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Prevalence and antibiotic resistance of Campylobacter coli and 
Campylobacter jejuni in Greek swine farms

Campylobacter species are one of four key global causes of human di-
arrheal diseases, according to W.H.O. It is considered to be the most 
common bacterial cause of human gastroenteritis in the world. The ob-
jective of this study was to estimate the prevalence of Campylobacter 
coli (C. coli) and Campylobacter jejuni (C. jejuni) in Greek commercial 
swine farms, and describe the antimicrobial resistance of the isolated 
strains. A total of 1,000 rectal swabs (50 per farm) were collected from 
twenty swine farms in Greece. Ten rectal samples had been randomly 
collected from each of five age-groups (suckling piglets, nursery pigs, 
grower pigs, finisher pigs, sows). Isolation of Campylobacter spp. was 
performed using the ISO 10272-1:2017. A PCR method, based on the 
amplification of mapAC.jejuni and ceuEC.coli specific genes, was used for 
identification of the isolated strains. All isolates were tested for their 
susceptibility against gentamycin, erythromycin, ciprofloxacin, tetracy-
cline and meropenem; EUCAST guidelines were used for the interpre-
tation. The results showed that 16 out of the 20 farms (80%) and 491 
(49%) of the samples were positive for Campylobacter spp.  Preva-
lence of C.coli was 38% (95% CI 35.1-41.1) and of C.jejuni 10.9% (95% 
CI 9,1-13.0).  Sows were 1.4 times more likely to be colonized by Cam-
pylobacter spp than sucking piglets (p<0.05) while nursery and grow-
er pigs were 2.14 and 2 times more likely to be colonized than sows 
p<0.001). However, colonization was not associated with farm size.  
High rates of resistance were recorded for tetracycline (67,3%), while 
18,1%, 7,3% and 3.9% of the isolates were resistant in ciprofloxacin, 
erythromycin and gentamycin respectively. Thirty-two of the isolates 
(6,52%) were classified as multidrug resistant; resistance to meropen-
em was not  found. Our findings indicate high prevalence of C.coli and 
C.jejuni in Greek pig farms with high resistant rates to tetracycline and 
ciprofloxacin; this constitutes a potential reservoir for resistance genes 
spread to the community. 
Keywords: Campylobacter, Antimicrobial Resistance, Minimum Inhib-
itory Concentration (MIC), Antimicrobial Susceptibility Testing (AST), 
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Introduction 

Campylobacter spp. infections constitute a 

zoonosis of worldwide distribution, with serious 

repercussions for public health and with 

significant socio-economic impact 1. C. jejuni 

and C. coli are the most commonly isolated 

species and recognized as the most important 

and with greater pathogenic potential from the 

viewpoint of food safety. In 2017, 246,158 

confirmed cases of campylobacteriosis in 

humans were reported in the EU, which 

accounted to an average notification rate of 64.8 

per 100,000 population 2. 

Although human campylobacteriosis is usually 

mild and self-limiting,an acute infection can have 

serious long-term consequences, including the 

peripheral neuropathies, Guillain–Barré 

syndrome 3, Miller Fisher syndrome 4, and 

functional bowel diseases, such as irritable 

bowel syndrome 5. Campylobacteriosis in pigs is 

associated with neonatal and suckling piglet 

diarrhea, while in older animals  clinical signs are 

rarely present. 

Farm animals are the major reservoir 

of Campylobacter species. Poultry and pigs are 

recognized as the most important reservoirs of 

Campylobacter 6 and C. coli is the predominant 

species in pigs 7. When treatment of human 

campylobacteriosis is needed, quinolones, 

macrolides and tetracyclines are the drugs of 

choice 8. 

