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ABSTRACT

A study on the prevalence of thermophilic Campylobacter species was under taken in selected
abattoirs, ,butchers and supermarkets in two cities (Debre Zeit and Addis Ababa)of Ethiopia
from November 2006 to April 2007.The study was conducted on raw meat (beef, chicken meat,
goat meat, sheep meat and pork). A total of 540 raw meat samples consisting of 227 beef, 92
goat meat, 114 sheep meat, 60 chicken meat and 47 pork were collected and analysed during the
study period. Thermophilic Campylobacter species were isolated and identified according to the
techniques recommended by the International Organization for Standardization (ISO/CD
10272-1 and 10272-2, 2002).

Out of 540 raw meat samples analyzed 50 (9.3%) samples were positive for thermophilic
Campylobacter species. The most prevalent species recovered from the samples was
Campylobacter jejuni (78.0%), followed by C. coli (18.0%) and the remaining 4.0% of the
isolates were identified as C. lari. Out of the samples examined chicken meat was the most
frequently contaminated food item with thermophilic Campylobacter species with an over all
prevalence of 21.7%.0f the examined sample 10.5% sheep meat, 8.5% pork 7.6% goat meat,
and 6.2% beef samples were also positive for thermophilic Campylobacter species. The 21.7%
prevalence of thermophilic Campylobacter species in row chicken meat was statistically
significant. Campylobacter jejuni was the predominant species 78.0% isolated from raw meat
samples examined in the current study. Its prevalence was higher in beef with the isolation rate
of 85.7% followed by 84.6% in chicken meat, 83.3% in sheep meat, 71.4% in goat meat and
25% in pork. The difference in the distribution of the C. jejuni among different raw meat types
was statistically significant. Campylobacter coli was the second predominant thermophilic
Campylobacter species isolated (18.0%) from raw meat analyzed. C. coli was the predominant
isolate from pork accounting for (50%) of the pork isolates. Campylobacter lari the least
prevalent species accounting for 4.0% of the total isolates recovered from raw meat examined.
The result of the present study antimicrobial sensitivity test indicates that the overall resistance
of 20.0% was developed to streptomycin. Similarly, 14.0% and 12.0% resistances were

developed against gentamicin and kanamycin, respectively. Of the total isolates 10.0% were

Vil



resistant to tetracycline and ampicillin. Multi drug resistance to two or more drugs was detected
in 20% of the isolates.

The microbiological examination in the current study suggested that thermophilic
Campylobacter species particularly C. jejuni was found in the raw meat analysed. The
development of antimicrobial resistance was observed in a considerable number of isolates.
This indicates the possible risk of food borne campylobacteriosis particularly for elderly and

immunocompromised individuals in Ethiopia.

Keywords: Antibiogram, prevalence, raw meat, Thermophilic Campylobacter species, Addis
Ababa, Debre Ziet, Ethiopia.

VI



1. INTRODUCTION

Campylobacter is one of the most common bacterial genera, containing several species of both
public and animal health importance (Acha and Szyfres, 2001). They are distributed worldwide
and many species are commensal on the mucus membrane of the oral cavity and intestinal tract
while a few species occurs in the prepuce of bulls and the genital tract of cows in the herd,
where bovine genital campylobacteriosis is or, has been present (Ellen et al., 1994). The
organisms can be found in poultry, pigs, sheep, cattle and other food animal species and in bulk
milk samples, tissue specimens from beef cattle and raw ground beef. Several species of birds
and rodents may act as reservoirs and are the ultimate sources for most human infections
(Radostits, 2001). Most of outbreaks in humans are associated with consumption of raw milk or
surface water where as most sporadic cases are often associated with improper handling and
consumption of undercooked poultry or cross contamination of food by raw poultry. Infection
results from consumption of contaminated food, food products, water and/or contact with feces
of animals (especially young animals with diarrhea). Traveling in high prevalence areas is also
considered as risks factors in human disease (Friedman, et al., 2000). Similarly, occupational
exposure may also cause infection and disease in workers in animal health facilities, animal
shelters poultry processing plants, animal agriculture and rendering-plants (Prescott and
Munroe, 1982).

The most common causes of campylobacteriosis in food producing animals include C. fetus
subsp. venerealis, C. fetus subsp. fetus, C. jejuni, C. mucosalis, C. hyointestinalis, C. coli, C.
lari and C. upsaliensis (Quinn et al., 2002).The other species Campylobacter pylori, C.
intestinalis and C. fetus subsp.fetus have been isolated from blood, spinal fluid synovial fluid,
heart, brain, liver and meninges and aborted fetus (Davis et al., 1990). Among these species of
Campylobacter, except the genital form of infection, all infections in animals are acquired
through oral-fecal route (Gyles and Thoen, 1993). The Campylobacter species cause abortion,
stillbirth, infertility, enteritis and diarrhea in animals (Acha and Szyfres, 2001; Quinn et al.,
2002).



Campylobacter enteritis in man has been diagnosed with increasing frequency over recent years,
mainly due to C. jejuni, C. coli and C. lari (Davis et al., 1990; Radostits, 2001). Thermophilic
Campylobacter species, particularly C. jejuni and C. coli, are recognized as one of the most
frequent causes of acute diarrheal disease in humans throughout the world (Nachamkin, 1995).
They are among the major microorganisms causing diarrhea in Europe, the United States and
other industrialized countries. Thermotolerant Campylobacter, particularly C. jejuni and C. coli,
are presently the most common causes of human food borne infections in several developed
countries where the number of reported cases of campylobacteriosis by far has exceeded the
number of cases of salmonellosis (Altekruse et al., 1999; Friedman et al., 2000). Besides,
campylobacter infections are hyperendemic among the infant populations of underdeveloped
countries (Jiménez et al., 1994). Campylobacter jejuni is considered to be one of the principal
bacterial agents causing enteritis and diarrhea in man, particularly in developed countries,
where the incidence is higher than enteritis caused by Salmonella species. Over 80% of cases
are caused by C. jejuni and about 10% of cases are caused by C. coli. Other Campylobacter
species, such as C. upsaliensis and C. lari, may also be associated with human diarrhea
(Lastovica & Skirrow, 2000). In susceptible humans, C. jejuni and C.coli infection is associated
with acute enteritis and abdominal pain lasting for up to 7 days or more. Although such
infections are generally self-limiting, complications can arise and may include bacteraemia,
reactive arthritis, and abortion (Skirrow & Blaser, 2000). The infection is a very wide spread
diarrheal disease in developing world commonly affecting babies and young children and in
individuals with debilitating diseases such as HIV/ AIDS (Tee et al., 1995). Campylobacter
infections usually occur following ingestion of improperly handled or under cooked food and
campylobacteriosis is considered as zoonotic disease, and animals such as poultry, pigs, cattle,

sheep and goat may act as reservoirs for Campylobacter (Jimenez, et al., 1994).

Campylobacter enteritis is a self-limiting disease, and antimicrobial therapy is not generally
recommended. However, antimicrobial agents are recommended for extraintestinal infections
and for treating immunocompromised persons. Erythromycin and ciprofloxacin are the drugs of
choice (Engberg et al., 2001). The rate of resistance to these drugs is increasing in both
developed and developing countries, although the incidence is higher in developing countries
(Steinbriickner, et al. 2000). Use of these drugs for infections other than gastroenteritis and self-



medication are often the causes of increase in resistance in developing countries; where as in

developed countries, resistance is due to their use in food animals (Feierl, et al., 2001).

There have been limited studies conducted on human campylobacteriosis in Ethiopia. A study
conducted at Tikur-Anbessa and Ethio-Swedish children’s hospital indicated that thermophilic
Campylobacter species are important causes of diarrhea both in adults and children in which C.
jejuni accounted for 82.4% of the isolates (Asrat et al., 1999). A cross sectional study conducted
on urban and rural farm animals indicated that thermophilic Campylobacter species are
significantly identified with prevalence of 39.6% in the fecal sample (Kassa, et al., 2005). The
antibiogram conducted on these isolates indicates that some of the bacteria showed a range of
resistance to certain antimicrobial agents (Asrat et al., 1999; Kassa et al., 2007). However no
citable work has been done so far regarding the prevalence of thermophilic Campylobacter
species in foods of animal origin, and the role foods of animal origin as the epidemiologic factor
for human campylobacteriosis.
The objectives of this study are to: -
e To study the prevalence and distribution of thermophilic Campylobacter species in raw
meat.
e Identify the principal food category which represents the most significant vehicle of
campylobacter infection.

e To determine the antibiogram status of each isolates



2 LITERATURE REVIEW

2.1 The genus Campylobacter

The genus Campylobacter comprises a number of species (Wallace et al., 1998). Members of
the genus are typically Gram-negative, non-spore-forming, S-shaped or spiral shaped bacteria
with single polar flagella at one or both ends, conferring a characteristic corkscrew-like
motility. These bacteria are microaerophilic. They neither ferment nor oxidize carbohydrates.
Some species, particularly C. jejuni, C. coli and C. lari, are thermophilic, growing optimally at
42°C (Hirsh and Zee, 1999).

They can colonize mucosal surfaces usually the intestinal tract of most mammalian and avian
species. The species of C. jejuni comprises two subspecies (C. jejuni subsp. jejuni and C. jejuni
subsp. doylei) that can be distinguished on the basis of nitrate reduction (subsp. doylei does not
reduce nitrate). Subspecies jejuni is much more frequently isolated than subspecies doylei. The
Campylobacter jejuni and C. coli are the major pathogenic species of zoonotic importance
(Skirrow and Blaser, 2000).

Several species of genus Campylobacter are known to cause different types of disease in farm
animals, some of which are potentially zoonotic (Radostits et al., 1994). Campylobacter fetus
subsp. venerealis is the cause of infertility and abortion in cattle, while C. fetus subsp. fetus
causes sporadic abortion in cattle and enzootic abortion in sheep and has been associated with
bacteraemia in man. Campylobacters implicated in enteric disease of animals and humans are C.
jejuni, C. coli, C. concisus, C. hyointestinalis, C. mucosalis, C. lari and C. upsaliensis (Hirsh
and Zee, 1999). The C. sputorum subsp. mucosalis is frequently found in association with a
group of enteric diseases in pigs called “porcine intestinal adenomatosis” complex and recently

C. hyointestinalis has also been isolated from the same lesion (Radostitis et al, 1994).


http://www.ijmm.org/article.asp?issn=0255-0857;year=2004;volume=22;issue=1;spage=39;epage=43;aulast=Bhavsar#ref2#ref2

2.1.1. Taxonomy and Classification

The family Campylobacteriaceae is classified under Phylum Proteobacteria, Class Epsilon
proteobacteria and Order Campylocacteriales (Vandamme, and ON, 2001). Family
Campylobacteriaceae contains the genera Campylobacter and Arcobacter (previously with in
the genus Campylobacter). During the last 30 years differentiation of the Campylobacter genus
from Vibrio, groups of Campylobacter-like organisms were detected, described and identified
as new species, or as different biotypes of existing species. Phylogenetic studies in the late
1980°s revealed genotypic heterogeneity among the species with three major clusters, rRNA
homology groups, were formed (Vandamme et al., 1991). Campylobacter was thus divided into
three genera with revised genus descriptions, and new names were proposed for the remaining

two genera: Arcobacter and Helicobacter (Schumacher, et al., 1992).

The genera Campylobacter and Arcobacter formed a family of gram-negative,
nonsaccharolytic bacteria with microaerobic growth requirements and a low G+C content.
Members of this family are encountered mainly as commensals or parasites in humans or
domestic animals. The family also contains misclassified species (Bacteroides ureolyticus)
and strains originally described as ‘free-living Campylobacters’ (Sulfurospirillum species.)
(Schumacher, et al., 1992).

