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Occurrence, Associated Risk Factors and Drug Resistance Pattern of Zoonotic
Salmonella from Table Egg in Bahir Dar Town, North West Ethiopia
By Semahegn Yilkal' ,Birhan Agmas® and Habtamu Tassew’
! Bahir Dar University College of Agriculture and Environmental Sciences

ABSTRACT

Salmonella infections originating from chicken table egg are one of the major causes of food-
borne illnesses and presence of drug resistant Salmonella is one of the main public health
concerns world-wide especially in developing countries like Ethiopia. Across sectional study
was conducted from November 2018 to April 2019 in Bahir Dar Town to identify Salmonella
isolates from table egg and associated risk factors; to determine their antimicrobial
resistance profile. A total of 157 egg samples were collected from Bahir Dar Town poultry
farm and market by systematic random sampling technique. Hence, each egg was sampled
twice for egg surface and internal content, totally 314 samples were processed for isolation of
Salmonella by using conventional bacteriological methods. Antimicrobial sensitivity test was
performed to 10 selected antibiotic discs by disc diffusion. Questionnaire survey and
observation was administered to observe associated risk factors. The overall level of
Salmonella isolation rate in current study was 2.2 %. Isolation rate of Salmonella among egg
shells were 3.8% from the open market and 1.3% from the poultry farm. About 3.9% of
Salmonella isolation rate was observed from internal contents of farm eggs. Isolation rate of
Salmonella between sample site and sample type was not statistically significant (p = 0.69)
and (p=0.702) respectively. All Salmonella isolates were susceptible to ciprofloxacin and
gentamycin; however, all of them were resistant to ampicillin, tetracycline and cephalothin.
All isolates were developing multiple drug resistance. There was poor egg handling practice
and poultry farms that practice proper use of foot bath was 0.118 times less likely
contaminate table egg as compared to counterparts (p=0.012); Even though the prevalence of
Salmonella was low in current finding, isolates were develop multidrug resistance. Therefore,
proper egg handling, proper use of foot bath and rational antimicrobial usage should be

practiced
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Chapter 1. INTRODUCTION

1.1. Background and Justification

Eggs are inexpensive and nutritious foods that are used through-out the world (Samman et al.,
2009; Fraeye et al., 2012). Whole egg contains water (75%), proteins (12%), lipids (12%) and
carbohydrates and minerals (1%). Egg considered as a good source of nutrients like protein,
lipids, vitamins and minerals (Kovacs-Nolan et al., 2005). They have many pharmaceutical
uses by acting as anticancer agent, as an immune-modulator and capability of suppressing
tumor cells, and have also antiviral agent (Kovacs-Nolan et al., 2005; Ibrahim and Kiyono
2009; Omana et al., 2010).

Salmonella is one of the most prevalent causes of food borne diseases all over the world
(Howard et al., 2012; Galis et al., 2013). Egg can represent a risk for most food-borne
illnesses associated with the consumption of contaminated eggs (Rakonjac et al., 2014). The
two most commonly identified serotypes that cause food-borne salmonellosis are S. enterica
serotype Typhimurium, and S. enterica serotype Enteritidis (Galis et al., 2013). Both
serotypes have the ability to colonize the reproductive organs of hens (the oviduct and ovary)
and transmitted to humans through raw and under cooked egg consumption (Porwollik et al.,
2005). Salmonella Enteritidis is more commonly linked to contaminated eggs (Gantois et al.,
2008 and Wales et al., 2011).

The annual incidence of food borne salmonellosis is conservatively estimated to be 80.3
million cases (Majowicz et al., 2014). In the United States non- typhoidal Salmonella species
are responsible for 1 million cases of food borne illness annually (Scallan et al., 2011). Non-
Typhoidal Salmonella is among the 3 most common pathogens causing bacterial bloodstream
infections in adults and children (Reddy et al., 2010; Sigauque et al., 2009) and now
experiences an incidence >100 per 100 000 persons per year, with 33 490 deaths, 26.0% of
global typhoid deaths, occurring in sub-Saharan Africa (Mogasale et al., 2014).

Even though, it is difficult to evaluate the burden of salmonellosis because of the limited
scope of studies and lack of coordinated epidemiological surveillance systems, under-

reporting of cases and presence of other diseases considered to be of high priority in



developing countries, like Ethiopia, (Asrat Danile, 2008), as reviewed by Getachew Tadesse,
(2014) an average of 3,469 cases of salmonellosis were reported per annum (17.3 cases per

100,000 inhabitants) in five-year period studies in Ethiopia.

Contamination with Salmonella in poultry products can occur at multiple steps along the food
chain, which includes production, handling, distribution, retail marketing, preparation and
processing (Cui et al., 2005; Namata et al., 2008; FDA. 2009; Gast et al., 2014). Direct
contamination occurs during the formation of an egg in the reproductive tract of hens;
whereas, indirect contamination occurs after an egg has been laid and Salmonella
contaminating the outside of the egg penetrates through the shell membrane; immediately
after lay (Howard et al., 2012; De Reu et al., 2006).

Antimicrobial resistance is a global problem due to extensive and improper use of antibiotic
drugs in food animals. This can establish reservoirs of antimicrobial resistant bacteria (Levy
and Marshal 2004; Afema et al., 2014). Many drugs used in veterinary medicine have
identical analogs that are used in human medicine (Smith et al., 2005). Egg consumption
could expose the potential risks of drug residues through laying hens treated with
pharmaceutical products. Many of these products are fat soluble and egg contains high levels
of fat that results persistence of organic pollutants which leads to drug resistance (Goetting et
al., 2011; Domingo, 2014; Piskorska-Pliszczynska et al., 2014). Studies conducted in
Ethiopia suggest an increase in the antimicrobial resistance of Salmonella to commonly used
antimicrobials in both public health and veterinary sectors (Getenet Beyene et al., 2011,
Berhanu Sibhat et al., 2011; Tesfaw Liyuwork et al., 2013; Dagnew Mulat et al., 2013).

1.2. Statement of the Problem

The egg production industry has faced several environmental, animal welfare, and animal
health challenges. Salmonella contamination cause significant production losses and severe
public health problems. In recent years, the increasing popularity of unprocessed foods
containing raw eggs potentially increases the risk of salmonellosis (Moffatt et al., 2012;
Kretser et al., 2014). In Ethiopia, in addition to contamination during food preparation, eating

raw and under cooked egg may a cause for human salmonellosis (Minte Asefa, 2011).



There is little and unorganized literature on the occurrence and antimicrobial susceptibility
profile of NTS in poultry table eggs in Ethiopia. However previous studies conducted on table
egg and other chicken products reported 15.38%, 8.33% (Dawit Nguse et al., 2015) in
Mekelle and 6.3%, 6.8% (Minte Aseffa et al., 2011) in kombolcha were positive for
Salmonella from shell and internal contents of table egg respectively indicates the presence of
the disease in the country. Another study in Gondar town on animal origin foods also showed

that 18 % of raw egg samples were positive for Salmonella (Meberat Ejo et al., 2016).

In addition antimicrobial resistance is a global problem in general and it might be more severe
in developing countries like Ethiopia (Getenet Beyene et al., 2011). In spite of an increase in
egg related salmonellosis and antimicrobial resistance of Salmonella studies related to
epidemiology of egg salmonellosis in Ethiopia is not adequately addressed. Even though
Salmonella isolation was done in Bahir Dar Town on animal products (milk and meat) the
status of Salmonella and associated risk factors on table egg is not known. Studying the
associated risk factors on Salmonella isolation from table egg (egg swabs and internal
contents) and its antimicrobial susceptibility pattern is important for future intervention
measures. Therefore, it is essential to give useful information about potential risk factors and
antimicrobial resistance profile of Salmonella isolate from table eggs in Bahir Dar Town.

1.3. Objectives of the Study
1.3.1. General objective

To evaluate the occurrence, potential risk factors of Salmonella in eggs and their

antimicrobial resistance pattern in Bahir Dar Town, North West Ethiopia.
1.3.2. Specific objectives

To isolate and identify Salmonella from egg shell swab and contents collected from farms
and market, Bahir Dar

To determine the isolation rate of Salmonella in egg samples in the study area

To assess the potential risk factors associated with the occurrence of Salmonella organism.

To determine the antimicrobial resistance patterns of Salmonella isolates



1.4. Research Questions

What was the isolation rate of Salmonella found in eggs of Bahir Dar Town?

What were the potential risk factors associated with the occurrence of Salmonella in egg?
What were the antimicrobial resistance patterns of Salmonella to the selected antibiotic
discs?

How looked like the hygienic condition and knowledge of workers concerning disease in

the farm and retailor?