Moreover the World Health Organization (WHO) 

identified Campylobacter as one of the high 

priority antimicrobial resistant pathogens, for its 

resistance in fluoroquinolones 9.The resistance 

to both macrolides and fluoroquinolones is of 

public health concern as there are currently 

limited options in the choice of treatment 

of Campylobacter infections. In the EU, 

surveillance and monitoring of Campylobacter in 

humans, animals, and food is one of the public 

health priorities. However there is a relatively law 

number of studies concerning the prevalence 

and antimicrobial resistance 

of Campylobacter in pigs, comparing to poultry. 

Materials and Methods 

Sample collection 

Twenty (coded A - T) commercial, farrow to 

finish, pig farms from the continental country, 

that were registered in the National Record of pig 

farmers association were randomly selected for 

sampling. The median size of the farm was 550 

breeding sows (230-1600 breeding sows). 

Farms were categorized in two groups 

depending on their breeding sows capital, small 

farms with 400 sows or less and big farms with 

401 sows and more. Sample collection lasted 

from April 2017 until February 2018. 

From each farm a total of 50 samples were 

collected, 10 rectal swabs from pigs each of the 

following five age groups and living in different 

pens : group 1-suckling pigs (age 0-28 days), 

group 2-nursery pigs (age 29-70 days), group 3-

grower pigs (age 71-105 days), group 4-finisher 

pigs (age 106 days to slaughter), group 5-sows 

(over 9 months of age). All animals sampled did 

not show any clinical sign of diarrhea.  

In total 1,000 samples were collected, 50 

samples per farm and 200 samples per age 

group.  

All rectal swabs were placed in Modified Cary 

Blair (MCB)  medium 10 and transferred under 4-

6oC, in less than 24h to the laboratory. 

Campylobacter isolation and identification 

The Detection Procedure B from the ISO 10272-

1:2017 11 method, was used for the detection 

and isolation of Campylobacter spp. from pig 

feces. Samples were added to the liquid 

enrichment medium (Preston broth, OXOID) and  

incubated in a microaerobic atmosphere at 41,5 

°C for 24 h. From the enrichment culture 

obtained a loop of 10μL, and inoculated in the 

selective mCCD agar (Oxoid) and incubated at 

41,5 °C in a microaerobic atmosphere and 

examined after 44 h to detect the presence of 

suspect Campylobacter colonies. One 

suspected Campylobacter colony was examined 

from each mCCD agar plate, for morphology and 

motility using a microscope and sub-cultured on 

a non-selective blood agar, and then confirmed 
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by detection of oxidase activity and aerobic 

growth test at 25 °C. 

Speciation of Campylobacter strains was made 

according to the 2nd version of the protocol for 

PCR amplification of C.jejuni and C.coli 12,13. A 

multiplex PCR protocol targeting the 

identification of Campylobacter jejuni and 

Campylobacter coli based on the amplification of 

the two genes, mapAC.jejuni and ceuEC.coli, was 

performed. In addition, a 16S primer set has 

been included as quality assurance of the DNA-

preparation and analysis (internal control).The 

C.jejuni ATCC 33560 and C.coli ATCC 33559 

were used for Quality Control. 

Antimicrobial Susceptibility Testing (AST) 

Agar dilution method was used for the 

antimicrobial susceptibility testing. All  

Campylobacter isolates were tested for their 

susceptibility to 5 antimicrobials from 5 different 

antimicrobial classes. Antimicrobials tested 

included gentamycin, erythromycin, 

ciprofloxacin, tetracycline and meropenem 

(Sigma Aldrich). 

Muller Hinton agar supplemented with 5% 

mechanically defibrinated horse blood and 

20mg/L β-NAD was used  for Campylobacter  

isolates susceptibility testing.  

The European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) breakpoint 

tables version 8.1 for Campylobacter jejuni and 

Campylobacter coli were used for the 

interpretation of the results 14. As regards 

gentamicin and meropenem, tables of the same 

version for Enterobacteriace were used.  

Antibiotics exibiting phenotypic resistance to 

more than three antibiotics from different classes 

were regarded as Multidrug Resistant 15. 

