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Abstract 

Introduction: Campylobacteriosis is the most common human foodborne bacterial infection worldwide and is caused by 

bacteria of the Camplylobacter genus. The main source of these bacteria is poultry, but other food-producing animals such as pigs 

are also responsible for human infections. An increasing number of strains with resistance to fluoroquinolones and other 

antimicrobials such as macrolides were recently noted. The aim of the study was to investigate Campylobacter contamination of 

porcine carcasses and determine the antimicrobial resistance of the obtained isolates. Material and Methods: A total of 534 swabs 

from carcasses of pigs slaughtered in Poland during 2019–2022 were tested for Campylobacter spp. Results: Campylobacter was 

detected in 164 (30.7%) carcasses; among them 149 (90.8%) were classified as C. coli and the remaining 15 (9.2%) samples were 

C. jejuni-positive. Because a low number of C. jejuni isolates were identified, only the C. coli isolates were subjected to 

antimicrobial resistance analysis. The majority of these isolates were resistant to streptomycin (94.0%), ciprofloxacin (65.8%) and 

tetracycline (65.1%). A total of 94 (63.1%) strains displayed antimicrobial multiresistance patterns and were mainly resistant to 

fluoroquinolones, aminoglycosides and tetracyclines (74; 49.7% of the isolates tested). Conclusion: The obtained results showed 

that pig carcasses may be contaminated with antimicrobial-resistant C. coli. 
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Introduction 

Campylobacteriosis is the most common human 

bacterial infection worldwide resulting from ingestion of 

contaminated food, mainly of animal origin (8). 

According to the recent European Union (EU) One 

Health 2021 Zoonoses Report, 127,840 Campylobacter 

infection cases were confirmed in 27 Member States, 

corresponding to a notification rate of 41.1 per 100,000 

population (8). In the same year, there were only 616 

cases in Poland; however, it is probable that the majority 

of infections were not reported. In USA, it is estimated 

that 2.1–2.4 million cases of human campylobacteriosis 

occur every year (4). 

It has been shown that the main source of 

Campylobacter bacteria is poultry, but other food-

producing animals, i.e. cattle and pigs, are also 

responsible for several human infections because they 

harbour C. jejuni and C. coli, respectively (8). 

Campylobacter jejuni is the species most often identified 

as responsible for disease in humans; however, C. coli 

infection cases may be under-reported, and should be 

also considered for their public health impact (8, 12, 13). 

These bacteria are transmitted through carcasses 

contaminated with faeces at slaughter, mainly during 

evisceration of animals. The presence of Campylobacter spp. 

in pork meat and meat products (33). There is less 

information on the prevalence of Campylobacter in 

porcine carcasses than in chicken carcasses, although  

a high incidence of these bacteria in pigs and pig production 

environments has been documented (14, 20, 25, 29, 30). 

The European Union is a significant pig producer, 

where 148 million pigs were farmed in 2020. Of these, 

11.4 million were grown reared in Poland 

(https://ec.europa.eu/eurostat). In the same year, around 

260 million pigs were slaughtered in the EU and the 

overall production of pig meat was 23.8 million tonnes, 

including approximately 1.97 million tonnes in Poland 

(https://ec.europa.eu/eurostat). Since pigs are considered 

an important reservoir of Campylobacter spp. (mainly  

C. coli), with the bacteria’s prevalence estimated  

at 50–100%, it is important to assess the level of porcine 

carcass contamination as a potential risk for human 

infection (14, 20, 30). 
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Campylobacteriosis is usually self-limiting after  

3–5 days, but in immunocompromised individuals it can 

spread into the bloodstream and become potentially 

lethal (15, 36). The self-limiting nature does not, however, 

obviate of the need for therapy in very young or elderly 

patients, in pregnant women, and in infections with 

bacteraemia, antibiotics and especially macrolides 

(erythromycin – ERY) or fluoroquinolones 

(ciprofloxacin – CIP) being the drugs of first choice (27). 

Tetracyclines have been suggested as an alternative 

choice for the treatment of clinical campylobacteriosis, 

but are rarely applied in clinical practice (23, 39). 

The emergence of antimicrobial-resistant bacterial 

pathogens, including Campylobacter species, has been 

attributed to the intensive use of antimicrobials in swine 

production (1). Several studies noted an increasing 

number of strains with resistance to fluoroquinolones 

and macrolides (6, 11, 19, 22, 25, 29, 30). For the 

resistance of Campylobacter spp. to fluoroquinolones, 

the World Health Organization (WHO) raised them to 

high priority as antimicrobial-resistant bacterial 

pathogens (42). It was also shown that antimicrobial 

resistance (AMR) is very common in Campylobacter spp. 

isolated from food-producing animals in many  

European countries (7). In particular, a high level of 

resistance was shown to ciprofloxacin, nalidixic acid and 

tetracycline, most notably by C. coli (7). Moreover,  

an increasing trend was observed of multidrug resistance 

(MDR) in these bacteria (7, 23, 27, 28). Thus, resistance 

to both macrolides and fluoroquinolones is one of the 

major public health concerns in Campylobacter 

infections. 

The aim of the present study was to investigate 

Campylobacter contamination of porcine carcasses and 

determine the antimicrobial resistance of the obtained 

isolates to assess their possible threats to public health. 

