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Streptococcosis caused by Streptococcus parauberis is a very important disease in farmed olive flounder Paralichthys
olivaceus. For most fish pathogens, including S. parauberis, there are no analytical criteria to distinguish antibiotic-
susceptible strains from antibiotic-resistant strains. In this study, epidemiological cut-off (CO,,,) values were gener-
ated to classify 75 strains of S. parauberis isolated from 1999 to 2018 as wild type (WT) and non-wild type (NWT)
using disc diffusion data and normalized resistance interpretation (NRI) analysis. The susceptibility of the isolates to
16 antibiotics was evaluated using CLSI guideline M42-A. The wild-type cut-off values for amoxicillin, erythromy-
cin, oxytetracycline, and florfenicol for S. parauberis were > 35, 31, 28, and 27 mm, respectively. The NWT ratios
of S. parauberis strains to treatment with GEN, FFC, ENR, SXT, EFT, VAN, and CHL were 17% or less, indicating
that these antibiotics may be used to treat streptococcosis caused by S. parauberis. For recent S. parauberis isolates,
the NWT ratios for AMX, ERY, OTC and FFC are much higher than for strains isolated from 1999-2007. The CO,,
data from this study will assist aquatic animal disease professionals in prescribing appropriate antibiotics for the
treatment of streptococcosis caused by S. parauberis, which will help reduce the misuse and abuse of antibiotics in
the aquaculture sector.
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AN B W2 Il Walo] ARgE AL Qlovt 2t 5o 1L Bvb= o
Hr} ok 7FAast Ao g oA e}k, L ¢d34(Kanai et al.,

S-elubet A A AR 2017 71 A 4 4 A 2009; Kanai et al., 2015)°] &J5}H S. parauberis®] 878 %>
AFeFel oF 48%5 AHA|sHaL JITHKOSTAT, 2017). A4+t 47} ool EAsh= Aoz WEA WAl Al 2to| AR-H o5
< A Ao 7S 2 gl E Qo= Al ARes O] A F oA} Thof] dAEHo] Sl Ao FAHL &

A] Lactococcus garviae, Streptococcus iniae ¥ Streptococcus
parauberis7} 71 1Q10] 91 0.1}, 2000t FHF o] F2 = T
Fol| S. parauberisol] 23 Ao g BV E I QIri(Baeck et
al., 2006; Park et al., 2016). 4] Aol A= A4+ 2] o

2lutel oFA 21 AR ARE sl ARSE= A
+= amoxicillin (AMX), florfenicol (FFC), ampicillin (AMP),
erythromycin (ERY) 5©¢| ¢l.oH o] 5 AMX, FFC 4 ERY
o] 7 2] ARgE= AL ® AP A th(Kwon et al, 2014;
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Jee etal., 2014). oJn] Y2] ol 5| AMX 9] oF 52 5H4] A7} 4=
39 0™ (Seo et al., 2015; Kim et al., 2015), < Lim et
al. (2017)2 AMX-< 40 mg/kg body weight fish®] =2 <+
S FAIE W S. parauberisoll I3t Aol F-E3t
tha 3Hgit) Lim et al. (2017)9] kol A AR 107]9] S.
parauberis v+ A~ A| 5= (minimum inhibitory concen-
tration, MIC; pug/mL) gko] T 050|812 YERL} AMXS
% FAFSH 714Ale] 91 02 FAET Ea YA QT
& A 25 s AMX S| F Tl A=t ¢lofl 7]
<5 YA F7 ol Qo= AR 75/ o] Atk T E®
ol B2|¥ S. parauberis w750 8] AMXE H| &5} TheF
Sk A ol dRt g s o] E4S A = fash A
AE F4 4= 3l

