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Distribution of Pathogenic Vibrios in the Aquatic Environment Adjacent
to Coastal Areas of South Korea and Analysis
of the Environmental Factors Affecting Their Occurrence
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Gi-Jun Park**, and Tae-Jong Son**'

*National Yeosu Quarantine Station, Korea Centers for Disease Control and Prevention, Yeosu, Republic of Korea
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ABSTRACTS

Objectives: The pathogenic Vibrios genus denotes halophilic bacteria that are distributed in aquatic
environments, including both sea and freshwater. Vibrio cholerae, Vibrio vulnificus, and Vibrio parahaemolyticus
are the most important species since they can be potent human pathogens and leading causes of septicemia,
wound infections, and seafood borne gastroenteritis. The recent emergence of a potential pandemic clone, V.
cholera serotype O1 and the cholera outbreak in South Korea in 2016 indicates the importance of consistent
surveillance of pathogenic Vibrio genus within coastal areas.

Methods: The present study was undertaken to determine where and how vibrios live in the aquatic environment
adjacent to coastal areas of South Korea. For this survey, a total of 838 samples were obtained at 35 different
sites in South Korean coastal areas during the period from January 2016 to December 2016. Pathogenic vibrios
was determined using the real-time PCR method, and its clones were isolated using three selective plating media.
We also monitored changes in seawater and atmospheric temperature, salinity, turbidity, and hydrogen ion
concentration at the collection points.

Results: The total isolation rates of V. vulnificus, V. cholera (non-pathogenic, non-O1, non-O139 serogroups),
and V. parahaemolyticus from seawater specimens in 2016 were 14.2, 13.48, and 67.06%, respectively.

Conclusions: The isolation rates of pathogenic vibrios genus showed a positive correlation with temperature of
seawater and atmosphere but were negatively correlated with salinity and turbidity.

Keywords: Vibrio cholerae, Vibrio vulnificus, Vibrio parahaemolyticus, seawater, aquatic environmental factor
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Fig. 1. Seawater samples collected from 35 coastal sites in
South Korea. Laboratory surveillance of
pathogenic marine Vibrio spp. was performed at
the 35 coastal sites in South Korea, 2016.
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Table 1. Occurrence and distribution of pathogenic Vibrios spp. detected by real-time PCR and colony isolation from
seawater samples collected from 35 coastal sites in South Korea, 2016

No. of samples positive

The No. of V. cholerae ) .
surveillance survei‘llance Ns(i)t.esf SI:mO'p?efs Non-O1/Non-139 V. vulnificus V. parahaemolyticus
year regions Multiplex-  Colony  Multiplex-  Colony  Multiplex-  Colony
PCR (%) isolation (%) PCR (%) isolation (%) PCR (%) isolation (%)
2016 13 35 838 177 (21.1) 113 (13.5) 332 (39.6) 119 (14.2) 623 (74.3) 562 (67.1)
2015 13 35 719 145 (20.2) 72 (10.0) 190 (26.4) 75 (10.4) 517 (71.9) 464 (64.5)

Table 2. Monthly occurrence and distribution of pathogenic Vibrios spp. detected by real-time PCR and colony isolation
from seawater samples collected from 35 coastal sites in South Korea

No. of samples positive

Month No. of No. of ¥ cholerae Non-O1/Non-139 V. vulnificus V. parahaemolyticus
sites samples  wyltiplex- Colony Multiplex- Colony Multiplex- Colony
PCR (%) isolation* (%) PCR (%) isolation (%) PCR (%) isolation (%)
Jan 13 26 6 (23.1) 3 (11.5) 1 (3.8 0 (0.0) 12 (46.2) 7 (26.9)
Feb 13 26 7 (26.9) 3 (11.5) 0 (0.0 0 (0.0 11 (42.3) 10 (38.5)
Mar 13 70 12 (17.1) 5(7.1) 5(7.1) 1 (1.4) 17 (24.3) 19 (27.1)
Apr 13 70 17 (24.3) 8 (11.4) 7 (10.0) 2 (29) 23 (32.9) 18 (25.7)
May 13 70 14 (20.0) 9 (12.9) 15 (21.4) 6 (8.6) 37 (52.9) 31 (44.3)
Jun 13 70 22 (31.4) 16 (22.9) 30 (42.9) 9 (12.9) 65 (92.9) 49 (70.0)
Jul 13 70 19 (27.1) 14 (20.0) 46 (65.7) 22 (31.4) 61 (87.1) 59 (84.3)
Aug 13 130 26 (20.0) 23 (17.7) 70 (53.8) 23 (17.7) 126 (96.9) 119 (91.5)
Sep 13 140 27 (19.3) 17 (12.1) 93 (66.4) 36 (25.7) 135 (96.4) 127 (90.7)
Oct 13 70 10 (14.3) 7 (10.0) 47 (67.1) 16 (22.6) 65 (92.9) 59 (84.3)
Nov 13 70 11 (15.7) 4 (5.7) 18 (25.7) 4 (5.7 54 (77.1) 48 (68.6)
Dec 13 26 6 (23.1) 4 (15.4) 0 (0.0) 0 (0.0) 17 (65.4) 16 (61.5)
ATHTable 1). AEAJt 9% 7P =S PCR FHES 2 A7)
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AA= 1192 PCR FAE d512218°] 2 15.7%,
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2 AdE 9.17%°0 Hsl A 3.66%7F =41 €<l
HPAR, T ko] A F24 (p<0.1061)y
YUERIA] eEtCK(Fig. 2). V. vulnificus®] 73-%- o5
7t Hz2 29 39 2249 o]F 59%E PCR &
e FFEE &) HARF R FkeitiE 745
H 10874 &2 PCR & a8 &l &
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Fig. 2. The comparison of monthly mean rate of colony
isolation of pathogenic Vibrio spp. from seawater
samples collected from 35 coastal sites in 2015
and 2016. Monthly rate of colony isolation on V.
cholera non-O1/0139 serotype group (A), V.
vulnificus (B), and V. parahaemolyticus (C),
respectively. % in graph indicate the mean rate of
colony isolation of pathogenic Vibrio spp. in 2016
or 2015.
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Table 3. Regional occurrence and detection pathogenic Vibrios spp. detected by real-time PCR and colony isolation from
sea water samples collected from coastal sites in South Korea

