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Obiettivi:

- Isolare, caratterizzare e testare batteriofagi litici, attivi contro ceppi ESKAPE MDR, in particolare K.
pneumoniae, A. baumannii e P. aeruginosa, allo scopo di costituire una collezione di fagi da impiegare in
fago-terapia;

- Individuare e produrre endolisine da utilizzare in alternativa e/o in associazione con i fagi;

- Valutare la capacita della terapia fagica in vivo su modello animale.
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Lytic cycle
Host bacterial cell
Bacteriophage Phage DNA
Host DNA
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The phage infects a cell. The phage DNA circularizes, Phage DNA replicates and The cell lyses, releasing
remaining separate from phage proteins are made. phage.
the host DNA. New phage particles are
assembled.

Lysogenic cycle

The phage infects a cell. The phage DNA becomes The cell divides, and Under stressful conditions,
incorporated into the host prophage DNA is passed the phage DNA is excised
genome. on to daughter cells. from the bacterial

chromosome and enters
the lytic cycle.




Klebsiella pneumoniae - 6 ceppi MDR

ID NRG ST Reparto Ospedale Resistenze
KP1 2024, TE.13869.1.2 512 Pneumologia Degenza Teramo Aminoglicosidi, Penicilline, C.ef.al.osp.orme, Chmolom, Carbapenemi,
Sulfamidici, Nitrofurani

Ortopedia e . L - . . . .

KP2 2024.TE.13887.1.2 101 . Teramo Aminoglicosidi, Penicilline, Cefalosporine, Chinoloni, Carbapenemi
Traumatologia
KP3 2024.TE.13863.1.2 307 Lungodegenza Atri (TE) Cefalosporine, Chinoloni, Carbapenemi, Fosfomicina
. - Aminoglicosidi, Penicilline, Cefalosporine, Chinoloni, Carbapenemi,
KP4 2024.TE.31731.1.2 437 ADI Atri Atri (TE) Sulfamidici, Nitrofurani
KP5 2025.TE.548.1.2 502 Chlru];%g\egzgerale Teramo Penicilline, Cefalosporine, Carbapenemi
KP6 2024.TE.11538.1.2 2502 CP Atri (TE) Cefalosporine, Chinoloni, Carbapenemi, Sulfamidici, Fosfomicina
Acinetobacter baumannii 2 7 ceppi MDR
ID NRG cgMLST Reparto Ospedale Resistenze
AB1 | 2025.TE.15655.1.2 nd Malattie infettive Avezzano (AQ) Aminoglicosidi, Carbapenemi, Cefalosporine
AB2 | 2024.TE.20328.1.2 SC6 Medicina Sant’Omero (TE) Aminoglicosidi, Carbapenemi, Cefalosporine, Fosfomicina, Chinoloni, Sulfamidici, Tetracicline
AB3 | 2025TE13142.1.2 sC6 Rianimazione Sant’Omero (TE) Aminoglicosidi, Carbapenemi, Cefaloqurme, Fos.fo.rr.ucma, M.ac.rohdl, Macrolidi/Streptogramine,
Chinoloni, Sulfamidici, Tetracicline
ABL | 2024.TE.20300.12 scs, Rianimazione Generale Teramo Aminoglicosidi, Carbapenemi, Cefaloqurme, Fos‘fo.rr_ucma, Mac_rohdl, Macrolidi/Streptogramine,
Chinoloni, Sulfamidici, Tetracicline
AB5 | 2025.TE.32781.2 sc1 Medicina Teramo Aminoglicosidi, Carbapenemi, Cefalosporlsrlllei,fi\;[rellic;i(zlildl, Macrolidi/Streptogramine, Chinoloni,
- . - Aminoglicosidi, Beta-lattamici, Carbapenemi, Cefalosporine, Fosfomicina, Macrolidi,
. 2025.TE1057.1.2 SC8 Rianimazione Giulianova (TE) Macrolidi/Streptogramine, Chinoloni, Sulfamidici, Tetracicline, Sulbactam/durlobactam
AB7 2025.TE.5031.1.2 SC3 Pneumologia L'Aquila Aminoglicosidi, Carbapenemi, Cefalospo_rlne, F.osfom1c1.na.1, Macrohdl, Macrolidi/Streptogramine,
Chinoloni, Sulfamidici

