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ABSTRACT

A cross sectional study was undertaken to investigate the occurrence and antimicrobial
susceptibility of Salmonella from small ruminants brought for sale at different markets of
Addis Ababa and those slaughtered at abattoir. Different sample types (fecal, carcass
swab, meat and feed) were collected and cultured for Salmonella using standard
procedure by pre-enriching in Buffered Peptone Water and enriching in Rappaport-
Vassiliadis enrichment Broth (RVB) and Tetrathionate broth (TTB). It was then streaked
from both RV and TTB to Xylose Lysine Deoxycholate (XLD). Presumptive Salmonella
colonies were confirmed by various biochemical tests and Salmonella Genus Specific
Polymerase Chain Reaction (PCR). Salmonella isolates were tested for their
susceptibility to 17 antimicrobials. The overall occurrence of Salmonella in sheep and
goat fecal samples at Addis Ababa livestock market was 4.08% (12/294) (95% CI: 1.8-
6.4%) and its occurrence in carcass swab samples collected from Addis Ababa public
abattoir was 0.85% (1/117) (95% CI. 0.8-2.5%). There was no statistically significant
difference in occurrence of Salmonella in sheep and goats (p > 0.05). But nearly a
significant difference (p=0.052) for the occurrence of Salmonella between the carcass
swab of goats (3.12%) and sheep (0.0%) was seen. All the 13 Salmonella isolates were
susceptible to the four drugs (amikacin, cefoxitin, chloroamphenicol and nalidixic acid)
and 92.30% of the isolates were susceptibile to Ceftriaxone and Nitrofuranation.
Resistance to streptomycin was observed in 84.62% of the Salmonella isolates followed
by gentamicin (67%), tetracycline (54%) and trimethoprim (53%). Intermediate
resistance was seen towards cephalothin, neomycin and ciprofloxacin in 23.08%, 15.38%
and 15.38% of the isolates, respectively. All of thel3 Salmonella isolates were resistant
to at least one of the 17 antimicrobials tested. Seven (53.85%) were resistant to 4-8
antimicrobials. In conclusion, Salmonella is more common in fecal samples of sheep than
the carcass swab and most of the isolates were multidrug resistant. To hamper the burden
of Salmonella infection and contamination in live animals and animal products, it is
critical that risk reduction strategies should be implemented throughout the food chain.

Keywords:  Salmonella  Sheep,  Goat, Feces,  Carcass, Antimicrobial,
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1. INTRODUCTION

Salmonella are facultative anaerobic Gram-negative rods within the family of
Enterobacteriaceae. They can grow at an optimum temperature of 37°C, and can be
killed by temperature of 55°C (Anderson, 1996). It is closely related to the genus
Escherichia and is found worldwide in cold-blooded and warm blooded animals as well
as in non-living habitats (Yan et al., 2003). Most salmonella catabolize a variety of
carbohydrates with the exception of Salmonella serotype Typhi which only produces
acid, whereas lactose and sucrose are not fermented by the majority of Salmonella
(Barbara et al., 2000; Rao, 2004).

Salmonellosis is economically important infectious disease of animals (Radostits et al.,
1994; OIE, 2000). Salmonella infection in animals occur mostly through the ingestion of
contaminated feed and water or through contact with the contaminated excretions of
latently infected animals; shedders always playing a major role in the dissemination of
the organisms (Seifert, 1996). Though primarily intestinal bacteria, Salmonella are
widespread in the environment and commonly found in farm effluents, 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 (Wray
and Davies, 2003).

Salmonella are readily transferred from animal to animal, animal to humans, and human
to human by direct or indirect pathways (Clarke and Gyles, 1993). Food borne
Salmonella typically causes acute gastroenteritis and may cause a more septicemic
disease usually in very young, the elderly and immune compromised subject (Enyew et
al.,2016). S. Infantis, S. Butantan , S. Braenderup, S. Kingabwa , S. Zanzibar, S. Kottbus,
S. Anatum, S. Typhimurium and S. Hadar, S. Kottbus, were the most common serotypes
isolated from samples originated from apparently healthy slaughtered sheep and goats in



Addis Ababa supermarkets ( Ejeta et al. (2004), and Elfora Debre Zeit abattoir
(Woldemariam ,2003).

The use of antimicrobials for prophylaxis in food producing animals has been a great
concern, because it is believed to be an important factor in the emergence of strains
resistant to certain antimicrobials. However, the exact causes of the emergence of these
resistant strains have yet to be pinpointed (Threlfall et al., 2000). Streptomycine,
chloroamphinicol, ampiciline, ciprofloxacin, gentamycine, ceforixicine, amoxaciline,
kanamycine, nalidixic acid, tociprofloxacine are commonly used drug in Ethiopia (Fufa
et al, 2017). Study by Zelalem et al.,(2011) and Fluckey et al., (2006) states use of
antimicrobial agents in food animals at sub-therapeutic level or prophylactic doses which
may promote on-farm selection of antimicrobial resistant strains and markedly increase

the human health risk associated with consumption of contaminated meat products.

Ejeta et al. (2004) reported a 14.1% Salmonella contamination rate of mutton collected
from Addis Ababa supermarkets, and other studies on prevalence of Salmonella in
various food animals and animal products in Ethiopia. Even if there are different studies
carried out in Addis Ababa on sheep and goats and other food animals, little information
is available on prevalence and antimicrobial resistance of Salmonella in small ruminants
at Addis Ababa market and ready for sale and slaughtering. Therefore the objectives of
this study are
e To determine the occurrence of Salmonella in feces of small ruminants brought
from various regions of the country to Addis Ababa markets and also in meat and
carcass swab samples collected from Addis Ababa abattoir and butcher shops.

e To determine the antimicrobial resistance of isolated Salmonella.