Material and Methods 

Porcine carcasses. A total of 534 porcine carcasses 

were used for the study. The samples were collected 

during 2019–2022 by official veterinarians in 

commercial abattoirs located in disparate parts of 

Poland. The number of samples was calculated based on 

the number of cattle and pigs slaughtered in each of 16 

voivodeships (Polish administrative provinces) 

according to the monitoring plan for Campylobacter 

prepared by the Polish National Reference Laboratory at 

the National Veterinary Research Institute in Puławy. 

The samples were collected from pig carcasses after 

exsanguination but prior to chilling by swabbing two 

brisket areas of 100 cm2 each with two sterile sponges 

premoistened in 10 mL of buffered peptone water 

(Thermo Fisher Scientific, Waltham, MA, USA), 

rubbing 10 times vertically and 10 times horizontally as 

described previously (38). This sampling process was 

applied to each pig half carcass. The four sponges from 

the whole porcine carcass were then placed in a plastic 

bag, tagged, and immediately transported to the 

laboratory refrigerated at 1–8°C. 

Isolation of Campylobacter. Isolation of bacteria 

was performed using the ISO standard procedure as 

described previously (38). Briefly, the four sponges used 

for sampling of one porcine carcass were put into  

200 mL of Maximum Recovery Diluent (0.1% peptone, 

0.85% NaCl; Oxoid, Basingstoke, UK), stomached for  

3 min, and centrifuged at 1,000 g for 15 min at 5°C. The 

pellet was resuspended in 100 mL of Bolton Selective 

Enrichment Broth (Oxoid) and cultured for 48 h  

at 41.5°C under microaerobic conditions in the 

CampyGen Atmosphere Generation System (Oxoid). 

The bacteria were subsequently grown on Karmali Agar 

Base with Skirrow Campylobacter Selective 

Supplement (Oxoid) and Campylobacter Blood-Free 

Selective Agar Base (Oxoid) with Campylobacter 

charcoal differential agar (CCDA) Selective Supplement 

(Oxoid) under the same conditions. One 

morphologically typical Campylobacter colony from 

each carcass sample was confirmed by PCR and 

identified as C. jejuni or C. coli as described (35). 

Isolates classified as C. coli were selected and stored in 

cryotubes (Oxoid) at –80°C for antimicrobial resistance 

analysis. 

Antimicrobial resistance. The antimicrobial 

resistance analysis of the isolated C. coli was tested 

essentially as previously described (38). A microbroth 

dilution method was used to establish the minimum 

inhibitory concentrations (MICs) of the isolates to 

antimicrobial agents using the Sensititre custom 

susceptibility EUCAMP plates (Trek Diagnostics, East 

Grinstead, UK). The obtained results were evaluated 

using a Vizion system (Trek Diagnostics). The 

following antimicrobials belonging to different 

antimicrobial classes were used: gentamycin and 

streptomycin (GEN and STR – aminoglycosides),  

CIP – (a fluoroquinolone), tetracycline (TET), and ERY 

(a macrolide), respectively. The cut off values for the 

interpretation of the MIC results were in accordance 

with those of the European Committee on Antimicrobial 

Susceptibility Testing (www.eucast.org) and the EU 

Reference Laboratory for Antimicrobial Resistance (32). 

Multidrug resistance of the isolated C. coli was defined 

as resistance to at least three of the classes of 

antimicrobials used in the study (24). 

Statistical analysis. Statistical analysis based on 

Pearson chi-squared tests with the appropriate correction 

for group size was performed as described previously (37). 

The accepted significance level was P < 0.05. 

Results  

Prevalence of Campylobacter. Among 534 porcine 

carcasses tested, 164 (30.7%) were positive for 

Campylobacter spp. as isolated by the ISO method and 

identified by PCR (16, 35). The vast majority of the 

samples were classified as C. coli-positive (149; 90.8%) 
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whereas the remaining 15 (9.2%) were C. jejuni-positive 

(Table 1). Campylobacter spp.-positive carcasses were 

identified in each year of the study, although the 

prevalence of such samples were different in each year, 

ranging from 21.4% in 2020 to 32.1% in 2019 (Table 1). 

These differences were not statistically significant  

(P > 0.05). 

Antimicrobial resistance of C. coli. Only C. coli 

isolates (n = 149) were subjected to antimicrobial 

resistance analysis because a low number of C. jejuni 

isolates were identified during the study. The results 

showed that irrespective of the year of isolation, the vast 

majority of isolates were resistant to STR (94.0%) 

(Table 2). Most of the C. coli isolates also showed 

resistance to CIP (65.8%) and TET (65.1%). Some of the 

isolates were resistant to ERY (14.1%), and only one 

strain, isolated in 2021, was resistant to GEN. Fourteen 

(9.4%) of the isolates tested were simultaneously 

resistant to two antimicrobials – ERY and CIP. 

Antimicrobial multiresistance of C. coli. Among 

all 149 C. coli isolates tested, 94 (63.1%) displayed  

an AMR pattern, i.e. were resistant to at least three of the 

four classes of antibiotics tested in the study (Table 3). 

