production of Vi antigens capsule are eed¢dy SPIs. Until recently more than 10
SPIs have been identified on tls&almonellachromosome, but SPI-1 and SPI-2 is the

central for pathogenesis 8almonellanfections (Hansen-Wester and Hensel, 2001).

All types of S. entericahave two large clusters of genes known Salmonella
Pathogenicity Island one and twSalmonellaPathogenicity Island one encodes genes
necessary for invasion of intestinal epithelialsahd induction of intestinal secretory and
inflammatory response (Galyat al, 1997).Salmonellalacking a functional SPI-1 Type
three secretion system are unable to invade efitbells and induce cytokine synthesis
(Hobbieet al, 1997).

SalmonellaPathogenicity Island 2 encodes genes essentiattfacellular replication and
necessary for establishment of systemic infectieyohd the intestinal epithelium (Hensel,
2006). The function of the SPI-2 encoded Type éldretion system is required to protect
the pathogens within th&almonellacontaining vacuole (SCV) against the effectors
functions of innate immunity. It has been reportieat SPI-2 prevents localization of the
phagocyte oxidase (Vazquez-Toregsal, 2000) and the inducible nitric oxide synthases t
the SCV (Chakravorttgt al, 2002).
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Type Il secretion systems-Central to the pathogenesis ®f entericas the function of
specialized protein secretion systems, known a% Tipsecretion system (TTSS). TTSS
are specialized virulence devices that have evolwnglitect translocation of bacterial
virulence proteins into the host cell cytoplasmp@yll secretion systems are composed of
several proteins that form a remarkable needle-tikganelle in the bacterial envelope
(Galan, 1998). So far the presence of two SPIs-{S&1d SPI-2) each encoding a TTSS,
have been described f&almonellaspecies and may reflect the flexibility of this g
successful pathogen in causing different formsisdakes (Fierer and Guiney, 2001).
Regulatory proteins, toxins, plasmids and Vi antiges- Regulatory proteins that control
the synthesis of multiple proteins at the levelgehe transcription are also essential to
Salmonellgpathogenesis (Behlau and Miller, 1993).

Non-typhoidalSalmonellaalso carry a variety of virulence plasmids whichghtiplay a
role in multiplication inside the cell, destabitigi the cytoskeleton of the eukaryotic cell
and also might be involved in resistanceSafmonellaspecies to the bacteriolytic activity
of serum. Enterotoxin may also play a roleSalmonellagastroenteritis. An enterotoxin
antigenically similar to Cholera toxin also has badentified (Agueroet al, 1991).
Flagella phase variation that is exploited by thegamty of flagellatedSalmonellamight
be related to escaping the host defense system Agtan and van Dijk, 2005). The Vi
antigen of S. Typhi prevents antibody mediated opsonization, dases resistance to
peroxide, and confers resistance to complementaitin by the alternative pathway and
to complement mediated lysine (Looney and Steidbi@36).

2.2.9. Pathogenesis

Salmonellosis in the human host is generally aasedi with Salmonella enterica
subspeciegntericaand acute infections can present in one of fourswayteric fever,
gastro-enteritis, bacteremia, and extra intestifi&l) focal infection. As with other
infectious diseases the course and outcome ohfketion are dependent upon a variety of
factors including inoculating dose, immune stattishe host and genetic background of
both host and infecting organism (Getenet, 2008pa8ly speaking theSalmonella
entericafrom human infections can be subdivided in to twougs: the enteric fever
(typhoidal) group and non-typhoidaBalmonella (NTS), which typically cause
gastroenteritis but can cause invasive diseaseruwetain conditions (Selandet al,
1990).
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All Salmonellainfections begin with the ingestion of organismscontaminated food or
water (Franciset al, 1992 and Fuaci and Jameson, 2005). The infectonse of
Salmonellavaries from 103 to 106 colony-forming units. Thariability probably reflects
the ability of Salmonella to resist the low pH of the stomach a powerfuhpgonent of
host defense (Fuaci and Jameson, 2005). After rigathe stomachSalmonellamust
traverse the mucosal layer overlaying the epitnelaf the small intestine. After crossing
the mucosal layer overlaying the intestinal epitiral Salmonellainteracts with both
enterocytes and Microfolds cells (Mcells) (Frargisal, 1992). The organisms are rapidly
internalized and transported into submucosal lyngphissue where they may enter into
systemic circulationSalmonellahave also the ability to induce non phagocyticregial
cells by a process known as bacterial mediated @maoksis. This process involves the
formation of large membrane ruffles around the pigra and cytoskeleton rearrangement
(Franciset al, 1992).Salmonellas then internalized within bound vacuoles througtich
organisms’ trancytose from the apical to the bdsdh surface (Rathmaet al, 1997).
Once it crosses the intestinal epitheliu®almonellaserotypes that cause systemic
infections entermacrophages, and migration of teféanacrophages to other organs of
reticulo-endothelial systems probably facilitatas tlissemination of bacteria in the host
(Getenet, 2008).

Gastroenteritis due to NTS may persist with fewasea, vomiting, abdominal pain and
symptoms may continue for over a week. In conttthgt,early symptoms of enteric fever
are often vague, and may include a dry cough, seliendache, anorexia, fever and a
tendency to constipation rather than diarrhoearyRatral., 2002). If enteric fever is not
treated on time, serious complication like hemagehfrom ulcers can occur during the
third week of illness or perforation of the peyepatches (PP) can cause generalized
peritonitis and septicemias; these are the commaaese of death in typhoid fever. With
the introduction of early and appropriate antitmdtierapy, the average case fatality rates
for typhoid are less than 1% (Everesal., 2001).

15



2.2.10. Clinical futures

Both human and animals are susceptibleSedmonellainfection. While some of this
infections couses disease, the majority probaddg$ to subclinical cases resulting in a
healthy carier state with intermitent excreation thfe Salmonellain faeces . Whether a
human develop disease folowing ingestiorsafmonelladepend on dose of organism, the
speciese ofSalmonellaand up on the specific and non-specific immunaalgfactors.
Speciese such &S. typhimuriumand S. enteritidisusualy causes gastrointeritis (food
poisoning). The majority of food poisoning outbretsused bySalmonellafollow the
consuption of food directily or indirecly asssoettwith infection in animals. The chaine
of transmission is often from contaminated aninwadf staffs to animal and then from

contaminated animal carcasses to man (Qeirat, 1999).

Salmonella infectionsin animals

Salmonellahave a wide variety of domestic and wild animasteo The infection may or
may not be clinically apparent. In the subcliniéatm, the animal may have a latent
infection and harbor the pathogen in its lymph rsae it may be a carrier and eliminate
the agent in its fecal material briefly, intermittly, or persistently. In domestic animals,
there are several well-known clinical enteritis doespecies-adapted serotypes, such. as
pullorumor S abortus equi. Other clinically apparent or in @@t infections are caused
by serotypes with multiple hosts (PAHO, 2001).

The principal causes of clinical salmonellosis iattle are serotype Dublimnd S
Typhimurium. Other serotypes can sometimes betswbigom sick animals. Salmonellosis
in adult cattle occurs sporadically, but in calvtegsually acquires epizootic proportions.
The disease generally occurs when stress factersianlved. Serotypdublin, adapted to
cattle, has a focal geographic distribution. In Ameericas, outbreaks have been confirmed
in the western United States, Venezuela, Brazi, Argentina. It also occurs in Europe
and South Africa. In adult cattle, the disease tegiith high fever and the appearance of
blood clots in the feces, followed by profuse diea, and then a drop in body temperature
to normal. Signs of abdominal pain are very promedn The disease may be fatal within a
few days or the animal may recover, in which caseften becomes a carrier and new

cases appear. Calves are more susceptible thats,aahdl in them the infection gives rise
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to true epidemic outbreaks, often with high motyalSepticemia and death are frequent in
newborns. The carrier state is less frequent anyongg animals and occurs primarily in
adult cattle. The infection is almost always sprbgidhe feces of a cow that is shedding

the agent, but it may also originate from milk (F@H2001).

Swine are host to numero®almonellaserotypes and are the principal reservoirSof
choleraesd Serotypes that attack swine inclueenteritidis,S. Typhimurium, andS
dublin. S. choleraesuiss very invasive and causes septicemia; it maysbkated from the
blood or from any organ. Swine are particularly ceymible and experience epidemic
outbreaks between 2 and 4 months of age, but teetion also appears in mature animals,
almost always as isolated cases. The most freqayemptoms are fever and diarrhea. The
infection usually originates from a carrier pig @ntaminated food. Infection by other
serotypes may sometimes give rise to serious aakbref salmonellosis with high
mortality. Because of the frequency with which ssvare infected with different types of
Salmonella, pork products have often been a source of hunfection (PAHO, 2001).

Cases of clinical salmonellosis in sheep and gaatsinfrequent. The most common
serotype found in gastroenteritis caseS$ isyphimurium but many other serotypes have
also been isolated. Serotyfeabortus oviswhich causes abortions in the last two months
of pregnhancy and gastroenteritis in sheep and gsea&ns to be restricted to Europe and
the Middle East (PAHO, 2001). Horses are also qisie to Salmonella, particularlyS.
typhimurium Salmonella enteritis occurs in these animals, sometimes ngusiigh
mortality. Calves suffer from acute enteritis wittarrhea and fever; dehydration may be
rapid. Nosocomial transmission has been seen ipitatized horses (Bauerfeiret al,
1992).

In recent years, a high prevalence of infectionseduby numerous serotypes has been
confirmed in cats and dogs. These animals may we@ematic carriers or may suffer
from gastroenteritic salmonellosis with varying oegs of severity. Dogs can contract the
infection by eating the feces of other dogs, otth@mestic or peridomestic animals, or
man. Dogs and cats can also be infected by congednfood. In addition, dogs can
transmit the disease to man. Treatment for thesmadé consists mainly of fluid and
electrolyte replacement (PAHO, 2001).
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Two serotypesS. pullorumandS. gallinarum are adapted to domestic fowl. They are not
very pathogenic for man, although cases of salniagislcaused by these serotypes have
been described in children. Many other serotypesfi@quently isolated from domestic
poultry; for that reason, these animals are comstl®ne of the principal reservoirs of
Salmonella. Pullorum disease, caused by serot§peullorum and fowl typhoid, caused
by S gallinarum produce serious economic losses on poultry fafmrmot adequately
controlled. Both diseases are distributed worldwade give rise to outbreaks with high
morbidity and mortality. Pullorum disease appeausd) the first 2 weeks of life and
causes high mortality. The agent is transmittedicadly as well as horizontally. Carrier
birds lay infected eggs that contaminate incubaémd hatcheries. Fowl typhoid occurs
mainly in adult birds and is transmitted by thealematter of carrier fowl. On an affected
poultry farm, recuperating birds and apparentlylthgabirds are reservoirs of infection.
Salmonellaun-adapted to fowl also infect them frequently. Neall the serotypes that
attack man infect fowl as well. Some of these yped are isolated from healthy birds.
The infection in adult birds is generally asympttimabut during the first few weeks of
life, its clinical picture is similar to pullorumigkase (loss of appetite, nervous symptoms,
and blockage of the cloaca with diarrheal fecaltemat The highest mortality occurs
during the first two weeks of life. Most losses wcdetween six and ten days after
hatching (PAHO, 2001).

Rodents become infected with the serotypes prewvatethe environment in which they
live. Rodents found in and around food processilagtp can be an important source of
human infection. Of 974 free-living wild animalsaw®ined in Panama, 3.4% were found
to be infected, principally by serotyg® enteritidisand, less frequently, b8 arizonae
(Arizona hinshaw)i and Edwardsiella The highest rate of infection (11.8%) was found
among the 195 marsupials examined. Outbreaks wiosedllosis among wild animals held
in captivity in zoos or on pelt farms are not uralsBalmonellainfection in cold-blooded
animals has merited special attention. An infectiae of 37% was found in 311 reptiles
examined live or necropsied at the National Zotashington, D.C. The highest rate of
infection was observed in snakes (55%) and the doweturtles (3%). Th&almonella
isolated were 24 different serotypes formerly dfeexs under the common name &f
enteritidis 1 strain ofS. choleraesuisand 39 ofS. arizonae No disease in their hosts was
attributed to these bacteria, but they may act thmyewith other agents to cause
opportunistic infections (PAHO, 2001).
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Salmonella infections in humans

Salmonellainfections in humans can range from a self-limigabstroenteritis usually
associated with non-typhoid&almonella(NTS) to typhoidal fever with complications
such as a fatal intestinal perforation (OIE, 200®n-typhoidalSalmonellais one of the
principal causes of food poisoning worldwide with estimated annual incidence of 1.3
billion cases and 3 million deaths each year (Tahbckt al, 2007). Outbreaks of
salmonellosis have been reported for decades, bhihvthe past 25 years the disease has
increased in incidence in many continents. Theadiseappears to be most prevalent in

areas of intensive animal husbandry (OIE, 2000).