Campylobacter contains DNA with a Guanine and Cytosine (G+C) content between 29 and
36% (Veron and Chatelain, 1973). Most species are microaerophilic, although some show a
range of oxygen tolerance, some are almost anaerobic, and others grow best in the presence
of 5-10% oxygen (Doyle, 1986). The aerobic species of Campylobacter were reclassified as
genus Arcobacter in (Vandamme et al., 1991).

In 1963, when Campylobacter was first described, the genus comprised of two species. At
present, the genus contains 16 species, and six subspecies. The 16s rRNA gene, used to
determine phylogenetic relationships among all living organisms, played a major role in a
previous extensive rearrangement of Campylobacter taxonomy (Vandamme et al., 1991).

Campylobacter species implicated in enteric disease of animals and humans include C. jejuni,



C. coli, C. lari, C. upsaliensis, C. concisus, C. helviticus, C. hyointestinalis and C. mucosalis.
Campylobacter jejuni and C. coli are the major causes of gastroenteritis in people and non-
human primates, and have been found in faecal samples from dogs and cats with diarrhea, with

C. jejuni being more common of the two (Hirsh and Zee, 1999).

2.1.2. Morphology and Staining reaction

The thermophilic microorganisms belonging to the genus Campylobacter are spiral or curved
Gram-negative nonsporeforming rods, 0.2-0.5um wide and 0.5-0.8um long. Their
characteristic corkscrew-like motion is due to the presence of a single flagellum (occasionally
multiple) at one or both cell poles. Nutrient limitation, aeration of the medium and the presence
of free radicals all affect the transition from spiral to coccoid morphology. This morphologic
transition may be caused by certain changes in the structure of the peptidoglycans, mainly due
to its enzymatic degradation (Wallace et al., 1998). They are microaerophilic in nature and
survive for a longer time outside the host. The organisms are susceptible to drying, high oxygen
conditions and low pH. (Pattison, 2001)

2.1.3. Cultural Characteristics

Thermophilic Campylobacter species are microaerophilic, requiring an atmosphere
containing 5% oxygen and 10% carbon dioxide concentration for growth producing grayish,
mucoid and spreading colonies. Some such as C. jejuni, C. coli and C. lari will grow at 42°C,
a characteristic that is useful for their selectivity in isolation from intestinal source (Hirsh
and Zee, 1999). The Campylobacter jejuni and C. coli are best isolated from faecal samples
on selective media containing antimicrobial agents (e.g. Campy CVA containing
Cefoperazone, Vancomycin and Amphotericin B). Other species could also be isolated under
the same condition (Quinn et al., 2002).


http://www.ijmm.org/article.asp?issn=0255-0857;year=2004;volume=22;issue=1;spage=39;epage=43;aulast=Bhavsar#ref2#ref2

2.1.4. Biochemical Characteristics

Members of the genus Campylobacter are chemoorganotrophs, unable to ferment or oxidize
carbohydrates. They obtain energy through the respiratory chain, from the metabolism of amino
acids, and from the metabolism of intermediates of the tricarboxylic acid cycle (Amano and
Shibata 1992).The Campylobacter species are oxidase positive. Though they possess catalase
and superoxidedismutase, these enzymes are overwhelmed by the excess of hydrogen peroxide
and superoxide anions formed when they are grown in the presence of atmospheric
concentration of oxygen (Hirsh and Zee, 1999). Susceptibility or resistance to nalidixic acid or
cephalothin, hydrogen sulfide production, nitrate reduction growth at 25°C or 45°C and the
catalase reaction are some of the criteria on which a definitive identification of the
Campylobacter species is based (Table 1) (Quinn et al., 2002).

Table 1: Basic phenotypic characteristics of thermophilic Campylobacter species

Characteristics C.jejuni C.coli C.lari C. upsaliensis

Growth on Preston selective agar at 42°C + + + +

Growth in 3.5% NaCl

Catalase + + + - or slight
Indoxyl acetate hydrolysis + + - +
Nalidixic acid S S R S
Cephalothin R R R S
Nitrate reduction + + + +
H2S + + + +

Source: - Ellen et al., 1994

Key: + = positive; - = negative; S = sensitive; R = resistant



2.1.5. Typing of Campylobacter Species

Biotyping

The research in thermophilic Campylobacters species necessarily involves examination of the
colonies appearing in selective media after an incubation period of 48h at 42°C under
microaerophilic conditions. Non-hemolytic gray or colorless colonies, either plain aqueous with
irregular edges, or round-convex with regular round edges, should be investigated. Suspicious
colonies are picked and subjected to at least three tests such as direct microscopic examination
of motility and cell morphology, Gram-staining, which should be negative and oxidase
production, which should be positive(Quinn et al., 2002). Most thermotolerant Campylobacter
species involved in food-borne bacterial enteritis, except for C. upsaliensis, also produce
catalase. C. jejuni, C. coli and C. lari can be distinguished based on the growth at 25°C and
43°C, susceptibility to nalidixic acid, hippurate-hydrolysis and hydrogen sulfide production in

an iron-containing medium.

The classification of campylobacters based only on biochemical tests is complex. However, the
determination of biochemical features is the most widely employed identification strategy
applied to Campylobacter, which justifies the optimization of phenotypic analysis for the
differentiation of Campylobacter species. The application of numerical analysis of phenotypic
features to campylobacters was considered by Neill et al. (1985). More recently, On and
Holmes (1995) designed a scheme comprising the investigation of 67 phenotypic characters in
the genera Campylobacter, Helicobacter and other related taxa, obtaining a final scheme that
proved to be a valuable tool for identification at species and subspecies level in most strains
studied and whose results coincide with previous results obtained by RNA and DNA
sequencing . According to the study by On and Holmes(1995), C. coli, C. jejuni subsp. jejuni
and C. lari are closely related, a similar result having been obtained from phylogenetic studies

based on the analysis of 16S rRNA sequences (vandamme et al.,1991).

Serotyping

Serotyping of Campylobacter is done as recommended by International Committee for

Microbiology, and is based on isolation and typing of the organism (Korolik et al., 1988).



Serotyping of Campylobacter involve haemagglutination of heat-stable (HS or O) antigens,
which were later confirmed to be the O (somatic) antigens. Campylobacter jejuni and C. coli
have their own types of O antigen, although some cases (< 4.5%) of cross reaction have been
reported. Serotyping was also reported to be done based on the heat stable (HS) and heat labile
(HL) antigens (Patton et al., 1985). Detection of O antigens by direct agglutination of C. jejuni
and C. coli cells could able replace passive haemagglutination (Frost et al., 1998).

In 1980, Penner and Hennessy described a passive haemagglutination procedure for serotyping
Campylobacter jejuni subsp. jejuni on the basis of soluble heat-stable antigens (Penner and
Hennessy, 1980). Penner method uses passive haemagglutination, whereby the supernatant from
a boiled cell suspension is used to sensitize erythrocytes that are later mixed with antisera to
demonstrate agglutination and this system recognizes 65 serotypes in total, and comprises 47
antisera for C. jejuni and 18 antisera for C. coli (Penner et al., 1983). A comparative analysis of
O and HL serogrouping of human C. jejuni isolates has showed conserved associations between
specific O and HL antigens (Jackson et al., 1998).Lior et al, in 1982, published amd proposed a
new scheme (a slide agglutination test) for detection of heat stable antigens which recognizes
130 serotypes of C. jejuni, C. coli and C. lari. The proportion of isolates that give a result from
serotyping can be low, but, in general, non-type ability in human and veterinary strains is less
than 20% (Nielson, et al., 1997).

Resistotyping and phage typing

The susceptibility profiles of Campylobacter species with respect to several antimicrobial
agents has been considered for taxonomic purposes (Ribeiro et al., 1996). The methods of
choice to evaluate susceptibilities to antimicrobial agents are determination of minimum
inhibitory concentrations (MIC) in Mueller-Hinton agar and standardized disk diffusion in agar
on selected plate media. The increasing isolation rate of Campylobacter strains resistant to an
increasing number of antimicrobial agents especially the quinolones together with the
conjugational exchange of resistance against others such as tetracycline or kanamycin has
reduced the taxonomic value of resistotyping studies. The interest for susceptibility studies,

however, has increased from the therapeutic point of view.



2.2. Epidemiology

Campylobacter species have been known as the cause of diseases in animals since 1913
(Blaser and Reller, 1981). Prior to 1970s, Campylobacter species were known primarily to
veterinary microbiologists as the organisms that caused spontaneous abortions in cattle and
sheep and as a cause of other animal pathologene (Jay, 2000); but they have been recently
recognized as a cause of human disease (Fox, 1998). Both Domestic and wild birds as well
companion animals are the known reservoirs for Campylobacter species. The Campylobacter
species are microaerophilic inhabitants of the gastrointestinal tract of various animals,
including, cattle, sheep, goat, poultry and pig as well as the reproductive tract of various

animal species, which acts as source of infection (Ellen et al., 1994; Jay, 2000).

2.2.1. In cattle

Bovine genital campylobacteriosis is a true venereal disease that is characterized primarily by
early embryonic death, infertility a protracted calving season, and abortion (Lofstedt, 1998).
The disease is common in beef breeds worldwide. The causative agent of bovine abortion,
Campylobacter fetus subsp. venerealis survives on the penis and prepuce of bulls especially
within mucosal crypts and within the female reproductive tract (Radostits, 2001). The
Campylobacter fetus subsp. fetus causes sporadic abortion in cattle and is isolated from the
reproductive tract of bull and cows, and there are some evidences that it may cause infertility as
in the classical “bovine venereal campylobacteriosis” syndrome. The C. jejuni is isolated
sporadically from aborted bovine fetus (Acha and Szyfres, 2001). Abortion occurs in infected
cattle to the extent of 3% to 5% usually after 5 months of gestation but occasionally at 2 to 3
months (Ellen et al., 1994). Campylobacter jejuni is recognized to be a potential cause of
mastitis (Quinn et al., 2002)

Both C. jejuni and C. fetus subsp. fetus are incriminated as a cause of diarrhea in cattle (Quinn
et al., 2002). Experimentally the organism causes a mucoid diarrhea often with dysentery and
fever in calves. The disease is mild and unapparent, without fever, and may be manifested by

mild depression and soft feces with the occasional mucous.

10



Most Campylobacter species are found in the alimentary system of healthy, carrier or diarrheic
animal (Hirsh and Zee, 1999) the exception being C. fetus subsp. venerealis, which is found
only in the reproductive tract of cattle and C. sputorum subsp. bobulus which is found only in
the reproductive tract of cattle and sheep (Ellen et al., 1994) and also transmitted by
contaminated instruments, bedding or by artificial insemination (Al) using contaminated semen.
Bulls can also transmit the infection mechanically for several hours after mating with an
infected cow (Lofstedt, 1998). The organism remains at the cervicovaginal junction until the
end of estrus, then multiply at this site and when conditions are suitable move into the uterus.
Further multiplication perhaps active invasion result in inflammation of the uterus with resultant
endometritis and cessation of pregnancy and the animal will turn to estrus (Hirsh and Zee,
1999). In female animals, infected bull deposit C. fetus subsp. venerealis in the vagina at coitus
(Radostits, 2001)

2.2.2. In Sheep and Goats

Abortion, stillbirths and weak lambs characterize campylobacteriosis in sheep during late
pregnancy. Campylobacter jejuni and C. fetus subsp. fetus are the causative agents of this
disease. The infection is highly contagious and may cause 70% of the ewes to abort when the
organism is newly introduced into a flock (Delong et al., 1996). In Britain, it is the third most
common cause of ewes’ abortion (Quinn et al., 2002). Campylobacter fetus subsp. fetus is one
of the agents of ovine campylobacteriosis that cause abortion in sheep. It is also incriminated as
an enteric pathogen that causes enteritis and diarrhea in many species (Smith, 1996). Outbreaks
of severe gastroenteritis in fattening lambs have been attributed to C. jejuni (Radostits et al.,
1994).

