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ABSTRACT

Campylobacter jejuni and C. coli are contaminants of broiler skin, and in unauthorized numbers cause campylobacteriosis
in consumers where symptoms range from gastrointestinal to life-threatening. The number of chicken bacteria and their genetic
diversity depend on the growing conditions, and the presence of antibiotic resistance genes is the result of irrational use of
antibiotics. The purpose of this paper is to point out the importance of reducing the contamination of Campylobacter spp. in
broiler production as well as the importance of the rational use of antibiotics in the production of broilers with a contribution to
the prevention of the spread of campylobacteriosis and antibiotic resistance. The incidence of campylobacteriosis can be
prevented by the concept of Hazard Analysis Critical Control Point (HACCP) in broiler production and the use of probiotics as
biological preservatives in broiler meat. The spread of antibiotic resistance genes can be reduced by prohibition of antibiotic use
for prophylaxis and only permitted for medication.
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ABSTRAK

Campylobacter jejuni dan C. coli adalah kontaminan pada kulit ayam pedaging, dan dalam jumlah banyak yang tidak semestinya
menyebabkan campylobacteriosis pada konsumen di mana gejala berkisar dari gangguan pencernaan hingga mengancam jiwa.
Jumlah bakteri ayam dan keragaman genetiknya tergantung pada kondisi pertumbuhan, dan adanya gen resistensi antibiotik
merupakan akibat dari penggunaan antibiotik yang tidak rasional. Tujuan dari makalah ini adalah untuk menunjukkan pentingnya
mengurangi kontaminasi Campylobacter spp dalam produksi ayam pedaging serta pentingnya penggunaan antibiotik yang
rasional dalam produksi ayam pedaging dengan kontribusi terhadap pencegahan penyebaran campylobacteriosis dan resistensi
antibiotik. Kejadian campylobacteriosis dapat dicegah dengan konsep Hazard Analysis Critical Control Point (HACCP) dalam
produksi ayam pedaging dan penggunaan probiotik sebagai pengawet biologis pada daging ayam pedaging. Penyebaran gen
resistensi antibiotik dapat dikurangi dengan pelarangan antibiotik dalam ransum ayam untuk pencegahan dan hanya diijinkan
untuk pengobatan.

Kata kunci: Resistensi antibiotik, daging ayam, Campylobacter spp., pencegahan

INTRODUCTION research is scarce (Hanson et al. 2018). The first
measure to control the spread of C. jejuni and C. coli in
the skin of broiler carcasses is laboratory detection and

compliance with biosecurity measures in production to

Thermophilic Campylobacter spp. (C. jejuni, C.
coli) are microaerophilic, gram-negative bacteria, and

zoonotic potential that cause campylobacteriosis. The
most common causes of the disease are: C. jejuni
(95%) and C. coli (2-5%) (Wieczorek & Osek 2013).
Campylobacteriosis is a seasonal zoonosis, and bacteria
most often exert their harmful effects on the epithelium
of the intestinal and reproductive tract (Chukwu et al.
2019). Campylobacteriosis is a leading public health
problem in Europe, the United States, Australia, New
Zealand, but it is also present in Africa and Asia, but

maintain microbiological/health safety of food, provide
safe and quality food for consumers (Furmeg et al.
2020). Prevention includes Good Hygienic Practice
(GHP) and Good Manufacturing Practice (GMP) in
broiler production (Hrustemovi¢ et al. 2021b).

There is no relevant scientific evidence that
humans can be carriers, while warm-blooded animals
are considered reservoirs of infection, especially
poultry (Sheppard & Maiden 2015). Campylobacter
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jejuni and Campylobacter coli are found in the
digestive tract of seemingly healthy poultry, often in a
percentage of 100%, and are also found on feathers and
are a source of infection for humans (Laconi et al.
2021).

Cross-contamination, mixing roasted meat with
raw chicken meat is a high risk factor for getting
campylobacteriosis in consumers. Food should be
handled with care to prevent possible food poisoning.
Contamination of raw chicken meat largely depends on
the processing of the slaughter (Silva et al. 2018;
Alarjani et al. 2021). The dangers are different phases
of primary production (fattening, slaughter and primary
processing of chicken meat), so it is important to
respect sanitary standards in different phases of
primary production, "from farm to table" (Crim et al.
2014).

Each country should have a strategic plan and
strict biosecurity measures to prevent contamination of
production facilities with thermophilic Campylobacter
spp. which is the obligation of EU member states
(Bilska & Kowalski 2014; Facciola et al. 2017; Ben
Romdhane & Merle 2021).

A review of the literature indicates that C. jejuni
and C. coli are significant contaminants of broiler
carcass skin, and that antibiotic resistance is a global
public health problem (Hrustemovi¢ et al. 2021b).
When we talk about C. jejuni and C. coli as
contaminants of chicken meat, it is most often a
bacterium of poultry origin (Vizzini et al. 2021). Food
contaminants, in addition to the danger of causing
alimentary intoxications in humans, can also mediate
the spread of antibiotic resistance (ABR) genes to
bacteria of human origin. Antibiotic resistance in
isolates of C. jejuni and C. coli is present in the highest
percentages in fluoroquinolones, macrolides and
tetracyclines used in human and veterinary medicine,
which indicates the importance of monitoring and
rational use of antibiotics (Collignon & McEwen 2019;
Premarathne et al. 2017).

In order to reduce the growth of ABR,
international protocols have been developed with
recommendations for the choice of AB in the treatment
of bacterial infections in human and veterinary
medicine, and EU member states have banned the use
of AB in poultry (Wernicki et al. 2017). The problem
of the validity of international protocols is reflected in
the possibility of changing the genetic material of
bacteria that carry with them and the change of
resistance. Bacteria are short-lived, grow, multiply and
transmit genetic material to their offspring (Sheppard &
Maiden 2015). The genetic material of bacteria is
variable and can be changed depending on external
influences, including the use of antibiotics. In this
regard, the effectiveness of certain AB in the treatment
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of bacterial infections is changing (Hrustemovi¢ et al.
2021b; Hrustemovi¢ et al. 2022).

Antibiotic resistance can be innate (natural,
intrinsic) and acquired. Bacterial genetic material can
mutate as a result of bacterial defense, adaptation,
survival in the case of certain AB, and genes can move
through the genomes of the bacterial cell and transmit
resistance genes. In addition to genetically determined
bacterial resistance, there are biochemical mechanisms
of bacterial resistance to certain AB, namely:
enzymatic inactivation and modification, changes in
DNA gyrase and topoisomerase 1V, target modification
(change in target enzyme), changes in ribosome
structure, active efflux, changes in metabolic pathway,
altering the permeability of the bacterial cell membrane
(Hrustemovi¢ et al. 2022).

With the uncontrolled use of AB, bacteria can
change their hereditary material in order to survive and
pass it on to their offspring, who become resistant to
the once effective AB. A special danger is posed by
microorganisms that are constantly present in the body,
such as C. jejuni and C. coli in chickens, and the
uncontrolled use of AB in chickens changes their
hereditary material and becomes resistant to the AB
used. The high risk of spreading ABR should be
reduced by rational consumption of AB, with special
emphasis on the limited use of AB in poultry
(Premarathne et al 2017).

This article describes the presence of antibiotic
resistance in isolates of Campylobacter spp. from
broiler chicken meat in different regions in order to
indicate the importance of reducing the contamination
of broilers with Campylobacter spp. in production as
well as the importance of rational use of antibiotics in
broiler production with contribution to the prevention
of the spread of campylobacteriosis and antibiotic
resistance.

GENERAL CHARACTERISTICS OF
CAMPYLOBACTER SPP.

Campylobacter spp. belong to the genus
Campylobacter. Thermophilic species are important for
public health: Campylobacter jejuni (C. jejuni),
Campylobacter coli (C. coli), Campylobacter fetus (C.
fetus), Campylobacter lari (C. lari), Campylobacter
hyointestinalis (C. hyointestinalis) and Campylobacter
sputorum (C. sputorum) (Costa & lraola 2019).
Thermophilic species are found in the intestines of
various animals. The most important reservoirs of
infection are: poultry, domestic and wild animals, pets,
birds, mollusks (Hansson et al. 2018; Hrustemovi¢ et
al. 2021; Laconi et al. 2021). They show high
sensitivity to disinfectants, acids and salts. Inactivation
is achieved at -12°C, some species survive at -70°C. In
general, storing chicken meat at a refrigerator
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temperature of 4°C and a temperature of -20°C reduces
the amount of C. jejuni and C. coli in chicken meat
(Awadallah et al. 2014). They show sensitivity to high
temperatures and gradual drying. The optimum
temperature is 30-45.5°C (Chukwu et al. 2019). These
are microaerophilic, gram-negative bacilli, seagull
wing shapes or the letter S (Bronowski et al. 2014;
Markey et al. 2013). They are asporogenic and motile.
Most oxidases and catalases are positive, reduce nitrate
to nitrite and do not break down glucose. In the
differentiation of thermophilic species C. jejuni and C.
coli, hydrolysis of hippurate, which is negative in C.
coli, is performed and tested. To differentiate C. lari, a
test is performed on nalidic acid to which isolated C.
lari is naturally resistant (Markey et al. 2013).