=A| xF A A=A AlE(antimicrobial susceptibil-
ity testing) ®*H Q1 clinical and laboratory standards institute
(CLSI) 7tol=aelof wh= W Zp/dat Wide a2 o= Qe
)| 41 7] Z(Interpretive criteria)>- oAt S0l A Aeromonas
salmonicida 3t Z-o tal| A7t A4 =] o] QILH(CLSL, 2014). ©]
1] Kwon et al. (2016) Ao A= X A5 50] 2| =7 a9
oJu]2 W2k “clinical breakpoint™= & H]-g} A]71o]
A9 %22 normalized resistance interpretation (NRI) S
S o]-8-3}¢] epidemiological cut-off values (wild-type cut-off
values; CO,, )= oo 2H| o g (wild type; WT)a} B]of
A (non-wild type; NWT) Aeto 2 L5 & 4= Qlt}, ufehA|
CO,,°l 93 2% WTSF NWTS] Bl &S g2 Fa3
WAE F4sk=t =2l 2 4= 3Ith(Smith, 2012; Kwon et
al., 2016). Kronvall (2003)°] 7i&¢t NRI %'H-2 £3] o] A|
9] CO,, 2 27 Aol RIHs] 28511 Stk A 5714 A.
salmonicida (Smith et al., 2007), Vibrio anguillarum (Smith
and Christofilogiannis, 2007), Streptococcus phocae (Aven-
dafio-Herreraa et al., 2011), Flavobacterium psychrophilum
(Henriquez-Nufez et al., 2012), Vibrio ichthyoenteri (Lee et
al., 2012), Weissella sp. (Figueiredo et al., 2012), Vibrio or-
dalii (Poblete-Morales et al., 2013), Edwardsiella tarda, Vibrio
harveyi (Lim et al., 2016), Piscirickettsia salmonis (Henriquez
etal., 2016), Photobacterium damselae (Kwon et al., 2016) 2
Edwardsiella piscicida (Kim et al., 2018)]] thst E% YA
o] €O, 7h A E3ick. 2l22o] ZjHE NRI 3] (Smith and
Kronvall, 2015; Kronvall and Smith, 2016)2 =AM E2 H-E
B o Ale] Hlore e} A7 TEfslo] CO,, 7H A
HE|EE AAEo] BS JUstn Aw el £4lo] THs a4
T 2 4 oleh. ejEe B ATAE Lol el
¥ S. parauberis 7571l #t5-5 ©]-&-5to] t]2=2Hib o] A=
NRI £4|(Kronvall and Smith, 2016)2 %3} CO,,, S 443}
11 wild type (WT)Z} non wild-type (NWT)2 &3} NWT
o g HAshaA s,

H ofqto| ARE-H Streptococcus parauberiss= 1999 H-E
20189dof| AlF=te, A&, ¢, 23, 94, &4, g 59 &
Al g2 9 et 2 7 E Ee|gh F 75950 ch(Table 1). 4=
gt wt= A A Al 3 Aol 19%8] NaCle] 37}
% brain heart infusion agar (BHIA)ul| %] of] %<&3}0] 28°Coj| 4]
18-24 417 WS 3 3 A1glo] ALg 3ot
SN ded Al