The C.jejuni ATCC 33560 and C.coli ATCC 

33559 were used for the Quality Control, during 

AST. 

Statistical Analysis 

A prospective study was conducted to estimate 

the prevalence and the antimicrobial resistance 

profile of Campylobacter species. Prevalence 

was calculated as a fraction of samples with 

positive result in microbiological test. Prevalence 

ratios (PR), 95% confidence intervals (CI), and 

P values were calculated. The outcome 

variables were Campylobacter spp, C. coli and 

C. jejuni positive samples and the explanatory 

variables were age group and farm size (small or 

big farm). A P value of ≤0.05 was considered 

statistically significant. STATA 13 (STATA 

CORP LP, College Station, Texas, USA) was 

used for statistical analysis.  

Results and Discussion 

Prevalence of Campylobacter 

Campylobacter was isolated from 16 of the 20 

sampled farms (80%). From the 1,000 rectal 

samples collected, 491 samples were positive 

for Campylobacter. In total, 49,1 % (95% CI, 

36,7-60.6) of the samples were positive for 

Campylobacter species (380 C.coli, 109 

C.jejuni, 2 later sequenced as C. lari). 

Prevalence of C.coli was 38% (95% CI 35.1-

41.1) and of C.jejuni 10.9% (95% CI 9,1-13.0).  

Prevalence of Campylobacter spp among each 

of the 20 farms ranked from 0 to 78%, while 

prevalence of C. coli ranked from 0 to 68% and 

of C. jejuni  from 0 to 28%. We found significant 

differences in prevalence of Campylobacter spp, 

C. coli and C. jejuni among the 20 studied farms 

(p<0.05). (Table 1) 

Table 2 presents the prevalence of 

Campylobacter spp in among different age 

groups. Bivariate analysis showed that suckling 

piglets were 0.7 times less likely to be colonized 

by Campylobacter spp, than shows, while 

nursery and grower pigs were 2.14 and 2.01 

times respectively more likely to be colonized 

comparing to sows (p<0.05). Interestingly, 

finisher pigs were 1.34 times more likely to be 

colonized by Campylobacter spp comparing to 

sows (p<0.05). Regarding C. coli nursery and 

grower pigs were  2.91 and 2.6 times, 

respectively, more likely, more likely to be 

colonized comparing to sows (p<0.05). However 

finishing pigs  were 1,51 times more likely to be 

colonised comparing to sows. Regarding C. 

jejuni we did not identify statistical difference in 

colonization among the different age groups. 
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Moreover farm size seems not to be a risk factor 

for colonization Campylobacter spp. 

Antimicrobial susceptibility 

130 isolates(26.48%)  were susceptible to all 5 

antibiotics tested (table 2). Moreover 62,5% of 

group 1isolates were susceptible to all 5 

antibiotics, while only 16.44% and 19.57% of  

group 2 and group 3 isolates were regarded as 

susceptible to all 5 antibiotics (table 

3).280isolates (57.03%) and 49 isolates (9.98%) 

were resistant to  1 and 2 classes of 

antibiotics.32 isolates (6.52%) were regarded as 

Multidrug Resistant by showing resistance in 

three different classes of antibiotics. Most MDR 

isolates were found in age group 3 and 4 

(10.87% and 7.69%, respectivelyfor each age 

group. 

All  clinical isolates (n=491), tested were 

susceptible to meropenem (table 4).Very high 

rates of resistance were recorded for 

tetracycline. For C.jejuni isolates (n=109) 