Chapter 2. LITERATURE REVIEW

2.1.Genus Salmonella

The genus Salmonella is in the family Enterobacteriaceae. Members of the genus are gram
negative, non-spore forming, non-capsulated, facultative anaerobic rods (CDC, 2011). There
are over 2600 identified serotypes of Salmonella. Even though majority of clinical Salmonella
cases can be attributed to 20 serotypes (CDC, 2007), there are instances where infection
occurs due to uncommon serotypes of Salmonella (Wilson et al., 2016). Any of these
serotypes inhabit the intestinal tract of both humans and animals and can cause
gastrointestinal illness (Forshell and Wierup, 2006; CDC, 2011). It is an important pathogen
to the food industry and has been frequently identified as the etiological agent of food borne
outbreaks. However, Salmonella enterica serotype Enteritidis (SE) has been identified as the
cause for major salmonellosis outbreaks involving shell egg consumption of poultry (Patrick,
et al., 2004; Braden, 2006; Forshell and Wierup, 2006). Additional outbreaks of human
salmonellosis linked to egg consumption have come from Salmonella enterica serotype

Typhimurium less frequently (Gantois et al., 2009).

2.2. Taxonomic Classification

The scientific classification of Salmonella was described by Hafez (2005) as:- Domain:
Bacteria; Kindom: Monera; Phylum: Proteobacteria; Class: Gamma Protobacteria; Order:

Enterobacteriales; Family: Enterobacteriaceae; Genus: Salmonella (Hafez, 2005).

Recent advancement in taxonomy divided the genus Salmonella into two species: Salmonella
bongori and Salmonella enteric; S. enterica also has been further divided into six subspecies
namely (enterica, salamae, arizonae, diarizonae, houtenae and indica) with over 2600 known
serovars. S. bongori contains less than 10 serovars (CDC, 2011; Janda and Abbott, 2015; Gal-
Mor et al., 2014).

The genus Salmonella can roughly be classified into 3 groups. Group | includes highly host
adapted and invasive serovars such as S. Gallinarium, S. Polurium in poultry and S. Typhi in
human. non-host adapted and invasive serovars such as S. Typhimurium, S. Arizonae and S.

Entertidis included in Group Il, whereas Group Il contains non-host adapted and non-
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invasive serovars, most of these serovares are harmless for both human beings and animals
(Hafez and Jodas, 2000).

It consists of two species: Salmonella enterica and S. bongori. S. enterica also has been
further divided into six subspecies with over 2600 known serovars (CDC, 2011; Gal-Mor et
al., 2014; Janda & Abbott, 2015; Batista et al., 2015). The serovars of Salmonella are broadly
classified into typhoidal and nontyphoidal Salmonella (NTS). NTS serovars include
Typhimurium and Enteritidis, which are pathogens with a wide-range of host specificity, but
S. enterica serovars, Typhi, Sendai, and Paratyphi A, B, and C are highly adapted to the
human as a host and are the causative agents of enteric fever (Gal-Mor et al., 2014).

2.3. Epidemiology of Salmonella in Eggs of Poultry

Epidemiological research has indicated the egg as a source of human contamination with
Salmonella species in foodborne infection outbreaks. This bacterium was found to be the
main agent of foodborne diseases (FBD) and fresh eggs were considered the main cause of
FBD in the United States (CDC, 2010). In the European Union in 2008, salmonellosis was
associated with food poisoning caused by the consumption of eggs and egg by-products
(EFSA, 2010).

The physical barriers in intact egg shell has roll to prevent bacterial penetration, including the
cuticle, the eggshell membrane, and a thick layer of material that separates the shell
membrane from the albumen (Lunam and Ruiz, 2000). The albumen contains antimicrobial
substances (Gantois et al., 2009). It has a high concentration of ovotransferrin, which chelates
iron, inhibiting bacterial growth, as well as lysozymes, which are cationic peptides capable of
interacting with the lipopolysaccharide layer of the cell wall of Gram-negative bacteria,

forming pores that allow albumin overflow into the bacterial cytoplasm (Clavijo et al., 2006).

Salmonella species enters the poultry egg through one of two methods, internal contamination
or on the outer shell surface (Gantois et al., 2009). Internal contamination of table egg can be
by direct contamination of egg contents before oviposition, originating from infection of the
reproductive organs or through penetration of the eggshell. The yolk is a suitable substrate for

bacterial multiplication and differently from other egg structures; it does not have



mechanisms to prevent bacterial growth. In addition of infecting the ovaries, the yolk can be
infected by the penetration of Salmonella species through the contaminated eggshell and yolk
membrane. Yolk invasion rate is affected by egg storage time and temperature. Once inside
the egg, the bacteria need to cope with antimicrobial factors in the albumen and vitelline
membrane before migration to the yolk can occur (Gantois et al., 2009). Although several
different Salmonella serotypes can pass from a hen‘s blood stream to the reproductive tract, S.
entertidis appears to be the one serotype that has the capacity to survive antimicrobial attacks
during egg formation within the hen‘s oviduct (Gast, 2007; Gantois et al., 2009).

External contamination of egg shells can come from the hen‘s environment and vectors such
as rodents. Contamination of the eggs is primarily due to passage of the bacteria from the
hen‘s intestinal tract to the reproductive tract with subsequent incorporation into the forming
egg (Gast, 2007). Salmonella species exposure from environmental factors should be
minimized to increase biosafety. Sanitation and inspection controls of egg production and
packaging have led to a decrease in the number of eggs contaminated through the outer shell
(Patrick et al., 2004). Several regulations are in place to minimize the cross-contamination of
poultry housing units and more are being proposed for production flocks with over 5,000 hens
(CDC, 2011). Several other post-harvest cross contamination minimization efforts can be
done to minimize contamination by Salmonella, include ultraviolet light, microwave, pulsed

light, ultrasounds, and other technologies (Galis et al., 2013).

During food preparation pathogenic organisms may be transferred to food items by the
handler both directly or by cross contamination through hands, surfaces, utensils and
equipment that have been inadequately clean and disinfected between the preparations of
different types of food including egg (Linda and Irma, 2005). According to Haileselassie
Mekonnen et al. (2012) observations in Mekelle city most of the establishments of the kitchen
were found to be congested, dirty and also used as storage. Most of the establishments had
two compartments of glass and dish washing devices, which used "bowl and/or bucket"
system as a surrogate to sink or vat washing devices which predispose food to be

contaminated. (Haileselassie Mekonnen et al., 2012).

None typhoidal salmonellosis imposes a significant role on the public health problem both in

developed and developing countries. It is estimated that 93.8 million cases due to Salmonella

7



and cause 155,000 deaths every year. According to food-borne disease surveillance network
data from 2001 to 2005, S. Entertidis was the most common serotype world wide (65 %),
followed by S. Typhimurium (12%) and S. Newport (4%) isolates in Asia, Europe and Latin
America respectively. S. Entertidis was the most frequent isolate. In North America S.
Thphimurium was the most frequently reported followed by S. Entertidis (Galanis et al.,
2006; and Majowicz et al., 2014).

In Africa, S. Entertidis and S. Typhimurium represented 26% and 25% of the isolates,
respectively. Sub- Saharan Hospital based studies reported S. Entertidis, S. Thphimurium, S.
Typhi, S. Paratyphi as more frequent infections. In this region, invasive NTS is endemic and
has high morbidity and mortality in children less than 3 years and immune compromised
adults (Morphet et al., 2009 and Crump et al., 2011).

In Ethiopia, due to lack of coordinated epidemiological surveillance system, under reporting
of cases and inadequate laboratory facilities, it is difficult to evaluate the situation of
salmonellosis. It is expected that salmonellosis to be common, mainly in elders, children and
immuno compromised ones (Misganaw and Williams, 2013). From egg Salmonella
prevalence presented 11.5% in Kombolcha by Minte Asefa et al. (2011), 11.9 % in Mekelle
by Dawit Negus et al. (2015), 18% in Gondar town by Mebrat Ejo et al. (2016), 13.3% in East
shewa zone by SolomonTsegaye et al. (2016) and 2.7%- 2.9 in Haremaya by Jelalu Kemal et
al. (2016) and Kassahun Tessema et al. (2017) respectively were recorded.

2.4. Potential Risk Factors Associated with the Occurrence of Salmonella in Egg

The sources of Salmonella infection for avian species are numerous. Poultry is often
unapparent carriers, latently infected, clinically ill, and they may excrete Salmonella in their
faeces. They form a large reservoir and become source of contamination for humans, other
animals and to the environment. Mechanisms by which poultry contract Salmonella is
through, vertically from parent and horizontally. Poultry often become infected via horizontal
transmission by litter, faeces, feed, water, fluff, dust, shavings, straw, insects, equipment and
other fomites contaminated with Salmonella and by contact with other chicks or poultry,

rodents, pets, wild birds, other domestic and wild animals and personnel contaminated with



Salmonella. Vertical transmission occurs in reproductive tract when follicles in the ovary are

infected or the developing eggs become infected in the oviduct (Wray, 2000).