The incubation period in people is variable butissially between 12 and 36 hours. The
typical presenting symptom is diarrhea but this nib&y accompanied by nausea and
abdominal pain, although vomiting is not usual. fEhmay also be a headache and fever.
While the infection is normally self-limiting andods not require antibiotic treatment,
occasionally, with more invasivBalmonellasuch asS. Virchow bacteremia can occur.
The infection is rarely fatal in people (Gracsyal., 1999).

Salmonellosis is most commonly causedSyentericasubsp.typhimuriumor S. enterica
subsp.enteritidis Secondly,S. entericasubsp.typhi andS. entericasubsp.paratyphiare
the causes of typhoid fever or paratyphoid fevespectively.Salmonellacan replicate
both inside the vacuoles of host cells and in tkteraal environmentSalmonellaare the
second most common pathogens isolated from humaths gastroenteric disease in
developed countries (Buncic, 2006).

SalmonellaTyphimuriumandS. enteritidisoccur in the gastro intestinal tract of animals,
including livestock. The disease is self-limitingt can be severe in young, elderly or
otherwise IC (immunecompromised) peop&almonellainvade epithelial cells in the

ileum and proliferate in the lamina propria andfpse, watery diarrhoea results. Some
isolates produce a heat-labile enterotoxin, whigtiates diarrhoea. Sequelae include post-
enteritis reactive arthritis and reiter's syndroraed systemic infection can result.

Individuals can develop carrier status of up to @énths in duration. The infectious dose
varies, from only a few CFU to >105 CFU, so growfhthe pathogen in foods has not

been a factor in all cases of foodborne salmonsl|idmit appears to have been in some.
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Foods known to have been vehicles of salmonelloslsde poultry, eggs, and meat, milk,
chocolate, coconut and frog legs. However, any diyeccontaminated food can be
implicated (Buncic, 2006)Salmonella typhiand S. entericasubsp.paratyphi cause the
systemic diseases typhoid fever and paratyphoi@rferespectively. These pathogens
occur in human faeces, and are spread via humaedde the environment and to foods.
Person-to-person transmission is common. The dseagnptoms of typhoid and

paratyphoid fevers are dissimilar to those of eatlmonellosis (Buncic, 2006).

Salmonellapenetrate the intestinal epithelium, possibly fpeodting in macrophages and
polymorphs, pass into mesenteric lymph nodes, limespleen then cause septicemia.
Peritonitis and subsequent death can occur. Uloeraf the ileum can occur if organisms
multiply in the bile of the gall bladder and causeanfection. Any food could be a vehicle
of infection if contaminated with human faeces. #d&nown to have been vehicles of
typhoid fever include raw milk, shellfish and medtowever, typhoid fever is

predominantly spread by water contaminated with &mufaeces (Buncic, 2006).

2.2.11. Isolation and identification of Salmonella

Salmonellacan be isolated either from tissues collected tas@ly at necropsy or from
faces, rectal swabs, environmental samples, fooduyats and feedstuffs. When infection
of the reproductive organs, abortion occurs, ithecessary to culture fetal stomach
contents, placenta and vaginal swabs and, in tlse c& poultry, embryonated eggs.
Individual samples for bacteriological tests shobdcollected as aseptically as possible
by following the respective standards. Moreoveecpution should be taken to avoid cross
contamination of samples during transit and atdberatory. Packages should also be kept
cool and accompanied by adequate information (QOB5). Non-typhoidaBalmonella
gastroenteritis is diagnosed wh8almonellais cultured from stool (Fuaci and Jameson,
2005). The isolation and identification 8lmonellacan be performed using techniques
recommended by International Organizations for &agization (1ISO-6579, 2002), and
those recommended by the GlolgdimonellaSurveillance (GSS) and National Health
Services for Wales (NHS) (Zelalegh al, 2011).
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The two EU approved methods f8almonelladetection in food and animal feedstuffs are
ISO-6579:2002 and NMKL 71 (Nordic Committee on Fa@mhlysis) (Carrique-Mas and
Davies, 2008). ISO-6579:2002 is sensitive, but demjpnd expensive. It consists of pre-
enrichment of the sample in BPW followed by selec&nrichment in MKTTn and RVS.
From each enrichment medium, plating onto two apadia plates (one of which is
Xylose-Lysine Desoxycholate [XLD] agar) is carriedt after 24 h and 48 h of incubation.
Up to five colonies per plate have to be confirmetijch may potentially involve the
confirmation of up to 40 presumptive colonies (I8®&#9, 2002). Conventional cultural
methods for the detection of foodbordalmonellaspecies generally consist of five distinct
and successive steps. These are pre-enrichmenbneelective media and selective
enrichment in broth media, plating on differentadar, biochemical screening and

serological conformation (D’Aoust, 2001).

Pre-enrichment in non selective liquid medium

The Salmonellamay be present in small numbers in environmentalpsas, faces from
asymptomatic animals, animal feed and food andofiesn accompanied by considerably
larger numbers of othdétnterobacteriacer other families. There for it is necessary to use
pre-enrichment media to assist the isolation. Funtiore, pre-enrichment is necessary to
permit the detection of low numbers 8falmonellaor injured Salmonella(ISO-6579,
2002).

Pre-enrichment with none selective broth mediumi@24h at 35-3% allows the small
numbers ofSalmonella, which may otherwise be killed by the toxic effet enrichment
media, to multiply, or it may help to resuscit&@almonella that have been sublethally
damaged, e.g. by freezing, heating, exposure todee or desiccation. The use of short
(6-8h) pre-enrichment for greater method brevitywas recommended because it fails to
provide Salmonella with sufficient time to adapt to its new enviraemh repair cellular
damage and actively grow to high numbers ( D’Ao@801). Buffered peptone water is
inoculated at ambient temperature with the tedtiggmrand then incubated at 37 °C £ 1 °C
for 18 h - 24 h. For large quantities, the buffepeghtone water should be heated to 37 °C
+ 1 °C before inoculation with the test portion@$579, 2002).
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Enrichment in selective liquid medium

The recovery ofSalmonellafrom food is often complicated by the presence igihh
numbers of indigenous micro flora in food that gaerfere with the isolation of pathogens
(Bakr et al, 2008). Success in isolatigalmonellas usually enhanced by the inoculation
of incubated pre-enrichment broth into selectivdoliment media (Reaelt al, 1994 and
Davies, 1995). Selective enrichment media are tsedlect out th&almonellgpopulation
from all the organisms present in food, but no aeonsidered perfect. Three main
families of selective enrichment media are recogphizselenite, tetrathionate (TT) and
Rappaport-Vassiliadis (RV). Rappaport-Vassiliadis currently recommended for
Salmonellarecovery from low and highly contaminated foods KBa&t al, 2008).
Rappaport-Vassiliadis medium with soya (RVS brotapd Muller-Kauffmann
tetrathionate/novobiocin broth (MKTTn broth) is owated with the culture obtained in
pre-enrichment. The RVS broth is incubated at 4C5 1 °C for 24 h £ 3 h, and the
MKTTn broth at 37 °C + 1 °C for 24 h + 3 h (ISO-&52002).

The introduction of semi-solid selective enrichmergdia such as the modified semisolid
Rappaport-Vassiliadis (MSRV) medium representedinprovement for fecal samples
over previously used conventional selective enrighimbroths, such as Rappaport-
Vassiliadis (soya base) (RVS). There may be, howeliferences in the performance of
different brands of MSRV. Semi-solid selective ehment media are easy to use, and
negative results can often be obtained by direstialization of the plates, leading to a

more efficient isolation process (Reetdal, 1994 and Davies, 1995).

Samples with a high level of competitive flora swashintestinal and other environmental
samples may need to be incubated at higher tenypesa{41.5°C), in order to provide
Salmonellawith an advantage over most competitive organiddmyvever, incubation at
35°C to 37°C may be more appropriate for detecbbrsensitive serovars such &s
Pullorum andS. Gallinarum in internal organs and tissues. Incuamatibove 43°C may be
lethal for someSalmonellaserovars (Busse, 1995) suchSa®ublin. Selective enrichment
media are normally stored cold, so they should Imevad to warm up to at least room
temperature before use to avoid reducing the teatyrer within the incubator, a potential

problem where large numbers of plates are incubtaggether (Waltman, 2000).
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Plating out and identification

From the cultures obtained in enrichment, two $elecsolid media are inoculated: xylose
lysine deoxycholate agar (XLD agar); any otherdssklective medium complementary to
XLD agar and especially appropriate for the isolatof lactose-positiv&almonellaand
SalmonellaTyphi and SalmonellaParatyphi strains; the laboratory may choose which
medium to use. The XLD agar is incubated at 37 °C°€ and examined after 24 h £ 3 h.
The second selective agar is incubated accordirigetananufacturer's recommendations.
Brilliant green agar (BGA), bismuth sulfite agardaothers could be used as the second
plating-out medium (1ISO-6579, 2002).

A simplified version of 1ISO-6579:2002 using onetatgd plate (Rambach) is currently
used at the VLA for research purposes (Waksl, 2006). Most of the recent studies
confirm the good performance of the Rappaport- Mdss (RV) enrichment medium.
These good results have been observed for varauplss, as human feces, farm animals’
and seabird feces (Monfodt al, 1994) and food products and reviewed by D’Aoust
(1989). The authors have adopted this method basexdcomparison of the performance
of Rambach versus BGA and XLD on samples from tbleSalmonellabaseline surveys
for layers and broilers. A single Rambach platdqrered as well as the combination of
XLD and BGA, as long as pale orange colonies on Ik were investigated
(unpublished data). Confirmation 8almonellawith this method can be obtained within
72 h, although sometimes it has been possible tdiroo and isolate within 24 h if
incubation times are abbreviated and tests areedaaut directly from selective media
(Davies and Wray, 1994). The NMKL seventy one metf/dMKL, 1999) was originally
developed for the isolation &almonellan foods and feedstuffs. It is relatively simpledan
affordable, although it has shown limited sendyivivith veterinary faecal samples
compared to other methods (Korsakal, 2004). It includes a pre-enrichment stage in
BPW followed by enrichment in RV and plating on XD plus a second medium of
choice. Plating after 48 h of enrichment is optlpremd may increase its sensitivity
considerably, although in practice this is raredne (Carrigue-Mas and Davies, 2008).

Growth on selective enrichment media is platedrat® h and 48 h onto solid plating
media. Although a small number of additional isedatmay occasionally be detected
beyond 48 h, further plating is not considered -eff&ctive (D’Aoustet al, 1992). Non-
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motile Salmonella, including S. Pullorum andS. Gallinarum, and theS. Enteritidis
vaccine strain present in Avip@almonellavac E (Lohmann Animal Health) do not grow
in MSRV, so they must be identified using differenedia. ForS. Pullorum andS.
Gallinarum the best results were obtained usingctlienrichment in selenite cysteine and
RVS (Prouxet al, 2002).

Confirmation

For confirmation, it is recommended that at least tolonies be identified in the case of
epidemiological studies. If on one dish there axgdr than five typical or suspect colonies,
take for confirmation all the typical or suspectotoes. Streak the selected colonies onto
the surface of pre-dried nutrient agar plates imanner which will allow well-isolated
colonies to develop. Incubate the inoculated plate¥7 °C + 1 °C for 24 h £ 3 h and pure
cultures is used for biochemical and serologicalficamation (ISO-6579,2002).

Confirmation can be made using biochemically ugnmge sugar iron agar (TSI) (Oxoid
CMO0277, Basingstoke, England), Christensen’s urmgar 4§Oxoid CM53, Basingstoke,
England), lysine iron agar (LIA) (Oxoid CM381, Bagstoke, England), Voges Proskauer
(VP), methyl red (MR) (Micromaster Thane, Indiajdalndole tests (Becton Dickinson,
USA) (Zelalemet al, 2011). TypicalSalmonellacultures show alkaline (red) slants and
acid (yellow) butts with gas formation (bubbles)datin about 90 % of the cases)
formation of hydrogen sulfide (blackening of theaggWhen lactose-positivBalmonella

is isolated, the TSI slant is yellow. Thus, prehiany confirmation ofSalmonellacultures
shall not be based on the results of the TSI agronly (ISO-6579, 2002).

