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= Abstract=

Antimicrobial Activity and Combination Effect of Drugs to Vibrio vulnificus

Tai-You Ha*, Ki-Kon Own*, Hee-Sung Whang* and Jong-Wook Park**

Department of Microbiology and Immunology, Chonbuk National University Medical School, Chonju, Korea *
Department of Microbiology, Keimyung University School of Medicine, Taegu, Korea**

Thirty eight strains of Vibrio vulnificus isolated from various specimen were tested for
antimicrobial susceptibility to 12 drugs by microdilution broth method. Against most of the strains
tested, tetracycline (Tc), moxalactam (Mx), cefamandole (Cf), chloramphenicol (Cm), gentamicin
(Gm), cephalothin (Ct), and tobramycin (To) showed good antimicrobial effect, and streptomycin,
ampicillin showed intermediate antibacterial effect or resistance. In order to search for combined
antimicrobial activity between Tc and other drugs to Vibrio vulnificus, about 20 strains randomly
selected were tested by checkerboard method. Most of drugs showed additive or antagonistic
activity with Te, but Ct-Tc or To-Tc showed no antagonistic activity on all of strains tested, and
they showed synergistic activity against 1 and 2 strains, respectively. These results suggest that
single administration of Tc, Mx, Cf, Cm and Gm, or Tc-Ct and Tc-To combined medication can be

useful for the treatment of Vibrio vulnificus infections.
Vibrio vulnificus, Antibiotics, Combination drug effect.
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Tai-You Ha, et al.

Resistance of V. vulnificus to antibiotics

Table 1. Range of MIC of each drugs on Vibrio vulnificus

No. of organism which shows following MIC (ug/ml) of drug

Drug® 58— %1 32 16 8 4 2 1 05 025 0.13 0.063
Cm 3 3 2 3 13 9 5

Te 14 12 5 7¢
Sm 9b 15 9 4 2 5 1

Ap 20 2 2 23 5 1 1 1 1¢

Km 2 4 6 15 2 2 1 6¢

Gm 7 11 10 3 3 4

Ak 4 7 8 9 3 1 2 4

To 1 3 5 15 7 1 6e

Ct 1 10 17 1 1 5 3¢

cf 1 4 18 6 3 5 1¢

Mx 4 2 2 3 15 9¢

Pc 1° 4 7 16 10¢

*Cm, chloramphenicol ; Te, tetracycline ; Sm, streptomycin ; Ap, ampicillin ; Km, kanamycin ; Gm, gen-
tamicin ; Ak, amikacin ; To, tobramycin ; Ct, cephalothin ; Cf, cefamandole ; Mx, moxalactam ; Pc, peni-

cillin.

"No. of organism which was susceptible to durg with the concentration or more described above.
‘No. of organism which was susceptible to durg with the concentration or less described above.

7b HA 2de] #rlE MHBO| 33 & Te
7b A Eo] Ade HAY 1€ 50uld
8t3l autodiluterZ 1¥€¢ ITFAE 1197%
Fai A g stk 47d wor A g
12-H well& @A S 21
o] ¥m, 129 Tcwt HES wWgE okx gl
gEog gMEo don, I Unix wellso
= Test ¥ &2 Azt 47 oA8r1a ¥=
2 3 MEo] JA Hrh V. vulnificuss Ao
A7td TSBe| H&slo] 18-214A17F Hﬂ%k{?l'
Aol Hr7ld MHBY] 1.0x10° CFU/mi%s
s Aste] e FAFA T Hew G DY-
nadrop MRZ 50ul® HZ3 1 mlcroshakeri
g T F dBste] 35C vhE 2y
o A 18-21A17t wj oFa}tgich. “H°“’ 7} okA] o
MICS ® &394 ueo] MICE =% 3sta the
o] F2lo] ]38l fractional inhibitory concen-
tration (FIC) index& T8} F <Fxje] W& 3§
HE Hretd '

H =
T

AA Fe

ke
an

FIC index =
MIC of A In combination MIC of B in combination
MIC of A alone MIC of B alone

#18) T4¢A FIC index7} 0.50}31Y wx
HEAE, 075904 109 W 4712, lo]
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Table 2. Drug resistant pattern of Vibrio wvul-
nificus