The majority of these isolates were simultaneously 

resistant to fluoroquinolones (CIP), aminoglycosides 

(STR) and tetracyclines (TET), there being 74 such 

(49.7% of the C. coli isolates tested and 78.7% of all 

multiresistant C. coli isolates). Such strains were identified 

during each year of the study and the differences in their 

prevalence were not statistically significant (P > 0.05) 

(Table 3). The second multiresistant C. coli profile, 

which was much less prevalent, was one of resistance to 

CIP, ERY, STR and TET. Ten (6.7%) tested strains had 

this profile, i.e. 10.6% of all multiresistant strains. The 

remaining ten C. coli isolates displayed simultaneous 

resistance to a different grouping of three (CIP, ERY and 

STR or ERY, STR and TET) or a different combination 

of four antimicrobials (CIP, ERY, GEN and STR), 

respectively (Table 3).  
 

Table 1. Prevalence of Campylobacter spp. in porcine carcasses tested 

Year of sampling 
Number of carcasses Number (%) of carcasses positive by Campylobacter spp. 

Tested Positive for Campylobacter spp. (%) C. coli C. jejuni 

2019 
53 18 (34.0) 17 (32.1) 1 (1.9) 

2020 
154 38 (24.7) 33 (21.4) 5 (3.2) 

2021 
165 55 (33.3) 50 (30.3) 5 (3.0) 

2022 
162 53 (32.7) 49 (30.2) 4 (2.5) 

Total 
534 164 (30.7) 149 (27.9) 15 (2.8) 

 

Table 2. Antimicrobial resistance of C. coli isolated from porcine carcasses 

Antimicrobials 

Number (%) of C. coli resistant isolates 

Year of isolation (number of isolates) 

2019 

(n = 17) 

2020 

(n = 33) 

2021 

(n = 50) 

2022 

(n = 49) 

Total 

(n = 149) 

Aminoglycosides 
gentamycin 0 0 1 (1.7) 0 1 (0.7) 

streptomycin 14 (82.3) 30 (76.9) 49 (86.0) 47 (90.4) 140 (94.0) 

Fluoroquinolones ciprofloxacin 10 (58.8) 22 (66.7) 31 (62.0) 35 (71.4) 98 (65.8) 

Tetracyclines tetracycline 12 (70.6) 26 (78.8) 24 (48.0) 35 (71.4) 97 (65.1) 

Macrolides erythromycin 3 (17.6) 1 (2.6) 8 (14.0) 9 (17.3) 21 (14.1) 

 

Table 3. Antimicrobial multiresistance profiles of C. coli isolated from porcine carcasses 

Antimicrobial resistance profile 

Number (%) of multiresistant isolates 

Year of isolation (number of isolates) 

2019 
(n = 17) 

2020 
(n = 33) 

2021 
(n = 50) 

2022 
(n = 49) 

Total 
(n = 149) 

CIP + STR + TET 6 (35.3) 19 (48.7) 24 (48.0) 25 (51.0) 74 (49.7) 

CIP + ERY + STR + TET 0 1 (3.0) 3 (6.0) 6 (12.2) 10 (6.7) 

CIP + ERY + STR 2 (11.8) 0 5 (10.0) 0 7 (4.7) 

ERY + STR + TET 0 0 1 (1.7) 1 (2.0) 2 (1.3) 

CIR + ERY + GEN + STR 0 0 1 (1.7) 0 1 (0.7) 
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Discussion  

Pork and pork meat products are currently coming 

under consideration more often as potential sources of 

Campylobacter infection in humans (8, 20, 30). 

Transmission of these bacteria to porcine carcasses is 

from intestinal waste and usually takes place during 

slaughtering, particularly in the process of evisceration 

(14). Pigs are usually carriers of C. coli and this 

Campylobacter species has the potential to induce 

human campylobacteriosis, although its potential seems 

lower than that of C. jejuni (12, 13, 18). As stated in the 

recent European Food Safety Authority (EFSA)/ 

European Centre for Disease Prevention and Control 

(ECDC) zoonotic report, Campylobacter genus bacteria 

isolated from humans in Poland in 2021 were not 

identified to species level; therefore, how many of them 

were classified as C. coli cannot be known (8). 

Investigations to determine the Campylobacter 

prevalence in porcine carcasses were performed by 

several researchers (14, 20, 25, 29, 30). Previous similar 

studies were also conducted by our group in Poland and 

revealed that the percentage of such positive carcasses 

ranged from 26.0% through 30.4% to 36.3% (38, 40, 

41). In the present investigation, 30.7% of pig carcasses 

were Campylobacter-positive as tested with a similar 

method to that applied in the previous studies. Among 

the contaminated samples, the vast majority of them 

were positive for C. coli (90.8%), which was a similar 

finding to that made during the previous studies, where 

the percentages of such carcasses were from 75.3% to 

93.8% (40, 41). 

Abley et al. (2) investigated the prevalence of 

Campylobacter spp. at different stages of the pig 

slaughter process in the USA and found that all of the 

100 porcine carcasses tested were contaminated with 

these bacteria. However, species identification of the 

isolates was not performed. In other studies in the USA, 

Quintana-Hayashi and Thakur (30) tested the prevalence 

of bacteria of the Campylobacter genus in pig carcasses 

from conventional and antimicrobial-free production 

systems and found that 27.9% and 73.1% samples were 

positive, respectively. Most isolates were classified as  

C. coli; the 98.3% proportion made up by this species 

was higher than in the present investigation. Furthermore, 

Thakur and Gebreyes (34) found that among 757 pig 

carcasses investigated during 2002–2005, 144 (19.0%) 

were C. coli-positive. 

