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Synergistic antibacterial effects of the combination of cephalexin
with gentamicin against Staphylococci isolated from dairy cows with
clinical mastitis in Gyeongnam province
Chun-Nam Chal, Chang-Yeol Yooz, Eun-Kee Park3, Song-Ee Son4, Suk Kim4, Hu-Jang Lee**

IEngineering Research Institute and Department of Industrial Systems Engineering,
Gyeongsang National University, Jinju 52828, Korea
ZDepartment of Computer Information, Gyeongnam Provincial Namhae College, Namhae 52422, Korea
3Department of Medical Humanities and Social Medicine, College of Medicine, Kosin University, Busan 49267, Korea
4C011€ge of Veterinary Medicine and Institute of Animal Medicine, Gyeongsang National University, Chinju 52828, Korea

(Received 15 June 2017; revised 1 July 2017; accepted 1 July 2017)

This study was investigated the synergistic effects from the combination of cefalexin and gentamicin
(CCQG) against Staphylococcus spp. isolated from bovine milk. Minimum inhibitory concentrations
(MICs) and fractional inhibitory concentration (FIC) index were determined for 16 bacteria from 13 bo-
vine farms in Gyeongsangnam province by the National Committee for Clinical Laboratory Standards
broth microdilution procedure. Antimicrobial agents tested included cefalexin, gentamicin and CCG.
Against Staphylococcus spp. tested, the MIC ranges of cefalexin, gentamicin and CCG were 0.25~1.0,
0.5~0.125 and 0.06~0.125 pg/mL, respectively. In addition, the FIC index ranges of CCG against
most of the isolates was 0.28 ~0.43 and the FIC index of CCG against 2 strains of Staphylococcus hae-
molyticus (S. haemolyticus) was 0.59. In conclusion, CCG has a high antibacterial activity against
Staphylococcus isolates, then the combination may be applied for the treatment of bovine mastitis
caused by Staphylococcus spp.

Key words : Staphylococcus species, Bovine mastitis, Cefalexin, Gentamicin, FIC index

N = oz A QUthBradley, 2002). 24 FRY At

= ditd o g HAA o SEAY #o 2 EREh

FHES AioA 7P EatA WSk Al AEd 89 YddFE=ol= Staphylococcus  aureus
Ao g, 2G99 HA xS 2712 Qs &3 A3}, (S. aureus), Streptococcus agalactiae, Streptococcus dys-
S AR s, A mBlE S EE R <l galactiae 5°] o™, o]l 9] FAlo HHE
8 WAlglo] whet A £Ag el AW o] A4WPL 5o DaFolA AapHe] A&Ho
2 294 W WA SIS Lorlk Ao U
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vkl Jold-Soll= Streptococcus uberis, Enterococcus

spp., At Arcanobacterium pyogenes, coagulase-nega-

tive staphylococci (CNS) 50| 1o, o]&2 B9, &
W ] BelE 2, S W SR 2T 2
71 A& AMgElE 29d B 5o U S-S
ol FAxRZA Hdste] 73 AHS doA YA
Moz QY 9UAe Yoyt oz muwEw

QltHRysanek 5, 2009; Kibebew, 2017).

2, Aol ofe B4 el wae o
A AR 939 YT R 43 da
st qloth, EEATa] ofat 24 $UR) B
o &Moo Zokshm gt Ao WuHw
(Idriss 5, 2014). FH3} vl=ro| 4] A-te] w=w,
B4 guddel FE YARERE AR, A4
Atat, T 59 AeE HIESGItHBradley 5,
2007; Ericssoon 5, 2009). Zo= 2 E | &

[e)
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oF AT AABGN A AMES 208 ol e
52 AHstel U Ao e £ALS AN
A3, TEATRIY YT Sol ASHOR 1Y &
o BEES vkl 208 B uEgltkNam, 2010;

Ak 24 9 Fek FARNS dvHom Ha
Weo) g RS gla Aguel ek 1
of, A WATE B s) B
AHgell= Bst, AAaaUAe) Amge] Astgo]
upe} wFo] A=Al ARGl Jlth(Barkema <5,
2006). Ha AP zRE FojE RY ZEAft
=2 penicillin-G, gentamicin, streptomycin, ampicillin,
ciprofloxacin, oxytetracycline 53} -2 AIA| o] o
o AW 2= Aoz BauEi Itk Kumar 5,
2011, AubH o, A el FHD FAA
We SRR Holae Bol Agom
AtEls Aol gt ER0stEQl Pl FojH
31 QJth(Piddock, 1996).

