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Abstract: In this study, we compare the degree of antibiotic resistance
between the E. coli strains isolated from swine faecal and farm workers.
Resistance in nine widely used antibiotics was assessed by the
determination of Minimum Inhibitory Concentration. Sixty-four out of 72
E. coli isolates derived from pigs and sixty out of 72 derived from farm
workers showed resistance to at least one antibiotic. High resistance in
tetracycline, ampicillin and amoxicillin was detected in both human and
swine E. coli isolates, showing similar resistance patterns. This finding
indicates that the use of antibiotics in pig industry and the increased
antibiotic resistance of animal E. coli isolates, also affects the resistance of
isolates collected from farm workers, at least in the area of study.
Keywords: Antibiotic Resistance, E. coli, Greece, Minimum Inhibition
Concentration, Pigs

Introduction
Antibiotic resistance, driven by the extensive use of
antibiotics, is considered to be one the major future
threats regarding effective treatment of bacterial
diseases. Resistant bacteria are favoured by selection
pressure during use of antibiotics and thus are spread in
animals and humans raising concerns regarding
prevention and treatment (Osterberg et al., 2016).
Additionally, the uncontrolled use of antibiotics in foodproducing animals is worrying not only from a
veterinary clinical perspective but from a zoonotic aspect
as well (Marshall and Levy, 2011). In pig industry,
antibiotics are used extensively in three ways-as growth
promoters, as prophylactic or metaphylactic treatment
and for therapeutic purposes (Barton, 2014).
The aim of this study was to investigate the prevalence
of antibiotic resistance in faecal E coli isolates from
healthy pig farm workers and compare these data with
isolates obtained from pigs in the same farms.

Materials and Methods
The investigation was performed between August
and December 2015 in pig farms in the region of
Thessaly, central Greece. A mixed fresh faecal sample
was randomly collected from four healthy fattening pigs
with the permission of the pig farmer. Use of antibiotics

in this class of pigs is common and they live in close
contact, allowing the easy transfer of resistant bacteria
among them. A fresh faecal sample was collected from
one of the pig workers in each pig farm. Faecal samples
were collected only from apparently healthy workers that
had not received any antibiotic treatment in the last 3
months. The faecal samples were collected in sterile
plastic containers and they were sent immediately to the
University of Thessaly where they were kept refrigerated
until analysis within one to four days after sampling.
In brief, 1 g of each sample was diluted to 9 mL of
PBS pH 7,2 to create a suspension of 1:10 w/v and was
filtered in order to remove all solid material. A quantity
of 0,1 mL of the suspension was plated onto MacConkey
agar. The agar plates were incubated at 37°C for 24 h.
Candidate colonies were then plated in trypticase soy
agar medium and biochemically characterized using the
API20E system (Biomerieux, France).
If E. coli was not isolated from faecal samples
collected from both pigs and workers from a pig farm,
samples collected from this farm were discarded and
not included in the analysis. Under these conditions,
from a total of 86 pig farms investigated, a total of 114
E. coli were isolated from pigs as well as from workers
from the same farms (72 of each group from 72 farms).
These E. coli isolates were selected for the purpose of
determining susceptibility.
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Table 1. Antibiotic resistance of E. coli isolated from pigs and pig farm workers
Resistant E. coli isolated from pigs and workers
----------------------------------------------------------------------------Pigs n = 72
Workers n = 72
Antimicrobial
Break
------------------------------------- ---------------------------------agent
point mg/L
N
% resistance
N
% resistance
Amoxicillin
>8
36
50.0
33
45.8
Ampicillin
>8
28
38.9
30
41.7
Cefotaxime
>2
0
0.0
0
0.0
Trimeth/sulfam
>4
12
16.7
6
8.3
Nalidixic Acid
>16
12
16.7
6
8.3
Neomycin
>1024
4
5.6
3
4.1
Tetracyclin
>8
36
50.0
27
37.5
Gentamycin
>512
0
0.0
3
4.2
Chloramphenicol
>16
4
5.6
9
12.5

Farms with resistance in
both pigs and workers/total
resistance positive farms
32/37 (86%)
28/30 (93%)
0/0 (0%)
6/12 (50%)
6/12 (50%)
3/4 (75%)
26/37 (70%)
0/0 (0%)
4/9 (44%)