A survey performed in China revealed that from 

2.8% to 42.5% of samples collected from a pig 

slaughtering line were positive for Campylobacter spp., 

including 29.4% of samples taken after evisceration and 

determined to have been contaminated at this stage. 

Sampling in this study was performed at a similar stage 

to the stage in the present investigation (14). However, 

these isolates were not classified into species. A broad 

investigation of the presence of Campylobacter species 

in pork carcasses in Belgium revealed that during  

2004–2009, percentages of contaminated samples 

ranged from 5.0% to 16.6%, which was much lower that 

detected in the present study (26). Marotta et al. (25) 

tested 178 pig carcasses in Italy for Campylobacter spp. 

using the ISO 10272-1:2017 method and found that 

53.4% of them were contaminated, which was a higher 

value than the 30.7% identified in the current 

investigation. At a 96.8% proportion, the vast majority 

of the positive samples were classified as C. coli, 

Marotta et al.’s result being a higher percentage than the 

90.8% obtained by us. Scanlon et al. (31) investigated 

401 swabs from pig carcasses in Ireland using a very 

similar method to that applied during the present study, 

and found that only 42 (10.5%) samples were positive 

for bacteria of the Campylobacteraceae family, 

including 7 classified as C. coli (1.7%). This level of 

prevalence was much lower than that identified in the 

present study. 

These differences in the prevalence of Campylobacter spp. 

in pig carcasses between the current study and previous 

investigations performed by other groups may be due to 

different sampling and analysis protocols, study sizes, 

geographical locations, pig rearing systems and 

antibiotic use patterns during animal growth. 

Several investigations on Campylobacter from 

animals and food of animal origin as well as from 

humans with campylobacteriosis showed that high 

percentages of isolates were resistant to several 

antimicrobials, including those used for treatment of the 

disease, e.g. fluoroquinolones or macrolides (6, 7, 19, 

22, 25, 26, 28–30). In the present study, the majority of 

C. coli displayed high resistance to streptomycin  

(an aminoglycoside) and tetracycline, and lower 

resistance to ciprofloxacin (a fluoroquinolone). Similar 

results were observed in our previous investigations 

performed in Poland (38, 40, 41). This information is 

important in relation to the effectiveness of the treatment 

of human infections with C. coli, because 

fluoroquinolones are one of the drugs of choice used in 

campylobacteriosis (43). According to the recent 

EFSA/ECDC antimicrobial resistance report, C. coli 

isolates of human origin identified in the EU in 2020 

were mainly resistant to TET (74.0% of 1,502 isolates) 

and CIP (65.8% of 1,566 isolates). Some isolates 

displayed resistance to ERY (10.0% of 1,567) and GEN 

(1.3% of 1,069) (7). At the same time, 7.5% of C. coli 

isolates showed a multiresistance pattern (simultaneous 

resistance to fluoroquinolones, macrolides, tetracyclines 

and aminoglycosides), whereas 12.5% of strains were 

susceptible to all these antimicrobials (7). Interestingly, 

9.0% of strains displayed combined resistance to two 

important antibiotics – ERY and CIP (7). 

During our previous study on the antimicrobial 

resistance of C. coli of porcine carcass origin, it was 

shown that most of the isolates were resistant to STR 

(86.0%), TET (79.3%) and CIP (70.2%) (38). This 

shows that the level of resistance to streptomycin 

remained very similar among the isolates recovered 

during 2014–2018 and 2019–2022, although in the first 

period the number of samples was lower than the 
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number currently tested (38). On the other hand, in 

relation to the other two antimicrobials (TET and CIP), 

the percentages of resistant C. coli decreased over time 

from 79.3% to 65.1% and from 70.2% to 65.8%, 

respectively, although in both cases resistance remained 

high (38). It has been suggested that the prevalence of 

quinolone- and tetracycline-resistant Campylobacter 

isolates may be due to the broad use of these 

antimicrobials in food-producing animals (including 

pigs) for therapeutic purposes rather than for other 

purposes, because antibiotics have been banned as 

growth promoters in the EU since 2006 (10, 11). As 

shown in the recent European Medicines Agency report, 

in Poland as much as 36.9 mg of tetracyclines per 

population correction unit (PCU) and 12.7 mg of 

fluoroquinolones per PCU were sold for veterinary use 

in 2021 respectively (9). While not all of these 

antimicrobials were used for pig treatment, such large 

amounts given to animals might have an influence on the 

antimicrobial resistance development of C. coli tested. 

In relation to ERY, another drug of choice for 

treatment of humans infected with Campylobacter spp., 

much lower percentages of previously and currently 

tested C. coli were resistant, i.e. 9.9% and 14.1%, 

respectively (38). However, an increasing trend in 

resistance to this antibiotic emerged and it may have  

a negative influence on its effectiveness against 

Campylobacter infections in humans and have potential 

public health implications. As has been described 

before, there is a clear association between the use of 

antimicrobials in food animals and resistance rates of 

Campylobacter species infecting humans (3, 17, 21, 24). 

