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In vitro Activities of Mecillinam Against Clinical Isolates of Enterobacteriaceae
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Background : Mecillinam, an amidinopenicillin antibiotic, has been used to treat urinary tract infections and bac-
terial enteritis in many countries. In this study, we evaluated /n vifro activity of mecillinam against Enterobacteriaceae
isolates from urine, and Sa/monella and Shigella isolates from patients with bacterial gastroenteritis.

Materials and Methods: A total of 308 clinical strains were collected and were comprised of Escherichia col
(n=109), Klebsiella pneumoniae (n=52), Enterobacter spp. (n=30), Serratia marcescens (n=30) and Proteus
spp. (n=29) isolated from a university hospital in Korea in 2007, and of Sa/monella spp. (n=28) and Shigella spp.
(n=30) isolated from Korean diarrheal patients from 2001 to 2006. Antimicrobial susceptibility was tested by
Clinical Laboratory Standard Institute (CLSI) agar dilution method. CLSI breakpoint of mecillinam for £. coli urinary
tract isolates was applied to all other isolates.

Results: In £. coli, rate of susceptibility to ampicillin was 30%, but 99—100% to amikacin and cefotaxime. Most
(96%) of E. coliisolates, including extended—spectrum B—lactamase (ESBL) producers, were susceptible to me-
cillinam. All ESBL producers, except for one isolate, were inhibited by <4 ug/mL of mecillinam. MICgy of mecil-
linam for K. pneumoniae and Enterobacter spp. was 8 pg/mL and 1 ug/mL, respectively, and the susceptibility rate
was 92% and 97%, respectively. However, MICgqy of mecillinam for S. marcescens isolates was »128 ug/mL and
most of them were resistant to mecillinam. All Sa/monellaisolates and 27 of 30 Shigella isolates were susceptible
to mecillinam.

Conclusion : Mecillinam was active /n vitro against most Enterobacteriaceae, Salmonella, and Shigella isolates
except for S. marcescens. Therefore, mecillinam can be a good alternative agent for treating urinary tract infection
and bacterial gastroenteritis.
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1. o Al

2007d 6258 8Ll = ¢/ e S st 3
2ke] 44 EelE 2853 200055 2006
W7EA ] #xfel| A FE M-S sk A
e Aldsdth A Y dF= E coli 1095,
Klebsiella pneumoniae 527, Enterobacter spp. 307
(E. cloacae 15, E. aerogenes 15), Serratia marce-
scens 305, Proteus spp. 297 (P. mirabilis 25, P.
vulgaris 4), Salmonella spp. 285 (S. Typhi 9, S
Paratyphi A 3, Salmonella serogroup B 4, serogroup C
4, serogroup D 6, serogroup E 2) 2 Shigella spp. 30

ZF(S. flexneri17, S. sonnei 13) ©] 3t}

2. A 3y

&t A 7’42 Clinical and Laboratory Standards
Institute (CLSD sHd &Aoo Algatairh(14). Al &
A= mecillinam, ampicillin cephalothin, cefotaxime,
cefoxitin, aztreonam, amikacin, tobramycin, cotrimox-
azole ¥ levofloxacin®|th. 744 A& ell= Mueller—
Hinton HJ#] (BBL, Cockeysville, MD, USA) & AF&3}%)
o} Al Al Steers replicator (Craft Machine Inc.,
Woodline, PA, USA) & AHg-31o] ©F 10" CFUE %% 3}l
35CelA 16—20A17F wiksksint. & A9AE = (mini-
mum inhibitory concentration, MIC) = A3t 5215 1|
st AL HA SRR o, gt o] ot Agt
S FAIBIATE A AP ARREE A E £
coli ATCC 25922, Pseudomonas aeruginosa ATCC
278535 AFE3FATE Mecillinam® breakpointi= CLSI
A Q8 E. coli 7155 BE AE At st 4

a9l

3. Extended—spectrum B—lactamase (ESBL) A7

9 A&

Double disk synergy (DDS) A€o & ESBL A<
gkt A& A2 9ol 0.5 McFarland 5%
52171 5 Mueller—Hinton $Hdel 127 A&,
x| Ftelli= amoxicilline—clavulanic acid ©lA=
(Becton Dickinson Microbiology Systems, Cockeys-
ville, MD, USA) & E1 9| ceftazidime, cefotaxime
1 cefepime U]Z~= (Becton Dickinson) & 1.5 cm (Y]
A 7R el A ZPdAke) AEE T sk FE s by
A& 35CelA] ab=ut vljekst &, F Tt Ato] 2] At

7} A2 DDS 0.2 A3
7

E. coli 10995 & 1957} ESBL& ~3/3313lth. ESBL
AASIA k= E. coli w50l T3t ampicillin®] MICs02}
MICgo= B >128 pg/mLol3laL, Alg w5 & 37%Rto]
/3ol (Table 1). Cefotaxime®] MICgpe 0.25
ng/mLe] 1A, 22 1S3 100%°1%1 2™ aztreonam 2
MICgox= 0.25 pg/mLe1 1L, 99% w57} aztreonamell 7+
F/do1%lth. AminoglycosideA|?] tobramycin@} amikacin
o A ES 47 80% 2+ 99%°1 3t Levofloxacin®] 7+
FAEL 7TT%019 2™, cotrimoxazole®l] th3t T4 E2

64%°13tt. Mecillinam®] MICs02F MICoo= Z+H2} 0.5
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Table 1. Activities of Antimicrobial agents against Escherichia coli 1solates from Urine

ESBL nonproducing £. coli (No.=90)

ESBL producing £. coli (No.=19)

Antimicrobial

agent MIC (pg/mL) Susceptibility (%) MIC (ug/mL) Susceptibility (%)