. No. of Resistance pattern No. of
resistant drugs strains
4 Sm?, Km, Ak, To 3
Sm, Km, Ak, Ct 1
3 Sm, Km To 1
2 Ap, Pc 1
1 Sm 12
Ap 3
Km 1
iAbbreviation, see table 1.
Y W PR 2ojde ue ARHLo
2 A3t e=yl FIC index7t R &48 T oA
o WeETE 458L e
Aé =3 g =~
L g@HEsy 2A
Vibrio vulnificusd] o) g Aol 35 H
171 S35l ol FAa0 A1 42 ol gated
o] #ZEE g z+ A MICE Fstz,
o oA BTUAL AANYT WAL
R o7 oo W Uy EE 24 N&e
Table 1, 2, 3o JeElAT. FFH7} HE
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Table 3. Susceptibility (%) to durgs of Vibrio vulnificus

Categor Durg*
gory Cm Tc Sm Ap Km Gm Ak To Ct  Cf  Mx
Resistant o 0 17 4 6 0 4 4 1 0 0
(0)  (0) (44.7) (105) (15.8) (0) (105) (105) (2.6) (0)  (0)
Moderatery 1 0 9 31 6 7 7 5 10 1 0
susceptible (2.6) (0) (23.7) (81.6) (15.8) (18.4) (18.4) (13.2) (26.3) (26) (0)
Susceptible 37 38 12 3 26 31 27 29 27 37 38

(97.4) (100) (31.6) ( 7.9) (68.4) (81.6) (71.1) (76.3) (71.1) (97.4) (100)

2aAbbreviation, see table 1,

*No. of organism (percent).

Table 4. Combined effect of moxalactam and tetracycline on Vibrio vulnificus

MIC (ug/ml) of moxalactam

MIC (ug/ml} of tetracycline

Strain Alone Combination Alone Combination FIC index
Wonkang 12 0.5 0.25 0.25 0.125 1.0
Yonsei 4 0.25 0.125 0.25 0.125 1.0
Yonsel 5 0.25 0.125 0.25 0.125 1.0
Yonsei 9 0.25 0.125 0.25 0.016 0.563
86-2-12-22 0.25 0.125 0.25 0.031 0.625
86-7-4-1 0.25 0.25 0.25 0.25 2.0
86-8-5565 0.25 0.125 0.5 0.25 1.0
86-9-2398 0.25 0.25 0.25 0.25 2.0
86-PTS 0.25 0.125 0.25 0.25 2.0
86-24-21 0.25 0.25 0.25 0.25 2.0
(01) 376 0.25 0.25 0.5 0.5 2.0
CHUN 6 0.063 0.063 0.25 0.25 2.0
D 8806 0.25 0.25 0.25 0.25 2.0
A 1402 0.25 0.25 0.25 0.25 2.0
80 0.25 0.063 0.25 0.125 0.75
93 0.5 0.5 0.5 0.5 2.0
94 0.5 0.5 0.5 0.5 2.0
95 0.25 0.25 0.25 0.25 2.0
96 0.25 0.125 0.25 0.125 1.0

ozl Ap, Km, AkT o2 vepgton, 73
Zo okxl:= Tco@ lug/miolA 0.063ug/ml
olatz uehwtth V. vulnificuss) WA FEE
E v} (Table 2), 47 WAlo] 4% (10.5%), 37
WAel 15 (2.6%), 24 Aol 13 (2.6%), 1
A WAl 163 (42.1%), WA slv o571
165 (42.1%)010 k. 2+ kAo g YA ==
537 H&S 29 (Table 3), Smo| WA
o Bolx ALyt 71 Bgoew (173F, 447
%), Km, Ap, Ak, Tools 4-63 (15.9-10.5%)
7 MAS B Ape A$ WAH A
Zz7te) HFHE FF7F 31F (816%)1 =9
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AAZ o] Ao WAL Bole HEe © ¥
old = & Aoz AFgHrh old HE Te,
Mx, Cm, Gm, CfdlE FATF 2571 ZFA
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e B0 A7EHE T3 dFE AL
o, Cm3} Cfe 13 29 Aoz vy

2. Chackerboardi{of| 2|8t A4H|EEF 0} &M

gaA Hie Ee JFEAHY FHS R
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Tai-You Ha, et al. : Resistance of V. vulnificus to antibiotics

