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Salmonellosis has caused heavy losses in swine industry and implications for public health. Recently,
the urgent problem of antibiotic resistance due to multidrug-resistant Sal/monella spp. has been on the
rise. The use of host-specific bateriophages as a biocontrol is one possible alternative. In this study,
clinical signs, growth performance, quantification and detection of antigen, histopathological changes of
gastrointestinal tracts were analyzed comparatively in weaned piglets according to administration of bac-
teriophages and challenge with Salmonella (S.) Typhimurium. Piglets challenged with S. Typhimurium
after administered with bacteriophages showed reduced clinical signs, higher growth performance, lower
bacterial shedding, lower quantificational value of antigens in intestines, higher V/C ratio and higher
the number of goblet cells in intestines than piglets administered without bacteriophage and challenged
with S. Typhimurium. These results indicate that feeding contained with bacteriophages has effect to
prevent infection of S. Typhimurium in weaned piglets and suggest that a use of bacteriophage can be
considered a valid antibiotic alternative.
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(Barrow®} Soothill, 1997; Biswas %, 2002). dA|
Salmonella spp., Escherichia coli®} Campylobacter spp.
T2 A AAFSR FAkjo] & g ), AR
oA A=l FFRATHT ZAZL = Alatoll
s HrEle]eutx] 2zl et A+t7F 2ds] 213
E a2 QJthBarrow 5, 1998; Gill 5, 2006, Goode %,
2003; Higgins -5, 2005; Johnson 5, 2008; Loc Carrillo
<, 2005).
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At B2 33] WHEste] T plaque= AL,
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t}. FZEA o= API20E kit (Biomeriux, France)®} S
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Table 1. Experimental design for effect of bacteriophages against
S. Typhimurium in piglets

Grou No. of Administrion of Inoculation of
P head  bateriophage (PFU/g) bacteria (CFU/mL)
A 7 - -
B 7 - 1.0x10°
C 7 1.0x10 1.0x10°
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HE AL8-35l9tHLee 5, 2009). Oligonucleotide primer
+ forward primer, 5°-tgcagaaaattgatgctgct-3’, reverse
primer, 5°-ttgcccaggttggtaatage-3’2} dual-labeled probes,
FAM-acctgggtecggtacagaaccgt-BHQlao| ™, S3a4 A
A¥H-2-S DNA template 2 uLoj] 100 pM forward®} re-
verse primer 12|31l probe 0.5 UL, Premix EX TaqTM
(Takara, Japan) 12.5 pL, nuclease free water 9 uLE
7kt ¥k&-ol 25 uLE 95°Co)| 1087t 27| denaturation
2 A7l & denaturation> 95°C, 102 annealing¥} exten-
sionS 717} 64°C, 1222 & 40 cycle 533}t
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CFUML7H| €814 & 7} Al29] RT-PCR A|3
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slo] ®EZAFig 1)S Aztelgich. Bzt 4] A
RolAle] P REZHLS o] gatol AAkatat.

A 5 shetn
of ZUSIL, 4 um FAR vPdT F 2 ARG T
shebriskstel ARt BAE AX The Aol Fejet

y=-03042x + 15864
R* = 0.9966

2221

Log concentration

L R T I T -1
— T

15 20 25 30 35 40
Thresh hold

Fig. 1. Standard curve of the real-time PCR for S. Typhimurium.
The results of the real-time PCR were determined using decimal di-
lution of S. Typhimurium DNA. The threshold values (Cr) were
plotted against the corresponding bacterial cell number (logio
CFU/mL).
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7 * o GroupA Table 2. Growth performance according to administration of bac-
O a0 +Group® teriophages and challenge with S. Typhimurium
£ Group € A B C
§ 40
£ Phase I (d*-6~0)
T as 1 DFI' (g) 217 211 225
2 , ADG' (g) 146451 134426 170+13
39 - E i { —% G:F 0.675£0.240  0.63740.121  0.759+0.057
b I Phase I1 (d 1~7)
383 DFI (g) 391 349 352
R 0 3 7 ADG (g) 245+30" 101+51" 159455
Days before and after inoculation G:F 0.627+0.079 Il 0.291+0.146 I 0.452+0.155 I
Fig. 2. Rectal temperature change following administration of bac- Overall (d-6~7)
teriophages and challenge with S. Typhimurium. *Indicates sig- DFI (g) 297 275 284
nificant difference between the control group and inoculation groups ADG (g) 19217 119426 165420
G:F 0.646:0.026"  0.434+0.030"  0.583+0.029"

(P<0.05).