2. LITERATURE REVIEW

Salmonella is a rod-shaped, Gram-negative, oxidase negative, non-spore forming,
facultative anaerobic and predominantly motile bacteria. The optimum temperature for
growth of Salmonella is 37'C but cannot survive temperature higher than 70°C.
Salmonella produces hydrogen sulfide when grown on agar media; black precipitate
being used as the indicator of hydrogen sulfide production (Mastroeni and Maskell,
2006). Salmonella ferments glucose, manitol, arabinose, maltose, dulcitol and sorbitol
producing acid and gas except S. Typhi and S. Gallinarum which produce only acid and
no gas. They are indole negative, urease negative and citrate positive except S. Typhi and
S. Paratyphi A which are citrate negative as they need tryptophan as growth factor.
(Kumar, 2012).

Most of the members of this genus are motile by peritrichous flagella except S. Pullorum
and S. Gallinarum. Salmonellae are frequently facultative intracellular parasites.
Salmonella are non-capsulated except S. Typhi, S. Paratyphi C and some strains of S.

Dublin. These bacteria can resist dehydration for a very long time (Brenner et al., 2000).

Although primarily intestinal bacteria, Salmonella are widespread in the environment and
commonly found in farm effluents, 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 (Wray and Davies, 2003).



2.1. The Genus Salmonella

2.1.1. Taxonomy and Classification

Salmonella are Gram negative bacilli which can grow both aerobically and an aerobically
(facultative anaerobic) belonging to the family Enterobacteriacae and includes a large
number of serotypes affecting human beings as well as mammals, which are

antigenically related to one another (Anderson, 1996).

There are two species of Salmonella: Salmonella enterica and Salmonella bongori
Salmonella enterica consists of six subspecies (Brenner et al 1998 and Popoff et al
2001): 1, Salmonellaenterica subsp. enterica; Il, Salmonella enterica subsp. salamae;
Ila, Salmonella enterica subsp. arizonae; Illb, Salmonella enterica subsp. diarizonae;

IV, Salmonella enterica subsp. houtenae; and VI, Salmonella enterica subsp. indica.

In subspecies I, serotypes (or serovars) are designated by a name usually indicative of the
associated diseases, their geographic origins where it was first isolated, or their usual
habitats. In the remaining subspecies as well as those of S.bongore, antigenic formulae
determined according to the Kauffmann-White scheme (Popoff and Le Minor, 2001 and
Jay, 2000) are used for those unnamed serotypes. Some members of these subspecies
may have been named before 1966 and thus their names are retained and cited as those in

the subspecies I.

To avoid confusion between serotypes and species, the serotype name is not italicized
and starts with a capital letter. When cited at the first time in a report, the genus name is
given followed by the word “serotype” (or the abbreviation “ser.”) and then the serotype
name, e.g., Salmonella serotype or ser. Choleraesuis, and Salmonella serotype or ser.
Typhi. Afterward the name may be shortened with the genus name followed directly by
the serotype name, e.g., Salmonella Choleraesuis or S. Choleraesuis, and Salmonella
Typhi or S. Typhi (Popoff et al, 2004). Because the type of species name, enterica, has

4



not been approved before 2005, serotype names are used directly after the genus name

without the mention of the species.

For those designated by their antigenic formulae, the subspecies name is written in
Roman letters (not italicized) followed by their antigenic formulae, including O(somatic)
antigens, H (flagellar) antigens (phase 1), and H antigens (phase 2, if present). A colon is
used in between each antigen, e.g., Salmonella serotype 1139:210: zg. For serotypes in
Salmonella bongori (previously belongs to subgenous V), V is still used for consistency,
e.g.,S. V 13,22:z35:- (Popoff MY et al, 2004).

The 2006 ASM (In publications of the American Society for Microbiology (ASM))
Instruction to Authors indicated that, for the species, “Salmonella enterica”is used at the
first time, and “S. enterica” thereafter; for the subspecies, “Salmonella enterica subsp.
arizonae”is used at first, and “S. enterica subsp. arizonae’thereafter. Serotype names
should be in Roman type with the first letter capitalized, e.g., Salmonella enterica
serotype Typhimurium. After the first use, the serotype may be used without a species

name, e.g., Salmonella Typhimurium.

Based on their association with human and animal hosts Salmonella can be classified into
three main groups . The first group comprises Salmonella Typhi and Paratyphi A and C,
which infect only man and S.Gallinarum which infects only poultry. They spread either
directly or indirectly (via food and water) from person to person or from bird to bird
(WHO, 1988; Radostitset al., 1994). They are also refred as host restricted Salmonella
serotypes The second group includes serovars that are host adapted for particular species
of vertebrates, example S. Dublin in cattle, S. Abortusequi in horse, S. Abortusovis in
sheep and S. Choleraesuis and S. Typhisuis in swine. Some of these are also pathogenic
to man (especially S. Dublin and S. Choleraesuis). The third group contains the majority
of other Salmonella serovars with no particular host preference that infect both animals
and man (Jay, 2000).



2.2. Epidemiology

Studies conducted in Ethiopia indicated the presence of Salmonella in animals, humans,
foodstuffs and environment. Salmonellae were isolated from human, chicken, cattle,
camels, sheep, goats and food (Nyeletiet al., 2000; Tibaijuku, 2003; Woldemariam,
2003). In a study conducted by Pegram et al. (1981), 27 Salmonella serotypes were
isolated from samples of animal origin in different parts of the country. In sheep and
goats, Woldemariam (2003) reported a 6.4% prevalence of salmonellosis at
ElforaDebreZeit abattoir. According to Woldemariam (2003), out of the 642 samples
from sheep (n=282) and goats (n=360) examined for Salmonella, 33 Salmonella isolates
consisting of 9 different serotypes were identified. Ten (3.5%) of apparently healthy
slaughtered sheep and 23 (6.4%) of goat samples were found to be contaminated with
Salmonella. The serotype identified were Salmonella Infantis (45%), Salmonella
Butantan (24.2%), Salmonella Braenderup, Salmonella Kingabwa (each 6%), Salmonella
Zanzibar, Salmonella Kottbus, Salmonella Anatum, Salmonella Typhimurium and
Salmonella Hadar (each 3%). Ejeta et al. (2004) also isolated five different serotypes
(Salmonella Infantis (25%), Salmonella Braenderup (42%), Salmonella Anatum (8.3%),

Salmonella Bovismorbificans(17%), and S. I: 47, z,, 223) from mutton. The habit in this

country to consume, raw meat as a traditional food poses a high risk of acquiring

Salmonellosis as well as other zoonotic diseases (Mollaet al., 1999a; Mollaet al., 2003a).