Colonies are not subject to hemolysis. They have
a variable appearance depending on the Campylobacter
species and the nutrient media used for cultivation. On
Karmala agar they are flat, gray in color, moist and
spill, while on Skirrow agar they are gray and brown.
On modified agar with carbon-cefoperazone-
deoxycholate (MCCDA) they are small and flat, gray-
white in color, with a tendency to spill and are watery.
Campylobacter jejuni form flat, gray, and water
colonies, and C. coli, round, glossy, and white (Quinn
et al. 2011; Hrustemovi¢ et al. 2021).

Bacteria possess the ability to adhere to the
substrate. Campylobacter species characterized by
mobility that has a directed movement (chemotaxis)
towards various organs through the epithelium
(translocation) (Laconi et al. 2021). They can invade
the epithelium (invasion), form a biofilm, release
endotoxins and resist immunity (Quin et al. 2011;
Bolton 2015; Kaakoush et al. 2015; Costa & Iraola
2019). Virulence is related to the strength of the
released endotoxin (Markey et al. 2013).

CAMPYLOBACTERIOSIS IN ANIMALS AND
HUMANS

Campylobacteriosis is a very rare animal disease.
Animals are considered reservoirs of infection (Markey
et al. 2013). Human-to-human transmission is also
possible in immunocompromised humans (Bronowski
et al. 2014). The sources of infection for humans are
quite wide, because they are ubiquitous bacteria.
Transmission is direct through animals and indirect
through water and food (Wieczorek & Osek 2013).

Campylobacteriosis is caused pathogenic bacterial
species of the genus Campylobacter, which in humans
most often cause symptoms of acute food poisoning
(Ruddell et al. 2020). Campylobacteriosis of humans
belongs to the seasonal zoonoses, food poisoning
diseases that most often occur in the warm season when
the most favorable climatic conditions for the growth

and development of these pathogens in food (Kaakoush
et al. 2015; Hrustemovi¢ et al. 2022b).

In humans, they most often cause diseases of the
digestive tract, but various complications are possible
in the form of hemorrhagic diarrhea, bacteremia,
septicemia, reactive arthritis, Guillan-Barré syndrome
with neurological consequences, autoimmune disorder
of the peripheral nervous system where antibodies
attack the myeloid envelope of other peripheral nerves.
Septicemia is a rare complication with a possible fatal
outcome (Chukwu et al. 2019). Campylobacteriosis in
humans: a form of gastroenterocolitis, a septic form,
subclinical, prolonged or chronic (Markey et al. 2013).
The form of gastroenterocolitis most often occurs in
children, as well as a septic form that can have a lethal
outcome.

Complications occur if bacteria enter the
bloodstream through the intestinal wall (Bintsis 2017;
Chukwu et al. 2019). Young children and people with
HIV, autoimmune and neoplastic diseases are very
susceptible to campylobacteriosis (Kaleni¢ et al. 2013;
Bronowski et al. 2014). Subclinical is asymptomatic
and can be proven only by laboratory examination. In
the case of a prolonged form, complications may occur
including Guillain Barre syndrome or Miller Fisher
syndrome, with symptoms of partial or complete
paralysis (Chukwu et al. 2019).

EPIDEMIOLOGY OF CAMPYLOBACTERIOSIS
IN DIFFERENT REGIONS

Campylobacteriosis is a seasonal zoonosis that
occurs in the spring-summer season (Chukwu et al.
2019). Epidemiological data indicate high prevalences
of campylobacteriosis in many regions, and it is
considered that the prevalences are even higher,
because many countries do not have a legal obligation
to monitor (Kaakoush et al. 2015; Ben Romdhane &
Merle 2021).

Monitoring data suggest that the prevalence of
campylobacteriosis is highest in Sweden, Denmark and
the United States. Monitoring data are scarcer in
Africa, Asia, and the Middle East and are not
considered leading enteritis. In countries in Africa and
Asia, one billion people get various intestinal infections
each year (Sahin et al. 2012; Kaakoush et al. 2015;
Silva et al. 2018).

In Southeast Asia, Thailand, campylobacteriosis is
the leading cause of diarrhea as in European countries
and the United States (Mason et al. 2017). The
European Food Safety Authority (EFSA) and the
European Center for Disease Prevention and Control
(ECDC) report that a trend of campylobacteriosis
growth has been recorded in Europe since 2005, which
has not been recorded in any other alimentary epidemic

93



WARTAZOA Vol. 32 No. 2 Th. 2022 HIm. 91-104

and that campylobacteriosis is the leading alimentary
intoxication (Table 1) (EFSA & ECDC 2009-2021).
Many authors believe that data on the annual rate
of campylobacteriosis are much higher than currently
available and that control monitoring of preventive
measures should be done in all regions /countries
(Kaakoush et al. 2015; Ben Romdhane & Merle 2021).
Some authors believe that lower rates of
campylobacteriosis in third-world countries are due to
less infection reservoirs, and less exposure while others
believe it is humoral immunity resulting from
childhood exposure to Campylobacter bacteria (Ben
Romdhane & Merle 2021; Hrustemovié¢ et al. 2021b).
As bacteria in the genus Campylobacter are
microaerophilic and extremely sensitive to the presence
of oxygen, the methodology used for sampling,
isolation, and identification may yield incorrect results
(Bronowski et al. 2014; Kaakoush et al. 2015).

HUMAN IMMUNITY TO
CAMPYLOBACTERIOSIS

Host immunity is based on cellular and humoral
immunity, as well as non-immune defense
mechanisms. Cellular immunity in the form of T
lymphocyte production is important in
immunocompromised patients, patients  with
autoimmune diseases, HIV infection, and neoplastic
diseases (Costa & Iraola 2019). In campylobacteriosis,
the humoral immune response is significant where IgA
immunoglobulins (acute phase), 1gG, IgM play an
important role. Overcoming the infection leaves an
insecure immunity (Markey et al. 2013; Costa & Iraola
2019; Ben Romdhane & Merle 2021). Immunity
resistance is related to the lack of cytokine release. The
clinical picture of the disease is related to cellular and
humoral immunity. Cellular immunity refers to the
release of T-lymphocytes, the so-called "Killer cell”,

Table 1. Campylobacteriosis in Europe

and humoral immunity to the production of antibodies,
immunoglobulin IgA, 1gG and IgM. The non-immune
response depends on the composition of the intestinal
flora. Bacteria of the genus Lactobacillus and
Bifidobacterium play a significant role in alleviating
the clinical picture, because they release bactericidal,
fungicidal and viricidal substances (Zhang et al. 2017).
Probiotics reduce the complications of
campylobacteriosis in the form of celiac disease,
Crohn's disease, ulcerative colitis, etc. (Lebwohl et al.
2015).

BENEFITS OF PROBIOTICS AND THEIR
INHIBITORY EFFECT ON PATHOGENS

Food enriched with probiotic cultures of the
genera Lactobacillus and Bifidobacterium contribute to
health: As an example, Lactobacillus acidophilus (L.
acidophilus) is a well-known species for the
fermentation of dairy products (Fijan 2014).
Lactobacillus convert sugars into lactic acid and serve
in the preparation of fermented products (Hrustemovi¢
et al. 2021b). Lactobacillus has the ability to synthesize
bacteriocins that damage pathogens (da Silva Sabo et
al. 2014). The effect is still being investigated, and
nisin is used (Cotter et al. 2013). Lactobacillus
salivarius and Lactobacillus plantarum (L. plantarum)
can inhibit the growth of Campylobacter spp. from
food (Messaoudi et al. 2012; Wang et al. 2014).
Lactobacillus plantarum is considered one of the most
important species of the genus Lactobacillus (da Silva
Sabo et al. 2014).

Bacteriocin enzymes, which are produced by
probiotic bacteria, can also be used in food preservation
as biological preservatives in the so-called "New food",
which excludes the wuse of harmful, chemical
compounds nitrite and nitrate, which are required for
food to be pathogens free (da Silva Sabo et al. 2014).

Frequency of campylobacteriosis from 2005 to 2019 in Europe

Europe / year
Growth (%) No of cases Source

Europe / 2005 6-7 195 426 EFSA & ECDC (2009)
Europe / 2007 2-3 200 507 EFSA & ECDC (2009)
Europe / 2010 5-6 212 064 EFSA & ECDC (2012)
Europe / 2011 34 220 209 EFSA & ECDC (2013)
Europe / 2014 7-8 236 851 EFSA & ECDC (2015)
Europe / 2016 3-4 246 307 EFSA & ECDC (2017)
Europe / 2018 0-1 246 571 EFSA & ECDC (2019)
The number of reported recorded a decline 120 946 EFSA & ECDC (2021)

campylobacteriosis decreases, ~ Since 2019

probably due to the COVID-
19 pandemic, Europe / 2021
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Bacteriocins are used today as biological food
preservatives, and canning of dairy products is also
recommended (Perez et al. 2014). Probiotics are
increasingly being used in addition to antibiotics as part
of therapy to reduce the side effects in the form of
diarrhea and stomach cramps. Recently, they are also
used as biological preservatives. Such food
preservatives are not harmful, are good for the
microflora of the consumer and help strengthen the
immune system (da Silva Sabo et al. 2014).

