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ABSTRACT

A cross-sectional study was conducted on apparently healthy slaughtered swine at Addis Ababa
abattoir from October 2004 to February 2005. The objectives of the study were to estimate the
prevalence of Salmonella in slaughter swine, to find out Salmonella serovars distribution, to
determine the antimicrobial resistance of Salmonella isolates to selected antimicrobial agents
and to investigate the association between some potential risk factors and Salmonella
contamination of carcasses. A total of 849 samples, consisting of cecal content (n = 278).
mesenteric lymph nodes (n = 278), carcass swab (n = 277) and scalding water (n = 16) samples
were collected. The samples were examined for the presence of Salmorella following standard

techniques and procedures recommended by the International Organization for Standardization
(ISO).

Out of a total of 849 samples. 173 (20.4%) were Salmonella positive. Sixty-three of 278
(22.7%) cecal content. 99 of 278 (35.6%) mesenteric lymph nodes and 11 of 277 (4.0%) carcass
swab samples were found positive for Salmonella. By considering an animal positive for
Salmonella when it is positive either for cecal content or mesenteric lymph nodes or for both.
120 (43.2 %) swine were found infected with Salmonella. None of the scalding water samples

were positive.

There was a statistically significant association between cecal content Salmonella status and
carcass contamination with Salmonella at individual level. Swine that carry Salmonella in their
cecal content were 6.7 (OR = 6.7. 95% CI = [1.90-23.76]) times more likely to end up as

contaminated carcasses than free animals.

Among 173 Salmonella isolates 166 were identified as specific serovars and grouped into 17
serotvpes. Salmonella Hadar (27.2%), S. Eastbourne (22.5%) and S. Saintpaul (21.4%) were the
most prevalent serovars accounting for 71.1% of total isolates. Other serotypes isolated include
S. Typhimurium (5.2%). S. Typhimurium var. Copenhagen (3.5%). S. Kentucky (2 9%) S.
Ententidis (2.3%) and S. Newport (2.3%). Two serotypes. S. Amager and S. Tarshyne were
reported for the first time in Ethiopia. Serotypes predominantly isolated in this study were

different from serovars frequently reported from swine in other countries. Among serotypes

vi



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

types. while S. Saintpaul and S. Typhimurium var. Copenhagen were isolated from CC and
MLN. Salmonrella Typhimurium was isolated only from MLN.

All isolates were tested for susceptibility to a panel of 24 selected antimicrobials. Out of the
173 isolates tested, 57 (32.9%) were resistant. All the resistant isolates were multidrug resistant
from two to up to ten different antimicrobials. Resistance was associated with serotype. Among
the 17 serotypes identified. resistant isolates belonged to only 4: S. Hadar, S. Kentucky, S.
Typhimurium and S. Braenderup. Most frequent resistance was encountered for streptomycin
(32.4%). followed by tetracycline (31.8%) and nitrofurantoin (27.2%). The most common
pattern of resistance observed was to nitrofurantoin, streptomycin and tetracycline representing
82.5% of resistant isolates. Salmonella Kentucky, S. Typhimurium and S. Braenderup were

resistant 10 4 up to 10 different antimicrobials.

Results of this study showed the potential risk Sa/monella from swine pose to public health in
Ethiopia as sources of pathogenic and multi-drug resistant serovars. The risk factors associated
with high prevalence of Salmonella in swine need to be identified. so that appropriate control
measures could be implemented. It 1s also necessary to determine the role of the serovars

identified, in salmonellosis. both in swine and human beings in Ethiopia.

Key words: Swine, Salmonella. serotypes. prevalence. antimicrobial resistance. Addis Ababa.
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1. INTRODUCTION

Salmonellosis is considered to be one of the most common foodborne illnesses in humans. with
worldwide distribution (CDC, 2000) and 1s an economically important disease of all animal
species. Infection of animals with various serovars of salmonellae can result in serious clinical
disease and always constitutes a vast reservoir for infection of humans. The natural habitat of
Salmonella is the intestinal tract of humans and other animals. Both water and foods of animal
origin have been identified as vehicles for transmission of the organism. All strains of
Salmonella are considered pathogenic to humans (Doyle and Cliver, 1990; Radostits et al..
1994)

Salmonellosis is an important zoonotic infection, perhaps the most widespread zoonosis in the
world. and human salmonellosis causes wide spread morbidity and economic loss (Acha and
Szvfres, 2001; Wray and Davies. 2003). Salmonellosis is the leading cause of foodborne illness
in many countries in the world. It is more widespread in young children, in elderly citizens
frequently affected with underlying chronic diseases. and immuno-suppressed individuals.
Human salmonellosis from the consumption of contaminated foods generally remains on the
increase world wide causing pain, suffering and loss of leisure time (Radostits ef al.. 1994:

D" Aoust, 1997).

Salmonellosis is a significant cause of economic loss in farm animals because of the cost of
clinical disease. which include death. abortion, diagnosis. and treatment of clinical cases.
diagnostic laboratory costs. and the cost of control and prevention. The losses incurred by the
livestock producers include reduced feed efficiency. and reduced weight gains and milk

production in dairy herds because of salmonellosis (D" Aoust. 1989: Radostits er al., 1994).

Salmonellae are a major cause of disease in swine and have a significant economic impact. For
instance, it used to cost US producers 100 million USD per year nationally 12 years ago (Roof
et al., 1993). Clinical disease is usually caused by Salmonella Choleraesuis, Occasionally. S
Typhimurium or. rarely, Salmonella Typhisuis i1s involved in localized epizootics. Infection

with other serotypes rarely causes disease unless a naive or compromised host ingests numerous



organisms or a carrier becomes immunocompromised. Salmonellosis as a disease in swine is
reported worldwide and occurs mainly in weaned swine. Increased incidence of the disease
tends to be present in geographic areas of intensive swine production, particularly in areas in

which swine are transported and commingled (Schwartz. 1993).

Most Salmonella are not host-adapted and are considered potential pathogens for humans. In
swine, infection with a variety of serotypes is common: few serotypes are significant causes of
disease. Salmonella infections in swine are important because of the zoonotic potential of

infected pork products and the effects of the actual disease in swine (Schwartz. 1993).

The economic losses associated with human salmonellosis are associated with investigation.
treatment, and prevention of illness. It may also involve productivity losses and absenteeism.
costs of food safety regulatory programs and costs to the food industry for product recalls,
negative publicity and plant closures due to foodborne salmonellosis outbreaks (D" Aoust. 1989;

Radostits ez al., 1994: Wray and Davies. 2003).

Salmonella Typhimurium was the most frequently isolated cause world wide of Salmonella
gastroenteritis, bacteremia, and asympiomatic carriage. However, since early nineties S.
Enteritidis has been the most frequently isolated serovar. Other common human serotypes are §.
Newport, S§. Infantis, and S§. Heidelberg, their relative frequency varying with time and
geographic localities (Davis er af . 1990: van Duijkeren et al. 2002). Serotypes adapted to a
particular animal species are usually less pathogenic for man (S. Pullorum. §. Gallinarum, S.
Abortusequi, S. Abortusovis). An exception is S. Choleraesuis. which produces a serious

disease (Acha and Szyvfres. 2001)

A high proportion of Sa/menella strains with multiple antibiotic resistance has been observed in
many countries. [he main causes of this in industirialized countries has been the overuse and
misuse of antibiotics in animal feed as a growth enhancer. as well as the indiscriminant
prescription-drug treatment of people and animals. In developing countries, the principal cause
of the emergency of multiresistant Sa/monella strains may be self-medication. made possible by
the public’s easy access to antibiotics without a prescription and indiscriminant and continuous

use of subtherapeutic doses of antimicrobials. without any prescription tn animals (Acha and
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Szyfres, 2001). High level of antimicrobial resistance was recorded in Ethiopia on isolates from
animals and animal products (Tibaijuka et al., 2002: Alemayehu et al., 2003: Molla et al..
2003b; Molla et al., 2004b; Molla, 2004 Zewdu, 2004) and human beings (Mache er al.. 1997;
Mache, 2002).