The prevalence commonly precipitates by stressful situations such as sudden deprivation
of feed, transportation, drought, crowding, parturition, surgery, and administration of
certain drugs, including oral antibiotics. Greater susceptibility in the very young may be
the result of high gastric pH, absence of a stable intestinal flora, and limited immunity
(wray and Linklater, 2000).



2.3. Source of Salmonella infection, ways of transmission and

pathogenesis

Salmonella may survive for long periods in the environment; it is the carrier state that
provides the major source of infection for animals and human (Clarke and Gyles, 1993;
Radostitset al., 1994). Infected animals are the source of the organisms which they
excrete and infect other animals directly or indirectly by contamination of the
environment, primarily feed and water supplies. Ingestion of infected food and water or
contact with contaminated excretions is the main ways of infection (Baird-parker, 1990;
Radostitset al., 1994).

After ingestion, the organism colonizes the digestive tract and invades and multiplies in
enterocytes and tonsillar lymphoid tissue. Penetration of bacteria into the lamina propria
contributes to gut damage and diarrhea. The cellular infection results in activation of a
host alarm process through signalling molecules as a result of the detection of bacterial
surface proteins, which in turn induces a strong inflammatory response that generally is
able to restrict the bacteria to the intestine. Some serotypes also become localized in the
reproductive tract. Serotypes that are able to cause typhoid can modulate the initial host
response and suppress the inflammatory response. As infection progresses, a true
septicemia may follow, with subsequent localization in brain and meninges, pregnant
uterus, joints and distal aspects of the limbs, and tips of the ears and tails, which can
result in meningoencephalitis, abortion, osteitis, and dry gangrene of the feet, tail, or ears
respectively. The organism also frequently localizes in the gallbladder and mesenteric
lymph nodes, and survivors intermittently shed the organism in the feces. Infection may
also persist in lymph nodes or tonsils, with no salmonellae in the feces. Latent carriers
may begin shedding the organism or even develop clinical disease under stress (kemal,
2014).



2.4. Bacteriological examinations

Samples for bacteriological tests are collected as aseptically as possible and before any
antibiotic treatment has commenced. Samples are collected preferably during the acute

phase of the disease or as soon as possible after death (OIE, 2000).

In the live animal, confirmation of clinical salmonellosis is performed by the culture of
rectal swabs or preferably, freshly voided faeces. The organisms may be isolated by
blood culture and some time from the milk. At necropsy, the isolation of Salmonella from
tissues and intestinal contents usually presents few problems, but care must be taken in
the interpretation of the findings. The isolation of Salmonella should be correlated with
clinical signs and pathological lesions in order to determine the significance of the
isolation (Wray and Davis, 2000).

The isolation and subsequent identification of Salmonella is dependent not only on the
quality of samples but also on the culture medium and growth characteristics of the

serovars, particularly those adapted to the host species (OIE, 2000).

2.5.  Conventional cultural isolation techniques

According to the International Organization for Standardization (ISO 6579, 1998) it is
customary to use three stage processes: pre-enrichment, selective enrichment and

selective plating to isolate Salmonella.

Pre-enrichment: Pre-enrichment allows the resuscitation and multiplication of sub-
lethally damaged Salmonella cells (Blackburn, 1993). Non-selective media such as
buffered peptone water and lactose broth are most widely used for resuscitation; buffered

peptone water being recommended for routine purposes. The need for resuscitation is



now widely accepted for all types of samples and not merely those which have been dried

or frozen (Varnam and Evans, 1991).

Selective enrichment: Selective enrichment helps to increase the ratio of Salmonella to
competitor organisms. Many types of inhibitors have been proposed for the selective
enrichment of Salmonella, the most widely used of which arebile, tetrathionate, selenite
and dyes such as brilliant green and malachite green. Various formulations of selenite and
tetrathionate broths have been widely used, although in recent years there has been
increasing use of the malachite green based Rappaport-Vassilliadis (RV) broth (Varnam
and Evans, 1991; Blackburn, 1993).

Selective plating: Plating on selective agar media enables the recognition of Salmonella
colonies while suppressing the growth of the back ground microflora. A wide range of
media has been devised for selective plating. Selective plating media for Salmonella all
contain a diagnostic system to permit differentiation of the organisms from non-
Salmonella. This is commonly based on the inability of most salmonella serotypes to
ferment lactose and, in some cases, other carbohydrates such as sucrose and salicin. Bile
containing media often employ a second diagnostic system based on the ability of
Salmonella to produce hydrogen sulphide. Where competition from other bacteria is
insignificant, a general-purpose medium such as MacConkey agars may be used. In many
cases, greater selectivity is required and it is necessary to use a medium devised specially
for Salmonella, such as brilliant green agar, Salmonella-Shigella agar, xylose lysine

desoxycholate agar and Rambach agar (Blackburn, 1993; Quinn et al., 1994).



2.6. Biochemical tests

Colony characteristic for Salmonella on the selective/indicator media are inoculated
singly onto a triple sugar iron (TSI) agar slope and lysine decarboxylase broth. The

typical reactions for Salmonella in TSI agar is a red (alkaline) slant, yellow (acid) butt
and superimposed (black) H,S production (R/Y/ st+)' Salmonellae typically produce an

alkaline (purple) reaction in the tube of lysine decarboxylase broth. If the reaction in TSI
agar and lysine decarboxylase broth is equivocal, further biochemical tests such as indole
(negative), methylred (positive), citrate (positive), urease (negative), Voges-Proskauer
test (negative) and others should be carried out or an identification system used such as
API 20E (analytab products) or Enterotubes (RoheDiagnostica) (Doyle and Cliver, 1990;
Quinn et al., 1994).