Serological confirmation and serotyping Agglutination tests, ELISA, anti-globulin and
compliment fixation tests have been used to dedstibody responses tBalmonella
infections (Quinret al, 1999). The detection of the presenc&alimonellaO-, Vi- and H-
antigens is tested by slide agglutination with ap@ropriate sera, from pure colonies and
after auto-agglutinable strains have been elimthatéhis method of relies on the
antibody/antigen reaction between a test cultur@ emmmercially prepared antiserum
(1SO-6579, 2002).
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Typing

Because of the importance @almonellain foodborne disease, numerous typing
methodologies have been developed and have bedntasmce salmonellosis outbreaks
to the contaminated source and to delineate th@espology of Salmonellainfections.

Some of the typing techniques include serotyping @image typing. These techniques are

useful for defining relationships between straiBst{eldoornet al, 2004).

Serotyping- Serotyping is based on the O and H antigens udidg agglutination test
(Quinn et al, 1999). Most serotypes exhibit diphasic flagelatigen expression by
alternately expressing two gen#sC (phase 1) antlj B (phase 2) which encode flagellins
of different antigenicity.Salmonellaserotyping methods recognize 63 district phase 1
flagellar antigenic factors and 37 phase 2 flagafigenic factors although the latter are

not always present (Mortimet al, 2004).

Bacterial growth for serotyping should be takemfra triple sugar iron (TSI) agar slant or
from nutrient agar as culture from selective mesliaften unsuitable for typing. A loopfull
of culture of theSalmonellato be serotyped should be suspended in a droplioeson a
microscope slide and examined for autoagglutinatibms this can occur with rough
strains and will invalidate the serotyping. Smootiough dissociation occurs after
subculture and most frequently from media contgraarbohydrates. Smoo8almonella
to be serotyped is emulsified in a drop of 0.85%#neabn a clean microscope slide. A drop
of antiserum is added to and mixed well with tBamonellasuspension. The slide is
rocked gently for about 30 seconds and the antaggibody mixture examined for
agglutination. TheSalmonellais first tested againist antisera to the O (sothatntigens
and then the H (flagella) antigens (Quetral, 1999).

Phage typing- phage typing is based on the specificity of a giydrage for its host
bacterium, and this relationship allows one to kisewn phages to identify their specific
hosts (Jay, 2000). Therefore, phage typin§ainonellasolates is based on the sensitivity
of a particular isolates to a series of bacterigplaat appropriate dilutions. This can be
useful to determine whether isolates, which comealiiberent places at different times, are
similar or different in their reactions with specisets of phages used for typing (Quetn
al., 1999).
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2.2.12. Antimicrobial susceptibility tests and stance profile

There are three test methods (disk diffusion, bradilution and agar dilution).
Antimicrobial susceptibility testing methods thainsistently provide reproducible and

repeatable results is when followed correctly (GL29I08).

Disk diffusion - Disk diffusion refers to the difion of an antimicrobial agent of a
specified concentration from disks, tablets ompstrinto the solid culture medium that has
been seeded with the selected inoculum isolatedpare culture. Disk diffusion is based
on the determination of an inhibition zone propwrél to the bacterial susceptibility to the
antimicrobial present in the disk. The diffusiontbé antimicrobial agent into the seeded
culture media results in a gradient of the antiotical. When the concentration of the
antimicrobial becomes so diluted that it can nogkminhibit the growth of the test
bacterium, the zone of inhibition is demarcatede Hmameter of this zone of inhibition
around the antimicrobial disk is related to minimumhibitory concentration (MIC) for
that particular bacterium/antimicrobial combinaticme zone of inhibition correlates
inversely with the MIC of the test bacterium. Geallgr the larger the zone of inhibition,
the lower the concentration of antimicrobial reqdirto inhibit the growth of the
organisms. However, this depends on the concemtrati antibiotic in the disk and its
infusibility (OIE, 2012).

Disk diffusion is straightforward to perform, repraible, and does not require expensive
equipment. Its main advantages are: low cost, ageodifying test antimicrobial disks
when required, can be used as a screening testsagarge numbers of isolates, can
identify a subset of isolates for further testingdther methods, such as determination of
MICs. Manual measurement of zones of inhibition nb&ytime-consuming. Automated
zone-reading devices are available that can begried with laboratory reporting and
data-handling systems. The disks should be disatbievenly so that the zones of
inhibition around antimicrobial discs in the disidfusion test do not overlap to such a
degree that the zone of inhibition cannot be dateeth Generally this can be
accomplished if the discs are no closer than 24 from centre to centre, though this is
dependent on disk concentration and the abilityhef antimicrobial to diffuse in agar
(OIE, 2012).
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Broth and agar dilution methods-The aim of the broth and agar dilution methodis t
determine the lowest concentration of the assaygignrobial that inhibits the visible
growth of the bacterium being tested (MIC, usuakpressed imug/ml or mg/litre).
However, the MIC does not always represent an abtseiklue. The ‘true’ MIC is a point
between the lowest test concentration that inhthigsgrowth of the bacterium and the next
lower test concentration. Therefore, MIC determoret performed using a dilution series
may be considered to have an inherent variatioon& dilution. Antimicrobial ranges
should encompass both the interpretive criteriagsptible, intermediate and resistant) for
a specific bacterium/antibiotic combination and rayppiate quality control reference
organisms. Antimicrobial susceptibility dilution theds appear to be more reproducible
and quantitative than agar disk diffusion. Howevantibiotics are usually tested in
doubling dilutions, which can produce inexact Ml@tal The selection of an AST
methodology may be based on the following fact@ase of performance, flexibility,
adaptability to automated or semi-automated systerost, reproducibility, reliability,
accuracy, the organisms and the antimicrobials@rést in that particular OIE Member,
availability of suitable validation data for thengge of organisms to be susceptibility tested
(OIE, 2012).

Salmonellaspecies are leading causes of acute gastroenterisgveral countries and
salmonellosis remains an important public healibbfgm worldwide, particularly in the
developing countries (Rotinet al, 2008). The situation is more aggravated by ther e
increasing rate of antimicrobial resistance strdifslalemet al, 2011). In recent years
problems related t8almonellahave increased significantly, both in terms of itt@dence
and severity of cases of human Salmonellosis. Simedeginning of the 1990s, strains of
Salmonellavhich are resistant to a range of antimicrobiatduding the first choice agents
for treatment of humans have emerged and are #émiegt to become a serious public
health problem. Drug resistaBalmonellaemerge in response to antimicrobial usage in
humans and in food animals so, selective pressone the use of antimicrobials is a major
driving force behind the emergence of resistanceltiMrug resistance to critically
important antimicrobials is compounding the probleHO, 2005). There are reports of
high prevalence of resistance Balmonellaisolates from countries such as Taiwan
(Lauderdalest al.,2006), India (Mandaét al.,2004, 2006), The Netherlands (Duijkeren
al., 2003), resistant isolates from France (Weilll.,2006), Canada (Popp al.,2006),
and Ethiopia (Molleet al.,2003).
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A particular concern withS. Typhimurium DT 104 is that it has resistance to ynan
antibiotics and often acquires resistance to othdost strains are resistant to ampicillin,
chloramphenicol, streptomycin, the sulphonamided #airacycline. Recent resistance
additions include resistance to trimethoprim and mdrticular concern, to the

fluoroquinolones. Resistance to this latter grotiprdibiotics is a major worry as they are
among the drugs of choice for the treatment of sw@Salmonellain humans. There is

considerable debate as to what factors resultdrethergence of antibiotic resistant strains
of bacteria and it is alleged that antibiotic us@mnimals is part of the problem. Equally the
use or misuse of antibiotics in humans for exanglg® leads to the development of
antibiotic resistance. The continuing developmeh@antibiotic resistance may lead to
sufficient pressure ultimately to restrict the hitiics available to the veterinary

profession for animal treatment (Gracsyal, 1999).

Antimicrobial resistanSalmonellaare increasing due to the use of antimicrobial egen
food animals (Threlfall, 2002; Mollat al, 2003; Lynchet al, 2006; Mollaet al, 2006;
Zewdu and Cornelius, 2009) at sub-therapeutic leweprophylactic doses which may
promote on-farm selection of antimicrobial resistatrains and markedly increase the
human health risks associated with consumptiorontaiminated meat products (Mobka

al., 2003; Mollaet al,, 2006; Zewdu and Cornelius, 2009). Cattle hawenhmplicated as a
source of human infection with antimicrobial reaigtSalmonellathrough direct contact
with livestock and through the isolation of antinoigial resistantSalmonellafrom raw
milk, cheddar cheese, and hamburger meat tracethity farms. Antimicrobial use in
animal production systems has long been suspeotég & cause of the emergence and

dissemination of antimicrobial resistéalmonellgAlexanderet al, 2009).

This spread of antimicrobial resistance throughfttoel chain is regarded as a major public
health issue (Threlfall, 2002 and Lyneh al, 2006). The appearance of both plasmid
mediated antibiotic resistant against conventiamiit Salmonelladrugs and chromosomal
resistance to quinolones and fluoroquinolones heduaed therapeutic options for

Salmonellasepticemia in humans (Nor Elmadiestaal, 2012).
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2.2.13. Treatment

Gastroenteritis caused I&almonellais usually a self-limiting disease (Richards al.,
1993 and Fuaci and Jameson, 2005) and diarrhelvesseithin three to seven days and
fever within seventy two hours (Fuaci and Jame&26005). Accordingly therapy should be
directed primarily to the replacement of fluid aredectrolyte losses. Therefore,
antimicrobials should not be used routinely to ttresncomplicated non-typhoidal
Salmonellagastroenteritis or to reduce convalescent stooletion (Richardet al,, 1993).
However, antimicrobial therapy should be considdoedany systemic infection (Paret
al., 2002).

Antibiotic treatment usually is not recommended andsome studies has prolonged
carriage ofSalmonella Neonates, the elderly, and the immunosuppressegd, (HIV-
infected patients) with non-typhoid&lalmonellagastroenteritis are especially susceptible
to dehydration and dissemination and may requigpit@lization and antibiotic therapy
(Fuaci and Jameson, 2005). Because of the incgegsiavalence of antimicrobial
resistance, empirical therapy for life threatenagteremia or local infection suspected to
be caused by non-typhoid&almonellashould include a third generation cephalosporin
and a quinolone until susceptibility patterns armkn. Amoxicillin and trimethoprim-
sulfamethoxazole are effective in eradication oigikderm carriage. The high concentration
of amoxicillin and quinolone in bile and the supeiintracellular penetration of quinolone

are theoretical advantages over trimethoprim-suthioxazole (WHO, 2003a).

2.2.14. Economic and public health significanc&almonella infections

Foodborne disease has emerged as an importantrewdhg public health and economic
problem in many countries during the last two desadrrequent outbreaks caused by new
pathogens, the use of antibiotics in animal husharahd the transfer of antibiotic
resistance to human are just a few examples (Ro@tual, 2003). The pathogen of
Salmonella belonging to intestinal bacteria family, is orfetlee main pathogens causing
food poisoning (Lianhuat al, 2008). As the pathogen of foodborne infecti®almonella

is currently the leading pathogen of bacterial fepaisoning in the world (Chenegt al,
2008).
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The incidence of non-typhoidal salmonellosis hashiled in the United States over the
past two decades. Currently, the CDC estimatestheme are 2 million cases annually,
with 500 to 2000 deaths. Although more than 200w ofSalmonellaare considered to
be human pathogens, the majority of the reportsésan the United States are caused by
S. Typhimurium or S. enteritidis(Fuaci and Jameson, 2005). Sheep and goats can be
carriers of differenSalmonellaserovars, includingalmonella entericaerovar Enteritidis
and Salmonella entericaerovar Typhimurium, the most important serovans Homan
infections (Schilling, 2012). Contacts with smalhrinants pose a potential health risk to
occupationally exposed subpopulations as well aggneral public, but the risk depends
strongly on the serotype involved (Hoelatral, 2011). The incidence of salmonellosis is
highest during the rainy season in tropical climaéed during the warmer months in
temperate climates, coinciding with the peak indtmarne outbreaks (Fuaci and Jameson,
2005).

