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Summary. Antibiotic resistance is the natural consequence of an evolutionary adaptation of bacteria. The 
phenomenon is constantly increasing due to the widespread use of antibiotics, not only in human therapy, 
but also in zootechny and veterinary medicine with the consequent of a rapid selection of antibiotic-resistant 
strains. Food plays an important role in the development and spread of antibiotic resistance. Antibiotic use in 
food animals due to treatment, prevention or growth promotion, allows resistant bacteria and resistance genes 
to pass from food animals to humans through the food chain.

The antibiotic resistance of 76 strains from food and from the food sector environment was assessed 
through the execution of antibiograms carried out with the Kirby-Bauer method. The general results of the 
sensitivity tests performed on the strains indicated that Gram negative bacteria showed more than 50% of 
resistance to the 55% of the tested antibiotics (21 resistant strains out of 38 molecules used). Moreover, Gram 
positive bacteria showed a resistance greater than 50% towards 14% of antibiotics (12 resistant strains out of 
32 molecules used). The Authors conclude by hoping for a greater awareness in the use of antibiotics both in 
the human and veterinary fields.

Key words: Antibiotic resistance, Food, Environment;, Human health risk.

Introduction

Antibiotic resistance is the natural consequence 
of an evolutionary adaptation of bacteria due to the 
exposition to antimicrobial agents. The phenomenon is 
constantly increasing due to the widespread use of an-
tibiotics, not only in human therapy, but also in zoot-
echny and veterinary medicine with the consequence 
of resistant strains rapid selection. Studies carried out 
on bacteria isolated in extreme environments, such as 
Arctic and Antarctic regions, have shown the presence 
of antibiotic resistance as well as the most disparate 
vectors have been identified (1-4). The dramatic conse-
quence of the selection of antibiotic-resistance bacteria 

is the loss of therapeutic efficacy of these molecules 
with serious health risks for both humans and animals. 
In fact, recent estimates based on data from EARS-
Net (European Antimicrobial Resistance Surveillance 
Network) show that each year, more than 670000 in-
fections occur in the EU/EEA due to bacteria resistant 
to antibiotics, and that approximately 33000 people die 
as a direct consequence of these infections. The related 
cost to the healthcare systems of EU/EEA countries is 
around EUR 1.1 billion (5).

The phenomenon is also a food safety problem: 
antibiotic use in food animals due to treatment, pre-
vention or growth promotion, allows resistant bacteria 
and resistance genes to pass from food animals to hu-
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mans through the food chain (6). The foods that we 
consume, especially if raw, can be contaminated by 
bacteria and therefore represent a potential transmis-
sion pathway of resistant strains (7).

Different authorities are responsible for Food 
Safety all over the world. In the USA the FDA (Food 
and Drug Administration), in China the CFDA (Chi-
nese Food and Drug Administration), in Brasil the 
ANVISA (Agência Nacional de Vigilância Sanitária), 
for example, are responsible for protecting the public 
health ensuring the safety, security and efficacy of na-
tional food supplies. In Europe the EFSA (European 
Food Safety Authority) assesses the risks related to 
animal feed safety and EFSA and ECDC (European 
Centre for disease Control) supervise antibiotic re-
sistance in animals and humans, using data reported 
by Member States. These two last agencies cooperate 
with EMA (European Medicines Agency) to analyze 
the relationship between use of antibiotics and resist-
ance in both food producing animals and humans. 

The modes of infections transmission are various 
and widely discussed in recent years by many authors, 
some classic others more whimsical,  both in com-
munity and hospital settings, as foods, air, pediatric in-
cubators, dental units, hands (8-10) Anyway, the most 
common food-borne diseases are caused by resistant 
strains of Salmonella (11), Campylobacter (12), and the 
foods mostly involved in the transmission of these bac-
teria are poultry and pig meat, cattle and eggs. Also 
vegetables can be contaminated by animal waste or 
water not suitable for human consumption (13, 14).

Finally, antibiotic resistance can be transmitted to 
humans by foods through various mechanisms:

•  direct transmission (via animal foods carrying resist-
ant bacteria that can colonize or infect man after in-
gestion).

•  resistance transfer (through food contaminated by re-
sistant bacteria during the preparation, handling and 
processing phases).

•  ingestion of resistant bacteria (through fresh con-
taminated products, as in aquaculture and horticul-
ture products).

Taking into consideration what has been already 
argued above, the purpose of this study was to evaluate 
the antibiotic resistance in bacteria isolated from food 

and in the food sector to strengthen the idea that foods 
are very often involved in the spreading and circulation 
of antibiotic-resistant bacteria..