Foods containing products from farm animals. especially from poultry. swine, and cattle. are
important sources of human Sa/monella infections (van Duijkeren et al. 2002). Reports
indicate the occurrence of Salmonella in livestock and livestock products. including swine and
pork. in Ethiopia (Pegram er al.. 1981: Molomo. 1998; Nyeleti et al., 2002; Tibaijuka er al.,
2002; Alemayehu er al.. 2003; Woldemariam ez al., 2005; Molla and Mesfin, 2003; Ejeta et al..
2004: Molla er al, 2004a; Molla, 2004: Zewdu. 2004). Nontyphoid Salmonella were also
identified as important causes of diarrhoea in Ethiopia (Mache. 2002; Ashenafi and Gedebou,
1985; Mache er al, 1997). Surveillance of Salmonella serovars and phage types from human
and animal sources is relevant for detecting outbreaks. for identifying sources of infection and
for implementing prevention and control measures (van Duijkeren er al.. 2002). Therefore this
study was conducted with the objectives to:

e Determine the prevalence of Salmonella in swine at slaughter.

e ldentify serotypes and phagetypes prevalent in swine.

e Establish antimicrobial susceptibility/resistance patterns of Salmonella isolates from

swine and
e Demonstrate carcass contamination level and show some of the risk factors associated

with carcass contamination in swine 1n the abattoir.
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2. LITERATURE REVIEW

Salmonellae are small. Gram-negative. non-sporing, facultative anaerobic, rod-shaped. motile
bacteria that belong to the family Enterobacteriaceae (Jay, 2000: Patterson and Isaacson,
2003). Although members of this genus are motile by peritrichous flagella, non-flagellated
variants. such S. Pullorum and S. Gallinarum, and non-motile strains resulting from
dysfunctional flagella do occur. Salmonellae are chemoorganotrophic; with an ability to
metabolize nutrients by the respiratory and fermentative pathways (D Aoust, 1997). The genus
Salmonella obtained its name from the American veterinarian Daniel E. Salmon, who first
isolated S. enterica serotype Choleraesuis from swine in 1885 (Rabsch et al., 2003). These
bacteria can resist dehydration for a very long time. both in feces and in foods for human and

animal consumption ( Acha and Szvfres, 2001).

According to Jay (2000) for epidemiological purposes. the salmonellae can be placed into three
groups:

e Those that infect humans only: These include S. Typhi. S. Paratyphi A and S. Paratyphi
C. This group includes the agents of typhoid and the paratyphoid fevers. which are the
most severe of all diseases caused by salmonellae.

e The host adapted serovars (some of which are human pathogens and may be contracted
from foods): Included are S. Gallinarum (poultry). S. Dublin (cattle). S. Abortusovis
(sheep). and S. Choleraesuis (swine)

e Unadapted serovars (no host preference). These are pathogenic for humans and other

animals, and they mclude most foodborne serovars.

On the other hand Uzzau er «/. (2000) proposed adoption of the following terms to describe
Salmanella host-adapiation. to avoid confusion and contradiction within the literature:
Salmonella serotypes which are almost exclusively associated with one particular host species
to be referred as host-restricted serotypes. Serotypes which are prevalent in one particular host
species but which can also cause disease in other host species to be referred as host-adapted

serotypes and ubiquitous serotypes to be referred as un-restricted serotypes.



2.1. Taxonomy and nomenclature

Salmonella nomenclature is complex, and scientists use different systems to refer to and
communicate about this genus, It is still evolving and the debate on the name for the type
species is not likely to be settled any time soon (Brenner et al., 2000). Various classification
schemes have been proposed. leading to controversy and confusion. At present, the scheme
conceived by Kauffmann-White is used. The Kauffmann-White scheme divides salmonellae
into serotypes. O (somatic), H (flagellar), and Vi (capsular) antigens are distinguished primarily
on the basis of their antigenic structure (Acha and Szyfres. 2001). Many workers accept a
scheme proposed by Le Minor and Poppof (1987) of the WHO collaborative center for

reference and research on Sa/monella including CDC (Brenner er al., 2000).

According to the scheme proposed by Le Minor and Poppof (1987). the genus Salmonella
consists of two species (1) S enrerica which is divided into six sub species: §. enterica subsp.
enterica, S. enterica subsp. salamae. S. enterica subsp. arizonae, S. enterica¢ subsp.
diarizonae, S. entericae subsp.houtenae and S. enterica subsp. indica: and (2) S. hongori

(formerly called S. enterica subsp. bongori) (Popoff and Le Minor. 1997).

Serotype names designated by antigenic formulae include the following:
I Subspecies designation (subspecies I through VI).
I O (somatic) antigens followed by a colon.
1)  H (flagellar) antigens phase 1) followed by a colon, and

IV)  H antigens (phase 2. it present) (for example, Sa/monella serotype IV 45:2. 75:-)

For formulae of serotypes in S bongori. V is still used for uniformity (for example. §. V

61:23::=) (Brenner er al.. 2000),

Historically. species names were arbitrarily given to serovars for convenient reasons in medical
practice. To avoid possible sources of confusion. names indicating geographical origin of the
first strain of the new serovar are now used. These names, wrongly considered as species
names, were for this reason italicized. They are in fact without taxonomic status. used to name

bacteria frequently isolated in human or veterinary medicine. These names are no longer



italicized. The first letter is a capital letter. In clinical practice the subspecies name does not
need to be indicated as only serovars of subspecies enterica bear a name. The name Salmonella
serotype Typhimurium or Sa/monella Typhimurium may be used for routine practice. Serovars
of other subspecies of S. enterica and those of S. bongori are designated only by their antigenic
formula (Popoff and Le Minor. 1997). However, a simplified nomenclature is often preferred in
diagnostic laboratories with the named serotypes of Salmonella being regarded as “species’.
such as S. dublin or S typhimurium (Quinn et al.. 1999).

2.2. Detection of Salmonella

The genus Salmonella consists of resilient microorganisms that readily adapt to extreme
environmental conditions. Salmonellae actively grow within a wide temperature range between
8°C and 45"C and pH range of 4 to 8. with an optimum temperature of 37°C and pH of 6.5 to
7.5. They do not survive at temperatures higher than 70°C. They catabolize D-glucose and other

carbohydrates (D" Aoust, 1997: Acha and Szyfres, 2001).

In general, the detection of Sa/monella, from products intended for human consumption or
feeding of animals, necessitates four successive stages: pre-enrichment in non selective liquid
medium, enrichment in selective liquid media, plating out and recognition and confirmation
(1ISO 6579. 1998). Funk er al (2000) using one enrichment and plating media demonstrated that
sensitivity of Salmonella detection increased with fecal sample weight, and ranged from 9 %
for rectal swabs to 78 % for 25 gram samples on a study conducted on swine. The magnitude of
the effect observed. including the modest sensitivity (0.75 - 0.78) of the largest sample weight
category (23 grams). clearly has important implications for the design and interpretation of

epidemiologic studies based on culture of § enrerica in swine herds.

2.2.1. Pre-enrichment in non-selective liguid medium

The test sample is initially inoculated into a non-inhibitory liquid medium to favour the repair
and growth of stressed or sublethally-injured salmonellae ansing from exposure to heat.

freezing. desiccation. preservatives. high osmotic pressure or wide temperature fluctuations



(Andrews, W. H. 1989; D’Aoust, 1989). This step in the detection of Salmonella involves
inoculation of buffered peptone water (also used as diluent) (ISO 6579, 1998) or lactose broth
(FDA., 1998) with the test portion. and incubation at 35’C or 37°C for 16 h to 20 h (ISO 6579.
1998) or 24 £ 2 h at 35°C (FDA. 1998).

