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 Pacific oyster, Crassostrea gigas (Thunberg, 1793), marine bivalve

 Cultured all over the world including Korea

 Valuable seafood 

1) Fresh taste

2) Nutritionally perfect

3) Commercially-important
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• Curved rod shape
• Gram-negative
• Single flagellum

Infectious Agent

• Pandemic strains (O3:K6 
serotype)

• India, Russia, Southeast Asia, 
Japan, Korea, North America

Epidemiology

• Along coasts
• People who eat shellfish
• 4,500 cases in US/year

Risk Groups

• Water-borne
• Fecal-oral
• Food-borne in shellfish
• Wound infections after 

exposure to contaminated 
water

Transmission

• 24 hours incubation period
• Watery diarrhea, nausea, 

vomiting, abdominal cramps, 
fever

• Resolves in 72 hours

Symptoms

• Fluid and electrolyte 
replacement

• Antibiotics 
(immunocompromised
patients)

Treatment
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Study area Seafood sampling

Seafood samples
Black tiger shrimp (Penaeus monodon)
Corb shell (Cyclina sinensis)
Kuruma prawn (Marsupenaeus japonicas)
Razor clam (Solen strictus)
Short neck clam (Venerupis philippinarum)
Sea cucumber (Stichopus japonicas)
Sea mussel (Mytilus coruscus)
Pacific oyster (Crassostrea gigas)
Charm abalone (Haliotis discushannai)
White leg shrimp (Litopenaeus vannamei)

Environmental samples
Seafood-related Seawater and Water Sediment

Black tiger shrimp Corb shell Razor clam Short neck Sea mussel White leg shrimp
Charm

abalone

Jun et al., 2012. Foodborne Pathogens and Disease 5
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Fisheries wholesale market Seafood Samples

Stomacher homogenizer

TCBS agarCHROMagarTM VibrioPure cultures APW containing 3% NaCl

Isolation of strains

Jun et al., 2012. Foodborne Pathogens and Disease 6
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 Multiplex-PCR
Primer Target gene Expected product Reference

Vp. flaE flaE sequence of V. parahaemolyticus 897 bp Tarr et al., 2007. J. Clin. Microbiol.

tl thermolabile hemolysin 450 bp Bej et al., 1999. J. Microbiol. Methods

tdh thermostable direct hemolysin 269 bp Bej et al., 1999. J. Microbiol. Methods

trh thermostable direct hemolysin-related hemolysin 500 bp Bej et al., 1999. J. Microbiol. Methods

toxR V. parahaemolyticus toxR gene 368 bp Kim et al., 1999. J. Clin. Microbiol.

ORF8 open reading frame 8 of pandemic V. parahaemolyticus O3:K6 strain 369 bp Myers et al., 2003. Appl. Environ. Microbiol.

toxRS/old toxRS sequence of the O3:K6 clone isolated before 1995 651 bp Okura et al., 2003. J. Clin. Microbiol.

toxRS/new toxRS sequence of the O3:K6 clone isolated since 1996 651 bp Matsumoto et al., 2000. J. Clin. Microbiol.

 16S rRNA gene sequencing analysis

Molecular analysis
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 Antibiotic susceptibility test via the standard disk diffusion method using 22 antibio

tic disks

 Multiplex-PCR to detect antibiotic resistant genes

CLSI (Clinical and Laboratory Standards Institute), 2005

Primer Expected product Primer Expected product
SXT integrase 1035 bp sul2 625 bp

floR 526 bp dfr18 389 bp
TetA 950 bp strB 470 bp
dfrA1 372 bp

Antibiotic susceptibility test
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Strains (Number)
Positive sample of PCR

ORF8 toxRS/new
Reference strains

V. parahaemolyticus (3) - -
Seafood isolates

V. parahaemolyticus (19) - -
Environmental isolates

V. parahaemolyticus (3) - -
Clinical isolates

V. parahaemolyticus (2) 2/2 1/2
Positive sample/total 2/27 1/27

Isolation/ characterization of strains

O3:K6 serotype
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 The antibiotic resistance patterns of 22 commercial antibiotics

 All isolates evidenced multiple resistance (resistance to > 2 antibiotics) and were 

resistant to more than 4 antibiotics.