2 7 —*#—Group A
—®—Group B

Group C
15

FC score

0.5

Days after inoculation

Fig. 3. Fecal consistency score following administration of bacter-
iophages and challenge with S. Typhimurium.

A Be C= 347E F 3ol AF=2=7 S7Fst
Fom, 3¢ o]F HAALoR I|&styct FAH
T T 349 g enr FoFd AL C= S
Typhimurium TH= FAHFTHEQ A BT {9
Hog o ARen2 HWAPTHP<0.05, Fig. 2). S
Typhimurium 32359 A¥ B C= 4%

T 3U7HA] AARR 47 FSTLs T o] F A

BEFE Btk FAHET F B¢ HH g euA
ol AF C S Typhimurium ©% 22 HZE
I A¥t BEUTF W2 HAA| 45 HSItHFig. 3).

ST B e
2
M
I

H o
A 717 Hoverall) 2.2 23}
oA BHdYdFSAH =L A=
59+18 g} 0.452+0.053 g, A3
B7} 101£16 g3t 0.291+0.048 go] i A A7

BB FAMF A 7 phase 1, THEE
jui

o
rlo
il
el
£
@)
N
B b 32 Ao

Korean J Vet Serv, 2014, Vol. 37, No. 1

*Days before and after challenge with S. Typhimurium. TDaily feed
intake. iAverage daily gain. “Gain/Feed. "Means within a row without
a common superscript are significant differently (P <0.05).

AN BRAGEALT Arage AdE
16548 g} 0.583+0.029 g, s B7} 119£8 g3}
0.434£0.030 go] ek, Bre 2] 2.3k Folzel AP
Ci= 8. Typhimurium S5-3 A8 E9] Ak BEG
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2 5o PRAGFAPY ARELS BYCHP<
0.05, Table 2).
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Table 3. Quantification and detection rate of antigen in feces
samples according to admini- stration of bacteriophages and challen-
ge with S. Typhimurium

Table 5. Intestinal morphology in small intestine according to
administration of bacteriophages and challenge with S. Typhimu-
rium

Group Group
DPC* Intestine
A B C A B C
1 o' 5.9020.64 2.1842.73 Duodenum
0% (0/7)" 100% (7/7) 42.9% (3/7) Villus length (um) ~ 465.4420.0°  330.1439.00  408.5+29.3
3 0 6.57+0.61 1.61£2.75° Cryptdepth (um) 251241447 338.8+292"  317.9+25.1"
0% (0/7) 100% (7/7) 28.6% (2/7) V/C ratio* 1.858+0.146" 0.974+0.079" 1.294+0.161"
7 0 5.19+2.29 1.58+2.69° Jejunum
0% (0/7) 100% (7/7) 28.6% (2/7) Villus length (um) 372.8i20.01 264.8i23.61 321.6i4.1*T
*Days post challenge with S. Typhimurium. TQuantiﬁcational value Crypt fiepth (hm)  249.6+19.3 + 329.2445.5 t 312.6:30.6 t+
(logio CFU/mL) in feces samples by real-time PCR. "No. of posi- V/Cratio 1-30120.1417 - 0.811+0.0747 - 1.037+0.112
tive/No. of inspected. *P value < 0.05 in comparison to Group B. He]flm + + "
Villus length (um)  339.8+19.0°  288.5+19.5  300.5+9.2
Cryptdepth (um)  260.2+11.17 323442057 298+19.0"
V/C ratio 1.305:0.040"  0.895+0.085"  1.0120.043"