In most parts of the world, countries have seemmdti&r and continuous increases in
human outbreaks of salmonellosis, caused by imiestiin animals. In 2004, in the
European Union (EU) alone, 192,703 human casesalofonellosis were reported. These
and similar data from other countries almost celyainderestimate the magnitude of the
problem, as many cases of salmonellosis are nottexh The Centres for Disease Control
estimate the annual number of non-typhoidal salthagie cases in the United States of
America (USA) to be approximately 1.4 million (Foedl and Wierup, 2006).

In addition to human health implication§almonellais a pathogen of significant
importance in worldwide animal production and theeegence of antibiotic-resistant
strains, due principally to the therapeutic useaofimicrobials in animals, is a further
threat to human and animal health (Forshell andriie2006). It also generates negative
economic impacts due to surveillance investigatenng illness treatment and prevention
(Gomez-Aldapagt al, 2012). Financial costs are not only associatél imvestigation,
treatment and prevention of human illness, falioithe public and privet sectors and may
be surprising, both in terms of the levels of castsirred and the variety of affected. In the
public sector, resources may be diverted from prigve activities in to the treatment of
patients and investigation of the source of infattiln the private sector considerable
financial burdens may be imposed on industry inegaéinand on the food industry in

particular, and last but not on the affected irdlinal and his or her family (Sockett, 1991).
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2.2.15. Prevention and control

In many urban centers, eating and drinking in pulgstablishments, such as Hotels,
Restaurants, and Snack bars is a common practroary countries. These establishments
prepare, handle, and serve large quantities of fowdl drink to large groups of people
within a short period of time implying a possibiskrof infections if sanitary and hygienic
norms are not strictly followed. The world healtltss review indicates that the health
problem of developing nations is mainly linked tadequate sanitation (Kumet al.,
2002).

Better education of food industry workers in bafsiod safety and restaurant inspection
procedures may prevent cross-contamination. Foadlimg errors can lead to outbreaks.

Improvements in farm animal hygiene, in slaughtenppractices, and in vegetable and
fruit harvesting and packing operations may helgvent salmonellosis caused by

contaminated foods. Pasteurization of milk andttneat of municipal water supplies are

highly effective prevention measures that have haeplace for decades. Wider use of
pasteurized egg in restaurants, hospitals, andnguisomes is an important prevention

measure. In the future, irradiation or other tresita may greatly reduce contamination of
raw meat (CDC, 2008). Strategies for reducing faodb illness require a comprehensive
farm-to-table approach, whil&almonellacontamination from food handlers has been
shown to make a significant contribution to humaodborne iliness in several developing
countries (Catherinet al., 2001).

Non-typhoidalS. entericainfections are a major public health problem wokide and
reduction of these diseases presents a serioustai@nging problem. These diseases
have several animal reservoirs. Large number diemint S.entericaserovars cause
gastroenteritis in humans probably makes vaccireey difficult to realize and/or use
commercially. The incidence of non-typhoidal salmltosis continues to rise along with
rates of emergence of antibiotic resistant straind increased centralization of food
production. Thus, it is important to monitor evestgp of food production, from handling
of raw products to preparation of finished foodse prudent use of antimicrobial agents in
both humans and animals is necessary to minimigefutther emergence of antibiotic

resistant strains (Getenet, 2008).
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Furthermore, in order to contr@almonellainfection, an individual should cook foods
thoroughly, pasteurize milk and dairy products; idvoonsumption of unpasteurized
products, prevent cross-contamination of heatdbdbods, avoid undercooked or raw
eggs, store heat-treated foods at less than 4°@reater than 60°C to prevent growth,
reduce carriage of livestock by vaccinating or dgswith antibiotics or probiotics, exclude
infected or carrier-status individuals from handlifood, control rodents and insects and

dispose of sewage in a sanitary manner (Buncicg00

2.2.16. Salmonellosis in Ethiopia

Even thoughSalmonellapopulations in different geographical areas oredéht hosts and
environmental niche may undergo different evoludignchange, due to centralization of
food production and distribution and population mment,Salmonellastrains found in
different countries of the world are believed to denally related (Winokur, 2001).
Salmonellasolates in Ethiopia may have similar phenotypid genotypic characteristics
with isolates elsewhere in the world and non-tyghbBalmonella entericanfection in
children in Ethiopia is a major health problem amadaused by similar serovars to these
reported from elsewhere in Afric& Typhimurium ands. Enteritidis (Getenet, 2008).

Salmonellanfection most commonly occurs in countries witltopstandards of hygiene in
food preparation and handling and where sanitasgatial of sewage is lacking. It mainly
occurs in the tropics and sub tropics in Africaditn Pakistan South East Asia and South
America (WHO; 1989; Lanatet al, 1990; Al-Lahhanet al, 1990; Muleta and Ashenafi,
2001; WHO; 2003b; Senthikumar and Prabakaran, 2005)

Studies indicated the widespread occurrence andbdison of Salmonellan Ethiopia. In
recent years the number of out breakSalimonellan humans has increased considerably
in the country. Much more is known now about théeek of foodborne illness and how
severe it can be, not just in terms of acute iBndsut also in terms of long term
consequences. Studies indicated various percent#g8almonellaisolates in towns of
Ethiopia. Moreover, high percentagesSftyphiisolates have been found to be resistant
for antimicrobial agents (Yismaet al, 2007; Andargiet al, 2008; Aberaet al, 2010). In

addition, the very young, elderly and immunocompead individuals are particularly
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more susceptible t&almonellainfections at a lower infective dose than healtdylts.
This is more important in developing countries sucsh Ethiopia where HIV/AIDS is
highly prevalent andsalmonellais an important opportunistic infection in HIV/AIDS
patients (Catherinet al,, 2001).

In Ethiopia, minced beef is usually used for theparation of a popular traditional
Ethiopian dish known as locally "Kitfo" and most tfe time it is consumed raw or
medium cooked. The habit of raw meat consumptiah the presence ddalmonellain
minced beef indicate, in addition to the poor hpgiestandards in food handling in the
country, the presence of great public health hazaf@&almonella(Muleta and Ashenafi,
2001).
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3. MATERIALS AND METHODS

3.1. Study site

This study was conducted between January, 2014 Apri, 2014 at Dire Dawa
Administration (DDA). DDA is located in the eastepart of Ethiopia and lies between®90
27" and 90 49'N latitudes and between %438' and 42 19'E longitudes, 515 Km from
Addis Ababa, the capital city of Ethiopia. The tadeea of the administration is 128,802
hectare and the administration shares common boesdaith Somali National Regional
States in the West, North and East and with ther@d\ational Regional State in the
South. Its altitude ranges from 960 meters aboadesel (m.a.s.l) in the northeast to 2450
m.a.s.| in the South West. Using the 1500m contasira line of separation, two
agroclimatic Zones are known: the Kolla (below @) and Woina Dega (above 1500m)
(DDAEPA, 2011). The rainfall is bimodal and chastted by small rainy season from
February to May and high rainy season from Julséptember. The dry season extends
from October to January. The mean annual rainfialhe study area varies from 550mm in
the lowland Northern part to 850mm in the Southmountain ranges. The monthly mean
maximum temperature ranges from 28.1°C, to 34.6°%Kewise, the monthly mean
minimum temperature varies from 14.5°C in Decentioe21.6°C in June (DDAC and

Agricultural Bureau, 1998).

Dire Dawa city administration is a large town irhiépia and is situated along the Addis
Ababa to Dijibouti corridor, an asphalt road andway that link the country to
neighbouring Djibouti. The town hosts many truckésag- and medium-distance intercity
bus drivers, and cross-border businessmen. Direal@s numerous economic and social
institutions with a large number of permanent agohgorary employees, including the
Ethio-Djibouti railway station, textile and fooddtries, and higher-education institutions
with a large number of students. Also there areynfaitels and bars in the town (Amare,
2009).
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3.2. Study population

The study population were all goat carcasses stauggh in the abattoir and goat meat

handlers (abattoir workers, butchers and consumers)

3.3. Sample size determination

For questionnaire survey and observation the samsigke was determined purposively
based on the willingness of the interviewees, éastllow up and the chain of goat meat
from abattoir to consumer. Accordingly, 85 partasps consisting of 20 abattoir workers,

15 butchers and 50 consumers were included inttityy s
For isolation and identification dbalmonella,the sample size was calculated based on

8.7% expected prevalence, 5% desired absolutespyacand 95 % confidence interval
using the formula recommended by Thrusfield (2005).

n = Zp exp (1-pexp)d’,

Where n=required sample size; pexp = expected |meem and a desired absolute
precision (d) of 0.05, Z 1.96. Accordingly, the minimum sample size wasudated 122.
To increases the precision of the estimate, thepkasize was inflated and a total of 249

carcasses were considered.

3.4. Study design

A cross-sectional study involving microbiological nadysis, questionnaire and
observational survey was employed. The format efghestionnaire survey is presented in
(Annex 8.3).
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3.5. Sampling technique and sample collection

Carcasses samples were sampled by systematic rasalopiing technique. Swabs were
taken according to the method described in 1ISO-47@D03). The abdomen (flank),
thorax (lateral), crutch, breast (lateral), were sampling sites. The sampling areas were
delineated by using a (10 x 10 cm) aluminum fampéates. A sterile cotton tipped swab
(2X3 cm) fitted with shaft, was first soaked in gpproximately 10 ml of buffered peptone
water (BPW) and rubbed over the delineated aredmally and then vertically several
times. Up on completion of the rubbing process, g$tivab was placed into the buffered
peptone water used to wet the swab, breaking effnthoden shaft pressing against the
inside of the universal bottle and disposed leavirgcotton swab in the universal bottle.
Other swabs of the same types were used on the wi#wked areas and placed into the
same container. A second dry sterile cotton swaheftame type was used as before over
the entire sampled area as above and this swaplae@ed into the same container. Finally,
by using ice boxes with ice packs the samples weaasported to the College of
Veterinary Medicine and Agriculture, Addis Ababaiuharsity.

3.6. Isolation and identification

Salmonellawas isolated and identified according to the tegn recommended by the
international organization for standardization (16&¥9, 2002) as shown in (Annex 8.1.).
The bacteriological media were prepared accordinghnénufacturer’'s recommendations
(Annex 8.4).

3.6.1. Pre-enrichment and selective enrichment

The swab samples were pre-enriched in appropriatauat of buffered peptone water in
(1: 9) ratio and incubated at 37°C for 24 hrs. Reggpt- Vassiliadis medium (RV) broth
and Mduller Kauffman Tetrathionate with novobiociMKTTn) broth were used for
selective enrichment of the samples. About 0.1 mnlthe pre-enriched sample was
transferred into a tube containing 10 ml of Rapp&pdassiliadis medium (RV broth) and
incubated at 42 °C for 24 hours. Another 1ml of phe-enriched broth was transferred into
a tube containing 10ml of MKTTn broth and incubas¢®7°C for 24 hours.
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3.6.2. Plating out and identification

Xylose lysine desoxycholate (XLD) agar and brilligmeen agar (BGA) plates were
used for plating out and identification. A loop ff inoculums from each RV and
MKTTn broth cultures were plated onto XLD and BGAates and incubated at 3¢ for

24 hours. After incubation, the plates were exanhifi the presence of typical and
suspect colonies. Typical colonies®dlmonellagrown on XLD-agar have a black centre
and a lightly transparent zone of reddish colowe ttuthe colour change of the media (ISO
6579,2002) while K5 negative variants grown on XLD agar are pink vatbarker pink
center. Lactose-positiv&almonellagrown on XLD agar are yellow with or without
blackening. Typical colonies @&almonellaon BGA are pink, 1 mm to 2 mm in diameter,
and cause the color of medium to change to rec Bjpical or suspected colonies were
selected from the selective plating media, streak@&d the surface of pre-dried nutrient
agar plates and incubated at’G7or 24hrs. Biochemical tests were done according
(ISO-6579, 2002) by using different biochemicaltdethat included TSI agar, L-lysine

decarboxylation medium, urease and Indole prodadasts (Annex 8.6).