Participating No. of samples positive
institution  No. of No. of V. cholerae Non-O1/Non-139 V. vulnificus V. parahaemolyticus
(Quarantine ~ sites ~ samples  Myltiplex- Colony Multiplex- Colony Multiplex- Colony
station) PCR (%) isolation* (%) PCR (%) isolation (%) PCR (%) isolation (%)
Incheon 3 72 6 (83) 1 (14) 33 (458) 0 (00) 56 (77.8) 56 (77.8)
Gunsan 3 72 9 (12.5) 5(69)  35486) 20 (278) 53 (73.6) 57 (192)
Mokpo 3 72 20 27.8)  19(264) 38 (39.6) 10 (13.9)  55(763) 55 (76.3)
Yeosu 3 72 30 41.7)  23(319) 30 41.7) 19 (264) 40 (55.6) 39 (54.2)
Tongyeong 3 72 3 (42) 0(0.0) 27 (37.5) 3(42)  53(73.6) 35 (48.6)
Masan 3 72 12 (166) 12 (166) 33 (458) 32 (44.8) 44 (61.1) 44 (66.1)
Busan 3 72 8 (11.1) 5(69) 11 (153) 6(83)  55(764) 46 (63.9)
Ulsan 3 72 50 (69.4) 20 27.8) 59 (81.9) 0(0.0) 69 (958) 68 (94.4)
Pohang 3 69 4 (5.8) 458 22(319) 0(0.0) 44 (638) 33 (47.8)
Donghae 3 69 1 (1.5) 0 (0.0) 2 (2.9) 0(0.0)  35(50.7) 26 (37.7)
Jeju 3 72 9 (12.5) 0 (0.0) 8 (11.1) 0(0.0) 56 (77.8) 44 (61.1)

Table 4. Distribution of pathogenic Vibrio spp. detected by colony isolation from seawater collected from coastal
environment in South Korea, 2016 and 2015

2016 2015

V. Cholerae V. vudnificus 14 V. Cholerae V. vudnificus 14
(Non-01/0139) parahaemolyticus (Non-01/0139) parahaemolyticus

Distribution ratio of

pathogenic Vibrio 14.23 14.98 70.78 11.78 12.27 75.94
spp- (%)
AEE HAF3 ). ¥ cholerae Non-O1/Non-139 HEZ o X P 2 7R 5L VeER)UTH
I G 2 7|e7ke] HJAAGFE 7t 0.838, 0.879% A HAZ 20153 ] 2016 V. cholerae Non-Ol
S & FHAE 2= AR IRl v /Non-1392} V. vulnificus®] S2H3E & F Aot
A, dxe] AS, ARAGT 07772 & 29 4 20163 ¥-3-AA ¥V cholerae Non-O1/Non-1392] &1
HAAE JERNATE. Vibrio vulnificus®) 73%- & A FFEYEL 135%F 10.0%S 7123 2015
o] Wslol= 2 o] FABA AT 0.98)E i) 3.5% S7kslslen, 9w Fe] &l
Zh= o2 IRIFAUTH Wk oflg), 7dE = T o F2o] =2 6¥HEH 8¥€7HK 20154 v
2 o] AHBA CIBAST 095005 YEMIAT & FH 3 12.73%C4 H4 4.83%7F SV S4B
zoke] FAlO) JoiME ABAFIT 090407 = 2THTable 1, 2, and Fig. 2). AGH o7 o Ry
2 2o HAAAAE zh= Aoz el Vibrio £S5 HO XS 5 (31.9%), £AH27.8%), =X
parahaemolyticus®] 739-%= 23 oA 2334A (26.4%)=2 2 YEFITH(Table 3). =8F, V. vulnificus
7 2 0916 2 —0.8152 "¢ E& AAAAS o] 7%, 2016 AHTF F4FEEES 142%= A
Zh= o] 1= UATHTable 5). d(10.4%) tulske] 3.8%7F Z71eksint. 9% 7%
= Y9 FFEEES YR AV 7E=
1v. 0& 9 22 314%E 71ESHoH, 108974 ¥ 552 45
2288 YeRNSItK(Table 1 and 2). =3, 758 &
20166 -2y} AtelA AEEH= 350 ¥ 3 st oM E HFAR HE A Ee
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Fig. 3. The monthly changes of marine environment factors at seawater collecting points. Graph indicates the monthly
changes in the temperature (A) and salinity (B) of seawater.
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Table 5. Correlation between environment factors (temperature of seawater and atmosphere, salinity, turbidity, and pH)
and isolation of pathogenic Vibrios spp. from seawater samples collected from 35 coastal sites in South Korea