A study done in California on layers and participants in the California Egg Quality Assurance
Program determined management of flock manly influenced S. Entertidis positive tests in
general. More study is required to determine a correlation between time intervals of cleaning
versus cleaning methods, however, the removal of the manure is an essential step in
decreasing S. Entertidis (Castellan, et al., 2004). Intervention measures in the flock, such as
intensive rodent control, have the capacity to decrease public health risks and control
Salmonella in eggs. Monitoring of the flock and the facility helps to identify if the
environment is positive for S. Entertidis. A regular testing of samples from the area such as
manure areas, egg belts, and feed can assist in controlling the spread of S. Entertidis. Once an
area has tested positive, all the eggs produced by that flock can be sent for pasteurization or
other production method in order to effectively control the spread for the lifetime of the
infected flock. Additionally the producer has the option of eliminating the infected flock
entirely (Mumma et al., 2004; Wegener et al., 2003).

Human traffic also should be limited and controlled by using physical barriers. S. Entertidis
can be carried on clothing, hair, exposed skin and footwear. Employees should wear freshly
laundered clothing and visitors should be provided with clean protective clothing. A properly
maintained boot dipping station can help prevent the exit of S. Entertidis from the positive
house on boots. Organic material should be removed from the surface of the boot before the
boot is dipped into the disinfecting solution. Disinfectants should be properly diluted and
changed at least daily (or more often if baths collect a lot of dirt and manure) to be effective.
(FDA, 2011).

Physical barriers that producers should consider in the case of S. Entertidis positive house are
changing outer clothing upon exiting the positive house and, where practical, having
dedicated equipment for the positive house. These barriers reduce the risk of cross-
contamination among houses when one or more houses on a farm has tested positive for S.
Entertidis. If having dedicated equipment is not possible, shared equipment should be

completely cleaned and disinfected upon removal from the positive house. Although the



common egg belt may be impractical to clean and disinfect, once a house has tested positive
for S. Entertidis, the egg belts in that house should be turned off to avoid commingling eggs

from the positive house with eggs from other houses on the common egg belt (FDA, 2011).

Housing type used in production flocks can also influence the spread of S. Entertidis. Whether
or not the difference is due to the air circulation of the caging used, water availability and
source, or manure removal technique, still requires further study. Nordentoft, et al. (2011)
could not determine that caging systems had any impact on the intestinal micro biota of the
laying hens. However, chicks that were experimentally infected and housed at high densities
in unsanitary conditions had an increase of S. Entertidis. Overall, there is more evidence to
support increased sanitation and air flow as minimizing S. Entertidis factors in rearing

systems rather than choice of cage type (Castellan, et al., 2004 and Nordentoft, et al., 2011).

Management practices may have a significant influence on the degree of transmission of
Salmonella. Many of the factors that influence horizontal and vertical transmissions are
interrelated (Wray, 2000). Improved sanitary housing systems, vaccinations and cleaning
processes have all led to the claim of decreased cases of S. Entertidis (Braden, 2006; UEP,
2010; Patrick, et al., 2004). Maintaining proper temperature controls after collection of eggs is
a vital step in ensuring the safety of the egg. Keeping eggs in cold storage inhibits the growth
of S. Entertidis within the egg (Gast and Holt, 2000). Additionally, safe handling during
transportation also requires adequate temperature control measures. Refrigeration can prevent
continued growth, but does not kill bacteria. Salmonella species are destroyed by heat; heating
at 57-60°C or 134-140°F effectively kills the bacteria. Salmonella species can be found on the
outside of an egg shell before washing or can be inside the egg from an infected hen. Federal
regulations require that all eggs from commercial producers be sanitized prior to packaging
(CDC, 2011).

2.5.Cultural Characteristics of Salmonella

Conventional microbiological methods serve as the basis for analysis in many food safety and
public health laboratories due to the ease of use, reliability of results, high sensitivity and
specificity, and lower cost compared to emerging molecular-based technologies (Gracias &

McKillip, 2004; Maciorowski et al., 2006). Culture based methods are most widely used
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techniques and remain the gold standard for of Salmonella isolation due to their selectivity
and sensitivity (Alocilja and Radke 2003). However, these procedures need to prepare
multiple subcultures required for several identification steps, taking more than 5 days for
complete isolation and confirmation. Depending on the approach, standard culture methods
for Salmonella typically require 5-7 days to get the result as they rely on the ability of
Salmonella to multiply to visible colonies, which can then be characterized by doing
additional biochemical and or serological tests. In addition, false positive results may occur
due to competitive flora (e.g. proteus) (Naravaneni & Jamil, 2005).

The isolation and culture of conventional detection method of Salmonella cannot meet the
testing requirements of quick and easy detection at the grassroots level. Under circumstances
in which high throughput screening is required for a large number of samples, the laborious
and time consuming culture-based techniques may not properly address such a requirement
(Wu et al., 2015). Due to their widespread use, numerous and varied bacteriological media
are applied to best monitor for Salmonella in food and food ingredients. The media may
contain inhibitors or delay the growth of non-target organisms, or particular substrates that
confer a particular color to the growing colonies, or that only target bacteria can degrade
(Manafi, 2000).

Cultural methods involve enrichment of a portion of food sample to recover sub-lethally
injured cells due to heat, acid, cold or osmotic shock (Gracias and McKillip, 2004) in a non-
selective pre-enrichment media, and to increase the number of target cells as these are
generally not uniformly distributed in foods, typically occur in low numbers, and may be
present in a mixed microbial population (ISO, 2007). Most commonly used media in pre-
enrichment step are BPW and lactose broth. The pre-enrichment process and formulas have
been tested to increase the sensitivity of Salmonella detection. Antimicrobial resistant
Salmonella species could be highly recovered by using appropriate antibiotics in pre-

enrichment and selective media (Carrique-Mas & Davies, 2008).

Primary enrichment cultures inoculated into secondary selective enrichment broths, such as
Tetrathionate Broth (TT), Rappaport Vasiliadis Soy broth (RVS), Selenite Cystine broth (SC),
or Muller-Kauffmann Tetrathionate- Novobiocin broth (MKTTn) and incubated at elevated

temperatures (37°C or 42°C for 18-24 hours). There are several standard methods utilizing
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combinations of media such as the current 1SO horizontal method, ISO 6579 (updated in
2007) for the detection of Salmonella, including Salmonella Paratyphi and Salmonella Typhi
applicable to products intended for animal feed, human consumption and to environmental

samples in the area of food production and food handling (BAM, 2007).

The selective enrichment media containing Salmonella at the level of above 104 cells ml_1
are streaked on solid selective media to isolate presumptive positive Salmonella colonies,
simultaneously inhibiting the growth of other bacteria (Carriqgue-Mas & Davies, 2008).
Commonly used plating media include Salmonella-Shigella agar (SS), brilliant green agar
(BGA), bismuth-sulfite agar (BSA), Hektoen enteric (HE), and xylose-lysine-deoxycholate
agar (XLD). The colonies of different Salmonella serotypes are differentiated by colors with
the coliforms on these media (Mallinson et al., 2000). However, some serotypes are not
distinctive and even missed on those media, yielding false negatives and increasing cost for
additional tests (Carrique-Mas & Davies, 2008; Manafi, 2000). The recovery and selectivity
of Salmonella may be further enhanced by using two or more selective media or adding
appropriate supplements to plating media such as novobiocin, malachite green, thiosulphate,
and sulphamethazine (Carrique- Mas & Davies, 2008; Kang & Fung, 2000).

The conventional methods have been improved to reduce cost and labor and to offer faster
detection and identification of Salmonella. For example, chromogenic and fluorogenic growth
media (e.g. SM-ID agar, Rambach agar and BBL CHROM agar Salmonella) used for
detection, enumeration, and identification directly on the isolation plate have shown to be
convenient, reliable, and more specific and selective than conventional media. The test result
using these selective media is typically available 1 day earlier than conventional methods but
is not fast enough to respond to bioterrorism events, Salmonella outbreak, and product recall
(Manafi, 2000; Maciorowski et al., 2006; Perry & Freydi_ere, 2007; Alakomi & Saarela,
2009).

2.6. Biochemical Characteristics of Salmonella

Presumptive Salmonella colonies isolated on plating media are typically inoculated and
incubated in triple sugar iron agar (TSI) and lysine iron agar (LIA) followed by urease test

and additional tests for urease negative cultures. TSI and LIA media use glucose-fermentation
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and lysine decarboxylase reactions for screening Salmonella species respectively. The
cultures giving typical reactions for Salmonella are submitted for biochemical and serological
identification tests. Serotyping identifies the serogroups of the cultures by antigenic analysis
using agglutination reaction subject to antigenic structure. However, the same Salmonella
serotype can vary with antigenicity due to change and loss of the surface antigens, reducing
the sensitivity of serological methods. If Salmonella isolates cannot be serotyped under
certain conditions, Pulsed-field gel electrophoresis characterization might be useful in place
of serological assays (Sorensen, Alban, Nielsen, & Dahl, 2004).