3.7. Antimicrobial susceptibility tests

The antimicrobial susceptibility testing of the lses was performed by using the disc-
diffusion method according to the recommendatiofisthe National Committee for
Clinical Laboratory Standards (NCCLS, 2002) and $C12012). Four to five well-isolated
colonies from nutrient agar plates were transfeinéal tubes containing 5 ml of Tryptone
soya broth (Oxoid, England). The broth culture wesibated at 37°C for 4 hours until it
achieved the 0.5 McFarland turbidity standardsrilSteotton swab was dipped into the
suspension, rotated several times, pressing fionlyhe inside wall of the tube above the
fluid level to remove excess inoculums and swahb@tbrmly over the surface of Muller
Hinton agar plate (Oxiod, England). The plates weslel at room temperature for 30 min

to allow drying.
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The susceptibilities of the isolates were testedtfe following antibiotic discs: Ampicillin
(AMP) 10 pg, Amoxicillin-clavulanic acid(AMC) (30ug), Gentamicin (CN) 10ug,
Kanamycin (K)30ug, Ciprofloxacin (CIP) fug, Chloranphenicol (C) 3(g, Trimethoprim
(W) 2 ug , Sulphonamides (S3) 30§, Tetracycline (TE) 3@g, Nalodixic Acid (NA) 30
ug, Ceftriaxone (CRO) 3Qg, Streptomycine (S) 10g and Nitrofurans (F) 5@Qg, were
placed at least 15 mm apart and from the edgeeopldtes to prevent overlapping of the
inhibition zones. The plates were incubated at ¥8t@4 h. The diameter of the zones of
inhibitions were compared with recorded diametérghe control organisnk. coliATCC
25922 and classified as resistant, intermediatsusceptible according to the interpretive
standards of the Clinical Laboratory Standardstlrtst (CLSI, 2012) (Annex 8.7).

3.8. Data management and analysis

The data collected from the questionnaire and ehsenal survey and the results of the
laboratory investigations were entered into Micfodfxcel and prepared for analysis.

Descriptive statistics were performed using SPSSime 20 statistical.
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4. RESULTS

4.1. Occurrence ofSalmonella and antimicrobial susceptibility

Out of the total 249 carcass swab samples, 44 ¥d)7vwere positive t&Galmonella.The
highest level of resistance was observed for tettae (100%), nitrofurans (100%),
streptomycine (81.8%) and kanamycin (79.5%). Alblatses were susceptible to
ciprofloxacin (Table 1). Of all the isolates, 43(B%) were multiple antimicrobial resistant
(Table 2).

Table 1: Number of susceptible and resistant isolas by antimicrobials

Type of antimicrobial Number of isolates

Resistant (%) Intermediate (%) Susceptible (%)

Ampicillin (AMP) 10 ug 24(54.5) 2(4.5) 18(40.9)
Amoxicillin-clavulanic acid 20(45.5) 14(31.8) 10(22.7)
(AMC) 30 ug

Gentamicin (GEN) 1Qg 8(18.2) 12(27.3) 24(54.5)
Kanamycin (KAN)30ug 35(79.5) 6(13.6) 3(6.8)
Ciprofloxacin (CIP) fug , - - 44 (100)
Chloranphenicol (C) 3Qg 20(45.5) 12(27.3) 12(27.3)
Trimethoprim (W) 2ug 33(75) 1(2.3) 10(22.7)
Sulphonamides 300ug 19(43.2) 2(4.5) 23(52.3)
Tetracycline (TE) 3(g 44(100) - -
Nalodixic Acid (NA) 30ug 25(56.8) 12(27.3) 7(15.9)
Ceftriaxone (CRO) 3Qg, 10(22.7) 11(25) 23(52.3)
Streptomycine (S) 1Qg 36(81.8) 5(11.4) 3(6.8)
Nitrofurans (F) 5Qug, 44(100) - -
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Table 2: Multiple antimicrobial resistances of theisolated Salmonella

Number Antimicrobial resistance pattern (No.) No. of isoltes
resistant (%)
Zero/one None 0(0%)
Two TET & NIT (1) 1(2.3%)
Four STR, NAL, TET & NIT (1)
KAN,W,TET& NIT (2) 5(11.4%)
S3, AMC.TET, NIT (1)
Five STR,KAN,NAL, TMP,AMP,TET& NIT (2) 7(16%)
STR,KAN,NAL, TMP,AMC,TET& NIT (1)
KAN,S3,NAL,WAMP,TET& NIT (1)
STR,CAF,S3,NAL, TMP, TET& NIT (1)
Six STR,CAF,NAL,TET,GEN,& NIT (1) 2(4.5%)
STR,S3,NAL,AMC, TET& NIT (1)
Seven STR,KAN,NAL, TMP,AMP,TET& NIT (2) 5(11.4%)

STR,KAN,NAL, TMP,AMC,TET & NIT (1)
KAN,S3,NAL, TMP,AMP, TET& NIT (1)
STR,CAF,S3,NAL, TMP, TET& NIT (1)

Eight STR,CAF,KAN,NAL, TMP,TET,GEN& NIT (2)
STR,KAN,NAL, TMP,AMC,AMP, TET&NIT(6)
STR,CAF,KAN,S3,CRO,TMP,TET& NIT (1)
STR,CAF,KAN,NAL, TMP,AMP, TET&NIT(1)

Nine STR,CAF,KAN,CRO, TMP,AMC,AMP, TET,& NIT (1)
STR,CAF,KAN,NAL, TMP,AMC,AMP,TET& NIT (1)
STR,CAF,KAN,S3,NAL, TMP,AMC,AMP, TET& NIT (2)
STR,KAN,NAL, TMP,AMC,AMP, TET,GEN& NIT (1)
STR,CAF,KAN,CRO,NAL, TMP,AMP, TET& NIT (1)

Ten CAF,KAN,S3,CRO,NAL, TMP,AMC,AMP,TET & NIT (2)
STR,CAF,KAN,S3,NAL, TMP,AMP,TET,GEN & NIT (1)
STR,CAF,KAN,S3,NAL, TMP,AMC,AMP,TET & NIT (1)

Eleven STR,CAF,KAN,S3,NAL, TMP,AMC,AMP,TET,GEN& NIT (2)
STR,CAF,KAN,S3,CRO,NAL, TMP,AMC,AMP,TE & NIT (1)
Twelve STR,CAF,KAN,S3,CRO,NAL, TMP,AMC,AMP,TET& NIT(1)

10(22.7%)

6(13.6%)

4(9.1%

3(B%)

1(3%)

Key: AMP = Ampicillin ; AMC = Amoxicillin-clavulanic &id; GEN = Gentamicin ; KAN = Kanamycin ;
CIP = Ciprofloxacin; CAF = Chloranphenicol ;TMP ziffiethoprim ; § = Sulphonamides ; TET =

Tetracycline ; NAL = Nalodixic Acid ; CRO = Ceftriane ; NIT =Nitrofurans and STR =
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4.2. Questionnaire and observational survey
4.2.1. Abattoir workers

Table 3 shows the knowledge, attitudes and practideabattoir workers in relation to
important parameters that potentially can influetimequality and safety of goat meat. All
workers uses unclean knives while 18 (90%) of tHeeep equipments in unhygienic
places.

Table 3: The knowledge, attitudes and practices @tbattoir workers

Factors Values Frequency Percentage
(%)
Educational status llliterate 2 10
Grade 1-8 10 50
Grade 9-12 6 30
Beyond grade 12 2 10
Placement in the abattoir ~ Slaughtering 11 55
Loading 4 20
Washing stomach 3 15
Washing the intestine 2 10
Job related training Yes 6 30
No 14 70
Job related medical test  Yes 8 40
No 12 60
Know contamination as risk Yes 16 80
No 4 20
Clean clothing Yes 2 10
No 18 90
Hand washing Before work 5 25
After end of work 12 60
Before and after work 3 15
Knives are clean Yes 0 0
No 20 100
Unhygienic equipments Yes 18 90
placing No 2 10

a:Cutting the throat, flaying eviscerating, spfigfithe carcass and carcass washing
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Whilst eight of the respondents responded thateamclhand and equipments as major
causes of carcass contamination, six consideréddain the ground as a major source of
contamination. Washing the hands before and aftek ¢ practiced by only three of the
interviewees and eighteen did not regularly putlean protective clothing at work (Table
3). none of them responded that the faeces, skindmty water could possibly cause
carcass contamination. Most ( 55%) intervieweesican that keeping hygiene is the role
of the management while some (45%) of them thirk tble of management is setting
standards for hygiene in abattoir and workers ®imaintaining standards for hygiene in

the slaughterhouse.

Direct observations revealed the absence of hatrystierilizer and carcass retention room
in the abattoir. During slaughtering equipments pleced on unclean surfaces. Knives
were placed on the floor, in their (workers) mouth,the skin of killed and in the anus of a
slaughtered and hanged animals. The protectivdnedotvere unclean, blood tinged and
frequently in contact with carcasses. There wereseparate compartments for final
carcasses and animals to be slaughtered (AnnexTh86)latrine is constructed far away

from the abattoir and has no water, soap or otle@anag materials.

4.2.2. Butchers

Table 4 shows the knowledge, attitudes and practcdutchers in relation to important

parameters that potentially can influence the ¢pand safety of goat meat. Among the
fifteen butchers, thirteen acquired meat sellingjsskkom observations and two of them

from informal training. Fourteen of the butcherd dt use protective clothes and twelve
wash their hands with only water after work. Alpogted that they use a single knife for
cutting meat and edible offal. Seven had worn jeegland fourteen handled money while
selling meat. All butchers cleaned their shop agdimments every day at end of the
selling process by using water and clothes butreperted that uses soap in addition to

water and clothes.
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Table 4: The knowledge, attitudes and practices dfutchers

Factors Values Frequency Percentage (%)
Educational status llliterate 2 13.3
Grade 1-8 8 53.3
Grade 9-12 4 26.7
Beyond grade 12 1 6.7
Received job relatedYes 2 13.3
training No 13 86.7
Apron (protective clothes ) Used 1 6.7
Not used 14 93.3
Jewellery materials Worn 7 46.7
Not worn 8 53.3
Hand washing Before work - -
After work 12 80
During work - -
Not washed 3 20
Manner of washing hands Rinsing with water only 12 80
Using detergents and water - -
Not wash 3 20
Handling money Butcher with bare hand 14 93.3
Cashier 1 6.7
Cleaning equipment’'s andevery day at end ofl15 100
shop work(retailing) using water
Use disinfectants Yes 1 6.7
No 14 93.3
Cutting table Single 14 93.3
Separate differentl 6.7

organs and meat types




4.2.3. Consumers

The demographic characteristic of the 50 goat ngeasumers is presented in Table 5
while the knowledge attitude and practice of trepomdents is shown in table 6. Only 36%
of them learned to high school and above while 30%e respondents were uneducated
and 62% of them were females (Table 5). Most ofrdspondents 28(56%) reported that
they suffered food poisoning of which 22(78%) haedmal attention and received

antimicrobials and 2 (7%) were hospitalized. Thengtpms of the cases were loss of
appetite, diarrhea and weakness. Most 31(62%) teghtinat they prefer goat meat to other
meat types. While 62%, 28% and 8% of them prefegabcooked, fried and raw meat

respectively (Table 6).

Table 5: Demographic characteristic of the 50 goaneat consumers

Variable Values Frequency Percentage (%)
Sex of respondents Male 19 38
Female 31 62
Age 9-28 21 42
29-50 24 48
51-90 5 10
Educational status llliterate 15 30
Primary school 17 34
Secondary school 10 20
University 8 16
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Table 6: Knowledge, attitude and practice of the aossumers

Variable Values Frequency Percentage (%)
Priority criterion to purchaseFreshness 16 32
goat meat Low cost 5 10
Low fat content 18 36
Healthiness 5 10
Mixed 6 12
How to use goat meat Fried 14 28
Cooked 31 62
Raw 4 8
All type 1 2
Consume raw goat meat Yes 11 22
No 39 78
Think cooked meat is alwaysyes 48 96
safe to eat No 2 4
History of food poisoning Yes 28 56
No 22 44
Meat slaughtered in abattoiYes 45 90
is always safe to eat No 5 10
Have refrigerator Yes 31 62
No 19 38
Heard abouSalmonella Yes 13 26
No 37 74
Know that meat can act a¥es 9 18
source ofSalmonella No 41 82
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5. DISCUSSIONS

The prevalence ofalmonella in carcasses was estimated at 17.7%. In contrabie
previous studies in Ethiopia. For instance, Akatetd Haileleul, (2011) and Woldemariam
et al, (2005) found that the prevalenceS&EImonellafrom goat carcass swab was 8.3% at
Modjo and 7.5% at Bishoftu, respectively. This eifnce could be due to differences in
the hygienic and sanitary practices practiced & dbattoirs. Because, the current study
concerns about the municipal abattoir, that hag gaaitation and hygienic standard in
comparison to the export abattoirs. In additiothis workers in the current abattoir were
found to be with poor general and personal hygi@me lack of knowledge in hygienic
processing of meat, due to lack of training regaydihygienic and sanitation of
slaughtering and working environment generally #rete was no disinfectants, hot water
and separate room for final carcass and live asinmathe abattoir. The overall high level
of carcass contamination witBalmonellais of special public health significance for a
country like Ethiopia, where raw and under cookeelaims the favorite in most areas
(Akafete and Haileleul, 2011).

