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MONITORIZAREA FRECVENȚEI DE APARIȚIE ȘI A PROFILULUI DE SUSCEPTIBILITATE
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Pathogenic bacteria represent a major cause of
foodborne diseases in humans, worldwide, with a negative impact on the social, health, and economic systems. Species of the thermotolerant campylobacters
(e.g., Campylobacter jejuni or C. coli) are recognized
as the most frequent cause of foodborne gastrointestinal infection, globally. The purpose of this review was
to obtain a comprehensive image of the occurrence
and antimicrobial susceptibility profile of poultry origin
Campylobacter spp. in the European Union countries.
The summarizing of results of relevant studies, retrieved in the PubMed database and published during
the last decade, highlighted a considerable high prevalence (42.6%) of thermotolerant Campylobacter
spp. in poultry meat within the European Union countries. The most frequently isolated Campylobacter
species was C. jejuni, followed by C. coli. Antimicrobial
susceptibility monitoring of the isolated strains
pointed out high resistance rates towards enrofloxacin, ciprofloxacin, tetracycline, and nalidixic acid.
The results of the present review offer useful insight
for researchers and public health authorities and
precious information for future public health actions
and strategies.
Keywords: Campylobacter, health, poultry,
antimicrobial resistance, European Union

Campylobacteriosis is one of the most commonly
occurring foodborne diseases caused by species of the
genus Campylobacter. Human infections with Campylobacter spp. have been the most frequently reported
gastrointestinal disease in Europe, since 2005.
Campylobacteria are fastidious microaerophilic
Gram-negative microorganisms, very sensitive to environmental factors, with a spiral-shaped or curved
form (5, 7). The genus Campylobacter encompasses a
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Campylobacter spp. reprezintă unul dintre cei mai
importanți și des incriminați patogeni în îmbolnăvirile
de natură alimentară în rândul populației, cu impact
negativ, atât medical, social, cât și economic. În ultimii
10 ani, incidența cazurilor de campilobacterioză a
crescut exponențial, nu doar în țările dezvoltate, ci și
în țările în curs de dezvoltare. Campylobacter jejuni și
C. coli reprezintă speciile cel mai frecvent izolate din
alimentele de origine animală, în special în produsele
care conțin carne de pui. Elaborarea prezentului articol
de sinteză a avut drept scop obținerea unei imagini de
ansamblu privind frecvența de apariție și susceptibilitatea la antibiotice a tulpinilor Campylobacter izolate
din carnea și produsele din carne de pasăre, din țările
Uniunii Europene. Studiile luate în considerare au fost
accesate în baza de date PubMed, fiind prelucrate și
analizate articolele publicate în ultimii zece ani. A rezultat că prevalența Campylobacter spp. în carnea de
pui la nivelul Uniunii Europene a fost de 42,6%. Cele
mai înalte niveluri de rezistență la antibiotice ale tulpinilor izolate au fost semnalate la enrofloxacin, ciprofloxacin, tetracicline și acid nalidixic.
Cuvinte cheie: Campylobacter, carne de pasăre,
sănătate publică, antibiorezistență,
Uniunea Europeană

total of 31 species, but the most commonly incriminated species in human gastrointestinal infections are
considered to be C. jejuni and C. coli. Together, these
two species represent almost 95% of foodborne infections caused by Campylobacter (7, 13).
The epidemiology of Campylobacter infection in
humans is complex, with water, food, and environmental sources being reported as sources of infection.
The main infection source in human campylobacteriosis is considered poultry meat, especially undercooked
poultry. The contamination of the carcasses occurs
most frequently at slaughterhouse level. Campylobacter infections can cause acute enteritis, postinfectious
complications, and extraintestinal infections in hu-
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mans. Symptoms can occur at two to five days after
infection and include acute abdominal pain, diarrhoea
with cramping, often with fever and vomiting. Usually,
the illness lasts five to seven days (6, 13).
