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Batteriofagi e AMR:
potenziali innovative applicazioni per il controllo di ceppi y
di Listeria e Campylobacter resistenti agli antibiotici

Listerla monocytogenes
Laboratorio Nazionale di Riferimento

Cifiv, 04/07/2019 Giuseppe Aprea
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Lots of germs. Antibiotics kill The drug-resistant Some bacteria give
A few are drug resistant. bacteria causing the illness, | bacteria are now allowed to their drug-resistance to
as well as good bacteria grow and take over. other bacteria, causing
protecting the body from more problems.
infection.
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la presenza di geni di resistenza in ] . ] La trasmissione e diffusione di
una popolazione generalmente la pressione selettiva esercitata geni di resistenza ad altre
sensibile all’antibiotico dall’antibiotico popolazioni batteriche, anche di

specie differenti

ALEXANDER FLEMING i
Nobel Lecture, December 11, 1945

A

The time may come when penicillin can be Puo arrivare il momento in cui la penicillina
bought by anyone in the shops. potra essere comprata da chiunque nei negozi. |
Then there is the danger that the ignorant Allora ci sara il rischio che l'uomo ignorante
man may easily underdose himself and by possa facilmente sottodosarselo e, esponendo i o
exposing his microbes to non-lethal suoi microbi a guantita non letali di farmaco,
quantities of the drug make them resistant. renderli resistenti.
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Il problema
ora e nel

futuro > Predicted deaths due to antimicrobial resistance

2015-2050
AMR mortality rate per 100,000 persons

The discovery dates of distinct classes of antibiotics. No new classes have been discovered since 1987.
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‘Source: World Economic Forum, adapted from Siver, LL. Challenges of Antibacterial Discovery. In Clinfcal Micrabiofogy Reviews, 2011, 24:71-109. .
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Denmark 2 | 124
Slovenia s l 96
Lithuania mm | 90
Finland == |90
Norway #= | 69
Cyprus = | 66
Latvia |44
Malta * W | 29
Luxembourg e |19
Estonia E 15
Iceland Ham 1
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Il futuro??
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AMR in 2050

10 million

Tetanus
60,000

Road traffic
accidents

1.2 million o~

AMR now
700,000
(low estimate)

Measles Cholera
130,000 100,000~

120,000

Cancer
8.2 million

Diarrhoeal
disease Diabetes
1.4 million 1.5 million

In azzurro le stime attuali in relazione ai decessi, nel mondo.
In scuro, la proiezione al 2050, in assenza di interventi o nuovi antimicrobici co
trend di sviluppo come quello attuale

The review on antimicrobial resistance. Final report and recommendations. Jim m
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Home: Hews It's time ta reduce, reglace and re-think ...

241 2017 . . : e . 2 2
s It's time to reduce, replace and re-think the use of antimicrobials in animals

# Biological 3
Subject area

hazards Reducing the use of antimicrobials in food-producing animals, replacing them
where possible and re-thinking the livestock production system is essential for & Biological hazards
the future of animal and public health. Antimicrobial resistance (AMR) is one of

ﬁ print the world’s most pressing public health issues and the use of antimicrobials in
animals contributes to this problem, so limiting their use to the minimum
¥ Tweet necessary to treat infectious diseases in animals is crucial.

Panel on Biological Hazards >

Measures

Control strategies that have been important drivers for change include setting of national
targets to reduce antimicrobial use.

The use of antimicrobials in animals should be reduced to the minimum that is necessary
to treat infectious diseases. Other than in exceptional cases, their use to prevent such
diseases should be phased out in favour of alternative measures.

Critically important antimicrobials for human medicine should only be used in animals as a
last resort.

ternatives to antimicrobials that have been shown to improve animal health and there
reduce the need to use antimicrobials include vaccines, probiotics, prebiotics,

acteriophages and organic acids.

