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A Distributional Analysis of Vibrio spp.

in the Southem Coast of Korea

Kyung-Han Choi

Department of Industrial Microbiology
Graduate School of Industry

Pukyong National University

Abstract

As a pathogenic bacterium that inhabits seawatefresh water, 40 strains of
Vibrio spp. is so far isolated and reported. In the A4faird, 12 strains are

pathogen to human and cause the severe diarrheshséi and food intoxication.

In this thesis, | focused on 4 strains of sdawanhabitedVibrio spp. named
V. cholerae, V. cholerae non-O1, V. wulinificus and V. parahaemolyticus and

investigated their distribution based on the lawatiand month. Samples are

Vi



collected from five, eight and three stations inreth different regions, Busan,
Masan and Tongyoung respectively. Results of thisdys provide further insight
into the national protection system againgbrio spp. and help the establishment

of public health priorities that might lead to imped regulations and prevention

measures at the local and national levels.

The total number of seawater samples are 8xihgll® months from March to
November, 2006. The sample was analyzed followed ty guideline of water
qualification on the items of salinity, temperatuteirbidity and pH. Isolation and
identification of Vibrio sp. in the seawater samples are performed acgpriinthe

guideline toVibrio sp. issued in KCDC.

The analysis of water qualification revealsttiizere are no difference between
each regions with the average temperature (@84 C), salinity (18.3-37.0 %)
and pH (7.3-8.1). The salinity of each region is 14.@7.5 %,, 10.0~37.5 %, and
27.0~35.0 %y, pH is 7.2-8.2, 7.0~8.4 and 7.4-8.2, temperature is 12:427.1 C,

9.0~29.8 C and 11.728.5 C at Busan, Masan, Tongyoung respectively.

Among 810 seawater samplédprio spp. are detected in total 323 samples in
the case of 31 (3.8 %), 6 (0.74 %) and 286 (35.3aydinstV. cholerae non-O1,
V. wulinificus and V. parahaemolyticus respectively. However\. cholerae is not

detected in 810 seawater samples.

Regional distribution ofVibrio spp. presented that only. parahaemolyticus is
detected in 168 stations of 360 stations in BudanMasan, 30 (10.4 %), 4 (1.39

%) and 71 (24.7 %) case are detected agahstholerae non-O1, V. wulinificus

vii



and V. parahaemolyticus from total 288 stations respectively. Similar dimition of
Vibrio spp. noticed in Tongyoung with relatively low rangagainstV. cholerae
non-O1 (1 staion, 0.61 %) anW¥. wulinificus (2 stations, 1.2 %) compare to the

case in Masan. In Tongyouny,. parahaemolyticus is detected at 47 stations (29.0

%).

The study of seasonal distribution dibrio spp. informed that detection rate of
Vibrio spp. are higher from June to November. Therefoli@ing the timeVibrio
spp. are highly detected, public health departmdrege collaboratively maintained
Vibrio mediated disease and outbreak surveillance  system collecting and

reporting waterborne disease awtbrio-related data.
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Table 1. The number of patients causedMVilyrio spp. (200%-2005)

(Unit: Persons)

. Year o001 2002 2003 2004 2005 Total
Vibrio spp
V. cholerae 162 4 1 10 16 193
V. wulinificus 41 60 80 57 57 295
V. parahaemolyticus 254 188 732 300 663 2,137

¥ Adopted from KCDC & KFDA
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(C) Three sampling stations in Tongyoung area.

Figure 1. Location of sampling stations in southeoast of Korea.



Table 2. Target area and their sampling stationstefsting materials

Area Sampling station Remarks
Pier 1 Bl
Pier 3 B2
Busan Pier 6 B3
Pier Gamman B4
Pier Sinsundae B5
Daguri M1
Naepori M2
Gubokri M3
Masan Yeonyuk Bridge M4
Simri M5
Nanpori M6
Okkyeri M7
Sujeongri M8
Haeyangdae T1
Tongyoung Bongpyeongdong T2
Donghodong T3
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Table 3. The number of test materials sampled fseswater

Month(s)
_ Mar Apr May Jun Jul Aug Sep Oct Nov Total
Station
Busan 40 40 40 40 40 40 40 40 40 360
Masan 32 32 32 32 32 32 32 32 32 288
Tongyoung 18 18 18 18 18 18 18 18 18 162

Total 90 90 90 90 90 90 90 90 90 810
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Figure 2. Flow chart of the isolation and idenéifion method of thé/ibrio spp.
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Table 4. Determination of biochemical test for itentification of Vibrio spp.