Information on the antimicrobial resistance of  

C. coli from porcine carcasses provided by other authors 

shows various rates depending on the geographical 

region and the date of the study. Choi et al. (6) tested 

643 strains from pigs and pig carcasses in Korea and 

revealed a higher resistance rate (88.8%) to CIP, TET 

(78.4%), and especially to ERY (39.2%) than identified 

in the current study. Such a high percentage of 

erythromycin-resistant C. coli may be associated with 

massive use of this antimicrobial in pig husbandry in 

Korea (5). In a study performed in Ghana, among 37 

isolates from pig carcasses, 35% and 60% were resistant 

to CIP and TET, respectively (19). Interestingly, all 

isolates were resistant to ERY. However, the 

Campylobacter species were not disclosed. An investigation 

conducted in Italy on C. coli isolated from pigs and pig 

carcasses showed that the strains displayed higher 

resistance rates to antimicrobials than those noted in the 

present study, especially to ERY (36.5% of isolates with 

resistance), TET (89.9%) and CIP (72.5%), (25). In the 

USA in contrast, among 158 C. coli from pig carcasses, 

only 15.2% of isolates were resistant to CIP and 49.9% 

to TET (30). At the same time, 20.9% of isolates 

displayed resistance to ERY, which was a higher rate 

than that identified during our investigation. 

European data collated from a broad range of 

locations on the resistance of 1,174 C. coli isolated in 

2019 from pigs (but not from porcine carcasses) and 

provided in the EFSA/ECDC report revealed that the 

majority of strains were resistant to STR (70.0%), TET 

(62.8%) and CIP (51.9%), whereas lower resistance 

rates were found for ERY (11.2%) and GEN (1.8%) (7). 

Additionally, 8.0% of those C. coli isolates showed 

resistance to both of two important antimicrobials used 

in human medicine, i.e. ERY and CIP. In the present 

study such simultaneously resistant isolates were 9.4% 

of the total isolates of the species. It is relevant to note 

that no relevant data from Poland was provided in this 

EFSA/ECDC report. 

As shown in the present study, 63.1% of C. coli 

isolates showed multiresistance patterns, i.e. were 

resistant to antimicrobials of at least three classes (32). 

Most of them were CIP + STR + TET-resistant, but some 

strains (12.1%) were simultaneously resistant to 

critically important antibiotics for the treatment of 

Campylobacter infections in humans with frequent 

application in patients with developed campylobacteriosis – 

ERY and CIP (43). The presence of such isolates along 

the pig food chain is important from a public health point 

of view, because pork is considered a potential source of 

campylobacters and the consumption of such meat in 

Poland is considerable, being estimated at 43.4 kg  

per capita in 2021 (www.statista.com). 

The incidence of C. coli isolates with AMR from 

porcine carcasses was also identified in our previous 

study. More than half of such strains were resistant to 

CIP + STR + TET, 63 out of 121 isolates and 52.1% 

being so, which was a similar rate to that found in the 

current investigation (38). However, 6.6% of the strains 

were also resistant to ERY + CIP and TET + STR. This 

resistance profile was also identified in 10 (6.7%) C. coli 

isolates during the present study. 

Campylobacter coli of pork carcass or pig origin 

resistant to several antimicrobials were also identified by 

other researchers. Choi et al. (6) found 83.3% of such  

C. coli strains to have AMR in Korea, whereas Lopez-

Chavarrias et al. (22) identified 40% of isolates to be 

resistant to antibiotics classified to three or more classes, 

with the most common profile being CIP + TET + STR 

+ ERY, the same as identified in the current 

investigation. High percentages of multiresistant C. coli 

from pig carcasses were also identified in Italy, where 

the most common profiles were CIP + STR + TET (56% 

of strains) and CIP + ERY + STR + TET (29%) (25). 

Strains with the same antimicrobial profiles were also 

detected in our study (49.7% and 6.7%, respectively). 

The obtained results showed that pig carcasses may 

be contaminated with a relatively high level of C. coli, 

which may suggest that this kind of food may be  

an underestimated source of these bacteria for 

consumers. Although C. coli seems to be less virulent 

than C. jejuni, the high incidences of resistance of such 

isolates to antibiotics used in the treatment of 

Campylobacter infections in humans and the existence 

of strains with multiple resistance patterns to several 

classes of antimicrobials, including erythromycin and 
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fluoroquinolones, may pose a public health risk. 

Therefore, the findings highlight the need for proper 

hygienic practices to prevent the spread of 

antimicrobial-resistant strains of C. coli along the food 

chain. Furthermore, there is a need for prudence in the 

use of antimicrobials in food animals and monitoring of 

antimicrobial resistance among Campylobacter isolates 

originating from pigs and swine carcasses. 

 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article. 

 

Financial Disclosure Statement: This study was 

financed by the Polish Government under a multiannual 

monitoring programme with Resolution no. 134/2019 of 

October 28, 2019. 

 

Animal Rights Statement: None required. 

 

Acknowledgements: The authors wish to thank official 

veterinarians involved in collection of the samples in 

abattoirs and Dr. Beata Lachtara for technical assistance 

in laboratory analyses. 

 

 

References   

1. Aarestrup F.M., Oliver Duran C., Burch D.G.: Antimicrobial 

resistance in swine production. Anim Health Res Rev 2008, 9, 

135–148, doi: 10.1017/S1466252308001503. 

