FURERBEELEEE (2010) 45504 #5358
Korean J Vet Res(2010) 50(3) : 213~220

<% x>

Bacteriophage®| Salmonella enterica serovar Enteritidisol] th3$k
in vitro 2 in vivo 85 %7}
<41 - Nabin Rayamaihi' - o191 - 014!+ =fwl' - A - 42
Qbegel? - SA2 - g

Mgk oA g, BK21 ol HERIE I A, &
28}k o L2 E R&D Center
AAE: 20103 62 29¢)

i)
r o
-
B

Evaluation of in vitro and in vivo bacteriophage efficacy against
Salmonella enterica serovar Enteritidis infection

Seung-Bin Cha!, Nabin Rayamajhi!, Won-Jung Lee', Min-Kyoung Shin', Yu-Mi Roh’,
Myung-Hwan Jung!, Kil-Sun Myoung?, Young-Tae Ahn?, Chul-Sung Huh?, Han Sang Yoo'**

College of Veterinary Medicine, BK 21 for Veterinary Science and KRF Zoonotic Priority Research Institute,
Seoul National University, Seoul 151-742, Korea
’R&D center, Korea Yakult, Yongin 449-901, Korea
(Accepted: June 29, 2010)

Abstract : Salmonella (S.) Enterica infection ranks among the most common food borne bacterial infections
worldwide. Although there are six subspecies of S. Enterica, the vast majority of human and animal infections
are caused by strains belonging to subspecies 1 serovar Typhimurium and Enteritidis. Recent reports on
antibiotic resistance of Salmonella spp. are rising steadily. The increasing problem of antibiotic resistance
has rekindled interest in bacteriophage to therapy. Therefore, we investigated the efficacy of bacteriophage
in S. enterica serovar Enteritidis infected mice and pigs by measuring of body condition, body weight,
bacterial colonization and weight of organs based on the in vitro analysis. In vitro experiment, phage cultured
with S. Enteritidis showed clear lysis pattern, the plaque forming unit (PFU) of our phage culture was 1.5 x
10" PFU/mL, and phage showed its maximum activity at 4 h post inoculation. In mouse experiment, there
was no significant difference among experimental groups in the general body conditions and body weight
of mice. However, there was difference in weight of liver and spleen depending on the experimental group
(p <0.05). The weight of liver and spleen were reduced by the phage treatment. Also bacterial colonization
in spleen and liver were significantly reduced by the phage treatment. In pig experiment, the general body
conditions and body temperature exhibited not much difference among the pigs except few pigs in group
3 which showed poor body conditions. From the feces in each group, we could isolate the S. Enteritidis
only from group 3. Bacterial enrichment culture was necessary for isolating the bacteria from 5 dpi and
10 dpi, however direct isolation was possible from 15 dpi feces. In phage treated group, postmortem lesion
was better than non-phage treated group. Recently, antibiotic resistance concerns on the food-borne bacterial
pathogens have been increasing because of the wide spread of the antibiotics resistance genes. This concern
is widely transmitted to the human related public health. As one of the alternative treatments on the bacterial
pathogens, attempt using phages have been made to control the bacterial diseases. The positive possibility
of the trail using phage was observed to control the S. enterica serovar Enteritidis in this study even though
the further analysis has been remained.
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Table 1. Experimental groups for in vivo efficacy of
bacteriophage in mice

Groups No. of CFU ?f MOI
heads bacteria (PFU/CFU)
1 5 10° 1
2 5 10° 10
3 5 10° -
4 5 10" 1
5 5 - -
6 3 10" 0.01
7 3 10" -

MOI: multiplicity of infection.

Table 2. Experimental groups for in vivo efficacy of
bacteriophage in pigs

Groups Inoculum
1 PBS (5 mL)
2 Phage” (5 mL) + Salmonella (5 mL)
3 PBS (5 mL) + Salmonella (5 mL)

*Phage: 1.5 x 10" PFU/mL, Salmonella: 1.5 x 10 CFU/mL.
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Fig. 1. Growth curve (upper pannel) and the colony
number of live bacteria (lower pannel) cultured with
different concentration of phage.
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Fig. 2. Average body score of mice administrated with
Salmonella Enteritidis and/or bacteriophage (HY9001BP)
based on the general body condition and clinical signs.

Table 3. Number of Salmonella colonies isolated from feces of mice. No Salmonella was detected in other groups

Mean CFU (x 10%) + SD

Group
Day 0 Day 1 Day 2 Day 3 Day 4
6 0 7.493 £1.524 0.006 +0.011 0.003 £ 0.005 3.233 £3.814
7 0 5.363 £0.706 3.753 £0.648 1.193 £0.915 3.940 £0.569
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Table 4. Comparison of body, liver and spleen weight

Mean weight (g) £ SD

Group Body

Liver Spleen

18.634 £0.651
20.602 +1.283
20.834 +0.844
19.286 £2.974
19.822 £1.205
16.467 £ 0.686
14.417 £1.926

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Group 7

1.212+0.193 0.134 £0.051
1.180 £0.075 0.108 £0.013
1.156 £0.056 0.112+0.019
1.286 £0.103 0.150 £0.038
1.150 £0.016 0.110£0.010
1.363 £0.278 0.190 £0.010
1.183 £0.365 0.170 £ 0.044

Ao}, 1x 10" CFU2] w#9HS F48t (Group 7)°ll
e SUNEE(Group 5)°0 Bl AFHLE BAL
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Folg 2goA] A2ge] o] HEEUTHp <0.05). &
FMe 22 Fro] #& FAS 15T +& A
% F A%k
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I R7F T AR e A R 5 AATE A7)
7FERE PBS WHE Fogk AAFoM e ojwg SH=
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Fig. 3. Number of Salmonella isolated from liver, spleen
and intestine.
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Fig. 4. Average scores of the general body condition and
body temperature of infected pigs.
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Fig. 5. Average scores of postmortem lesions (Score 1 to
5 indicates normal to severe).
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Fig. 6. Severe hydropericarditis (left) and pneumoniae (right) from pigs in group 3.
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AF7F B3k [1, 26], Salmonella®l 213 1|87} 7}
A B E b 2 GAIAS iAo 2 S8)E phage
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7} host Woll F2]o] o] Fo]=]7] el host7} lysis =]
= A7 437t BaE A QY [25]. XA Salmonella
9} phageEs lErOE] gt Ao\ M= phages TS oA
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