Table 5. Combined effect of cefamandole and tetracycline on Vibrio vulnificus

. MIC (ug/ml) of cefamandole MIC (ug/ml) of tetracycline .
Strain Al(onge/ ) Combination AlE)ni/ Combi}rllation FIC index
Wonkang 12 20 2.0 0.25 0.25 20
Yonsei 4 4.0 2.0 0.25 0.125 1.0
Yonsei 5 4.0 2.0 0.25 0.125 1.0
Yonsei 9 4.0 2.0 0.25 0.125 0.75
86-2-12-22 8.0 4.0 0.25 0.125 0.625
86-7-4-1 4,0 4.0 0.25 0.25 2.0
86-8-5565 4.0 0.5 0.5 0.25 0.625
86-9-2398 4.0 4.0 0.25 0.25 2.0
86-2-3 8.0 8.0 0.25 0.25 2.0
86-PTS 0.25 0.25 0.25 0.25 2.0
86-24-21 4.0 2.0 0.25 0.125 1.0
(01) 376 8.0 8.0 0.5 0.5 1.0
CHUN 6 2.0 0.5 0.25 0.125 0.75
D 8806 40 4.0 2.0 2.0 2.0
A 1402 4.0 4.0 4.0 0.25 2.0
80 2.0 0.25 0.25 0.125 0.625
93 2.0 1.0 0.5 0.25 1.0
94 4.0 2.0 0.25 0.031 0.625
95 2.0 1.0 0.25 0.031 0.625
96 4.0 2.0 0.25 0.031 0.625
Table 6. Combined effect of gentamicin and tetracycline on Vibrio vulnificus
. MIC (ug/ml) of gentamicin MIC (ug/ml) of tetracycline .
Strain Along : (glombination Alone Combination FIC index
Wonkang 12 2.0 1.0 0.25 0.125 1.0
Yonsei 4 4.0 2.0 0.25 0.063 0.75
Yonsei 5 4.0 2.0 0.25 0.031 0.625
Yonsei 9 4.0 2.0 0.25 0.063 0.75
86-2-12-22 8.0 4.0 0.25 0.125 1.0
86-7-4-1 2.0 0.5 0.25 0.125 0.75
96-9-2398 2.0 0.5 0.25 0.125 0.75
86-2-3 2.0 0.25 0.25 0.125 0.625
86-PTS 4.0 2.0 0.25 0.063 0.75
85-24-21 2.0 2.0 0.25 0.25 2.0
(01) 376 2.0 1.0 0.5 0.25 2.0
CHUN 6 1.0 0.5 0.25 0.125 1.0
D 8806 4.0 2.0 0.25 0.063 0.75
A 1402 40 2.0 0.25 0.063 0.75
80 8.0 4.0 0.125 0031 0.75
93 4.0 2.0 0.5 0.125 0.75
94 4.0 2.0 0.5 0.25 1.0
95 4.0 2.0 0.25 0.125 0.75
96 4.0 2.0 0.25 0.031 0.625
-523-
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Table 7. Combined effect of chloramphenicol and tetracycline on Vibrio vulnificus

MIC (ug/ml) of chloramphenicol MIC (ug/ml) of tetracycline

Strain Alone Combination Alone Combination FIC index
Wonkang 12 1.0 0.5 0.25 0.125 1.0
Yonsei 4 0.5 0.25 0.25 0.125 1.0
Yonsel 5 0.5 0.25 0.25 0.125 1.0
Yonsei 9 0.5 0.5 0.25 0.25 ' 2.0
86-2-12-22 0.25 0.125 0.25 0.125 1.0
86-7-4-1 0.5 0.25 0.25 0.125 1.0
86-9-2398 1.0 0.5 0.25 0.125 1.0
86-2-3 2.0 1.0 0.25 0.063 0.75
86-PTS 0.5 0.25 0.25 0.125 1.0
86-24-21 0.5 0.25 0.25 0.125 1.0
(01) 376 1.0 0.5 0.5 0.25 1.0
CHUN 6 0.25 0.063 0.25 0.125 0.75
D 8806 0.5 0.125 0.25 0.125 0.75
A 1402 0.5 0.25 0.25 0.125 1.0
80 0.25 0.063 0.125 0.063 0.75
93 1.0 0.5 0.5 0.25 1.0
94 1.0 0.5 0.5 0.25 1.0
95 1.0 0.25 0.25 0.125 0.75
96 1.0 0.5 0.25 0.031 0.625