Isolation of Campylobacter species from rectal swabs or feces samples of healthy goats is being
reported. The Campylobacter species were isolated from goats in different part of the world. In
Canada 2.7% of the animals studied found positive for Campylobacter jejuni (Prescott and
Bruin-Mosch 1981). Turkson et al. (1988), in Kenya, found Campylobacter species in 6.3% of
the goats sampled, and Abrahams et al. (1990) in Ghana detected C. jejuni, but not C. coli, in a
high proportion (33.3%) of the goats tested. These different carriage rates could be attributable
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to contact of goats with other animal species. Thus, Jiwa et al. (1994) explored the prevalence
of Campylobacter species in healthy goats kept under various management systems in Tanzania
and observed that goats kept away from other farm animals, irrespective of whether the

management system was good or poor, were negative for Campylobacter species.

Campylobacteriosis due to C. fetus subsp. fetus and C. jejuni have been reported to cause
sporadic abortion in goats. In one out break in the United States, 5 of 21 late-pregnant goats
aborted, and 2 of the does became systemically ill; C. jejuni was later isolated from diarrheic
feces in the same herd. In South Africa where campylobacter abortion appear more common, as
many as 30% of aborted kids have grossly visible liver necrosis. The placenta is often

edematous with necrosis of cotyledons (Smith and Sherman, 1994).

Susceptible ewes and does may acquire infection through ingestion of forage contaminated
with fetal materials or uterine discharges; other sources of infection may include feces of
carrier sheep and other mammals and various birds such as magpies, sparrows, starlings,
pigeons and other birds commonly found around livestock (Delong et al., 1996). The
placenta, fluids and fetus have been found to contain large number of the organism and act as
a source of infection to susceptible animals (Hirsh and Zee, 1999).

2.2.3. In Pigs

Pigs seem to be a natural reservoir for Campylobacter species with prevalence between 50%
and 100% and excretion levels ranging from 10 to 10" CFU/g, but opposite to most other
animals, pigs show a dominance of C. coli (Alter et al., 2005; Boes et al., 2005). Nevertheless,
American studies showed that C. jejuni may constitute a majority (up to 87%) of the
Campylobacter species. detected in hog farms (Young et al., 2000). A high prevalence of C.
jejuni has been reported from porcine livers (Kramer et al., 2000). The Campylobacter jejuni
may co-exist with C. coli in pigs, but are typically present in 10-100-fold lower numbers than
C. coli (Madden et al., 2000; Jensen et al., 2006).
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The organism may cause diarrhea in nursing piglets and in weaned pigs with high rate of
isolation from small intestine (Radostits et al., 1994). The C. sputorum subsp. mucosalis is
frequently found in association with a group of enteric diseases in pigs called “porcine intestinal
adenomatosis” complex. Recently, C. hyointestinalis has also been isolated from the same
lesion. Young adults show cutaneous pallor, weakness and black tarry feces (Radostits et al.,
1994). Campylobacter coli have been isolated from small intestine of diarrheic piglets and
described to cause dysentery and necrotizing ileitis with mortality rate of more than 50%. Older
animals suffer from diarrhea, rapid weight loss and mortality rate of 2-20% (Buxton and Fraser,
1977). However, free-range pigs from a single organic farm seemed to be colonized with
Campylobacter earlier in life than conventional pigs (Alter et al., 2005). Outdoor organic pigs
may differ from conventional pigs with respect to the occurrence of Campylobacter. For
example, the lower animal density probably reduces the infection pressure and roughage
stimulates the intestinal flora, which is likely to reduce the susceptibility to infections
(Mikkelsen et al., 2004).

Pigs acquire infection through ingestion of feed that has been contaminated with feces of
reservoir host (Buxton and Fraser, 1977). The pigs appear to be the likely source of the
Campylobacter contamination in the paddock environment (Jensen, et al., 2006).

2.2.4. In birds

The thermophilic members of the genus Campylobacter attribute campylobacteriosis in birds to
infections. The three species of significance for bird campylobacteriosis are C. jejuni, C. lari
and C. coli (Calnek et al., 1991). The C. jejuni is the cause of “vibrionic hepatitis” in poultry
and has been isolated from a wide range of animals and birds with or without diarrhea (Smith,
1996). The C. coli isolated occasionally from the intestinal tract of poultry and its derived meat

products, while C. lari isolated mainly from free living marine birds (Calnek et al., 1991).

Poultry primarily serve as reservoir host for thermophilic Campylobacter species and up to 90%
of broilers may be infected, while 100% of turkeys and 88% of domestic ducks may harbor the

organisms. Various species of Campylobacter have been isolated from free-ranging pigeons in
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the USA and Japan. Infection has been recorded among game birds, including partridges,
pheasants and quails which act as reservoir of infection (Shani, 1998). Despite the fact that C.
jejuni is the most common intestinal commensal in floor housed turkeys, broilers and layer
birds, there is no evidence to show that campylobacters can be transmitted vertically by either

transovarially or penetrating the egg shell after oviposition (Calnek et al., 1991).

2.3. Reservoirs

The Campylobacter jejuni and C. coli are generally considered commensals of livestock,
domestic pet animals and birds. However, they have been associated with disease in a wide
range of hosts. In cats and dogs, especially young animals or animals under stress, C. jejuni is
associated with diarrhea and this is a well-recognized source of human infection (Weijtens,
1999). Dogs and cats are also frequently colonized by C. upsaliensis (dogs) and C. helveticus
(cats). Outbreaks of Campylobacter-associated enteritis have been reported in some animals
including breeding groups of non-human primates and even small laboratory-reared mammals.
Large numbers of campylobacters have been isolated from young livestock, including piglets,
lambs and calves, with enteritis, but the organisms are also found in healthy animals. In birds,
especially poultry, disease is rare, if it occurs at all, despite high levels of colonization with C.
jejuni or C. coli. Outbreaks of avian hepatitis have been reported, but the pathogenic role of
Campylobacter species in this is unclear. One possible exception is ostriches where
campylobacter-associated death and enteritis occurs in young birds. Campylobacter species are
frequently found in wild birds (Broman et al., 2002). Campylobacter jejuni, C. coli, C.
hyointestinalis and C. sputorum, as well as C. fetus may also be associated with infections of the
reproductive tract (Newell et al., 2001). In cattle, all these strains can be associated with
abortion. In sheep up to 20% of campylobacter-associated abortions are due to C. jejuni or C.
coli. Such infections are presumably a consequence of translocation from the gastrointestinal

tract or via an ascending route.
Animal and animal by products are the sources of infection for human beings and susceptible

animal species (Hirsh and Zee, 1999). The C. jejuni is not an environmental organism, but is
associated with warm-blooded animals. A high percentage of all major meat producing animals
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have been shown to contain these organisms in their feces, with poultry being prominent. Its
prevalence in fecal sample often ranges from around 30% to 100% (Jay, 2000). The C. jejuni
and C. coli have been isolated from the intestine of healthy farm animals, poultry, pets, zoo
animals and wild birds. Campylobacter jejuni and C. hyointestinalis are found in the rumen and
intestine of normal adult cattle and calves. Campylobacter coli and C. jejuni were isolated from
rectal swabs taken from dairy cows. Campylobacter jejuni has been isolated from samples

collected from various species of animals as shown in Table-2.

Table 2: Campylobacter jejuni isolation rates from various samples taken from different food
animal

Specimen Rate of isolation
Eviscerated chicken 72% - 80%
Chicken intestinal content 39% - 83%
Chicken liver 4.5%

Raw milk 30%
Swine intestinal content 61%
Swine feces 66%- 87%
Swine carcasses 22%
Sheep feces 73%
Sheep carcasses 24%
Eviscerated turkey 94%

Source: Jay, (2000)

2.4. Virulence factors

An important mechanism by which bacterial enteropathogenes induce diarrhea is through the
production of potent toxins. They produce cytotoxin, enterotoxin or both. Cytolethal distending
toxin activity causes certain cell types to become slowly distended, progressing to death
(Lindblom et al., 1995). Bacterial toxins in general have been conveniently classified as either
membrane damaging, such as haemolysins and phospholipases, or intracellular acting, such as

the toxins produced by Corynebacterium diphtheriae, Vibrio cholerae, and Shigella dysenteriae
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(Radostitis et al., 1994). The latter group is probably directly associated with the mechanisms
for inducing diarrhea. These toxins are proenzymes that share several modes of action. They
bind to specific receptors on the plasma membrane. Campylobacter jejuni secretes toxin similar
in activity to the enterotoxin of Vibrio cholerae (CT) and the heat-labile toxin (LT) of
Escherichia coli by increasing intracellular cyclic adenosine monophosphate (CAMP) level and
cytoskeletal rearrangement followed by cell death (cytolethal distending toxin) a protein that
was shown to induce hepatitis in mice (hepatotoxins) and protein that has hemolytic activity
(haemolysins) (Hirsh and Zee, 1999). Both toxins are immunologically similar and bind to the
same ganglioside on the target cells. Campylobacter coli and C. lari produce uncharacterized
substances with cytotonic and cytotoxic activity (Jay, 2000).Campylobacter jejuni secretes a
toxin similar to a cholera toxin and heat labile toxin (HL) of Escherichia coli by increasing
intracellular cAMP and cytoskeletal rearrangements. Both toxins are immunologically related
and bind to the same ganglioside (GM) on the surface of the target cell. It also produces a
mannose-resistant adhesion that binds to a fructose-containing receptor on the target cell. In
addition, it survives inside mononuclear phagocytes, implying the existence of other important

as yet unidentified surface structure (Hirsh and Zee, 1999).

2.5. Diagnosis

Diagnosis of animal campylobacteriosis is based on isolation and identification of the organism
from suspected samples as well as serological tests (Shani, 1998).

2.5.1. Direct Examination

The Grams stained smear from fecal material or aborted fetal stomach contents will reveal
numerous slender, curved rods in cases of diarrhea produced by C. jejuni. A modified acid-fast
stain is also used to demonstrate organisms best in smear (Hirsh and Zee, 1999). Impression
smears of the intestine of swine with proliferative enteritis contain similar rods. A characteristic
darting motility of C. jejuni can be examined by dark-field or phase contrast microcopy of fecal

smear of acute stage diarrhea (Lofstedt, 1998).
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2.5.2. Culture and ldentification

The Campylobacter species can be isolated from fetal abomasal content in sheep (Smith and
Sharman, 1994) it can also be isolated from feces, cecal and jejunal contents and from liver
tissue, bile and blood in systemic infection of poultry (Calnek et al., 1991). In pigs, isolation of
the organism from feces is difficult due to intracellular localization of the bacteria (Quinn et al.,
2002). In cow bulk tank milk samples, several studies have reported a frequency of isolation

that ranged between 0.4% and 12.3% for C. jejuni (Morgan et al., 2003).