2. Abley M.J., Wittum T.E., Moeller S.J., Zerby H.N., Funk J.A.: 

Quantification of Campylobacter in swine before, during, and 

after the slaughter process. J Food Prot 2012, 75, 139–143, doi: 

10.4315/0362-028X.JFP-11-334. 

3. Alfredson D.A., Korolik V.: Antibiotic resistance and resistance 

mechanisms in Campylobacter jejuni and Campylobacter coli. 

FEMS Microbiol Lett 2007, 277, 123–132, doi: 10.1111/j.1574-

6968.2007.00935. 

4. Altekruse S.F., Stern N.J., Fields P.I., Swerdlow D.L.: 

Campylobacter jejuni—An Emerging Foodborne Pathogen. 

Emerg Infect Dis 1999, 5, 28–35, doi: 10.3201/eid0501.990104. 

5. Animal and Plant Quarantine Agency. Korean Veterinary 

Antimicrobial Resistance Monitoring System; APQA Annual 

Report; Animal and Plant Quarantine Agency, Gimcheon, Korea, 

2019. 

6. Choi J.-H., Moon D.C., Mechesso A.F., Kang H.Y., Kim S.-J., 

Song H.-J., Yoon S.-S., Lim S.-K.: Antimicrobial resistance 

profiles and macrolide resistance mechanisms of Campylobacter 

coli isolated from pigs and chickens. Microorganisms 2021, 9, 

1077, doi: 10.3390/microorganisms9051077. 

7. European Food Safety Authority and European Centre for Disease 

Prevention and Control: The European Union summary report on 

antimicrobial resistance in zoonotic and indicator bacteria from 

humans, animals and food in 2019–2020. EFSA J 2022, 20, 7209, 

doi: 10.2903/j.efsa.2022.7209. 

8. European Food Safety Authority and European Centre for Disease 

Prevention and Control: The European Union One Health 2021 

zoonoses report. EFSA J 2022, 20, 7666, doi: 

10.2903/j.efsa.2022.7666. 

9. European Medicines Agency, European Surveillance of 

Veterinary Antimicrobial Consumption project: Sales of 

veterinary antimicrobial agents in 31 European countries in 2021. 

Trends from 2010 to 2021 – Twelfth ESVAC report,  

EMA/795956/2022, Publications Office of the European Union, 

Luxembourg, 2022. 

10. European Parliament and the Council of the European Union: 

Regulation (EC) No 1831/2003 of the European Parliament and of 

the Council of 22 September 2003 on additives for use in animal 

nutrition. OJEU L 2003, 268, 46, 18/10/2003, 29–43. 

11. Garcia-Migura L., Hendriksen R.S., Fraile L., Aarestrup F.M.: 

Antimicrobial resistance of zoonotic and commensal bacteria in 

Europe: the missing link between consumption and resistance in 

veterinary medicine. Vet Microbiol 2014, 170, 1–9, doi: 

10.1016/j.vetmic.2014.01.013. 

12. Gillespie I.A., O’Brien S.J., Frost J.A., Adak G.K., Horby P., 

Swan A.V., Painter M.J., Neal K.R.: A case-case comparison of 

Campylobacter coli and Campylobacter jejuni infection: A tool 

for generating hypotheses. Emerg Infect Dis 2002, 8, 937–942. 

13. Gürtler M., Alter T., Kasimir S., Fehlhaber K.: The importance of 

Campylobacter coli in human campylobacteriosis: prevalence and 

genetic characterization. Epidemiol Infect 2005, 133, 1081–1087, 

doi: 10.1017/S0950268805004164. 

14. Huang J., Zang X., Lei T., Ren F., Jiao X.: Prevalence of 

Campylobacter spp. in pig slaughtering line in Eastern China: 

Analysis of contamination sources, Foodborne Pathog Dis 2020, 

17, 712–719, doi: 10.1089/fpd.2020.2800. 

15. Igwaran A., Okoh A.I.: Human campylobacteriosis: A public 

health concern of global importance. Heliyon 2019, 5, e02814, 

doi: 10.1016/j.heliyon.2019.e02814. 

16. International Organization for Standardization (ISO): ISO  

10272-1:2017: Microbiology of the food chain – Horizontal 

method for detection and enumeration of Campylobacter spp. – 

Part 1: Detection method. ISO, Geneva, Switzerland, 2017. 

17. Jacoby G.A.: Mechanisms of resistance to quinolones. Clin Infect 

Dis 2005, 15, 120–126, doi: 10.1086/428052. 

18. Janssen R., Krogfelt K.A., Cawthraw S.A., van Pelt W.,  

Wagenaar J.A., Owen R.J.: Host-pathogen interactions in 

Campylobacter infections: The host perspective. Clin Microbiol 

Rev 2008, 21, 505–518, doi: 10.1128/CMR.00055-07. 

19. Karikari A.B., Obiri-Danso K., Frimpong E.H., Krogfelt K.A.: 

Antibiotic resistance of Campylobacter recovered from faeces and 

carcasses of healthy livestock. BioMed Res Intern 2017, 4091856, 

doi: 10.1155/2017/4091856. 

20. Kempf I., Kerouanton A., Bougeard S., Nagard B., Rose V., 

Mourand G., Osterberg J., Denis M., Bengtsson B.O.: 

Campylobacter coli in organic and conventional pig production in 

France and Sweden: Prevalence and antimicrobial resistance. 