2.2.2. Enrichment in selective liquid media

Enrichment is done by the transfer of 0.1 ml of the culture obtained in nonselective pre-
enrichment medium to a tube containing 10 ml of a Rappaport-Vassiliadis magnesium chloride
malachite green medium (RV medium) (ISO 6579. 1998: FDA. 1998) and transfer of another
10 ml to a flask containing 100 ml of selenite cystine medium (ISO 6579, 1998) or] ml mixture
to 10 ml tetrathionate (TT) broth (FDA. 1998). The inoculated RV medium is incubated at 42"C
for 18 to 24 h (ISO 6579. 1998) or 24 = 2 h at 42 + 0.2°C (FDA. 1998). and selenite cystine
medium at 35°C to 37'C for 18h to 24h (ISO 6579. 1998). The TT broth i1s incubated at 24 = 2 h
at 43 £ 0.2°C (FDA. 1998).

Means of enrichment for Salmonella can have profound effects on the ability to recover them
from animal sources. foods, water or environmental samples. The method selected will vary
with regard to the need for non-selective nutrient broths such as buffered peptone water (BPW)
or trypticase soy broth (TSB) for resuscitating damaged cells from heat-stressed. desiccated. or
otherwise less than ideal samples. Other specimens containing high numbers of competing
bacteria such as feces or ground meats may require highly selective media to prevent
overgrowth by coliforms that can readily out-compete the Salmonella (Maddox. 2003). If
Proteus species are a problem. the enrichment broths can be incubated at 43°C. or sodium
sulphathiazole added 1o the broths at 0.125 mg/100 ml. The host-adapted serotypes from swine
and poultry are more fastidious than most of the other commonly isolated serotypes. They do

not tolerate selenite broth or tertrathionate broth (Quinn et al., 1999).



2.2.3. Plating out and identification

Plating out and identification involves inoculation of two selective solid media (ISO 6379,
1998):

e Brilliant green/phenol red agar, unless the International Standard appropriate to the
product to be examined. or other specific considerations (for example the isolation of
lactose-positive Salmonella). require substitution of some other medium as the one for
obligatory use:

e The choice of the second medium is left to the discretion of the testing laboratory.,
unless there is a specific international standard, relating to the product to be examined,

which specifies the composition of this second medium.

According to FDA (1998). 3 mm loopful (10 ul) incubated TT broth and RV medium is
streaked on bismuth sulfite (BS) agar, xylose lysine desoxycholate (XLD) agar. and Hektoen

enteric (HE) agar.

The host-adapted serotyvpes from swine and poultry are more fastidious than most of the other
commonly isolated serotypes so they do not tolerate brilliant green agar: although most strains

of § Choleraesuis will grow on modified brilliant green agar (Quinn e7 al.. 1999).

Many commercially available methods to enhance detection of Salmonella organisms by means
of antibody capture have been increasingly utilized to improve the sensitivity and specificity of
antigens detection. Immunomagnetic beads. coated with anti-Salmonella LPS or flagella
antibodies. have been used to capture Salmonella from enrichment broth suspensions. The
beads are then plated by rolling them across the agar surface of differential or selective media

{or both) such as XLD or BG (Maddox. 2003).

2.2.4. Confirmation

Presumptive Salmonella colonies are subcultured and confirmed by means of appropriate

hiochemical and serological tests. For confirmation typical or suspect colonies are streaked onto



the surface of pre-dried nutrient agar plates, in a manner which will allow well-isolated colonies
to develop. Pure cultures are used for biochemical and serological confirmation (ISO 6579.
1998).

According to FDA (1998). lightly touch the very center of presumptive colony to be picked
with sterile inoculating needle and inoculate triple sugar iron agar (TSI) slant by streaking slant
and stabbing butt. Without flaming. inoculate lysine iron agar (LIA) slant by stabbing butt
twice and then streaking slant. Streak TSI agar cultures that appear to be mixed on MacConkey

agar, HE agar, or XLD agar in order to purify.

2.2.4.1. Biochemical confirmation

[he majority of salmonellae are non-lactose fermenters and produce pale colonies on
MacConkey agar and an alkaline reaction in the medium. However. it must be remembered that
some strains of S arizonee are lactose positive and strains of S. Typhimurium have been
encountered carrving plasmids with genes coding for lactose fermentation. Most salmonellae
give an alkaline reaction in bnlliant green agar and have red colonies. On XLD medium the
majority of Salmonella serotypes produce hydrogen sulphide and have red colonies with a black
(HsS) center. Colonies characteristic for Salmonella on the selective/indicator media are
inoculated. singly in to a triple sugar iron (TSI) agar slope and lysine decarboxylase broth. The
typical reaction for Salmonella in TSI agar is a red (alkaline) slant, yellow (acid) butt and
superimposed (black) H:SN production (R/Y/ HaS +). The test for lysine decarboxylation 1s
positive. However, 8. Choleraesuis does not produce H,S although S. Choleraeswis biotype
kunzendorf 1s HsS positive. Salmonellae are oxidase negative and catalase positive. grow on
citrate as the sole carbon source. do not hydrolyze urea and produce acid and gas from glucose
in ISI. If the reaction in TSI and lvsine decarboxylase broth is equivocal. further biochemical
tests should be carried out or an identification system used such as APl 20E (Analytab
products) (DAoust, 1997: Quinn et al., 1999). Salmonella generally are B-galactosidase,

Voges-Proskauer and indole negative (ISO 6579, 1998).

9



The prevalence of Salmoneila species as a biochemically homogeneous group of
microorganisms is rapidly diminishing. The situation will likely lead to a reassessment of the
diagnostic value of biochemical traits and to their likely replacement with molecular
technologies targeted at the identification of stable genetic loci and/or their products that are

unique to the genus Sa/monella (D" Aoust, 1997).

2.2.4.2. Serological confirmation

The detection of the presence of Salmonella O-, Vi- and H- antigens is tested by slide

agglutination with the appropriate sera, from pure colonies and after auto-agglutinable strains
have been eliminated (ISO 6579. 1998).

2.2.5. Typing of Salmonella

A typing method is defined as any method that can be used to differentiate bacteria beyond
species level. Outbreak investigations and tracing of zoonotic bacteria among livestock and
from livestock via food to man can be performed by the use of bacterial typing methods. These
methods can subdivide a bactenial species into individual clonal lines. i.e. groups of bacteria

produced by the continuous division of cells from the same ancestor (Olsen er al.. 1993).

There are phenotypic and genoiypic typing methods, Originally. phenotypic typing methods,
such as serotyping. phage tvping and biotyping, were the only methods applied. These
traditional methods sull play & very important role in tracing of bacteria, and sporadic cases of
salmonellosis, for example. will only be grouped to form a tentative outbreak if the isolates
show identical serotyping, and where applicable, identical phage tvping results. These methods
still provide the basic. definitive background against which more advanced typing methods are

applied (Olsen et al.. 1993).
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2.2.5.1. Serotyping

Sereotyping is based on the O (somatic) and H (flagellar) antigens and a slide agglutination test
is used. Rare strains of S. Dublin have a Vi (virulent) capsular antigen that can mask the cell
wall (O) antigens. Boiling a suspension of S. Dublin for 10-20 minutes will destroy the Vi
antigen. A loopfull of culture of the Salmonella to be serotyped should be suspended in a drop
of saline on a microscope slide and examined for autoagglutination. This can occur with rough

strains and will invalidate the serotyping (Quinn er al.. 1999).

A smooth Salmonella to be serotyped is emulsified in a drop of 0.85 % saline on a clean
microscope slide. A drop of antiserum is added to, and mixed well with, the Salmonella
suspension. The slide is rocked gently for about 30 seconds and the antigen-antibody mixture
examined for agglutination. The Salmonella is first tested against antisera to the O (somatic
antigens) and then the H (flagella) antigens (Quinn et al.. 1999). Flagellar antigens are of two
types: specific phase or phase 1. and group phase or phase 2. Phase 1 antigens are shared with
only a few other species or varieties of Salmonella: phase 2 may be more widely distributed

among several species (Jay, 2000).

Some serotypes have several different phenotypes. and their identification can be important in
epidemiologic investigation. Phage tvping is also useful for some serotypes (Acha and Szyfres.
2001). Approximately 2.500 different Salmonella serovars have been described. and the

number increases annually as new serovars are recognized (Wray and Davies. 2003).