2.7.  PCR Assay

PCR (polymerase chain reaction) is a method to analyze a short sequence of DNA
(or RNA) even in samples containing only minute quantities of DNA or
RNA.PCR uses a small amount of template DNA, two primers that flank the
target sequence, nucleotides, and thermostable DNA polymerase to amplify a
specific region of DNA, thus creating a large amount of DNA from a very small
sample. PCR is extremely sensitive in that only trace amounts of the template
DNA that is the sequence to be amplified are necessary in the reaction. The cycles
include three different steps: denaturation of the template DNA into single strands
at about 90°C, a moderate temperature (around 50° to 60°C) to anneal the primers
to the target sequence, and an extension step in which DNA polymerase elongates
a second strand of DNA complementary to each strand of the target (Clark P. D,
and Pazdernik J. N, 2013).
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3. MATERIALS AND METHODS

3.1. Study area

The study was conducted in Addis Ababa, the capital city of Ethiopia. The city lies at
9°1’ North latitude, 38°44’ East longitude and altitude range of 2000 - 3000 meters above
sea level/masl/. Its annual rain fall ranges from 750-1500 millimeters and the average
daily temperature is about 16°C (Hunderra et al., 2012). Specifically, four sheep and
goats” market (Akaki-Kality, Nock_18, Kera, Kara and Yeka) areas within Addis Ababa
and Addis Ababa municipal abattoir (during antemortem examination) were used for
sample collection from live animals. Abattoir and butcher shops in the respective market
areas were also used for carcass swabs and meat sample collections. The laboratory work
for the samples was conducted in Microbiology laboratory of Aklilu Lemma Institute of
Pathobiology of Addis Ababa University.

3.2.  Study design and sample size determination

A cross-sectional study design was conducted to investigate occurrence of Salmonella in
feces of small ruminants sold in Addis Ababa and carcass swab and meat samples from
slaughtered small ruminants. The sample size required for the study was determined
depending on the expected prevalence of salmonellosis and the desired absolute precision
as per the method of Thrusfield (1995).

- 1.96%Pexp(1 — Pexp)
= e

i

Where:

n = required sample size
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Pexp = €xpected prevalence

d = desired absolute precision

Using a 95% confidence level, 5% absolute precision and 7.4% expected prevalence for
goats and sheep (Tigist,2017 4.17%); a sample size of 61.4 was expected. Even though,
the desire sample size is as indicated here; for sake of better representative sample size
234 sheep and 60 goats were considered for fecal sample during the study period.
Moreover, 117 carcass swab samples, 10 pieces of meat samples and 9 feed samples were

also sampled purposely.

3.2.1. Study population, study animals and sampling procedure

Study population were all sheep and goat population sold on open air markets in Addis
Ababa at various places. A total of 294 randomly selected animals for fecal sample n=
234 for different sheep breeds and n= 60 for goats brought from various regions of the
country to Addis Ababa live stock market Akaki-Kality, Nock 18, Kara and Yeka areas
and Addis Ababa abattoir individually or in flocks by vehicle to be sold and slaughtered
were used as study animal. Randomly selected carcass swabs from, ramp, sternum,
brisket and neck area of sheep (n=85) and goats (n=32) slaughtered in Addis Ababa
abattoir by using gauze were used as additional sample. More over feed samples (n= 9)
from the watering and feeding troughs and piece of meat samples (n=10) from butcher

shops were also used for the study.

On each sampling day, from each animal market area, once oral consent from the animal
owner was obtained (species, breed, sex and body conditions were concerned), the sheep
types in Ethiopia were classified into four major groups based on their physical
characteristics: short fat-tailed, long fat-tailed, thin-tailed and fat-rumped sheep. Based on
DNA differences, Ethiopian sheep types have been classified into nine genetically
distinct breeds (Table 2; Gizaw et al., 2008). Scoring sheep and goats is done using a
BCS ranging from 1.0 to 5.0, with 0.5 increments. according to previously described
procedures (Girma et al. , 2007; John, 2011). An animal of BCS 1.0 is extremely thin
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with no fat reserves and a BCS of 5.0 is a very over-conditioned (obese) animal. In most
cases, healthy sheep and goats should have a BCS of 2.0 to 3.5. A BCS below 2.0

indicates a management or health problem. A BCS of 4.5 or 5 is almost never observed

under normal management conditions. To assign a BCS, one must touch and feel the

animal. In sheep, the lumbar region is the principal site for BCS determination while in

goats the rib cage and sternum also play a role. Before scoring the animal should be

standing in a relaxed position. It should not be tense, crushed by other animals or held in

a crush. If the animal is tense it is not possible to feel the short ribs and get an accurate

condition score. Table 1 shows body conditions scoring guidelines used in this study.

Table 1. Scales for body condition scoring

Condition | Score Lumbar region Rib cage Sternum

Starving 0 Extremely emaciated and on the point of | Skin issunken There is no
death.lIt is not possible to detect any muscle | between visible | sterna fat.
or fatty tissue between the skin and the | ribs.
bone.

Very thin |1 The spinous processes are prominent and Ribs are clearly | Sternal fat is
sharp. The transverse process are also visible. easily
sharp, the fingers pass easily under the grasped and
ends, and it is possible to feel between each moved from
process. The eye muscle areas are shallow side to side.
with no fat cover.

Thin 2 The spinous processes feel prominent but Some ribs can be | Sternal fat is

smooth, and individual processes can be
felt only as fine corrugations. The
transverse processes are smooth and
rounded, and it is possible to pass the
fingers under the ends with a little pressure.
The eye muscle areas are of moderate
depth, but have little fat cover.

seen. Thereisa
small amount of
fat cover. Ribs
are

still felt.

wider

and thicker
but can

still be
grasped

and moved
slightlyfrom
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side to side.

Moderate The spinous processes are detected only as | Ribs are barely | Sternal fat is
small elevations; they are smooth and seen; an even wide
rounded and individual bones can be felt layer of fat and thick. It
only with pressure. The transverse covers them. can
processes are smooth and well covered, and | Spaces between | still be
firm pressure is required to feel over the ribs are felt grasped but
ends. The eye muscle areas are full, and using pressure. has very
have a moderate degree of fat cover. little

movement.