Materials and Methods

Origin of Strains

The bacteria used in this research were taken from 
the collection of the Microbiological Laboratory, of 
the Department of Biomedical Sciences and Images 
Morphological and Functional, Section of Medicine 
Preventive, University of Messina (Italy). Preliminary 
bacteria isolation was done using medium usually 
utilized for food and environmental microbiological 
qualitative analysis.

In total, 76 bacterial strains were used: 33 isolated 
from potable water, 23 isolated from foods (salad, moz-
zarella, meat, etc.), 15 from alimentary surfaces (work 
bench, tables, chopping board, etc.) and 5 strains from 
tools used in cooking (slicer, cutlery, saucepan, etc.). 

The strains studied were both Gram negative 
(Pseudomonas aeruginosa, P. luteola, Stenotropho-
monas maltophilia, Klebsiella oxytoca, Escherichia 
coli, Citrobacter freundii, Proteus mirabilis, Entero-
bacter agglomerans, Aeromonas hydrophila, Acineto-
bacter baumannii, Shewanella putrefaciens, and Gram 
positive (Staphylococcus aureus, S. sciuri, S. xylosus, S. 
conii, S. epidermidis). 

Isolation and phenotypic identification

The isolates were identified to the species or genus 
level by API 20 NE, API 20 E and API Staph profiles 
(bioMérieux, Marcy l’Etoile, France), according to the 
manufacturer’s instructions. 

Antimicrobial susceptibility 

The bacterial isolates were tested for resistance 
or sensitivity to different antimicrobial agents using 
the standard disk diffusion method (Kirby Bauer test) 
(15). After revitalising the bacterial strains in Brain 
Hearth Infusion (Oxoid), bacteria were grown for 48 h 
on plates of Tryptic Soy Agar (Oxoid), harvested and 
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then suspended in sterile water adjusted to 0.5 McFar-
land turbidity standard (bioMérieux), corresponding 
to 1,5x108 CFU mL-1. The inoculum was streaked onto 
plates of Mueller-Hinton agar using a cotton swab; re-
sults were read after 24 h of incubation at 37°C. 

Commercially available antibacterial disks, ob-
tained from Oxoid were used to determine the resistance 
patterns of the isolates against 38 different antibacterial 
(disk/dose) for Gram negative bacteria and 36 for Gram 
positive, grouped into three specific classes (Cell wall 
antibiotics, Nucleic acid inhibitors and Protein synthe-
sis inhibitors) according to their different mechanisms 
of action. The diameter of the zone of inhibition around 
each disk was measured with a precision caliper (Mi-
tutoyo, Andover, UK). Each bacterial species was clas-
sified as Resistant (R), Intermediately resistant (I) or 
Sensitive (S) according to the breakpoints established 
by the EUCAST (2017). For cinoxacin and sisomicin 
molecules, the breakpoints established by Clinical Lab-
oratory Standards Institute (CLSI, 2012) were used.

Antibiotic molecules used

The antibiotic molecules used to carry out the 
antibiograms are the most used in the human field. 
Sometimes the same molecules were used for both 
Gram negative and Gram positive bacteria because we 
wanted to evaluate a possible broad spectrum antibi-
otic resistance pattern.

For Gram negative bacteria: Nalidixic Acid (NA); 
Oxolinic Acid (AO); Pipemidic Acid (PI); Amika-
cin (AK); Ampicillin (AMP); Aztreonam (ATM); 
Azithromycin (AZM); Amoxicillin and Clavulanic 
Acid (AZT);  Carbenicillin (CAR); Cefalotin (KF); 
Cefazolin (KZ); Ceftazidime (CAZ); Cefotaxime 
(CTX); Cefoxitin (FOX); Ceftazidime (CAZ); Ceftri-
axone (CRO); Cefuroxime (CXM); Cinoxacin (CIN); 
Ciprofloxacin (CIP); Chloramphenicol (C); Colistin 
Sulphate (CS); Ceftriaxone (CRO); Enoxacin (ENX); 
Fosfomycin (FOS); Gentamycin (CN); Imipenem 
(IPM); Levofloxacin (LEV); Mezlocillin (MEZ); 
Netilmicin (NET); Nitrofurantoin (F); Norfloxa-
cin (NOR);   Ofloxacin (OFX); Piperacillin (PRL); 
 Rifampicin (RD); Sisomicin (SIS); Tetracycline (TE); 
Tigecycline (TGC); Tobramycin (TOB).