Pseudomonas aeruginosa - 7 ceppi MDR

ID NRG ST Reparto Ospedale Resistenze
PA1 2024.TE.2540 308 Medicina Interna L’Aquila Carbapenemi, Cefalosporine, Penicilline
PA2 2024.TE.2538 308 / L’Aquila Carbapenemi, Cefalosporine
PA3 | 2024.TE.29530 1480 Rianimazione L’Aquila Carbapenemi, Cefalosporine, Penicilline
PA4 | 2025.TE.22584 235 Rianimazione Giulianova (TE) Carbapenemi, Inibitori g-lattamasi
PA5 2024.TE.20451 / RSA Castilenti (TE) Carbapenemi
PAG6 2025.TE.18091 611 Pronto Soccorso Giulianova (TE) Inibitori g-lattamasi
PA7 2024.TE.15433 Medicina Teramo Polimixine




Isolamento Batteriofagi

Matrice di isolamento: acque reflue urbane

Filtrazione acqua reflua Filtrazione acqua reflua con filtri 0,45 pym
con filtri 0,45 pm

acqua reflua filtrata +terreno di coltura

mix di ospiti batterici (1:10 rispetto al volume totale)

Incubazione a 37° C overnight

Filtrazione con filtri 0,45 pm




Propagazione e Purificazione

In caso di positivita, ’area di lisi (spot) viene prelevata con un’ansa,
eluita e filtrata con filtri da 0,45 pm.

Propagazione con ceppo ospite Diluizioni seriale 1:10

saggio delle placche

Individuare e prelevare singole placche (con diversa morfologia, se
presente) ed eluire singolarmente.
Ripetere almeno tre volte o fin quando non si otterranno placche

della stessa morfologia.
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C Caratterizzazione in vitro

Spettro d’ospite - capacita di ciascun fago di infettare ceppi batterici diversi dal suo ospite di
propagazione

Sequenziamento completo del genoma (WGS) - classificazione dei fagi dal punto di vista tassonomico
ed evolutivo; verificare 1'assenza di geni associati a virulenza, antibiotico-resistenza o lisogenia

Burst Size - numero di nuovi virioni prodotti da ciascuna cellula batterica infettata

Multiplicity Of Infection (MOI) - rapporto ottimale tra fagi e cellule batteriche

Stabilita pH e Temperatura - valutazione della stabilita dei fagi in differenti condizioni ambientali e di
conservazione

Attivita batteriolitica > valutazione della capacita dei fagi di ridurre o rallentare la crescita batterica nel

tempo



Batteriofagi contro Klebsiella pneumoniae

2024.TE.12369.1.1
2024.TE.12364.1.1
2024.TE.12365.1.1
2024.TE.12363.1.1
2024.TE.12362.1.1
2024.TE.12370.1.1
2024.TE.12371.1.1
2024.TE.12372.1.1

2024.TE.12369 2024.TE.12370

2024.TE.12371 2024.TE. 12372
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Batteriofagi contro Acinetobacter baumannii

»> 2026.TE.10757
» 2026.TE.10767
» 2026.TE.10762
» 2026.TE.10819

Batteriofagi contro Pseudomonas aeruginosa

2026.TE.10756
2026.TE.10760
2026.TE.10761
2026.TE.10763
2026.TE.10764
2026.TE.10765
2026.TE.10766
2026.TE.10768
2026.TE.10820
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WGS — Analisi Filogenetica — Fagi K. pneumoniae
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I Left line: Virus family
Autographiviridae (45)
Drexlerviridae (34)
Straboviridae (11)
Schitoviridae (5)
Others (15)

Right line: Host group
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Outer ring: Host group

Pseudomonadota (2096)
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Bacillota (54)
Bacteroidota (3)

Others (19)
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WGS — Analisi Filogenetica — Fagi A. baumannii

Left line: Virus family

Autographiviridae (25)