57.8% (n=63), were resistant to tetracycline 

while for C.coli isolates (n=380) resistance to 

tetracycline was recorded in 70,0% (n=266). In 

total 330 of the Campylobacter spp 

isolates(n=491) were resistant in tetracycline 

(62,71%).Medium rates of resistance were 

recorded for ciprofloxacin. For Campylobacter 

spp 18.13% of the isolates were resistant in 

ciprofloxacin. Resistance rates were higher for 

C.jejuni comparing to C.coli, with 22.94% and 

16.84% respectively. Low and very low 

resistance rates were recorded for

erythromycin and gentamycin. For erythromycin

7.33% (n=36) of all Campylobacter isolates were

resistant.  9.17% (n=10) of C.jejuni and 6.84%

(n=26) of C.coli isolates were resistant in

macrolides. As regards gentamicin 3.87%

(n=19) of Campylobacter spp isolates were

resistant. The rate of gentamicin resistance for

C.jejuni was 3.67%, (n=4) and for C.coli 3.95%

(n=15). 

Table 1: Prevalence of Campylobacter spp, Campylobacter coli and Campylobacter jejuni in 

Greek pig farms 

Farm 
Pigs  
tested          
(N) 

Campylobacter spp Campylobacter coli Campylobacter jejuni 

 Positive 
samples (N)  

PR 
(%) 95% CI 

 Positive 
samples (N)  

PR 
(%) 95% CI 

 Positive 
samples (N)  PR (%) 95% CI 

A 50 32 64 49.8-76.1 28 56 42-69.1 4 8 3-19.6 

B 50 29 58 43.9-70.9 20 40 27.3-54.2 9 18 9.6-31.3 

C 50 31 62 47.8-74.4 25 50 36.3-63.7 6 12 5.4-24.4 

D 50 29 58 43.9-70.9 24 48 34.5-61.8 4 8 3-19.6 

E 50 29 58 43.9-70.10 24 48 34.5-61.8 5 10 4.2-22 

F 50 36 72 57.9-82.8 29 58 43.9-70.9 7 14 6.8-26.7 

G 50 25 50 36.3-63.7 22 44 30.9-58 3 6 1.9-17.2 

H 50 28 56 42-69.1 24 48 34.5-61.8 4 8 3-19.6 

I 50 28 56 42-69.1 26 52 38.2-65.5 2 4 1-14.8 

J 50 26 52 38.2-65.5 19 38 25.6-52.2 7 14 6.8-26.7 

K 50 28 56 42-69.1 22 44 30.9-58 6 12 5.4-24.4 

L 50 0 0 NA 0 0 NA 0 0 NA 

M 50 39 78 64.3-87.5 34 68 53.8-78.5 5 10 4.2-22 

N 50 36 72 57.9-82.8 27 54 40.1-67.3 9 18 9.6-31.3 

O 50 34 68 53.8-79.5 18 36 23.9-50.2 15 30 18.9-44.1 

P 50 0 0 NA 0 0 NA 0 0 NA 

Q 50 38 76 62.2-85.9 29 58 43.9-70.9 9 18 9.6-31.3 

R 50 0 0 NA 0 0 NA 0 0 NA 

S 50 23 46 32.7-59.9 9 18 9.6-31.3 14 28 17.2-42.1 

T 50 0 0 NA 0 0 NA 0 0 NA 

Total 1000 491 49 46-52 380 38 35-41.1 109 10.9 9.1-13 
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Table 2: Prevalence of Campylobacter spp, Campylobacter coli and Campylobacter jejuni per 

age group in Greek pig farms 

Age group 

Pigs 

tested 

(N) 

Campylobacter spp Campylobacter coli Campylobacter jejuni 

 Positive 

samples 

(N)  PR (%) 95% CI 

 Positive 

samples 

(N)  PR (%) 95% CI 

 Positive 

samples 

(N)  

PR 

(%) 95% CI 

Suckling piglets 200 48 24 18.6-30.4 35 17.5 12.8-23.4 13 6.5 3.8-10.9 

Nursery pigs 200 146 73 66.4-78.7 125 62.5 55.6-69 21 10.5 6.9-15.6 

Grower pigs 200 138 69 62.2-75 112 56 49-62.7 26 13 9-18.4 

Finisher pigs 200 91 45 38.7-52.5 65 32.5 26.3-39.3 26 13 9-18.4 

Sows 200 68 34 27.7-40.9 43 21.5 16.3-27.8 23 11.5 7.8-16.7 

Total 1000 491 49 46-52 380 38 35-41.1 109 10.9 9.1-13 

 