AR BEAA R 52408 A 144 A3 2
T2 CLSI M42-A (CLSI, 2006)] w2} t] 2= Sk (Disk
diffusion test)& A AISHEILE. 7HeFs] A9 W& Awstd, o
T5 A 28°Co] 18-24417F u S 7+ ¥ 2% 10° CFU/mL2)
12 54 )71 Bo] Pt HE-S AF8-510] 5% sheep blood7}
715l mueller-hinton agar (MHA) vl 2] A Ao =slal &
A 235 =2 241 - 28°Cofl sttt vl 24-284]
7 ol AR T 23 790l A7) Aol odAlE B o
olo] 2|88 ZHsto] AT ALEHILon] oAt elo] 1}
ERLHA] o= 789 Al t2 A15< 6 mmE #7]5H3I T
Quality control (QC)& w5+ CLSI M42-A (CLSI, 2006)2]
A= ' of whe} Escherichia coli ATCC 259222} Aeromo-
nas salmonicida ATCC 33658 A&t o] ¥ ¢1ofl ARg-
° AL Oxoid™ol 4] FYUBHE o0 5 167H4] 2 chea
Zct. ampicillin (AMP), amoxicillin (AMX), amoxicillin-cla-
vulanic (AMC), doxycycline (DOX), oxytetracycline (OTC),
cephalexin (CFL), cefuroxime (CXM), ceftiofur (EFT), en-
rofloxacin (ENR), erythromycin (ERY), clindamycin (CLI),
trimethoprim/sulfamethoxazole (SXT), gentamicin (GEN),
vancomycin (VAN), florfenicol; (FFC), chloramphenicol
(CHL) (Table 2).
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Epidemiological cut-off value (ECOFF) [H+= Wild-type
cut-off values (CO,,,)]+= Kronvall and Smith (2016)] NRI
A4S ot 11 ghke Fek3ieh Wild type] A+ 3Hel (nor-
malized) zone 37| 9] H 3t} FEHA= A3 224 Hl
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B2 (Aokietal, 1990), 2] 2 &} 7}540] =& G HTH A
£ AEsl= 22 w9 F 2.8k & 4= Qlth. Limet al. (2016)
2 At AHE A RS 517] Aol HYate] Eejet gt
2 A NG| 2 A A Al AkE o8k WT
G NWT #55 6kl L HlES 2AZ fast PPAE
AEsh= 2E 18510 SR8kl sFQITh o] = pAkA &
oA ko] g3 Eol=t B=&ol E 4= 97| "ot
OIE aquatic code (5491851 2F)o A AIA = o] Sl= A
AHg-o] mUER 9 o @ =2 g o= A H YA 744
A% HolEl & allA4st7] 218l 93h4] wild type 7|4 (CO
= AHg-sfjof gtrhar Harskal gl

B Aol A AMEH S. parauberis 7571 2] FAYAE <
Al 27](mm)+= Table 20l YepH et QCut=<l E. coli
ATCC 259222} A. salmonicida ATCC 336582 &IA|t) 7] +=
CLSI M42-A (2006)] 4] AATZE A #9] Well Sl =
QIsteiet. 2 Atell A= 167H2] YAl W&t S. parauberis
7570 #=9] A Al E(mm)S ©]-8-5k] NRI 241 213
S}ITh NRI &24] Aate} 7F Ao gt CO,, 2 WT = &
FHAR= Table 3] e GITh. o' NRI £4] A1} CO,,
L AMP, AMX, AMC, DOX, OTC, CFL, CXM, EFT, EFT,
ENR, ERY, CLL SXT, GEN, VAN, FFC 2 CHLo|| 4] Z}z} 35,
35,36, 25,28, 29, 36, 30, 24, 31, 30,22, 15, 21,27 9 242 1}

WT)

Table 1. Streptoccocus parauberis strains used in this study

A olgg - AeA - mwAl - dobek - e - ARe - AEA - olAFE -

Awd

E}StTH(Table 3). ofn] AJ2of4 g5t o] NRI ¥ of
WAl ol 2] 1851 ©]-8= L 3lrk(e.g., Kwon et al.,
2016). Z|2of] 7 NRI 5 (Kronvall and Smith, 2016)2
i e of| whet R sto] A S 4= Qlo] T YTt 7| E
Holl 18l & o ottt Tk AbsEo A Sl Al
9 CO,,, & AAT o o] Y2 o5 FHe5 o Ayt
COy & U&= 2o, Zolw 30702 WTE Zgsfjof gict
31 5+ ch(Smith et al., 2009; CLSI, 2011). & @0l A AF&-3t
2= Aol sl WT 4271 3071 ool 25 CO,,, o +%
A7} A gFstrkal wekE )