Based on morphology and indicative biochemical reactions on selective agars typical
Salmonella colonies are identified then cultured onto non-selective media prior to
confirmatory testing. Confirmations and identification procedures for Salmonella, preliminary
identification is traditionally performed using classical biochemical and serological tests. Key
biochemical tests include the H2S production, negative urease reaction, glucose fermentation

lysine decarboxylase, negative indole test, and fermentation of dulcitol.
2.7. Serological Tests of Salmonella

Serological confirmation tests typically utilize polyvalent antisera for flagellar (H) and
somatic (O) antigens. Isolates with a typical biochemical profile, which agglutinate with both
H and O antisera are identified as Salmonella species. Where results are inconclusive, it may
be necessary to perform additional biochemical tests. Positive isolates are often sent for
further serotyping to identify the serovar using specific antisera as per the Kauffman-White
(KW) typing scheme recognizing 46 O antigens, and 119 H antigens, thereby permitting the
characterization of 2,541 serotypes. Serotyping is a useful epidemiological tool in identifying
circulating serotypes and to characterize outbreaks. Serotyping is undertaken at reference
laboratories and is rarely performed in routine food or clinical laboratories. Antigenic
formulae was done according to Le Minor and Popoff standard method for naming the
serovars (Le Minor and Popoff, 2001).

These are satisfactory for establishing the presence and estimating the prevalence of the
infection within a flock. The tests that are readily applied include tube agglutination (TA) test,

rapid serum agglutination (RSA) test, stained antigen whole blood (WB) test, and micro
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agglutination (MA) test. Other serological tests include micro- antiglobulin (Coombs),
immune diffusion, haemagglutination and enzyme linked immunosorbent assay (ELISA). The
rapid serum agglutination test can be used under field conditions and the reactors can be
identified immediately. Chickens can be tested at any age, although some authorities specify a
minimum age of 4 months (Wray, 2000).

2.8. Antimicrobial Susceptibility of Salmonella

Many drugs used in veterinary medicine have identical analogs that are used in human
medicine (Smith et al., 2005). Extensive and improper use of antibiotic drugs in food animal
agriculture can establish reservoirs of antimicrobial resistant bacteria. Animal-derived
antimicrobial-resistant bacteria can colonize the intestinal flora of humans. It has great impact
to the public health in general (Levy and Marshall, 2004; Afema et al., 2014). Esaki et al.
isolated 94 Salmonella strains of 10 serotypes from different poultry farms in Chile (broiler
and laying hens). Thirty nine of them were resistant to flumaquine, nalidixic acid and oxolinic
acid. All strains were sensitive to ciprofloxacin. The most frequent serotypes were
S.Enteritidis and S. Heidelberg (Esaki et al., 2004). Growth promoting agents in feed
preparations and water supplements illustrate the largest segment of antibiotic use in poultry
production. The usage of growth promoting agents in food animal production is a major
public health threat, because this practice can contribute to the emergence of antimicrobial
resistance worldwide (Silbergeld et al., 2008; Walsh and Fanning, 2008).

Generally antimicrobial resistance is a global problem, but it might be more severe in
developing countries including Ethiopia where there is lack of antimicrobial resistance
assessments of Salmonella and lack of rigorous regulations, but there is easy access of
antimicrobials for purchase of people without prescription and incomplete treatment courses
as the result of patient non-compliance and detected multiple drug resistant Salmonella
organisms in their study on etiology of febrile and diarrheic illness in Ethiopian children
focusing on Salmonella (Getenet Beyene et al., 2011). Behailu and Mogessie (Behailu
Bekele; Mogessie Ashenafi, 2010), reported about 70% of the isolates had varying resistance
to the tested antibiotics. Over 30% of the Salmonella isolates develop multiple drug

resistance. Commonly prescribed antimicrobials developed resistance to the majority of
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Salmonella isolates and this may be a considerable risk in the treatment of clinical cases
(Addis Zelalem et al., 2011). According to Berhanu Sibhat et al. out of the 87 isolates 20.7%
Salmonella serovars were resistant to two or more antimicrobials. Among the antimicrobial
resistant Salmonella serovars, S. Newport develops multidrug resistant (15.6%) and showed

resistance to streptomycin, sulphisoxazole and tetracycline (Berhanu Sibhat et al., 2011).

In Ethiopia resistance pattern of Salmonella isolates from chickens indicated large proportions
of strains resistant to a variety of drugs. From his study conducted on Salmonella strains
isolated from chicken carcass and giblets (liver, gizzard and heart) obtained from processing
plants at Debre Zeit and supermarkets in Addis Ababa 63.7% of the 80 Salmonella strains
were resistant to one or more antimicrobials of which 52.5% displayed multiple-drug
resistance. From all isolates faced to different antimicrobials 51.2% of Salmonella strains
were resistant to sulfisoxazole, 41.2% to tetracycline, 45% to amoxicillin-clavulanic acid and
ampicillin, 46.2% to spectinomycin and 30% to chloramphenicol. Less than 27.5% of the
strains showed resistance to different antimicrobials including, florfenicol, streptomycin,
cotrimoxazole and to trimethoprim. S. Typhimurium var. Copenhagen (100%), S. Anatum
(62.5%), S. Typhimurium (33.3%) and S. Braenderup (34.3%) showed multiple antimicrobial
resistance to up to eight antimicrobials. They indicated that chickens as source of multiple

antimicrobial-resistant tested Salmonella for human infections (Bayleyegn Molla et al., 2003).

In Jimma (Haimanot Tassew et al., 2010) conducted resistance test and from the two
Salmonella isolates one was reported to be susceptible against all 12 tested antimicrobials,
while the other to all the 11 except cephalexin. According to Sefinew Alemu and Bayleyegn
Molla, (2012) out of twenty-eight Salmonella species isolated, eleven of them (39.3%) were
resistant to one or more of the antimicrobials tested. In their study resistance was shown to
ampicillin,  chloramphenicol, gentamycin, norfloxacin, polymyxin-B, streptomycin,
tetracycline and trimethoprim. Four of 11 (36.4%) were multiple antimicrobial resistant. All
the isolates tested were susceptible to the antimicrobial effects of gentamycin, norfloxacin and
trimethoprim. All isolates of Salmonella Infantis, Salmonella Typhimurium (except one) and
Salmonella Mishmarhaemek were susceptible to the tested antimicrobials. One S.

Typhimurium isolate was resistant to chloramphenicol, streptomycin and tetracycline.
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Salmonella Haifa was multiply antimicrobial resistant to ampicillin, tetracycline and
streptomycin. All isolates of Salmonella Heidelberg were resistant to streptomycin. Cole L. et
al. investigated antimicrobial resistance pattern of Salmonella serovars and reported 31.8%
multidrug-resistant Salmonella serovars to various antimicrobials. All Salmonella isolates
were susceptible to the antimicrobial effects of amikacin, apramycin, carbadox, ceftriaxone,
ceftiofur, cefoxitin, ciprofloxacin, florfenicol, gentamicin, kanamycin, nalidix acid, neomycin,
nitrofurantoin and tobramycin. Resistance to the remaining 10 antimicrobials varied between
4.6% and 18.2%. Resistance to ampicillin, sulfisoxazole, streptomycin and cephalothin (each
18.2%) was common among the isolates, followed by tetracycline (13.6%) (Cole L. et al.,
2006).

Salmonella Typhimurium isolates showed resistance to ampicillin and cephalothin,
sulfisoxazole, streptomycin, sulfamethoxazole- trimethoprim and trimethoprim, amoxicillin/
clavulanic acid, chloramphenicol, spectinomycin and tetracycline. However, S. Reading
isolates showed resistance to streptomycin, sulfisoxazole and tetracycline only. All the
resistant strains of S. Typhimurium and S. Reading showed a multidrug resistance pattern. S.
Typhimurium PT 193 demonstrated a multidrug resistance pattern to up to 9 different
antimicrobials. Behailu & Mogessie studied drug resistance among enterococci and
Salmonella from poultry and cattle in Ethiopia. Among the enterococci, resistance to
erythromycin, clindamicin, amoxicillin, ampicillin and cephalothin was high. Resistance to
vancomycin was detected in all enterococcal species. Over 80% of the isolates showed
multiple drug resistance. A total of 51 Salmonella isolates were obtained from poultry
(43/280) and cattle (8/450). About 70% of the isolates had varying resistance to the tested
antibiotics. Multiple drug resistance was observed in over 30% of the Salmonella isolates. The
most frequent resistance pattern was Amo/Amp/Cip/Gen/Str in cattle and Amo/Amp/
Cep/Cip/Gen/Kan/Str in poultry (Behailu Bekele; Mogessie Ashenafi, 2010).