The first identification of Campylobacter spp. was
in 1909. Two British veterinary surgeons reported the
isolation of a Vibrio-like organism from aborted sheep
foetuses. After that, the first well-documented description study about human infection with Campylobacter spp. was published in 1946. Three hundred
fifty-five patients from two state institutions from the
United Kingdom were accused diarrhoea after consuming contaminated milk (5).
Every year, a report is published by the European
Food Safety Authority (EFSA), and European Centre
for Disease Prevention and Control (ECDC), referring
to an overview of the prevalence and evolution trend
of the major foodborne pathogen bacteria and their
antibiotic resistance within the human-animal-food
chain (9). The number of humans reported cases of
campylobacteriosis in 2019, in European Union (EU),
was 220.682. The infection with Campylobacter spp.
in the EU, between 2015-2019, showed a constant
evolution trend year by year (28).
Antibiotic resistance represents the ability of bacteria to avoid the mechanisms which drugs use against
them. Usually, the infections caused by antibioticresistant bacteria are more difficult to treat. The major
cause of this phenomenon is the widespread use of
antibiotics in animal farming, humans, industry, and
agriculture. Other leading causes of antibiotic resistance are the failure of the outcomes of clinical treatments or the use of underdosing antibiotics for the
treatment of different types of infections (2).
Unfortunately, in “The European Union Summary
Report on Antimicrobial Resistance in zoonotic and indicator bacteria from humans, animals, and food in
2018/2019” published by EFSA and ECDC (28, 29),
very high levels of Campylobacter resistance in broiler
meat for ciprofloxacin and nalidixic acid (64-90%),
and tetracycline (43-53%) are shown. The same report showed alarming levels of antimicrobial resistance to ciprofloxacin in human Campylobacter spp.
isolates.
Chicken meat is considered an important source of
Campylobacter infections in humans, worldwide.
Campylobacter spp. have the ability to colonize the avian intestine in high numbers. Moreover, bacteria rapidly spread within flocks and can cause high infection
of chickens. At the slaughterhouse level, unproperly
workers' manipulation of chicken can cause contamination of carcasses with Campylobacter from intestinal content. Cross-contamination phenomenon can
occur and bacteria from contaminated poultry products can spread to food or water (2).
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MATERIALS AND METHODS
In order to identify scientific articles to fulfil the
study aim a search was performed in the PubMed
database. The generated data published in scientific
articles between 1st January 2010 and 10th November
2021 were selected and included in this review.
The searching strategy for the present review consisted of the simultaneous use of three or four specific
keywords and their introduction in the searching area
of the database. The used specific terms were the
name of the targeted foodborne bacteria “Campylobacter” or foodborne disease, “Campylobacteriosis”,
beside the name of the country (e.g., Croatia, Greece,
Romania) associated with other specific terms as
“food”, “poultry” or “chicken”. Subsequently, the resulted raw data was processed in order to ensure that
the generated scientific articles, as search results,
present data about the monitoring of the occurrence of
Campylobacter spp. in poultry meat within an EU
member state or highlight information about the antimicrobial susceptibility profile of the poultry origin
Campylobacter spp.
RESULTS AND DISCUSSION
The initial search in the PubMed database generated a total of 45 publications, but only 20 of these
contained data that match with the aim of the present
minireview, and were subsequently included and processed. Campylobacter spp. especially C. jejuni and C.
coli represents one of the major causes of bacterial
gastroenteritis in both developed, as well as developing countries.
A total of 20 publications were analysed in the present minireview. Out of these, 16 publications reported the occurrence and prevalence of Campylobacter
in chicken meat and poultry meat samples collected at
slaughterhouse level and retail level. Four publications
reported the occurrence and prevalence of Campylobacter in broiler flocks (faeces samples). The processing of the 16 publications included in the present
review has revealed that 3.008 out of 7.069 examined
poultry meat samples between 2010-2021 were positive for Campylobacter spp. The resulting prevalence
was 42.7%. Information retrieved in another four publications revealed that 117 out of 157 samples from
broiler flocks, and 1.318 out of 3.381 broiler faces
were positive for both Campylobacter spp., C. coli and
C. jejuni. Fifteen broiler flocks from Upper Austria
(n=7) and Styria (n=8) were investigated for Campylobacter spp. contamination. Out of them, 12 flocks
were detected positive for Campylobacter spp. The
applied tests systems were represented by real-time
PCR, direct plating, lateral flow, and Bolton broth enrichment. C. jejuni was isolated from 11 (73.3%)
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flocks and C. coli was identified in 8 (53.5%) flocks. A
mixed population of Campylobacter spp. was found in
46.7% of broiler flocks (21).