AMP, ampicillin; PRL, piperacillin; 

AMC, amoxicillin-clavulanic acid; 

SAM, ampicillin-sulbactam;        

TZP, piperacillin-tazobactam; KZ, cefazolin; 

FEP, cefepime; CTX, cefotaxime; 

FOX, cefoxitin; CAZ, ceftazidime; 

CXM, cefuroxime sodium; KF, cephalothin;

IPM, imipenem; MEM, meropenem; 

AK, amikacin; CN, gentamicin; 

TE, tetracycline; CIP, ciprofloxacin; 

LEV, levofloxacin; OFX, ofloxacin; 

C, chloramphenicol; 

SXT, trimethoprim-sulfa

Antibiotic susceptibility profile
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Vibrio phage pVp-1 Genome of pVp-1

 Siphovirus

 T5-like phage

 No pathogenic factor

Morphology

Genome

Kim & Jun, 2012. Journal of Virology 12



Part 1    1.3. Phage isolation & characterization Part 1

Kim & Jun, 2012. Journal of Virology 13

Publication



Part 1    1.4. Phage therapy for pandemic VibrioPart 1

1 h post treatment

Jun et al., 2014. Journal of Infectious Diseases 14
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3 h post treatment
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12 h post treatment

Part 1    1.4. Phage therapy for pandemic VibrioPart 1



Jun et al., 2014. Journal of Infectious Diseases 17

24 h post treatment
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Histopathology

Experiment

Control 

Treated

Part 1    1.4. Phage therapy for pandemic VibrioPart 1



Jun et al., 2014. Journal of Infectious Diseases 19

Publication

Part 1    1.4. Phage therapy for pandemic VibrioPart 1



Part 1    1.5. Phage prophylaxis for pandemic VibrioPart 1

Application to oyster processing

Jun et al., 2014. International Journal of Food Microbiology 20

Control 

No phage treated
Treatment

Phage treated

Treatment method: bath immersion (107PFU/ ml )
Infection method: bath immersion (106CFU/ ml )

40 oysters/ group

Temp.:  18 ± 0.3 ℃

Volume of water: 35 L (artificial seawater)



Part 1    1.5. Phage prophylaxis for pandemic VibrioPart 1

Jun et al., 2014. International Journal of Food Microbiology 21

Application to oyster processing
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Inoculation: bacteria spread on surface
(106CFU/ oyster )

Treatment: phage application on surface
(107PFU/ oyster )

Inoculation

Treatment

Application to oyster surface
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Application to oyster surface
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University of Helsinki
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• Rod shape
• Gram-negative
• Motile

Infectious Agent

• Important zoonotic 
pathogen in developed 
countries

• 3rd most common 
foodborne disease in EU

• 117,000 illnesses and 35 
deaths in US/yearly

Epidemiology

• Infants, young children
• Older children, young adults

Risk Groups

• Raw or undercooked 
contaminated pork

• Contaminated raw milk
• Untreated water
• Person-to-person

Transmission

• Fever, abdominal pain
• Diarrhea (often bloody)

Symptoms

• Fluid and electrolyte 
replacement

• Antibiotics

Treatment

Part 1    2.1. Yersinia enterocoliticaPart 2
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Summer in 2016
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Phage morphology

 Podoviridae : fHe-Yen3-01 (A)

 Myoviridae : fHe-Yen9-01 (B), fHe-Yen9-02 (C), fHe-Yen9-03 (D)



 Infectivity of the four Yersinia phages (fHe-Yen3-01, fHe-Yen9-01, fHe-Yen9-02, 

and fHe-Yen9-03)

 106 Yersinia strains, 10 Yersinia species

Y. enterocolitica (n = 81), Y. frederiksenii (n = 6), Y. kristensenii (n = 4), 

Y. pseudotuberculosis (n = 4), Y. bercovieri (n = 3), Y. aleksiciae (n = 2), 

Y. intermedia (n = 2), Y. mollaretii (n = 2), Y. nurmii (n = 1), and Y. pekkanenii (n = 

1)

Part 1    2.2. Yersinia phage characterization Part 2

Host range

Jun et al., 2018. International Journal of Food Microbiology 29
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Host range

 fHe-Yen9-01 had the broadest host range, infecting 61.3% (65/106 strains).

 fHe-Yen9-02 exhibited the second broadest host range, infecting 42.5% (45/106).