Table 3  Number and proportion of isolates to different classes of antibiotics 

Resistance to antibiotic classes N % 

0 130 26.48 

1 280 57.02 

2 49 9.98 

3 32 6.52 

Total 491 100 

 

Table  4 Number and proportion of isolates to different classes of antibiotics per age group 

Age 

 group 

 Resistance to different classes of antibiotics Total 

0 1 2 3 

1 N 30 18 0.00 0.00 48 

% 62.50 37.50 0.00 0.00 100.00 

2 N 24 95 21 6 146 

% 16.44 65.07 14.38 4.11 100.00 

3 N 27 80 16 15 138 

% 19.57 57.97 11.59 10.87 100.00 

4 N 24 51 9 7 91 

% 26.37 56.04 9.89 7.69 100.00 

5 N 25 36 3 4 68 

% 36.76 52.94 4.41 5.88 100.00 

Total N 130 280 49 32 491 

% 26.48 57.02 9.98 6.52 100.00 
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Table  5 Antimicrobial resistance of Campylobacter coli, Campylobacter jejuni and Campy 

spp per age  group 

Age 

Groups 

 Campylobacter coli isolates N=380 Campylobacter jejuni isolates N=109 Campylobacter spp isolates N=491 

 Cip Ery Tet Mer  Gm Cip Ery Tet Mer  Gm Cip Ery Tet Mer  Gm 

1 

 

N 0 0 12 0 0 0 1 5 0 0 0 1 17 0 0 

% 0 0 34.29 0 0 0 7.69 38.46 0 0 0 2.08 35.42 0 0 

2 

 

N 26 6 89 0 5 9 5 15 0 0 38 11 104 0 5 

% 20.8 4.8 71.2 0 4 42.86 23.81 71.43 0 0 23.97 7.53 71.43 0 3.42 

3 N 20 10 90 0 7 9 1 18 0 2 29 11 108 0 9 

% 17.86 8.93 80.36 0 6.25 34.62 3.85 69.23 0 7.69 21.01 7.97 78.26 0 6.52 

4 N 13 8 47 0 1 2 2 16 0 1 15 10 63 0 2 

% 20 12.31 72.31 0 1.54 7.69 7.69 61.54 0 3.85 16.48 10.99 69.23 0 2.2 

5 N 5 2 28 0 2 5 1 9 0 1 10 3 38 0 3 

% 11.63 4.65 65.12 0 4.65 21.74 4.35 39.13 0 4.35 14.71 4.41 55.88 0 4.41 

Total N 64 26 266 0 15 25 10 63 0 4 89 36 330 0 19 

 % 16.84 6.84 70 0 3.95 22.94 9.17 57.8 0 3.67 18.13 7.33 67.21 0 3.87 

 

Table  6  Antimicrobial Resistance phenotypes 

Resistance phenotypes N % 

Cip 20 5.54 

Tet 255 70.64 

Ery 6 1.66 

CipEry 3 0.83 

CipGm 2 0.55 

CipTet 32 8.86 

EryTet 8 2.22 

GmTet 3 0.83 

CipEryTet 18 4.99 

CipGmTet 13 3.60 

EryGmTe 1 0.28 

Total 361 100 
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In our study three MDR phenotypes were 

identified (table 5). The resistance CipEryTet 

phenotype was the most common as it was 

found in 18 Campylobacter spp isolates (4,97%). 

The resistance phenotype CipGmTet followed, 

as it was identified in 13 isolates (n=3.59%). In 

one isolate (0,28%) we identified resistance in 

erythromycin, gentamicin and tetracycline. 