In the Baltic States, the prevalence of Campylobacter spp. in broiler chicken meat was 18.9%. In 2012, a
total of 517 samples were collected from Estonia,
Lithuania, and Latvia at the retail level (15). From the
total of obtained bacterial strains, 98 isolates of Campylobacter spp. were selected in order to be tested for
antimicrobial resistance with different minimal inhibitory concentration (MIC) levels. The antimicrobial
susceptibility was tested on 126 isolates (98 chicken
meat isolates and 28 human isolates). The antibiotic
resistance for one or more drugs was identified in 62
(63.3%) from 98 Campylobacter isolates. The highest
rate of resistance was identified for ciprofloxacin
(60.2%) and nalidixic acid (59.2%).
Multidrug resistance (MDR) was also tested in this
study. Multidrug resistance is reported when a bacterium is “resistant to more than one antimicrobial agent”. By other au-thors, multidrug resistance is defined when a bacterium is “resistant to three or more
antimicrobial classes”. The MDR was identified in five
(8.1%) C. jejuni chicken meat isolates. A number of 36
(36.7%) isolates were sensitive for all tested antibiotics. The antimicrobial susceptibility test results of
the isolated strains in each study are summarily presented in Table 1 (15, 16).
A study conducted by Kovačić et al. (2013) in Split
and Dalmatia counties, Croatia, showed that C. jejuni
was identified in 84 (14.6%) out of 574 chicken meat
samples. The samples were collected from slaughterhouses, food markets, retail poultry, and poultry warehouse. Isolation of C. jejuni was performed using Preston broth and Karmali agar selective mediums and its
identification at species level were performed by using
biochemical tests (11).
In France, out of 361 chicken meat samples including carcasses, legs, and fillets, 275 (76.2%) were
Campylobacter spp. positive. C. jejuni was identified
in 64.7% (total positive/ total examined) of the tested
samples. The highest prevalence of Campylobacter
spp. in samples from all chicken meat products was
found in carcasses (90%), followed by legs and fillets,
with a prevalence of 85.1%, and 53.3%, respectively.
The antibiotic resistance was tested for 97 Campylobacter isolates. Campylobacter chicken meat isolates
expressed resistance towards tetracycline, ciprofloxacin, and nalidixic acid, in proportion of 53.6%, 32.9%,
and 32.0%, respectively (8).
The prevalence of Campylobacter spp. in central
Greece was investigated by Natsos et al. (2020), in 14
months survey. The samples were collected from three
Greek poultry slaughterhouses. Each slaughterhouse
processes more than 5 million chickens/year. A total of
142 ceca and 142 carcasses samples were collected
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and analysed. In the case of carcasses, the prevalence
was 70.42%, and a number of 100 out of 142 batches
were contaminated with Campylobacter spp. A total of
105 from 142 (73.94%) cecum-based samples were
Campylobacter spp. positive. The data obtained by
Natsos et al. (2020), showed a high prevalence of
Campylobacter spp. at the nationwide level (19).
A total of 1.110 samples were collected at slaughterhouses level from food-producing animals (cattle,
pig, broiler, and turkey) from all 19 Hungarian counties. The study results highlighted that 441 (39.7%)
samples were Campylobacter spp. positive and were
confirmed by PCR. C. coli was identified in 266
(60.3%) samples, and a number of 143 (32.4) isolates
were identified as C. jejuni. Of the 1.110 samples, 348
were collected from broilers and 209 (60.1%) were
positive for Campylobacter spp. Of these, C. jejuni was
identified in 115 (55.0%) samples, and C. coli, in 102
(48.8%) samples (Table 1).