Table 4. Quantification and detection rate of S. Typhimurium
according to administration of bacteriophages and challenge with .
Typhimurium in piglet's intestines

Group
Intestine
A B C
Duodenum 0* 4.27+3.04 3.27+3.07
0% (0/7)" 71.4% (5/7) 57.1% (4/7)
Jejunum 0 6.75+0.61 5.13+2.30°
0% (0/7) 100% (7/7) 85.7% (6/7)
Tleum 0 1.8842.44 1.21£2.09
0% (0/7) 42.9% (3/7) 28.6% (2/7)
Colon 0 1.65+2.82 0.59+1.57
0% (0/7) 28.6% (2/7) 14.3% (1/7)
MLN* 0 5.19+0.12 3.46+2.39
0% (0/7) 85.7% (6/7) 57.1% (4/7)

*Quantificational value (logio CFU/mL) of S. Typhimurium from a
tissue. "No. of positive/No. of inspected. *Mesenteric lymph node.
$P value <0.05 in comparison to Group B.

CFU/mL, A3a B7} 6.75£0.30 log CFU/mLo| % t}.
dhg| 2] outx] Fojl A¥T C7F S Typhimurium
DEHETE AET BEL foFoz e HTF
AFNE B PrHP<0.05, Table 4).

i b B |
FTAYEOHA] ¢ 2 S Typhimurium 34 H 5
of Hls] §rel 27t AR AHE fAIskaL 9l
Atk Aol X} Tl §H dol= AT C
7} 408.5+29.3 um®} 321.644.1 pum= Al
330.1£39.0 um@} 264.8423.6 um=.ch --0] =

*Villus height/Crypt depth ratio. "Means within a row without a
common superscript are significant differently (P <0.05).

THP<0.05). 3]olA 3eto FA= AP Bt
323.4+20.5 um, A3 C7} 298+19.0 um= A& C
7F ARt BEE {93 om WGP <0.05). Aol
A&, 2R3} 314+2] V/C ratio= A3t C7} 1.294+0.161
pm, 1.037+0.112 pm<e} 1.01+0.043 um, A3 B7}
0.974+0.079 pm, 0.811£0.074 um<}t 0.895+0.085 pum=
dre| 2] e ubA] Fojwel A C7F S, Typhimurium
GEFAFETEY AT BEY foj¥oR o)
(P<0.05, Table 5).

Aol HMA|ZLE S Typhimurium 223735
2 S Typhimurium& FZFHE8HA] 2 ol H]F
F7F dasiih AolA xS g1, ek 349
el 4% FduboA HAMNxZ = AP B
17.543.0 pm, 252442 pm, 9.71+1.9 um<e} 39.0+2.8
um, A C7F 23.3£3.5 wm, 33.546.1 um, 15.0+5.1
um&} 49.0£10.4 um= S. Typhimurium TEFZH %
Q1 AT B7F ghE 2] e a0t x| Fojtel AR CH
T} g o g 7FAasITHP<0.05, Table 6).

R

2 5ol Aol dolA A WS 72l W
A Alte] A&HHoRE Edstal F7hEo] A F
3 glom, olgl ZAIE sfdstr] {8 FAAE
A AAZE B QaslcHAarestrup, 1999; Biswas =,
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Table 6. Goblet cells count in a small and large intestine according
to administration of bacteriophages and challenge with S. Typhimu-
rium

Group
Intestine
A B C

Duodenum

Villi 29.0£2.0* 17.5+3.0* 23.343.5%

Crypt 41.0£2.0%* 25.2+£4.2% 33.5+6.1*
Jejunum

Villi 18.8+0.7* 9.71£1.9* 15.0+5.1*

Crypt 38.0£1.4* 16.1+£3.6* 21.1+£5.8%
Tleum

Villi 29.6£1.0% 16.0+£2.9* 19.8+£5.2*

Crypt 48.0+1.4* 34.4+4.6* 41.3£7.6*
Colon

Mucosa 66.8+4.7* 39.0+2.8* 49.0+10.4*

*Means within a row without a common superscript are significantly
are significant differently (P <0.05).