For Gram positive bacteria: Amikacin (AK); 
Amoxicillin (AMX); Ampicillin (AMP); Amoxicillin 
and Clavulanic Acid (AZT);   Carbenicillin (CAR); 
Cephalexin (CL); Cefalotin (KF); Cefazolin (KZ); 
Cefotaxime (CTX); Ceftriaxone (CRO); Cefuroxime 
(CXM); Cinoxacin (CIN); Ciprofloxacin (CIP); Clin-
damycin (DA); Chloramphenicol (C); Sulphameth-
oxazole + trimethoprim (SXT); Doxycycline (DO); 
Enoxacin (ENX); Erythromycin (E); Fosfomycin 
(FOS); Gentamycin (CN); Imipenem (IPM); Levo-
floxacin (LEV); Josamycin ( JOS); Mezlocillin (MEZ); 
Minocycline (MH); Nitrofurantoin (F); Norfloxacin 
(NOR); Ofloxacin (OFX); Oxacillin (OX); Penicillin 
(P); Piperacillin (PRL); Rifampicin (RD); Sisomicin 
(SIS); Tetracycline (TE); Vancomycin (VAN). 

Results

General results of susceptibility testing per-
formed on the considered strains are reported in 
Fig. 1 (Gram negative) and Fig. 3 (Gram positive). 
Gram negative bacteria showed more than 50% of 
resistance to the 55% of the tested antibiotics (21 
resistant strains out of 38 molecules used). Gram 
positive bacteria showed a resistance greater than 
50% towards 14% of antibiotics (12 resistant strains 
out of 32 molecules used). Gram negative bacteria 
showed a greater resistance to antibiotics compared 
to the Gram positive ones. In particular, consider-
ing the different classes of antibiotics, resistance to 
β-lactamic was detected in a high percentage of Gram 
negative strains (from 83 to 90%), and less in Gram 
positive (from 15 to 67%). Taking into consideration 
cephalosporins, resistances were found in a relevant 
percentage of Gram negative bacteria (from 23 to 
87%), less in Gram positive (from 8 to 54%). Resist-
ance to quinolones was observed in a smaller number 
of isolates: from 5 to 69% of Gram negative, while 
the Gram positive strains showed a high sensitivity 
(only from 8 to 15% were resistant). A similar pattern 
was observed for the aminoglycosides group: from 8 
to 76% of Gram negative showed resistance towards 
the molecule, while the Gram positive strains were 
almost totally sensitive to it (Fig. 2 and 4).
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Figure 1. Antibiotic susceptibility profiles of the Gram-negative bacteria isolated. Percentages of resistant, intermediate or sensitive strains compared 
to the total of the isolates considered for the study, as obtained from Kirby-Bauer test performed against each assayed antibiotic molecule.

Figure 2. Antibiotic susceptibility profiles of isolated Gram-negative bacteria grouped by the main classes of molecules as obtained from the Kirby-
Bauer test.
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Conclusion and Discussion

Many initiatives have been undertaken to 
monitor the knowledge of the population on Pub-
lic Health topics that affect each of us. For exam-
ple, in recent years, interesting questionnaires have 
been distributed aimed at detecting knowledge on 

Figure 3. Antibiotic susceptibility profiles of the Gram-positive bacteria isolated. Percentages of resistant, intermediate or sensitive strains compared 
to the total of the isolates considered for the study, as obtained from Kirby-Bauer test performed against each assayed antibiotic molecule.

Figure 4. Antibiotic susceptibility profiles of isolated Gram-positive bacteria grouped by the main classes of molecules as obtained from the Kirby-
Bauer test.

antibiotic resistance, both in health professionals 
and in the general population, often concurrently 
with World Antibiotic Awareness Week (16, 17), 
on vaccinations (18, 19) or on obesity (20). Knowl-
edge is not always at high levels and this means that 
we still have a lot of work to do to understand how 
the spread of these phenomena can affect human 
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health and how important it is to undertake contrast 
 actions.

Antibiotic resistance is a phenomenon that has 
been cause of concern at various levels for years. Ex-
cessive or incorrect use of antibiotics is considered to 
be the main cause of the development and spread of 
resistant microorganisms. The dramatic consequence 
is the loss of therapeutic efficacy with serious risks 
for public health, especially for humans but also for 
 animals.

The burden of antibiotic-resistant bacterial strains 
is often faster than the development of new active 
molecules, thus becoming a real problem for health-
care organizations, both for the clinical implications, 
such as increased mortality, duration of diseases, de-
velopment of complications and the possibility of epi-
demics, and for the considerable economic expenditure 
linked to the delay of hospitalizations and the need to 
recur to much more expensive last generation drugs. 
Knowledge of the mechanisms of bacterial resistance 
and the development of new drugs with antimicrobial 
activity are essential factors to limit the damage and 
keep a possibility of treatment open.