Table 1 presents the number and percentages of E. coli
isolates from pigs and pig workers that were found
resistant to the antibiotics used in this study. Of isolates
from pigs, 64 (88,8%) were found resistant to at least one
antimicrobial agent and 36 (50%) to at least two agents.
Of isolates from pig workers, 60 (83,3%) were found
resistant to at least one antimicrobial agent and 27 (37.5%)
to at least two agents. There were 28 farms that isolates
from pigs were resistant to only one antibiotic and 33
farms that isolates from workers were also resistant to
only one antibiotic; in 25 of them both isolates were
resistant to the same antibiotic and in 11 more there was a
different resistance in the pig and the human isolate (3 and
8 respectively). No statistically significant difference was
found between the resistance percentages (x2 = 0.929, df =
1, p = 0.33) neither between the multi-drug resistance
percentages (x2 = 2.286, df = 1, p = 0.13) of pig and pig
workers isolates. In most resistance-positive farms,
isolates of both pigs and workers were resistant in the
same antibiotics (Table 1). Resistance to tetracycline,
amoxicillin and ampicillin was detected in E. coli isolates
in the highest frequency from pigs and pig workers.

ampicillin, amoxicillin and tetracycline. Similar patterns
have been found in other studies as well (Alali et al., 2008;
Minas et al., 2008). Due to their relatively low cost and
high availability for sale ‘over the counter’, these drugs
are widely used by farmers for therapeutic and
prophylactic applications (Glass-Kaastra et al., 2013).
Callens and co-workers in Belgium, where prudent use
guidelines have not been implemented, reported that
antibiotics used included some important human
antimicrobials such as amoxicillin (Callens et al., 2012).
Recent studies have reported that swine farm workers
were at higher risk of exhibiting multidrug- resistant E.
coli or showed higher antibiotic resistances than nonswine workers (Alali et al., 2008; Cho et al., 2012). These
facts are possibly due to the use of several antimicrobial
agents at swine farms and the intensive farm management
practices on swine farms that may cause the transmission
of antibiotic resistant bacteria in both swine hosts and
farm environment. In our study, similar resistances are
demonstrated in both swine farmers and animals. An
explanation for this is that resistant bacteria may be readily
transferred from food animals to humans because these
bacteria may colonize humans via contact through
occupational exposure, or waste runoff from animal
production facilities. A systematic review has concluded
that oral use of antibiotics in animals increases the
prevalence of antibiotic resistant E. coli in treated pigs and
by extension the risk of transfer of this resistance to humans
(Burow et al., 2014). In Greece, relevant regulations are
harmonized with European Union (EU) policies: EU
banned the use of all antimicrobial as growth promoters, so
as to reduce antimicrobial resistance traits in the microbial
flora of farm animals (Maron et al., 2013). However, in
many cases use of antibiotics is being continued for
“therapeutic” reasons, highlighting the importance of
clearly defining “therapeutic” and “non therapeutic” use.

Discussion

Conclusion

The most frequent pattern of antimicrobial resistance
found in both human and pig E. coli isolates is resistance to

Data obtained in our study indicate that usage of
antibiotics in animals may contribute to the prevalence

Resistance was assessed for Amoxicillin,
Ampicillin,
Cefotaxime,
TrimethoprimSulfamethoxazole, Nalidixic Acid, Neomycin,
Tetracyclin, Gentamycin and Chloramphenicol.
Antibiotics were supplied as powders and each one
was diluted as recommended by the manufacturer.
The Minimum Inhibition Concentration was determined
for each sample and each antibiotic by broth microdilution
performed in 96 round bottom well microplates, following
the standards of the Clinical and Laboratory Standards
Institute (CLSI, 2013; Minas et al., 2008).
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of resistance in E. coli human strains as well in a similar
pattern. The microbial ecosystem of humans, animals
and food are undoubtedly connected in a large extend
and the risk of transfer of antimicrobial resistant bacteria
to humans should be considered high. It is, thus,
recommended that the use of antimicrobial agents in
food animals should be limited wherever possible to
minimize the selection and spread of resistant bacteria
and that farm management practices and hygiene should
be improved to minimize the risk of transfer of
antimicrobial resistant bacteria to humans.
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