Front Microbiol 2017, 8, 955, doi: 10.3389/fmicb.2017.00955. 

21. Lin J., Yan M., Sahin O., Pereira S., Chang Y.J., Zhanq Q.: Effect 

of macrolide usage on emergence of erythromycin-resistant 

Campylobacter isolates in chickens. Antimicrob Agents 

Chemother 2007, 51, 1678–1686, doi: 10.1128/AAC.01411-06. 

22. Lopez-Chavarrias V., Ugarte-Ruiz M., Barcena C., Olarra A., 

Garcia M., Saez J.L., de Frutos C., Serrano T., Perez I.,  

Moreno M.A., Dominguez L., Alvarez J.: Monitoring of 

antimicrobial resistance to aminoglycosides and macrolides in 

Campylobacter coli and Campylobacter jejuni from healthy 

livestock in Spain (2002–2018). Front Microbiol 2021, 12, 

689262, doi: 10.3389/fmicb.2021.689262. 

23. Luangtongkum T., Jeon B., Han J., Plummer P., Logue C.M., 

Zhang Q.: Antibiotic resistance in Campylobacter: emergence, 

transmission and persistence. Future Microbiol 2009, 4, 189–200, 

doi: 10.2217/17460913.4.2.189. 

24. Magiorakos A.P., Srinivasan A., Carey R.B., Carmeli Y.,  

Falagas M.E., Giske C.G., Harbarth S., Hindler J.F., Kahlmeter G., 

Olsson-Liljequist B., Paterson D.L., Rice L.B., Stelling J., 

Vatopoulos A., Weber J.T., Monnet D.L.: Multidrug-resistant, 

extensively drug-resistant and pandrug-resistant bacteria:  

an international expert proposal for interim standard definitions 

for acquired resistance. Clin Microbiol Infect 2012, 18, 268–281, 

doi: 10.1111/j.1469-0691.2011.03570. 

25. Marotta F., Di Marcantonio L., Janowicz A., Pedonese F.,  

Di Donato G., Ardelean A., Nuvoloni R., Di Giannatale E., 

Garofolo G.: Genotyping and antibiotic resistance traits in 

https://doi.org/10.1017/S1466252308001503
https://doi.org/10.4315/0362-028X.JFP-11-334
https://doi.org/10.4315/0362-028X.JFP-11-334
https://doi.org/10.1111/j.1574-6968.2007.00935
https://doi.org/10.1111/j.1574-6968.2007.00935
https://doi.org/10.3201/eid0501.990104
https://doi.org/10.3390/microorganisms9051077
https://doi.org/10.2903/j.efsa.2022.7209
https://doi.org/10.2903/j.efsa.2022.7666
https://doi.org/10.2903/j.efsa.2022.7666
https://doi.org/10.1089/fpd.2020.2800
https://doi.org/10.1016/j.heliyon.2019.e02814
https://doi.org/10.1086/428052
https://doi.org/10.1128/CMR.00055-07
https://doi.org/10.1155/2017/4091856
https://doi.org/10.3389/fmicb.2017.00955
https://doi,org/10.1128/AAC.01411-06
https://doi.org/10.3389/fmicb.2021.689262
https://doi.org/10.2217/17460913.4.2.189
https://doi.org/10.1111/j.1469-0691.2011.03570


 J. Osek, K. Wieczorek/J Vet Res/67 (2023) 389-395 395 

 

 

Campylobacter jejuni and coli from pigs and wild boars in Italy. 

Front Cell Infect Microbiol 2020, 10, 592512, doi: 

10.3389/fcimb.2020.592512. 

26. Mattheus W., Botteldoorn N., Heylen K., Pochet B., Dieric K.: 

Trend analysis of antimicrobial resistance in Campylobacter 

jejuni and Campylobacter coli isolated from Belgian pork and 

poultry meat products using surveillance data of 2004–2009. 

Foodborne Pathog Dis 2012, 9, 465–472, doi: 10.1089/fpd.2011.1042. 

27. Mourkas E., Florez-Cuadrado D., Pascoe B., Calland J.K.,  

Bayliss S.C., Mageiros L., Méric E., Hitchings M.D., Quesada A., 

Porrero C., Ugarte-Ruiz M., Gutiérrez-Fernández J., Dominguez L., 

Sheppard S.K.: Gene pool transmission of multidrug resistance 

among Campylobacter from livestock, sewage and human 

disease. Environ Microbiol 2019, 21, 4597–4613, doi: 

10.1111/1462-2920.14760. 

28. Padungton P., Kaneene J.B.: Campylobacter spp. in human, 

chickens, pigs and their antimicrobial resistance. J Vet Med Sci 

2003, 65, 161–170, doi: 10.1292/jvms.65.161. 

29. Papadopoulos D., Petridou E., Papageorgiou K., Giantsis I.A., 

Delis G., Economou V., Frydas I., Papadopoulos G., 

Hatzistylianou M., Kritas S.K.: Phenotypic and molecular patterns 

of resistance among Campylobacter coli and Campylobacter 

jejuni isolates, from pig farms. Animals 2021, 11, 2394, doi: 

10.3390/ani11082394. 