RS A FHEY a7 HAAI=A,
4553} 210kFo] EAst= AR HilEIL
(Bergeron 5, 2011). CNS&= t) 59 LpgtoA] Za
of g Zedo] Fa Yol
(Unal 5, 2012). CNS= A4 &
Fad SHAAES 23 9
22 Holw, WHH HApHALS olshe
oA Qlth(Rajala-Schultz 5, 2009). $FA 435 &
FEoRREH et FE5ol gt A WA A
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Ao A (Nam 5, 2013), S. aureus+= gentamicin®] tj 3}
AL HERA o, CNS+= 6.9%7}F gentamicino]|
s WAe UEh AT Harskgieh 3, G
A2 EE B3 methicillin-resistant CNS2] 70%7}
gentamicinel] o3} WA LrEroickn 1w mekgich
(Bochniarzi} Wawron, 2011). th2 5LoA, §HF
Ao fEEEH Hegh CNS 120 ==l dis
FAELAES e A4S AR 23}, ampicillin
I} penicillin®]] )3l 39%7} WS RO, amox-
icillin/clavulanic acid, ceftiofur, 12|31l cephalothin %
of diall 6%7F W& 2L 9= AR YEyth ®
3}, gentamicin¥} kanamycin2 A& O &2 O 2049]
AL Bty H 3t Moser &, 2013). 3FH,
FU4T SUAL Holt Hao] §7 AR
B ZEA 1965 2elste], A A
A AAgF AT}, cefalexin} gentamicino]] )3l z+
2 oF 55.6%%} 5.6%7F W/d= YErW Siekal Kils)
A thlIslam 5, 2014).

2 Ao = AEA G dawolA A4
2 $UEe Mok el gEomny Be
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HAagAo A e 52 HE B3t S aureus
5%, S. auricularis 45=, S. simulans 33 1211 S. hae-
molyticus 455 Aol AHEsHTh ®3h, 247+ &
Z7#3F21 S. aureus ATCC 29740, S. auricularis ATCC
13813, S. simulans ATCC 11631, S. haemolyticus ATCC
299702} S. aureus ATCC 292132 American Type
Culture Collection (ATCC, Manassas, VA)S. 22 E I
QJste] A3t} Cefalexin} gentamicin®] EFF

£ Sigma-Aldrich Korea (£¢)ZHE L3slo], W
THTE °l85to] 1 mg/mLe] §HS 717y ZA|5}o
WA aLe] BastHA AlF o] ARSI
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G2 H2A 5= AlE-S Clinical and Laboratory
Standards Institute (CLSI, 20012)2] ®¥o] F&3}o] o
Al Aoz AASITE e A gam
R Begt 552 Mueller-Hinton agar (Oxoid, UK)
off 2z} FFske] 37°CollA 24413 FF v s
HjoF & 4~67l19] T Z 21U E #5}o] Mueller-Hinton
brothol] 3 5, ThA] 37°CoA 24417k HjeFals
c}. wjoFEl ANlito] BF:=E MacFarland No. 0.5 (F
1.5x10° CFU/mL)2 ZA3t & Moz 3|45}
oF 1.5x10° CFU/mL®] #o1-& Zu]3}c}. obA 24|
3l cefalexini} gentamicin®] F&-8-98(1 mg/mL)S Zt
7} At S FE 84 sko] 0.0128~4.0 pgmL o] 5=
2 FH[3FAT Lim 5(2003)2] A4-5 IR s}o,
cefalexin®} gentamicin®] §+A|(10:7, w/w) (CCGYE %=
4%t Bt RE 3J4ske] 0.0128~4.0 pg/mL
o] FE== FH5H3Th

HarHsE ME

2] A~ A| ‘I (minimum inhibitory concentration, MIC)
AtZ Al L Clinical and Laboratory Standards Institute
(CLSI) Document, M31-A3 (CLSI, 2008)0] Z&}o] 4]
A5kt 96-well microplate (flat-bottom, Corning, USA)
£ g EHste], 24 FAEEO 449 Feo
3 8719 HHE wellS AMESIYITE FH1 B9
wello| SAEA 005 mLE EFate] &3t g,
0.05 mLE tA] Fsto] tha sate] wello] &5
o] 9= brothe} Fv] 22 T SHake] & 9 T
PR FEOR AU 7 wellol QA =

H|gE 4 0.05 mLA-& B33 of3, 37°Col| 4] 244]
7h &k vieFskeih i &, SiE sEolA oo A
A e S¢oR WSk, AFEES &
SHA] oFe xTI vjnste], HERE F9 AR
AeE HEE MICE ZAAsHgc

Fractional inhibitory concentration (FIC) index 2=

2+7ro] JAHFES WA O R cefalexin, gentami-
cin 712]31 CCGe MICE 13t thL, obAl oAtHby
< ZFa1stod(Buyck 5, 2015), okl 4]of whaf FIC in-
dexE F3FFc} FIC=0.5¢1 35, 4524, 0.5<FIC
<290 A, FEA AFSEHE, FIC=2 o]l 4%,