However, reducing the 0 ves Iz not enough. There
15 a need to re-think the livestock system by implementing farming practices that prevent
the introduction and spread of the disease into farms and by considering alternative
farming systems which are viable with reduced use of antimicrobials. Education and
awareness of AMR should be addressed to all levels of society but in particular to

veterinarians and farmers.
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Q“*’""Caratteristiche generali dei batteriofagi

[ [ Jridiiricta o - 55 nm

« Organizzazione non cellulare

- _ 55 nm 910" | head
* Moltiplicazione intracellulare um3
 Presenza di un unico tipo di acido nucleico
« Assenza di metabolismo proprio 150 nm tail
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Figure 1. Basic morphological types of
bacteriophages Bradley (1967)
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Attacco Confrazione della coda Penetrazione e formazione o
di un poro peril Iniezione del DNA
trasferimento del DNA
Elfagoso fjaala En ocasicnes ol profago puede ser
DNA del fago o célula huésped o soparado del cromosoma bacteriano
(bicatenario) & inyecta el DNA. POr Olro Gvanto recombnants,

Cromosoma & iniclar un odo litco,

Ciclo LT (D), =~
replicativo ‘_{, % | N

La célula se Isa y lbara e El DNA del fago sa hace circular @ @ La bactena lisogénica se
los viriones del tago. ingresa en ol Gicko o o el ciclo lsopénco. reprocuce normalmenta,
@ EI DNA y las proteinas nuavas @ El DNA del fago se integra al cromosoma
del tago se sintetzan y bacteriano por recombinacién
ensamblan en viriones, y se transiorma en profago.
FIGURA Ciclo lisogénico del bacterisfago 7
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Batteriofagi come strategia

= alternativa
o per il contenimento di patogeni
batterici

Twort e d’Herelle: 1915-1917

Usati in Russia fin dagli anni ‘20 e
banditi in occidente con I’ avvento degli
antibiotici

Efficaci ed intelligenti per la loro
altissima specificita verso i batteri
patogeni, lasciando inalterata la flora
batterica «utile»

Naturalmente presenti nell’ambiente
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Dannosi:

- Alterazioni nelle fermentazioni dell’ industria alimentare
Utili:

- Fagoterapia vs antibiotico-resistenza

- Diagnostica
- Decontaminazione alimenti/ambienti/superfici di lavoro (USA)
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United S , .
US DA D:::m:f:f Office of Policy and Rigk, Innovations, and Management Div
e

Agriculture Program Development  George Washington Carver Center
— Food Safety and 5601 Sunnyside Ave: STOP 5271
Inspeclion Service Beltsville, MD 20705-5271

May 6, 2011

Mr. Robert Hibbert

K&L Gates

1601 K Street, N.VV.
Washington, DC 20006-1600

Dear Mr. Hibbert:

This letter is in response to your December 17, 20710, notification on behalf of EBI
Food Safety requesting the Food Safety and Inspection Service's (FSIS)
reconsideration of its previous processing aid determination that required labeling of
their bacteriophage product. Specifically, you requested that FSIS consider EBI Food
Safety’s (EFS) bacteriophage product, marketed under the trade name, Listex P100,
as a processing aid to reduce Listeria monocytogenes (LM) in ready-to-sat (RTE)
meat and poultry products and not require labeling.

Therefore, FSIS has no objection to the use of EBI Food Safety's (EFS) bacteriopl
product, marketed under the trade name, Listex P100, as a processing aid to redu
Listeria monocytogenes (LM) in ready-to-eat (RTE) meat and poultry products witk
requiring labeling when applied to the surface of the product to achieve a level of *
x10” to 1 x 10° plaque forming units (pfu) per gram of product. However, standard
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European Food Safety Authority Tie EFSA Journal (2009) 1076, 1-26

SCIENTIFIC OPINION

The use and mode of action of bacteriophages in food pmduu:liou1

Scientific Opinion of the Panel on Biological Hazards
(Question No EFSA-Q-2008-400)
Endorsed by the BIOHAZ Panel for public consultation 22 January 2009
Public consultation 30 January — 6 March 2009°

Adopted on 22 April 2009
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European Food Safety Authority EFSA Joumnal 2012:10(3):2615

SCIENTIFIC OPINION

Scientific Opinion on the evaluation of the safety and efficacy of
Listex™ P100 for the removal of Listeria monocytogenes surface
contamination of raw fish'

EFSA Panel on Biological Hazards (BIOHAZ)"*
Ewopean Food Safety Authonty (EFSA). Panmna, Italy