Vibrio spp. A _

Media V. cholerae V. wulinificus V. parahaemolyticus
NaCl APW(0%) +

NaCl APW(8%) - - +

Citrate + + -
Arabinose + - +
Cellobiose + -

Lactose + -

Salicin + -

¥ Note that symbols ™+' and ™" denote positive and regative reaction, respectively.
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Table 5. Determination of serum test for the idiaiion of vibriocholerae

0139

Ogawa Inaba

Poly

Types of V. cholerae

+

V. cholerae O1 Ogawa type

V. cholerae O1 Inaba type

V. cholerae 0139 type

V. cholerae non-O1 (NAG)

V. cholerae Hikojima type

¥ Note that the symbol "™+" represents agglutination, but " does not.
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Table 6. Results of water quality analysis by momhBusan area

Month Temperature C) Salinity (%) pH Turbidity (FTU)
Mar 124 ~ 13.8 36.0 ~ 375 77~ 179 18 ~ 81
(13.0 + 0.4) (37.0 = 0.7) (7.8 = 0.1) (4.2 + 2.1)
Aor 13.4 ~ 16.3 36.0 ~ 37.0 76 ~ 7.8 19~ 78
P (145 £ 0.9) (36.6 + 0.5) (7.7 £ 0.1) (3.9 £ 21)
Ma: 153 ~ 174 14.0 ~ 36.0 74 ~ 7.4 10 ~ 9.8
y (16.7 £ 0.8) (32.3 £ 6.2) (7.4 £ 0.0) (2.9 £ 2.5)
Jun 17.6 ~ 19.7 29.0 ~ 34.0 74 ~ 74 0.7 ~ 109
(18.7 + 0.6) (33.1 £ 1.5) (7.4 £ 0.0) (2.7 £ 2.9)
Jul 18.1 ~ 18.7 26.0 ~ 29.0 72~ 76 0.8 ~ 6.2
(18.3 £ 0.2) (275 + 1.4) (74 £ 0.1) (3.7 £ 2.2)
AU 26.1 ~ 26.7 28.0 ~ 31.0 72~ 175 09 ~ 117
9 (26.4 £ 0.2 (29.6 + 0.9) (7.3 £ 0.1) (4.8 £ 3.9)
Se 22.0 ~27.1 24.0 ~ 31.0 7.7 ~ 80 04 ~ 6.2
P (245 £ 2.5) (26.7 £ 2.3) (7.8 £ 0.1) (29 £ 1.9
Oct 215 ~225 32.0 ~ 33.0 8.0 ~ 8.2 1.0 ~ 13.2
(21.7 £ 0.2) (329 £ 0.3) (8.1 + 01) (5.7 + 3.9)
Nov 16.8 ~ 17.6 33.0 ~ 35.0 8.1~ 82 0.6 ~ 6.3
(17.2 + 0.4) (33.8 £ 0.6) (8.1 + 0.0) (2.1 + 1.6)

* Note that the values in parentheses denote (agge + deviation).