7953

Phage typing schemes for Salmonella enrerica serovars are based on patterns of lysis produced
by distinct phages isolated from a variety of sources (Olsen er al.. 1993: Quinn ef al.. 1999;
Heuzenroeder er al., 2004). Pure cultures of bacteria are flooded onto plates and suspensions of
typing phages are spotted onto the plates. Strains that are susceptible to infection by the same
phages are allocated to the same phagetype. As this typing method is cheap and labor

inexpensive, it is normally the second method to be applied in the study of Salmonella
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epidemiology, and phage typing schemes have been developed for many important Salmonella
serotypes. Phage typing is the principal method of typing in S. Enteritidis and S. Typhimurium
(Olsen er al.. 1993). Phage typing has been used to subdivide isolates within serovars Typhi.
Typhimurium. Enteritidis, Virchow, Hadar and Heidelberg. Although phage typing is essential
for the subdivision of Salmonella serovars, the method can prove inadequate for serovars in

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

2.2.5.3. Antibiogram typing

Antimicrobial agents have been used in agriculture since the early 1950s to treat infections and
improve growth and feed efficiency. The widespread use of antimicrobial agents in food
animals is associated with increasing antimicrobial resistance in foodborne pathogens and
subsequent multidrug-resistant bacterial infections in humans (Angulo er al., 2004). In recent
years. antimicrobial-resistant Sa/monella strains have been isolated with increasing frequency
(Gebreves et al.. 2000). Increasing antimicrobial resistance in food borne pathogens may result
in treatment failures, prolonged or more severe illness, increased hospitalization. and increased
mortality (Angulo ez ¢/, 2004). Resistance to antimicrobial agents is considered to be relatively
unstable. because the majority of bacterial resistance factors are carried on plasmids that are
often transferable between strains. and which may be dependent on selection pressure to be
stably maintained. As a consequence. antibiograms are rarely used as the only typing method.
The epidemioclogical importance is secondary to the implications for therapy and control.
However, the results of these investigations can readily be used for epidemiological purposes.
The spread of multiple resistant strains among livestock 1s often traced using the antibiogram as

a typing method. preferably combined with other typing methods (Olsen et al.. 1993).
2.2.5.4. Genetic and molecular typing methods

Genotypic tyvping involves molecular techniques that enable DNA-based analyses of
chromosomal or extra-chromosomal genetic elements. such as pulsed field gel electrophoresis
(PFGE) and amplified fragment length polymorphism (AFLP) (Maslow er al.. 1993). Molecular

tvping is used when conventional methods fail to give sufficient discrimination between
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isolates (Heuzenroeder et al.. 2004). Genetic typing methods involve plasmid profiling, plasmid
restriction analysis, restriction analysis of the full genome and PCR-based typing. Bacterial
genomes can be compared by electrophoretic separation of DNA-fragments generated in vitro
by digestion with restriction endonuclease enzymes (Olsen er al., 1993). Pulsed field gel
electrophoresis has been in use for some considerable time and is the accepted gold standard
adopted by organisations such as CDC in Atlanta (Heuzenroeder et al.. 2004). Plasmid profiling
and plasmid restriction analysis has been extensively used for typing of Salmonella. often to

fine-tune conclusions based on phage typing results (Olsen ef al., 1993).

2.3. Epidemiology

The epidemiology of salmonellosis as a disease of animals and zoonosis 1s complex. The
epidemiological patterns differ greatly between geographical areas depending on climate,
population density. land use. farming practices. food harvesting and processing technologies,

and consumer habits (Radostits er al.. 19947 +
i g

2.3.1. Distribution iy s

Members of the genus Salmonelle are ubiquitous pathogens found in humans and their
livestock, wild mammals. reptiles, birds, and even insects (Davis er al.. 1990). As intestinal
forms, the organisms are excreted in feces from which they may be transmitted by insects and
other living creatures to a large number of places: they may also be found in water, especially
polluted water (lay. 2000). Although primarily intestinal bacteria. they are wide spread in the
environment and commonly found in farm etfluents. human sewage. and in any material subject
to fecal contamination. Salmonellosis has been recognized in all countries but appears to be
most prevalent in areas of intensive animal husbandry, especially poultry and swine production

(Wray and Davies. 2003)

Worldwide. S. Enteritidis is the most prevalent serotype. followed by S. Typhimurium. Changes
in the relative frequency of serotypes can be observed over short period of time, sometimes

within one or two years. Only a limited number of serotypes are isolated from man or animals



in a single region or country. The predominance of one or another can vary over time. Some
serotypes, such as S. Enteritidis and S. Typhimurium, are found worldwide; in contrast, S.

Weltevereden seems to be confined to Asia (Acha and Szyfres, 2001).

2.3.2. Host range

Salmonellae have a wide variety of domestic and wild animal hosts (Acha and Szyfres, 2001).
All members of the genus are considered to be potenually pathogenic, although serovars may
differ widely in their host range and the pathogenic syndromes that they produce. Some
serovars appear to show a degree of host adaptation and primarily infect one animal species.
They also tend to cause more severe illness than the other serovars. For example. S. Pullorum
and S. Gallinarum infect poultry. S. Choleraesuis occurs in swine. and S. Dublin appears to
have predilection for cattle. although occasional outbreaks of disease caused by this serovar
occur in sheep. In contrast, S. Typhimurium affects all species of animals and is one of the most
common causes of food poisoning in humans. The numerous other serovars are widely
distributed. and the predominant serovar for an animal species in a country may vary over the
vear. Although the disease can affect all species of domestic animals, young animals and
pregnant animals are the most susceptible. Many animals may alse be infected without showing

tliness (Wray and Davies, 2003)

[
ad

3.3. Sources of infection and transmission

-

2.3.3.1. Source of infection for animals

Infected animals are the sources of the organisms. which they excrete, and infect other animals
directly (animal- to- animal transmission). or indirectly by contamination of the environment,
primarily feed and water supplies. The farm animal may be infected in many ways: by animal-
to- animal transmission. especially of host-adapted serovars: by contaminated animal feed: and

by a contaminated environment (soil. birds. rodents. insects, water supplies). Non-species
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specific serotypes also spread easily from one animal species to another and also to humans
(Radostits er al., 1994: Acha and Szyfres, 2001).

Feed contaminated by such ingredients as bone. meat, or fishmeal plays an important role as a
vehicle of infection. Close contact between animals and the use of concentrated feed or
ingredient that may be contaminated create conditions favorable to outbreaks (Acha and
Szyfres. 2001). Feeds may be contaminated, during storage. by wild animals, especially rodents
or birds. Flies and other insects have also been shown to be vectors of Salmonella.

Contamination may also occur in the feed mill or during transport either to the mill or to the
farm (Wray and Davies. 2003).

Farm building may became directly contaminated with Salmonella following outbreaks or
indirectly contaminated from other sources such as contaminated water used for cleaning or
from wild animals and birds. Dust in animal house may contain large number of

microorganisms and may cause airborne transmission of Sa/monella (Wray and Davies. 2003 ),

Salmonella may survive for long periods in infected feces and slurries. In most, uncomposted
feces, Salmonella may survive for 3 1o 4 months in temperate climates and for longer period in

hotter climates (Wray and Davies, 2003).