2.9. Prevention and Control of Salmonella

Prevention of salmonellosis by the implementation of hygiene measures is difficult and use of
antibiotics may give rise to the emergence of resistance problems (Mastroeni and Menager,

2003). Reducing Salmonella prevalence requires a multi-hurdle approach at all stages of
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breeding, hatching, grow-out, transportation and processing. Attenuated DNA recombinant
live Salmonella vaccines, combined with comprehensive control strategy in animals, feed and
animal food stuffs will help to reduce salmonellosis. Additional measures to control
secondary contamination could be prevention of contamination by cleaning and disinfection,
hygiene of personnel and proper processing. Growth of micro-organisms in meat and poultry
products can be controlled by maintaining a cold chain at 10°C, especially for Salmonella

during transport and storage (Coleman et al., 2003).

Control of Salmonella in poultry flocks, by eliminating contaminated flocks, has been
successful in Denmark and Sweden, and has led to low levels of salmonellosis acquired in
these countries (Wegener et al., 2003; WHO, 2007). Control in these countries involves an
integrated surveillance system where there is systematic long term collection of data from
animals, humans and food, with subsequent elimination of contaminated flocks. Chemical
compounds are used to disinfect the eggs in order to reduce the number of existing

microorganisms in the eggshell (Kirk, 2004; Wegener et al., 2003).
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Chapter 3. MATERIALS AND METHODS

3.1. Description of Study Area

Study was conducted at Bahir Dar Town during 2018/ 2019. Bahir Dar is located
approximately 580 km north-west of Addis Ababa in Amhara National Regional State.
Geographically Bahir Dar is located at latitude of 11.59° North and 37.39° East and its
average elevation is estimated to be 1810 m above sea level. As National Meteorological
Agency reported in 2016 the Towns‘s mean annual temperature was 20.85 °C (Gezahegn
Abebe, 2017). According to the central statistical agency 2013 statistical report on national
labour force survey, the total population of Bahir Dar Town is 202,157 (CSA, 2013).
According to Bahir Dar Town Agricultural office annual report there are 13 poultry farms and
36,870 layers in the Town (Abebu Taddesse, 2018).

3.2. Study Design

A cross-sectional study design was conducted for detection of Salmonella in chicken table
eggs collected from Bahir Dar Town poultry farms and markets were undertaken from
November 2018 to April 2019. The study was used observation, questionnaire survey and

laboratory finding tools.

3.3. Study Population

The source of population was all poultry table eggs found in and around Bahir Dar Town. The
study population were includes all table eggs present in this Town during the study period.
The sampling units were those table eggs that included in study by chance and the investigator

take sample on it.
3.4. Sample Size Determination and Sampling Method

The sample size required for this study was determined based on the single population
proportion formula (Thrusfield, 2007). There was previous study on Salmonella in chicken
eggs in kombolcha poultry multiplication center. Therefore, 11.5% expected prevalence with

95% desired confidence interval and 5% absolute precision were used.
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Where:- n = required sample size,
Pexp = €xpected prevalence,
d = desired absolute precision.
Based on the above given formula, the total sample size calculated to be 157

A total of 157 eggs; were from commercial farms and scavenging form of production. From
commercial poultry farms in Bahir Dar Town 78 eggs (39 eggs before storage and 39 eggs
from the store). There are 13 functional farms in two sub cities during study period and
sampling was done from all farms proportionally, dividing the total sample size taken from
farm into number of farms then 6 eggs were collected from each farm. To take these 6
samples from each farm systematic random sampling technique was used. The remaining 79
eggs were collected from Bahir Dar market by systematic random sampling on convenient
market day (Saturday). By simple observation, try to estimate egg sellers in a line and divide
it by number of eggs i need to collect in that day to get the interval "k™. If the person sit in
sampling interval has no egg sampling is done from a person next to it. Only one egg is
bought from one person. Eggs were collected aseptically, individually packed with sterile
plastic bag and transported to Amahara Public Health Institute Microbiology Laboratory
immediately after collection.

The sterile plastic bags containing selected eggs were opened in the lab and the samples were
processed immediately with in the safety hood (bio-base I1). The shell surface of the intact
eggs was sampled by swab technique, after sterile cotton swabs dipped in sterile buffered
peptone water (BPW), the entire surface area of the egg shell was swabbed gently. The swab

was directly inoculated into screw capped bottles containing 10 ml BPW (Suresh et al., 2006).
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The same eggs from which shell sample were collected also used for egg content sampling. In
order to sample the internal contents the eggs surface were sterilized by immersing in solution
prepared from 70% alcohol and iodine in 3:1 ratio for 10 seconds, air dried with in the safety
cabinet for 8-10 min and then cracked with a sterile knife. Auto vortex mixer was used to mix
well the egg contents. After each egg‘s content was homogenized 25ml of the mixed egg

content was inoculated into 225 ml of BPW and homogenized for two minute.

Bahir Dar City
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Figure 3. 1. Sampling Method Diagram for poultry farms Found in Bahir Dar Town

3.5. Questionnaire Survey

Survey part of the study was conducted by collecting data through semi-structured
questionnaire format. The questionnaire was recorded by interviewing farm owners,
attendants and persons who work on retailers. A direct observation and semi-structured
questionnaire survey was conducted to evaluate the egg handling, storage, transportation,
knowledge and other management practices of the poultry farm workers and egg sellers

including retailers. Content of the questioners includes issues addressing housing system,
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biosecurity, personnel hygiene, egg handling practices and knowledge on the occurrence of

disease on poultry (Appendix 7.8).
3.6. Isolation and ldentification of Salmonella

The isolation was conducted based on the conventional methods for the detection of
Salmonella following the standard guidelines from 1SO 6579: (ISO, 2007) (Microbiology of

food and animal feeding stuffs horizontal method for the detection of Salmonella species).
3.6.1. Non-Selective Pre-Enrichment

The egg surface swabs were directly inoculated into a screw capped bottles containing 10 ml
BPW and incubated at 37°C for 16-18 hours. Each egg‘s content was mixed thoroughly by
using auto vortex mixer and 25 ml of the mixed egg content was inoculated into 225 ml of
BPW and incubated at 37°C for 16-18 hours (Suresh et al., 2006).

3.6.2. Selective Enrichment

The pre-enrichment broth after incubation for 16-18 hours was mixed and 0.1 ml of the broth
was transferred into a tube containing 10 ml of Rappaport- Vassiliadis medium (RV broth).
Another 1 ml of the pre-enrichment broth was transferred into a tube containing 10 ml of
Muller-Kauffmann tetrathionate broth (MKTT broth). The inoculated RV broth was incubated
at 41.5 °C £1°C for 24 + 3 hours and the inoculated MKTT broth at 37 °C+1 °C for 24 + 3
hours (Suresh et al., 2006).

3.6.3. Plating out and identification

Xylose lysine desoxycholate (XLD) agar (Titan Biotech Ltd., Bhiwadi, India) and Salmonella
- Shigella (SS) agar (Titan Biotech Ltd., Bhiwadi, India) plates were used for plating out and
identification purpose. A loop-full of inoculums from the RV broth and MKTT was
transferred and streaked separately onto the surface of xylose lysine deoxycholate agar (XLD
agar) and Salmonella-shigella agar (SSA) separately. The plates were incubated at 37°C +
1°C for 24 = 3 hours. After proper incubation, the plates were examined for the presence of

suspected Salmonella colonies which XLD agar is pink with a darker pink center whereas
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lactose-positive Salmonellae are yellow with or without blackening. Confirmation was done
by using biochemical test according to 1SO 6579 (ISO, 2007).

3.7. Biochemical Confirmation of Salmonella Isolates

Each identified colony with typical Salmonella morphology was confirmed biochemically by
inoculation into triple sugar iron agar, methyl red-Voges-Proskauer broth, indole test,
Simmons* citrate agar, urea agar, lysine iron agar, kligler's iron agar and SIM medium and
incubated at 37 °C for 18 to 48 hours and interpreted according to International Organization
for Standardization guidelines (ISO) 6579 updated in 2007 (ISO, 2007).