30. Quintana-Hayashi M.P., Thakur S.: Longitudinal study of the 

persistence of antimicrobial-resistant Campylobacter strains in 

distinct swine production systems on farms, at slaughter, and in 

the environment. Appl Environ Microbiol 2012, 78, 2698–2705, 

doi: 10.1128/AEM.07723-11. 

31. Scanlon K.A., Cagney C., Walsh D., McNulty D., Carroll A., 

McNamara E.B., McDowell D.A., Duffy G.: Occurrence and 

characteristics of fastidious Campylobacteraceae species in 

porcine samples. Intern J Food Microbiol 2013, 163, 6–13, doi: 

10.1016/j.ijfoodmicro.2013.02.004. 

32. Sifré E., Salha B.A., Ducournaua A., Floch P., Chardon H., 

Mégraud F., Lehours P.: EUCAST recommendations for 

antimicrobial susceptibility testing applied to the three main 

Campylobacter species isolated in humans. J Microbiol Methods 

2015, 119, 206–213, doi: 10.1016/j.mimet.2015.10.018. 

33. Silva J., Leite D., Fernandes M., Mena C., Gibbs P.A., Teixeira P.: 

Campylobacter spp. as a foodborne pathogen: A review. Front 

Microbiol 2011, 2, 200, doi: 10.3389/fmicb.2011.00200. 

34. Thakur S., Gebreyes W.A.: Phenotypic and genotypic 

heterogeneity of Campylobacter coli within individual pigs at 

farm and slaughter in the US. Zoonozes Public Health 2010, 57, 

100–106, doi: 10.1111/j.1863-2378.2010.01363. 

35. Wang G., Clark C.G., Taylor T.M., Pucknell C., Barton C., Price L., 

Woodward D.L., Rodgers F.G.: Colony multiplex PCR assay for 

identification and differentiation of Campylobacter jejuni, C. coli, 

C. lari, C. upsaliensis, and C. fetus subsp. fetus. J Clin Microbiol 

2002, 40, 4744–4747, doi: 10.1128/JCM.40.12.4744-4747.2002. 

36. Whitehouse C.A., Zhao S., Tate H.: Antimicrobial resistance in 

Campylobacter species: Mechanisms and genomic epidemiology. 

Adv Appl Microbiol 2018, 103, 1–47, doi: 10.1016/bs.aambs.2018.01.001. 

37. Wieczorek K., Bocian Ł., Osek J.: Prevalence and antimicrobial 

resistance of Campylobacter isolated from carcasses of chickens 

slaughtered in Poland - A retrospective study. Food Control 2020, 

112, 107159, doi: 10.4315/0362-028X.JFP-13-035. 

38. Wieczorek K., Bocian Ł., Osek J.: Bovine and pig carcasses as  

a source of Campylobacter in Poland: A reservoir for 

antimicrobial-resistant Campylobacter coli. Foodborne Pathog 

Dis 2021, 18, 462–468, doi: 10.1089/fpd.2020.2914. 

39. Wieczorek K., Osek J.: Antimicrobial resistance mechanisms 

among Campylobacter. BioMed Res Int 2013, 340605, doi: 

10.1155/2013/340605. 

40. Wieczorek K., Osek J.: Occurrence of Campylobacter on 

carcasses of slaughtered animals between 2009 and 2013. Bull Vet 

Inst Pulawy 2014, 58, 553–558, doi: 10.2478/bvip-2014-0085. 

41. Wieczorek K., Osek J.: Antimicrobial resistance and genotypes of 

Campylobacter jejuni from pig and cattle carcasses isolated in 

Poland during 2009–2016. Microb Drug Resist 2018, 24, 680–

684, doi: 10.1089/mdr.2017.0158. 

42. World Health Organization: Estimates of the global burden of 

foodborne diseases: Foodborne Disease Burden Epidemiology 

Reference Group 2007–2015; WHO, Geneva, 2018. 

43. World Health Organization: Critically important antimicrobials 

for human medicine, 6th Revision 2018. WHO, Geneva, 2019. 

  

 

https://doi.org/10.3389/fcimb.2020.592512
https://doi.org/10.3389/fcimb.2020.592512
https://doi.org/10.1089/fpd.2011.1042
https://doi.org/10.1111/1462-2920.14760
https://doi.org/10.1111/1462-2920.14760
https://doi.org/10.1292/jvms.65.161
https://doi.org/10.3390/ani11082394
https://doi.org/10.3390/ani11082394
https://doi.org/10.1128/AEM.07723-11
https://doi.org/10.1016/j.ijfoodmicro.2013.02.004
https://doi.org/10.1016/j.ijfoodmicro.2013.02.004
https://doi.org/10.1016/j.mimet.2015.10.018
https://doi.org/10.3389/fmicb.2011.00200
https://doi.org/10.1111/j.1863-2378.2010.01363
https://doi.org/10.1128/JCM.40.12.4744-4747.2002
https://doi.org/10.1016/bs.aambs.2018.01.001
https://doi.org/10.4315/0362-028X.JFP-13-035
https://doi.org/10.1089/fpd.2020.2914
https://doi.org/10.1155/2013/340605
https://doi.org/10.1155/2013/340605
https://doi.org/10.2478/bvip-2014-0085
https://doi.org/10.1089/mdr.2017.0158

