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Antimicrobial resistance as an example of 
«Tragedy of the Commons»

Tragedy of the Commons
From Wikipedia, the free encyclopedia

In economic science, the tragedy of the commons
is a situation in which individual users, who have 
open access to a resource unhampered by shared 
social structures or formal rules that govern 
access and use,[1][2] act independently according 
to their own self-interest and, contrary to the 
common good of all users, cause depletion of the 
resource through their uncoordinated action.[3]

The concept originated in an essay written in 1833 
by the British economist William Forster Lloyd,[4]

who used a hypothetical example of the effects of 
unregulated grazing on common land (also known 
as a "common") in Great Britain and Ireland.[5] The 
concept became widely known as the "tragedy of 
the commons" over a century later after an article 
written by Garrett Hardin in 1968.[6]



Resistenza agli antimicrobici dei batteri zoonotici e commensali negli animali 
destinati alla produzione di alimenti e nelle carni derivate, 2014 – 2021

(DGSAF – DGISAN - IZSLT NRL-AR & CRN-AR)

Report presentato in anteprima al

Workshop Annuale del Laboratorio Nazionale di riferimento per 
l’Antimicrobicoresistenza e del Centro di Referenza Nazionale per 

l’Antibioticoresistenza, 23-24 novembre 2023



Reporting AMR 

 National Zoonoses country reports: https://www.efsa.europa.eu/en/data-report/biological-hazards-reports

 European Union Summary Report on Antimicrobial Resistance in zoonotic and indicator bacteria from humans, animals and food (EU Summary report AMR): https://www.efsa.europa.eu/en/news/bacteria-resistant-
commonly-used-antimicrobials-still-frequently-found-humans-and-animals

Data on AMR in 
food- producing

animals and 
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Eppur si muove…





A clue that the selection pressure by  all
antimicrobials and especially by beta-lactams has not
decreased enough…
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Italy
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Update at December 2021  25 isolates Oxa-48-like (24 OXA-181; 1 OXA-48) from EpiUnits sampled at 
slautherhouse (Dec (EU) 2020/1729) in 11 provinces (5 Regions) 
n=21 from pigs (6.98%; 95% CI 4.37-10.47%; 21/301) n=4 from bovines <12 months (1.29%; 95% CI 0.35–3.27%, 4/310) 

Epidemiological investigation: for 
>80% the positive (2021) EpiUnits 
that were investigated and 
sampled at the farm of origin, an 
OXA-48-like producing E. coli 
(OXA-181) has been isolated



21019054

ST48

blaOXA-181

IncX3

Epidemiological Investigation: Case1 (Index case)

Slaughterhouse

21041921-5

21041921-11

ST5229

blaOXA-181

IncX1

Fattening pig

21058774-1 ST224

21058774-11 ST5229

21058774-16* ST1494

21058774-18 ST5229

21058774-20 ST5229

21058774-21 ST5229

blaOXA-181

IncX1

Breeding pig

21067608-2 ST5229
21067608-3 ST744

ST 5229  

blaOXA-181

IncX1



Figura 1: Mash Analysis of the 25 OXA-48-like producing E. coli from the survey at slaughter

 A non-clonal population of OXA-48-like producing E. coli in the dataset analyzed. However, …. (ST5229, 9/25, 36% 
isolates). IncX3, IncX1, (one IncF) the replicons most represented. 

 IncX3 or IncX1 harboured the OXA-181 gene.  No specific pathotype found. 
 The clusters were distributed according to the different Clonal Complexes (CCs) and STs. 
 No clear region or host species correlation was observed.

Results of the survey at slaughter (short-read): Mash clusterization of the WGS complete genome, resistome and 
plasmidome of the n=25 OXA181-producing Escherichia coli

….«Mixed effect between clonal spread and 
horizontal transfer»…



Full plasmid sequencing: IncX1 plasmids

 All the 12 IncX1 resolved 
plasmids were almost identical 
with a 98-99% coverage and 
99-100%  sequence identity

 Novelty: No similar IncX1 
plasmids were found in public 
available databases (around 
50% identity with other 
publicly available plasmids).

IncX1 more stable than IncX3 because of 
the presence of the RelE/StbE toxin family 
and its antitoxin RelB?



Full plasmid sequencing: IncX3 plasmids

 All three resolved plasmids IncX3 
harboring blaOXA-181 from E.coli were 
very similar with a 90-91% coverage 
and 100% identity

 They shared a similarity of 99% with 
89% of the plasmid covered, when 
compared with publicly available 
IncX3 plasmids containing blaOXA-181 

(from E. coli, C. freundii, K. 
pneumoniae), from human cases

 100% coverage and identity of  the 
IncX3 plasmid from E. coli ID 
21019054 with a blaOXA-181-IncX3 
plasmid of a C. freundii isolate (ID 
22025451-20) from the same pig 
holding 
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Isolation rates (prevalence) from caecal samples according to the 
National Monitoring Programme on AMR, Dec (EU) 2020/1729, Italy 
2021-2023
• 2021

• 2022

• 2023

Species Samples cultured Samples positive % 95% CI
Broiler chicken 479 1 0,21% 0,01-1,16%
Turkey 397 1 0,25% 0,01-1,40%

Species Samples culturedSamples positive % 95% CI
Pigs 184 17 9,24% 5,47-14,38%
Bovines <12m 201 4 1,99% 0,54-5,02%

Species Samples cultured Samples positive % 95% CI
Pigs 301 21 6,98% 4,37-10,47%
Bovines <12m 310 4 1,29% 0,35–3,27%