Table 7. Results of water quality analysis by sangplstations in Busan area

Sampling

station Temperature C) Salinity (%) pH Turbidity (FTU)
B1 12.7 ~ 26.7 25.0 ~ 37.0 72 ~ 8.1 1.8 ~ 109
(19.2 + 4.5) (31.8 = 4.2) (76 £ 0.2) (3.8 £ 2.2
B2 12.4 ~ 27.0 14.0 ~ 38.0 73~ 81 10 ~ 9.8
(19.3 + 4.4) (30.5 + 5.7) (7.6 £ 0.2) 4.4 £ 27)
B3 13.0 ~ 27.1 26.0 ~ 37.0 72 ~ 82 0.4 ~ 105
(19.3 + 4.5) (32.4 + 3.5) (7.6 £ 0.3) (3.6 £ 2.8)
B4 125 ~ 27.0 26.0 ~ 375 72 ~ 82 0.7 ~ 13.2
(19.1 + 4.4) (32.9 = 3.3) (7.6 £ 0.3) 4.3 + 4.2
B5 125 ~ 27.1 24.0 ~ 38.0 72 ~ 8.1 0.8 ~ 14.3
(19.1 = 4.5) (32.2 = 4.0) (7.7 £ 0.3) (3.6 £ 3.3)

* Note that the values in parentheses denote (aege
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3.1.2 m2kx o

opabRl dof] et A FA ALY Aye 22 9.0~-298 C HYAHGL
M 39 HF 109 C= 71 dgon 88dE 285C=2 713 =4 e
o. 9=+ 10.0~-375 %EX ¥ 718.4~358 %= uUEgon 799 A
18.4 %= 7% A JElwth. 2183 pH 7.4~849 EIXE HYgoH gx
o] W= 0.2~84.0 FTW| ®H=Z vewer H 0.2~10.2 FTUEZ e
%t} (Table 8).

o

dHE F2zAE2%E Table @ HEld Aoz F£22 9.0-298 C
r

T ¥ 28.6-303 %= YENon, M2FHNAM H 286 %=
A 7 wEkan, MsE A e 303 hEA VHE =A UERAY AHE

ole YEU A &gty 283 pH 7.7-7.89 MY S YeEUHIL HE

W2 Yelgon HF FLL& 208-213 T2 A¥YE Hole gy, 1
g1 d=

rlu

2.1~6.6 FTUZ Y E}y}Th.

rr
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Table 8. Results of water quality analysis by monthMasan area

Month Temperature C) Salinity (%) pH Turbidity (FTU)
Mar 9.0 ~ 13.1 33.0 ~ 35.0 74~ 17 02 ~ 5.4
(10.7 + 1.6) (34.3 = 0.9) (7.5 + 0.1) (1.5 + 1.3)
ADr 13.0 ~ 14.9 34.0 ~ 35.0 74 ~ 76 0.8 ~ 32.0
P (14.1 + 0.6) (34.6 + 0.5) (7.5 + 0.1) 4.1 + 7.49)
Ma 18.5 ~ 20.8 27.0 ~ 33.0 7.8 ~ 8.2 1.5 ~ 84.0
y (19.9 + 0.7) (30.9 + 1.8) (8.0 = 0.1) (10.2 + 19.6)
Jun 22.4 ~ 239 26.0 ~ 35.0 75 ~ 8.0 09 ~ 55
(23.2 + 0.4) (34.0 + 2.4) (7.7 £ 0.3) (2.5 + 1.2)
ul 22.8 ~ 24.8 10.0 ~ 25.0 7.0 ~ 8.0 1.0 ~ 30.0
(23.9 + 0.6) (18.4 + 4.6) (7.5 + 0.5) (8.0 = 7.9)
AL 26.8 ~ 29.8 19.0 ~ 30.0 75 ~ 84 09 ~ 19.3
9 (285 + 1.1) (24.6 + 5.2) (8.0 £ 0.2) (3.8 = 4.7)
Se 22.0 ~ 28.2 28.0 ~ 31.0 75 ~ 84 05 ~ 3.7
P (25.0 + 2.4) (29.6 + 0.7) (7.9 + 0.3) (1.6 + 0.9)
oct 22.0 ~ 247 30.0 ~ 33.0 74 ~ 1.8 0.7 ~ 48
(23.2 + 1.0) (31.4 £ 1.2) (7.5 + 0.1) (1.8 + 1.0)
Nov 10.5 ~ 20.5 34.0 ~ 375 72~ 179 09 ~ 6.4
(16.3 + 4.2) (35.8 + 1.3) (7.8 + 0.2) (2.6 + 1.6)

* Note that the values in parentheses denote (a@ge + deviation).