Contaminated drinking water may facilitate the rapid spread of Sa/monella among farm
animals, which often defecate in their drinking water. Infection by such water may occur during
flooding, contaminating the pasture (Wray and Davies, 2003). In developing countries. the
source of infection is mainly the contaminated environment and water sources where animals

crowd together (Acha and Szyfres. 2001),

Because Salmonella are often shed in large numbers in the feces. fecal-oral route is likely a
major route for transmission of the organisms. However. other possibilities, such as infection
via mucous membrane of the conjunctivae or upper respiratory tract are suspected (Quinn ¢t al..
1999; Wray and Davies. 2003). Aecrosol or dust-borne transmission, need to be considered
especially. where large group of amimals are housed together. In poultry. ovarian transmission

may be caused either directly or indirectly by Salmonella (Wray and Davies, 2003).
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2.3.3.2. Source of infection for human beings

Animals are the reservoir of zoonotic salmonellae. Practically any food of animal origin can be
a source of infection for humans. The most common vehicles are contaminated poultry, pork.
beef, eggs. milk. and milk and egg products. Chickens, turkeys, geese, and ducks constitute the
most important animal reservoir of asymptomatic Salmonella excreters in the human food chain
(D"Aoust, 1998: Acha and Szyfres, 2001). Foods of vegetable origin contaminated by animal
products, human excreta, or dirty utensils, in both commercial processing plants and household
kitchens. have occasionally been implicated as vehicle of human salmonellosis. Meat can
become contaminated in abattoirs by means of contaminated equipment and utensils during
skinning and butchering. Contaminated public or private water supplies are important sources
of infection in typhoid fever (S. Typhi) and. less frequently. in other Salmonella infections
(Acha and Szyfres, 2001). Transmission of Salmonella spp. to human being by direct or indirect

contact to animals has been reported (Fey er al.. 20005 Hendriksen e al., 2004).

Important contributing factors are inadequate cooking. slow cooling of the food. lack of
refrigeration for many hours, and inadequate reheating before serving. Large outbreaks are
invariably due to improper handling of food in restaurants and institutional dining facilities.
Humans can also contract the infection directly from domestic animals or house pets, such as

dogs. turtles, monkevs. hamsters. and others (Acha and Szyfres. 2001).

234, Camner state

Because salmonellae are facultative intracellular organisms that survive in the phagolysome of
macrophages, they can evade the bacteriocidal effects of antibody and complement. Thus.
persistence of infection in animals and in the environment is important epidemiological features
of salmonellosis. When an animal 1s infected with S0 Dublin. for example. it may become a
clinical case or an active carrier. passing organisms constantly or intermittently in the feces. It
may also become a latent carrier with infection persisting in lvmph nodes or tonsils but no
salmonelize in the feces. or even a passive carrier which is constantly picking up infection from

the pasture or the calf pen floor. but is not invaded so that when it is removed from the
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covironment the imtecton disappears . These unimals probably multiply the salmonellae without
recoming permanct camers The importance of the latent carriers is that they can become
Setive carmiers or o en chincal cases under stress, especially at calving time (Radostits et al.,
094y Carmrer apimals perpetuate the ammal-to-animal cycle by means of their excreta or, in
the case o) fowl, throueh miecied eees ( Acha and Szyfres, 2001).

Vimost one-halt of ntected persons continue to excrete salmonellae one month after the
somptoms aave disappeared, and one i 20 still do so five month later. An individual who
continues 1w enerete the orgamsims atter one year is considered a carrier: the rate following
cophiosd s shows 50 and 003 9 ollowane nontyphoidal salmonellosis. An unknown fraction of
seople becomes cammiers after asvimplomane infection: the median carriage rate of Salmonella

mung healthy persons in developing countnes is-about 0.1 % (Davis et al., 1990).

2.4 Salmoncllae in swine and pork

y SWine ate o cvm for two major reasons. The first is the clinical
S neliosts e anc the second is that swine are susceptible to infections with

< tituting a potential source of human exposure and

ness VA Dicksot +1. Because of the frequency with which swine are
wected et IVpes of pork products have often been a source of human
vites, 20 - -. infection with a variety of serotypes is common
stnifica disease. Clinical disease is usually caused by S

or. rarely. § Typhisuis is involved in localized

cly causes disease unless a naive or compromised

X ; wecomes immunocompromised (Schwartz, 1993).
mella serotypes causing disease in humans. In

was estimated that 10-15%. 14-19% and 18-23%.

ins were attributable to pork (Hald and Wegener.
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26,1 2 Acute entenitis

This 1s the common form u adult ammals of all species. There is i high fever (40-217C with
severe fluid diarrhea. sometimes dysentery. and with tenesmus occasionally. The fever often
sibstdes precipitously with the onset of diarrhen. The feces hisve u putrid smell and contain
muecus. sometimes blood. fibrinous casts which may appear ds complete tubular casts of
mereased thirst The pulse rate 15 rapid. the respiration 1s fast and shallow and mucosae are
congested. Pregnant antmals commondy abort. The case furalny rate withont early treaument
muy reaeh 73%. In all spectes. severe dehivdration and toxemin ocetr. the animal loses Weighs
and strength rapudls. become recumbent and dies in 2 to 3 davs, Newborn anmmals that survive
the sepricemie state usually develop severe ententis with dizrrhea becoming exideni at 12 1o 24
hours ahier the iliness commences, 1 they survivie this sutee of the illness: residual polyarthritis

O premonia mas complicate the recovery phase (Radostir=n ¢ al., 1994,

2 6.5 3 Chranicepier
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Amone the antimicrobials against which the Salmonella solates were tested. most frequent
resistanee was encountered for streptomycin, Fifiv-six (32.4%) isolates were resistant to
streptomyein. while 35/(31.8 %) and 47 (27.2 %) demonstrated resistance to tewracycline and
nitrofurantoin respectively. All resistant serotypes (Hadar. Typhimurium. Kemucky and
Braciderup) showed resistant to streptomycin w hereas 3 serotypes (Hadar. Typhimurium and
Kentucky) were resistant 1o tetracycline and only § Hadar demonstrated resistance 10
nitrofurantoin (Table 12). No resistance was detected for amikacin. apramyein. carbadox.

coftriaxone. ceftiofur. cefoxitin: Kanamycin. neomycin.and robramyen.

Resistance was rare for chloramphenicol (1.2%0. flortenical (1.2%) _gcntam‘.cm (1 2%%).
primethoprim (0:6° ). sulfamethoxazole trimethoprim (067 0). and cephalothin (0:6%a) | Table
4y Ol one isolate (5. Bruenderup) was  resistinl 10 tiimethoprim and
culfamiiosazole trimethoprim whegeas an 1salate Hont Serovir S Reentucky was the anls o
Which exhthited resistance to cephalathitn. Only s sodates of N Kenueha. trom single
stmal. were the only anés found ressstany for gentagici Resistinee agamsi chlormmphemenl
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reported before 25 years from swine was found one of the dominant serovars in our study. It
might be worth mentioning at this point that researchers who analyzed a very large data
reported change in serotype distribution over a study period. These researchers also
demonstrated considerable difference in the distribution of sero- and phage types between
chickens, swine, and cattle (van Duijkeren et @/, 2002). Recovery of 17 serotypes from swine

in our study demonstrated the diversity of serotypes of Sa/monella infecting swine in Ethiopia.

5.3. Antimicrobial resistance

All of the isolates recovered in the study were tested against a panel of 24 antimicrobials for
detection of presence of resistance. Out of 173 isolates tested. 57 (32.9%) were found resistant
to two or more antimicrobials. Our result compares favorably with 31.8% and 32.7% overall
resistance reported for isolates from sheep and goats and food samples by Molla (2004) and
Zewdu (2004) respectively in Ethiopia. Our result. however, was much lower than 57.4%.
93.3%. 93.2%. 79%. 63.7%. 44.8% prevalence of antimicrobial resistance for one or more
drugs in isolates from chicken carcasses and giblets (Tibaijuka er al., 2002). diarrhoeal out-
patients (Mache er a/.. 1997). diarrhoeal pediatric out-patients (Mache. 2002). human beings
(Gedebou and Tassew, 1981). chicken carcasses and giblets (Molla er al.. 2003b) and camels
(Molla er al., 2004b) respectively in Ethiopia. The resistance status observed in this study was
better than 85.1% resistance reported for one or more antimicrobial in Sa/monella isolates from
pigs in North Carolina (Gebreyes et al, 2000). The difference observed in antimicrobial
resistance level of our isolates compared with the above mentioned works might be due to
difference in serotypes of isolates recovered in respecuve studies or i might be due to
difference in frequency of use of antimicrobials in different species. Comparison of resistance
of our isolates with 1solates from swine and analysis of trend of resistance among Salmonella
isolates from swine in Ethiopia was not possible because of absence of works on salmonellae of

swine in the country.
All of the resistant isolates were resistant to at least 2 antimicrobials (multidrug resistant) this
was in agreement with a 100% multidrug resistance reported by Molla (2004) among isolates

from sheep and goats. Multidrug resistance was higher in our isolates compared to its 34.8%
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and 52.5% prevalence in isolates from chicken carcasses and giblets (Tibaijuka et al., 2002;
Molla er al.. 2003b), 71.9% prevalence in isolates from food samples (Zewdu, 2004). and 33.6

% prevalence in isolates from camels (Molla et al.. 2004b).