4% Agow WHSHC

=0 T

e

FIC _ WA & A MIC 5= 34 & B MIC 5=

index AQ] MIC %% B2 MIC =
(A: cefalexin, B: gentamicin)
Zn 3 I
MIC A&

e AaRiy 2t A A=l
o3t cefalexin, gentamicin ~12]37 CCGL] MICE Table 1
I} Zort}. S, aureus oFR]EE]HFEo| 3l cefalex-
in, gentamicin, CCG%] MIC H{+= Z+ZF 0.25~1.0,
0.5~1.0, 0.06~0.25 pg/mLo|% o™, S. auricularis £
F50 i3t cefalexin, gentamicin, CCG2] MIC
Hoj= Z+7F 0.25~1.0, 0.25~0.5, 0.06~0.125 ug/mL
2 Yelyttt T3 S, simulans £t o gt ce-
falexin, gentamicin, CCG2] MIC ®H$|= Z+ZF 0.25~
0.5, 0.5~1.0, 0.06~0.125 pgmL= LFEFFom, S.
haemolyticus @] o] 22| HFFEof 3t cefalexin, gen-
tamicin, CCG2] MIC ® 9] 77+ 0.25~0.5, 0.5~1.0,
0.06~0.125 pg/mLE UEPgth, ZEAFLS Belds
E°f st cefalexin, gentamicin, CCGS] MIC W $]=
ZrzF 0.25~1.0, 0.5~0.125, 0.06~0.125 pg/mL= €}
L}, cefalexin, gentamicin 7128]31 CCG+= -+ A
BHE gt At wel =2 g
< ey ook SHA Aol A(Klimiene 5, 2016), -
ArzHE Ea)gh CNSo disf A 74
AFst A3}, CNS 42 «#FE9] sl gentamincin
He7} 2.0~8.0 ug/mLo|chal X skt
Aol 44 54 49 2a2HE 27
Aol gt A A& 2ARRE
o A(Thomas 5, 2015), S. aureuso] )3t cefalex-
ine] MIC H2J7} 0.06~1.0 pg/mLo|JQctar 15}
t}. Taponen 5-(2016)> F-4¢d A2 HE 2{3F
SFollAl CNSE &efsto] A ApAds AR 4
1}, S. haemolyticus?} S. simulans®l] t)3gt, gentamicin®]
MIC Hel 7bzF 0259 025~1.0 pg/mLo]glorm,
cefalexin®} -2 A ¥ 9] cephalothin®] MIC H Q= &
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Table 1. Minimum inhibitory concentration of Staphylococcus spp. isolated from bovine mastitis

Minimun inhibitory concentration (pg/mL)

Species Strains
Cefalexin Gentamicin ccg”
S. aureus SA-1 0.5 1.0 0.125
SA-2 1.0 1.0 0.25
SA-3 0.5 0.5 0.06
SA-4 0.5 1.0 0.125
SA-5 0.25 1.0 0.06
ATCC 29740 0.25 0.5 0.06
S. auricularis Sauri-1 0.5 0.5 0.125
Sauri-2 0.5 0.25 0.06
Sauri-3 0.5 0.25 0.06
Sauri-4 1.0 0.5 0.125
ATCC 13813 0.25 0.5 0.06
S. simulans Ssim-1 0.5 0.5 0.125
Ssim-2 0.5 1.0 0.125
Ssim-3 0.25 0.5 0.06
ATCC 11631 0.5 0.5 0.125
S. haemolyticus Shaem-1 0.25 0.5 0.06
Shaem-2 0.5 1.0 0.125
Shaem-3 0.25 0.5 0.06
Shaem-4 0.25 0.5 0.06
ATCC 29970 0.25 0.5 0.06

YCombination of cefalexin with gentamicin (10:7, w/w).

2(016)9] A7ATS} vl weko] Wk %7 Lekito
L}, S. haemolyticus®} S. simulans©]] o3t gentamicin©]
474 Taponen 5(2016)2 AF-ZAte} B|iLs}o
T 22 Zo s yehth E3L, S aureusol] Tt
cefalexin®] ZF44-2 Thomas 5(2015)2] HAFLZATR
t} thh oo, S haemolyticusQ} S. simulans©l] T
3} cefalexin®] <=4 % Taponen 5(2016)2] A=) A
AFE3F cephalothin 5T} we 205 shels|eitt. of
2o A=A it Zda Y A= A
4 Aol =7heF Aol whE FAEE AT vl
9] apolof oJsff WY Aom AbmELh