It is known that meat is susceptible to spoilage
and meat quality is related to microbiological and
biochemical quality. There is a trend of "New food" on
the market and consumers want the meat to be with as
few chemical additives as possible (lbrahim et al.
2021). Reduced salt content, reduction of chemical
preservatives, use of vacuum, is known as a "Mild
technology” whose disadvantages are the increase of
bacteria in various meat products (Verma et al. 2022).
For this reason, the use of probiotics and metabolites in
meat as competitive antagonists of pathogenic bacteria
and natural preservatives is being studied. Probiotics
are in use, which has been tested for many years, as
well as their products such as nisin (Juturu & Wu 2018;
Verma et al. 2022).

The use of probiotics should not change the taste
of meat (da Silva Sabo et al. 2014). Probiotics reduce
the growth of food pathogens with their metabolites,
but this inhibition must last for some time for the
probiotic to be a good biological preservative, to have
good metabolic activity, and to survive at low
temperatures (Ghanbari et al. 2013). Bacteria of the
genus Lactobacillus spp. have those abilities. Their
metabolic products with which they competitively
inhibit the growth of pathogenic bacteria are
bacteriocins, organic acids (lactic acid), diacetyl,
hydrogen peroxide, and carbon dioxide (Hwanhlem &
Aran 2015). Bacteriocins are synthesized peptides and
act by signaling cells (Chikindas et al. 2018). They
have an inhibitory effect on bacteria in the immediate
vicinity. Organic acids lower the pH value and thus
reduce the population of pathogens. Fat-soluble, have
the ability to enter the cell of pathogenic bacteria and
reduce pH, and also affect bacterial metabolism.
Hydrogen peroxide causes permeability of the
pathogen membrane. Carbon dioxide creates an
anaerobic environment and causes the permeability of
lipid membranes. Diacetyl acts on the protein
responsible for binding arginine and bacteria (Neal-
McKinney et al. 2012).

SANITATION AS AHYGIENIC MEASURE IN
CHICKEN MEAT PRODUCTION

One of the measures to reduce C. jejuni and C.
coli in the primary production of broiler chicken meat

is the application of hygienic and sanitary standards in
primary production (Hrustemovi¢ et al. 2021). The
effect of probiotics in chicken meat as a natural
preservative on reducing contamination with C. jejuni
and C. coli is also being investigated (Wang et al.
2014).

In order to reduce the occurrence of
campylobacteriosis, the following are important:
hygienic food handling, avoidance of contamination,
storage of food in refrigerators, chlorination of water,
Hazard Analysis Critical Control Point system
(HACCP), Good Hygienic Practice (GHP), Good
Manufacturing Practice (GMP) (Bilska & Kowalski
2014; Facciola et al. 2017; Hrustemovic¢ et al. 2021b).

Subsequent contamination of meat most often
occurs in primary production, so it is important to
respect hygienic and sanitary standards at different
stages of primary production (fattening, slaughter,
primary processing) (Crim et al. 2014). The application
of Hazard Analysis Critical Control Point (HACCP),
Longitudinal Integrated Safety Assurance (LISA),
Quality, Safety, Acceptability (QSA) and Specific
Patogen Free (SPF) systems for the purpose of “Safe
food” production is very important. The most
commonly used disinfectants in primary production are
halogens, phenols, cationic surfactants, cresols, and
aldehydes (Hrustemovi¢ et al. 2021b).

Chlorine is the best bactericide, and it is also a
fungicide and viricide. It is used for sanitation in the
form of chlorinated lime, calcium hypochlorite, and as
a gas for water disinfection. Stabilized liquid chloride
has no negative characteristics, toxicity, and corrosivity
(HadZiabdi¢ et al. 2013).

Phenols are bactericides, fungicides, and viricides,
but they are not sporocides. They are toxic, corrosive,
strong-smelling, and environmentally unacceptable.
Cationic surfactants work best on gram-positive
bacteria. They also act on fungi and viruses. They are
non-toxic, corrosive, and odorless (Hrustemovi¢ et al.
2021b).

Cresols are bactericides, fungicides and viricides.
The disadvantage is corrosivity and reduced action in
organic matter. Formaldehyde is a bactericides,
fungicides and Kills viruses, but it is toxic, corrosive,
and strongly odorous (Quinn et al. 2011; Hrustemovié¢
et al. 2021b).

PROBLEMS OF ANTIBIOTIC RESISTANCE
CAMPYLOBACTER JEJUNI AND
CAMPYLOBACTER COLI

In Bosnia and Herzegovina, various types of
antibiotics (AB) are still used in the production of
broiler chicken meat in prophylaxis, therapy, and for
the purpose of increasing production. Prophylactically,
it is usually sought to reduce the number of pathogenic
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bacteria in chicken intestines in order to reduce meat
contamination with intestinal bacteria, including C.
jejuni and C. coli, which are potential causes of
campylobacteriosis in humans, during slaughter,
spreading, and processing of chicken carcasses
(Hrustemovi¢ et al. 2021b; Vizzini et al. 2021). This
method of reducing contaminants in chicken meat is
not recommended because it increases the risk of
antibiotic resistance (ABR), and there is another
problem of residues in meat that can harm consumers
(Hrustemovic¢ et al. 2022).

The use of large quantities of AB in the
production of broiler chicken meat in European Union
(EU) member states has long been recognized as bad
therefore, this prophylactic method was rejected and
the ban on the use of AB in chicken production is
regulated by law. Given that Bosnia & Herzegovina
(B&H) desires to join the EU, we should expect
harmonization of legal preconditions in B&H with the
laws of EU member states, which would greatly
contribute to reducing the spread of antibiotic
resistance. Monitoring the spread of ABR of food
contaminating bacteria is very important in order to
identify the problem and act in a timely manner to
rationalize the use of antibiotics (Ben Romdhane &
Merle 2021; Hrustemovi¢ et. al. 2022).

The trend of spreading antibiotic resistance to
bacteria requires all countries of the world to
rationalize the consumption of AB in order to maintain
their  effectiveness.  Continuous  monitoring s
recommended as a control measure of measures taken
to spread ABR (Ma et al. 2021).

In all countries of the world, there is a growing
trend of multidrug resistance (MDR), especially those
bacteria that are pluripotent, ie. antibiotic resistance to
one antibiotic entails antibiotic resistance to other
antibiotics of the same class. The probable reason for
this phenomenon is the same mechanism of action of
antibiotics from the same class because the acquired
mechanism of ABR is precisely related to the
mechanism of action of antibiotics (Hrustemovi¢ et al.
2021a).

Problems  with  antibiotic  resistance  of
thermopbhilic C. jejuni and C. coli is that these bacteria
if they have an ABR biochemical mechanism
(containing antibiotic resistance genes), are often active
efflux. Active efflux is defense mechanism used by
bacteria to protect themselves against various
antibiotics and disinfectants (Tang et al. 2017). This is
the only mechanism of bacterial resistance that is not
related to the mechanism of action of antibiotics, and
bacteria can expel the antibiotic with energy, regardless
of the antibiotic class or type, or mechanism of action.
Antibiotic resistance genes in the bacterial world can
be transmitted from parents to offspring (vertically) and
via plasmids between all nearby bacteria that are
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competent (horizontally) (Sheppard & Maiden 2015;
Ma et al. 2021; Hrustemovic et al. 2021a).

A review of the literature in many countries
revealed antibiotic resistance of isolates of C. jejuni
and C. coli. Campylobacter species are constant
contaminants of chicken skin, so it is important to wash
your hands after manipulation, because in addition to
possible campylobacteriosis, these bacterial species can
transmit antibiotic resistance genes to bacteria from
humans (Hansson et al. 2018; Hrustemovi¢ et al. 2022).

Based on monitoring data on antibiotic resistance
of C. jejuni and C. coli, it is noticeable that ABR has
been reported in many antibiotic classes, with a
significant increase in ABR to fluoroquinolones
(ciprofloxacin, marbofloxacin, enrofloxacin) and
quinolones (nalidixic acid) (Mason et al. 2017; Silva et
al. 2018). In veterinary medicine, fluoroquinolones are
very often used in the treatment of various bacterial
infections. They are important antibiotics for veterinary
medicine Veterinary Critically Important Antimicrobial
Agents - VCIA (Tang et al. 2017; OIE 2019). The
increase in resistance to these antibiotics is not
surprising, because they are empirically widely
prescribed in human and veterinary medicine. They are
most often prescribed empirically in the treatment of
urinary tract infections due to their good effect on
enterobacteria, which are common causes of infections
in this region (Markey et al. 2013).