Forty-six (97.9%) out of 47 S. Hadar isolates were multidrug resistant. Resistance of this serovar
for antimicrobials was reported from camels (Molla er al.. 2004b) and meat samples (Zewdu,
2004) earlier in Ethiopia. This serotype was resistant to streptomycin, tetracycline and
nitrofurantoin. Single or combined resistance of this serotype to streptomycin and tetracycline
was observed in isolates from meat samples (Zewdu, 2004) and a combined resistance for
streptomycin and tetracycline in isolates from camels (Molla er al, 2004b). However, the
resistant isolates of this serotype in our study were all multidrug resistant and moreover they

were additionally resistant to nitrofurantoin.

Salmonella Kentucky isolated in this study were all multidurg resistant for 4 up to 9 serotypes.
High level of multidrug resistance. consistent to our result. was observed on isolates of this
serotype from meat samples in Ethiopia earlier (Zewdu. 2004), In addition to the serovar’s
100% multidug resistance. the resistance pattern of the isolates from this study and Zewdu's
study were more or less the same. Salmonella Kentucky was also among most resistant

serotypes isolated from feedlot cattle in USA (Dargatz er al.. 2002).

isolates were the only ones. which demonstrated resistance for 10 antimicrobials in this study.
Very high level of multiple drug resistance of this serotype was registered in camels (83.3%)
(Molla er al . 2004b), sheep and goats (62.5%) (Molla. 2004) and chicken carcasses and giblets
(33.3%) (Molla et al.. 2003b) in Ethiopia. High level of multiple drug resistance was also
reported on S. Typhimurium isolates from swine (Gebreyves er al.. 2000; Gebreyes er al 2004)
and feedlot cattle (Dargatz er al.. 2002) in USA. Our isolates were resistant to ampicillin,
chloramphenicol, streptomycin. sulfonamides, and tetracycline, in addition to other
antimicrobials. The multidrug resistant S. Typhimurium DT104 is known to show resistance to
these antimicrobials (Melbak ¢r al. 1999). The observauon of this resistance pattern may
indicate existence of the strain in Ethiopia. Pigs could play important role in zoonosis of

multidrug resistant 8. Typhimurium (Meolbak er al.. 1999).
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The single isolate of S. Braenderup obtained from the study was found to be multidrug resistant
to 6 antimicrobials. This result agrees with previous reports of high prevalence of multiple drug
resistance among isolates of §. Braenderup in this country. Such high resistance to
antimicrobials with a more or less similar pattern was reported for this serotype isolated from
camels (Molla er al., 2004b). chicken carcasses and giblets (Tibaijuka ez al., 2002; Molla et al..
2003b) in Ethiopia.

In other studies S. Typhimurium var. Copenhagen. obtained from different sources was
frequently identified to be multidrug resistant (Gebreyes et al., 2000; Molla er al., 2003b;
Gebreyes et al 2004). Again unlike our findings. resistance was registered for S. Saintpaul
isolates obtained from chicken meat and giblets in Ethiopia (Tibaijuka et al., 2002). Various
workers reported resistance to antimicrobials in S. Anatum isolated from different sources in
different countries (Morgan er al.. 1987: Tibaijuka et al., 2002; Dargatz et al.. 2002: Molla et
al.. 2003b). Resistance was also reported in S. Infantis isolated from slaughter swine in
Australia (Morgan et a/.. 1987). Antimicrobial resistance of S. Havana isolated from slaughter
swine was reported from Australia (Morgan et al. 1987) but isolates obtained from camels in
Ethiopia were all reported sensitive (Molla er af . 2004b). As it was the case in our study S.
Muenchen isolated earlier in Ethiopia from camel was also sensitive for all antimicrobials

tested (Molla er al . 2004b).

Streptomycin was the least effective antimicrobial. Out of 173 total isolates 56 (32.4%) were
resistant to streptomycin. Compared to the 37 resistant isolates identified in the study 98.2%
(36/57) of the resistant isolates were resistant to streptomycin. Various workers have reported
comparable high level of resistance of salmonellae to streptomycin from different sources in
Ethiopia (Tibaijuka er a/.. 2002: Molla er al., 2003b: Molla. 2004, Zewdu. 2004: Molla er al..
2004b).

F'hirty one point two percent (35/173) of Salmonelia isolates recovered during this study were
tetracycline resistant. Varying level of resistance of salmonellae has been reported from
Ethiopia from different sources. Lower resistance 1o tetracvcline, compared to this study. was
reported by Molla (2004) on isolates from sheep and goats (13.6%). Zewdu (2004) on isolates

from food items (15.3%) and Molla er a/ (2004b) on isolates from camels (12.9 %). On the
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other hand higher resistance, compared to our result, was reported frequently. especially on
human isolates in Ethiopia. Seventy one point one percent of isolates from diarrhoeal
outpatients in Addis Ababa were resistant of tetracycline (Mache er al.. 1997) while 59.3%
isolates from diarrhoeal pediatric outpatients in Jimma were resistant (Mache, 2002). However.
susceptibility of most isolates from humans has been reported (Gedebou and Tassew. 1981).
Much higher level of resistance has also been reported on isolates from animals and animal
products in Ethiopia and elsewhere. Molla and associates (2003b) reported a 41.2% resistance
among isolates of Salmonella from chicken carcasses and giblets in Ethiopia. While as high as
84.2% and 64.5% resistance to tetracycline among Salmonella isolates was reported from North
Carolina (Gebreyes er al., 2000) and on isolates from pork carcasses in Northeast Georgia
(Epling and Carpenter. 1990) respectively. This result is also lower than in The Netherlands

where 40 % of 1solates from swine were resistant to tetracycline (van der Wolf er al., 1999).

Nitrofurantoin resistance was the third frequent resistance observed in this study. 47 out of 173
(27.2%) 1solates were resistant to this antimicrobial. Nitrofurantoin resistance was not found on
80 Salmonella i1solates obtained from chicken carcasses and giblets from Debre Zeit and Addis

Ababa (Molla er al.. 2003b).

Resistance of salmonellae for ampicillin was 4.6% and it was 4% for amoxicillin/clavulanic
acid. ciprofloxacin. nalidixic acid and sulfisoxazole each. Several workers have reported a
relatively high level of ampicillin resistance among Sal/monella isolates from different sources
in different countries (Epling and Carpenter. 1990: Mache ef al.. 1997: van der Wolf et al..
1999; Gebreyes et al.. 2000: Tibatjuka er /.. 2002: Mache. 2002; Molla er a/.. 2003b: Molla er
al.. 2004b: Molla. 2004: Zewdu. 2004; Gebreyes et al., 2004b). A low level of resistance
against amoxicillin/clavulanic acid (4%) was reported as compared to resistance reports for this
antimicrobial by other workers i.e. Gebreves et al. (2000), Molla er al. (2003b), and Gebreyes
et al (2004).