Moreover, goats brought for slaughtering directlgni market driving on foot, to be
slaughtered without stay in lairage prior to slaeghg. But it is well recognized that,
when animals are starveflalmonellacan survive and multiply in the rumen. Furthermore
healthy carriers intermittently excrete only a f8almonella unless they undergo some
kind of stress such as transportation (Vemteal, 1994). Therefore, high contamination
with Salmonellacould be associated with high excretion Sdilmonellawith feces as
source of contamination due to exposure to suclligpesing factors as starvation,

overcrowding in market and transportation.

The high level of carcass contamination wiBalmonellais of special public health

significance for a country like Ethiopia, where rand under cooked meat is the favourite
food in most areas (Akafete and Haileleul, 201h).atldition to eating raw and under
cooked meat, most of the consumers does not hdeemation about the risk of this

contaminated meat, because they consider as dfests eat when slaughtered at abattoir
therefore, consumers can also cross contaminate etfter foods during processing.
Furthermore, vegetable consumption at this studsg & very common which is favourable

for cross contamination with this pathogen duringygienic preparation.
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Resistance to multiple antimicrobials (97.7%) whwhs observed in current study was
higher than other studies conducted in Ethiopia. iRstance, Alemayehet al, 2002;
Endrias, 2004; Mollat al, 2004 and Zelalerat al, (2011)) reported 52%, 23.5%, 44.8%
and 83.3%, respectively the multidrug resistanceSalimonellaisolated from food of
animal sources, animals and humans, as well hitgtear reports from elsewhere in the
world (Stevenset al, 2006; Khaitsaet al, 2007; Al-Bahryet al, 2007; Elgroudet al,
2009; and Fadlallaet al, 2012), reported multidrug resistance Sdlmonellaisolates
respectively as follow: 16%, 50% (from raw meaf$)2%, 14.1% and 23.7%almonella
isolated from different type of samples, 51.7% &¥d82%. This difference could be
because of that, antimicrobial-resisté®almonellaare increasing due to the use of
antimicrobial agents in food animals at sub-theuéipdevel or prophylactic doses which
may promote on-farm selection of antimicrobial semnt strains and markedly increase the
human health risks associated with consumptiorontaiminated meat products (Mobka
al., 2003; Mollaet al,, 2006 and Zewdu and Cornelius, 2009).

Zewdu and Cornelius (2009) reported that the isslaf Salmonellafrom food items and
workers from Addis Ababa were resistant to the camiy used antibiotics including
streptomycin, ampicillin, and tetracycline. Furtinere, Zelalemet al, (2011) also
indicated resistance dbalmonellaisolates to commonly used antimicrobials including
ampicillin, streptomycin, nitrofurantoine, kanamyeiand tetracycline, with resistance rate
of 100%, 66.7%, 58.3% and 33.3%, respectively. &nhyi previous reports from South
India (Sureshet al, 2006), from Nigeria (Akinyemi&t al, 2005) and from Cameroon
(Akoachereet al, 2009) indicated a similar 100%, over 90% and%O0f&spectively
resistance to ampicillin. The result of the curreesearch also indicated resistance of
Salmonellaisolates to commonly used antimicrobials includtegracycline, nitrofurans,
streptomycine, kanamycin, and ampicillin with rémmce rate of 100%, 100%, 81.8%,
79.5% and 54.5% respectively. However, higher tasce rate than previous reports with
the exception of ampicillin and resistance to fartdrugs as well as to trimethoprim and
nalodixic acid with resistance rate of 75 % and &%. respectively was observed in this
result. This difference could be due to the indrepsate of inappropriate utilization of
antibiotics which favors selection pressure thareased the advantage of maintaining
resistance genes in bacteria (McGeer, 1998 and eMa#gt al, 2007). It is as well

recognized that recent resistance additions inclugistance to trimethoprim. The
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continuing development of antibiotic resistance read to sufficient pressure ultimately
to restrict the antibiotics available to the vetary profession for animal treatment
(Graceyet al, 1999). Moreover, this increase antibiotic resist, in addition to public

health problems, may lead to economic loss in thenties due to loss of exporting meat
and animal products and cost of drug of choiceré&atthuman and animals due to

resistance development.

Ciprofloxacin showed a good antimicrobial activagainst thes&almonellaisolates. It
was found that all of 44(100%) isolates were susigiepto ciprofloxacin. This result was
comparable with previous reports by MoBé& al, (2006) from central part of Ethiopia
among isolates of sheep and goat meat, Akinyezhial, (2005) from Nigeria, from
human isolates and Zelaleet al, (2011), isolates oSalmonellafrom dairy farms in
Addis Ababa. The effectiveness of such drugs likeofloxacin could be because of that
they are not widely used in countries like Ethiopral other African countries (Zelalesh

al., 2011). In addition to this, effectiveness oktlrug could be because of this drug is not
well distributed to all societies and not simplesgeribed rather than it is used as drug of
choice in antibiotic resistant person. In additionthis, ciprofloxacin is not commonly
used to treat animals in Ethiopia.

In the present study more than 60% of slaughteséauorkers and butchers had only a
primary school education. Similarly more than 70% staughter house workers and
butchers did not have job related training as @g&o food hygiene but acquired their
respective skills from observations. The resuléesiaragreement with reports of Mekonnin
et al. (2013) and Endale and Hailay (2013) who repoasgaimary school education and
lack of job relating trainings in more than halftbé slaughter house workers and butchers
in Mekele city, Ethiopia. Therefore, these workeosild cross contaminate and not handle
meat hygienically due to lack of knowledge regagdihygiene, sanitation, risk of
contamination and personal hygiene. However trgirof food handlers regarding the
basic concepts and requirements of personal hygikys an integral part in ensuring safe
products to the consumers (Adams and Moss, 199¥)f@d handlers should have the
necessary knowledge and skills to enable them bdndt hygienically (FAO, 1990).
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The majority 8(40%) of the abattoir workers propbs@clean hand and equipment as the
major causes of carcass contamination but nonemdsg that the faces, skin and dirty
water can cause carcass contamination. Besides,cmsider that keeping hygiene is the
role of the management while some of them think rble of management is setting
standards for hygiene in abattoir and workers i®lmaintaining standards for hygiene in
the slaughterhouse. It is well documented that,féleal wastes from animal and humans
are important source of bacterial contaminatiothefenvironment and foods chain (Ponce
et al, 2006), and members dbalmonellaenterica subspeciesenterica are widely
distributed in the environment and in thet56fcesatinal tract of animals (Anjurat al,
2011). Thus, this research result indicates thegtrabthe abattoir workers does not know
source of meat contamination and their responsibiti hygienic management of goat
meat accurately. Therefore, they can contaminat&t migh such source of contamination
unknowingly. The workers could not know how to mmze the risk of meat
contamination if they do not know the source of tre@atamination properly and their role

in hygiene of the slaughter environments.

Good health is important for workers in the medustry. lll persons will often be carriers
of more microorganisms (pathogenic microorganisthsn is usually the case. These
microorganisms may then be transmitted to the rioeat/with the risk of causing disease
to the consumers. lliness must always be repoddidet manager and/or the meat inspector
of the slaughterhouse who will decide if the workan stay or has to leave (Skaarup,
2011). Contradictory, this study result specifytthenong the respondents from abattoir
house workers 60% of them reported that they nexperienced job related medical test
while 40% of them taken job related medical testeoonly in their work duration. In
addition the respondents complained that even lin@nget ill the managers do not allow
them to leave and to take rest and they complaithed the managers were not
professionals. The managers also indicated thislgmo occurrence is due to the demand
of meat and the manpower in the slaughtering hdois¢he area is not equivalent as a
result every worker forced to work twenty sevensdpgr month. This problem could be
major source of meat contamination due to inappatgprocessing of carcass and fromill

persons working in the abattoir, which could bé& fa the consumers.
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Furthermore, every worker accountable in goat dmekg slaughtering activity allowed
slaughtering about twenty to thirty five goat ardeep per day and every process from
cutting the throat to final carcass preparation wagered by single person. As a result
majority of the respondents complain that in thatidir working quickly is preferred than
slaughtering hygienically. Therefore, the workeisny is only to finish that all goats and
sheep rather than slaughtering hygienically. Thuslad be result in occurrence of high
cross contamination of carcass which might be la fos the consumers. This problems
could be because of the managers are not profedsjda solve such problems they them

self do not have the knowledge of food safety aygldne.

The slaughtering process was unhygienic and uragnithere was no hot water, sterilizer
and retention room and equipments rest on dirtiasas. However, Akafete and Haileleul,
(2011), reported that eviscerating knife signifitaassociated with carcass contamination
and specific attention must be given to steril@atof knifes. Motsoel&t al (2002) also
indicated that, it is salutary to note that knivagst be immersed in water for two minutes
at 82C to reduce the number of contaminating microorgrasi Contradictory to these
facts, in current study site the same knife wasl wgighout sterilizing to slaughter different
goats and sheep, for evisceration, cutting throat skinning process. This could cause

high carcass contamination with different foodbopaghogens unless it is solved.

Correspondingly, it was found that the equipmesgidufor slaughtering process was rested
on dirty surface during working, for instance thmy their knife on ground, in their mouth
own, on skin of other killed animal and in the anfishe hanged carcass and use it as it is,
use the material they putted on the ground to colater for washing carcass repeatedly,
their protective clothes were full of blood andtgiand were in contact with carcass while
they take the finalized carcass to the final raidl d0ading. In summery this type of area
and slaughtering process can cause cross contaoniridtreedy to eat meat at different
stage. In the same way D’Aoust, (1997) expressed] @l food that is produced or
processed in a contaminated environment may becom@aminated witfsalmonellaand

be responsible for outbreaks or separate caseseds# as a result of faults in transport,
storage, or preparation. Therefore the risk of asgccontamination might be increasing
until it reaches the consumers at different stage w above listed predisposing factors
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such as in contact with dirt clothes wile loaditrgnsportation, contaminated water in use
of contaminated materials repeatedly and movingfome rail to another rail.

Removal of hides should be carried out in a matimgravoids a contact between the skin
and the carcass and contact between the carcassoakers’ hands, tools or equipment,
which had previously contacted the hide. Knives stegéls used in the de-hiding operation
should be sterilised in water at 82°C (McEwtyal, 200). In contrast to this information
this research result indicates that, there waseparation between final carcasses and live
sheep and goats those going to be killed. Conségudmere was high contact between
skin of live sheep and goat with final carcassecaithere was no separate room for final
carcass and live animals. McEveyal, (200) expressed that, contamination can occur by
direct contact between the hide and the carcasy andirect transfer, i.e. from workers’

hands, clothes, tools or factory equipment whichted previous contact with the hide.

During the life of the animal, the hide becomestaomnated with large numbers of
microorganisms derived from a wide range of soumesh as faeces, soil, water and
vegetation, including pathogens suchEascoli O157:H7 andSalmonella Many of these
organisms are present on the hide of animals pies$dar slaughter. There is a positive
relationship between the level of dirt on the haahel bacterial numbers on the carcass. The
relationship is evident at sites on the carcassatesubjected to manual skinning during
hide removal. Reduction of the bacterial loading tbe hide of animals entering the
slaughter process would limit the impact and socélpathogen transfer from the hides to
the carcass (McEvost al, 200).

The hygienic practices at the butcheries are ummygi Almost all butchers (93.3%)
handle money with bare hands while processing ar@ido not put appropriate protective
clothes. Endale and Hailay (2013) reported tha?%lof the butchers in Mekelle city
handle money while processing the meat. In addivithrer study indicates that, Handling
of foods with bare hands may also result in crazstaimination, hence introduction of
microbes on safe food. Because meat handlers abalgle sources of contamination for
microorganisms, it is important that all possibleasures be taken to reduce or eliminate
such contamination (Muinde and Kuria, 2005). As gamer money circulates among
different individuals it could be contaminated wé#iveral pathogens includiigalmonella

and handling carcasses with bare hands that alsdlehguch items may result in cross
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contamination. In addition most butchers wash thairds after the selling process and use
only water with no detergents and use single kiufeedible offals and meat types and a
single cutting board for all products without clesnand sterilizing. The overall butchery

practices are favorable for the contamination aftgoeat.