ABSTRACT

Studies evaluating the safety and efficacy of Listex™ P100 to reduce Listeria monocyviogees

contamination on raw fish were assessed. The material should not present human toxicological problems
because the bacteriophage P100, used as active pninciple. is not regarded as harmful to consumers nor to
organisms other than Listeria spp.. and becaunse the fabrication parameters do not include anything
obvious thar might compromise safery. Data of studies considered indicate thar Listex™ P100 is
listericidal on inoculated catfish and salmon samples, bur do not allow definitive conclusions on efficacy
i reducing L. menocytogenes counts on raw fish nor on its impact on L. monocytogenes conlamination
levels in finished product. It was not possible to estimate the potential listeriosis risk reduction by treating
raw fish with Listex™ P100. The data were not adequate_to allow firm conclusions on persistence or
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Isolamento, propagazione,
spettro d’ospite
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Listeriofago:

¢ IZSAM-1: Caratterizzazione morfologica
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Morfotipo: B 1 (Ackermann and Du Bow, 1986) y ]\
Ordine Caudovirales, Famiglia Siphoviridae (Int. Comm Taxonomy of Viruses, 2011) A




Fi IZSAM-1

Fig. 2. Valori di OD di L. menocytogenes ATCC7644 con fagi puri §IZSAM-1-3G ¢ 1P a diversi valori di MOI da TO a
T33h. Lm CTR: L. monocytogenes ATCC7644: 3G MOI 10: L. monocyfogenes ATCC7644 con $IZSAM-1-3G e MOI
10: 3G MOI 1: L. monocytogenes ATCC7644 con JIZSAM-1-3G e MOI 1: 3G MOI 0.1: L. monocytogenes ATCC7644
con PIZSAM-1-3G e MOI 0.1: 1P MOI 10: L. monocytogenes ATCC7644 con ¢IZSAM-1-1P e MOT 10: 1P MOI 1: L.
monocytogenes ATCC7644 con $IZSAM-1-1P e MOI 1: 1P MOI 0.1: L. monocyfogenes ATCC7644 con ¢IZSAM-1-
1PeMOIO.1
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Campylobacter phages: TEM
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Results: in vitro ET
MOI 0.1

Figure 2Campylobacter enumeration results
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Activity of Bacteriophages to Control Listeria
monocytogenes and Campylobacter jejuni Antibiotic

e AP R ——

Table 3: MIC values of . monocytogenes strains used in the study. Re SlSta llt Stl‘alns
Strains Antibiotics Range (g/mL) MIC (ug/mL) Aprea G, D'Angelantonio D*, Boni A, Scattolini S, Di Sera ino G, Neri D, Sacchini L, Acciari
Chloramphenicol 2.32 =32 VA, Torresi M, Centorame P, Di Giannatale E, Migliorati G, D'Alterio N, Pomilio F
- Istituto Zooprofilatiico Sperimentale dell’Abruzzo e del Molise “G. Caporale”. ltalv
1M Lincomycin 1-8 >8 o o o ) ) .
Linezolid 058 >8 Table 4: Antibiotic susceptibility and MIC values of C. jejuni strains used in the
Nitrofurantoin 264 >64 5 ) i . COFF.
: Table 1: L. monocytogenes strains used for phage isolation; they all showed
5 Lincomycin -8 -8 E  sensitivity to $IZSAM-1.
Nitrofurantoin 2-64 =64 B o
]
3 Nitrofurantoin 264 =64 ID Serovar Oor igin SuU |t5
) Lincomycin 18 -8 13M 12C ATCC 7644 / R
Nitrofurantoin 2-64 =64
- 2 1/2b Fresh pork sausage
5 Chloramphenicol 232 16 S
Nitrofurantoin 2-64 NCT Atan 62 3 1/2a Chicken meat — ]
Lincomycin 1-8 I \'!8 < : R
6 E— 4 1/2b Bovine meat - |
Nitrofurantoin 2-64 =64 S
Lincomycin 18 8 5 4b Fresh pork sausage \ /
! Linezolid 08 - 6 1/2¢c Pork minced meat R
Nitrofurantoin 2-64 =64
Lincomycin 18 -8 7 4b Pangasius fillet R
8 - _
Nitrofurantoin 2-64 =64 8 1/2¢c Bovine meat
Lincomycin 1-8 =8 R
9 . —
Nitrofurantoin 2.64 >64 9 12a Bovine meat R
Chloramphenicol 2-32 >32 - 10 4h Smoked salmon P
10 Lincomycin 1-8 >8 11 4b S ked | R
Nitrofurantoin 2-64 =64 moked salmon -
Lincomycin 1-8 >8 12 4b Human cepahlorachidian fluid R
[ B —
e eJ EFSA Joural
Safety and efficacy of Listex™ P100 for reduction of pathogens on RTE food products Fuavyuinie | LW S L ) | et | R |