Resistance against ciprofloxacin was 4%. No resistance was registered against this
antimicrobial by (Molla er al.. 2003b; Molla er al . 2004b; Gebreyes et al.. 2004b). Hsueh er al
(2004) reported an overall ciprofloxacin resistance of 2.7% (18/671) of all nontyphoid

Salmonella isolates from humans in Taiwan. The detection of 4% resistance against this
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floroquinolone antibiotic signifies its implications in treatment of human patients. Pigs were
reported to be sources of ciprofloxacin resistant S. Typhimurium to humans (Hsueh er al.,
2004). Resistance against this antibiotic, in the present study. was observed in serovars S.
Kentucky and S. Typhimurium. Its presence especially in the well-known zoonotic serovar. S.
Typhimurium implies the very narrow option with which health professionals would be left
with in treating their patients. The fact that some of these isolates were simultaneously resistant
to chloramphenicol. gentamicin and florfenicol in addition to the other quinolone nalidixic acid

further complicates the situation.

All 1solates, which were resistant to ciprofloxacin. were also resistant to nalidixic acid. This
may show a cross resistance against the two quinolones. Earlier reports from Ethiopia,
however. indicated susceptibility of all tested isolates to this antimicrobial (Molla et al.. 2003b;
Molla ef al., 2004b). Public and animal health implications of resistance against nalidixic acid
are the same as that to ciprofloxacin. To our knowledge this is the first report of resistance
against ciprofloxacin and nalidixic acid in this country. The high prevalence to ciprofloxacin
documented in our investigation may be associated with importation of contaminated products
and use of fluoroquinolones in humans. Quinolones are not frequently used in veterinary

medicine in Ethiopia.

Various workers reported sulfisoxazole resistance on isolates from different sources in Ethiopia
(Molla er al., 2003b; Molla, 2004; Zewdu, 2004). The 4% resistance of Salmonella isolates of

this work i1s much lower than reports of these researchers.

The multidrug resistant isolates belonging to S. Typhimurium, §. Braenderup and S. Kentucky
were also found resistant to spectinomycin. About 2.9 % of the total isolates were resistant to
this antimicrobial. As compared to works conducted by other investigators i.e. Tibaijuka et al.
(2002). Molla et al. (2003b). Zewdu (2004) and Molla er al. (2004b) in Ethiopia. result of the

present study is much lower.

Two isolates (1.2%) were resistant to chloramphenicol. Resistance against this antibiotic was
recorded earlier in Ethiopia and elsewhere (Mache et al., 1997; Gebreyes et al., 2000; Mache,

2002: Molla et al.. 2003b; Gebreyes et al 2004). The proportion of isolates with
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chloramphenicol resistance in the present study, however, was lower. Resistance against this
antibiotic was observed only in S. Typhimurium. A high correlation was reported between
Salmonella Typhimurium and chloramphenicol resistance (Gebreyes et al., 2004b). The two
isolates. which were resistant to chloramphenicol, were resistant to 10 antimicrobials in total.
Gedebou and Tassew, (1981) reported susceptibility of all tested isolates against this antibiotic
in Ethiopia 24 yeas ago. Repeated detection of resistance against this antibiotic since then
demonstrates increasing resistance of salmonellae with time to this commonly used

antimicrobial in humans in Ethiopia.

Salmonella Typhimurium isolates. which were resistant to chloramphenicol, were the only
ones. which were resistant to florfenicol too. This finding is in agreement with the work of
Molla er ai. (2003b) as resistance against this antibiotic was recorded among S. Typhimurium

isolates from chicken carcasses and giblets.

The result we obtained. 1.2% resistance for gentamicin. agrees with 3% resistance reported
from North Carolina among isolates from swine (Gebreyes er al.. 2000). Susceptibility of all
isolates tested against gentamicin in different studies was reported (Gedebou and Tassew, 1981;
Ashenafi and Gedebou, 1985: Epling and Carpenter, 1990: van der Wolf er @/.. 1999; Molla et
al.. 2003b: Molla er al., 2004b). Both isolates resistant to gentamicin were S. Kentucky and

were resistant to 9 antimicrobials (Table 12).

Resistance against both sulfamethoxazole/trimethoprim and trimethoprim was 0.6%. A
multidrug resistant and only isolate of S. Braenderup was resistant for these antimicrobials. The
present study is in agreement with |.2% resistance reported by (Gebreyes ef al., 2000) and a no
resistance report (Gedebou and Tassew, 1981: Ashenafi and Gedebou, 1985), but disagrees
with much higher resistance reported for sulfamethoxazole/trimethoprim (Mache er al.. 1997,
van der Wolf er al.. 1999: Mache. 2002: Tibaijuka et al., 2002: Molla er al.. 2003b; Molla er al.,
2004b) and for trimethoprim (Epling and Carpenter, 1990: Tibaijuka er al., 2002; Molla er al..
2004b).  Salmonella Braenderup was found associated with trimethoprim and

sulfamethoxazole/trimethoprim resistance (Molla et al., 2003b: Molla ez al.. 2004b).
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Differences observed in overall antimicrobial resistance between isolates of this work and
works by other investigators might be due to differences in the composition of serovars
identified in the studies. or it might be due to the type and frequency of antimicrobial use in
different species of animals and human beings. No resistance was detected for amikacin,
apramycin, carbadox, ceftriaxone, ceftiofur, cefoxitin, kanamycin, neomycin and tobramycin.
In agreement with this study. susceptibility of Salmonella isolates to most of these
antimicrobials was reported in Ethiopia (Molla er al., 2003b; Molla er al., 2004b). However,
resistance was registered against kanamycin (Mache er al., 1997; Gebreyes er al., 2000) and

Neomycin (Epling and Carpenter. 1990; Dargatz et al., 2002).

High level of resistance, as it might be expected. was observed to frequently used
antimicrobials (streptomycin, tetracycline) in animal health in the country. However. we have
observed resistance to antimicrobials which are rarely or not used (ampicillin. ciprofloxacin.
nalidixic acid, chloramphenicol. florfenicol. gentamicin) in veterinary medicine in Ethiopia,
suggesting importance of imported contaminated items or use of antimicrobials in humanbeings

or cross resistance between antimicrobials.,



6. CONCLUSIONS AND RECOMMENDATIONS

There was high level of Salmonella infection in slaughter swine in Ethiopia. However, carcass
contamination compared to the supply of Salmonella with slaughter swine was very low. The
contamination level was low compared even to slaughterhouses in some developed countries.
LLow carcass contamination observed in face of high level of prevalence of Sa/monella in cecal
content and mesenteric lymph nodes indicate slaughter processes followed could reduce carcass

contamination.

Supply of infected animals to the slaughterhouse was the main source of contamination of
carcasses during slaughter. Swine with Salmonella in their cecal content were more likely to

end up with contaminated carcass compared to swine which were negative.

The most frequent serotypes infecting swine in Ethiopia were different from those in other
countries. This may be attributed to differences in maintenance hosts of Salmonella available in
the swine’s environment. The number of Salmonella serotypes (17) isolated from our study
animals was high, showing diversity of serovars infecting swine in this country. About half of
the serotypes isolated in this study were among the serotvpes commonly isolated from human
beings in different countries. Some of the serotypes are also known causes of clinical disease in

swine. indicating possibility of animal health importance of Sa/monella in swine in Ethiopia.

Multidrug resistant salmonellae were prevalent in this study. resistance was found for
antibiatics that are considered first choice drugs for Sa/monella; gentamicin, chloramphenicol,
ciprofloxacin. florfenicol and nalidixic acid. There were two isolates of S. Typhimurium with
combined resistance to ampicillin. chloramphenicol. streptomycin, sulfisoxazole and

tetracycline which could indicate presence of multiresistant S. Typhimurium DT104.
Presence of serovars which are commonly isolated from human beings coupled with their high

prevalence and multidrug resistance, indicates the potential swine could play in the zoonoses of

salmonellosis in Ethiopia. As this work is the first of its kind in swine in Ethiopia it would serve
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as a baseline data for monitoring serotype distribution and antimicrobial susceptibility of

Salmonella in the future.

The present study documented high prevalence of Salmonella in slaughter swine in Ethiopia.
and the association between prevalence of Salmonella in slaughter swine and carcass
contamination. Therefore factors that contribute to high prevalence of Salmonella in slaughter
swine should be identified and measures taken to reduce prevalence of Salmonella in swine
supplied to slaughter. These measures would help to reduce Salmonella in pork and also reduce
environmental contamination. Special care should be taken during evisceration in order to
reduce carcass contamination. since gut Salmonella status was directly related to carcass

contamination.