The resistance to antibiotics was also tested in this
survey. The highest antibiotic resistance rates of Campylobacter spp., in 2009, were identified towards enrofloxacin-ciprofloxacin (C. jejuni, 82.5%; C. coli,
89.0%), and to nalidixic-acid (C. jejuni, 77.8%; C.
coli, 84.9%). No resistance was recorded of C. jejuni
to ampicillin. Furthermore, resistance was identified
towards clindamycin, ampicillin, tetracycline, and erythromycin, as are highlighted in the Table 1.
The results of this Hungarian survey showed that
the prevalence of Campylobacter spp. in broilers (60.1
%) at the slaughtering level was high, and confirmed
that broiler meat can be a major source for human
campylobacteriosis, in this country (22).
In a survey, conducted by Madden et al. (2011),
assessing the Campylobacter risks to consumers in
poultry products, a total of 510 chicken meat samples
were analysed (62% representing whole birds' carcasses, and 38% were portioned meat). All the samples
were purchased in the Republic of Ireland, but based
on the product codes the samples were provided from
the Republic of Ireland (66.9%), the United Kingdom
(25.1%), Poland, and Germany (1.8%). A total of
84.3% of the analysed samples were positive for Campylobacter. Subsequently, Campylobacter isolates
were genotyped, and C. jejuni was identified in 67%,
and C. coli, in 24% (14).
In a study conducted by Stella et al. (2017), in
Italy, a total of 472 samples were analysed, including
chicken and turkey meat. The processed samples were
collected from retailers, deboning plants, and slaughterhouses. The obtained results showed that 161 samples were Campylobacter positive, meaning a prevalence value of 34.1%. Different prevalence rates for
the investigated food matrices were registered as follows: 37% in butcher's shops, 49% in deboning
plants, and 80% in slaughterhouses.
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The prevalence of Campylobacter spp. was higher
in samples from chicken meat compared with turkey
meat (23).
Another survey conducted in the same country investigated a total of 73 poultry origin samples provided from retail level The harvested samples were
analysed according to the ISO 10272-1:2006 standard detection method. The prevalence of Campylobacter in the analysed food samples was 61.6%.
Considering the previous surveys conducted in Italy
(23), the recorded prevalence value for Campylobacter spp. in Tuscany region alone was higher than the
registered cumulative frequency of isolation (34.1%)
in another four Italian regions (Lombardy, Veneto,
Tuscany, and Sicily).
A recently published study (1), presenting prevalence data from a period of 2015-2016 about the detection of Campylobacter spp. in chicken meat, in Italy, showed a 17.4 % isolation frequency. In this study,
1.243 chicken meat samples were analysed, and 219
(17.6%) of these were Campylobacter positive. In total 226 isolates were obtained (128 – 56.6% C. jejuni
strains, and 91 – 40.3% C. coli strains), for which the
antibiotic resistance profile was tested. Almost 88.5%
of isolates were resistant to ciprofloxacin, 81.5% to
nalidixic acid, and 75.6% towards tetracycline.
In the same survey, a total of 1.203 bovine meat
samples were analysed. The contamination level of
bovine meat samples (0.58%) was much lower than
those registered in chicken meat samples (17.38%)
(4, 20), Casagrande Proietti et al. (2018), conducted a
study about the monitoring of the prevalence and
antibiotic resistance of Campylobacter spp. in refrigerated and fresh chicken meat products. In this regard, a number of 78 samples were collected between
2015 and 2016 in central Italy. Twenty-two (66.7%)
samples were positive for Campylobacter spp. (1).