Fat The spinous processes can just be detected | Ribs are not | Sternal fat is
with pressure as a hard line between the fat | seen. difficult to
covered eye muscle areas. The ends of the grasp and
transverse processes cannot be felt. The eye cannot be
muscle areas are full, and have a thick moved from
covering of fat. side to side.

Very fat The spinous processes can't be detected Ribs are not Sternal fat

even with firm pressure, and there is a
depression between the layers of fat in the
position where the spinous processes would
normally be felt. The transverse processes
cannot be detected. The eye muscle areas
are very full with thick fat cover. There
may be large deposits of fat over the rump

and tail.

visible and are
covered with

excessive fat.

extends and
covers the
sternum. It
cannot be

grasped

Adopted from Girma et al., (2007)

Sheep and goats to be involved in the study were randomly selected for sampling. From

each selected animal, about 10gms of feces was collected separately in to sterile zippered

plastic bags by using examination glove directly from the rectum. Moreover, carcass

swabs and meat samples from Addis Ababa abattoir and butcher shops and feed samples
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from feeding and watering trough were collected in aseptic manner as additional sample.
Then each sample was appropriately labeled and accompanied by necessary identifying
information, which include date of sampling, type of sample, species of animal, and
identification code. Samples were then transported with ice box directly to Microbiology
Laboratory, Aklilu Lemma Institute of Pathobiology, Addis Ababa University and

processed for Salmonella isolation.

Table 2. Major groups, breeds and types of sheep in Ethiopia

Major group Breed Sheep type Tail type/shape | Fiber type
Simien Simien Fatty and short | Wool/fleece
Short-fat-tailed | Short fat-tailed | Sekota, Farta, | Fatty and short | Wool/fleece
Tikur, Wollo,
Menz
Washera Washera Fatty and short | Short hair
Horro Horro Fatty and long Short hair
Long-fat-tailed | Arsi-Bale, Arsi-Bale, Fatty and long Short hair
Adilo(Wolaita) | Adilo
Bonga Bonga Fatty and long Short hair
Fat-rumped Afar(Adal) Afar Fat rump with Short hair
sheep fat tail
Black head Black head Fat rump/tiny Short hair
Somali(Wanke) | Somali tail
Thin-tailed Gumz Gumz Thin and long Short hair
sheep

Source: Gizaw, S., et al., (2008)
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3.3. Isolation and identification of Salmonella

3.3.1 Isolation of Salmonella

Fresh fecal samples, (10 g of fecal pellets of sheep and goats was broken in to pieces)
pre-enriched in 90 ml of buffered peptone water (BPW) (Becton Dickinson, Sparks, MD)
and incubated over night at 37°C. Similarly 10 gram of meat sample was pre-enriched in
90 ml of BPW; carcass swab samples collected in test tubes containing 10 ml of BPW
was incubated at 37°C. Hundred pl of pre-enriched suspension was added into 9.9 ml of
Rappaport-Vassiliadis enrichment Broth (RVB) (Oxoid, USA) and incubated at 42°C for
24 h. At the same time, 1ml of suspension was also transferred to 10 ml of Tetrathionate
broth (TTB) (Oxoid, USA) and incubated for 24 h at 37°C. It was then streaked from
both RV and TTB to Xylose Lysine Deoxycholate (XLD) (Oxoid CM0469, Basingstoke,
England) agar selective media and the plates were incubated at 37°C for 24 to 48 h.
Presumptive Salmonella colonies having a slightly transparent zone of reddish color and
a black center, was subcultured on nutrient agar (Oxoid CM0003, Basingstoke, England)

and various biochemical tests were conducted.

3.3.2 Biochemical tests

Suspected Salmonella colonies were tested biochemically according to 1SO (1998) using
triple sugar iron agar (TSI) (Oxoid CM0277, Basingstoke, England), urea agar (Oxoid
CM53, Basingstoke, England), lysine iron agar (LIA) (Oxoid CM381, Basingstoke,
England)(Hendriksen., 2002) as described here below:

Triple sugar iron (TSI) agar test: The TSI agar tube was inoculated towards the bottom at
the middle of the agar for 5mm with a straight inoculating wire and on the withdrawal of
the straight wire the entire slant will be streaked and incubated at 37°C for 16 to 24

hours. The typical reactions for most salmonellae were seen as red slant, yellow butt with
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gas production and superimposed black color with hydrogen sulphide production (Quinn
etal., 1994; ISO, 1998).

Citrate utilization test: Simon citrate agar slope surface was streaked with the suspected
Salmonella colonies and incubated at 37°C for 18 to 24 hours. Typical reactions for
citrate utilization were declared by the change of the medium from green to blue color
(Quinn et al., 1994).

Lysine decarboxylase test: The lysine decarboxylase broth was inoculated with the
suspected Salmonella colonies just below the surface of the liquid medium and was
incubated for 18 to 24 hours at 37°C. As it was described by Quinn et al. (1994) and 1SO
(1998), the purple color after incubation was considered as positive reaction for

Salmonella and a yellow color as negative.

Urease test: inoculum of the presumptive Salmonella colonies was inoculated into the
urea broth tube and incubated at the 37'C for about 48 hours. As it was described by
Quinn et al. (1994), yellow coloration of the broth because of inability of Salmonella

organism to split urea considered as negative and a red coloration as positive.

3.3.3 Polymerase Chain Reaction (PCR) for confirmation test

Those colonies with typical Salmonella biochemical properties were then further
confirmed by genus specific PCR according to Cohen et al (1993). For isolation of
Salmonella genomic DNA, each isolates were cultured on tryptone soya agar plate and
incubated for 24 hours at 37 'C. Then pure colony was picked and suspended in 100 pl
nuclease-free water (UltraPure DNase/RNase-Free Distilled Water, Thermo Fisher, USA)
in PCR tubes. Extraction of DNA was performed by boiling the suspension for 5 min at
95°C in thermo cycler, centrifuged at 6,000 rpm for 5min. And an aliquot (1 ul) of the

supernatant was used as template for PCR amplification.