The specimen should be transported kept either in Lary-Blair transport medium or in Campy
thio, a thioglycollate broth base with 0.16% agar and vancomycin (10 mg/L), trimethoprim
(5mg/L), cephalothin (10mg/L), Polymyxin B (2,500U/L) and amphotericin B (2mg/l). The
same antimicrobial agents are incorporated into Brucella agar base with 10% sheep blood to
produce Campy-BAP, one of the selective agars that are useful for cultivation of
Campylobacter species, another selective media such as Campy-CVA containing
antimicrobial agents like cefoperazone, vancomycin and amphotericin-B can also be used for
the isolation of the organism (Quinn et al., 2002).Preston campylobacter selective agar
supplemented with 10% lysed horse blood and Preston antibiotic agents(Polymyxin B
(2,5001V), Rifampicin (5.0 mg), trimethoprim(5.0mg) and cyclohexamide (50.0mg) ) is
preferable in the isolation of thermophilic Campylobacter species. Incubation is done at 37°C
in an atmosphere containing 5% Oxygen and 10% carbon dioxide. Plates are examined
within 48 hours (Hirsh and Zee, 1999). Thermophilic Campylobacter species, C. jejuni, C.
coli and C. lari should be cultured and incubated at 42° C under microaerophilic conditions
for 48 hours (Quinn et al., 2002). The most common agents of gastroenteritis, C. jejuni and
C. coli are able to grow at 42°C and are resistant to cephalothin, characteristics useful for
their initial isolation. The number of colonies doesn’t increase at this temperature, but the
colonies appear sooner and are larger and the growth most faecal flora is inhibited (Ellen et
al., 1994). The evaluation of susceptibility to nalidixic acid has also been considered as an
important test to distinguish between traditionally sensitive species, such as C. jejuni and C.
coli, and the resistant thermotolerant species C. lari (Salama et al., 1990). The C. jejuni is the

only species that hydrolyses sodium hippurate (Quinn et al., 2002).
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Almost all pathogenic Campylobacter species are Oxidase and catalase positive and unable to
grow in 3.5% NaCl. Additionally, susceptibility to nalidixic acid and cephalothin, are important
differential characteristics among species (Table 1). Susceptibility is determined by inoculating
a 5% sheep blood agar plates or Mueller-Hinton agar plate supplemented with 5% horse blood,
with a 0.5 McFarland turbidity suspension of the organism as for agar disk diffusion
susceptibility testing placing 30ug of Nalidixic acid and Cephalothin antibiotic disks on the agar

surface and incubating microaerobically at 37°C

2.5.3. Immunodiagnosis

Even though imunodiagnosis is not used for the diagnosis of intestinal disease produced by
campylobacters, antibody responses measured by enzyme linked immunosorbent assay
(ELISA), have been applied for epidemiological purpose (Hirsh and Zee 1999). The ELISA has
been used to test vaginal mucus and reported to be more sensitive and able to detect a wider
range of antibody responses. The vaginal mucus agglutination test (VMAT) for C. fetus subsp.
venerealis is accurate if carried out 2-7 months post infection (Quinn et al., 2002), and also
valuable, but because of variability in individual responses, at least 10% of the herd or at least
10 cows should be sampled (Lofstedt, 1998). As C. jejuni is the normal inhabitant of the
intestine of normal animals, its isolation from feces may not necessarily be significant. A four-
fold increase in agglutinating antibody titer to the bacterium would suggest involvement of the
organism in the diarrhea. Assays using polymerase chain reaction (PCR) have been developed
to amplify DNA from feces (Hirsh and Zee, 1999).

2.2.4. Public Health Significance of Campylobacter species

Campylobacteriosis is a collective description for infectious diseases caused by members of the
bacterial genus Campylobacter (Nachamkin and Blaser, 2000). The Campylobacter species is
recognized worldwide as an important food borne pathogen. Thermophilic Campylobacter
species have received considerable attention in recent years as a major cause of bacterial

enteritis in man (Healing et al., 1992). Campylobacter is recognized as one of the principal
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causes of human acute gastro-enteritis worldwide (Allos, 2001). The only form of
campylobacteriosis of major public health importance is campylobacter enteritis due to C. jejuni
and C. coli. Campylobacter lari has also been implicated in two fatal cases of bacteraemia
(Nachamkin, et al., 1984) and diarrhea (Tauxe et al., 1985); in sporadic cases with
gastrointestinal symptoms and in a water-borne outbreak (Broczyk et al., 1987).Human
gastroenteritis caused by these organisms is frequently associated with consumption of red meat
and poultry meat (Beuchat, 1985). The rate of Campylobacter infections worldwide has been
increasing, with the number of cases often exceeding those of salmonellosis and shigellosis
(Altekruse et al., 1999). Campylobacter is one of the most frequently isolated bacteria from
stools of infants with diarrhea in developing countries a result of contaminated food or water.

There is a significant increase in incidence of acquired campylobacter infection both in
industrialized and developing countries (Acha and Szyfres, 2001). In countries where records
are kept, campylobacters are now reported to be the leading cause of bacterial diarrhea in man
and isolation and incidence rates in some developing countries have increased since their initial
reports (Coker and Adefeso, 1994), with most being isolated from <2-year-old children with
diarrhea (Albert et al., 1999). In some reports the isolation rates for symptomatic and
asymptomatic children were not statistically significant. Campylobacter isolation rates in
developing countries range from 5 to 20% (Oberhelman and Taylor 2000). Value as high as
14.9% in controls have been observed (Megraud et al., 1990). However, campylobacter is not
frequently recovered from asymptomatic persons in developed countries, as observed in the
Netherlands, where a 0.5% isolation rate has been reported (de Wit et al., 2001).The infective
dose of campylobacter ranges from 5x10? -10 * cells, depending on the strain, environmental

stress and susceptibility of the host (Wallace et al., 1998).

Campylobacteriosis affect all age groups, however, infections are recognized with increasing
frequency in infants, children and in aged individuals suffering from deliberating disorder such
as HIV/AIDS and in homosexual men, where, the infection is associated with prostitis (Davis et
al., 1990). Campylobacter associated diarrhea and bacteraemia occur in HIV/AIDS patients’
worldwide (Tee et al., 1995). For instance, C fetus subsp. fetus most often causes serious
systemic infection in immunocompromised hosts (Davis et al., 1990). The disease does not
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appear to be important in adults in developing countries. Acquisition of the pathogen because of
poor sanitation and contact with animals early in life may explain the isolation from healthy
children. In contrast, infection occurs in adults and children in developed countries. Poor
hygiene and sanitation and the close proximity to animals in developing countries all contribute
to easy and frequent acquisition of any enteric pathogen, including campylobacter. Although
infections in infants appear to decline with age, a comprehensive community-based cohort study
in Egypt has shown that infection could be pathogenic regardless of the age of the child,
underscoring the need for strengthening prevention and control strategies for
campylobacteriosis (Reo et al., 2001).Human campylobacteriosis is often acquired early in life
in developing countries and thus disease is commonest in infants, and there are a relatively high
proportion of asymptomatic carriers. In developed countries, infection generally occurs rather in
the later age. The highest incidence of disease occurs in children and young adults and there are
few asymptomatic carriers (Quinn et al., 2002). The disease is also an important cause of
“travelers’ diarrhea”. Generally it is recognized when accompanied by predisposing debilitating
factors such as pregnancy, premature birth chronic alcoholism, and neoplasia and cardio
vascular disease (Ellen et al., 1994). Fever malaise, headache and sometimes aching of limbs
and colic abdominal pain with nausea but rarely vomiting precedes the onset of diarrhea. The
organisms are regularly found in small intestine. There is good evidence that humans contract
infection from food, particularly chickens and milk borne outbreaks have been recorded (Acha
and Szyfres, 2001).

Sources of infection and mode of transmission of disease in man

The presence of campylobacters in the migratory birds is the indication of the large distances
that campylobacters can be transferred (Humphrey and Muscat, 1995) and they are known
reservoirs and responsible for shedding of the bacteria to cause contamination of the
environment. Campylobacter species is widespread in the environment, where they are a sign of
recent contamination with animal and avian feces, agricultural run off and sewage effluent.
Intestinal carriage of Campylobacter species is ubiquitous in livestock, domestic animals, wild
birds and poultry and depends on the environmental factors (Humphrey and Muscat, 1995).

Campylobacter jejuni commonly is found as a commensal in the gastrointestinal tract of wild
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and domestic ruminants, swine, dogs, cats, fowl, and rodents, and these reservoirs are the

ultimate sources for most human infections.

Campylobacter jejuni and C. coli have been isolated from chicken, goat, sheep and pigs in
developing countries. Strains isolated from chicken and human were phenotypically and
genotypically correlated, confirming that chickens are important source of human
campylobacteriosis in developing countries. Disease caused by C. jejuni, now the leading cause
of bacterial food poisoning, most often spread by contact with raw or undercooked poultry and
a single drop of juice from a contaminated chicken is enough to make someone sick with
campylobacteriosis. The major source of humans being infected by Campylobacter species has
been reported to be poultry meat contaminated with the intestinal contents of chickens (Nadeau
et al., 2002). In recent years, researches have also been focused on farm animals in order to
develop control strategies against campylobacter infection (Fitzgerald et al. 2001). However,
most of the previous studies have investigated C. jejuni and C. coli in diarrheic animals such as
cattle and sheep (Adesiyun et al., 2001; Acha et al., 2004). Campylobacter coli have been
isolated from the intestinal content of 99% of pigs at slaughter (Radostits et al, 1994). Six
percent of fresh pork and liver has been found contained campylobacter with C. coli being more
abundant than C. jejuni (Jay, 2000).

A number of transmission vehicles, including food products have been implicated in the
transmission of Campylobacter species to humans (Jorgensen et al., 2002). The most significant
risk factors identified include the consumption and/or handling of raw or undercooked poultry
or other meats, raw milk and surface waters. Cross contamination of ready to eat foods during
food preparation as well as direct contact with animals has been identified (Adak et al., 1995).
Food animals may act as asymptomatic intestinal carriers of campylobacter and animal food
products can become contaminated by this pathogen during slaughter and carcass dressing
(Whyte et al., 2003). Previous studies recorded infection rates in live broilers ranging from 0 to
100% (Moore et al., 2003) with prevalence up to 60% in cattle (Neilson et al., 1997).
Campylobacter prevalence of up to 100% has also been reported on dressed poultry carcasses
(Dominguez et al., 2002) with significantly lower prevalence of the organism generally reported
on beef carcasses (Madden et al., 2001). Other foods from which Campylobacter has been
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recovered include raw milk and milk products (Lacerc et al., 2002).1t is now accepted that
campylobacteriosis is predominantly acquired through the consumption of contaminated foods
(Anonymous, 1995). Campylobacter jejuni is a frequent cause of diarrhea/dysentery in children,
which is often related to pet keeping and chicken meat consumption as well as untreated
drinking water (Ali et al., 2003).

Human beings in developed societies acquire C. jejuni from asymptomatic or symptomatic
companion animals (dogs and cats) and from foods such as raw milk, water, poultry products
and unhygienic food preparation (Reo et al., 2001; Alterknus et al., 1998). Contaminated, under
cooked poultry has been reported to be responsible for more than 50% of cases investigated in
humans (Shani, 1998).

Occupational exposure may cause infection and disease in workers in animal health facilities,
animal shelters, and poultry processing plants, animal agriculture, and rendering plants. Family
members of the aforementioned also are at increased risk of infection (Prescott and Munroe
1982). It has also been reported that there is a strong association between campylobacter
infection and residence on a farm. Risks of acquiring campylobacteriosis in developing countries
include the presence of an animal in cooking area, uncovered garbage in cooking areas and lack
of piped waters (Reo et al., 2001). Poor hygienic and sanitation and close proximity to animals
in developing countries contributes to the easy and frequent acquisition of any enteric pathogens

including campylobacter (Oberhelman and Taylor, 2000).