AFE3E g A o) A AMP, AMX, AMC, DOX, OTC ¥ ERY
= NWTY] H]-&-0| 217} 47, 49, 48, 49, 51 Y 51%= YERY
o RHYA el gt A+ X85 A= =Y #5Y
Aoz FAH) 53] srfjollA At o A=l AMX,
ERY % FFCE o] ARg-3H=t](Jee etal., 2014), o] ¥ ¢ A
W= £ FECo]| th3t S. parauberis 752 NWT H-&-2 11%
old Bja AMX¥} ERY ] thgt NWT H]-&-2 oF 50%= Le}
U A A 02 FFCe| 93t A m7bs 2 w2 228 244
t}. 71 €] GEN, FFC, ENR, SXT, EFT, VAN, CHLe{ tjjst S.
parauberis 752 NWT B]&0] 17%0°]5t2 el A it
ol et 2| =0] a2 HolFal Jlvt H x| €] S. parauberis
of 23t A2 v F a3 A Qlol| %= E4tstaL o] ¥

Isolate code Isolation source Isolation location Isolation year
KSP44-46 (n=3) Olive flounder Jejudo 1999
KSP47 Olive flounder Gyeongsangbuk-do 1999
KSP1-4 (n=4) Olive flounder Jejudo 2003
KSP5-10 (n=6) Olive flounder Jejudo 2004
KSP11-21 (n=11) Olive flounder Jejudo 2005
KSP22-23 (n=2) Olive flounder Haenam 2005
KSP24-43 (n=20) Olive flounder Wando 2005
PHO0710-0711 (n=2) Starry flounder Pohang 2007
SpOF3k, 04151K, 04161K (n=3) Olive flounder Geojedo 2013
HFTC0023, HFTC0059-0060, HFTC0063-0064 (n=5) Olive flounder Pohang 2014
HFTC0076 Starry flounder Yeongdeok 2014
HFTCO0083 Starry flounder Yeongdeok 2015
HFTCO0086, HFTC0091 (n=2) Starry flounder Uljin 2015
HFTCO0157 Starry flounder Pohang 2015
HFTC0237 Starry flounder Yeongdeok 2015
SPOF18J1-J11 (n=11) Olive flounder Jejudo 2018
SPOF18G1 Starry flounder Uljin 2018
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Table 2. Distribution zone diameters (mm) for 75 strains of Streptococcus parauberis

Zone diameter Number of isolates

(mm) AMP AMX AMC DOX OTC CFL CXM EFT ENR ERY CLI SXT GEN VAN FFC CHL
6 28 1 18 4 2

7 1 1
8

9 1

10
1
12
13
14
15
16
17
18 1 1
19 1
20 2

21 2

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 1
47

48 1

Abbreviations for antibiotic agent are as in the materials and methods. Areas highlight in grey indicate the range of zones for isolates
categorized as WT. Penicillin (AMP, ampicillin; AMX, amoxicillin; AMC, amoxicillin-clavulanic); Tetracyclines (DOX, doxycycline;
OTC, oxytetracycline); Cephalosporins (CFL, cephalexin; CXM, cefuroxime; EFT, ceftiofur); Fluoroquinolones (ENR, enrofloxacin);
Macrolides(ERY, erythromycin); Lincosamides (CLI, clindamycin); Sulfonamides (SXT, trimethoprim/sulfamethoxazole); Aminoglyco-
sides (GEN, gentamicin); Glycopeptide antibiotic (VAN, vancomycin); Amphenicols (FFC, Florfenicol; CHL, chloramphenicol).
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Aol gk TR 244 A1 Zafel e 2ao] et AT
Lo BEsich 2 Lee etal. (2018)2 o] 2] o] WAl Zol
tfj g+ quinolone, sulfonamide, tetracycline, penicillinZ] 23 A
of tsmshib A% At BHA AT WAS TReke
71| FAR sl A FAdo] o | e WAL= 3t
5k o= ghof| §lle.H, erythromycin®]| T34+ CLSI M100
(CLSL 2017)¢] 71%o] wfe} 13 mm 0|5t B4 #52
Aoz 7+Eskth 13U Lee et al. (2018)0] =3t 7|2
Q1A WUAIQ! Staphylococcus 0] 2-4-5]= 7|50 2 Alut-5
o] ThE 790l 85t AL RA M Ao PrkEry

Table 3. Summary of the results of NRI analysis

Streptococcus parauberis (n=75)

Antibiotics
CO,;(mm) Sd! WT?