Table 9. Results of water quality analysis by sangplstations in Masan area

S;r;‘tﬁ’(')'rr]‘g Temperature () Salinity (%) pH Turbidity (FTU)
M1 9.1 ~ 298 10.0 ~ 35.0 70 ~ 8.0 0.2 ~ 175
(21.2 + 5.6) (28.6  7.2) (7.7 £.0.3) (3.9 + 4.8)
M2 9.7 ~ 29.2 10.0 ~ 35.0 7.5 ~ 8.1 0.3 ~ 20.2
(21.2 + 5.5) (286 * 7.1) (7.7 + 0.3) (3.9 + 4.8)
M3 9.2 ~ 29.8 19.0 ~ 35.0 74 ~ 8.2 0.8 ~ 105
(21.1 + 5.8) (30.1  5.4) (7.8 + 0.3) (2.5 + 2.3)
M4 9.3 ~ 295 18.0 ~ 35.0 74 ~ 8.2 08 ~ 114
(20.9 + 5.7) (30.1 + 5.3) (7.8 £ 0.3) (3.6 £ 3.3)
M5 9.0 ~ 295 18.0 ~ 35.0 74 ~ 84 0.6 ~ 3.6
(20.8 + 5.7) (30.3 % 5.1) (7.7 = 0.4) (1.9 + 1.1)
M6 9.8 ~ 294 18.0 ~ 35.0 7.0 ~ 8.2 1.0 ~ 57
(21.3 + 5.6) (30.1 + 5.2) (7.7 £ 0.3) (2.5 + 1.6)
M7 9.7 ~ 29.0 15.0 ~ 35.0 7.0 ~ 8.2 08 ~ 7.3
(21.1 + 5.5) (29.9 + 5.6) (7.7 £ 0.3) (6.6 + 8.6)
M8 9.1 ~ 295 15.0 ~ 35.0 7.0 ~ 8.2 05~ 64
(21.1 + 5.5) (29.4 + 5.8) (7.7 £ 0.3) (2.1 + 1.5)
* Note that the values in parentheses denote (aege =+ deviation).
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TAAG 98 FHEXA A%/ E Table 101 UYWA=, 22 117

~285 CE Yelygor HF5F22 126~-275 CEA 399 HF FL£0
126 CTE 718 g1 89S 275 CEA 714 =4 Ugyt. 459 ¥Ye

27.0~34.0 %2 A Wi 28.3~34.8 %= A LW HolE gldo 799 AL
B 283 %= 7HE SHA dEwd. 223 pH 7.4-8.29 ®RHE ZAHI
on Bxo WYE 2.0~358 FTUZ ZAIFQon B 52~13.8 FTUR A
8 ZolE VYA k).

e

EGAGY AHY FRFA F&L& 11.7-285 €9 ¥Y9=E HA 11.7~
285 CTZ Uetwor A&+ 27~35 %9 HAZ HFAE+ 32.1~32.7 %
2 vewt. 22 pHe ®ele 7
14.4 FTUZ ZALESich(Table 11).
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Table 10. Results of water quality analysis by imant Tongyoung area

Month Temperature () Salinity (%) pH Turbidity (FTU)
Mar 11.7 ~ 135 34.0 ~ 35.0 ~ 82 6.4 ~ 21.8
(12.6 + 0.8) (34.8 + 0.4) (11.0 + 5.2)
Aor 135 ~ 15.3 34.0 ~ 35.0 43 ~ 184
P (14.6 + 0.6) (34.8 + 0.4) (8.6 * 5.4)
Ma 17.6 ~ 19.4 33.0 ~ 35.0 2.0 ~ 358
y (18.4 + 0.5) (34.0 + 0.8) (13.8 + 13.0)
Jun 20.7 ~ 22.1 33.0 ~ 34.0 48 ~ 7.3
(21.2 + 0.5) (33.7 + 0.5) (6.6 + 1.1)
ul 21.8 ~ 24.0 27.0 ~ 30.0 2.0 ~ 17.0
(23.0 + 0.9) (28.3 + 1.1) (9.0 + 5.5)
AU 26.3 ~ 285 30.0 ~ 30.0 2.6 ~ 23.6
9 (27.5 # 0.8) (30.0 + 0.0) (7.5 + 7.3)
Se 240 ~ 26.5 30.0 ~ 32.0 34 ~ 6.6
P (25.3 + 1.0) (31.0 + 0.8) (5.2 + 1.0)
ot 227 ~ 24.6 31.0 ~ 33.0 7.7 ~ 79 40 ~ 86
(23.7 + 0.8) (32.0 + 0.6) (7.8 + 0.1) (6.1 + 1.4)
Nov 165 ~ 21.3 32.0 ~ 34.0 7.8 ~ 80 53 ~ 9.4
(19.0 + 2.0) (33.2 + 0.7) (7.9+ 0.1) (6.6 + 1.4)