Besides, all (100%) of the butchers reported thay tclean their shop and equipments
every day at the end of selling process using water clothes, except single person who
uses soap in addition to water and clothes. Coictagt, documented data indicates
problems in cleaning with water and cloth alonef@kws; blood proteins can create
particular problems on porous surfaces, often givise to green/brown, and very resistant
staining. Aged protein deposits can be quite haotdmally not scraping off easily with a
fingernail. In addition to this, soil depositsarfood plant would be bad enough if problem
was simply their rather unsightly appearance. Bet fact that they harbor, nourish and
protect spoilage or pathogenic microorganisms #natinvisible to the naked eye makes
the job somewhat harder. The soil must, of coureeremoved as completely as possible
by effective cleaning using the detergent. Watenaldoes not sufficiently wet to displace
many types of soils or even to displace air frontewarepellent or hydrophobic surfaces.
In this case the water curls up under its own seddension into droplets. Lack of wetting
will prevent cleaning taking place. To achieve wettof such surfaces, chemical agents
who have particular surface properties are employgafactants’ or ‘wetting agents’
(Graceyet al, 1999).

Of the total 50 goat meat consumers interviewedorigj 31(62%) of the consumers
reported that they prefer goat meat to other tyjpmemt and 8% prefer eating raw to other
types of preparations. But it is well recognizedt{Salmonellanfections are primarily of
foodborne origin (Roundst al, 2010) and can be transmitted by consuming uoo&esx
meat (Fuaci and Jameson, 2005). Besides peoplbamame infected following a failure
of personal hygiene (Gracegt al, 1999). Although majority of them 62% of the
respondent prefer to use cooked goat meat, thesrels outcome furthermore indicate that
30% and 34%, of the respondents were illiterate laached to primary school only, who
do not have adequate knowledge to prepare it higgityn In addition 28% and 8% of
them prefer to eat fried and raw goat meat which lba source oSalmonellato the
consumers. Some facts indicate tlstimonellainfections are primarily of foodborne

origin (Roundset al, 2010) and can be transmitted by means of usmigncooked meat
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(Fuaci and Jameson, 2005). Besides people can leecdected following a failure of
personal hygiene (Graceat al, 1999). Moreover, during food handling and pregan
pathogenic organisms may be transferred to foadsitby the handler both directly or by
cross contamination through hands, surfaces, Ugeasid equipment that have been
inadequately clean and disinfected between theapatipn of different types of food
(Linda du and Irma, 2005).

In addition, 90% of the consumers interviewed fridm study area consider that meat
slaughtered in abattoir is always safe to eat aefeps to buy observing the stump and
82% of then do not know that meat as sourc8admonellaHowever majority 28(56%) of
the respondents reported that they usually suffdreth food poisoning. This was
witnessed from the laboratory result that out @& thtal 249 carcass swab sampled from
apparently healthy slaughtered goat meat, it wasdahat 44 (17.7%) of carcass swab
sample were positive t&almonellaon biochemical test which indicates the level of
contamination with microorganism in the abattoirhefefore, consumers of this
contaminated meat could be predisposed to salmosiellinknowingly without taking care

during preparation and processing due to lack fofimation.

Respondents those reported history of food poigpmias specified that the symptom of
their event were mostly loss of appetite, diarraed weakness. Correspondingly, Retla

al., (2011) reported that among 244 diarrheal stanies collected from Hiwot Fana and
Misrak Arbegnoch referral hospitals located in Hardoich is closer to Dire Dawa, 28

(11.5%) of the case were found to almonellawhich are resistant to commonly used
antibiotics including ampicillin, amoxicillin anetracycline. Therefore, symptom of their
event could be associated with salmonellosis winnight be transmitted to them from

contaminated meat and other foods.
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6. CONCLUSION AND RECOMMENDATIONS

The present study results revealed that high peecal ofSalmonella presence of poor
personal hygiene and sanitation, resistanc&almonellato most antimicrobials except
ciprofloxacin, low level of public awareness abattntamination of goat meat with
Salmonellaand the associated probable risk in the study. &easequently, goat meat
provided to the consumers in the city was foundeggoor quality and not safe for human
consumption calling for urgent intervention. Basedthe above conclusion the following

recommendations are forwarded:

» Training programs must be provided on best pradidendling of meat for handlers
and raising the level of awareness of people.

» The manger of the abattoir should be professiomdds well equipped with the
concept of food quality and food safety

» The number of abattoir works should be proportiovi#th number of goat slaughtered
per day

» Since Salmonellais resistant to most common drugs, attention shde taken in
selecting antimicrobials in treatirfgalmonellainfection both in animals and human
being based on antimicrobial susceptibility test

» Further study ought to be conducted to identifydberce of contamination

» The degree of the risk of consumption of goat noesitaminated witlfSalmonella
should be assessed

» The use of standardized procedures and applicdil@shazard analysis and critical
control point in slaughtering and handling of go#eat in the abattoir should be

applied
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8. ANNEXES
Annex 8.1: Flow diagram showing ISO method for detgtion of Salmonella

PRE-ENRICHMENT
Test portion + buffered Peptone water

(o]
l 1824h, 37C *1

SELECTIVE ENRICHMENT

0.1ml of culture + 1ml of culture +
Rappaport (RV) broth 10ml 10 ml of MKTTn broth
Incubation for incubation for
o o o (o]
24 h+t3hat41.%2+1 C 24 h+3hat3T +1 C

PLATING- OUT

Plate XLD and other selective agar (BGA)

(o] (0]
24 h, 35C or 37C
(48 h, if necessary)

Pick five presumptiv&almonellacolonies from each agar plate and inoculate on

nutrient agar

[0} [0}
l s 24+3 h, 350r 37C 1
EROLOGI CAL CONFIRMATION
Slide agglutimats - O, Vi, Hantisera

Expression of result

BIOCHEMICAL CONFIRMATION

Sources ISO-6579, 2002WHO, 2003c).
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Annex 8.2. Plating and biochemical tests record ske format used for Salmonella

isolation
SaAMPIE —-m e
Colony Biochemical tests
characteristics
£ 12 |on a
% % | XLD | BGA | Urease | TSI test L- Indole E
é S%agar agar |test lysine él
g |83 test &
1 Butt | slant| Gas| %
2
3
4
5
6
7
249

Annex 8. 3: Questioner survey format and observed y\giene practice record for
knowledge, attitude and practice analysis of diffeent key informants along the meat

pathway.

[
1. Abattoir workers

Date------------------ Questionriee number----------------------

1. Name of slaughterhouse------------=-=-=-m o e e
2. Name of respondent ----------mmmmm oo e
3. Educational status: a) llliterate b) Grade 1)5Grade 6-8 d) Grade 9-12 e) Grade >12

4. Placement in slaughterhouses process: a) Stunmettb)g the throat c) flayer

d) Eviscerator  e) Splitter f) Carcass wagh)ell h) other (specify)
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A. Knowledge

Al. Do you play any other role in the slaughtergess apart from the one mentioned
above?
a) Yes | ] b) No [ ]

A2. If yes, which 0Ne(S)? -------mmmmmmmm oo e
A3. If NO, WhY NOt? —---mmmmmm e o e

A4. If your answer for no.4 is d, how frequently ylmu come across faulty eviscerations? -
A5. What do you do after faulty evisceration? -----------=---=---m-m-mmemmmmmm e

A6. How do you handle goats presented for slaug@hter

A7. Did you receive any job related training? a&sY | b) No [ ]
A8. If yes for A7; where were you trained? ---—————-----mmmmmmmmmm oo
A8.1. If there was no formal training have you iieed informal training? -----------
A9. Have you undergone any job related medicastiestvork in the abattoir ?

a) Yes [ ] b) No | ]

A10. When was your last medical test done? ) ong month b) two month c) three
month d) six month €) oneryea

All. What would cause carcass contamination?

1. Faeces

2. Dirty water

3. Handling with dirty equipment and hands

@ 11 1= g (] 1= o | ) 1

Al12.1f carcass was contaminated by faeces, whatdwmu do? (Open question)
1. Nothing

2. Wash the carcass

3. Call the meat inspector for advice

@ 11 1= (] 1= o | ) 1

A13. In your opinion, does contamination pose aggith risk to meat consumers?
a) Yes b)No

A4, 1f NO, WHY 2 oo e e

A15. Propose way to end carcass contamination:?----------------=--=---zu-wmmuemu---
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Section B. Attitude

I will read you some statements about hygiene & dlaughter process. Please indicate
whether you agree or disagree. Key: SA= stronglye@g A =agree, D=Disagree,

SD=strongly disagree, and DK= don’t know

No. | Question SA |A/D |SD| DK

1 In this job, it is important to work quickly th&eep the

carcasses clean.

2 People doing this job are more likely to get sick

3 In this type of working environment keeping clear

easy

4 A small amount of dirt on clothing or utensilsliwiot

cause any harm

5 Health is more important than wealth

6 Ensuring hygiene is mainly the role of management

7 If meat is well-cooked then it is always safe#b
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Section C. Practices (Butcher observation

checklist

Cuts/wounds covered with an appropri

waterproof dressing.

Smoking or eating or chewing while workin

Clothes clean and completely free from g

dirty or blood

Hand washing before after and during cutt

meat

How washed? Running water or bucket?

or cold? Brush or cloth? Soap?

Hot

All knifes are completely clean and free frg

dirt and cracks and damages

Knifes are cleaned before after and dur

use

ingefore

during use

How often and when do you wash t

hEvery day at end of the process----

equipment? |- Once per weak-------- once per
month------------- other(specify)-------

Is any disinfectant used? Write name | Mfes-------------------- [T

disinfectant

The source of water used in abattoir Tap---—Well-------eeemmmo-
Water vendor-------------- other------1

Latrine available nearby 7Y T — NO—--—-m -

Latrine has water soap paper towels for haiéater-------- S0@----=====m=mmmmmmnnm

washing paper-------- {0 11/-] C———
tissue paper-------------

Equipments rested in dirty surface duringes-------------------- [N Te Y

working

Strict separation between clean and dir§es-------------------- N7 R

areas

Veterinary inspectors present to examine |tN@s-------------------- [N Te

meat to be sold.
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Section D. perceptions

D1. What constraints do you experience in your Wok-------------=----mmmmmmmmmmmeeo
D2. Do they affect your ability to achieve high éés of hygiene? ------------=--=-menue-
D3. If Yes, INn What Way? —-------mmmmm oo e e e e
D4. In your opinion, what role do you think the mgement should play in: -----------
a) Setting standards for hygiene in the slaughterfduse--------------=-----occcemve-

b) Maintaining those standards? -----------=-=m oo

D5. In your opinion, what role do you think the Wwers should play in? ----------------
a) Maintaining standards for hygiene in the slaugldade?

b) Doing their work as much as possible quickly? —-——----------=-emcmmmmme-

2. Butcher shop workers (meat vendors).

Date completed: Questionnaire number—

1. Respondent Name: Address: up@iton:
2. Name of butcher ShOPS---------mm oo e

3. Educational status: a) llliterate b) Grade 1-5Gcdde 6-8 d) Grade 9-12 e) Grade >12

Did you receive any job related training? &Y | b)No [ ]

If yes for 4; where were you train@d?--------=-===mmmmmmm e
If there was no formal training have you receiugdrmal training? -----------
How many carcass you receive per day? --------————----m-m-mmmmmmmmmmm oo

What is your selling capacity per day?

© ©o N o 0 b

If the meat is not sold in a given day what willuy@o/ how do you handle?

10.How many knife you have and you use per day a) djetwo c) three d) four e)
more (Specify )--------

11.How often and when do you wash the equipment?vajyEday at end of the selling
b) Once per weak c¢) Once per month  d)rdgeecify) -------

12.Who are most of your customers?

13.What would cause meat contamination? (Open qugstio
a) Faeces
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b) Dirty water

c) Handling with dirty equipment and hands

d) Other (specify)

14.1n your opinion, does contamination pose any heathto meat consumers?

a) Yes|
15.1f No, why?

]

b)No [ ]

16.Propose way to meat contamination?