Over the past few years much attention has been 
paid by the scientific community to the study of the 
resistance mechanisms of pathogenic bacteria (21-25). 
Despite this, in many cases these studies have provided 
little information on the origin and sources of anti-
biotic resistance. A broader view of this phenomenon 
ought to include the resistance genes present in the 
genomes of both pathogenic and non-pathogenic spe-
cies. For this reason, the term ‘resistome’ has been used 
to describe the collection of all resistance genes present 
in all microbial genomes. The genes that code for re-
sistance to various antibiotics are generally located in 
extra-chromosomal units (R-plasmids) which make it 
easy to transfer between the various microbial species, 
especially at the level of the intestinal microflora. (26). 
The effects on human health are significant, as the re-
sistant bacteria selected following the use of antibiotics 
in animals can be transmitted to humans and in turn 
transfer the resistances to other bacteria that cause dis-
eases. In 2018, Blau K. et al. (27). characterized the 
transferable resistome of bacteria isolated from mixed 
rocket and coriander salad purchased in German su-
permarkets. Researchers isolated tetracycline-resistant 

E. coli from these vegetables and showed that almost 
all the isolates were resistant to at least one class of 
antibiotics, while two isolates were resistant to eight 
classes of antibiotics. The study showed the presence 
of plasmids in the studied strains carrying multiple and 
self-transmissible resistances, which could play a role 
in the spread of antimicrobial resistance.  In the same 
year, MacFadden DR et al (28) found a correlation be-
tween the antibiotic resistance detected in strains of 
very common bacteria (E. coli, K. pneumoniae and S. 
aureus) and the local weather-climatic data. The results 
demonstrated a statistically significant link between 
the increase in the minimum temperature and the in-
crease in antibiotic resistance. In particular, after tak-
ing into account factors that could lead to an increase 
in the phenomenon of the antibiotic resistance, such as 
an increase in population density or in antibiotic pre-
scriptions, the researchers demonstrated that a differ-
ence of 10°C in the minimum temperatures between 
various areas of the USA leads to differences ranging 
from 2.2 to 4.2% in the number of infections sustained 
by antibiotic-resistant bacteria. As evidence of the fact 
that environmental factors have a significant relevance 
in the onset of antibiotic resistance, there are many 
scientific publications (29, 30),  Diwan V et al. (31), 
for example demonstrated the importance of seasonal 
variation in water quality, antibiotic residue levels, an-
tibiotic resistance genes and antibiotic resistance in 
E. coli strains isolated from the water and sediments of 
the Kshipra River in the Central India.

Moreover, environmental stress in general can 
play a role in determining some alterations of the 
membranes of both human and animal cells (e.g. 
erythrocytes), so they must be taken into considera-
tion to prevent physiological damage. These damages 
can be caused not only by environmental stress but also 
by disorder caused by infections induced by patho-
genic bacteria or viruses or by inflammations (32, 33). 
Taking into consideration the food sector, it is easy to 
hypothesize how the antibiotic resistance found in iso-
lated bacterial strain, can potentially be transferred to 
the bacterial intestinal flora of hospitalized and non-
hospitalized subjects, contributing significantly to the 
failure of the traditional anti-microbial therapies.

To contrast the phenomenon of antibiotic resist-
ance, the use of various natural molecules has also been 
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proposed, such as honey, foods that contain polyphe-
nols, citrus essential oils, etc. (34-36).

The ‘Risk Communication’ could also be impor-
tant, making consumers more aware of their choices 
and more careful in handling and preparing food. (37-
40). Finally, surveillance at the local level is essential 
to follow the trend of the phenomenon and to plan 
suitable interventions to control the spread and define 
the best therapeutic strategies. Surveillance should be 
carried out continuously and above all with reference 
to the local situation. In any case it is always useful to 
keep in mind some recommendations, often repeated 
but not as often implemented, such as i) choose the 
antibiotic molecule on the basis of the antibiograms 
carried out on the strain isolated from the subject with 
the infection; ii) pay attention to the doses and time 
of administration of the therapy; iii) avoid ‘antibiotic 
cocktails’; iv) when possible prefer topical to systemic 
medications; v) avoid using antibiotics when it is not 
necessary; vi) implement the use of strict asepsis pro-
cedures, especially in the hospital environment, to lim-
it the circulation of bacteria.

“No potential conflict of interest relevant to this 
article was reported by the authors”.
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