* Note that the values in parentheses denotes (mge + deviation)

Table 11. Results of water quality analysis by skmgp stations in Tongyoung area

Sampling . . -
station Temperature ) Salinity (%) pH Turbidity (FTU)
T 11.8 ~ 28.1 28.0 ~ 35.0 74 ~ 8.2 26 ~ 9.1
(20.7 + 4.8) (324 £ 2.3) (79 £ 0.2) (5718
T 11.7 ~ 28.3 29.0 ~ 35.0 75 ~ 82 34 ~ 358
(20.7 £ 4.9) (32.8 £ 2.0 (7.9 £ 0.2)) (14.4 £ 8.8)
T3 11.9 ~ 285 27.0 ~ 35.0 7.7 ~ 82 2.0 ~ 10.0
(20.7 £ 4.8) (32.2 £ 2.5) (79 £ 0.1) (5.6 £ 2.1)

* Note that the values in parentheses denote in Mgyoung eara (average + deviation).
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3.2 Vibrio spp. & & 2 3}

321 F A9

B9 e] 749 Bl, B2, B3, B4, B 5% Heol| dlste] 20064 3€HEH 11

d7bx] wid 239 2AH AHT H] ANRE AFs F 36049 AERE

4 Vibrio sppe] HElAFE £ 36079 A2 ZoA 1687 (46.7%))
Bal5 i th(Table 12). W] V. cholerag, V. cholera non-O1 V. wlinificuse= 2 ] = A
gokon Eg® & EF V. parahaemolyticuso] QL th. FAkx] o] A A

-

=]
]
725EH 119714 L A=8S ey 53] 119

[EEN
(o))
(o0}
a
ofy

o A5 975 %o &S HEU UG,

FAPA G o) A5l 585 E EZAHE Table 13 vetdo. €43
NEAFH AFe 40002 AFHEE = 7289 Al5d s #A=3 A=
el Aelw AFHAH F B5lA 3971(54.2%), B3 A 36%1(50.0%), B4
A 3371(45.8%), B} B2d| A Z+z+ 3071 (41.7%)] V. parahaemolytius”} + 2]
o] AHE Aole ZA JYEeElYA et
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Table 12. Distributional analysis dfibrio spp. by month in Busan area

Month(s)
Vibrio spp. Mar Apr May Jun Jul Aug Sep Oct Nov Total
Number of sampl 40 40 40 40 40 40 40 40 40 360
V. cholerae - - - - - - - - -

V. cholerae non-O1 - - - - - - - - -

V. wlinificus - - - - - - - - - -

V. parahaemolyticus 4 10 2 4 2030 29 30 39 168
Total a4 7”" wAP» 4 20 30 29 30 39 168
% (10.0) (25.0) (5.0) (10.0) (50.0) (75.0) (72.5) (75.0) (97.5) (46.7)

Table 13. Distributional analysis &fibrio spp. by sampling stations in Busan area