17



Reference strain of S. Typhimurium (ATCC 14028) was used as a positive control during

biochemical analysis and PCR.

PCR Reaction mix (20 pl) consisting 18 pl nuclease-free water, 1 pl of the template
DNA, 0.5 ul of each of primers (reverse and forward) was prepared and added into
lyophilized PCR premix (AccuPowerTaq PCR preMixBioneer, Korea) tubes which
contains 1U Tag DNA polymerase, 250 uM dNTPs (dATP, dCTP, dGTP, dTTP), 1x
reaction buffer with 1.5 mM MgCl,, trace amount of tracking dye and patented stabilizer
which were already aliquoted in PCR tubes and dissolved and spun down. The mixture
was then amplified using thermal cycler with an initial denaturation (4 min at 95°C)
followed by 30 cycles of denaturation (30 sec at 95°C), annealing (30 sec at 60°C) and
elongation (45 sec at 72°C) and final extension for 5 min at 72 °C.

PCR products were visualized using gel electrophoresis. Agarose gel was prepared using
2% agarose made in 1x TAE buffer containing red gel (2.5 pl). After loading the
amplicons in each well, an electric current of 150 MA and 100 V was applied for 40 min.
Positive results were indicated by the presence of a 496 base pair band seen on the gel
with an ultraviolet illuminator and taking the gel image using Bench top 2UV trans-
illuminator. One confirmed Salmonella isolate from each positive sample was stored at -

80°C in 20% glycerol until further testing

3.4.  Antimicrobial sensitivity tests

Antimicrobial susceptibility of Salmonella isolates was conducted using standard Kirby-
Bauer disk diffusion method according to clinical Laboratory Standards Institute (CLSI,
2013) guideline. Bacterial inoculums were prepared by suspending the fresh grown
bacteria in sterile nutrient broth and the turbidity was adjusted to a 0.5 McFarland
standard and carefully spread over the Muller- Hinton Agar plate using sterile cotton
swab. Then panels of antimicrobials namely amikacin(AN), cefoxitin (FOX),
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ceftriaxone (CRO), cephalothin (CF), chloroamphenicol (C), ciprofloxacin (CIP),
gentamycin (GM), kanamycin(K), nalidixic acid (NA), neomycine (N), nitrofuranation
(F/M), streptomycin (S), sulfisoxazole (G), sulphamethoxazole +trimethopirim (SMT),
tetracycline (TE), trimethoprim (TRM) and amoxycillin (AML) were placed on the agar
plate . The plates were incubated aerobically at 37°C for 18-24 hours and zone of
inhibition around each disc was measured using transparent ruler and used to classify the
organisms as sensitive, intermediate or resistant according to cut off point set by CLSI
(CLSI, 2013).

3.5. Data Management and Analysis

The collected data were entered and managed in MS Excel (Microsoft excel 2010) and

Stata 12 software (Stat Corporation, 2012) was used for the data analysis.

Descriptive statistics were used to understand the nature and the characteristics of the
data to show the rate of Salmonella detection in each sample type and distribution of
Salmonella isolates. Chi square (¥2), t-test and one way ANOVA were employed to
assess presence of statistically significant difference between variables (species, sex,
market areas, body condition and breeds). P-value <0.05 was considered significant.
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4. RESULTS

4.1. Occurrence of Salmonella

A total of 234 sheep and 60 goats for fecal samples, 117 carcass swab samples (n= 85 for
sheep and n=32 for goats), 10 meat samples (n= 6 for sheep and n=4 for goats) and 9 feed

samples were cultured for Salmonella.

As shown in Table 3, the overall occurrence of Salmonella in sheep and goat fecal
samples at Addis Ababa livestock market was 4.08% (12/294). Its occurrence in carcass
swab samples collected from Addis Ababa public abattoir was 0.85% (1/117). Though,
relatively higher occurrence of Salmonella was found in sheep (4.7%) than goats’
(1.66%) fecal samples, there was no statistically significant difference (p>0.05) between
these two species. And also there was no significant difference (p>0.05) in occurrence
of Salmonella between the carcass swab samples of goats (3.12%) and sheep (0.0%).
Salmonella was not isolated from any of the sheep carcass swab samples (n=85) collected
from Addis Ababa public abattoir.
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Table 3. Salmonella occurrence with respect to species, sex and body condition of sheep
and goats

Sample type No of sample  No of positive Chi? p-value
and other cultured (%)
factors

Fecal Sample

Sheep 234 11 (4.70%) 1.123 0.289
Goat 60 1(1.67%)

Total 294 12 (4.08%)

Carcass Swab Sample

Sheep 85 0(0%) 2.6791 0.102
Goat 32 1(3.1%)

Total 117 1(0. 85%)

Sex factor

Male 236 11(4.7%) 1.0257 0.311
Female 58 1(1.72%)

Total 294 12 (4.08%)

Body condition factor

Good 178 10(5.6%) 2.7199 0.102
Poor 116 2(1.72%)

Total 294 12(4.08%)

Occurrence of Salmonella in fecal samples collected at four Addis Ababa livestock
markets and Addis Ababa abattoir during anti mortem examination was 4.66% in male
and 1.72% in females. But no statistically significant difference (p>0.05) was observed
between the sexes. Similarly, the occurrence of Salmonella in fecal samples collected at
four Addis Ababa livestock markets and Addis Ababa abattoir during anti mortem
examination in animals with poor body conditioned animals,(1.72%) and good body
conditioned animals ,(5.6% ) or was not significantly different (p>0.05). The body
condition was categorized as poor (score 1 and 2) and good (score 3 and above) was

based on the guideline presented in Table 1in materials and methods section.
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4.2. Isolation of Salmonella from different sources

Salmonella was identified from 13(3.023%) samples of which 92.3% were from fecal and
7.7% were from carcass swab samples .Salmonellae was isolated from 12 (4.08%) of 294
fecal samples and only one isolate was obtained from 1 (0.85%) of 117 carcass swab
samples; but no Salmonella was detected from the 10 meat and 9 feed samples. The
proportion of positive samples therefore ranged from 0% in meat and feed to 4.08% in

fecal (Figure 1).