21 Campylobacter spp isolates (5,75%), were 

resistant to both erythromycin and ciprofloxacin, 

drugs of choice for treatment of invasive human 

campylobacteriosis (table5). 

Moreover statistical analysis showed that 

C.jejuni isolates from big farms, over 401 sows 

were 1.74 times  (1.14-2.67), more likely to be 

resistant in ciprofloxacin, comparing to isolates 

from smaller farms (table 6). Regarding C.coli 

isolates from small farm were 5.9 times (1.3-

26.5) more likely to be resistant in erythromycin. 

We did not identify connection between MDR 

isolates with certain age groups or with the farm 

size. 

Discussion 

This study was designed to assess the 

prevalence and the  patterns of antimicrobial 

resistance of Campylobacter spp isolates from 

farrow-finisher pig farms in Greece, and among 

the different age groups that represent the 

different stages of pig production in Greece. 

Fluoroquinolones like ciprofloxacin and 

macrolides like erythromycin, classified as 

category I and category II antimicrobials, 

respectively, are of particular importance since 

patients with campylobacteriosis are generally 

treated with these agents. 

The results of this study emphasize on the 

significant prevalence of Campylobacter spp in 

Greek commercial farms. In total, 49,1%  of the 

samples were positive for Campylobacter 

species (380 C.coli, 109 C.jejuni, 2 later 

sequenced as C. lari) The predominant species 

was C.coli with 77.4% of the isolates followed by 

C.jejuni with 22.2%. 

Similar significant prevalence rates 

of Campylobacter in pigs have been identified in  

many studies that have been performed in 

countrieslike  France 7, United Kingdom 16, the 

United States 17 at slaughterhouse level and 

Japan 18 at farm level.The 2018 EFSA-ECDC 

report on   trends and sources of zoonoses, 

zoonotic agents and food-borne outbreaks for 

the year 2017 (19), reported that only 2% of the 

pigs samples tested (n=2,481), were positive for 

Campylobacter spp, at slaughterhouse level. 

The same report for 2016 20, reported  17,6% of 

positive for Campylobacter spp pigs samples 

(n=3,817). 

The AMR rates found in our study and more 

specifically the high rates of tetracycline 

resistance and the low and very low rates of 

erythromycin and gentamicin resistance, match 

with the results on the EFSA-ECDC summary 

report on antimicrobial resistance for 2017 
21.The median EU resistance rates for 

tetracycline was 51.5%, and  for erythromycin 

and gentamicin 15.6 % and 7.7%  in 979 C.coli 

isolates from fattening pigs. As regards 

fluoroquinolones like ciprofloxacin we have 

recorded a significant lower rate of resistance 

comparing to 52.3% of the EFSA report. 

The EU median for MDR Campylobacter coli 

according to EFSA report was 21.2%. In our 

study the proportion of MDR Campylobacter spp 

isolates was relatively low (6.52%). The most 

common MDR phenotypes that were identified in 

our study (CipEryTet  and CipGmTet) match with 

the recognized MDR phenotypes of the EFSA 

report. 

This is the first study in Greece, that provides 

data on Campylobacter prevalence in pig farms 

and on their antimicrobial resistance. Moreover 

it provides useful data for the microorganism 

prevalence and resistance in the different age 

groups that reflect the productive stages of pig 

farming in farrow to finish farms. 

Based on the findings in this study, we conclude 

that pigs are an important reservoir for 

Campylobacter species and especially for C.coli, 

and can play important role in the spread of the 

pathogen. The role of pigs in human 

Campylobacter infections has not been 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447011/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447011/#B42
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447011/#B21
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investigated in detail in Greece. More studies on 

Campylobacter epidemiology in pig farms and 

pork products is needed. 

Furthermore, the high rates of resistance to 

antimicrobials like tetracycline, and the medium 

rates of resistance to fluoroquinolones, 

highlights the need for further and systematic 

monitoring of Campylobacter isolates of pig 

origin. 
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