2002; Matsuzaki 5, 2005). o] A= o] FA=o) 4] S.
Typhimurium 7o ot FYAE A 7Hset 8
gl 2] eatz] o] ®o] aFof gt AlF-E sF3ict
o] G A= of| o] S. Typhimurium 7+% A] 9 YA}
AL gy} o] 4=k A Alo]th(Fedorka-Cray
, 2000; Kapperud -5, 1990; Khakhria 5, 1991;
Sarvwari . 2001). 8. Typhimurium 324855 ]
FEEL Aeo] FARE T IUAA AFews)
Zohe T, A4 o HRED. oHe AT
SolA S, Typhimuriume B AWE o] 4222 2
3 % F 129 Apojo] zof o]
S X of(Balaji 5, 2000; Tanaka 5,
2010; Tumer 5, 2002), ©] ¢]-TL9]— LAls A9E H
9th S Typhimurium 328 %E 3 3Y0o] vhe 2] e ut
AE FAg o] §-AHE=2 S, Typhimurium T 32
Fo OlRAENRT felHoR e Apers n
o], "hg|g] @37} S. Typhimurium 7+ A Wrg =
AE aAP)E ARE Boith
Salmonella<t-ol 2|t AAl= 4317]9] SFH
A3} & Qo] FAte} H=o0 7 0]3) 7R Mo =
| ¥elo|ti(Schwartz, 1999). Salmonellawt-2] *=
BEFO] A5 Aot dskEel wu) S8
Pn 5597 Ed mmadawde] o
Huto] Hu|E x}=L3It](Stephen 5 1985). o]
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of Al BAWE T 3N AT AL wol
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S Typhimuriumg W5 FAYEG o gAERT
& AAHSE B, ago] Foudel 58T}
Az ool Ba Qe Aow Az

z

o|de] oy G S Typhimuriume 2%
et FolH §mel 915 Sote] o]
t}al 3}ith(Barthel 5, 2003; Letellier 5, 2001;
Savidge &, 1991). S. TyphimuriumzZt-2 2244 A
o] 4 zxo] reAHE Woirl o Wuwel 4 4
v Rl oJF UL Hase) sl Setw
BE ol5a ul44 AAES0] 7R MU ZE
2 Wofuji= el A Soko) et SAlo] WA
(Johnsoni} Barthold, 1979). ©] oA S. Typhimu-
s FAAF OGN welel A
Foj3t o] A =S S TyphimuriumeS T F4HE
g olfAb=E T E#:—% V/C ratioE o, Fogt 4
o AP molth &% §u0) 95T Sofo] 24
o o] Was Gopro) Faoh RS BoEE
WM ofulieAl §H4 W STV E-aaGe) o)
BHES oA HFES BolmATHL F, 2001;
Pluske S, 1997; Wu 5, 2004). ©] AZJAE S. ty-
phimurium& 32723 o] SAEENA g1 9=
T 2o} FAY o w2 V/IC ratlo—J a7t R Qo
ul, olo] wah 4so] THashs
Gebru 5(2010)2 S. Typhlmurlum-o— FTAHET SA4
Zof| A uhg|g]|2mtX] 3.0x10° PFU/gS AR A 7142
Tolgto] 25 FoF R A3t sl foFoe
2 WAET Busigich o] AoAk= S
Typhimurium®] ZF¢fo] s Hhe g eax] & Foigt
0] §x=0] S Typhimuriume s 22 HESH o] &
AR Eo 711/\451h aNE Hrh
Salmonellad2 FAAZE3 & 4= HAE= 12~
24A17F Yol EHo =2 Salmonella:d':% "l Z3FcH(Delsol
=, 2004; Jacks =, 1988; Tanaka 5, 2010). ©] A9
A] S, Typhimuriume 3 ZHE3SH o] fFA=E2
HZE & 14¥EE S Typhimuriumo] #
slos], AaeEel AAAe] 7
T 3o wjETFo| H1AE EOﬂu} Tanaka 5(2010)
£ S Typhimurium ZZ8%E & 2.0 2 9] Salmonel-
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