Cephalothin has also been linked to high rates of
antibiotic resistance in C. jejuni and C. coli isolates
(Giacomelli et al. 2014). It is a type of antibiotic that
belongs to the class of  lactam antibiotics. It is an
antibiotic of the first generation of cephalosporins (B
lactams) that was discovered a long time ago and has
been used for a long time in both human and veterinary
medicine, so it is no wonder that many bacteria that
were naturally sensitive to this type of antibiotic are
now resistant. Resistance genes are spread to offspring
and other bacteria, including those of different
phylogenetic affiliations. Otherwise, irrational, frequent
use of B-lactam antibiotics leads to acquired antibiotic
resistance and bacteria defend themselves against
antibiotics through a biochemical mechanism known as
enzymatic modification and bacteria have the ability to
secrete B-lactamase enzymes and less frequently
amidase (Poirel et al. 2018; Hrustemovi¢ et al. 2021a).

Antibiotic resistance to cephalothin is not
surprising, but the great danger to public health is the
spread of antibiotic resistance to more recent p-lactam
antibiotics such as cephalosporins 111 (cefotaxime) or
the spread of antibiotic resistance to newer B-lactam
antibiotics, reserve carbapenems. Generation Il
cephalosporins are more recent antibiotics with a broad
spectrum of action and have been left to be used in the
treatment of severe bacterial infections such as sepsis,
various respiratory bacterial diseases, complicated
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urinary tract infections, mastitis, etc. (Markey et al.
2013; OIE 2019). Otherwise, these antibiotics should
be used only in emergencies, because in addition to
spreading bacterial resistance to antibiotics, they also
strengthen very dangerous anaerobic bacteria such as
Clostridium difficile (Frieri et al. 2017).

The spread of antibiotic resistance of C. jejuni and
C. coli isolates to tetracyclines is on the lesser rise,
therefore, tetracyclines should never be the first drug of
choice in the treatment of less dangerous bacterial
infections due to their very broad spectrum of action
(Pérez-Boto et al. 2014; Nemeth, Oesch & Kuster
2015; Shobo et al. 2016).

An increase in antibiotic resistance of C. jejuni
and C. coli isolates to macrolides (erythromycin,
azithromycin) has been reported worldwide (Shobo et
al. 2016). There is also an increase in C. jejuni and C.
coli multidrug resistance to fluorogquinolones,
macrolides and tetracyclines used to treat
campylobacteriosis (Mason et al. 2017; Premarathne et
al. 2017).

Since 2013, antibiotic resistance has been
presented as a global public health problem.
Monitoring is an important control measure, but the
spread can be reduced by rational use of antibiotics.
When a bacterium acquires antibiotic resistance genes,
it takes ten years for susceptibility to return (Schrijver
et al. 2018).

RISKS AND PREVENTION OF
CAMPYLOBACTERIOSIS AND ANTIBIOTIC
RESISTANCE

Risk and prevention of campylobacteriosis

The food that is most often associated with
reported epidemics of campylobacteriosis is chicken
meat, unpasteurized eggs, unpasteurized dairy products,
etc. (Silva et al. 2011; Tang et al. 2017; Silva et al.
2018). Poultry and domestic cattle are considered to be
the most important reservoirs of infection (Sheppard &
Maiden 2015; Ruddell et all. 2020).

It is primarily transmitted through contaminated
water and food or by direct contact with animals that
transmit the infection (Bronowski et al. 2014; Tang et
al. 2017). Secondary transmission refers to
subsequently contaminated food with animal feces
(Markey et al. 2013). Subsequent contamination of
meat most often occurs in primary production, so it is
important to respect hygienic and sanitary standards at
different stages of primary production (fattening,
slaughter, primary processing) (Crim et al. 2014,
Hansson et al. 2018).

Culture, microscopic, and biochemical assays are
used to identify C. jejuni and C. coli (Markey et al.
2013). The Enzyme-linked immunosorbent assay

(ELISA), Randomly amplified polymorphic DNA
(RAPD) and repetitive sequence-based PCR (rep-PCR)
are used for epidemiological purposes (Azizian et al.
2018).

In order to reduce the outbreak of
campylobacteriosis epidemics, hand hygiene, hygienic
food handling, heat treatment of food, pasteurization of
milk, dairy products, and fruit juices, avoidance of
cross-contamination, refrigeration, fruit and vegetable
peeling, water chlorination, water chlorination, various
sanitary standards are important. stages of primary
production, HACCP system (GHP & GMP) (Bilska &
Kowalski 2014; Facciola et al. 2017).

The sanitation procedure reduces the number of
pathogenic microorganisms. Sanitation is a process that
involves mechanical cleaning and disinfection of the
space (Hrustemovi¢ et al. 2021b). Proper sanitation
contributes to the evaluation of the veterinary health
system, which represents protection against financial
risk, health protection, and safety (Hrustemovi¢ et al.
2021a). A study in Germany, Bechstein et al. (2019)
state that the use of disinfectant, without the application
of hydrostatic pressure, has no significant effect on
reducing contamination with C. jejuni, while a study in
Mississippi, Nair et al. (2014) state that the use of
lauric arginate reduces contamination without
application of hydrostatic pressure. In a study in
Arkansas (USA), Wagle et al. (2017), report a positive
effect of the application of the disinfectant
phytophenolic compound B-resorcil acid on the
decrease in contamination of raw skins, chicken meat
with C. jejuni, after cultivation.

A review of the current resistance study of
Campylobacter spp. on antibiotics and disinfectants, in
some cases variations were observed and in some not.
It is evident that resistance to antibiotics and
disinfectants is present in Campylobacter spp.
(Hrustemovi¢ et al. 2021b). Microorganisms are the
slowest to acquire resistance to disinfectants (Cantas et
al. 2013; Pidot et al. 2018). If resistance occurs, it is
usually acquired by biochemical mechanisms of
resistance, such as: efflux pump or alteration of cell
membrane permeability. If biochemical mechanisms of
resistance to disinfectants are developed, cross-
resistance to antibiotics is most common (Quinn et al.
2011). Since microorganisms are also able to acquire
resistance to disinfectants, it is necessary to find a new
means of providing an aseptic environment in the
future (Hogberg & Heddini & Cars). Recently, the
effectiveness of natural, biocidal agents such as pine oil
has been tested. Microorganisms have not yet shown
resistance to natural, biocidal agents (Quinn et al.
2011).

Campylobacteriosis therapy can be suppurative,
immunomodulatory, and antibiotic. The most
commonly used antibiotics are macrolides and
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fluoroquinolones, aminoglycosides, tetracyclines, and
reserve carbapenems can also be used (Quinn et al.
2011; Premarathne et al. 2017).

Wrong choice of antibiotics, wrong dose,
irrational use of antibiotics, prescribing for viral
diseases, prophylaxis in delaying surgical work, etc.,
can contribute to the creation of antibiotic resistance.
Good clinical practice, and correct use of antibiotics,
achieve a therapeutic effect while reducing side effects
(Hrustemovic¢ et al. 2021a).

Risk and prevention of antibiotic resistance

Antibiotic resistance is widespread in the world,
and reducing the use of antibiotics is the only solution
to this public health problem. Scientists are looking for
solutions and finding adequate substitutes for
antibiotics. Alternative therapies include the use of
probiotic bacteria of the genus Lactobacillus (Saint-Cyr
et al. 2016). Probiotics are increasingly being
researched as a good solution in reducing pathogens in
various types of food, ie their products bacteriocins that
can be used as biological preservatives in food (Soltani
et al. 2021). Lactobacillus probiotics that reduce C.
jejuni and C. coli in chicken intestines can be used in
the primary production of broiler chicken meat, which
contributes to the prevention of campylobacteriosis in
consumers (Neal-McKinney et al. 2012; Hrustemovié¢
et al. 2022b).

Antibiotic resistance of bacteria is a global public
health problem that can arise spontaneously by
mutation, be transmitted vertically from parents to
offspring or by horizontal transfer to all bacteria in the
immediate vicinity (Giedraitiene 2011). Bacteria can
also acquire different biochemical mechanisms of
resistance, which are related to the mechanisms of
action of the used biocidal agent to which certain
bacteria have acquired resistance (Markey et al. 2013).

In Campylobacter jejuni and C. coli the most
common mechanism of antibiotic resistance is active
efflux (Ma et al. 2021; Moradi & Baserisalehi 2022). In
order to prove the antibiotic resistance of the tested
bacteria, various detection methods are used, of which
the disk diffusion method is routinely used the most,
and molecular methods, and gene sequencing methods
are also used (Markey et al. 2013).

ANTIBIOTIC RESISTANCE OF
CAMPYLOBACTER ISOLATES ACCORDING TO
THEIR SPECIES IN DIFFERENT SAMPLES IN
MANY REGION

By monitoring the prevalence of antibiotic
resistance of C. jejuni and C. coli, certain variations in
the study results were observed. The high percentage of
antibiotic resistance is evident in fluoroquinolones,
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macrolides, and tetracyclines (Table 2) (Mason et al.
2017; Yamada et al. 2019). Monitoring has also
confirmed that poultry is the most common carrier of
campylobacteriosis in humans. Campylobacteriosis is
the leading toxin infection in Europe, the United States,
Australia, and New Zealand (Hanson et al. 2018).