3.8. Anti-microbial Susceptibility Testing

Antimicrobial susceptibility test was done based on the criteria of the Clinical and Laboratory
Standards Institute (CLSI) (CLSI, 2018) for all isolates of Salmonella. For susceptibility test,
the anti-microbial is selected based on the groupings of antimicrobial agents with united states
food and drug administration clinical indications that should be considered for routine testing
and reporting on non-fastidious organisms from each subclass of antimicrobials which are
commonly used for treatment of Salmonella in animal and human was selected. The anti-
microbial susceptibility test was conducted for 10 antimicrobial by Kirby—Bauer disc
diffusion method on Mueller-Hinton agar (MHA). The zone of inhibition was measured with
caliper meter in millimeter (mm) and interpreted according to the standard of CLSI guideline

and manufacturers recommendation as susceptible, intermediate or resistant (CLSI, 2018).
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Table 3.1. Clinical Laboratory Standard Institute breakpoints for Enterobacteriacea

(CLSI, 2018)
Antimicrobial Concentration Susceptible (mm)  Intermediate Resistant
(ng/disc) (mm) (mm)
Ampicillin (AMP) 10 =17 14-16 <13
Cephalothin (CEP) 30 >18 15-17 <14
Ciprofloxacin (CIP) 5 =21 16-20 <15
Chloramphenicol (C) 30 >18 13-17 <12
Gentamycin (GEN) 10 =15 13-14 <12
Kanamycin (K) 30 >18 14-17 <13
Nalidixic Acid (NA) 30 >18 14-18 <13
Rifampicin (R) 5 =14 <14
Tetracycline (TET) 30 =15 12-14 <11
Streptomycin (S) 10 =215 12-14 <11

3.9.  Quality Control and Quality Assurance

A standard operational procedure (SOP) was strictly followed for sample collection, transport
and storage. The quality of data and the reliability of test results were assured by following
standard procedures and the routine use of control bacterial strains. The sterility of prepared
media was checked by incubating plates for 24-48 hours at 37°C. A well-known bacterial
strain was used as a positive control for screening tests, confirmatory tests and disk diffusion
antimicrobial susceptibility tests.

3.10. Data Analysis

All data were entered into a Microsoft Excel spreadsheet and transferred to SPSS version 20
for analysis. Prevalence of Salmonella by source of samples and sample types was expressed
as percentages. Descriptive analysis of the collected data was done for most variables in the
study using statistical parameters like percentage and mean. The association was identified by
logistic regression on the basis of 95% confidence interval and p-value. P-value less than 0.05

were taken as cut point of significant.
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Chapter 4. RESULTS AND DISCUSSIONS

4.1. Isolation and ldentification of Salmonella

Out of 314 samples processed from a total of 157 egg surface and internal content, only 7
samples (2.2%) were Salmonella positive. From 7 Salmonella species, 4 isolates were from
egg shall surface swab samples 3 from local market and only 1 from farm table egg and the
rest all 3 isolates were from egg internal content samples collected from small scale poultry
farm (Table 4.1). However, all samples collected from egg contents of market eggs were

negative for Salmonella.

Table 4.1. Isolation rate of Salmonella in different sample types in Bahir Dar Town

Sample type observation No of positive Prevalence
ICF 78 3 3.9

SSF 78 1 1.3

ICM 79 0 0

SSM 79 3 3.8

ICF= Table egg internal contents from farm, SSF= Table egg surface swab from farm, ICM= Table egg

internal contents from market, SSM= Table egg surface swab from market

The overall Salmonella prevalence levels (2.2%) on eggs in current study were in agreement
with the finding of Salmonella species recovered from table eggs in Denmark, with a
prevalence of (2.6%) (EC, 2006) and 2.7% overall prevalence of Salmonella from chicken
table egg conducted in Haremaya University poultry farm and local chicken eggs directly
collected from the farmers in Haremaya district (Jelalu Kemal et al., 2016). Kassahun
Tessema et al. (2017) also reported 2.9% prevalence from different breeds (Bovans, Fayomi

and White leg horn) of poultry farm in Haremaya University.

The total isolation rate in current study (2.2%) was higher than study done in retail eggs
samples in New Zealand (1.8%) and from retail egg samples reported in United Kingdom
0.34% (EFSA, 2014), isolated Salmonella species. A recent survey on retail eggs of 5,000 egg
samples in Northern Ireland and the Republic of Ireland found only (0.04 %) which all are
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lower than current study (Murchie et al., 2007). On the other hand the current finding was
lower than the previous studies of Suresh et al. (2006) reported in South India 7.7%
Salmonella prevalence in retail eggs and Solomon Tsegaye et al. (2016) 13.3% prevalence
reported from exotic chicken eggs in Alage, Ziway and Shashemene, Ethiopia. Mebrat Ejo et
al. (2016) also reported 18 % prevalence from raw egg collected from restaurants, hotels,
cafeterias pastry and retail shops in Gondar, Ethiopia. The probable reason for this variation
in the prevalence of Salmonella could be due to difference in disease epidemiology of
Salmonella, difference in application of good egg handling practices, variation in hygienic
situation in the farm, retailers store and lack of awareness of the status of Salmonella in
chicken eggs. Poultry feeds and hatcheries could also be reason for the variation of the overall
prevalence. The report of Kassahun Tessema et al. (2017) stated that the presence of chickens
of different ages in the farm, the presence of arthropod pests, wet and soiled litter in the farm,
and the housing system and flock size could be important reasons for egg contamination with

various micro-organisms.

Salmonella isolation rate in table eggs surface swabs of farm table eggs (1.3 %), in this study
was higher than the report (0%) by Jelalu Kemal et al. (2016) conducted in Haremaya
University poultry farm and lower than reported (4%) by Dawit Negus et al. (2015) in Mekele
Ethiopia and (34%) reported from Spain (Garica et al., 2011). This prevalence difference may
be due to Salmonella prevalence from eggs in this study might be explained by environmental
contamination during storage and transportation and ineffective cleaning of eggs. Moreover,
the management system in practice could also be the probable reason for the variation of the

prevalence.

Table 4.2. Distribution of Salmonella isolates based on sampling sites in Bahir Dar Town

Source of Total Frequency  Prevalence Chi’value p- value
Sample observation of positivity

Farm 156 4 2.6 0.1594 0.69
Market 158 3 1.9
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The levels of Salmonella isolate was not varied among the sampling sites and types. The level
of Salmonella positivity in the local market and poultry farm has no significant difference (p
=0.69) (Table 4.2).

The level of Salmonella isolates in egg shells from the open market was higher than the level
of Salmonella in egg content. There is no significant difference of Salmonella isolation rate

between surface swab and internal contents (P= 0.702) (Table: 4.3).

Table 4.3. Distribution of Salmonella isolates based on sample types in Bahir Dar Town

Sample type Total Frequency prevalence Chi’value p- value
observation of positivity

Shell surface swab 157 4 2.5 0.1461 0.702

Internal contents 157 3 1.9

The prevalence of Salmonella samples taken from internal contents in current study were
1.9% which was lower than study done in Addis Ababa by Zinabu Bayu et al. (2013) reported
4.7%. In farm eggs, we recorded an overall isolation rate of (2.6 %).Various contamination
levels were reported by numerous studies in Ethiopia: (2.5%) from chicken eggs in
Kombolcha city (Minte et al., 2011) 2.9% in Haremaya on chicken of different breeds
(Kassahun Tessema et al., 2017) (2.9%) and (3.3%) in large farms from Grenada, West Indies
(Arathy et al., 2009). Conversely, the present finding was higher than (0 %) in Haremaya
(Jelalu Kemal et al., 2016) and lower than study done in China older and newer layer farms
were 33.3% and 51.1% respectively (Mei Long et al., 2017). There is also another study done

in Bangladesh with prevalence of (13.3%) from ovary of chicken (Hossian et al., 2006).

Salmonella prevalence from eggs in this study might be explained by environmental
contamination during storage and transportation and ineffective cleaning of eggs. Moreover,
the management system in practice could also be the probable reason for the variation of the
prevalence. Egg contamination can occur in the infected ovary of the hen and also through
egg contact with fecal material or it might be due to contamination of eggs during their supply
from chicken owners to wholesale and retail markets. Contamination of egg by Salmonella

can occur in the infected ovary of the hen and also through egg contact with fecal material or
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it might be due to contamination of eggs during their supply from chicken owners to

wholesale and retail markets.

4.2. Antimicrobial Susceptibility Testing

For the antimicrobials tested, all 7 Salmonella isolates were resistant to ampicillin and
tetracycline. On the other hand all isolates were sensitive to gentamycin and ciprofloxacin and

only 28.6 % of isolates were resistant to kanamycin, nalidixic acid and chloramphenicol.