P100 and if resistant strains occur consider corrective actions. It was also recommended to unders
experiments to investigate the currently unknown mechanismi(s) by which strains of L monocytogenes

exhibiting resistance to certain therapeutic antimicrobials become sensitive to these antimicrobials
lowing the development of resistance to P100.
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ANTIBIOTICORESISTENZA: rapporto EFSA-ECDC sulla situazione Europea

iBLEAPINEN £ Autore: Redazione VeSA @@ Visualizzaziont: 993 ¥ 0 Commenti

AR Il 27/02/2018 & stato pubblicato dall'Autorita europea per la sicurezza alimentare (EFSA) e dal
i Centro europeo per la prevenzione e il controllo delle malattie (ECDC) un nuovo rapporto
s gﬂfﬁg:w eO(SC sull'antibioticoresistenza nel quale si conferma che AMR & una delle pil serie minacce per la
- AMR L salute pubblica poiché riduce l'efficacia di molte opzioni terapeutiche.

rapporto 2018
- w———

>

~w Il rapporto si basa sui dati relativi alla resistenza antimicrobica nei batteri zoonotici e indicatori nel
2016, presentati da 28 Stati membri delllUE e analizzati congiuntamente dal EFSA e ECDC.

Oltre ad alcune conferme su situazioni gia note, dal rapporto emergono anche delle questioni
emergenti.

- Di seguito vengono quindi riportati i principali risultati del rapporto.
Dati relativi ad ANIMALI e ALIMENTI:

1. resistenza agli antibiotici carbapenemici & stata rilevata a livelli molto bassi nel pollame e nella carne di pollo in due Stati membri (resistenza manifestata
da parte di 15 ceppi batterici di E. coli). Si ricorda pero che i carbapenemi sono usati per curare infezioni gravi nell'uomo e non sono autorizzati per I'uso negli
animali.
3. | batteri del genere Campylobacter, principale causa di malattia alimentare nell'UE, mostrano un'elevata resistenza ad antibiotici di largo utilizzo (resistenza
alla ciprofloxacina 54,6% in C. jejuni e 63,8% in C. coli; resistenza alla tetraciclina 42,8% in C. jejuni e 64,8% in C. coli). | livelli di resistenza sono aumentati
in due dei tre antibiotici analizzati (ciprofloxacina e tetraciclina) ma la resistenza congiunta ad antimicrobici di importanza critica & stabile e complessivamente
bassa (0,6% in C. jejuni e 8,0% in C. coli). In alcuni Paesi, tuttavia, almeno una infezione su tre causata da Campylobacter coli si & rivelata resistente a piu
antibiotici importanti, lasciando pochissime possibilita di cura.
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mow EUSR on AMR in zoonotic and indicator bacteria from humans, animals and food 2017 s
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Statistically significant increasing trends over 3-5 years, as tested by logistic regression (p < 0.05), were observed
for ciprofioxacin in Estonia, Finland, Slovakia and Slovenia (), for tetracycline in France, the Netherlands, Slovakia
and Slovenia (*). Statistically significant decreasing trends were observed for dprofloxadn and erythromycin in
France (+). Only countries reporting at least 10 isolates per year were included in the analysis.
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AMR

\ decreased penetration
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. Antibiotic ; increased efflux
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Resistance to fluoroquinolones: the basics

is0m eTase

Gram (-) Gram (+)

Mutazioni nei geni che codificano per le porine, proteine di
membrana mediante le quali i chinoloni penetrano nei batteri
Gram negativi
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Grazie per I'attenzione