 Followed by fHe-Yen3-01 (29.2%, 31/106), and fHe-Yen9-03 (25.5%, 27/106)
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Bacteriolytic effect (in vitro) 

Jun et al., 2018. International Journal of Food Microbiology 31

fHe-Yen3-01 fHe-Yen9-01

fHe-Yen9-03fHe-Yen9-02
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Genomic map of fHe-Yen9-01

Jun et al., 2018. International Journal of Food Microbiology 32

Green gene: shared with vB_YenM_ϕR1-RT
Red gene: shared with vB_YenM_TG1
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Phylogeny of fHe-Yen9-01

Jun et al., 2018. International Journal of Food Microbiology 33

Genes related to lysogeny or virulence factors were not found in the genome.



4 ℃ 
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Raw minced pork

Ready-to-eat 
barbequed pork



Food samples
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Treated 

phage treated

RTE pork

Raw pork

Milk

Control 

No phage treated

RTE pork

Raw pork

Milk

Treatment:  phage application (108PFU/ g or ml )
Inoculation: Yersinia contamination (103CFU/ g or ml )

In duplicate. 72 h (raw pork and milk), 12 h (RTE pork)

Temp.:  26 ± 1 ℃ (RTE pork). 4 ℃ (raw pork and milk)

CFU count by selective (CIN) agar; PFU count by double-layer agar method

Inoculation

Treatment

15 min air-dry



Food samples

Part 1    2.3. Phage application to foodsPart 2

Jun et al., 2018. International Journal of Food Microbiology 36

0

2

4

6

8

0 1 3 6 12 24 48 72

raw pork

Lo
g 1

0P
FU

/g

Lo
g 1

0C
FU

/g

Time (hours) Time (hours)

7,4

7,9

8,4

0 1 3 6 12 24 48 72

raw pork

0

2

4

6

8

0 1 3 6 9 12

RTE pork

Lo
g 1

0C
FU

/g

Lo
g 1

0P
FU

/g
7,4

7,9

8,4

0 1 3 6 9 12

RTE pork

Lo
g 1

0C
FU

/m
l

Lo
g 1

0P
FU

/m
l

0

2

4

6

8

0 1 3 6 12 24 48 72

milk

7,4

7,9

8,4

0 1 3 6 12 24 48 72

milk

CFU, left; PFU, right
Control (non-treated) group: open circle
Phage-treated group: filled circle

Bacterial counts decreased by 1-3 logs from the original levels.
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Artificial hands 
(surgical gloves)

Cutting board (plastic)

Cutting board (wood)

Knife
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4F 

Laboratory

Dry

Humid

Dry vs. humid

Humid condition: biosafety level-2 laminar flow hood 

(relative humidity, 81 ± 3 %)

Dry condition: biosafety level-2 laminar flow hood

Part 1    2.4. Phage application to kitchen utensilsPart 2



Kitchen utensils
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Treatment:  phage application (108PFU/ cm2 or ml )
Inoculation: Yersinia contamination (103CFU/ cm2 or ml )

Treated 

phage treated

Control 

No phage treated

Wooden cutting 
board

Plastic cutting 
board

knives

Artificial hands

Wooden cutting 
board

Plastic cutting 
board

knives

Artificial hands

Dry condition

Treated 

phage treated

Control 

No phage treated

Wooden cutting 
board

Plastic cutting 
board

knives

Artificial hands

Wooden cutting 
board

Plastic cutting 
board

knives

Artificial hands

Humid condition

Inoculation

Treatment

15 min air-dry

For up to 2 h
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Bacterial counts decreased by 1-2 logs from the original levels.



Phage safety assessment in mice
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 Six-week-old SPF BALB/c mice

 Five groups of six mice

 Crude phage lysate, 1010PFU/ ml; highly purified preparation, 1012PFU/ ml

 Intragastrically administration

 The health of the mice was monitored for 28 days.

 Ethics statement, SNU-170417-7

Both phage preparations did not affect the physical condition or survival of the mice 

over the 28 days of observation.
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 Keeping kitchen utensils under humid conditions were not recommended. 

 It would be desirable to dry kitchen utensils as soon as possible.

This is hard to achieve in the kitchen environment.

The presence of food residues may increase the risk of Yersinia spreading.

 Certain foods pose a yersiniosis risk.

Mett is a preparation of minced raw pork 

that is popular in Germany.



Thank you for your attention.
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