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Abstract In order to study the phage therapy methods for drug-resistant Salmonella, a virulent

bacteriophage was isolated from sewage with Salmonella SE-21 as the host bacterium and named
vB_SalP_QS. On the baisis of identifying the biological characteristics of vB_SalP_QS, vB_SalP_QSand
vB_SalP_SE29 hybrid phage for the treatment of enteritis in mice caused by SE-21 was evaluated. The
results showed that: 1) The phage belonged to the order of caudoviruses (Caudovirales) by electron
microscopy. The potency of the phage was 8x10® PFU/mL. 2) Biological characterization showed that the
phage vB_SalP_QS had an optimal multiplicity of infection (MOI) of 0. 01, with an incubation period of about
40 min, and a lysis period of about 50 min. It had good activity at temperatures ranging from 4 C to 60 C,
and it was very stable within the range of pH 4-pH 10. vB_SalP_QS could lyse 17 strains of Salmonella by
The plate spot test. The cracking rate was 44.7%. 3) The phage vB_SalP_QS was 42 293 bp in total
length, had a GC content of 49%, contained a total of 72 open reading frames (ORFs) , and had no
lysogeny, virulence factors, and integrase genes. 4) In wvivo therapeutic tests in mice showed that the
minimum lethal dose of the host bacterium SE-21 was 5 x 10° CFU/ mL, and the survival rate of infected
mice treated with vB_SalP_QS (100 pL 1 x 10" PFU/mL) and vB_SalP_SE29 (100 pL 1 x 10" PFU/mL) was
100%. The survival rate of mice in the vB_SalP_QS treatment group (200 pL 1 x 10" PFU/mL) was 80%. The
survival rate of mice in the vB_SalP_SE29 treatment group (200 pL 1 x 10" PFU/mL) was 70%. All control
mice died. 5) Pathological observations showed that mixed phage could effectively kill Sa/monella SE-21
and also better protect the intestinal villi of mice, which could significantly improve the survival rate of mice
infected with SE-21. In conclusion, phage vB_SalP_QS has good acid-base, thermal stability as well as
safety, and the therapeutic effect of mixed phage combination therapy is higher than that of phage
monotherapy. This study provides an important experimental basis for the treatment of Salmonella infections
with phage preparations and lays the foundation for the clinical application of mixed phage therapy.

Keywords Salmonella; mixed phage; whole-genome sequencing; biological properties; therapeutic effect
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S BCHE PR R AT D R R T A AE 1 G B Y B
(CDS) & H:IhfiE , Genbank #l BLAST I 4% #ll % &
A3 AT TN 4 R B 2 AE 2R CORFs) o i 4 NCBI
Wi B A 7 B T H PHASTER o 47 1500 F1 HE 488 43 B
BB AE R D fg , DA SR A E A U T Be . A
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1.2.6 £ # 4k vB_SalP_QS 4k A& 77 2R 09 3% 1
1.2.6.1 UWITHESE-21 \/MBUE R M E K /D
SR HLAY R 6 2, B4 10 5, A H/N B 59 R R
¥k 200 pL, XF BE A B E B PBS, HAK 4 5 1
BEFR LR 1o M IFIC R 7 d /NRUBE T8, 1
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Table 1  Salmonella SE-21Challenge Grouping and injection doses

5 B A bk e # #) 4/(CFU/mL)
Group Quantity Strain Virulence dose
poglis
10 PBS 0
Control
WA 1 (
10 SE-21 5.0X 10
Challenge group 1
Wl 2
10 SE-21 5.0X10°
Challenge group 2
WREAH 3
10 SE-21 5.0X 107
Challenge group 3
WA 4 :
o 10 SE-21 5.0 10°
Challenge group 4
YA 5 .
10 SE-21 5.0X 107

Challenge group 5

1.2.6.2 WEE K vB_SalP_QS.vB_SalP_SE29 }
TR A W TR A XS R IR T SR A B 8 /N BRUBE B 23
54, A 10 H . L 2X MLD B8 i $% fh SE-21.
EHEM L hJE 5 0l 8 B E S 200 pL 1X10°~
1X10° PFU/mL M 1 B & vB_SalP_ QS #I
vB _SalP_SE29, X} B 41 /N B s 78 5 5% & C |
PBS 2% vhil , H AR5 20 A 97 50 4 DL 3% 2, W48 0 id s
ANER T d A0 B AR T