Campylobacter spp. prevalence has been tested in
Latvia by Meistere et al. (2019). During this study, a
total of 1.303 samples were collected between 2008
and 2016 from different sources including broilers,
poultry, pigs, calves, and humans. In total, four hundred thirty-four samples (33.3%) were positive for
Campylobacter spp., but the prevalence was significantly different between sources. Thus, 255 (50.6%)
broiler meat samples were Campylobacter spp.
positive, and C. jejuni has been detected in 95.7% of
the samples. Antibiotic and multidrug resistance were
tested on 317 Campylobacter strains isolated from all
sources meaning poultry, broilers, humans, pigs,
calves. The highest resistance of C. jejuni has been obtained against ciprofloxacin, and nalidixic acid (93.6%
and 94%). C. coli showed 73.5% streptomycin
resistance an increasing value of antibiotic resistance
of the tested C. jejuni strains against tetracycline and
streptomycin, isolated in the period 2008-2016 from
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broiler meat has been observed. In 2008 the level of
antimicrobial resistance to tetracycline was 14.0%,
and 42.5%, in 2016. C. jejuni resistance against streptomycin increased between 2008 and 2016 from
14.0% to 45.0% (17).
The prevalence of Campylobacter spp. in poultry
was also monitored in Lithuania. In this regard, a total
of 312 samples (wings and drumsticks) were collected
from three main poultry meat producers. Out of the
tested samples, 146 (46.8%) were Campylobacter
spp. positive. C. jejuni was identified in 75 (51.4%)
samples and C. coli in another 55 (37.7%) samples.
Mixed Campylobacter spp. contamination was found in
12 (8.2%) samples. The study results showed that
chicken meat, especially wings and drumsticks, are
contaminated with Campylobacter spp. in a proportion
of 43%, and can represents a threat for the public
health (12).
In Poland, during a large investigation, a total of
1.258 retail chicken meat samples were collected
between 2009 to 2013. Out of them, 631 (50.2%)
samples were positive for Campylobacter spp. Identification of the isolates at species level highlighted
that C. jejuni was identified in 264 (42.0%) samples,
and C. coli in 230 (36.3%) samples (10). Another survey investigating the occurrence of Campylobacter
spp. in poultry meat from Poland has been conducted
by Szosland-Faltyn et al. (24). In this study, a total of
181 chicken, turkey, duck, and goose samples were
analysed. Out of these, 70 were chicken poultry meat
samples. The results showed that 49 (70%) samples
were Campylobacter spp. positive with a registered
prevalence for C. jejuni and C. coli of 31%, and 11%,
respectively (24). In another study achieved in Poland, a total of 802 samples were collected from poultry carcasses by Wieczorek et al. (27). Out of them,
498 (62.1%) were Campylobacter positive. Also, 267
(53.6%) isolates were identified as C. jejuni and 231
(46.4%) as C. coli. Testing the antimicrobial resistance
profile of the isolates the obtained results showed that
the majority of C. jejuni strains were resistant towards
ciprofloxacin (65.5%) and to nalidixic acid (64.4%).
The complete resistance profile of the tested isolates is
shown in Table 1 (27).
In Romania, a total of 144 chicken meat samples
collected between 2012 and 2013, were evaluated in
order to detect Campylobacter isolates. Out of 72 collected samples in 2012, seven (9.3%) were positive
for the targeted food-borne pathogen. Another 72
samples were processed in 2013, and the registered
prevalence was higher (20.8%). The isolates were tested towards their drug resistance associated with the
evidence of some antimicrobial resistance genes by
PCR. Out of the tested isolates, 60% were susceptible
to the enrolled antibiotics, and one isolate (4.5%) was
resistant to ampicillin. In addition, 9% of the bacterial
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strains were resistant to nalidixic acid and ciprofloxacin, those samples being resistant also to tetracycline.
The occurrence of MDR bacteria was also evaluated
and the recorded prevalence was 23% (3).
In another investigation, Tîrziu et al. (25), studied
the occurrence and antibiotic resistance of Salmonella
spp. (raw and ready-to-eat foods), and Campylobacter spp. (raw chicken meat), in two counties of Transylvania, Romania. In this study, 34 ready-to-eat chicken meat samples were analysed and 10 (29.4%)
were Campylobacter spp. positive. The isolates were
identified as C. jejuni (30%) and C. coli (70%). The
highest rate of antimicrobial resistance was found to
ciprofloxacin (80%) and nalidixic acid (80%). In addition, 40% of Campylobacter isolates were resistant to
tetracycline and 10% to streptomycin and erythromycin, respectively.