500 1 430
400 -
204
300 -
200 - 117
o - .‘- - - .
0 EEY s A
Fecal Carcass Meat Feed Total

Figure 1. Sample types with their respective observations versus occurrence of
Salmonella
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4.3. Polymerase Chain Reaction (PCR) result

A total of 12 Salmonella isolates were confirmed by boiochemical tests and PCR.
Fig. 2 shows the PCR Gel image of the twelve Salmonella isolates confirmed by
PCR out of the 20 tested.

Figure 2. PCR amplification of suspected Salmonella isolates using genus specific
PCR

Lane 1: 1kb ladder; Lane 1-20:samples; Lane 2, 6,7, 8, 12 and14-20 were positive for Genus
Salmonella showing 496 bp amplification of target region of histidine transport operon; while
Lane 1, 3,4,5,9, 10, 11 and 13 were negative

4.4.  Antimicrobial susceptibility of Salmonella isolates

A total of 13 Salmonella isolates recovered from sheep (n=11) and goats (n=2) were
tested for antimicrobial susecptibility using 17 different antimicrobials (Table 5). Out of
the thirteen isolates, 11 (84.6%) of the Salmonella isolates were resistant to streptomycin
followed by gentamycin 6(67%), tetracycline 7(54%) and trimethoprim 7(53.8%). All
the thirteen isolated Salmonella were susceptible to the four drugs (amikacin, cefoxitin,
chloroamphenicol and nalidixic acid). Good susceptibility to 92.3% of the isolates was
also recorded for each of ceftriaxone and nitrofuranation. Intermediate resistance was
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recorded towards cephalothin, neomycin and ciprofloxacin in 23.08%, 15.38% and

15.38% of the isolates respectively.

Table 4. Antimicrobial susceptibility profile of Salmonella isolated from sheep and goat
fecal and carcass swab samples.

S.No. Antimicrobials tested Status of antimicrobial agent against the isolates
Resistant (%) Intermediate (%) Susceptible
(%)
1. Amikacin(AN) 0(0.0) 0(0.0) 13(100)
2. Cefoxitin (FOX) 0(0.0) 0(0.0) 13(100)
3. Ceftriaxone (CRO) 0(0.0) 1(7.69) 12(92.3)
4, Cephalothin (CF) 1(7.69) 3(23.07) 9(69.23)
5. Chloroamphenicol (C) 0(0.0) 0(0.00.0) 13(100)
6. Ciprofloxacin (CIP) 0(0.0) 2(15.3) 11(84.61)
7. Gentamycin (GM) 6(66.7) 0(0.0) 3(33.3)
8. Kanamycin(K) 5(38.5) 0(0.0) 8(61.53)
9. Nalidixic Acid (NA) 0(0.0) 0(0.0) 13(100)
10. Neomycin (N) 2(15.4) 2(15.3) 9(69.23)
11. Nitrofurantoin (F/M) 1(7.69) 0(0.0) 12(92.3)
12. Streptomycin (S) 11(84.62) 1(7.69) 1(7.69)
13. Sulfisoxazole (G) 5(38.46) 0(0.0) 8(61.53)

14, Sulphamethoxazole and

Trimethopirim (SMT) 3(42.86) 0(0.0) 4(57.14)
15. Tetracycline (TE) 7(53.84) 0(0.0) 6(46.15)
16. Trimethoprim (TRM) 7(53.84) 0(0.0) 6(46.15)
17. Amoxycillin (AML) 3(23.07) 0(0.0) 10(76.92)

53.85% of the Salmonella isolates from sheep and goats were multiple resistant to four to

nine antimicrobial drugs, Salmonella isolates showed substantial resistance to
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streptomycin84.62%, ampicillin(77%), Gentamycin(67%), tetracycline(54%)  and
trimethoprime(53%)(Table 6).

Of the 13 Salmonella isolates examined, 8 (61.5%) of them were resistant to 3 or more
antimicrobials, 4(30.6%) of them were resistant to 6 or more number of antimicrobials
whereas other 4 (30.6%) of the isolates were resistant to two antimicrobials. All of the
isolates tested were resistant to at least one antimicrobial agent examined. Antimicrobial
resistance profile of Salmonella isolates examined in the current study is shown in Table
6.

Table 5. Antimicrobial resistance pattern of the Salmonella isolates

Isolate Resistance Pattern No. of Drug to No of isolates
ID which isolate is
resistant

417 CF,K,S,G,SMT,TE,TRM and AML 8 2
447 GM,K,N,S,G,SMT,TE and TRM 8

445 K,N,S,G, TE,TRM 6 2
31 K, S, G,TE,TRM and AML 6

317 S, G, TE, TRM and AML 5 1
439 GM, S,TE and TRM 4 1
2 GM,S and TRM, 3 2
400 Kand S 2 4
78 GM, and TE 2

303(A) F/M and S 2

10 GMand S 2

12 GM 1 2
19 S 1

CF-cephalothin, K-kanamycin, S-streptomycin, G- sulfisoxazole, SMT-
sulphamethoxazole and trimethopirim, TE- tetracycline , TRM- Trimethoprim, AML-
amoxycillin, GM- gentamycin , N- neomycin, F/M- nitrofurantoin
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5. DISCUSSION

Higher isolation of Salmonella was found in sheep (4.7%) than goats (1.66%) fecal
samples, this higher occurrence in sheep might be due to differences in feeding behavior
between sheep and goat, sheep prefer to graze while goat to browse and rearing area as
well as management differences. Close contact and holding time during journey and at
arrival in market area which predispose to cross contamination through poor hygiene of
the market environment. Though feed samples were negative in this study which might
be due to small sample size; despite the fact that, it needs further investigation to identify

clearly the factors which are responsible for the variation.