The source of human campylobacteriosis is almost always food (Acha and Szyfres, 2001) and
most sporadic cases probably arise from consumption of improperly handled poultry or contact
with infected pets (Hirsh and Zee, 1999). Several research works so far conducted overseas, on
various foods of animal origin indicated that different foods of animal origin particularly raw
red meat are contaminated with enteropathopgenic Campylobacter species as shown in Table 3.
These authors have reported thermophilic Campylobacter species at varying rate of recovery

from different raw red meat samples collected from various sources.
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Table 3: Prevalence of Campylobacter species in raw red meat overseas

Country Product No. Samples tested  No. (%)Campylobacter Reference
Australia Beef carcasses: 124 1(0.8) Vanderlinde et al., 1998
Australia Sheep carcasses, domestic 140 231 (2.1) Vanderlinde et al., 1999
Sheep carcasses, export 330 137(0.9)
Belgium Pork carcasses 49 1(2.0) Korsak et al., 1998
Beef carcasses 62 6 (10.0)
Canada Pork carcass 463 78 (12.1) Lammerding et al., 1988
Beef carcass 598 135 (14.7)
Veal carcass 267 115 (34.5)
Canada Pork carcass diaphragms 200 47 (23.5) Mafu et al., 1989
England Minced meats 135 3(2.2) Bolton et al., 1985
England Beef 127 30 (23.6) Fricker and Park, 1989
Pork 158 29 (18.4)
Lamb 103 16 (15.5)
England Raw sausages 1197 4 (0.3) Little and de Louvais, 1998
Raw burgers 1015 10 (1.0)
England and Wales  Minced beef 2015 21 (1.0) Turnbull and Rose, 1982
Minced pork 342 1(0.3)
Ireland Minced beef 20 4 (20.0) Cloak et al., 2001
Pork 20 0
Ireland Raw beef 221 7(3.2) Whyte et al., 2004
Raw pork 197 10 (5.1)
Raw lamb 262 31 (11.8)
Italy Pork 27 1(3.7) Zanetti et al., 1996
Italy Beef 151 2(1.3) Pezzotti et al., 2003
Pork 175 18 (10.3)
Japan Beef 94 2(2.1) Tokumaru et al., 1990
Pork 52 0
Japan Deer meat 30 0 Kanai et al., 1997
Netherlands Pig carcasses after evisceration 210 19 (9.1) Oosterom et al., 1985
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2.2.5. Status of Campylobacteriosis in Ethiopia

There are very few studies conducted on human campylobacteriosis in Ethiopia. A study
conducted at Tikur-Anbessa and Ethio-Swedish children’s hospital indicated that
Campylobacter species are an important cause of diarrhea both in adults and children in which
C. jejuni accounted for 82.4% of the isolates (Asrat et al., 1999). A cross sectional study
conducted on urban and rural farm animals indicated that thermophilic Campylobacter species
are significantly identified with prevalence of 39.6% in the fecal sample (Kassa et al., 2005).
The antimicrobial test conducted on these isolates indicates that some of the bacteria showed a
range of resistance to certain antimicrobial agents (Asrat et al., 1999; Kassa et al., 2007).
However no citable work has been done so far regarding the prevalence of thermophilic
Campylobacter species in foods of animal origin, particularly in raw meat which is most
commonly discriminated as the major source of human infection and the role of animal products
in the epidemiology of human campylobacteriosis. Therefore this study was undertaken to
determine the rate of isolation these species from raw meat of different animal species and their

antimicrobial sensitivity pattern.

2.3. Treatment and Prevention.

Campylobacter enteritis is a self-limiting disease, and antimicrobial therapy is not generally
recommended. However, antimicrobial agents are recommended for extraintestinal infections
such as Guillain-Barre syndrome (GBS) that is serious consequence of diarrhoeal disease
characterized by polyneuritis of the peripheral nerves, which may lead to either a transient or
long-term paralysis (Blaser et al., 1983), for treating immunocompromised persons.
Antimicrobial therapy is not required except in severe cases long-lasting campylobacter enteritis
and systemic infections (Aarestrup and Engberg, 2001). Erythromycin and ciprofloxacin are
normally considered the drug of choice for campylobacter enteritis (Engberg et al., 2001).
Intravenous aminoglycosides are recommended for the treatment of serious campylobacter
bacteraemia and other systemic infections (Tajada et al., 1996). The rate of resistance to these
drugs is increasing in both developed and developing countries, although the incidence is higher

in developing countries. Use of these drugs for infections other than gastroenteritis and self-
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medication are often the causes of resistance in developing countries; in developed countries,
resistance is due to their use in food animals and travel to developing countries (Steinbriickner
et al., 2000; Feierl et al., 2001). There is growing scientific evidence that the use of antibiotics
in food animals particularly in developed countries leads to the development of resistant
pathogenic bacteria that can reach humans though food chain (Van Looveren et al., 2001;
Avrain et al., 2003). The available information on antimicrobial susceptibilities of thermophilic
campylobacters has been found to differ in different countries (Van Looveren et al., 2001;
Avrain et al., 2003; Ishihara et al., 2004), but resistance has been reported to be increasing
particularly to macrolides and fluoroquinolones (Aarestrup and Engberg, 2001).The increase in
erythromycin resistance in developed countries is often low and stable at approximately 1% to
2%; this is not true for developing countries (Steinbriickner et al., 2000; Feierl et al., 2001). For
example, in 1984, 82% of campylobacter strains from Lagos, Nigeria, were sensitive to
erythromycin; 10 years later, only 20.8% were sensitive (Coker and Adefeso, 1994). In
addition, resistance to another macrolide, azithromycin, was found in 7% to 15% of
campylobacter isolates in 1994 and 1995 in Thailand (Steinbrickner, et al., 2000). The
increasing rate of resistance to the fluoroquinolones, ciprofloxacin limits its clinical usefulness.
In Thailand, ciprofloxacin resistance among Campylobacter species increased from zero before
1991 to 84% in 1995 (Hoge et al., 1998). Recent data have shown a marked increase in

resistance to quinolones in developed countries (Steinbriickner et al., Feierl et al., 2001).

In Ethiopia, there are few reports on the antimicrobial susceptibility pattern of campylobacters
isolated from humans. Resistance was found against ampicillin in 60% of the isolates and
against trimethoprim-sulphamethoxazole in 58.8%.resistance to both ampicillin and
trimethoprim-sulphamethoxazole was found in 38% of the strains (Asrat et al., 1999).
Resistance of 20% to ampicillin and 37.5% to trimethoprim-sulphamethoxazole was reported in

strains isolated from food animals (Kassa et al., 2007).
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3. MATERIALS AND METHODS

3.1. Study Area

The study was undertaken in Addis Ababa, the capital city of Federal Republic of Ethiopia and
Debre Zeit city. Addis Ababa lies in the central high lands of country at an altitude of 2500
meter above sea level and with an estimated human population of about 3 million. The average
annual temperature and rainfall are 21° C and 1800mm, respectively. Addis Ababa has a relative
humidity varying between 70% and 80% during the rainy season and 40% to 50% during the
dry season (NMSA, 2003).

Debre Zeit is located 45 km south east of Addis Ababa. The area is located at 9° N latitude and
40°E longitude at an altitude of 1850 meter above sea level. It has an annual rainfall of 866 mm
which occurs from June to September and the dry season extends from October to February.
The average temperature is 14°C t026°C with a relative humidity of 61.3 % (CSA, 2001).

3.2. Study Design

A study was conducted on selected abattoirs (n=3), butchers (n=35) and supermarkets (12)
where raw meats of different food animal (beef, goat meat, sheep meat, pork and chicken meat)
are processed or sold to customers.

3.3 Sample Collection, Handling and Transportation

All beef, goat meat, sheep meat, pork and chicken meat samples purchased from super markets
were either deep frozen or refrigerated and wrapped by polyethylene plastic bags. The samples
were procured once a week from abattoirs, retail super markets and butchers. The samples were
labeled for sample type (beef, goat meat, sheep meat, chicken meat and pork), sample number,
code of sample source, date of sampling and storage state (fresh, refrigerated or frozen). The
samples from super markets were collected in plastic materials with which purchased meat is
distributed to customers or sterile plastic bags for samples collected from abattoir and butchers.

A total of 540 raw meat samples were procured from different sources over a period of 6months
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from November 2006 to April 2007 as shown in Table 4. Samples were then transported on cold
chain using icebox and ice packs, to the Microbiology laboratory of the FVM, AAU, Debre
Zeit, for Microbiological analysis. The samples were kept under refrigeration temperature of
+4°C until being processed with in 24hours of collection. Samples were analyzed
microbiologically according to the International Organization for Standardization (ISO/CD
10272-1 and 10272-2, 2002).

Table 4. Showing the number and type of raw meats collected from abattoir, butcher and

supermarkets.
Types raw meat Source
examined Abattoirs No. (%)  Butchers No. (%) Supermarkets No. (%)
Beef (n=227) 138(60.7) 69 (30.4) 20 (8.8)
Sheep meat (n=114)  93(81.6) 10 (8.8) 11(9.6)
Goat meat (n=92) 67(72.8) 11(12.0) 14 (15.2)
Pork (n=47) 30(63.8) - 17 (36.2)
Chicken carcass 30(50.0) - 30 (50.0)
(n=60)
Total (n=540) 358 (66.3) 90(16.7) 92 (17.0)

3.4 Sample Preparation and Enrichment

The samples were thawed at room temperature for 4 to 6 hours before processing and weighed
to10g (analytical unit). None chopped food samples were aseptically removed and chopped
using sterile pair of forceps and scissors and placed in 90 ml of Preston broth (Oxoid, England)
supplemented with Preston Campylobacter Selective Supplement (polymyxin B 2,5001U,
rifampicin 5.0 mg, trimethoprim 5.0mg and cyclohexamide 50.0mg) (SR0117E, Oxoid,
Hampshire England) and 5% lysed horse blood, in sterile plastic bags and homogenized for 1
minutes in a laboratory stomacher (Seward, England). The homogenized material was then
transferred in to a sterile container and additional broth was added to minimize headspace with

in the bottle. Following processing all the samples were incubated at 42°C for 48h.
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3.5 Plating and Identification

All broth cultures were subsequently subcultured on to Preston campylobacter selective agar
plates supplemented with Preston Campylobacter Selective Supplement (polymyxin B 2,5001U,
rifampicin 5.0 mg, trimethoprim 5.0mg and cyclohexamide 50.0mg) (SRO117E, Oxoid,
Hampshire England) and 5% lysed horse blood. The plates were then incubated at 42°C for
48hours in a microaerobic atmosphere which was achieved in by using CampyGen™ gas
generating kits (5%0, and 10% CO;) (Oxoid, England). The isolation media and conditions
used in this study were adopted as described by Wang et al., (2002). The growth of
thermophilic campylobacter was detected by their characteristic appearance on culture media
i.e. the presence of mucoid grayish white colonies resembling droplets of water sprayed on the

medium. Preliminary identification was performed based on the characteristic Gram-staining

reactions (Figure 1), motility and positive tests for oxidase, catalase, H,S production and Nitrate
reduction. The type strains C. jejuni (NCTC 11351), C. coli (LMG 6440) and C. lari (NCTC

11352) were included as positive controls.

