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Control of Salmonella Infection in the Poultry Production Chain
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Abstract: Sal/monella poses a significant threat as a foodborne pathogen impacting global public
health and the poultry industry. The escalating challenge of antibiotic resistance has intensified the
difficulties in its control and prevention. Bacteriophage (phage) therapy, characterized by its high host
specificity and intrinsic self-replication capability, has emerged as a promising novel biocontrol
strategy to replace or complement antibiotics. Currently, several phage-based products targeting
Salmonella are commercially deployed in livestock farming and poultry product processing. Extensive
research and field trials have demonstrated their efficacy in reducing Sal/monella loads within live
poultry, decreasing mortality rates, enhancing production performance, and significantly reducing
Salmonella contamination on poultry meat and eggs. Despite the promising potential, further field
trials within commercial farm environments and robust clinical studies are imperative to evaluate clinical
efficacy comprehensively, optimize application protocols, and promote standardized implementation.
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Fig. 1 Applications of bacteriophages in various scenarios (color images are provided in supplementary materials of OSID)
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U 1Y TR RN A FE VD 1D B AR X 1 AR FE ARG 2 H iR
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75 G B9 GRDRE R R n BP A R L AE 7. 14 F1 21 d i
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TR A A A ORG24 O TR I P A R B
V01 TR B 4 400 S L i S5 1 R A A i A T
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R, B A REAT Ry M A 7 PR RE S 80T i 3 i
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B JR I 26 0 (55 33 R Rl @ 7, it 3 4K v B 1
TR K R BEE 0%, 53 — B 7" fh Bafasal®
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Table 1 Application of Salmonella phages in poultry farming

Y oIV 1M v I B 1< BOR ik
Animal Salmonella serotype Phage Effect Literature
i) o 9 Y0 11 Bl RAWEA(BPL,BP2, SXMBA(100%) M, B/W AR R [39]
(10 H i) BP3) ERRARAG YD T R AEZ(72.7%) . Ik

Chick A 3 5 55 AR R K 101 IR e B A A T
(10-day-old) Ji 38 P VP T B9 2 #E (P<20. 015 P<C0. 05)

XY X TE VD T ST4,1.13,SG3 A W A A LA ARDRH R n 590 9 0 210 R s [40]
(6 i) ZSTRPRTE 36219 Y =97 SR

Layer W o7 B R RAE T %

(6-week-old)

At A 730 mN | RAWER K (0151, B RO R 10" PFUME RS 1 R V0158 [41]
(36 H %) P125109 Al i £ € ©25,¢10) AR FE VDT 4 il 2> T 1. 53 F0

Chick WITH4/74 3.48 1g CUF+g !

(36-day-old)

i) o 9 V0 1T B PT4 RAWER K (CNPSAL,  786~10 H i (AL ) f131~35 Hi (51 [42]
(1 H#) CNPSA3,CNPSA4) JRYY) S5 S 52 W TR AR VA YT T8 AR i

Chick WD JE WA YT RCR AT F b

(1-day-old) 1.081g CFU-g™!

XY ¥ RV T A It B R TR A 4 (SP-1, FERRYL 555 7 R ARRE v i i T R 2 E W [43]
(40 %) STP-1) JHF U A G 0 149 9 2 k43 531 24 0. 9.0, 57 I

Layer 0.381g CFU~g ' 7E55 6 K, B I i > it
(40-week-old) 0.861g CFU+g '

EXG FSRIERR I g v WEPE R AP OIS B9 SR A 0k T O A8 T AN AS [ 1) i 0 5 A CIRTRG 24 h) L 58  [44]
(60 J& i) ] W IR — R o B th e RN H S MR IE BE iR (1. 78 1g CFU-g 1)

Layer i)

(60-week-old)

(BT,

Carried forward)



1328 FoMOB OB ¥ W 57 %
(4% 1 Continued )

L] 01T B i R RN ROR SCHk
Animal Salmonella serotype Phage Effect Literature
SPF 444 Z E 255 AL W T R IR A W T PR IR A W AR B 1L S S L TR B [45]
(1H#) ITH TR E A, IR R BE N 10° CFU-g ' FRAIL
SPF chick 10* CFU-g !
(1-day-old)
PR3 ERGESUINN) W P AR A ) (SPEMI0, 8 DR rb 8 0 S [8] 700 5k 1) Wk A7 445 38 235, 7] [46]
(1 H#) SL1344 SPFM14) VUA S8 D V0 T ARG AR A g 1, 53R
Broiler IV BT A Ak BER A R e 2R AR L UK T A I G i o
(1-day-old)
B BRI WEE MRAIEAEY (vB_SenS_ MERAET LI B v 1) A EAE 3T IR [47]
(1 H i) IRVPTTH VBILYE  KPOO1,vB_SenS_KP005, 1138 i Az 1 Fn il BEAT — 22 19 B3 A a] 422 5%
Broiler N GE S vB_SenS_WP110) Wi o 7 T Ml PR A 3 B 37 552 R v s B e T
(1-day-old) WK E T I T AR it