FIC index

U9 Aezyd ped mRgTE 25
oSt cefalexini} gentamicin®] A2l CCGE) FIC in-
dexE Table 2| Yeffi it 2 2=t F550
St cefalexin, gentamicin, CCG2] MICE 7] % & FIC
indexE 4F&3t 23, tfF529] #7529 FIC index+=
0.28~0.43 H9 Yof 21ojA] cefalexini} gentamicin®]
2rgAdEo] dal AR AsaTE Hol= AL
2 YeEbgth I8y S, haemolyticus 9] oFQ)E | HF
2329] 7%, FIC index”} 0.59= cefalexini} gentamicin
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o] HEAQ YHEIE Wolt Ao Uehgh
Yang 5(2009)2 &4 $A 82 S. awreusol tigH
amoxicillin®} levofloxacin €A 2] FIC index”} 0.375%
Ueh} A5Eahe vehhedtn wnskac we
Choi 5(2011) ZHAGHrE S S. aureusol st
florfenicol ¥} amoxicillin €A 2] FIC index”7} 0.052 T
P AL AHETIE W FHold Aoz et
S Baskeick gk, A4 A 2 S, aureus
of tjj3l, Fillar 5(2009)-2 cefalexin?} kanamycin A
o] FIC index7} 1.12 UEbdom, Choi 5(2011)2
florfenicol¥} cefuroxime ¢HA| 2] FIC index”} 1.03°0.2
de 2R % gaAle) 2ud gsaas tehy
Arkal Huskich ShA st Hlaste], 2 A
oA ARESE CCGY S. aureusol] W3t St ait=
Fillar 5(2009)0] A}&-3t cefalexini} kanamycin A
@} Choi 5(2011)0] AF&-3t florfenicol@} cefuroxime &}
AR =4 Yelgten, Yang 5(2009)0] ARE-7H
amoxicillin¥} levofloxacin A= FARH 235 L}
EF gt 28y Choi 5(2011)0] ARE3L florfenicol
I} amoxicillin A Hth= @& 5315 H o) o9}
Zol, A FA Fa FEd e Hdat=el
gt 2 Zpol= vreket A Sof whet EejE
F=9 7} Sl g W FAd o Fell wet
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Table 2. Fractional inhibitory concentration (FIC) index of Staphylococcus spp. isolated from bovine mastitis

Minimun inhibitory concentration (pg/mL)

Species Strains ccG” FIC index”
Cefalexin Gentamicin
Cefalexin Gentamicin
S. aureus SA-1 0.5 1.0 0.125 0.088 0.34
SA-2 1.0 1.0 0.25 0.175 0.43
SA-3 0.5 0.5 0.125 0.088 043
SA-4 0.5 1.0 0.125 0.088 0.34
SA-5 0.25 1.0 0.06 0.042 0.28
ATCC 29740 0.25 0.5 0.06 0.042 0.32
S. auricularis Sauri-1 0.5 0.5 0.125 0.088 0.34
Sauri-2 0.5 0.25 0.06 0.042 0.29
Sauri-3 0.5 0.25 0.06 0.042 0.29
Sauri-4 1.0 0.5 0.125 0.088 0.34
ATCC 13813 0.25 0.5 0.06 0.042 0.32
S. simulans Ssim-1 0.5 0.5 0.125 0.088 043
Ssim-2 0.5 1.0 0.125 0.088 0.34
Ssim-3 0.25 0.5 0.06 0.042 0.32
ATCC 11631 0.5 0.5 0.125 0.088 0.34
S. haemolyticus Shaem-1 0.25 0.5 0.125 0.088 0.59
Shaem-2 0.5 1.0 0.125 0.088 0.34
Shaem-3 0.25 0.5 0.06 0.042 0.32
Shaem-4 0.25 0.5 0.125 0.088 0.59
ATCC 29970 0.25 0.5 0.06 0.042 0.32

YA combination of cefalexin with gentamicin (10:7, w/w).

2 . MIC of A in the combination MIC of B in the CCG
FIC index =

MIC of A MIC of B

(A: cefalexin, B: gentamicin; CCG: mixture of cefalexin and gentamicin (10:7, w/w))
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Staphylococcus auricularis 4=, Staphylococcus simulans

Hagiol A et

B2gt Staphylococcus aureus 55,

33 18]al Staphylococcus haemolyticus (S. haemolyti-

cus) 4575 AT S 2 cefalexin, gentamicin 18] 3L ce-
falexin¥} gentamicin FHA|(CCG)2] HAHAFE=E -
SHL, CCG| HaPsEA4E oot Bela Ex
Ao 1650 thgl cefalexin, gentamicin, CCG2)
MIC ¥H¢9+= 22 0.25~1.0, 0.5~0.125, 0.06~0.125
hgmLE WA UERd CCGe| BabsEA o
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