Table 4.4. Susceptibility pattern of isolates to each Antimicrobial disc

Antimicrobials used to test isolate §‘ 8

@ & S
g gt g 2
S8 & 2 GEN CEP AMP NA TET CIP S K R C I 8
IC Farm S R R I R S R S R S 5(50)
IC Farm S | R R R S R S R R 6(60)
IC Farm S R R | R S R R | | 5(50)
SS  Farm S R R S R S R | R S 5(50)
SS  market S R R S R S R S R S 5(50)
SS  market S R R | R | | S R R 5(50)
SS  market S R R R R S R R R S 7(70)
Total 0 6 7 2 7 0 5 2 6 2
resistant
% resistant 0 85.7 100 286 100 O 714 286 857 28.6

AMP= Ampicillin, TET= Tetracycline, CEP= Cephalothin, S= Streptomycin, K= Kanamycin, NA= Nalidixic Acid,

C= chloramphenicol, R= Rifampicin, GEN= Gentamycin, CIP= Ciprofloxacin, SS= surface swab, IC= internal content

This finding was in consistent with study conducted in Haremaya University by Jelalu Kemal
et al. (2016) who reported that all isolates were sensitive to ciprofloxacin and more than 70%
isolates were sensitive to chloramphenicol. In current study all Salmonella isolates were
develop multiple drug resistance. Extensive and improper use of antibiotic drugs in food
animal agriculture can establish reservoirs of antimicrobial resistant bacteria, greatly

impacting public health (Levy and Marshall, 2004; Afema et al., 2014).
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Table 4. 5. Mono drug susceptibility profile of all isolates to the respective Antimicrobials

Type of drug Susceptible Intermediate Resistance
GEN 7(100) 0(0) 0(0)
CEP 0(0) 1(14.3) 6(85.7)
AMP 0(0) 0(0) 7(100)
NA 2(28.6) 3(42.9) 2(28.6)
TET 0(0) 0(0) 7(100)
CIP 6(85.7) 1(14.3) 0(0)

S 0(0) 1(14.3) 6(85.7)
K 4(57.1) 1(14.3) 2(28.6)
R 0(0) 1(14.3) 6(85.7)
C 4(57.1) 1(14.3) 2(28.6)

AMP= Ampicillin, TET= Tetracycline, CEP= Cephalothin, S= Streptomycin, K= Kanamycin, NA= Nalidixic Acid, C=
chloramphenicol, R= Rifampicin, GEN= Gentamycin, CIP= Ciprofloxacin

In current study resistance to ampicillin and tetracycline becomes hundred percent which is
higher than reported 72.7% in Haremaya by Kassahun Tessema et al., (2017) and 73% in
Germany (Miko et al., 2005 ). The finding of this result shows that resistance pattern of
isolates to ampicillin and tetracycline were in consistent with 93.1% reported in Nigeria from
Salmonella isolates in chicken eggs by Ekundayo and Ezeake, (2011). Isolates sensitivity to
Streptomycin 14.3% in current study were lower than 100 % reported by Kassahun Tessema
et al., (2017) and Kanamycin 57% sensitivity also lower than 91% reported by Kassahun
Tessema et al., (2017).
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Table 4.6. Multi drug resistance pattern of isolates

Resistance Total number of
pattern Antimicrobials tested (number of isolate) resistant isolate
5 CEP,AMP,TET,S,R(3) 5

CEP,AMP,TET,S,K(1)

CEP,AMP,TET,R,C(1)
6 AMP,NA,TET,S,R,C(1) 1
7 CEP,AMP,NA TET,S,K,R(1) 1

AMP= Ampicillin, TET= Tetracycline, CEP= Cephalothin, S= Streptomycin, K= Kanamycin, NA= Nalidixic Acid, C=
chloramphenicol, R= Rifampicin, GEN= Gentamycin, CIP= Ciprofloxacin

When bacterial isolate develop resistance to more than two proper antibiotic it is said to be
multidrug resistant. As Magiorakos et al. (2012) said about multi drug resistance, all the 7
isolates were developed multi drug resistant to 3 antibiotic discs. As shown in table (Table
4.6) five of the isolates were multi drug resistant to at least 5 different antimicrobials used in
addition, only one isolate was multi drug resistant to 6 and the other one isolate to 7

antimicrobials used in this study.

Multiple drug resistance was observed in over 30% of the Salmonella isolates which is lower
than current study (100%) of the isolates were developed multi drug resistant for the tested
antimicrobial discs. High proportion of Salmonella isolates were developed resistance to the
commonly prescribed antimicrobials and this may be a considerable risk in the treatment of
clinical cases (Addis Zelalem et al., 2011). In contrast, according to Berhanu Sibhat et al.
(2011) out of the 87 isolates, 18 (20.7%) Salmonella serovars consisting of Newport (n = 14),
Anatum (n = 3) and Eastbourne (n = 1) were resistant to two or more antimicrobials which is

lower than current study.
4.3.Questionnaire Survey

The questionnaire administered to Poultry farm owners, farmers and retailers during the study
period indicated that more than half of the respondents had used one or more biosecurity

measures such as foot bath, isolation, vaccination and restrict the entrance of visitors. All of
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the farm owners included in these study rear chicken in floor system with deep litter and had
no clean and isolated poultry feed and egg store. Many of the farms (84%) use feed additives,
egg stimulants and antibiotic preparations for chemoprophylaxis and curative measures. Any
of the farm owners or attendants (0%) was not get training concerning disease related to egg
contamination and its public health concern. From the farms interviewed more than 90 % of
them follow all in all out principle and disinfect well the farm and materials used in the farm
before entering new flock. In 90 % of the farms egg were not stored more than 3 days but
collecting, storing and transportation was done bay same egg try without any disinfection
every round. They sold their products for hotels and restaurants daily or three times a week,

during fasting time they may store for a month.

Table 4.7. Questionnaire survey result Bahir Dar Town

Activities Interview Response
Yes % No %

Biosecurity

-foot bath/ spray 77 23

- Isolation of diseased birds 65.5 345

-Vaccination for Salmonella -- 100

-Restrict entrance of visitors 69 31

-Use antibiotics and additives 84 16
Use vets fore treatment and vaccination 38.5 61.5
Training about egg handling -- 100
Destocking (all in all out) 92 8
Proper dis infection before entrance of birds 69 31
Transport egg to market by open container 100
Clean store -- 100
Store egg = 15 days in farm 20 80
Store egg = 15 days in households 92 8
Clean egg collection materials and hands every round -- 100

As stated by Snow et al. (2010) the epidemiology of Salmonella is a multiple interaction of
factors involving humans, animals and the surrounding environment. In order to implement an
effective control mechanism, understanding of potential risk factors were required. In current

study different factors were recorded as seen from table (4.7) and logistic regression was
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performed to see the association of this factors. Only one variable, using foot bath becomes
statistically significant (p= 0.012) and odds ratio (0.118). The other risk factors were not
statistically significant.

During observation time the table egg sellers hold the egg with different cereals, straw and
carton plastic materials were also used for transportation materials. In retailers eggs were
stored in unfavorable containers by wooden box containing straws and these all materials
were re used. 68 % of retailers were store eggs more than 2-3 weeks and the source of egg
were rural collectors 100% of them were transport by basket and cartons in open environment.
In current Survey about egg storage time 20% of respondents stored egg greater than 2 weeks
in farm and 92% stored greater than 15 days in households which is different from survey
done in Kombolcha about egg handling and storage indicated 68.5% stored 1-7 days, 26.2%
stored 7-15 days 5.4% stored 15-30 days during hot season (Minte et al., 2011).

Management practices in different farms were poor in current observation which may
contribute to horizontal contamination of eggs as Wray, (2000) it may have significant
influence on the degree of transmission of Salmonella from the environment for shell surface
contamination. This poor management of attendants may due to lack of awareness and low
emphasis of farm owners. Braden, (2006) said improved sanitary housing systems,
vaccinations and cleaning processes have all led to decreased cases of S. entertidis. There is
no Salmonella vaccination practice in study that may be due to unavailability of Salmonella
vaccine or lack of awareness. As Castellan et al. (2004) said the removal of the manure is an
essential step in decreasing S. entertidis but in current observation since the management is
floor system there is no removal of faces which may cause for contamination of egg and birds

including the surrounding environment by Zoonotic Salmonella.

Protective closing has its own value to prevent contamination, in current work majority of
personnel‘s in farm have not implement it. Majority of farm owners used disinfectants by foot
bath or spray form, plays important role to kill bacteria prevent contamination FDA
recommends disinfectants are properly added and changed to safeguard the farm (FDA,
2011).
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Egg handling during collection from laying nest, storage and while marketing during the
observation were too poor. This all have its own contribution for contamination. Safe
handling during transportation, adequate temperature control measures such as refrigeration
can prevent continued growth even though does not kill Salmonella species (CDC, 2011).
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Chapter 5. CONCLUSION AND RECOMMENDATIONS

The isolation rate was low in current study however, more egg contamination was observed
by Salmonella isolates in eggs obtained from the farm than market. External egg
contamination was more frequently observed than the internal content of the egg. Many of
farm owners use feed additives, antibiotics for prophylaxis and treatment by nonprofessionals.
All of the seven Salmonella isolates were tested by ten selected antibiotic discs for
susceptibility test, hundred percent of the isolates were become resistant to more than two
antibiotic discs. All isolates were totally developed resistance to ampicillin and tetracycline
but all of them were become sensitive to ciprofloxacin and gentamycin. From risk factors
analyzed, improper use of foot bath was statistically significant for the occurrence of
Salmonella. Based on the above conclusion the following recommendations are forwarded,;

Avoid use of antimicrobials in growth promoters and feed additives to reduce drug

resistance and public health effects.