’ p ’ ' Schitoviridae (2
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internal virion protein DS internal virion protein with endolysin domain CDS membrane protein (DS~ DnaB-/ike replicative helicase (DS~ exonuclease DS~ RNA polymerase CDS  major head protein (DS Right line: Host group

- Pseudomonadota (41)
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Acinetok phage Presley (NC_023581) [77,792 nt]
Acinetobacter phage VB_ApiP_XC38 (NC_055823) [79,328 nt]
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Acinetob phage vB_AbaM_ME3 (NC_041884) [234,900 nt]
Acinetob phage YMC13/03/R2096 (NC_027332) [98,170 nt]
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K. Annotato =__ Ipoteticoqm Endolisina

Acinetobacter phage vB_AbaM_B09_Aci05 (NC_048080) [102,789 nt]
Acinetobacter phage vB_AbaM_B09_Aci02-2 (NC_048075) [104,354 nt]
Acinetobacter phage vB_AbaM_B09_Aci01-1 (NC_048074) [103,628 nt]
Acinetok phage vB_AbaS_TRS1 (NC_031098) [40,749 nt]
Acinetok phage Loki (NC_042137) [41,308 nt]
Acinetob phage phiAC-1 (NC_028995) [43,216 nt]
Acinetobacter phage AP22 (NC_017984) [46,387 nt]

* AB_10762_a._baumm_contig_1 [45,064 nt]

Inner ring: Virus family
I Autographiviridae (382)

Schitoviridae (122) Acinetobacter phage WCHABP12 (NC_041924) [45,415 nt]

Drexleryifidae (121) Acinetobacter phage WCHABP1 (NC_041966) [45,888 nt]
Strabovn}'l.dae (61) Acinetobacter phage AB1 (NC_042028) [45,159 nt]
g:hr::_l:‘('lzl;g;!e @ Acinetobacter phage AbP2 (NC_041998) [45,373 nt]

Acinetobacter phage LZ35 (NC_031117) [44,885 nt]

Outer ring: Host group Acinetobacter phage vB_AbaM-IME-AB2 (NC_041857) [43,665 nt]

Pseudomonadota (1690)
Actinomycetota (796)
Cyanobacteriota (26)
Bacillota (9)
Bacteroidota (2)

Others (11)

Acinetobacter phage YMC11/12/R2315 (NC_028855) [44,846 nt]
Acinetobacter phage YMC-13-01-C62 (NC_024785) [44,844 nt]
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Acinetobacter phage vB_ApiP_P1 (NC_042006) [41,208 nt]
Acinetobacter phage vB_AbaP_B09_Aci08 (NC_048081) [42,067 nt]
Acinetobacter phage vB_AbaP_AS12 (NC_041914) [41,402 nt]
Acinetobacter phage vB_AbaP_AS11 (NC_041915) [41,642 nt]
Acinetobacter phage Fril (NC_028848) [41,805 nt]
Acinetobacter phage AbKT21philll (NC_048142) [40,898 nt]
Acinetobacter phage IME-200 (NC_028987) [41,243 nt]
Acinetobacter phage vB_AbaP_46-62_Aci07 (NC_048076) [42,330 nt]
Acinetobacter phage vB_AbaP_B5 (NC_042005) [41,608 nt]
Acinetobacter phage phiAB1 (NC_028675) [41,526 nt]

Y AB_10757_a_baumm_contig_3 [41,446 nt]
Acinetobacter phage vB_AbaP_B3 (NC_042004) [40,598 nt]
Acinetobacter phage vB_AbaP_B1 (NC_042003) [40,879 nt]
Acinetobacter phage phiAB6 (NC_031086) [40,570 nt]
Acinetobacter phage WCHABPS (NC_041967) [40,409 nt]
Acinetobacter phage vB_AbaP_D2 (NC_042124) [39,964 nt]
Acinetobacter phage vB_AbaP_PD-ABY (NC_028679) [40,938 nt]
Acinetobacter phage vB_AbaP_PD-6A3 (NC_028684) [41,563 nt]
Acinetobacter phage SWH-Ab-1 (NC_047896) [41,567 nt]
Acinetobacter phage SH-Ab 15519 (NC_041905) [40,493 nt]
Acinetobacter phage SWH-Ab-3 (NC_047883) [41,730 nt]
Acinetobacter phage Abp1 (NC_021316) [42,185 nt]
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endolysin (DS tail protein CDS tail length tape measure protein (DS portal protein (DS Arc-like transcriptional regulator CDS