Table 8. Combined effect of cephalothin and tetracycline on Vibrio vulnificus

MIC (ug/ml) of cephalothin MIC (ug/ml) of tetracycline

Strain Alone Combination Alone Combination FIC index
Wonkang 21 2.0 1.0 0.25 0.016 0.563
Yonsei 4 16.0 8.0 0.25 0.063 0.75
Yonsei 5 16.0 8.0 0.25 0.032 0.625
Yonsel 9 16.0 8.0 0.25 0.063 0.75
86-2-12-22 8.0 1.0 0.25 0.125 0.625
86-7-4-1 8.0 4.0 0.25 0.125 1.0
86-8-5565 16.0 4.0 0.25 0.125 0.7%
86-9-2398 16.0 4.0 0.25 0.063 0.5
86-2-3 16.0 2.0 0.25 0.125 0.625
86-PTS 8.0 0.5 0.25 0.125 0.563
86-24-21 16.0 8.0 0.25 0.032 0.563
(01) 376 32.0 16.0 0.5 0.032 0.563
D 8806 8.0 4.0 0.25 0.125 1.0
A 1402 8.0 4.0 0.25 0.125 1.0
80 8.0 4.0 0.125 0.016 0.625
93 16.0 8.0 0.5 0.125 0.75
94 16.0 8.0 0.5 0.125 0.75
95 16.0 8.0 0.25 0.032 0.625
96 16.0 2.0 0.25 0.125 0.625

-524-
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Tai-You Ha, et al. :

MSEE
Mx9} Tco HEaHAE
Table 404 B ule}l o] A& S Ho|
= oFE FFE fUdow, 9F(474%) 0 A
FIC index7} 0.563-1.04A}0]2 A71a 82 BY
o, 105 (52.6%)M= A= E&S BAh
2) Te2} Cfo| &SAE

Tcel Cfe] W& a7 = Table 504 BE v}
9} Zo] A5 E S Bolk IFE IFE AU

1) Tco} Mx2] 4
05347}' =

KeR
T

Table 9. Combined effect of cephalothin

Resistance of V. vulnificus to antibiotics

o, 125 (60% )| A FIC indexZi]- 0.625-1.0A}
ole] A7zt e& Hon, 8F(40%) M E
28285 et

3) Tc® Gmo| AIBER

Tcot Gme] W& F+= Table 694 R
vie} Zo] AFA8S Holes TFE IFE
g oed, 195 (95%) A FIC index”} 0.625-
1.0A}ol9] 71282 B om, 13 (5%)9A4
2282 el

L

A

and tetracycline on Vibrio vulnificus 86-9-2398

Tetracycline Cephalothin (ug/ml)
(ug/ml) 64 32 16 8 4 2 1 0.5 0.25 0.00

1.0 - - - — - - - - - -

0.5 - - - - - - - - - -

0.25 - - - - - - - - -

0.125 — - - - - + + + + +

0.063 - - - - - + + + + +

0.031 - - - — + + + + + +

0.016 - - - + + + + + + +

0.000 - - -~ + + + + + + +

*Symbols ; —, no growth ; +, growth.
Table 10. Combined effect of tobramycin and tetracycline on Vibrio vulnificus
Strain MIC (ug/ml) of tobrar.nyc:m MIC (ug/ml) of Letrac_ycli{le FIC index
Alone Combination Alone Combination