Station Month(s) Nir;]rz‘:)rls()f V. cholerae V.n(;:c-)gae V. wlinificus Vmp?;t?:f Total
B1 72 - ; - 30 30 (41.7)
B2 72 - - - 30 30 (41.7)
B3 72 - - - 36 36 (50.0)
B4 72 - - - 33 33 (45.8)
B5 72 - - - 39 39 (54.2)
Total 360 - - - 168 168 (46.7)
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3.2.2 v}k A4

plakR] ol A= M1, M2, M3, M4, M5, M6, M7, M& 847l tiste] 2006.3-
1A BT 2709 A 8E 4 28] AF st T 28805 Aol A8tk

vhikA] o] A Vibrio sppd] 2 Z#E Table 141 Yed=d A
A 2881 Als F V. choleraexs %A &% V. cholerae non-Ol°] 30
71(10.4%), V. wulinificus7} 471(1.4%), V. parahaemolyticus 7171 (24.7%)°. & =
T 10571 (36.5%)r] EdHAJ. o] = V. cholerae non-01> 8¢¥ 3 9¥d 7}
11743 871 EF = A 801 T 199 S A A3t =2 HEE&E YE

At

2) A Ee4da

npAkz] S o] A P HE Vibrio sppe] &322, V. parahaemolyticuse} V.
cholerae non-01> E & A A T EHAoH V. wlinificuse= A oA A vt
EYH Y. 283 V. parahaemolyticus= A A 7119 EHHdF T ML, M2,
M3, M4, M6 A oA 537(74.6%)° = YE%o™ V. cholerae non-O1>
AA Eel@FF 304 FoA M5, M6, M7, M8 FH oA 237A(76.7%)C. = 1}
Bty A" V. parahaemolyticus2+ V. cholerae non-0O1%] 583k Zlo] & E

- (Table 15).
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Table 14. Distributional analysis d&fibrio spp. by month in Masan area

Vibrio Spp.Month(s) Mar Apr May Jun Jul Aug Sep Oct Nov Total

Number of samples 32 32 32 32 32 32 32 32 32 288

V. cholerae - - - - - - - - - -

V. cholerae non-O1 - 1 1 3 3 11 8 3 - 30

V. wulinificus - - 2 - 2 - - - - 4

V. parahaemolyticus - 1 4 9 14 9 8 12 15 71
Total - 1 7 12 19 20 16 15 15 105
(X9 (0.00 (31) (21.9) (37.5) (59.4) (62.5) (62.5) (§O.(46.9) (36.5)

Table 15. Distributional analysis dfibrio spp. by sampling stations in Masan area

StationMomh(S: N:;nn:)slresf V. cholerae v (c):c-)lciae V. wulinificus V'mssrt?:uase Total
M1 36 - 2 1 11 14 (38.9)
M2 36 - 2 2 10 14 (38.9)
M3 36 ~ 2 . 11 13 (36.1)
M4 36 - 1 - 11 12 (33.3)
M5 36 - 6 - 6 12 (33.3)
M6 36 - 4 - 10 14 (38.9)
M7 36 - 7 1 7 15 (41.7)
M8 36 - 6 - 5 11 (30.6)
Total 288 - 30 4 71 105 (36.5)
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3235949

FAAGAAME T1, T2, T35 3P Al thstd 20064 3¥€ ~11€71A] HAHSE 3

t

Mo AlgE e 23] AF st F 1625 AFl A

T3AYG Vibrio sppel € FEgAF#= HA AE 1620 F 501
(30.9%p] HZ = Ja, V. cholerae= +2 H A 23S, V. cholerae non-O1
o] 17(0.62%), V. vulinificus 271 (1.2%), V. parahaemolyticus 4771(29.0%)°. &
ettt dA £2ddF e 50002 o] T 8¥ ¥ 99 2970 F&H

58.09%2] &S e th(Table 16).