Figure 1: A characteristic spiral, curved and flying sea gull morphology of gram negative
Campylobacter species (1000X).
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3.6. Species differentiation

All isolated strains identified as thermophilic campylobacters were tested for hippurate
hydrolysis and susceptibility to nalidixic acid and cephalothin. These parameters formed the
basis for the identification of C. jejuni, C. coli and C. lari. For hippurate hydrolysis test, two or
three colonies were taken from 48hours Colombia blood agar plate culture and emulsified in 1%
sodium hippurate broth and incubated with loosen caps at 42°C for 48h in a microaerobic
condition. Following incubation the broth culture was centrifuged at 2500rpm for 2 minutes and
0.8ml of the supernatant was transferred to a sterile clean tube. The hydrolysis of hippurate was
detected by addition of 0.2ml acidic ferric chloride and gentle shaking. A dense brown
persistent precipitate which indicates the presence of benzoic acid that results from hippurate

hydrolysis was considered as a positive test

3.7 Antimicrobial susceptibility testing.

All campylobacter isolates were tested by agar disc diffusion method against nine antimicrobial
agents. Amoxycillin (20 pg), ampicillin (10ug), chloramphenicol (30ug), erythromycin (15 ug),
gentamicin (10 pg), kanamycin (30 pg), norfloxacin (10 pg), streptomycin (10 pg) and
tetracycline (30 ng) (Oxoid, Hampshire, England) were test for each isolates recovered from the
raw meat samples analyzed. Campylobacter strains were first grown on Colombia blood agar
plates were transferred to normal saline and its turbidity was adjusted with a 0.5 McFarland
turbidity standard then spread onto Mueller-Hinton (MH) agar(Oxoid, England) supplemented
with 5% lysed horse blood. The discs containing antimicrobial compounds were laid on to the
plates and pressed gently to ensure adherence to the plate surface. The plates were incubated at
37°C for 24hours in a microaerobic conditions. The diameter of the growth inhibition zone was
measured according to the (NCCLS, 2000).
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3.8 Data management and analysis

Microsoft Excel and Intercooled Stata7 were employed for data entry, computation of
descriptive statistics. Difference in the isolation rate of the species between different raw meat
types was determined by Chi-square (X?) test. Descriptive statistics such as percentages and

proportions were used to describe/present the nature and the characteristics of the data.
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4 RESULTS

4.1: Prevalence of thermophilic Campylobacter species

The overall prevalence of thermophilic Campylobacter species in raw meat samples (beef, goat
meat, sheep meat, chicken meat and pork) procured from different outlets (abattoirs, butchers
and supermarkets) was 9.3% (Table 5). The number and percentage of the strains from each
food samples were 13/60(21.7%) chicken meat, 12/114(10.5%) sheep meat, 4/47(8.5%) pork,
7/92 (7.6%) goat meat and 14/227(6.2%) beef. In this study chicken meat was found to be the
most frequently contaminated compared to the other raw meat types examined, with the
contamination rate of 21.7% (p<0.05). There was no significant differences in the prevalence
rate (p>0.05) were observed among other raw meat types analysed. The distribution of
thermophilic Campylobacter species was found to be relatively higher in samples collected
from abattoirs 38/328 (10.6%) where as no statistical difference was observed between samples
obtained from butchers 6/90(6.7%) and supermarkets 6/92(7.6%) (p>0.05) (Table 5).

Table 5: The prevalence of thermophilic Campylobacter species isolated from raw meat
obtained from different sources

Meat type. tested  No. of positive samples / No samples examined (%)

Abattoir Butcher Supermarket Total
Beef 9/138 (6.5) 4/69(5.8) 1/20(5.0) 14/227(6.2)
Sheep meat 11/93(11.8) 1/10(10.0) 0/11(0) 12/114 (10.5)
Goat meat 6/67(9.0) 1/11(9.0) 0/14 (0) 7/92(7.6)
Pork 3/30 (10.0) - 1/17(5.9) 4/47(8.5)
Chicken meat 8/30 (26.7) - 5/30(16.7) 13/60(21.7)
Total 38/328(10.6) 6/90(6.7) 7/92(7.6) 50/540(9.3)

The number of C. jejuni, C. coli and C. lari per raw meat type were beef 12/2/0, sheep
meat10/2/0, goat meat 5/2/0, pork 1/2/1 and Chicken meat 11/1/1, respectively (Table 6). The

most prevalent species recovered from the samples was Campylobacter jejuni (78.0%),
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followed by Campylobacter coli (18.0%) and the remaining 4.0% of the isolates were identified
as Campylobacter lari. In the current study the prevalence of C. jejuni was found to be highest
in beef (85.7%) followed by 84.6% in chicken, 83.3% in sheep meat, 71.4% in goat meat and
25.0% in pork (Table 6). The difference in the distribution of C. jejuni among various raw meat
types was statistically significant (p<0.05).However, the distribution difference between the C.
coli and C. lari was not significant (p>0.05). Campylobacter lari was recovered less frequently
only from chicken meat and pork with the recovery rate of 1.7% and 2.1% from chicken meat

and pork, respectively (Table 6).

Table 6: Distribution of thermophilic Campylobacter species isolated from different meat

sources

Number and type of No. (%) Campylobacter species

positive sample

C. jejuni C. coli C. lari
Beef(n=14) 12(85.7) 2(14.3) -
Sheep meat(n=12) 10(83.3) 2(16.7) -
Goat meat(n=7) 5(71.4) 2(28.6) -
Pork(n=4) 1(25.0) 2(50.0) 1(25.0)
Chicken carcass(n=13)  11(84.6) 1(7.6) 1(7.6)
Total(50) 39(78.0) 9(18.0) 2(4.0)

4.2. Antimicrobial susceptibility test result.

The result of antimicrobial susceptibility testing for C. jejuni, C. coli and C. lari isolated from
raw meat sample against nine selected antimicrobial agents is shown in Table 7.The current
study on antimicrobial sensitivity test of thermophilic Campylobacter species recovered from
different raw meat types revealed a varying degree of susceptibility to antimicrobial agents
tested. The overall susceptibility of 98% to erythromycin, 92% to chloramphenicol and 88% to
tetracycline has been revealed by the isolates. Susceptibility as low as 24% to 32%, was shown

to streptomycin and gentamicin, respectively (Table 7). Susceptibility difference to
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antimicrobials tested was also observed among the three species. All of the C. lari isolates were
found to be completely susceptible to ampicillin, gentamicin, chloramphenicol, streptomycin
and tetracycline. The difference in susceptibility among the three species, to ampicillin,

amoxycillin and streptomycin was statistically different (p< 0.05) (Table 7)
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Table 7. Antibiotic susceptibility/resistance profiles of C. jejuni, C. coli and C. lari raw meat isolates against various antibiotic agents

Antimicrobials

tested Susceptibility Pattern of Campylobacter species P value
C. jejuni C. coli C. lari Overall susceptibility pattern

S* I* R* S* I* R* S* I* R* S* I* R*
AML 33(84.6) 5(12.8) 1(2.6) 4(44.4) 3(33.3) 2(22.2) 1(50.0) 1(50.0) - 38(76.0) 9(18.0) 3(6.0) 0.016*
AMP 29(74.4) 5(12.8) 5(12.8) 9(100) - - 2(100) - - 40(80.0) 5(10.0) 5(10.0) 0.047*
C 37(94.9) 2(5.1) - 7(77.8) - 2(22.2) 2(100) - - 46(92.0) 2(4.0) 2(4.0) 0.696
CN 14(35.9) 23(59.1) 2(5.1) - 4(44.4) 5(55.6) 2(100) - - 16(32.0) 27(54.0) 7(14.0)  0.192
E 38(97.4) - 1(2.6) 9(100) - - 2(100) - - 49(98.0) - 1(2.0) 0.57
K 33(84.6) 2(5.1) 4(10.3) 6(66.7) 2(22.2) 1(11.1) 1(50.0) - 1(50.0) 40(80.0) 4(8.0) 6(12.0) 0.185
NOR 31(79.5) 8(20.5) - 9(100) - - 1(50.0) 1(50.0) - 41(82.0) 9(18.0) - 0.317
S 6(15.4) 25(64.1) 8(20.5) 4(44.4) 3(33.3) 2(22.2) 2(100) - - 12(24.0) 28(56.0) 10(20.0) 0.003*
Te 36(92.3) 1(2.6) 2(5.1) - 6(66.7) 3(33.3) 2(100) - - 38(76.0) 7(14.0) 5(10.0) 0.961

Note: - AML=amoxycillin, AMP= ampicillin, C= chloramphenicol, CN= gentamicin, E= erythromycin, K= kanamycin, NOR = norfloxacin,

S=streptomycin, Te = tetracycline S* = susceptible, I*= intermediate and R*= resistant
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Of the 50 thermophilic Campylobacter species isolated in the present study 10(20.0%)
were found to be resistant to at least two drugs tested. (Table 8).Out of the isolates

developed multiple drug resistant 4(40%) were those recovered from beef sample.

Table 8 Showing multi-drug resistance in certain thermophilic Campylobacter species
isolates.

Multi-resistant No.(%) of isolate  Types of drugs Source
Species multi-drug resistant  resisted

C. jejuni 1(2.0) S, AMP, CN, K Beef

C. jejuni 2 (4.0) S, AMP, Te, K Sheep meat and Beef
C. coli 1(2.0) S, CN, K, Sheep meat

C. jejuni 1(2.0) S, Te, AMP Beef

C. coli 2 (4.0) AML, CN Chicken

C. coli 3(6.0) K, CN Sheep meat and Beef
Total 10(20.0)

Note: - AML=amoxycillin, AMP= ampicillin, CN= gentamicin, K= kanamycin, S=

streptomycin and Te = tetracycline

The antibiotic susceptibility profile showed a significant difference (p<0.05) in the
susceptibility pattern to various antimicrobial agents among isolates recovered from
different raw meat types. Isolates recovered from goat meat were found to be 100%
susceptible to all antimicrobial agents tested except to streptomycin and gentamicin to
which they showed 0% and 57.1% susceptibility, respectively (Table 9). Similarly, of
the Campylobacter species isolated from sheep meat only 8.3% and 16.7% were found
to be susceptible to streptomycin and gentamicin, respectively. While the remaining
isolate showed a susceptibility ranging from 57.1% to 100%. Campylobacter species
recovered from beef revealed a susceptibility ranging from 71.4% to 100% to various
antimicrobial agents tested. Thermophilic Campylobacter species recovered from
chicken meat were found to be 100% susceptible ampicillin and tetracycline. Only 25%
of the isolates recovered from pork were found susceptible to amoxycillin while 100%
of the isolates were completely susceptible to chloramphenicol and erythromycin (Table
9)
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Table 9 Percentage susceptibility thermophilic Campylobacter species isolated from different raw meat types.

Antimicrobial tested % respective isolates susceptible Total No.(%) P value
Beef Sheep meat  Goat meat Pork Chicken meat isolate susceptible
(n=14) (n=12) (n=7) (n=4) (n=13)
AML 10(71.4) 8(66.7) 7(100) 1(25.0) 12(92.3) 38(76.0) 0.009*
AMP 8(57.1) 9(75.0) 7(100) 3(75.0) 13(100) 40(80.0) 0.02*
C 13(92.8) 12(100) 7(100) 4(100) 10(76.9) 46(92.0) 0.77
E 4(28.6) 2(16.7) 0(0) 1(25.0) 9(69.2) 16(32.0) 0.56
CN 14(100) 12(100) 7(100) 4(100) 12(92.3) 49(98.0) 0.01*
K 11(78.6) 9(75.0) 7(100) 1(75.0) 12(92.3) 40(80.0) 0.008*
NOR 13(92.8) 8(57.1) 7(100) 3(75.0) 10 (76.9) 41(82.0) 0.34
STR 1(7.1) 1(8.3) 4(57.1) 2(50.0) 4(30.8) 12(24.0) 0.03*
Te 9(64.3) 10(83.3) 7(100) 2(50.0) 10(76.9) 38(76.0) 0.31

Note: - AML=amoxycillin, AMP= ampicillin, C= chloramphenicol, CN= gentamicin, E= erythromycin, K= kanamycin, NOR = norfloxacin,

S= streptomycin, Te = tetracycline and n= number of isolate tested
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5 DISCUSSIONS

During the last decade, numerous studies have indicated Campylobacter infections as
the primary bacterial infections of humans, and foods of animal origin were
incriminated as the main sources (Friedman et al., 2000; Oberhelman and Taylor, 2000).
Raw meats and its products are commonly consumed in traditional Ethiopian diets, but
campylobacteriosis is rarely studied compared to other countries. In the present study
thermophilic Campylobacter species were isolated from chicken meat, beef, sheep meat,
goat meat and pork at different recovery rates. The result of the present study indicated
that chicken meat was the most frequently contaminated compared to the other raw meat
types examined, with the contamination rate of 21.7% (p<0.05), which is relatively
lower than the 68.1% prevalence reported by Kassa et al., (2007). Wide variation (0—
90%) in the prevalence of campylobacter in fresh poultry meat had been reported in
different countries (Jacobs-Reitsma, 2000; Cloak et al., 2001; Jorgensen et al., 2002;
Whyte et al., 2003). Slaughterhouse studies have shown that the main source of
contamination of C. jejuni in chicken meat is their intestinal contents (Newell et al.,
2001; Berrang et al., 2004). In the present study speciation of the isolates confirmed that
C. jejuni was the most prevalent species identified from raw chicken meat samples, with
an isolation rate of 84.6%. Other studies (Neilson et al., 1997; Jorgensen et al., 2002;
Whyte et al., 2003) reported prevalence of campylobacter in raw chicken meat with a

recovery rate of C. jejuni ranging from 8 to 98%.