Correlation Coefficient (7)

Classification

V. Cholerae V. vulnificus V. parahaemolyticus

Temperature of seawater 0.838 0.981 0.916

Temperature of atmosphere 0.879 0.950 0.839

Salinity -0.777 -0.904 -0.815

Turbidity -0.438 -0.115 0.131

pH 0.102 0.191 0.078
2 FE, B, pHete ¥ FHAAIE Hel vk 2 us ve gl daglol & S2o] AAIE,
H, dxoXe 9 FHAAE Zte ZeE gl 9°C oo g s e Ax7t ol AHY &
HJEEY g, Fe|AFRE e wEY vSEE 2o Fag IS A AR RIS 2
L XRASNN ¥V vulnificusEA S 723 de9t B, HE7F 15%0 olste] SEER7qAM = 235|H
73e BAAAE e e R SRIEIHCD 2 A o AT 87T (B, copepods)?t 22 TEA
ToME 35 WA vEe e F2o] £, SHAEC FEHEC] gadke AR Bisinh
71 B dieoke 4 AEIAE JeiAY, 2 o|& vl R oA Med 2o AAE st
9] B 4l pHote] JHdAle A oR v A S, 20169 = AgtA] 713 F
o2 Yehyth. SAA0R AF I T2 F o] Wsk= 2015 o] MId RS BAou
A 7.3°C 2Y)1A HL 36.8°C (8L /A H3ES 20161 A5 9 o] WskEe vl 74
BA=l, V. vulnificus®] 75 ERd50] 15°C o 24.5%°1 HAXNE 71533 FE710 199

ojst® HolAA HW # Ee7t A8 aEHe

EAS BAY =, AA V. vulnificus 24 4
i FLo] 15°C o]3lE 7|29 19 49

12900|A BEE #5105 E £ 3702 A7
(11970l 2.5%0l &35k th(Fig. 3 and Table
2). ol Pfeffer et al®2] AFANA V. vulnificus©)
14°C olgtolli= ol&9] F2o] 48] ZiEw A
o2 Bygh M3 fASE I BT Rk ofy
2}, 20| ¥ cholerae Serovar O12] 2ol 1|x|
= IS AFATFTNA aAgEAE S 2
W Huq et al2] Ao WE2H, 0] 25~30°C
oA # F2lo] F4% Frtslsle, 5°C 2 15°C
M= Aol AAT] AsEe ZeR RIS
e AF B ATEEES UER 79eA 10
Aol e o] HA 22.7°CAlA FHIL 26.8°C
< H A B8 = sl WA B H
B o@e] 485 24°C WelollM 71 H5tet
Ao IRIFUTH

Thompson JR et al. 52 FE7} B|EE L +#52]
Aol BHe YFE AL Aok gk v Qi
T3k, Huq et al®9] A7 4-290] 9°C o]}
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31%E HIAE 71533t o= 201597 HlaL
Al SERE 108704 99 Hd A7t H 34%
o] 742 BYoEA 20168 U s el
A o] F5igh ZHAA7E ERIEUTE wEbA], o]
28 dro] A 20169 =) sl 373 diollA
H]-&-
7k 1o = #galgle Bog AUt
Go et al®& AZ AMA A9 s|FFH 20
A vlBE oo Fxete] HHA
o} WA HlHE| e 52 FHRDAE 7t
= Ao WALt 2B, Pfeffer et al?® %
Oliver et al?" 5°] B3l FLATIAME Jo g
gh= WY vEged&e] FAT) o] g
AE FAshe 202 Rusit o4 gre
2oy}t o) vlE)] WA HHI e S22 ]
FAA A Joid AR = e AAE AW}
A F3h= AAolth. & ATol|A= V. cholerae Non-
O1/Non-1399] 73-%- B=e}o] AaATF7F -0.438%
oFgt o JHIAIE Zhe FoE R, ¥
vulnificus= —0.1152 w9~ kg 30 AaaA71 &
olF A}, 2318 ¥V parahaemolyticuss 0.1312 1Y
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o] AAIAE zte AR BRI o3 H
2 V. parahaemolyticus?ro] BFE}o] AF/dolA &
o FAAAE It B I +HHEHE &
SO AL vk, 2Eu, gt Mg HEe e
ol Wxle Gl et e FF BEe
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WY vEgere] AReM A pHe oF
pH 759014 pH 8.52 ¥&A Ut} Huq et al™9l
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