In a study in Bosnia and Herzegovina related to
the percentage of C. jejuni and C. coli in chicken meat,
Alagi¢ et al. (2016) state that most isolates were
identified as C. jejuni (91.9%) and a smaller number as
C. coli (8.1%). Samples were taken from the bodies of
chickens on slaughter lines, with the assumption of
intestinal contamination during slaughter, and the
presence of contaminants in unauthorized numbers
suggests poor production processes. Contamination
with C. jejuni and C. coli was recorded on chicken
carcasses in the percentage of 27.4% (23/84), on
chicken breasts (19.0%), in the visceral cavity (15.5%)
and in chicken liver (9.5%).

In a study of the presence of Campylobacter spp.
on the skin of broiler carcasses in northern Croatia,
Furmeg et al. (2021) report more dramatic results,
stating that out of a total of 60 tested samples, as many
as 28 (46.67%) had a result above the limit value
(>1000 CFU/g) according to Regulation (EU)
2017/1495, emphasizing the importance of implementing
biosecurity measures in slaughterhouses as and
monitoring the prevalence of C. jejuni and C. coli to
ensure food safety.

In a study of the percentage of Campylobacter
spp. in chicken meat in Indonesia (Lampung, Jakarta
and Central Java), Syarifah et al. (2020) report that out
of a total of 105 examined samples, as many as 65
(61.9%) had positive results. Most of the positive
results are from Lampung and Jakarta with a
prevalence of 80%, and from Central Java 30%.

Based on alarming data on the incidence of
campylobacteriosis in humans in Barbados, isolation of
Campylobacter spp. from faecal samples in 596
animals and 311 food samples of animal origin. The
highest percentages of isolated Campylobacter spp.
were recorded in chickens (94.2%), pigs (90.5%), dogs
(46.9%), cats (37.3%) and wild birds (39.3%). In
chickens, the most common species is C. jejuni
(79.8%), in pigs C. coli (98.4%), and in cats C.
upsaliensis and C. helveticus. Researchers state that
people are most often infected by consuming
contaminated chicken meat, but also that pets are
significant reservoirs of infection (Mughini et al.
2013).
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Table 2. Antibiotic resistance of Campylobacter isolates from different samples in many regions

Regions/country/year

Prevalence of antibiotic resistance of Campylobacter spp. isolates from broiler chicken samples

Sample

Antibiotic classes

ABR (%)

Source

Southwest Asia/lran/2018
Southwest Asia/lran/2018
Southwest Asia/lran/2018
Europe/Central Italy/2017
Europe/Central Italy/2017
Europe/Central Italy/2017
South Africa /2016

South Africa /2016

South Africa /2016

Southeast Asia/Thailand/2017
Southeast Asia/Thailand/2017
Southeast Asia/Thailand/2017
Southeast Asia/Thailand/2017
South Asia/India/2018

South Asia/India/2018

South Asia/India/2018

South Asia/India/2018
Europe/Turkey/2009
Europe/Turkey/2009
Southeastern region of the
United States of
America/Georgia/2022

Broiler

Broiler

Broiler

Broiler cloaca
Broiler cloaca
Broiler cloaca
Health center
Health center
Health center
Production chains
Production chains
Production chains
Production chains
Skin of broiler
carcasses,
intestines,

cutting boards.
Slaughterhouses
Slaughterhouses
Chicken liver
Chicken liver

Tetracyclines
Fluoroquinolones
Penicillins
Fluoroquinolones
Tetracyclines

Macrolides
Fluoroquinolones
Macrolides: erythromycin
Macrolides: azithromycin
Fluoroquinolones: enrofloxcin
Tetracyclines: tetracycline
Tetracyclines: doxycycline

Sulfonamides: trimethoprim-s.

Cephalosporins: cephalothin
Tetracyclines

Tetracyclines
Fluoroquinolones: ciproflox.
Fluoroquinolones: ciproflox.
Tetracyclines

Campylobacter spp: 70.6 %
Campylobacter spp: 63.7 %
Campylobacter spp: 27.5 %

C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:

C. jejuni:
C. jejuni:
C. jejuni:
C. jejuni:

39 %; C. coli: 70 %
10 %; C. coli: 70 %
100 %; C. coli: 30 %

20.4 %; C. coli: 33.3 %
31.5 %; C. coli: 38.9 %

50 %; C. coli: 77.8 %

100 %; C. coli: 98.9 %
55.6 %; C. coli: 97.9 %

50 %; C. coli: 79 %

36.1 %; C. coli: 81.9 %

81.1%
59.4 %

76.3 %

74.2%; C. coli: 65.5%
33%

14%

Azizian et al. (2018)

Azizian et al. (2018)

Azizian et al. (2018)

Pergola et al. (2017)

Pergola et al. (2017)

Pergola et al. (2017)

Shobo et al. (2016)

Shobo et al. (2016)

Shobo et al. (2016)
Thomrongsuwannakij et al. (2017)
Thomrongsuwannakij et al. (2017)
Thomrongsuwannakij et al. (2017)
Thomrongsuwannakij et al. (2017)
Khan et al. (2018)

Khan et al. (2018)

Cokal et al. (2009)
Cokal et al. (2009)
Yeh et al. (2022)
Yeh et al. (2022)
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Bartkowiak-Higgo et al. (2006) in a pilot study in
South Africa, reported the percentage of C. jejuni and
C. coli in broilers, citing positive skin and liver results
of broilers contaminated with C. jejuni and C. coli
(24%) as well as intestinal contamination (28 %),
which indicates an increased risk of consumer disease
in Africa, where trials are rare and scarce
epidemiological data do not classify
campylobacteriosis as the leading enteritis.

In a study of the percentage and distribution of
antibiotic resistance of Campylobacter spp. from
chickens in Iran, Azizian et al. (2018) report that 55%
of chickens were contaminated with Campylobacter
spp., of which 67 isolates were typified by the
molecular polymerase chain reaction (rep-PCR)
method of which 57 (85.1%) were identified as C.
jejuni and 10 (14.9%) as C. coli. Significant genetic
differences were observed in C. jejuni isolates.
Antibiotic resistance of C. jejuni and C. coli isolates
was performed using the disk diffusion method and the
highest percentages were recorded for tetracyclines
(70.6%), fluoroquinolones  (63.7%), penicillins
(27.5%). By monitoring the prevalence of antibiotic
resistance of C. jejuni and C. coli isolates, the highest
percentages of fluoroquinolone resistance were
observed (Mason et al. 2017; Yamada et al. 2019).

In a study of the percentage of antibiotic
resistance in isolates of C. jejuni and C. coli obtained
from broiler cloaca from a farm in central Italy, Pergola
et al. (2017) report an increasing prevalence of
antibiotic resistance to fluoroquinolones, macrolides,
and tetracyclines. In the corresponding number of
samples (n = 116) the highest percentage of isolates
was identified as C. jejuni (n = 99) and a slightly
smaller number as C. coli (n = 41) which are common
statistical differences. Campylobacter jejuni isolates
showed the highest percentages of resistance to
fluoroquinolones (39%), slightly less to tetracyclines
(10%), and all other isolates of C. jejuni were resistant
to macrolides. Campylobacter coli isolates showed the
highest percentages of resistance to fluoroquinolones
(70%), tetracyclines (70%) and slightly less to
macrolides (30%).

Shobo et al. (2016) in the study of the prevalence
and distribution of antibiotic resistance of
Campylobacter spp. from a private health center in
South Africa, using a molecular PCR method,
identified 72 isolates of Campylobacter spp. of which
54 (75%) were identified as C. jejuni and C. coli 18
(25%). Isolates of C. jejuni and C. coli in the highest
percentages showed resistance to fluoroquinolones:
ciprofloxacin, in C. jejuni 11 (20.4%) and C. coli 6
(33.3%). Isolates of C. jejuni also showed resistance to
macrolides: erythromycin 17 (31.5%) and azithromycin
36 (50%), and isolates of C. coli to erythromycin 7
(38.9%) and azithromycin 14 (77.8%). High
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percentages of resistance are also evident for
tetracyclines in isolates of C. jejuni 14 (25.9%) and
isolates of C. coli 10 (55.6%). Recent research on the
presence of South African isolates of C. jejuni and C.
coli resistant to fluoroquinolones, macrolides and
tetracyclines, raises concerns among scientists who call
for the importance of the rational use of antibiotics.

Thomrongsuwannakij et al. (2017) in a study in
Thailand, report the percentage of antibiotic resistance
in isolates of C. jejuni and C. coli from broiler
production, following two production chains, where the
presence of most multidrug-resistant isolates (C. jejuni:
100%; C. coli: 98.9%). The highest antibiotic
resistance was again recorded on fluoroquinolones:
enrofloxacin  which is exclusively a veterinary
antibiotic, then on tetracyclines: tetracycline, sulfo
preparations:  trimethoprim-sulfamethoxazole  and
tetracyclines: doxycycline (C. jejuni: 100%, 55.6%,
36.1%, 50%; C. coli: 98.9%, 97.9%, 81.9%, 79%).