The prevalence of thermophilic Campylobacter species in raw sheep meat in the present
study was 10.5% indicating that sheep meat is the second most frequently contaminated
food of animal origin next to chicken meat. This result is higher when compared with
the prevalence rate 0f(2.1%) in Australia (Vanderlinde et al., 1999), 5.1% in Pakistan
(Hussain, et al. 2007) and 8.1% in Norway (Rosef et al., 1983) but was comparable with
the 11.8% prevalence from raw lamb reported in Ireland (Whyte et al., 2004).The result
of current study was relatively smaller than 15% prevalence in lamb reported in
Portugal(Cabrita et al., 1992),15.5% prevalence in sheep carcass recorded in England
(Fricker and Park, 1989) and 20% in Brazil(Aquino et al., 2002).

The isolation rate was found to be higher in samples collected from abattoirs (11.8 %)

and purchased from butchers (10.0%) than those from supermarkets (0%). The
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predominant species of Campylobacter identified from sheep meat in this study was C.
jejuni (76.9%) followed by C. coli (23.1%).This result is higher than the 59.3% C. jejuni
recovery rate from sheep feces (Kassa et al. 2007) and the 40.5% isolation rate from the

intestines of sheep at slaughter in United Kingdom (Stanley et al., 1998).

The isolation frequency of campylobacter in pork in the present study was 8.5%. The
overall prevalence of thermophilic Campylobacter species in the present study was
higher than a 0% prevalence recorded in Ireland (Cloak et al., 2001) and Netherlands
(Oosterom et al., 1985), 2.0% prevalence in Belgium (Korsak et al., 1998) and 5.1%
prevalence in Ireland (Whyte et al., 2004). The current recovery rate was lower than the
9.1% prevalence recorded in pig meat after evisceration in Netherlands (Oosterom et al.,
1985), 18.4% prevalence from pork in England (Fricker and Park, 1989) and 50%
prevalence reported in feces of pigs in Jimma zone of Ethiopia (Kassa et al.,
2007).Prevalence as high as 79.3% was reported earlier for campylobacter infection
amongst piglets in Trinidad in a herd-based study (Adesiyun et al. 1992b). In the current
study, Campylobacter coli was the most dominant species isolated from pork at the rate
of 50% and the remaining part accounted for C. jejuni and C. lari, 25% each. The
recovery rate recorded in our study is lower when compared with the (60%) and 100%
recovery rate reported by Hoorfar et al., (1999) and Kassa et al. (2007), respectively.
Several workers have reported a higher carriage rate of C. coli than C. jejuni among
healthy pigs, providing evidence that C. coli is a normal flora of these animals (Rosef et
al., 1983; Cabrita et al., 1992; Aquino et al., 2002). Although there are reports that as
compared to other animal species with the exception of the avian species, pigs to be
known to have relatively high prevalence of campylobacter infection (Tuckson et al.
1988; Adesiyun et al. 1992b) the present study indicates that pork to be the third most
contaminated food item next to chicken and sheep meat. The relatively high
contamination of pork meat may therefore pose a health hazard to consumers of
improperly cooked pork or pork products since Campylobacter species, particularly C.

jejuni and C. coli are known causes of gastroenteritis in humans (Nielsen et al 1997)
The frequency of isolation of thermophilic Campylobacter species in goat meat was

7.6% indicating that it is the fourth most contaminated raw meat of the various raw meat

of food animal examined in the present study. In Canada, Campylobacter jejuni was
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identified in 2.7% of the animals studied (Prescott and Bruin-Mosch 1981) which is
lower as compared with the present findings. Turkson et al. (1988), in Kenya, also
recorded Campylobacter species at the recovery rate of 6.3% in goat meat sample.
Campylobacter jejuni were recovered with the isolation rate of 71.4% while C. coli
accounts for 28.6% of goat isolates. The result was higher than the (33.3%) prevalence
of C. jejuni recorded in Ghana Abrahams et al. (1990). Similar to other raw meat types,
the recovery of rate of thermophilic Campylobacter species was found to be higher in
samples procured from abattoirs (85.7%) as compared to those collected from butchers

and supermarkets (14.3%).

The present study indicates that beef was the least contaminated raw meat giving a
recovery rate of 6.2% of thermophilic Campylobacter species with C. jejuni being the
dominant isolate (85.7%) (p<0.05) followed by C. coli (14.3%). The present result is in
close agreement with the 6.5% prevalence recorded in bovine liver in Turkey (Acik and
Cetinkaya 2005) but lower than the prevalence of 10.0% in beef in Belgium (Korsak et
al., 1998), 10.9% prevalence in beef carcass in Pakistan (Hussain, et al. 2007), 14.7% in
Beef in Canada (Lammerding et al., 1988), 20% in minced beef in Ireland (Cloak et al.,
2001), 23.6% in beef in England (Fricker and Park, 1989), 34.5% in veal carcass in
Canada (Lammerding et al., 1988). The current figure was also smaller than the 12.7%
prevalence recorded by Kassa et al. (2007) in feces of cattle. Similarly, 13.6%
prevalence was recorded in fecal sample of healthy beef cattle (Inglis et al., 2004).The
isolation of the organism from the feces in a relatively higher level may not be
surprising as Campylobacter species are the normal flora gastrointestinal tract of normal
animal. Other researchers also reported recovery rates lower than the present findings.
For instance the prevalence of 0.8% in Australia (Vanderlinde et al., 1998), 1% in
England and Wales (Turnbull and Rose, 1982), 2.1% in Japan (Tokumaru et al., 1990)
and 3.2% in Ireland (Whyte et al., 2004) has been recorded. Similarly, other studies
have demonstrated low prevalence in beef, documented as 0.9% (Kwiatek et al. 1990)
and 1.3% (Pezzotti et al. 2003). In the past, research in cattle was limited, but has been
increasing as outbreaks of human campylobacteriosis have been traced to foods of cattle
origin (Padungton and Kaneene, 2003). Campylobacter species was reported at different
prevalence rate of in different bovine breeds. For instance, prevalence of 15% in beef
calves, 37.7% in dairy herds and 89.4% in beef cattle at slaughter house have been

reported (Padungton and Kaneene, 2003). The recovery rate of the organism was found
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to be similar in sample types collected from abattoirs (5.8%) than those from butchers
(5.8%) and supermarkets (5.0%).

Generally the variation in the prevalence of campylobacter isolation rate from raw meat
reported in other studies from the present may be a result of different sampling
techniques employed and laboratory methodologies employed and may also be due to
the reason that the studies were carried out in different countries at different times.

The antimicrobial sensitivity test of the present study indicates that the overall
resistance of 20%, 14% and 12% was attributed to streptomycin, gentamicin and
kanamycin, respectively. The frequency of tetracycline and ampicillin resistance among
the species was 10%. There was an overall resistance of 20.5% to streptomycin, 12.8%
to ampicillin, 10.3% kanamycin; and 5.1% to tetracycline and gentamicin in C. jejuni
(Table 7). Low and high level of resistance to gentamicin (0-11.9%), streptomycin (0—
48%) and tetracycline (0-96%) has been reported among Campylobacter species
isolated from food animals in different parts of the world (Padungton and Kaneene,
2003). Resistance of 44%, 34%, and 14% to tetracycline, ampicillin, and erythromycin
described by Kiristi et al., (2007) in Estonia is higher than the present study. This high
rate of resistance may be associated with indiscriminate use of these antimicrobials as
chemotherapeutic agents more frequently in Estonia than our country. Varying degree
of susceptibility, 98.0%, 94.1% and 92.2% was observed per the whole isolates of
thermophilic Campylobacter species to erythromycin, chloramphenicol and tetracycline,
respectively. The results in the present study indicated that thermophilic Campylobacter
species showed a relatively low resistance to norfloxacin, chloramphenicol,
erythromycin, norfloxacin, amoxycillin and tetracycline (0-5.9%)(Table 7). Low level
resistance to chloramphenicol in our series of Campylobacter species were found, in
accordance with the result presented by Saenz et al., (2000). Similar result has been
documented by Kassa et al., (2007). Campylobacter jejuni isolates were 97.4%, 94.9%
and 92.3% susceptibility to erythromycin, chloramphenicol and tetracycline,
respectively. However, increased resistance of C. jejuni to tetracycline and ampicillin
was also reported by Kiseon et al., (2007). The 74.4% susceptibility of C. jejuni to
ampicillin detected in the present study is higher than the 45% and 38.8% susceptibility
documented by Saenz et al., (2000) in Spain and Kiseon et al., (2007) in Korea,
respectively. Resistance ranging from 10 to 100% was showed by Campylobacter lari

to chloramphenicol, tetracycline, gentamicin, streptomycin, amoxycillin and kanamycin
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(Table 7). The C. coli isolates were 100% susceptible to norfloxacin, ampicillin, and
erythromycin. The frequency of multi drug resistant strains (20%) in this study was
higher than the 14.5% resistance in Ethiopia (Kassa et al., 2007) but lower than the 60%
multi resistance reported in Belgium (Van Looveren et al., 2001).The frequency of
susceptibility to antimicrobial agents was found to differ among the isolates recovered
from different raw meat types with less susceptibility being revealed by those strains
isolated from beef sheep meat and pork (Table 9).This result may explain the frequency

of antimicrobial use in the respective species of animal species.
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6. CONCLUSION AND RECOMENDATIONS

The investigation of campylobacter in raw meat in Addis Ababa and Debre Zeit showed
9.3% prevalence. Higher isolation rate was observed in samples collected from abattoirs
(10.9%) compared to those samples procured from butchers (6.7%) and supermarkets
(7.6%).0f raw meat types examined chicken meat was found to be the most frequently
contaminated with the recovery rate of 21.7%.

A total of 50 Campylobacter isolates consisting of three species were identified from the
samples examined. The most dominant isolate was Campylobacter jejuni (78.0%)
followed by C. coli (18.0%) and C. lari (4.0%).

The overall resistance of 20.0%and 14.0% and 12.0% was developed against
streptomycin gentamicin and kanamycin, respectively. Of the total isolates10.0% were
also found to be resistant to tetracycline and ampicillin.