AMP 235 242 40
AMX 235 1.90 38
AMC 236 1.85 39
DOX >25 246 38
OoTC >28 1.96 37
CFL >29 3.13 41
CXM >36 2.78 41
EFT 230 2,67 63
ENR 224 2.63 65
ERY 231 2.00 37
CLl =30 1.64 47
SXT 222 1.90 62
GEN 215 1.48 68
VAN >21 1.49 68
FFC >27 2.55 67
CHL >24 2.84 75

Abbreviations for antibiotic agent are as in the materials and meth-
ods. 'Standard deviation of the normalized distribution of WT
observations. 2Number of isolates categorized by the application
of the relevant CO,,, value. AMP, ampicillin; AMX, amoxicillin;
AMC, amoxicillin-clavulanic; DOX, doxycycline; OTC, oxytet-
racycline; CFL, cephalexin; CXM, cefuroxime; EFT, ceftiofur;
ENR, enrofloxacin; ERY, erythromycin; CLI, clindamycin; SXT,
trimethoprim/sulfamethoxazole; GEN, gentamicin; VAN, vanco-
mycin; FFC, Florfenicol; CHL, chloramphenicol.

Table 4. Ratio of non-wild strains of Streptococcus parauberis

. Number of Ratio (%) of NWT
Isolation year :
strains AMX ERY OTC FFC
1999 - 2007 49 22% 49% 31% 0%
2013-2018 26 100% 100% 88% 31%

NWT, non-wild type; AMX, amoxicillin; ERY, erythromycin;
OTC, oxytetracycline; FFC, Florfenicol.

LA - AR - ARA - oA -

Awd

2 Aol EEE AE ol8sto] e fef W A &
A& st Yot Aol ueh i o9 £7} 5 dst
A ool b A2 FAdsirhar websgich. 1y 2 A
ofl Al WA Fr22 M2 2L 59 ool 2e2lE S. parau-
beris w5+2] 45 AYA o] gt NWTL] H|-&0] 1999-2007
Atolof fe]E oAl UERd NWTE H]&of Blsf &*3]
=2 A5 3ko13) 4= QIQITH(Table 4). ©] A ¢15(Meng et al.,
2009; Park et al., 2009)+= tet (s)2} erm (B) gene2] WA &
FAAF 23] AR S, parauberis w0 EA3IAL Qo] 24zt
erythromycin¥} tetracyclineof| t sl WAd-& e T H s}
ek B2 Arol| A ARESE S, parauberis w5 E3F HU A A,
Bl EtAto]| S A Y nfazeto| =A o] A of s NWT
T 5 o] o] d At Aukel faket AS gheld 4= Alqlh

2 A= S uete] Atk A ATt o] Y1+t 5
SRSl S. parauberis©l] High FHEA| /g siRol gt 7] =
Ap= oF A WT2E NWTE] H2-5 913t 71353 Als-skaL
A} sk3ict. AAY S. parauberisell et 74 Ee WA T
S 4= Q= sijA 7o) A E o] QIR ot A A Al
o Aol whE 39| FHto] of 8-t NRI B2 o A+
of| that A 714k AAsEAL T3 Al A& Bl
sto] Ak YA S AT 4= itk FollA] vl a3t o
TS A& et 2T EelE 7 ookt A ol
NWTL g HBfEe 2o ® Hop Ak oA dAdolA] Ko Al
FRH A ARgel dad Ao r Helrh

Al AL

AT SSAlTeR Akafakel TALI(R2019058)e]
ofaf ol 2o}2] e olm Aol AAR=F Uk,
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