4 BEEESFmMIERNEDHENKA

AR S AT & B S %
B EMAEYTE G, IR RGAE 2 Bk R 3
A ], B e D A Ny T A R L A A 3R
EEREERE AHBURSIET . EREMPUE
P E AR e AL B R R B AR AR B ) ORE
TEAS [R] B2 BE B sl /D o DA (B A7 A 0 35 JR B < 7T g
PNV A% 0 R BT S SR
12, A2 b B 25 [A] I R KA 2 T8 i RAR IR AF 1Y
AP . PR IE, T & e TR AR A i A80R SR B AR
DA i B PR S A T B AR A Tl
WA F B W TS AR
(biopreservation) F1 4= ¥ i1 2 (biosanitation) = 4~ 5&
TR R B A o AR DI A BT B R
PR 7 i O T 0 B s i R M R (e 28 3L
mn ) FIUAE R B Can B R B g B AR s
JRAK

TE 28 8 6 i 42 A U, Wi T A4 AR ) 7 45 R A
7 A S O o R A, AR AR 3 3 48 7 A i Sk
Jre I W T o WESE AR W AR T A RO > &
P S BT T TS g o wlan  E I R TTI A
TiHE Y BB (5 em X5 em) J5 , W W E R
10° PFU-mL ™" i BE B 1K BF1354 Ak 8L, JF T 4 °C¥%
10 do 25 o FEALBRES 1.6 /1 10 KBS Ay
U IT B B A3 S e R 2H I s 2.1, 2.0
0.8 1lg CFU-g™ ', iiE 52 HAE ¥ 55 1 F X5 38 A v i
VB A RO L S — TR X R R ) AT 5 U

5T WETE A LmqsSP17E R IR FREE T 09 R B RO L 24
YL 8 (multiplicity of infection, MOT) 2 10°Hf , &b
M3 hEU TR LT2 M &k 7 B bk S1.S2 i £5 it
BN MR FEMR 1.8 1g CFU-g ' 4BH 24 h 5 , 43 25 Bk
S1(P=0.021)#1 S2(P=0. 032) {4 i 74 %k ik — 1 ek
02.21gCFU-g ", LT27R & W/ 1.91g CFU-g !
(P=0.000 7). g T 44 14 13 FH [) A v 280 2 fif 25 65
W AR vB_SenM_BP13076 &b B A T.95 4L 70 17]
E B HE MO A 1000, 24 h J57E 4 F125 ‘CT 43 3
W 2,27 F12.58 1g CFU-ZE 3, MOI 4 1 000 i, 78
AR 2544 F 4 sk 2> 2. 58 F1 2. 60 1g CFU -2 ' 4b
IS YL Ah A 12 h )5 (MOI=100 F1 1 000) , & 2% i 14
G2 T 2. 03 F12.90 g CFU-Fl 110, £
T AUAIF 5 (& 2) FE[RIHIE 52 T Wt P AR 72 & 7™ i
TEE R R U T TR TS Y i A s S R A A

T 1) TR W T AR A A 40 R Y 7 Ak R O AR
AHEVE . 20134F 2 A, Intralytix 23 &) FF & F) W 5 7K
il 57 Salmofresh™FRAFHIL 1, F T W R S Rk HALE
A VD TG G . Ak, 22 BB X VD 1T T 1 7
Wt T4 7= i T AR O & s L, B 3 O T 5 8
Wy fidt B A B, . 0 FE SalmoShield™ ( JH T B 5 2 3U0%
PEV T B X & A O T i i 75 44 ) . SalmoLyse™
(THTEDE SRS 2L PhageGuard® S
(T 0 R AR PR ) o 55 & 7 i e B U0 1D TR T ek
S R, Elanco 39 4#4a@ 2y 7 5 Omnilytics
G AVETF K& 1 Armament™ W B 7K 7= 0, B 7E AR A 26
A& N T 3R7 80 975 e KU
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Table 2 Application of Salmonella phages in poultry products processing

U TT B L3

B . AAZRES ROR SCHR
Salmonella .
Food Phage Effect Literature
serotype
an REWITRE Wi B A& S16 1 LW T A b B 30 min J5 L 3G 1A b ] B R A I AR [54]
Poultry FelixOla(FOla) 1.11g CFUsg '(P<C0.05);4b¥16 hJ5 , X P75 4L K F
TF%0.91g CFU-g '(P<<0.01)
ST B X6 5 X DY 7P SNl SE07 ZEWE A A Ab B A8 h(4 °C) B B X S5 3G 1A P s 4 V0T [55]
Fresh eggs and B F 4 2. 0lg CFU-mL g 1g CFU-g !
chicken
X W P REBRUITH  WREEIREGY SR ELHES h(4°C) AP TITHEBERRES  [56]
Chicken breast (PA13076 il ERRAR2.51g CFU-FES !
PC2184)
X8 i P ERVESUY) SalmoFresh ™ 7£4 CA&AF FALMMS NP 55 0 10 7 K W T#H 8oy [57]