A total of 291 broiler flocks from 134 farms were
screened for Campylobacter spp., between 2010 and
2012, in the Andalusia region, of Spain. During this
study, a total of 2.221 cloacal swabs were tested. The
prevalence of Campylobacter spp. was 38.1%. C. jejuni
was identified in 496 of 846 samples resulting in a prevalence of 58.6%, and C. coli in 165 of 846 (19.5%)
samples. In 18.1% (153/846) of the tested samples
the incriminated Campylobacter spp. remained unidentified, and mixed C. coli and C. jejuni were registered in a proportion of 3.8% (32/846). The survey
revealed the presence of several incriminated factors
favouring the recorded high prevalence of Campylobacter spp. in the tested food matrices including the older age of chickens, the thinning of flocks' procedure,
the presence of rodents in broiler farms and the presence of cats and dogs in the farm (26).
Between 2016 and 2018 a total of 82 broiler meat
samples including wings, necks and thigs, 50 broilers
and 7 swine faecal samples were analysed to determine the prevalence, antibiotic resistance and genetic
diversity of Campylobacter spp., in northern Spain.
Out of 82 chicken meat samples, a total of 29 (35.4%)
isolates were obtained and subsequently analysed by
multiplex PCR in order to determine the isolates at
species level. The identified Campylobacter spp. were
C. jejuni – 4 strains (13.8%) isolates and C. coli - 25
strains (86.2%) isolates. In addition, 31 (62%) Campylobacter isolates were obtained from broiler fecal
samples and C. jejuni has been most frequently detected (61.3%), comparing with C. coli (38.7%). The
antimicrobial susceptibility and in vitro activity of
ciprofloxacin, tetracycline, and erythromycin of 29
broiler meat origin isolates were evaluated. Out of
them, 4 (13.8%) C. jejuni isolates were resistant to
ciprofloxacin, and tetracycline. In addition, a number
of 25 C. coli isolates were tested for antibiotic resistance. Of these, two (8%) isolates were resistant to
tetracycline. Antimicrobial resistance was identified to
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ciprofloxacin and tetracycline by a number of eight
(32%) isolates, and to erythromycin and tetracycline,
by two (8%) isolates.
A number of thirteen (52%) isolates were resistant
to ciprofloxacin, erythromycin and tetracycline. In the
same study, the isolated 19 C. jejuni and 12 C. coli
strains (n=19; n=12) from broiler faces were evaluated for their antibiotic resistance profile. C. jejuni isolates were resistant to ciprofloxacin (n=2), ciprofloxacin and erythromycin (n=1), ciprofloxacin and
tetracycline (n=9) and 2 isolates to ciprofloxacin, erythromycin and tetracycline.
Five C. jejuni isolates were susceptible for three
drugs (cipro-floxacin, erythromycin, and tetracycline), and another three C. coli strains expressed
antibiotic resistance towards ciprofloxacin and tetracycline (n=3) and to all three tested drugs (n=9) (18).

Fig. 1. The occurrence of Campylobacter spp.
through European Union (E.U.)
CONCLUSIONS
Processing of the data presented in the selected 20
relevant publications retrieved in the PubMed database showed a high occurrence (42.6%) of Campylobacter spp., especially C. jejuni and C. coli, in poultry
meat through the European Union member states.
In this regards, high prevalence values were registered in Austria (broiler flocks), France (chicken
meat), Greece (broiler flocks), and the Republic of
Ireland (chicken meat).
In Romania, increasing resistance to antibiotics of
the tested Campylobacter strains was reported from
the period of 2012 to 2013.
The results of antimicrobial resistance tests are
alarming and the implementation of an integrated surveillance system for antibiotic usage is urgent.
This action requires a good collaboration between
human health, veterinary and governmental systems,
all integrated in the One Health concept.
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