TdAAde ANEAH G4 E Vibrio sppl 22 E Table 121 YEHY
Rqom AA 162749 A8 F T1 BHNA 207(37.3%), T2 H - A 147
(25.9%), T3 A AA 167(29.6%). = T1 oA 204 (37.3%). = ¥ &9l
71 Egrow T2 AN 147(25.9%)0 24 714 2 A UE o).
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Table 16. Distributional analysis ofibrio spp. by month in Tongyoung area

Vibrio spp. Month(s) Mar Apr May Jun Jul Aug Sep Oct Nov Total
Number of sampls 18 18 18 18 18 18 18 18 18 162
V. cholerae - - - - - - - - - -
V. cholerae non-O1 - - - - - 1 - - - 1
V. wlinificus - - - - - - 2 - - 2
V. parahaemolyticus - - 2 4 5 12 14 6 4 47
Total 7 3 2 4 5 13 16 6 4 50
9 (0.0) (0.0) (111) (22.2) (27.8) (72.2) (83.9) @{3.(22.2) (30.9

Table 17. Distributional analysis dfibrio spp. by sampling stations in Tongyoung area

Month(s) Number of V. cholerae V. parahae-

Station sarips V. cholerae non-OL V. wulinificus oliyticus Total
T1 54 - z 1 19 20 (37.3)
T2 54 - 1 - 13 14 (25.9)
T3 54 - - 1 15 16 (29.6)
Total 162 - 1 2 47 50 (30.9)
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3.3 A9 ¥ Vibrio spp. £a 23 ¥

Ak vk 2 FFA e EYAAE Tt Table 184 Fig. 301
Byt AAAE 8104 F 32371(39.9%)] Vibrio spp7t &g HUx 323
7 9] Vibrio spp. 259l A V. cholerae= Al A9 % B F A &oko
cholerae non-OX= 3171(10.0%), V. wulinificus= 671(1.9%)] 2] % )
parahaemolyticus= 286(35.3% o2 X2k, wlil, 59 AR F TFo A

V. parahaemolyticus®] H=+&°] 7HE =4 UEHSS & F AAH.

3.3.1 V. cholerae non-012] % 7 A 3}

A8z A9 V. cholerae non-012] &2 23 = Table 1%} Fig. 49
ety loemn AAA R 8104 F V. cholerae non-012 317 (3.8%)] &3
A=, FAA AN EEHA &
AN 17(0.1%)p] E AL 48 &

1271(13.3%) 9ol 871(8.9%yt E =l o= F245H 7HF 23 &7

o okl mhakA] o A 3071(3.7%), T F A S

=S v By AA 314 = 8¢

7} 9= Ao 7 Alw P},
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Table 18. Distributional analysis dfibrio spp in the southern coast of Korea

Vibrio spp. Number of V. cholerae V. cholerae V. wulinificus V. parc_ahae Total
Area samples non-O1 molyticus
Busan 360 - - - 168 168
Masan 288 - 30 4 71 105
Tongyoung 162 - 1 2 47 50
Total 810 - 31 6 286 323
50
40
s
o
® 30 OV. cholerae non-O1
s m V.vulnificus
g 20 Bl V.parahaemolyticus
% ESum
2
10
0

Busan Masan Tongyoung

Figure 3. Comparison of distribution ratio ®dfbrio spp. in the southern coast of Korea.
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Table 19. Distributional anaylsis &f. cholerae non-O1 in the southern coast of Korea

Month

A Nlér;]rl%%rlé)f Mar Apr May Jun Jul Aug Sep Oct Nov Total
rea
Busan 40 - - - - - - - - - -
Masan 32 - 1 1 3 3 11 8 3 - 30
Tongyoung 18 - - - - - 1 - - - 1
Total 90 - 1 1 3 3 12 8 3 - 31
1007
90
801
R 70
o
e 60
s 501
2 40
2 301
20 13.3 8.9
101 a !i !]3.3 3.3 IDB.S 0
o_

3 4 5 6 7 8 9 10 11
Month

Figure 4. Comparison of distribution ratio & cholerae non-O1 in the southern coast of
Korea.
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3.3.2 V. wlinificus 2] 4 3}

2 V. wlinificuse] ®2] 23S Table 204 Fig. 5 o] Ygyigled £ 8104
o] AR F 67(1.9%)p] ¥ a1, o]F vtz 474(0.5%)p] F9A19 271(0.2%)y]
EEAth. g¥Ee Ay 59 24, 7€ 24, 8% 2o g FeHUE ASadd 9

3 A&=7F wobxl A7l B EHAY Aoz yElst=t(FxTable 8, 10)°l= H=

i

.