Research in India, Khan et al. (2018) report that
the highest percentages of C. jejuni contamination were
recorded on broiler carcass skin (38.6%) and intestines
(24%), and the lowest on cutting boards and knives
(14.0%). Antibiotic resistance was found in (97%)
isolates of C. jejuni, and the highest percentages were
recorded for cephalosporins: cephalothin (81.1%) and
tetracyclines (59.4%). Lower percentages of antibiotic
resistance are evident in first generation quinolones:
nalidixic  acid,  cephalosporins:  ciprofloxacin,
macrolides: erythromycin, azithromycin  and
aminoglycosides: gentamicin (6.9-8.9%), which differs
to a lesser extent from previous studies.

A review of the literature concludes that C. jejuni
and C. coli are significant contaminants of broiler
carcass skin, and that antibiotic resistance is a global
public health problem (Hrustemovi¢ et al. 2021Db).
Antibiotic resistance in isolates of C. jejuni and C. coli
is present in the highest percentages in
fluoroquinolones, macrolides and tetracyclines used in
human and veterinary medicine, which indicates the
importance of monitoring and rational use of
antibiotics (Collignon & McEwen 2019; Premarathne
et al. 2017). Campylobacteriosis is a leading public
health problem in Europe, the United States, Australia,
New Zealand, but it is also present in Africa and Asia,
but research is scarce (Baker et al. 2020; Collighon &
McEwen 2019; Hanson et al. 2018). The first measure
to control the spread of campylobacteriosis from broiler
chicken meat to humans is laboratory detection of C.
jejuni and C. coli and compliance with biosecurity
measures in production to maintain
microbiological/health safety of food, provide safe and
quality food for consumers (Furmeg et al. 2020).
Prevention includes GHP and GMP in the production
of broiler chicken meat (Hrustemovi¢ et al. 2021b).
The spread of antibiotic resistance of C. jejuni and C.
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coli isolates through chicken meat can be mitigated by
cessation of antibiotic use in prophylaxis as prescribed
by European Union legislation, which is not the case in
Bosnia and Herzegovina (Hrustemovi¢ et al. 2021b).
Other options should be considered in improving the
health safety of broiler chicken meat, which exclude
the prophylactic use of antibiotics in broiler chickens.
As a new prophylactic measure in maintaining the
microbiological/health safety of broiler chicken meat,
the use of Lactobacillus probiotics as biological
preservatives is offered (Soltani et al. 2021).

CONCLUSIONS

Campylobacteriosis is the leading alimentary
intoxication in Europe and the United States, and
antibiotic resistance is a global public health problem.
Prevention of campylobacteriosis includes sanitation in
primary production, avoidance of cross-contamination,
and use of probiotic bacteria as biological preservatives
in food. The spread of antibiotic resistance to C. jejuni
and C. coli from chicken meat is possible with the
cessation of antibiotic use in prophylaxis in broilers.

ACKNOWLEDGEMENTS

This study was made possible and thanks to the
grant of the Ministry of Science, Higher Education and
Youth of the Canton Sarajevo in 2022 and a grant for
doctoral students from the Federal Ministry of
Education and Science in 2021.

REFERENCES

Awadallah MAI, Ahmed HA, El-Gedawy AA, Saad AM.
2014. Molecular identification of C. jejuni and C. coli
in chicken and humans, at Zagazig, Egypt, with
reference to the survival of C. jejuni in chicken meat at
refrigeration and freezing temperatures. Int Food Res J.
21:1801.

Alagié D, Smajlovié A, Smajlovié M, Maksimovié Z, Clanjak
E, Caklovica K, Tankovié S, Veljovié¢ E, Ljevakovié-
Musladin I, Rifatbegovic M. 2016. Ucestalost
oneCis¢enja mesa brojlera s Dbakterijama roda
Campylobacter. MESO. 18:335-341.

Azizian K, Hasani A, Shahsavandi S, Ahangarzadeh Rezaee
M, Hasani A, Hosseinpour R, Alizadeh H. 2018.
Campylobacter jejuni and Campylobacter coli in
cecum contents of chickens of slaughter age: A
microbiological surveillance. Trop Biomed. 35:423-
433.

Alarjani KM, Elkhadragy MF, Al-Masoud AH, Yehia HM.
2021. Detection of Campylobacter jejuni and
Salmonella typhimurium in chicken using PCR for
virulence factor hipO and invA genes (Saudi Arabia).
Biosci Rep. 41:BSR20211790.

Bartkowiak-Higgo AJ, Veary CM, Venter EH, Bosman AM.
2006. A pilot study on post-evisceration contamination
of broiler carcasses and ready-to-sell livers and
intestines (mala) with Campylobacter jejuni and
Campylobacter coli in a high-throughput South African
poultry abattoir. J S Afr Vet Assoc. 77:114-119.

Bilska A, Kowalski R. 2014. Food quality and safety
management. LogForum. 10:351-361.

Bronowski C, James CE, Winstanley C. 2014. Role of
environmental ~ survival in  transmission  of
Campylobacter jejuni. FEMS Microbiol Lett. 356:8-19.

Bolton DJ. 2015. Campylobacter virulence and survival
factors. Food Microbiol. 48:99-108.

Bintsis T. 2017. Foodborne pathogens. AIMS Microbiol.
3:529-563.

Bechstein DV, Popp J, Sudhaus-Joern N, Krischek C. 2019.
Effect of ethyl-lauroyl-arginate hypochloride in
combination with high hydrostatic pressure processing
on the microbial load and physico-chemical
characteristics of minced and portioned chicken breast
meat. Poult Sci. 98:966-976.

Baker MG, Grout L, Wilson N. 2020. Update on the
campylobacter epidemic from chicken meat in New
Zealand: The urgent need for an upgraded regulatory
response. Epidemiol Infect. 149:e30.

Ben Romdhane R, Merle R. 2021. The Data Behind Risk
Analysis of Campylobacter Jejuni and Campylobacter
Coli Infections. Curr Top Microbiol Immunol. 431:25-
58.

Cokal Y, Caner V, Sen A, Cetin C, Karagenc N. 2009.
Campylobacter spp. and their antimicrobial resistance
patterns in poultry: an epidemiological survey study in
Turkey. Zoonoses Public Health. 56:105-110.

Cotter PD, Ross RP, Hill C. 2013. Bacteriocins-a viable
alternative to antibiotics? Nat Rev Microbiol. 11:95-
105.

Cantas L, Shah SQ, Cavaco LM, Manaia CM, Walsh F,
Popowska M, Garelick H, Birgmann H, Sgrum H.
2013. A brief multi-disciplinary  review on
antimicrobial resistance in medicine and its linkage to
the global environmental microbiota. Front Microbiol.
4:96.

Crim SM, lwamoto M, Huang JY, Griffin PM, Gilliss D,
Cronquist AB, Cartter M, Tobin-D'Angelo M, Blythe
D, Smith K, Lathrop S, Zansky S, Cieslak PR, Dunn J,
Holt KG, Lance S, Tauxe R, Henao OL. 2014.
Incidence and trends of infection with pathogens
transmitted commonly through food--Foodborne
Diseases Active Surveillance Network, 10 U.S. sites,
2006-2013. Morb Mortal Wkly Rep. 63:328-32.

Chikindas ML, Weeks R, Drider D, Chistyakov VA, Dicks
LM. 2018. Functions and emerging applications of
bacteriocins. Curr Opin Biotechnol. 49:23-28.

Chukwu MO, Luther King Abia A, Ubomba-Jaswa E, Obi L,
Dewar JB. 2019. Characterization and Phylogenetic
Analysis of Campylobacter Species Isolated from
Paediatric Stool and Water Samples in the Northwest

101



WARTAZOA Vol. 32 No. 2 Th. 2022 HIm. 91-104

Province, South Africa. Int J Environ Res Public
Health. 16:2205.

Costa D, lraola G. 2019. Pathogenomics of Emerging
Campylobacter  Species. Clin  Microbiol Rev.
32:00072-18.

Collignon PJ, McEwen SA. 2019. One Health-Its Importance
in Helping to Better Control Antimicrobial Resistance.
Trop Med Infect Dis. 4:22.

da Silva Sabo S, Vitolo M, Gonzélez JMD, Oliveira RPS.
2014. Overview of Lactobacillus plantarum as a
promising bacteriocin producer among lactic acid
bacteria. Food Res Int. 64:527-536.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2009. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2006. EFSA J. 223.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2012. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2010. EFSA J. 10:2597.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2013. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2011. EFSA J. 18:20449

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2015. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2014. EFSA J. 13:4329.

European Food Safety Authority and European Centre for
Disease Prevention and Control (EFSA and ECDC).
2015. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2013. EFSA J. 13(1):3991.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2017. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2016. EFSA J. 15:e05077.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2019. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2018. EFSA J. 17:e05926.