Update: 15 October 2023



Mean EU 31 Countries:
73.9 mg/PCU

Italy
157.5 mg/PCU



«Penicillins»,
Che significa in 
realtà
«Oral
amoxicillin» e 
«Oral clav+ 
amoxicillin»



«Penicillins» in EU e IT, negli 
animali produttori di alimenti, 
significa «amoxicillina per uso 
orale» e «clav+amoxicillina per 
uso orale» (suini). 
Somministrazione di gruppo
In Italia, in 2020 e 2021 le 
vendite di «penicillins» 
rappresentano circa 1/3 di 
tutte le vendite in mg/PCU per 
gli animali produttori di 
alimenti

ESVAC Report Italy:
from 427 mg/PCU in 2010
to 181 mg/PCU in 2020
to      174 mg/PCU in 2021
to      158 mg/PCU in 2022



AMINOPENICILLINE (Amoxicillina per uso 
orale) e uso negli Animali : ALCUNI FATTI…
• LE AMINOPENICILLINE ESERCITANO PRESSIONE DI SELEZIONE PER IL MANTENIMENTO E 

LA DIFFUSIONE DELLA RESISTENZA ALLE CEFALOSPORINE DI 3 ° -4 ° GENERAZIONE
• LE AMINOPENICILLINE NON SONO BETA-LATTAMICI DI PRIMA LINEA per LA GRAN PARTE 

DEI PRINCIPALI PATOGENI VETERINARI GRAM-POSITIVI E GRAM-NEGATIVI
• I BETA-LATTAMICI DI PRIMA LINEA per patogeni veterinari Gram +ve e Gram –ve 

(Actinobacillus pleuropneumoniae, Pasteurella multocida, Mannheimia hemolytica ecc.) 
SONO PENICILLINE A SPETTRO RISTRETTO (ovvero penicillina G (iniezione), penicillina V 
(orale), penetamato (intramammaria) ...)

• Le aminopenicilline sono da considerarsi BETA-LATTAMICI DI PRIMA LINEA SOLO PER: 
Salmonella spp. (quando la somministrazione di antibiotici è clinicamente appropriata o 
autorizzata dalla legislazione dell'UE), Yersinia pseudotuberculosis, Proteus mirabilis ...

• Era vero anche per E. coli, ma la prevalenza di R acquisita è alta, quindi è raccomandato 
effettuare sempre prima un test di sensibilità.

• Altre Enterobacteriaceae di rilevanza clinica sono TUTTE intrinsecamente resistenti ...



Obiettivi di riduzione antibiotici nel settore veterinario
PNCAR 2022-2025 

• Riduzione ≥30% del consumo totale di antibiotici totali (mg/PCU) nel 2025 rispetto al 2020 (cioè 
da circa 182 mg/PCU ad almeno 128 mg/PCU, almeno -6,5% in media anno)

• Riduzione ≥ 20% del consumo di antibiotici autorizzati in formulazioni farmaceutiche per via orale 
(premiscele, polveri e soluzioni orali) nel 2025 rispetto al 2020. 

• Mantenimento a livelli sotto la soglia dell’1 mg/PCU dei consumi (mg/PCU) delle polimixine. 

• Mantenimento a livelli sotto la soglia europea dei consumi (mg/PCU) delle classi di antibiotici 
considerati critici per l’uomo. 

• Riduzione ≥ 10% del numero totale delle prescrizioni veterinarie di antimicrobici HPCIAs per 
animali da compagnia/deroga 



Improving Knowledge; Risk Management (& Control) Options
provided to the Central Competent Authority (IT MoH, 
DGSAF) at the end of 2021
To: The Directorate 
General for Animal 
Health and Veterinary 
Medicinal Products

-Descriptive epidemiology, 
-main genomics, and provisional clustering
results
-perspectives of possible RMOs
Discussed during the NRL-AR Italy annual
Workshop (Nov 2021)
RMOs further discussed in a One Health
perspective with the CAs in the Regions
involved



Conclusions

• Whatever the initial source (most likely: humans), we have provided 
evidence that these CPE have been amplified within the intensive animal 
production systems, especially in pigs in Italy; 

• And they still persist especially in pig holdings, after two years;

-There is evidence for keeping mandatory the specific methods for all the CPE 
and OXA-48-like across all MSs:
-to allow comparability across MSs is an important aim of the AMR monitoring 
legislation



Esempi di resistenza ad HPCIAs in Italia (ed in 
EU) con evoluzione diversa nel tempo

• L’evoluzione della situazione epidemiologica in caso di emergenza e 
diffusone di resistenze e co-resistenze ad HPCIAs ha sempre margini di 
incertezza ed imprevedibilità: considerazioni a posteriori (sui trend)

• third-fourth gen cephalosporin resistance: ESBL/AmpC (si è già detto)
• fluoroquinolone resistance
• colistin resistance
• (per tacere di macrolide resistance)
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DATI VENDITA COLISTINA %R col E.coli Tacchino

%R col E.coli Broiler %R col Salmonella Tacchino

 
2014  2016  2018  2020  

%R Colistina E. coli Tacchino 22,94% 14,71% 1,2% 0% 
%R Colistina E. coli Pollo da carne 5,3% 4,9% 0% 0% 
%R Colistina Salmonella spp. Tacchino 8,28% 6,02% 1,15% 0% 

 



Argomento di riflessione generale  in SPV

• «Lasciar correre» la diffusione di agenti biologici, di genomi accessori 
o di determinanti virulenza e AMR, può non avere gli esiti attesi in 
termini di riduzione, e di tempestività ed efficacia di effetto di 
interventi,  allorché si decide di intervenire soltanto a distanza di 
tempo…
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