It is more advisable to treat Salmonella infection by most potent drugs like

ciprofloxacin and gentamycin.

Using disinfectants and foot bath at the entrance of the poultry farms should be

encouraged to decrease egg contamination by Salmonella.

It is necessary to conduct further study on molecular characterization and serotyping

of Salmonella prevalently found in egg.
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7. APPENDICES

All the procedurs are acording to (Hendriksen R., 2003), (BAM, 2007), (1SO, 2007 upedated)
and (CLSI, 2018) working manual as described by the appendixes.

7.1. Procedure for isolation of salmonella from egg

Procedure for isolation of salmonella from egg contents and surface swab

Non-selective pre-enrichment
Weigh out 25 g egg internal contents with a sterile wood spatula, put it into an Erlenmeyer
flask and add 225 ml buffered peptone water to obtain 1 part sample + 9 part buffer. Mix.
Incubate at 37 °C overnight (16-20 hours).

Prepare selective enrichment (1) and (I1)
Transfer 1 ml of the pre-enrichment with a pipette to 10 ml Tetrathionate broth (Mdller-
Kaufmann).
Transfer 0.1 ml of the pre-enrichment with a pipette to 10 ml Rappaport-Vassiliadis soy
peptone (RVS) broth.
Incubate tube 1 at 37.0°C + 0.5 °C and tube 11 at 41.5°C + 0.5°C overnight (18-24 hours).
Spread on selective agar plates

Spread a 10 pl loop full from the inoculated and incubated Tetrathionate broth (1) and RVS

broth (I1) on XLD and on BGA/SS agar plates and incubate at 37OC overnight (18-24 hours).
Sub cultivation of Salmonella suspect colonies

Read the XLD plates:
A typical Salmonella colony has a slightly transparent zone of reddish color and a black
center; a pink-red zone may be seen in the media surrounding the colonies. Mark typical
Salmonella growth on XLD with a + in the record sheets.

Read the BGA plates:
Typical Salmonella colonies on a BGA agar plate cause the color of the medium to be
red/pink (phenol red is the indicator). The colonies are grey-reddish/pink and slightly convex.
Mark typical Salmonella growth on BGA with a + in the record sheets.
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7.2. Flow diagram for detection of Salmonella

Media preparation
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7.3. Procedure of VVoges—Proskauer (VP) Test

Prior to inoculation, allow medium to equilibrate to room temperature.

Using organisms taken from an 18-24 hour pure culture, lightly inoculate the medium.
Incubate aerobically at 37 degrees °C for 24 hours.

Following 24 hours of incubation, aliquot 2 ml of the broth to a clean test tube.
Re-incubate the remaining broth for an additional 24 hours.

Add 6 drops of 5% of alpha-naphthol, and mix well to aerate.

Add 2 drops of 40% potassium hydroxide, and mix well to aerate.

© N o 0o B~ w DN PE

Observe for a pink-red color at the surface within 30 min. Shake the tube vigorously

during the 30-min period.
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11.

7.4. Procedure of Methyl Red (MR) Test

Prior to inoculation, allow medium to equilibrate to room temperature.

Using organisms taken from an 18-24 hour pure culture, lightly inoculate the medium.
Incubate aerobically at 37 degrees °C for 24 hours.

Following 24 hours of incubation, aliquot 1ml of the broth to a clean test tube.

Re incubate the remaining broth for an additional 24 hours.

Add 2 to 3 drops of methyl red indicator to aliquot.

N o a b~ wDh e

Observe for red color immediately.

7.5. Procedure of Urease Test

1. Streak the surface of a urea agar slant with a portion of a well-isolated colony or
inoculate slant with 1 to 2 drops from an overnight brain-heart infusion broth culture.

2. Leave the cap on loosely and incubate the tube at 35°-37°C in ambient air for 48 hours
to 7 days.

3. Examine for the development of a pink color for as long as 7 days.

7.6. Procedure for Antibiotic susceptibility testing

Select a pure culture plate of one of the organisms to be tested.

Aseptically emulsify a colony from the plate in the sterile saline solution. Mix it thoroughly to
ensure that no solid material from the colony is visible in the saline solution.

Repeat until the turbidity of the saline solution visually match that of the standard turbidity.
Take a sterile swab and dip it into the broth culture of organism.

Gently squeeze the swab against the inside of the tube in order to remove excess fluid in the
swab.

Take a sterile Mueller-Hinton agar (MHA) plate.

Use the swab with the test organism to streak a MHA plate.

After the streaking is complete, allow the plate to dry for 5 minutes.

Antibiotic discs can be placed on the surface of the agar using sterilized forceps.

. Gently press the discs onto the surface of the agar using flame sterilized forceps or inoculation

loop.

Carefully invert the inoculated plates and incubate for 24 hours at 37° C.
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12.

13.

14.

A

After incubation, use a metric ruler to measure the diameter of the zone of inhibition for each
antibiotic used.

Compare the measurement obtained from the individual antibiotics with the standard table to
determine the sensitivity zone.

Compare the measurement obtained from the individual antibiotics to the standard table to

determine whether the tested bacterial species is sensitive or resistant to the tested antibiotic.

7.7. Record sheet

Date:.......covvvvininnnn

Initials: .................. Isolation of Salmonella from food.
Morphology on selective agar plates

Sample: eggs #.....covvvveenennen.

Colour Results Comments

From Tetrathionate:
Morphology on SS

Morphology on XLD

From RVS:
Morphology on SS

Morphology on XLD

7.8. Observation, Survey questions and questionnaire format

Date
Owners/workers  Name: Sex
Address

Breed age

Management type  A. Backyard/ scavenging B. small scale Commercial C. Commercial
Housing system A. Cage system B. Littre system
Roof type A. Metal sheet B. Grass

Laying Nast type

Wall is made from  A. Concrete B. Mud C. Others

49



10.
11.
12.
13.

14.

15.
16.

17.

18.

19.

20.
21.

22.

23.
24,
25.

26.

Manure removal A. Daily B. Weekly  C. Monthly  D. Other

Is there reserve electric power and water supply in your farm? A.Yes B. No

Have you heard about poultry disease? A. Yes B. No

If yes, what is the cause of the disease? A. Bacteria B. Virus C. Parasite
D. Other

Is there any poultry disease outbreak in your farm? A. Yes B. No

If yes, how often it occurs?

Who treat your chicken? A. Veterinary professional B. Non professional personnel
What type of drug mostly used for your chicken? ...........cccccooevvenenne.
Do you use feed additives? What types?
Do you think disease can disease can be transmitted with egg? A. Yes B. No
If yes, how?  A. By making contact with egg B. By eatingegg C. Other___
Did you get any training about proper egg handling? A. Yes B. No
If yes, who gave the training? A. Government organization B. NGOs
C. Parental/ Relatives/Friends Others
What are the reasons for egg contamination?
Dirty hands B. Unclean/dirty egg collection, transportation and handling utensils
C. Contaminated environment D. Dirty egg laying areas E. Others
For whom do you sell your egg?
For merchants B. for consumers C. hotels and restaurants D. Others
How you store eggs? Have you isolated egg store? If you have how long store eggs? A. less
than a month B. greater than a month
How you transport to market
Do you use egg try to collect and store egg? Is it made from paper / plastic? Could you clean
after use?
Do you re use store and storage and transport materials with out disinfection? In what interval
could you di-infect materials
How do you remove spoiled and cracked eggs? A. bury B. simply throw C. use it
Do you handle egg with unclean hands? A. Yes B. No
Do you collect egg from healthy diseased chickens together? A. Yes B. No

What is the cause of drop in egg production?
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A. Disease B. Food and water shortage C. Management problem D. Others__
27. Do you heard about biosecurity measure? if yeas what are apply on your production system?
A. Isolate diseased B. vaccination C. Treat diseased D. limit visitors E. foot bath
28. Do you/workers wear appropriate personal protective equipment (PPE) in your farm?
A. Yes B. No
29. Is there any hand washing facilities or disinfectant in your farm. A. Yes B. No
30. How do you prevent transmission disease from infected to healthy chicken?
A. By isolation B. By selling the diseased C. By slaughtering  D. Others
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Figure 7.1. Flow Diagrams

Flow diagram for the isolation of Salmonella from food
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