S pHONCOHER ) @EROSEBIChgDHEEDIM-HOTDHNDOOMGOSOMHHEHINMMMIMNIN S ghCOH—

f i 2026.TE.10760
DNA helicase (DS ParB/ike partition protein (DS Arclke transcriptional regulator (DS tail completion or Neck' protein CDS  tail assembly protein (DS~ holin (DS Dna-fie replicative helicase (DS} 7
O‘ A O@@H ‘CC))"»O)-'DDD)\'»‘O "\"')ﬁ B COgC X P08, ‘O:X(: :':>‘-~ o, N OOk OO P - 7 2026.TE.10761
Sakd-like sSDNA annealing protein CDS  DNA primase (DS hydrolase CDS  RusA-ike Holliday junction resolvase CDS portal protein (DS major head protein (DS tail assembly chaperone CDS  structural protein (DS tail assembly chaperone (DS DNA polymerase (DS  GIP cyclohydrolase CDS
; o i & ‘ X X OO @ e OO0 X OO
RSO0 | «S C«COMC%MMWWW«CMMWQ | -D‘ L ‘\C,QK i 2026.TE.10763
taillength tape measure protein (DS MazG-like pyrophosphatase (DS transfer-messenger RNA SsrA RuvClike Holliday junction resolvase CDS  DnaB-lke replicative helicase DS holin CDS tail fiber protein CDS
PR ORN SO MOCH— '—CO‘() #09 B PO X ’Ow:)ﬁ‘h”y:"y | L P S L"- HPPICHIDNOTIMMOOOMTOMHOOOIMBONCHNON 2026.TE.10764
Arcike transcriptional regulator CDS tail completion or Neck! protein (DS tail assembly proteinCDS ~ holin (DS DnaB-fke replicative helicase CDS ~ UvsX-lke recombinase CDS dCTP deaminase CDS
‘@ AT O :DJ XWWDQ&@WWWMWWWWNWW OO (:CO‘O Lo OO C](Wm‘ﬁ@)‘ O 2026.TE.10765
DNApolymerase (DS Uvsilike recombinase DS (CTP deaminase (DS Arcike transcriptional regulator CDS tail completion or Neck' protein (DS tail assembly protein (DS holin DS DnaB-ike replicative helicase CDS
Dif NSO OO X Wipd A X SO S Ve X I O DKy W O‘Q SO @ G ‘Q‘ O 8C; o O 2026.TE.10766
DksAlike zincfinger protein CDS~ Lglutamine-D-fructose-6-phosphate aminotransferase (DS tail assembly chaperone CDS taillength tape measure protein (DS major head protein (DS terminase arge subunit (DS DNA helicase CDS ~ hydrolase (DS DNAprimase DS thymidylate synthase (DS o
S D|‘ KO @ 5 C(:'CWK‘CXC)((J‘@O@ B MOCK g QOQ‘O QOED X (‘CGIQ«OO SR L s (s S S el L] 2026.TE.10768
transfer-messenger RNA SsrA RuvC-like Holliday junction resolvase CDS ~ DNA polymerase (DS endolysin CDS  tail fiber protein DS structural protein CDS major tail protein with [g-ike domain CDS - DNA polymerase lll alpha subunit CDS
EBE @@ T DU @K ¥ 3 P K‘C' CCQ‘OO():% "»@O‘OO(CG(W«WKWKWKWWM 2026.TE.1082 L4
transfer-messenger RNA SsrA RuvClike Holliday junction resolvase CDS ~ DNA polymerase (DS endolysin CDS  tailfiber protein DS structural protein (DS major tail protein with Ig-fike domain CDS  DNA polymerase Il alpha subunit CDS 0206.TE.10820 i i i

f— Annotato =__ Ipotetico @ Endolisina
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Drexlerviridac (26)

Autographiviridac (94)
Schitoviridae (36)
Others (350)
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Inner ring: Virus family