7b 7~25% A 9HstA Bl ohe(17) V. wlinificuse] AE] & B4 dx|8te
Aoz Yelt

3.3.3 V. parahaemolyticus % 2 4 3}

A9 V. parahaemolyticuse] .t] 3+ 2] 235 Table 21 Fig. 69 U E
Welth. & 81009 AR & 286%1(35.3%p] E£HAN=H AdEz= F4t
A o A 16871 (46.7%), "X & 7170 (24.7%), 5G4 A o 4771(29.0%)p]
HAgh € EgAddE HE 39 41(4.4%), 42 104 (11.1%) t} 10¥ 48
7A(53.3%), 118 5871(64.4%)° 2 109 3 11€] £ &0 =d=d o= 3§
A7) F43 F43 9D V. parahaemolyticus7} FL&o] W 7lE #-& A A3

the AT 23 9H(22) AT E A E LERT

A

rok
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Table 20. Distributional analysis &f. wulinificus in the southern coast of Korea

Month
A N2?£§|Ls°f Mar Apr May Jun Jul Aug Sep Oct Nov | Total
rea
Busan 40 - - - - - - - - - -
Masan 32 - - 2 - 2 - - - - 4
Tongyoung 18 - - - - - 2 - - - 2
Total 90 - - 2 - 2 2 - - - 6
1007
901
80
R 701
o i
5 60
5 50
2 401
2 301
201
101 2.0 22 2.2 0
ot ———

3 4 5 6 7 8 9 10 11
Month

Figure 5. Comparison of distribution ratio ®f wulinificus in the southern coast of Korea.
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Table 21. Distributional analysis &f. parahaemolyticus in the southern coast of Korea

Month
Numb f
A g;nmp?lres Mar Apr May Jun Jul Aug Sep Oct Nov Total
rea
Busan 40 4 10 2 4 20 30 29 30 39 168
Masan 32 - - 4 9 14 9 8 12 15 71
Tongyoung 18 - - 2 4 5 12 14 6 4 47
Total 90 4 10 8 17 39 51 51 48 58 286
1007
90
80
® 70 64.4
2 567 56.7 -5 5 |
Z 60 Y 53.3
5 50+ 43.3
2 401
@ ]
5 30 18.9
201
10177144
0_

3 4 &5 6 7 8 9 10 11
Month

Figure 6. Comparison of distribution ratio &f parahaenolyticus in the southern coast of Korea.
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3.3.4 9% Vibrio spp. &2 2%

2 AT ARG €48 Vibrio spps] 3 A3%E Fig. 79 YEA A

7
ol Vibrio sppe #2453 4 FHE&ExE HA oS A & 5

om, AA R TFFE 3237(39.9%) 2, 7TARE 11¥971 A 2727 (34.2%)°.

ft

el $20] "ol = 7187 2ALE Vibrio spp7t 3l$&Fd ©ol

b3 glo} olel WF Fel7t awHm Yok

ME
==
ofr

Distribution ratio (%)

9 10 N

Figure 7. Comparison of distribution ratio ®fbrio spp.in the southern coast of Korea.
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3.35 A9 ¥ Vibrio spp. £ ¥ %

AAGe AAHN FES Fig. 81 UEWon], B4 2ol
46.7%. VI kA % 36.5%, 59 A9 30.8%] FEATE vehRom A9

l*N

BAA G e 36002 A]E = V. parahaemolyticusyt 46.7%(1681)e] 3%
Bygom, mixdo = 28812 Alx F V. cholerae non-O1 10.4%(30

i

7), V. wulinificus 1.4%(47), V. parahaemolyticus 24.7%(711)7} #3259
36.5%% ExE UeUgeH, FIAFAHE 16209 Als F V. chdea
non-O1 0.6%(4), V. wllinificus 1.2%(Z3d), V. parahaemolyticus 29.0%(47%1)7} 2
Hol dA 30.8%] EEX=EZ UE L.

36.5 %

E Busan B Masan O Tongyoung

Figure 8. Distribution ofVibrio spp. in the southern coast of Korea.
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