Serovars known to infect humans and those which could induce clinical disease in swine were
among the isolates of this study. There was also multiple drug resistance among these isolates.
There 1s, therefore. a need 1o determine the role of these serovars in salmonellosis in swine, and
monitor the serovar distribution and antimicrobial resistance patterns of Salmonella isolates
from swine in order to trace human infections and to substantiate the risk of transfer of resistant

salmonellae to humans.
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8. APPENDICES

Appendix [: Media used and preparations for the isolation and identification of Salmonella

1. Buffered peptone water (BPW) (AES loboratoire, Cedex, France)

Composition (g/liter): Peptone from caseinl0.0; sodium chloride 5.0; di-sodium hydrogen
phosphate 3.5; potassium dihydrogen phosphatel.5

Preparation: Twenty grams of this medium was dissolved in one liter of distilled water and

sterilized by autoclaving at 121°C for 15 minutes.

2. Rappaport-Vassiliadis (RV-Medium) (Difco"™. Becton Dickinson. USA)

Composition (g/lirer): Pancreatic digest of casein 4.54; Sodium chloride 7.2: Monopotassium
phosphate 1.45: Magnesium chloride (anhydrous) 13.4; Malachite green oxalate 0.036.
Preparation: Suspend 26.6 grams of the powder in | liter of purified water. Mix thoroughly.
Warm slightly to completely dissolve the powder. Dispense 10 ml amounts into suitable
containers, autoclave at 116°C for 15 minutes. Test samples of the finished product for

performance, using stable, typical control cultures.

3. Selenite broth (Difco. Becton Dickinson. Claix. France)

Composition (g/liter): Pancreatic digest of casein 5.0: lactose 4.0: sodium selenite 4.0; sodium
phosphate 10.0

Preparation: Suspend 23 grams of the powder in 1 liter of distilled water. Heat to boiling.

Avoid overheating. Do not autoclave.

4. Brilliant green-phenol-red agar (BPLS Agar) (Merck, Darmstadt. Germany)

Composition (g/liter): Peptone 10.0: meat extract 5.0; yeast extract 3.0: lactose 10.0: saccharose
10.0; disodium hydrogen phosphate 1.0: sodium dihydrogen phosphate 0.6: brilliant green
0.005: phenol red 0.09: agar 10.0

Preparation: Forty nine point seven (49.7) grams of the powder was suspended in one liter of
distilled water. carefully brought to the boil with frequent agitation to dissolve completely.

mixed well and poured into Petri dishes.



5. Xylose lysine desoxycholate agar (XLD-agar) (AES laboratoire, Cedex. France)
Composition (g/liter): Yeast extract 3.0: L-Lysine hydrochloride 5.0: xylose 3.75; lactose 7.5:
sucrose 7.3: sodium desoxycholate 1.0: sodium chloride 5.0; sodium thiosulphate 6.8: iron (iii)
ammonium citrate 0.8: phenol red 0.08: agar 16.5

Preparation: Fifty-seven grams of the powder was suspended in one liter of distilled water,
brought to the boil with frequent agitation to dissolve completely, mixed well and poured into

Petri dishes.

6. Triple sugar iron agar (TSI) (Difco, Becton Dickinson, Claix, France)

Composition (g/liter). Beef extract 3.0; yeast extract 3.0: pancreatic digest of casein 15.0;
proteose peptone No.3 3.0; dextrose 1.0: lactose 10.0; sucrose 10.0; Ferrous sulfate 0.2: sodium
chloride: 5.0; Sodium thiosulfate 0.3; Agar 12: Phenol red 0.024.

Preparation: Suspend 65 grams of the powder in 1 liter of purified water. mix thoroughly. Heat
with frequent agitation and boil for Iminute to completely dissolve the powder. Dispense into
tubes and autoclave at 1210C for 15 minutes. Cool in a slanted position so that deep butts are

formed.

7. Lysine iron agar (LIA) (Difco™. Becton Dickinson, Claix. France)

Composition (g/liter). Peptone 5.0: yeast extract 3.0: dextrose 1.0; L-Lysine HCI 10.0; Ferric
ammonium citrate (.3: Sodium thiosulphate 0.04: bromgresol purple 0.02; Agar 15.0.
Preparation: Suspend 34.5 gram of the powder in 1 liter of distilled water. Mix thoroughly.
Heat with frequent agitation and boil for 1 minute to completely dissolve the powder.

Autoclave at 1217C for 12 minutes.

8. Urea agar base (BBL®, Becton Dickinson, LISA)

Composition (g/liter): Pancreatic Digest of Gelatin 1.0: dextrose 1.0: sodium chloride 5.0:
potassium phosphate 2.0: Urea 20; Phenol red 0.012

Preparation: Suspend 29¢ of the powder in 100 ml of distilled water. Mix thoroughly and
sterilize by filtration. Suspend 15g of Agar in 900 ml distilled water. Autoclave at 121°C for 15
minutes. Cool to 50°C and add 100 ml of filter sterilized urea agar base. Mix thoroughly and
dispense aseptically in sterile tubes. Cool tubed medium in a slanted position so that deep butts

are formed.



Appendix [I: Working sheet for recording colony morphology and biochemical reactions of presumptive Salmonella

1solates
media TSI LIA
Colony Jactose lysine |
Sample| Date of |Sample|Farm/orig characte| isolate |& /or decarbo [lysine
No. |collection| type in sex lenrichment |plating | ristics | no.  |Sucrose |Dextrose [H2S |gas |[H2S [xylase [deaminase| Urase | Citrate

Rambac!|




9. Rambach®-agar (Merck. Darmstadt, Germany)

Composition (g/liter): Peptone 8.0; sodium chloride 5.0; sodium desoxycholate 1.0;
chromogenic mix 1.5; propylene glycol 10.5: agar-agar 15.0

Preparation:

i. One vial of liquid mix was added to 250 or 1000 ml distilled water and mixed by swirling
until completely dissolved (The water quantity is dependent on the respective pack size.)

1. One vial of nutrient-powder was added and mixed by swirling until completely suspended.
iti, The medium was heated in a boiling water bath until totally dissolved. while carefully
shaking from time to time.

iv. The medium was cooled as fast as possible in a water-bath (45-50 “C). During this
procedure (max. 30 minutes) it gently shook from time to time and poured in to plates.

v. In order to prevent any precipitate or clotting of the chromogenic-mix in the plates, petri

dishes were placed on a cool surface during pouring procedure.

10. Tryptic soy agar (Difco. Sparks. USA)

Composition (g/liter): Pancreatic digest of casein 15.0: enzymatic digest of soybean meal 5.0;
sodium chloride 5.0: agar 15.0

Preparation: forty grams of the powder was suspended in 1 liter of distilled water and mixed
thoroughly. The medium was heated with frequent agitation and boiled for 1 minute to
completely dissolve the powder. Then it was autoclaved at 121VC for | Sminutes. dispensed into

transporting tubes and allowed the medium to solidify.

11. Brain heart infusion agar (Difco, Becton Dickinson, Claix, France)

Composition (g/liter): Infusion from calf brains 200.0. infusion from beef heart 250.0. proteose
peptone 10.0, dextrose 2.0, sodium chloride 5.0, disodium phosphate 2.5, agar 14.0.
Preparation: Suspend 52 grams in | litre distilled water and heat ot boiling to dissolve

completely. Sterilize in the autoclave for 15 minutes at 121°C.
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Appendix 11: Working sheet for recording colony morphology and biochemical reactions of presumptive Salmonella

isolates
media iy TSI LIA
. Colony lactose lysine
Sample | Date of |Sample |Farm/orig characte| isolate [&/or decarbo [lvsine
No. |[collection| type in|sex lenrichment |plating | ristics | no. Sucrose |Dextrose [H2S |gas  |H2S |xylase [deaminase| Urase | Citrate | Rambach
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