The existence of thermophilic Campylobacter species in raw meat and the isolation of
resistant isolates highlight the threat to public health. This is higher particularly to those
who have direct contact with food animals and raw animal products (farmers, abattoir
workers and animal health personnel), immunocompromised individuals, elderly and to

consumers who have habit of eating raw or under cooked meat.

To control and prevent campylobacter infection and contamination in live animal and
animal products, it is crucial that risk reduction strategies should be used. Throughout
the food chain that is from farm to fork. Based on the findings of the present study the
followings are recommended:
% The contamination of raw meat in this study indicates the need in improvement of
microbiological quality of raw meat. Good manufacturing practice and hygienic

standards in raw meat production should be implemented.

% Standard abattoir and personnel hygiene should be employed to control

contamination of meat and meat products with campylobacter.
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s Awareness should be created among the public about the risks associated with

consumption of raw or under cooked meat.
¢ Antimicrobial agents must be used wisely both in animals and humans.
% Further studies should be under taken in order to establish exactly the

contamination points along raw meat production chain so the corrective measures
can be taken.
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8 ANNEXES

Annex 1. Sample collection sheet for bacteriological analysis

Date of
collection

Sample
source

Sample type

Sample
code

TNS

Remark

Note: TNS= Total number of sample

Annex 2. Location of sampling super markets, types and number of samples

Source Name Sample type TNS Location
Supermarket Abadir MB, SM,CM 8 Addis Ababa
Supermarket Beloyans B, MB, SM 6 Addis Ababa
Supermarket Bambis MB, P, SM 7 Addis Ababa
Supermarket Shisolomon B,P,GM 8 Addis Ababa
Supermarket Novis-1 MB, P,CM 8 Addis Ababa
Supermarket Edget CM, B 9 Addis Ababa
Supermarket Alema CM,P.B 7 Debre Zeit
Supermarket Meskerem MB, P, SM 8 Addis Ababa
Supermarket Negash B, MB, SM 8 Addis Ababa
Supermarket Abebe Abshir | MB, P, SM 5 Addis Ababa
Supermarket Loyal CM, B,GM 8 Addis Ababa
Supermarket Central MB, P, SM 10 Addis Ababa
Total 92

Note: MB=minced beef, B=beef, SM= sheep meat P= pork, GM= goat meat, CC=

chicken meat, TNS= Total number of sample
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Annex 3. Microbiological Activities in the isolation and identification of thermophilic

Campylobacter species

Sample | Growth at | Morphology Motility Grams Catalase | Oxidase H.S Nitrate Hippurate
code on test reaction test test production reduction hydrolysis
selective
medium at
42°C
(P/N)

Note: - P/N = Positive/Negative

Annex 4: Location of sampling abattoirs, types and number of samples used for the
study.

Source | Name Sample type TNS Location
Abattoir | ELFORA 140 Debre Zeit
Abattoir Sheep meat 50 Debre Zeit
Abattoir Goat meat 50 Debre Zeit
Abattoir Beef 10 Debre Zeit
Abattoir Chicken carcass | 30 Debre Zeit
Abattoir | D/Z Public abattoir 37

Abattoir Sheep meat 08 Debre Zeit
Abattoir Goat meat 07 Debre Zeit
Abattoir Beef 22 Debre Zeit
Abattoir | A.A Public abattoir 181 Addis Ababa
Abattoir Sheep meat 35 Addis Ababa
Abattoir Goat meat 10 Addis Ababa
Abattoir Beef 106 Addis Ababa
Abattoir Pork carcass 30 Addis Ababa

Note: TNS= Total number of sample

58




Annex 5: Location of sampling butchers, types and number of samples

Source | Name Sample type | TNS Location
Butcher | lenay B,SM, 3 Addis Ababa
Butcher | Bekele B 2 Addis Ababa
Butcher | H/Mariam B,SM,GM 4 Addis Ababa
Butcher | Selam SM, GM 3 Addis Ababa
Butcher | Fasika B, SM 4 Addis Ababa
Butcher | Tadesse B 2 Addis Ababa
Butcher | Betelihem B,GM 4 Addis Ababa
Butcher | Tinsae GM,B 2 Addis Ababa
Butcher | Tsegaye SM,B,GM 3 Addis Ababa
Butcher | Lambu B 2 Addis Ababa
Butcher | Tenama Ye Harer senga | B,SM 3 Addis Ababa
Butcher | Mirt B 2 Addis Ababa
Butcher | Bash Woldwe chilot B,SM,GM 4 Addis Ababa
Butcher | K/Giorgis B,SM 5 Addis Ababa
Butcher | Tiegist B 1 Addis Ababa
Butcher | Dessalegn B,GM 4 Addis Ababa
Butcher | Biherawi SM 3 Addis Ababa
Butcher | Assela B,SM 3 Addis Ababa
Butcher | Mugib B, 1 Addis Ababa
Butcher | Tinsae B 2 Addis Ababa
Butcher | Chercher B 2 Addis Ababa
Butcher | Fasika B,SM 1 Addis Ababa
Butcher | Bere Lelimat B 2 Addis Ababa
Butcher | Ashu B,GM 3 Addis Ababa
Butcher | Erikum B,SM 3 Addis Ababa
Butcher | Kebele 10 public B 2 Addis Ababa
Butcher | Kidus Mikael B 4 Addis Ababa
Butcher | Ayalew Kiristian Sigabet | B 3 Addis Ababa
Butcher | Tsehay B,SM 2 Addis Ababa
Butcher | Adaa B 1 Debre Zeit
Butcher | Nice B 2 Debre Zeit
Butcher | Shewa cottage B 1 Debre Zeit
Butcher | Kana Zegelila B 3 Debre Zeit
Butcher | Genet B 2 Debre Zeit
Butcher | Kulubigebriel B 3 Debre Zeit
Total 90 Debre Zeit
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Note: B= beef, SM=sheep meat, GM=goat meat

Annex 6: Bacteriological media and Chemicals, Prepared and utilized in the current
study.
Campylobacter Agar Base (CM689, OXOID, ENGLAND)

Formula per Liter: Lab-Lamco’ Powder 10.0g, peptone 10.0 g, Sodium chloride 5.0 g,
Agar 12.0g.

Direction: Suspend 18.5g of Campylobacter Agar Base (CM 689) in 475ml of distilled
water and bring to boil to dissolve completely. Sterilize by autoclaving at 121°C for 15
minutes. Cool to 50°C. Aseptically add 25ml of Lysed Horse Blood (SR117)

reconstituted as Directed.

Tryptic Nitrate Medium (DEFCO, France)

Formula per Liter: Bacto Tryptose 20.0g, Bacto Dextrose 1g, Disodium phosphate 2g,

potassium nitrate, Bacto Agar 1g.

Direction: To rehydrate the medium suspend 25grams in 100ml, cold distilled water
heat to boil, to dissolve completely. Sterilize in the autoclave for 15 minutes at 121°C.
Inoculate with test organism and incubate at 37°C for 24hours. Test for nitrate
reduction.

Reagent A

Sulfalinic acid 59

Acetic acid (5M)

Reagent B

N-N-dimethyl-naphthylamine 3ml

Acetic acid (5M) 500ml
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Add 3drops of reagent A then 3 drops of reagent B to the suspension of organism in
broth. Wait for 30 minute for the production of red color, indicating the presence of
nitrate reduction product, nitrite. The presence of unreduced nitrate can be detected by

adding a pinch of zinc powder to the broth if the red color didn’t develop.

Difco™ Columbia Blood Agar Base

Approximate Formula per Liter

Pancreatic Digest of Casein, 10.0 g ,Proteose Peptone, 5.0 g, Yeast Extract, 5.0 g, Beef
Heart Digest, 3.0 g, Corn Starch, 1.0 g, Sodium Chloride, 5.0 g, Agar,12g.

Difco™ Columbia Blood Agar Base (DEFCO, BACTON, DICKINSON France S.A.).
Direction: Suspend 39 g of Columbia Blood Agar Base powder in 1llitre of distilled
water and heat with frequent agitation and boil for 1 minute to completely dissolve the

powder and autoclave at 121°C for 15 minutes.

For preparation of blood agar, cool the base to 45-50°Cand add 5% sterile, defibrinated

blood, mix well and dispense an approximate of 12ti15ml in to sterile Petri dishes.

Mueller- Hintons Agar (DEFCO, BACTON, DICKINSON France S.A.)

Formula: Beef Infusion 300.0g, Casamino Acid Technicall7.5g, Starch 1.5g, Agar
17.0g

Direction: Suspend 38g of the powder in 1 liter of purified water; Mix thoroughly. Heat
with frequent agitation and boil for 1 minute to completely dissolve the powder.
Autoclave at 121°C for 15 minutes. Avoid over heating. Cool to 50°C. Aseptically add

25ml of horse Blood.

SIM Medium (BBL, Bacton Dickinson Microbiology System)
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Formula per Liter: Pancreatic Digest of Casein 20g, Peptic Digest of Casein 6.1g,
Ferrous Ammonium Sulphate 0.2, Sodium Thiosulfate 0.2g, Agar 3.59

Direction: Suspend 30g of the powder in 1 liter of purified water. Mix thoroughly. Heat
with frequent agitation and boil for 1 minute and autoclave at 121°C for 15 minutes.

Sodium Hippurate Broth, BBLTM (Becton, Dickinson, USA).

Formula per Liter: Heart Muscle, Infusion from (Solids)10.0 g, Peptic Digest of Animal
Tissue 10.0 g, Sodium Chloride 5.0 g, Sodium Hippurate, 10.0 g

Direction: Dissolve 10g in 1 liter of distilled water and distribute in to final containers.

Sterilize by autoclaving at 121°C

Ferric Chloride Test Reagent

Formula for acidic ferric chloride solution................... 12%
Ferricchloride . .......... .. . i 120¢g
Concentrated hydrochloricAcid .. ................... 5.4 ml
Distilledwater . . ......... ... ... i, 94.6 ml
Direction

1. Add approximately 75ml of distilled water to a 100ml volumetric flask.

2. With transfer pipette add 5.4ml HCI to flask, running the acid down the sides of the
flask.

3. Add 12.0 g of ferric chloride.

4. Dissolve by warming flask gently, swirling contents to mix well.

5. Bring volume up to 100ml with distilled water so the final solution appears orange in
color.

Procedure:
e Inoculate tubes with one to two isolated colonies from pure culture plate.

¢ Include an uninoculated tube as a negative control and a positive control (type
cultures).
e Incubate tubes with loosened caps for 48 h at 35 £ 2°C in a microaerobic

atmosphere.
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e Following incubation, centrifuge all cloudy cultures and use the supernatant in
the test.
o Aseptically transfer its 0.8ml supernatant to small test tubes using sterile pipette,
add 0.2ml of 12% acidic ferric chloride and gently shake.
A positive test for hippurate hydrolysis is indicated by production of a brown

flocculants, insoluble precipitate that persists on shaking.

Tryptone Soya Broth (CM0129, OXOPID, ENGLAND)

Formula per Liter: Pancreatic digest of casein 17.0g; peptic digest of soybean meal 3.0g;

sodium chloride 5.0g; Dibasic potassium phosphate 2.5g; Glucose 2.59

Direction: Dissolve 30g in 1 liter of distilled water and distribute in to final containers.
Sterilize by autoclaving at 121°C

Brucella Broth (B2900-02, Oxoid, England)

Formula per Liter: Casein Digest Peptone 10.0g, Yeast Extract 2.0g, Sodium chloride
5.0g, Sodium bisulfate 0.1,Peptic Digest of Animal Tissue 10.0g and Dextrose
1.0g.

Direction: Dissolve 28grams per liter of distilled water and heat with stirring until

completely dissolved Dispense into appropriate containers; loosen caps and autoclave
for 15 minutes at 121°C.
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