B) Practices (Butcher observation checklist)

Cuts/wounds covered with an appropriate Yes------------------ NO-------=--=-----

waterproof dressing.

Smoking or eating or chewing while  Smoking------------------ chewing----

working

Apron (any protective clothes) Yes------------- NO-------m e

Hand washing before after and during Before After During ---

cutting meat Not wash---------------- other-------

How washed? Running water or bucket? Running water-------- bucket--------

Hot or cold? Brush or cloth? Soap? Hot ------ cold--------- Brush  -----1
cloth-----Soap------------

All knifes are completely clean and free Clean ---------------- undamaged -----

from dirt and cracks and damages

Knifes are cleaned before after and durning before ------------ after------------ during

use use------

Is any disinfectant used? Write name|of YeS-------------------- NO--------------

disinfectant

Wear Jewellery YeS------mmmmmmmeneen No-------- —

Handling money Cashier -------------- Butcher withrle hand

Cutting table Single ------- separate for differemeats ----
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Meat consumers

Date completed: Questionnaire number---
1. Respondent Name: . Sex
Age: Address: Occupatio

2. Educational status: a) llliterate b) primary@gh c) high school d) university
e) Master and PhD
3. From where you buy/ goat meat mostly?

4. What is your priority criterion to purchase meat?
a) Freshness b) low cost(cheapness) c) lowoiatienit d) healthiness

5. Which type of red meat you prefer? a) beef bpphe) goat d) camel e) all of them

6. How do you consume red meat? a) boiled b) fried) cooked d) raw e) cooked
in oven

7. Do you consume raw goat meat? a) Yes b) No

8. Do you think that cooked meat is always safe t@ aatres  b) No

9. How often do you consume meat? a) every day onbg in a week c¢) 1-3 times in a
week d) 3-5 times in a week e) once per montimd$t of the time

10.When do you consume meat most of the time?

11.History of food poisoning? a) Yes | ]Jb)No [ ]

12.1f yes symptoms?

13.How many times? a) once b) twice c) several times
14.1f yes for no.7, what type of action taken? a)dioal examination and antibiotic

treatment b) other

15.Do you know any food poisoning/GIT disturbance aggted with consuming of raw

meat?

16.What are the symptoms?

17.Do you think that meat slaughtered in abattoilugass safe to eat? a) Yes b) No

18.How do you handle meat?

19.Do you have refrigerator? a) Yes Nb)

20.Have you ever heard abdsalmonellaas foodborne disease? a) Yes b) No

21.Do you know thatSalmonellacan be transmitted through meat consumption &) Ye
b) No
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Annex 8.4: Composition and preparation of culture nedia and reagents

A) Buffered peptone water

Composition (g/Litre):

Enzymatic digest of casein 10.0g
Sodium chloride 50¢g
Disodium hydrogen phosphate dodecahydrate (Na2HE2BI2O) 9.0g¢g
Potassium dihydrogen phosphate (KH2PO4) 15¢
Water 1 000 ml

Preparation: Add 15 gram of the components in the 1000 ml ofiltid water, Mix well
and distribute into universal bottle of suitabl@aeity to obtain the portions necessary for
the test.

Sterilize by autoclaving for 15 min in the autodaset at 121 °C.

B) Rappaport -Vassiliadis (RV) enrichment broth of 500g (Oxoid, England)
Composition (g/Litre):

-Soya peptone .......oviiiiiiiiiiene 500
- Sodium chloride.......................... 8.0g
- Potassium dihydrogen phosphate ..... 1649
- Magnesium chloride ...................40.0 g
- Malachite green......................... 0.04 ¢

Preparation: Weigh 30 g (the equivalent weight of dehydrateztiam per Litre) and add
to 1 Litre of distilled water. Heat gently until mpletely dissolved. Dispense 10 ml
volumes into screw capped bottles or tubes andizteby autoclaving at 118C for 15

minutes.

C) Muller-Kauffman Tetrathionate (Novobiocine enrichment broth) (Oxoid Ltd.,
Basingstoke Hampshire , England)

Composition (g/Litre):

Tryptone 7.0; Soya peptone 2.3; Sodium Chloride @alcium carbonate 25.0; Sodium

thiosulphate 40.7 and ox bile 4.75

Preparation: Suspend 89.5g in one litre of demineralized wdteat briefly to boiling. Do

not autoclave! After cooling, add 20ml iodine paiam-iodide solition. Dispense evenly

any precipitate. Potassium iodine solution: (5g44d,|, PH 8.0 +0.2 at Z6).
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D) Xylose lysine deoxycholate agar (XLD agar) 500 g ifth, Berlin,Germany)
Composition (g/Litre):

Yeast extract.............oovevvivviininnnnn. 3.0

- L-Lysine hydrochloride....................5.0

- XYIOSE. e, 3.75

- LacCtoSe....cei i, 7.5

= SUCIOSE....c i e 7.5

- Sodium deoxycholate.......................1.0
- Sodium chloride..................coeene. 5.0

- Sodium thiosulphate........................6.8
- Iron (lII) ammonium citrate...............0.8

-Phenolred.........ccoovviii i 0.08
SAQAr 16.5

Preparation: Suspend 56.68gm in 1000 (1 Litre) of distilled waby heating, with
frequent agitation, until the medium starts to bAiloid overheating.

Adjust the pH, if necessary, so that after steilan it is 7.4 at 25 °C.

Heat with frequent agitation until the medium bodad the agar dissolves. Do not

overheat.

Transfer immediately to a water bath at 50 °C, agitand pour into plates. Allow to
solidify.

Immediately before use, dry the agar plates cdyefpteferably with the lids off and the
agar surface downwards) in the oven set betweéfC3ahd 55 °C until the surface of the
agar is dry.

It is advisable not to prepare large volumes whidhrequire prolonged heating.

E) BRILLIANT GREEN AGAR
Preparation: Suspend 29.0 g of the medium in one 500ml of Iidtiwater. Heat to
boiling to dissolve the medium completely. Stedliby autoclaving at 15 ibs pressure

(121°C) for 15 minutes. Avoid overheating
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F) Nutrient agar
Composition (g/Litre):

- Lab-Lemco powder....................1.0
-Yeastextract ............coooeiiiiiennnn 2.0
-Peptone........ocoiii 5.0
- Sodium chloride......................... 5.0
SAQAr 15.0
pH: 7.4 +0.2

Preparation: Dissolve 28g of the components or the dehydratedptete medium in
1000ml of distilled water, by heating if necess&iterilize for 15 min in the autoclave set
at 121 °C. Transfer about 15 ml of the melted medio sterile small Petri dishes and

proceed.

G) Triple sugar/iron agar (TSI agar)

Composition (g/Litre):

‘Lab-Lenco’ powder 3.0; yeast extract 3.0; pept@te0; sodium chloride 5.0; lactose
10.0; sucrose 10.0; glucose 1.0; ferric citrate 8&lium thiosulfate 0.3;Phenol red 9.5;
agar 12.0. pH=7.4+ 0.2 at %5

Preparation: Suspend 65 grams in one Litre of distilled wated &ning to the boil to
dissolve completely. Sterilize in the autoclaveael21 °C for 15 minutes. Dispense the
medium into test tubes or dishes in quantities®ii Allow to set in a slopped form to
give a butt of depth 2. 5 cm to about 5 cm

H) L-Lysine Decarboxylation Broth of 500 g (Difco, Dawit, USA).
Composition (g/Litre):

- Bacto peptone.............cooeiien 59

- Bacto yeast extract..................... 39

- Bacto dextrose............occvvieennn 19
-L-lysine. 59

- Bacto Brom Cresol Purple... ......... 0.02g

Preparation: Suspend 14 grams in 1 litre distilled water erodized water and bolil to
dissolve completely. Sterilize at 121 — Z4for 15 minutes. Final pH: 6.8 + 0.2 at %5,
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[) Tryptophan Broth for Indole test

Composition (g/Litre):

Casein enzymic hydrolysate 10.0
Sodium chloride 5.0
DL- Tryptophan 1.0

Preparation: Dissolve 30gm of the components of tryptone briottone litre distilled
water.

Dispense 3 to 5 ml of the medium into each of tulserilize for 15 min in the autoclave
setat 121 °C.

J) 0.5 McFarland standard

Composition: 1.17% BaCl.2HO solution and 0.36N of 1% sulfuric acid &0y).
Preparation: Add approximately 85MI of 1% H,SO, to a 100ml of volumetric flask,
using a 0.5ml pipette add 0.5ml of 1.17% BaCh@Hdropwise to the k5O, while
constantly swirling the flask. Bring to 100ml wil® H,SOyplace a magnetic stirring in
the flask and place on the magnetic stirrer forrappmately three to five minutes.
Examine solution visually to make certain it apgebhomogeneous and free of visible
clumps. Dispense three to seven ml, cub tube Vigiitd seal with paraffin and keep at

dark and room temperature.

K) Muller — hinton agar (Oxoid, England
Composition (g/Litre):

-Beef, dehydrated infusion from 300.0
-Casein hydrolysate 17.5
-Starch 15
-Agar 17.0

-pH 7.3+ 0.1 at 25°C
Preparation: Add 38g to one litre of distilled water. Bring the boil to dissolve the

medium completely. Sterilize by autoclaving at 1216r 15 minutes.

83



L) Urea broth

Composition (g/l):

-Yeastextract .........cooeevveiiiiiiiiiennn. 0.1
- Potassium dihydrogen phosphate..........9.1
- Disodium hydrogen phosphate............. 9.5
-Urea. ..o 20.0
-Phenolred ... 0.01

Preparation: 38.5 g/l was dissolved in Sterilize by filtratiasr dispense aliquots of
approximately 3 ml into test tubes and sterilize 3aminutes in a current of steam under
mild conditions. Don’t autoclaved. pH = 6.8.+£0.heTbroth was clear and yellow-orange.

Annex 8.5. Pictures taken from the abattoir to demostrate observational survey

result

I. Equipment’s rested in dirty surface during workargl cloths full of dirty
(a= dirty cloths, b= knife rested on the ground)
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II.  Equipment used for water collecting from anothentamer and knife rested on the

ground

lll.  Knife rested in dirty surface (a= in their mouth, &n skin of other killed goat)
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IV.  (a= Smoking during work and b= kneel on the ground)

V. No separation of live sheep and goat carcass hessed
(A= Final goat carcass, B= live sheep to be kiledl C= carcass to be dressed) all in the

same area.
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VI.  Contaminated carcass with cecal contentéarrow indicates contaminated site with

cecal content)

U1 U (O | sl e

VII.  No separation of skin and carcass (for Christiaugthter section), thus carcass and

skin transported together
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VIII. Close contact of workers cloth and final cass during loading

Annex 8. 6. Pictures shows biochemical and drug saitivity tests

Triple sugar/iron agar (TSI agar)

(a=Lactose and/or Sucrose fermentation negativeS Hbroduction and glucose
fermentation Posative), (b= Lactose and/or Sucfesseentation negative, 4 production
positive), (c= Lactose and/or Sucrose fermentatiegative, HS production and gas

production positive) and (d=uninoculated )
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II.  L-Lysine decarboxylation medium
a= Lysine decarboxylation and H2S production pesitind b=Lysine decarboxylation and
H2S production negative

lll.  Urea broth (a= uninoculated (control), b= Ureasgtp@ and c= urease negative)
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IV. Indole test (a= Indole negative a= Indole positive

V.  Antimicrobial susceptibility test
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Annex 8. 7: Performance standards for antimicrobial susceptibility testing of

Salmonella
No Antimicrobial Disc Potency  Resistant Intermediate  Susceptible
Agent Code
Ampicillin AMP 10 ug <13 14-16 >17
2 Amoxicillin-clavulanic AMC 30ug <13 14-17 >18
acid
3 Ceftriaxone CRO 3Qg <19 20-22 >23
4 Chloranphenicol C 309 <12 13-17 >18
5 Ciprofloxacin CIP g <20 21-30 >31
6 Gentamicin CN 1Gwg <12 13-14 >15
7 Kanamycin K 3Qug <13 14-17 >18
8 Nalodixic Acid NA 3Qug <13 14-18 >19
9 Streptomycine S 1® <11 12-14 >15
10 Tetracycline TE 3(wg <11 12-14 >15
11  Trimethoprim W P9 <10 11-15 >16
12  Sulphonamides S3 300ug <12 13-16 >17
13 Nitrofurans F 50 g <14 15-16 >17

Source: CLSI, (2012).
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