Though relatively high Salmonella occurrence was observed in male and good body
conditioned animals compared to females and animals with poor body condition, there
was no significant difference. The observed minor difference could be attributed to the
difference in sample size in both cases. The probable reason why Salmonella prevalence
was low in carcass swab samples compared to fecal samples of small ruminants in the
current study could be due to good hygienic practices if the abattoir workers with

minimal contamination of the carcass with fecal material.

Salmonella isolation rate of 4.7% in fecal samples of sheep in this study was in
agreement with different findings: 4.17% in addis ababa livestock market and abattoir
enterprise by Tigist (2017), 3.3% from sheep feces in Jimma, (Anbessa and Katema,
2012) 4.8% isolates in the fecal samples of apparently healthy slaughtered sheep in
Debrezeit abattoirs and sheep and goat in central Ethiopia(Molla et al., 2006) and 4.8%
in Ethiopia by Wassie (2004), However, it was relatively higher than the 1.04% isolation
rate by Bedaso et al. (2015) who reported from different organs and feces of apparently
healthy sheep and goats slaughtered at Addis Ababa Abattoir Enterprise and 2.1% in
Ethiopia (Woldemariam, 2003). The 1.7% prevalence in goat feces in this study was
lower than that of 3.3% in Ethiopia (Woldemariam, 2003). The occurrence of Salmonella

(0.85%) in carcass sample in this study was lower than the findings of Woldemariam
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(2003) accounting for 6.4% at Elfora Debre Zeit abattoir in Ethiopia and Wassie (2004)
which also reported 11.5% for sheep and 3% for goats. 6.19% Isolation of Non-
Typhoidal Salmonella from Sheep feces in Eastern Hararghe,(Zweifel et al., 2004), 7.7%
from the fecal samples of sheep slaughtered (Teklu and Negussie, 2011) in Export
Abattoir of Modjo Ethiopia. The difference in the prevalence could be due to differences
in study period, study site (abattoirs), study population and number of samples examined

between the studies.

In the present study 53.85% of the Salmonella isolates from sheep and goats were
multiple drug resistant to antimicrobial drugs commonly used to treat bacterial infections
in domestic animals and humans in Ethiopia. This finding supports the well known fact
that antimicrobial resistance rate of Salmonella isolates in Sub-Saharan Africa is
generally high which is primarily attributed to the indiscriminate use of antimicrobials

both in animals and human health sectors (Leegaard et al., 1996; Molla et al.,1999b).

Salmonella isolates showed substantial resistance to streptomycin, ampicillin,
gentamycin, tetracycline and trimethoprime. It has been suggested that emergence of
multiply-resistant salmonellae can be the product of conjugative transfer of R-plasmids
between bacterial species. Agricultural use of sub therapeutic doses of a single antibiotic
could select for bacterial strains harboring plasmids with multiple resistance codons
(D’Aoust, 1991; D’Aoust, 1997). The emergence and prevalence of multiply-resistant
salmonellae in meat animals can seriously compromise public health (D’Aoust et al.,
1992). This might limit therapeutic choice to manage salmonellosis and other bacterial
diseases. In general, antimicrobial use is a key driver of resistance development, which
could be irrational use of antimicrobials due to lack of access to appropriate treatment
and underuse due to inadequate dosing, poor adherence or use of substandard

antimicrobial and lack of financial support to complete treatment course.
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6. CONCLUSION AND RECOMMENDATIONS

In this study the occurrence of Salmonella in sheep and goats was 4.08% and 0.85%
respectively for the samples collected from Addis Ababa livestock markets and Addis
Ababa public abattoir as well as bucher’s shop of different sub-cities. Higher isolation
was observed in feces of sheep and goats samples as compared to other sample types.
Salmonella was not detected from feed and meat samples from butcher shops. To control
and prevent Salmonella infection and contamination in live animals and animal products,
it is critical that risk reduction strategies should be used throughout the food chain. Based
on the findings of the present study, the followings are recommended:

+ Even though the rate of occurrence of Salmonella in carcass is not that much
higher, ligation of the esophagus and gut during evisceration and immediate
separation of the offal from the carcasses should be employed, in order to reduce
contamination from gastrointestinal content.

+ Further investigation on characterization of the Salmonella isolates to identify the
species and serotype should be carried out

+ Further detailed studies should be conducted to undertake molecular
characterization of resistant genes associated with the observed resistance
phenotype

+ Since antimicrobial resistance problem is expanding, appropriate national
regulations and control strategies on use and application antimicrobial agents

should be designed.
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8. APPENDICES

Appendix 1: Salmonella colony morphology and its biochemical characteristics
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Appendix 2: Questionnaire for investigation of fecal carriage of Salmonella

in small ruminants marketed in Addis Ababa and their carcass

Owner name region

zone Woreda , How long have you been involved in this work
(small ruminant trade) Specific name of the market

place kebele Date

1. What do you feed your animals at market place? A. Hay, B. Pasture, c.
Concentrate, other?

2. From where did you bring the animals?

3. At this market place, do you mix your animals with those from other

places?

4. What was the means of transportation? A. vehicle; B. On foot. C, other
5. What is the maximum number of days your animals spend in this market
place?

6. How many animals are there in the group when sample collection?

7. What was the total number of animals in your group when originally

brought?

8. What type of disease is the major problem in your flock?

9. When is it more common? (season of occurrence) pathognomnic
sign What do you do when your shoats got
sick?

A. Get professional assistance; B. treat by myself

10. Is there any sick animal in your current group?

If yes what is the sign? Have you treated them?

A.Yes ,B. no; If yes what was the drug?

11. Have you ever encountered any death in your flock?
12. How you dispose the dead ones? A. Buried, B. burning, C. disinfecting the
environment, D. leave for carnivores, E. others

13. How do you rate the hygiene of the environment? A. Poor B. Fair C. Good
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Give sequential numbers for the specific animals from the flock in that specific

market

Species

Age

Body

condition

Breed
type

No. days in this

market

Remark
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