=N
Chicken breast R FFELE (6 phages) 1211811, 21g CFUg SRR &MF 760,
B 4FN8 h, YHTTR T B AR 0. 8.0 9 71
0.41g CFU+g '

e BgWIT8  PhageGuard S° IR RAEA TEUBIG Y5 5 F AU I T MR EMEH & [58]
Chicken (2phages)  JE T MU Fh X 5 4577 0 9 B A B, i 1

e AR E LR R R RE T, W K& AL I BUEY)
ot e b WEIE VR # & N

Xt PR A 5 1 9 Y0 1T 1A TR A W T 1k Wk T A Ak B S RS e P AN S R A AR, [59]
Chicken breast €P54 €P59. FLTE 4 CAREL IR B 400 18 %R S A

and in-shell egg €P66 HI€P72

7 X B RIS 1R W # D 11 TR WA sp11241 Al WETR K SP11241 F1 8-17E MOI N 100 8, 7251 T 3 h fl [60]
In-shell eggs 8-19 6 h 92 AR FE R WVP 1T I 58 40 Bk , LB & MOT{E I+

and chicken L TE BRI R — 2D 4, Hor , SP11241 23 A X8 1)

125, AT vD I T A d KPR 3. 17 1g CFU-mL ', )i
I I 2 B 00 R R

X A 1 RV 1T W P AR S3 A 2-3  7E MOIH 10 000 19 25144 T, I T 44K 2~ 3 Ak 3 X8 P A2 [61]
Chicken 12h)a, IR R KB EE 1. 15 1g CFU/mL, 54

A5 TR AT AT LU B R S AR A 9200 , i B M R AT
JERYE S RCT N B A P I A v 2 o AR

X 1) R 7B SN WE TR AR SaTp-04 R FH I B 1 5 T 34 0 0T i B8 4k SaTp-04 HE 47 () Ak [62]
Chicken breast RS L T B P, 45 R o H SR b 1) R A et R

L FEAKL) 6 1g CFU-cm ™ 2, i S 1 4 fb 47 AR 3 2o 3 T e
T A B R 0T v P RS L S BT B TR R T O T
) v 255 A, A W T A A BRI PR S R AR v (i o B T

E e N Y

IV JEH R X 2 T 25 (MDR) B Bk 7Y 5C HE

5 hixERE 5 VR Il R S R e R N I A s
PUERB S A E 51 2T R W 25 W], W RR AT i H i R 0 22 A P - v T
PECAMR) Gl TR T, BRASAR AP Ay J 55 5 M alR v i Y0 1T, e e 3 K& 2 K
Wit 87 A7 0k DR R A 3 A O B e K e e bl I A TR R A R 5 B R R R G A% 4 it C T
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PE, Bl AL 7 & (40 SalmoFREE®) . Bafasal®)) & 52 19(1) :202.
T I R R R T oo v AN 1 1 D i 97 SR N4 3 [ 3] RINCON-GAMBOA S M, POUTOU-PINALES R

RAR BT ST R B ks A ™ M BB U7 T &
B AT R IR AE S A R E N TR R B
58RI A W By P 0 0

SR, G A S 56 3 07 1] KA A 107 FH AT THT Ml — £&
IR 90« g T A R EE A R S ) TR R 1), 2
L BIR 7 G 0 o JE A R g 5 3 e T O W TR AR XS A
¥7 ik (L& A [R) e T AR L3 5 28 A ) s T Al ke
MR SRR A R R OR e e . A B R A T
AE - BUAR T A, X S AL 5 R S R SR L S BT
Az FRI T S 4 B 1) A [ 52 R A I B AR . LA 2
2% [ 1A SR ER 55 (R PN 4 8 i 3 2l 25 pH B RE I
SR S MO 0 R R B AR I T AR
ST W TR R B A B AR KRR AR T
K AR AP 3 1K AR B8 (AN e 2 Ak ) I ik 25 4 8
/230 (PK/PD) R 58 UL AR I 7 52

TEEE iy 5 5 U, W B R RO T R 2 S B Rl Ak
I AT 2R BT T B X AN [ & PR 2 A R
eI T A 0 A s v A e B2 R T 7 35 AL, O
TRV AG £ i 5 5T &% (pH R AR 27 18053 55 ) 1Y
KA, oK e B 5 7 A 4R I RL 2 S . Al
W W S s AR R R Ay 8, B L L
TIPS il b R 0 4 vk L 5o 42 1) A I
VRIS 4 F A9 33

R AR FE N A T T - MR FH ] 18 56 46 HiF 4 B
ZR BT AR D 5 TR TR S W i AR - 2 A A B ik
BL A 5 4725 4l 9 20 e A B R0 A iR T e Al i 5 O
B BOE I ARG 5 DL R ST 58 3 1Y A 5 T AL AR
B Bl K P AR T AP A PR W TR B R
B B U T B B A YR 0 S D O B Bl £
FE VB Al 22 A A IE T A 22 A 4R L R AT ) A S (5 i
PVIE P
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