[EFSA and ECDC] European Food Safety Authority and
European Centre for Disease Prevention and Control.
2021. The European Union summary report on trends
and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2019. EFSA J. 19.

Fijan S. 2014. Microorganisms with claimed probiotic
properties: an overview of recent literature. Int J
Environ Res Public Health. 11:4745-67.

Facciola A, Riso R, Avventuroso E, Visalli G, Delia SA,
Lagana P. 2017. Campylobacter: from microbiology to
prevention. J Prev Med Hyg. 58:E79-E92.

102

Frieri M, Kumar K, Boutin A. 2017. Antibiotic resistance. J
Infect Public Health. 10:369-378.

Furmeg S, Cvetni¢ 7, Bukvi¢ M, Sokolovi¢ J, Mikuli¢ M,
Cvetni¢ M, Jaki Tkalec V. 2021. Campylobacter spp. u
kozi vrata pili¢a brojlera. Vet stanica. 52:265-273.

Giedraitiené¢ A, Vitkauskiené¢ A, Naginiené R, Pavilonis A.
2011. Antibiotic resistance mechanisms of clinically
important bacteria. Medicina (Kaunas). 47:137-146.

Ghanbari M, Jami M, Domig KJ, Kneifel W. 2013. Seafood
biopreservation by lactic acid bacteria-a review. LWT
Food Sci Technol. 54:315-324.

Giacomelli M, Salata C, Martini M, Montesissa C, Piccirillo A.
2014. Antimicrobial resistance of Campylobacter
jejuni and Campylobacter coli from poultry in Italy.
Microb Drug Resist. 20:181-188.

Hogberg LD, Heddini A, Cars O. 2010. The global need for
effective antibiotics: challenges and recent advances.
Trends Pharmacol Sci. 31:509-515.

Hadziabdi¢ S, Majerle M, Vrabelj D, Ratiznojnik M, Goleti¢ T,
Kustura A, Residbegovié¢ E, Gagi¢ A. 2013. Djelovanje
1% -otnog rastvora stabiliziranog te¢nog hlor dioksida
(CIO2) na uzroénike food-born oboljenja u in vitro
uvjetima. Veterinaria. 62:157-163.

Hwanhlem N, Aran H. 2015. Biopreservation of seafood by
using bacteriocins and bacteriocinogenic lactic acid
Bacteria as potential bio-control agents. In: Liong, MT,
editor. Beneficial microorganisms in agriculture,
aquaculture and other areas. Cham: New York (USA):
Springer Publishing Company. p. 183-213.

Hansson |, Sandberg M, Habib I, Lowman R, Engvall EO.
2018. Knowledge gaps in control of Campylobacter for
prevention of campylobacteriosis. Transbound Emerg
Dis. 65:30-48.

Hrustemovié¢ E, Caklovica F, Pedibegovié¢ J. 2021a. Review of
Escherichia coli pathogens and food-borne antibiotic
resistance to prevention. In: Proceedings of III.
International Agricultural, Biological & Life Science
Conference Agbiol 2021. Edirne (Turkey): Trakya
University. p. 12-37. Available from:
https://agbiol.org/files/46/editor/filess AGBIOL_2021
FULL_PROCEEDING_BOOK pdf

Hrustemovi¢ E, Caklovica F, Dedibegovié J. 2021b. Food
pathogen of broiler chicken meat Campylobacter spp.
and antibiotic resistance. In: Proceedings of Il
International Agricultural, Biological & Life Science
Conference Agbiol 2021. Edirne (Turkey): Trakya
University. p. 38-77. Available from:
https://agbiol.org/files/46/editor/filess AGBIOL_2021_
FULL_PROCEEDING_BOOK .pdf

Hrustemovi¢ E, Caklovica F, Djedibegovi¢ J, Caklovica K.
2022a. Antibiotic resistance in Escherichia coli from
Animals, Food and Humans. Wartazoa. 32:1-14.

Hrustemovi¢ E, Caklovica F, DPedibegovi¢ J. 2022b. Food
pathogen of chicken meat Campylobacter spp.: a
review. AgroLife Sci J. 11:80-85.

Ibrahim SA, Ayivi RD, Zimmerman T, Siddiqui SA, Altemimi
AB, Fidan H, Esatbeyoglu T, Bakhshayesh RV. 2021.
Lactic acid bacteria as antimicrobial agents: food safety


https://agbiol.org/files/46/editor/files/AGBIOL_2021_FULL_PROCEEDING_BOOK.pdf
https://agbiol.org/files/46/editor/files/AGBIOL_2021_FULL_PROCEEDING_BOOK.pdf
https://agbiol.org/files/46/editor/files/AGBIOL_2021_FULL_PROCEEDING_BOOK.pdf
https://agbiol.org/files/46/editor/files/AGBIOL_2021_FULL_PROCEEDING_BOOK.pdf

Elma Hrustemovi¢ et al.: Antibiotic Resistance of the Campylobacter Isolates According to Their Species in Different Samples of Broiler

and microbial food spoilage prevention. Foods.
10:3131.

Jore S, Viljugrein H, Brun E, Heier BT, Borck B, Ethelberg S,
Hakkinen M, Kuusi M, Reiersen J, Hansson I, Engvall
EO, Lafdahl M, Wagenaar JA, van Pelt W, Hofshagen
M. 2010. Trends in Campylobacter incidence in
broilers and humans in six European countries, 1997-
2007. Prev Vet Med. 93:33-41.

Juturu V, Wu JC. 2018. Microbial production of bacteriocins:
Latest research development and applications.
Biotechnol Adv. 36:2187-2200.

Kaleni¢ S, Abram M, Batini¢ D, Beader N, Bedeni¢ B, Bosnjak
Z, Budimir A, Drenjanéevi¢ D. 2013. Medicinska
mikrobiologija. Zagreb (Croatia): Medicinska naklada.
p. 97-100.

Kaakoush NO, Castafio-Rodriguez N, Mitchell HM, Man SM.
2015. Global epidemiology of Campylobacter
infection. Clin Microbiol Rev. 28:687-720.

Khan JA, Rathore RS, Abulreesh HH, Qais FA, Ahmad I.
2018. Prevalence and antibiotic resistance profiles of
Campylobacter jejuni isolated from poultry meat and
related samples at retail shops in Northern India.
Foodborne Pathog Dis. 15:218-225.

Lebwohl B, Blaser MJ, Ludvigsson JF, Green PH, Rundle A,
Sonnenberg A, Genta RM. 2013. Decreased risk of
celiac disease in patients with Helicobacter pylori
colonization. Am J Epidemiol. 178:1721-1730.

Laconi A, Drigo I, Palmieri N, Carraro L, Tonon E, Franch R,
Bano L, Piccirillo A. 2021. Genomic analysis of extra-
intestinal Campylobacter jejuni and Campylobacter
coli isolated from commercial chickens. Vet Microbiol.
259:109161.

Marks SL, Rankin SC, Byrne BA, Weese JS. 2011
Enteropathogenic bacteria in dogs and cats: diagnosis,
epidemiology, treatment, and control. J Vet Intern
Med. 25:1195-1208.

Messaoudi S, Kergourlay G, Dalgalarrondo M, Choiset Y,
Ferchichi M, Prévost H, Pilet MF, Chobert JM, Manai
M, Dousset X. 2012. Purification and characterization
of a new bacteriocin active against Campylobacter
produced by Lactobacillus salivarius SMXD51. Food
Microbiol. 32:129-134.

Markey B, Leonard F, Archambault M, Cullinane A, Maguire
D. 2013. Clinical veterinary microbiology. 2nd ed.
Edinburgh, Mosby.

Mughini Gras L, Smid JH, Wagenaar JA, Koene MG, Havelaar
AH, Friesema IH, French NP, Flemming C, Galson JD,
Graziani C, Busani L, VAN Pelt W. 2013. Increased
risk for Campylobacter jejuni and C. coli infection of
pet origin in dog owners and evidence for genetic
association between strains causing infection in
humans and their pets. Epidemiol Infect. 141:2526-
2535.

Mason CJ, Sornsakrin S, Seidman JC, Srijan A, Serichantalergs
O, Thongsen N, Ellis MW, Ngauy V, Swierczewski
BE, Bodhidatta L. 2017. Antibiotic resistance in
Campylobacter and other diarrheal pathogens isolated
from US military personnel deployed to Thailand in

2002-2004: a case-control study. Trop Dis Travel Med
Vaccines. 3:13.

Ma L, Konkel ME, Lu X. 2021. Antimicrobial Resistance Gene
Transfer from Campylobacter jejuni in Mono- and
Dual-Species Biofilms. Appl Environ Microbiol.
87:20065921.

Moradi P, Baserisalehi M. 2022. The Role of Efflux Pumps in
the Antibiotic Resistance of Campylobacter spp.
Isolated From Domestic Animals and Poultry.
Avicenna J Clin Microbiol Infect. 9:21-25.