/I BT et R 10 AR 41 9 5 1 32 e R I ok O %)
SHU . @ IEE (550 s BB, B R IE shisi >
HEE B (453D 5 v BEYIR , A0 v B AN BE 75 (393 ) 5
A AT R R 5 S A R R
HERLC2 43 s BAEAR S (143D 5 3BT (043D
1.2.6.3 WMEEAIK VB _SalP_ QS %4k =%
B8 AR vk o R W B AR vB_SalP_ QS (1X

10" PFU/mL, 100 pL) Ml vB_SalP_SE29 (1X
10" PFU/mL, 100 pL) i B IR A& v B A il 7 . 80
BTF o 21 5 e 5 90 o L3R 3, M e T A S WK 7 d.
T RIS/ B A8 4, T e SR T4
1.2.7 “£HEAKRE TG D R 8 9% F IR
2 B W E K vB_SalP QS W B K
vB_SalP_SE29 DL KR A5 Wi 1/ 6 97 48 h 5 R AR /)
Ry AN I 770 R (< /7R U ¢ 2 RN DL L e
4 CYKFE [ 52 24 LA b 5 8 1) 45 BURG 48 R A 91 X6 1
VM6 B & 5 il FH G K 20 B R AR 2R v vk B N K
CBP 75%—>80%—>85%—>90%—>95%—>100%) ¥ 17
o B WK 5 R R AR AT 35 B A B 8 A ZUHE 56 °CIY
A R S AL D) R SE 295 3 pme KU R
A JE R (A0 “C) rp R fF LA el e L 1R U o8 & R
FJE 80 CT 4 1 h FH HE % .
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Table 2 Treatment subgroups and injection dose of vB_SalP_QS and vB_SalP_SE29

21 5] Bkt W T A7)/ (PFU/mLD
Group Quantity Phage dose
X g
10 PBS
Control
T4 1
10 1.0X10°
Treatment group 1
hord2
10 1.0X10°
Treatment group 2
YT U3
10 1.0X 10
Treatment group 3
HI7 44 .
10 1.0X10

Treatment group 4

x3 HEAREUHREATHINE
Table 3 Dosage of phage safety test group injections

41531 Bkt Wit T #4550 /& / (CPFU/mL)
Group Quantity Phage dose
XJ 18 Control 5 PBS
vB_SalP_QS 5 1.0X 107
vB_SalP_SE29 5 1.0x107
VE A Wi TR K Mixed phages 5 1.0X 10

% Vo B B 5 15 B SE-21 XUZ F b ik 8 3%, 15
2 ERSAW HAL M Jy 8X10° PFU/mL . H 55 W 2E n] UL, 1% W
2.1 MEE M vB_SalP_QS 4i{k Xz M il E RS oy A mE A AR K (E

VIV T8 SE-21 R 1 £ W&, I i5 K 4 55 15 (b)), 4 K (2004£2) nm, k # BH & N (75£2)
F WA vB_SalP_QS. F I BUZE ARk AF UK nm, B (135£2) nm. MR 45 E B W R AR 52
F5 6 W JE A5 B K /ANE A — 1 W T BE (B 1)), b (ICTV) i WE W IR J8 T A 2 W i ik B
KN K 3.2 mm. 4654k T, 3@ koW v AR (Caudovirales) .

(a) (b)

Bl FEE vB_SalP_QSMEEHIA A (a) MBS TR ME (D)
Fig. 1 Morphology (a) and transmission electron microscopy observation (b) of the vB_SalP_QS
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2.2 WEE K vB_SalP_QS R f#i% | & £ MOIF—
FHEKHEHNNE
T A5 I T R vB_SalP_ QS AY 2 i
W LIS UE 38 BRI, L 28 BRVP TT I, 10 bR K
PaFEt . vB_SalP_QS Al 2 17 ¥R VD T T 18, R A %
had. 1% (R D,

I B A d FE IR e B B 4E R o, vB_SalP_QS
E MOI=0. 01 B B fie = (Bl 2Ca)) . — B AEK i
22t R R, 17 40 min 2202 ,40~90 min I FF 48
PR, 90 min J& 2B R T AR (L 2(h)) |, 38 WY Wt 7 44
vB_SalP_QS 9 ¥ 1R 11 29 K 40 min, 24 fif ] 29 N
50 min, 90 min J5 # T ¥ .