Wonkang 12 4.0 2.0 0.25 0.125 1.0
Yonsei 4 8.0 2.0 0.25 0.063 0.5
Yonsel 5 8.0 4.0 0.25 0.031 0.625
Yonsel 9 4.0 2.0 0.25 0.125 1.0
86-2-12-22 32.0 16.0 0.25 0.031 0.625
86-7-4-1 4.0 2.0 0.25 0.031 0.625
86-8-5565 4.0 2.0 0.25 0.125 1.0
86-9-2398 8.0 4.0 0.25 0.031 0.625
86-2-3 4.0 0.25 0.25 0.125 0.563
86-PTS 8.0 0.5 0.25 0.125 1.0
86-24-21 4.0 1.0 0.25 0.125 0.75
(01) 376 2.0 1.0 0.5 0.25 1.0
CHUN 6 2.0 0.25 0.25 0.125 0.625
D 8806 8.0 1.0 0.25 0.125 0.625
A 1402 4.0 2.0 0.z5 0.125 1.0
80 32.0 8.0 0.125 0.031 0.5
93 8.0 4.0 0.5 0.063 0.625
94 8.0 4.0 0.5 0.063 0.625
95 8.0 2.0 0.25 0.125 0.75
96 8.0 0.5 0.25 0.125 0.563

-525-
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0A}o]o] A7}&84 BHoH, 153 (5%} =
28444 JeEl A

5) Tco} Cte| ASHE

Teol Cte] W& G7E Table 804 R ul
9} 2ol 1F(53%)MA A5&EE 2o,
187 (94.7%) o) A& FIC index”} 0.563-1.0A}
ole] A7z L&Le HAT, ZFHEL B A
& Fdd= A} FeAEE Bl TFE
vulnificus 86-2-2398= Table 994 H& uls}
Zo] Tcdt CtE B%Y A $-ole MIC/H 47
0.25, 16ug/mlo] o1}, B39 & W MIC
7} z+2} 0.063, 4ug/mig 2.8 FIC indexs 0.5

2 Yt

6) Tc2} Tolol AMSER
Tcé} Toeo] W &HE Table 100)4 BE uf
o} o] 2F(10%)A 45Z8E BAoH,
1829 &= FIC index”} 0.563-1.0A}o]¢] A7}
Z8o BYA, 2FdFEL B o dvE
gt AsALE 1A FF< V. vulnificus
Yonsei 49} V. vulnificus 8002 V. vulnificus
Yonsei 42 7% Table 1194 B uls} o]
Tcsl Tog ©Eo2 A&3HS W MIC
Z+zd 0.25, 8ug/mlo|glovt WEIHAS de
MIC7} Z+z} 0.063, 2ug/ml) 2™ FIC index+
052 Jebyth V. vulnificus 802] FIC index®=
0.52 eyt

7) 2t 8t#H|e FIC index® ¢

V. wvulnificus 15-2032 thAate g Teo} Zb

Table 11. Combined effect of tobramycin and tetracylcine on Vibrio vulnificus Yonsei 4

Tetracycline Tobramycin (ug/ml)

(ug/ml) 64 32 16 8 4 2 1 0.5 0.25 0.00
0.5 - - — - — - — - -
0.25 - - - - - - - - - -
0.125 - - - - - - + + + +
0.063 - — - — — - + + + +
0.031 - - - - - + + + + +
0.016 - - - - - + + + + +
0.008 - - - - - + + + + +
0.000 - — — — — + + + + +

*Symbols ; —, no growth ; +, groth.
Table 12. Range of FIC index of each drugs combined with tetracycline

No. .of FIC index Mean of

Drug? strains FIC index
test 2.0 1.0 0.625 0.56 - 05

Mx 19 10 (52.7)® 6(31.8) 1(5.3) 1(5.3) 1( 5.3) - 1.470
Cf 20 8 (40) 6 (30) 2 (20) 4(20) - — 1.300
Ct 19 - 3(15.8) 5(26.4) 7(36.8) 3(15.8) 1(5.3) 0.700
To 20 - 6 (30) 2 (10) 8 (40) 2(10) 2(10) 0.731
Ak 20 3(15) 5(25) 7(35) 4 (20) — 1(5) 0.962
Gm 20 1(5) 6 (30) 10 (50) 3(15) - — 0.868
Km 20 2 (10) 7 (35) 5(25) 6 (30) - - 0.925
Ap 20 7 (35) 9 (45) 2(10) 1(5) 1(5) - 1.284
Sm 20 4 (20) 7 (35) 3(15) 5(25) 1(5) - 0.996
Cm 20 1(5) 13(65) 5(25) 1(5) - - 0.969
Pc 15 4 (26.7) 4(26.7) 5(33.3) 2(13.3) - — 1.133

*Abbreviation, see table 1.
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Resistance of V. vulnificus to antibiotics
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