Neal-McKinney JM, Lu X, Duong T, Larson CL, Call DR,
Shah DH, Konkel ME. 2012. Production of organic
acids by probiotic lactobacilli can be used to reduce
pathogen load in poultry. PLoS One. 7:43928.

Nair DV, Nannapaneni R, Kiess A, Mahmoud B, Sharma CS.
2014. Antimicrobial efficacy of lauric arginate against
Campylobacter jejuni and spoilage organisms on
chicken breast fillets. Poult Sci. 93:2636-2640.

Nemeth J, Oesch G, Kuster SP. 2015. Bacteriostatic versus
bactericidal antibiotics for patients with serious
bacterial infections: systematic review and meta-
analysis. J Antimicrob Chemother. 70:382-395.

[OIE] World Organisation for Animal Health. 2019. OIE List
Of Antimicrobial Agents Of Veterinary Importance.
Paris (France): World Organisation for Animal Health.

Pérez-Boto D, Herrera-Leon S, Garcia-Pefia FJ, Abad-Moreno
JC, Echeita MA. 2014. Molecular mechanisms of
quinolone, macrolide, and tetracycline resistance
among Campylobacter isolates from initial stages of
broiler production. Avian Pathol. 43:176-182.

Perez RH, Zendo T, Sonomoto K. 2014. Novel bacteriocins
from lactic acid bacteria (LAB): various structures and
applications. Microb Cell Fact. 13:S3.

Premarathne JMKJK, Anuar AS, Thung TY, Satharasinghe
DA, Jambari NN, Abdul-Mutalib NA, Huat JTY, Basri
DF, Rukayadi Y, Nakaguchi Y, Nishibuchi M, Radu S.
2017. Prevalence and antibiotic resistance against
tetracycline in Campylobacter jejuni and C. coli in
cattle and beef meat from Selangor, Malaysia. Front
Microbiol. 8:2254.

Pergola S, Franciosini MP, Comitini F, Ciani M, De Luca S,
Bellucci S, Menchetti L, Casagrande Proietti P. 2017.
Genetic diversity and antimicrobial resistance profiles
of Campylobacter coli and Campylobacter jejuni
isolated from broiler chicken in farms and at time of
slaughter in central Italy. J Appl Microbiol. 122:1348-
1356.

Pidot SJ, Gao W, Buultjens AH, Monk IR, Guerillot R, Carter
GP, Lee JYH, Lam MMC, Grayson ML, Ballard SA,
Mahony AA, Grabsch EA, Kotsanas D, Korman TM,
Coombs GW, Robinson JO, Gongalves da Silva A,
Seemann T, Howden BP, Johnson PDR, Stinear TP.
2018. Increasing tolerance of hospital Enterococcus
faecium to handwash alcohols. Sci Transl Med.
10:eaar6115.

Poirel L, Madec JY, Lupo A, Schink AK, Kieffer N,
Nordmann P, Schwarz S. 2018. Antimicrobial
Resistance in Escherichia coli. Microbiol Spectr. 6.

103



WARTAZOA Vol. 32 No. 2 Th. 2022 HIm. 91-104

Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S,
Fitzpatrick ES. 2011. Veterinary microbiology and
microbial disease. 2nd ed. Hohenboken (UK): Wiley-
Blackwell.

Ruddell B, Hassall A, Sahin O, Zhang Q, Plummer PJ, Kreuder
AJ. 2020. Role of metAB in methionine metabolism
and optimal chicken colonization in Campylobacter
jejuni. Infect Immun. 89:00542-20.

Sahin O, Fitzgerald C, Stroika S, Zhao S, Sippy RJ, Kwan P,
Plummer PJ, Han J, Yaeger MJ, Zhang Q. 2012.
Molecular evidence for zoonotic transmission of an
emergent, highly pathogenic Campylobacter jejuni
clone in the United States. J Clin Microbiol. 50:680-
687.

Silva J, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P.
2011. Campylobacter spp. as a foodborne pathogen: A
review. Front Microbiol. 2:200.

Sheppard SK, Maiden MC. 2015. The evolution of
Campylobacter jejuni and Campylobacter coli. Cold
Spring Harb Perspect Biol. 7:a018119.

Shobo CO, Bester LA, Baijnath S, Somboro AM, Peer AK,
Essack SY. 2016. Antibiotic resistance profiles of
Campylobacter species in the South Africa private
health care sector. J Infect Dev Ctries. 10:1214-1221.

Saint-Cyr MJ, Guyard-Nicodeme M, Messaoudi S, Chemaly
M, Cappelier JM, Dousset X, Haddad N. 2016. Recent
advances in screening of anti-campylobacter activity in
probiotics for use in poultry. Front Microbiol. 7:553.

Silva WC, Targino BN, Mendonca RS, Sant’Ana A S,
Hungaro HM. 2018. Campylobacter: An overview of
cases, occurrence in food, contamination sources, and
antimicrobial resistance in Brazil. Food Rev Int.
34:364-389.

Schrijver R, Stijntjes M, Rodriguez-Bafio J, Tacconelli E, Babu
Rajendran N, Voss A. 2018. Review of antimicrobial
resistance surveillance programmes in livestock and
meat in EU with focus on humans. Clin Microbiol
Infect. 24:577-590.

Syarifah IK, Latif H, Basri C, Rahayu P. 2020. Identification
and differentiation of Campylobacter isolated from
chicken meat using real-time polymerase chain
reaction and high resolution melting analysis of hipO
and glyA genes. Vet World. 13:1875-1883.

Soltani S, Hammami R, Cotter PD, Rebuffat S, Said LB,
Gaudreau H, Bédard F, Biron E, Drider D, Fliss I.
2021. Bacteriocins as a new generation of
antimicrobials: toxicity aspects and regulations. FEMS
Microbiol Rev. 45:fuaa039.

Tang Y, Fang L, Xu C, Zhang Q. 2017. Antibiotic resistance
trends and mechanisms in the foodborne pathogen,
Campylobacter. Anim Health Res Rev. 18:87-98.

Thomrongsuwannakij T, Blackall PJ, Chansiripornchai N.
2017. A study on Campylobacter jejuni and

104

Campylobacter coli through commercial broiler
production chains in  Thailand: Antimicrobial
resistance, the characterization of DNA gyrase subunit
a mutation, and genetic diversity by flagellin a gene
restriction fragment length polymorphism. Avian Dis.
61:186-197.

Vizzini P, Vidic J, Manzano M. 2021. Enrichment free qPCR
for rapid identification and quantification of
Campylobacter jejuni, C. coli, C. lari, and C.
upsaliensis in chicken meat samples by a new couple
of primers. Foods. 10:2341.

Verma DK, Thakur M, Singh S, Tripathy S, Gupta AK,
Baranwal D, Srivastav PP. 2022. Bacteriocins as
antimicrobial and preservative agents in food:
Biosynthesis, separation and application. Food Biosci.
46:101594.

Wagner J, Jabbusch M, Eisenblétter M, Hahn H, Wendt C,
Ignatius R. 2003. Susceptibilities of Campylobacter
jejuni isolates from Germany to ciprofloxacin,
moxifloxacin,  erythromycin,  clindamycin, and
tetracycline. Antimicrob Agents Chemother. 47:2358-
2361.

Wang G, Zhao Y, Tian F, Jin X, Chen H, Liu X, Zhang Q,
Zhao J, Chen Y, Zhang H, Chen W. 2014. Screening of
adhesive lactobacilli with antagonistic activity against
Campylobacter jejuni. Elsevier B V. 44:49-57.

Wieczorek K, Osek J. 2013. Antimicrobial resistance
mechanisms among Campylobacter. Biomed Res Int.
57:24-100.

Wernicki A, Nowaczek A, Urban-Chmiel R. 2017.
Bacteriophage therapy to combat bacterial infections in
poultry. Virol J. 14:179.

Wagle BR, Arsi K, Upadhyay A, Shrestha S,
Venkitanarayanan K, Donoghue AM, Donoghue DJ.
2017. p-Resorcylic Acid, a Phytophenolic Compound,
Reduces Campylobacter jejuni in Postharvest Poultry. J
Food Prot. 80:1243-1251.

Yamada K, Saito R, Muto S, Sasaki M, Murakami H, Aoki K,
Ishii Y, Tateda K. 2019. Long-term observation of
antimicrobial susceptibility and molecular
characterisation of Campylobacter jejuni isolated in a
Japanese general hospital 2000-2017. J Glob
Antimicrob Resist. 18:59-63.

Yeh HY, Cox NA, Hinton A, Berrang ME, Plumblee Lawrence
JR, Thompson TM. 2022. Prevalence and
characterization ~ of  quinolone  resistance in
Campylobacter spp. isolates in chicken livers from
retail stores in Georgia, USA. J Food Prot. 85:406-413.

Zhang M, Sun K, Wu Y, Yang Y, Tso P, Wu Z. 2017.
Interactions between Intestinal microbiota and host
immune response in inflammatory bowel disease. Front
Immunol. 8:942.