®4 EEE vB_SalP_QS HAF LN E
Table 4 The lytic spectrum of vB_SalP_QS
[GR7S B R R
Strain Sensitivity Strain Sensitivity
S. enteritidis-29 + Salmonella-S1 —
S. enteritidis-SE-E-1 + Salmonella-S2 -
S. tphimurium-M + Salmonella-S3 —
S. typhimurium-CVCC2229 + Salmonella-S4 —
S. enteritidis-CMCCB50041 + Salmonella-S5 —
Salmonella albicanta-G + Salmonella-S6 —
Salmonella albicanta-28 — Salmonella-S7 —
Salmonella-414 + Salmonella-S8 +
Salmonella-B9 + Salmonella-S9 —
Salmonella-1.2 + Salmonella-S10 -
Salmonella-JSST + E. coli-3-1 —
Salmonella-1.5 + E. coli-6-1 —
Salmonella-CMCL + E. coli-12-1 —
Salmonella-P + E. coli-26-1 —
Salmonella-14028 — E. coli-29-1 —
Salmonella-Y1LLA + E. coli-F1-10-2-2 —
Salmonella-ISSTV + E. coli-2-3 —
E. coli-F6-10-2 — E. coli-26-4-1 —
E. coli-2-1 — Salmonella-SE-21 +
T 72 T R AR A 5 — A RS B R R R A R

"

Note: "+" Bacteria can be lysed by phage;

2.3 BEARERERpHNE

I AT A e 3k ik B B pHL i 45 SR W s, vB _SalP
QSTE 4~60 CHA T LU FEIG 1, i 60 “CH I 4
TEPERE , IR A 3 70 CHFHF4E 40 min A K 80 ‘CHF

—" Bacteria cannot be lysed by phage.

2220 min i 58 42 8 Fe 16 M (] 3(a) . vB_SalP_QS 7
pH 4~pH 10 % 28 b A 2 3 (P=>0. 05) (& 3(b))
5K, vB_SalP_QSi N 4~60 °C,pH 4~pH 10
T Fl A 38 A R A T
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Fig. 2 Determination of multiplicity of infection (a) and one-step growth curve (b) of the vB_SalP_QS
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Fig. 3 The temperature stability (a) and PH stability (b) of the vB_SalP_QS

2.4 WEE K vB_SalP_QS ¥ 75 £ & SE-21 By L &

i

Wi AR vB_SalP QS X b 15 SE-21 R 4P R
B 25 R AN & 4 iR, TR A vB_SalP QS Ab #i 4
I 40 min ODg, 2 30 1 T8 35 W5 B4 44 1T fig 4b F 4R
1,40 min J5 % 160 min H BUAH X B &1 T R, £
W TR AR vB_SalP_ QS % i £ SE-21 H A & 45 24
TG P . WER A vB_SalP_SE29 N 5256 % 4y 85 IF 5
FF, H O 98 R W TR AR vB_SalP_SE29 5 I 1 A
vB_SalP QS A # I [F i 1 £ 8 SE-21, H W B 1
vB_SalP_SE29 %f 15 & SE-21 4 11 4 1Y 24 i 5
. BERER VB _SalP_QS,vB_SalP_SE29 M i & Wk
B & (vB_SalP_QS+vB_SalP_SE29)Xf b ] i SE-
21 M Ah % IR 06 45 S an 1R 4 BT 3 4 B AR 2L
A R A 2 15 M I ELAE 40 min 2 J5 1R A W B AR 40
4 % TR A0OR B3 8 T — WE B AR 4L . T #E 150 min
S B — W TR A b ALY O Dy 52 b T B 47 # F
T T A5 Wik A A4 Ah B 2 19 O Do {5 A T 8 B e 35, A

I A DT B — ik TR A A B 2H RS R T AR T P T RR
M 08 B W T A 20 mT AAR 47 14 3 ol b v A Bk B i B
HAT PATE G i 2% K Vb 17T SE-21,

14p
12F
& 10F
, 8 —— Control
Z7 08}
29 vB_SalP_QS
=E o6} —— vB_SalP_SE29
=}
2 —— Mixed phages
2 04 phag
0.2
0‘0 L L L L L L L J
20 40 60 80 100 120 140 160
Fsf 1] /min Time
B4 BMEESEBEESDITESE21FMFRELR

Fig. 4 Bactericidal effect of phage on SE-21 in vitro

I 4K vB_SalP_QS E E HZ 5
WE P vB_SalP_ QS 4 JE 41K 3k 42 293 bp,
GC & 5 4 49.53%, % 15 72 4~ 100 I i B 352 HE
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(ORFs) ( 5Ca)) . 38 & % ir 5 ORF 4 4 % 26 11
HEAT B Y 9 L A, A5 R kB, A 35 4 ORF
(49 %) g it 19 A 11 5 808 B v © N ) e A B A
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