WGS — Analisi Filogenetica — Fagi P. aeruginosa

Y
2026.TE.10756

transfer-messenger RNA SsrA RuvC-like Holliday junction resolvase CDS

Left line: Virus family

Autographiviridae (47)
Schitoviridae (5)

Others (19)

Outer ring: Host group
Actinomycetota (1442)
Pseudomonadota (1036)
Bacillota (50)
Cyanobacteriota (6)
Bacteroidota (1)

Others (62)

Right line: Host group
B Pscudomonadota (227)

45 130,701 ma
0




Stabilita pH (2,4,6,7,8,10)

2024.TE.12362 2024.TE.12363 2024.TE.12364 2024.TE.12365
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Caratterizzazione in vitro:
fagi vs K. pneumoniae

MUltlpllClty Of Infection (MOI) e e o

Rapporto tra la concentrazione di batteriofagi L L L L
e la concentrazione di cellule batteriche | E f E : . r
Replicazione migliore a basse MOI (0.1, 0.01) : 2 : ,

Burst size: Stabilita Temperatura (-20, 4, 25, 37, 50, 70 °C)

numero di Virioni liberati da Ciascuna Cel].U.].a 2024.TE.12362 2024.TE.12363 2024.TE.12364 2024.TE.12365
infettata. Efficienza replicativa del fago ‘ ' 0 "

/'

2024.TE.12362: ~ 111 fagi/cellula infettata
2024.TE.12363: ~ 45 fagi/cellula infettata
2024.TE.12364: ~ 25 fagi/cellula infettata BRI R T T S T R T TR N

LOG PFU/mL
N R ® o
LOG PFU/mL
N R ® S
LOG PFU/mL
o
LOG PFU/mL
& @

2024.TE.12365: ~ 100 fagi/cellula infettata N P9 pesare 0

2024.TE.12369: ~ 129 fagi/cellula infettata

2024.TE.12370: ~ 400 fagi/cellula infettata oy oy B e

2024.TE.12371: ~ 1570 fagi/cellula infettata 0 D, ;! B e —

2024.TE.12372: ~ 83 fagi/cellula infettata : 7R ﬁ\ £ . » 7
1ZS.IT R - O I N I




tterizzazione in vitro: fagi vs K. pneumoniae

Attivita Batteriolitica

10+
10 104
8
3 ]
2 5 o E 61 & xp4 2 o & kps
& ] > =
2 & kr2 5 = g
g 5 & xro 8 <k 2024.TE.12364 8 <k 2024.TE.12365
3 2024TE12362 8 < 3
S * S A A 2024TE12363 = 4 = 4
2+ 24 2 24
T T T L\ L\ Al ) \J ) T T L) ) T
4 6 18 Q " > [ Ky 4 18 2 4 6 18
TIME (h) TIME (h) TIME (h) TIME (h)
101 101 10
104
o 84 8 .
B «r2
2 : 4 - : 4 3 4
5 A 2024.TE.12369 g E & xe1 5
5 i <k 2024.TE.12370 ) s} & xe1
g g . 2 < 2024.TE12371 g
= 4 ] = 4] =
N 41 < 2024TE12372
- 2
2 2 2
T T T T T T T T 1 1
0 2 4 6 18 0 2 4 6 18 H 18 T T T T T
TIME (h) TIME (h) TIME () S h » © N

TIME (h)




|dentity

2024.TE.12370_Phage endolysin CDS 1
2024.TE.12362_Phage endolysin CD5

2024.TE.12363_Phage endolysin CDS 1
2024.TE. 12369 _Phage endolysin CDS 1
2024.TE.12372 _Phage endolysin CDS 1
2024.TE. 12371 _Phage endolysin CD5 1
2024.TE.12365_Phage endolysin CDS 1
2024.TE. 12364 Phage endolysin CD5 1

Caratterizzazione in vitro: fagi vs K. pneumoniae

Endolisine
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Attivita in corso

Caratterizzazione completa fagi A. baumannii e P. aeruginosa

Efficacia batteriofagi su modelli in vivo:
larve di Galleria mellonella

Caratterizzazione ed efficacia endolisine prodotte
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