50% 90% S | R 50% 90% S | R
Mecillinam 0.5 2 97 1 2 2 4 95 0 5
Ampicillin >128 >128 37 0 63 >128 >128 0 0 100
Cephalothin 8 32 66 14 20 >128 >128 0 0 100
Cefotaxime <0.06 0.25 100 0 0 64 >128 21 26 53
Cefoxitin 4 8 92 2 6 8 32 53 21 26
Aztreonam 0.12 0.25 99 0 1 8 64 53 16 31
Amikacin 0.5 2 99 1 0 4 >128 84 0 16
Tobramycin 0.5 8 80 10 10 6 >128 42 5 53
Cotrimoxazole 0.12 >128 64 0 36 >128 >128 21 0 79
Levofloxacin <0.06 16 77 0 23 8 32 37 5 48
Table 2. Activities of Antimicrobial agents against Alebsiella pneumoniae solates from Urine

ESBL nonproducing K. pneumoniae (No.=40) ESBL producing K. pneumoniae (No.=12)
/;gz:g'cr‘)b'a' MIC (ug/mL) Susceptibility (%) MIC (ug/mL) Susceptibility (%)

50% 90% S | R 50% 90% S | R
Mecillinam 0.25 4 90 5 5 4 8 100 0 0
Cephalothin 4 >128 65 5 30 >128 >128 0 0 100
Cefotaxime <0.06 4 96 2 2 16 >128 33 33 33
Cefoxitin 4 >128 80 2 18 16 >128 43 8 50
Aztreonam 0.12 8 92 5 3 64 >128 8 8 84
Amikacin 1 32 88 2 10 16 >128 50 0 50
Tobramycin 0.5 128 75 2 23 32 >128 33 0 67
Cotrimoxazole 0.25 >128 73 0 27 >128 >128 8 7 15
Levofloxacin <0.06 2 90 0 10 32 >128 33 0 67

ng/mLe} 2 pg/mLo| R 1 /3 &2 97%E cefotaxime
H] =3}k

ESBL A E. coli 195 E5F ampicillin® cephalothin
MIC7} >128 pg/mLZ 1% WAool tt(Table 1). %S
cefotaxime 2] MICs02} MICgoi= Z+7; 64 pg/mLe} >128
ng/mLe]$l o™, aztreonam® MICs08 MICoo Z+2t 8
ug/mLe} 64 pg/mLE ESBL A eHA] ok AR} %9k
t}. 195 5 1857} mecillinam 4 pg/mLo]&}kel|A] A =
o], ESBL H|A/d 9} v]=3qlch

K. pneumoniae % ESBL v A9} AT+ 242 4
F¢} 125701tk ESBL vIAA K. pneumoniae®] 3t
cephalothin®] MICgo+x= >128 pg/mLe]3lal, 65%7F 7
Jo] 2tk (Table 2). Cefotaxime¥} aztreonam®] MICgoi=
27} 4 pg/mL¥#% 8 ug/mLelaL, 2+ 96% < 92% 2] 5
7} 7473013t} Amikacin, tobramycin, cotrimoxazole
2 levofloxacin®l t$t #44/dE2 73-90%°]tt. A
mecillinam®] MIC90+= 4 pg/mL%E cefotaxime¥} 292
o, ZEAELS 90%0130}. ESBL A4 K. pneumoniae

- O

12 F9 49 mecillinams A3t ZE Al A9
MICgo7} >128 ug/mLolg oy}, = w57} mecillinam 8
ng/mLo]3tell A S A = Sitt.

Enterobacter= tobramycin, amikacin % levoflo-
xacin®ll EF ZFAoltH(Table 3). o] & oist
cefotaxime¥} aztreonam® MICoo= ZH2} 32 pg/mL¥}
64 pg/mLelfla, TFAES 242 74%8 77%°1U T
Mecillinam®] MICgo= 1 ng/mLel3 1L, 97%7} ZF7d o]
ST} Al Serratia®) 1§t cefotaxime} aztreonam®]
MICooi= 22t 64 ng/mLa} 16 ug/mLolSlar, 382
27y 66%2F 80%°1% 21, mecillinam®] MICgoi= >128
ug/mLe]3laL, 7%xke] ZH/d o] Stk (Table 3).

Proteus spp.©l ™+ ampicillin#} cephalothin®] MICqo
© B >128 pg/mLol 3L 382 72t 59%29F 76%
o]tk (Table 3). HF cefotaxime ¥} aztreonam®] MICgo
= EF <0.06 pg/mLola FFEAAES 100%°]10 ).
Amikacin, tobramycin %! levofloxacin® MICg= 4—8

pg/mLel . A 5L 86—100%°] 2t} Mecillinam 2]
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Table 3. Activities of Antimicrobial agents against other Enterobacteriaceae solates from Urine

Enterobacter spp. (No.=30)

S. marcescens (No.=30)

Proteus spp. (No.=29)

/;Sé'rr]?'c“’b'a' MIC (ug/mL)  Susceptibility (%)  MIC (ug/mL)  Susceptibility (%) MIC (ug/mL)  Susceptibility (%)

50%  90% S I R 50%  90% S | R 50% 90% S | R
Mecillinam 0.25 1 97 0 3 >128 >128 7 0 93 2 128 76 717
Ampicillin - - - - - - - - - 4 128 59 0 4
Cephalothin - - - - - - - - - - 4 128 76 3 21
Cefotaxime 0.25 32 74 23 3 2 64 66 17 17 <0.06 <0.06 100 0 0
Cefoxitin - - - - - - - - - - 0.5 4 100 0 0
Aztreonam 0.25 64 77 0 23 1 16 80 10 10 <0.06 <0.06 100 0 0
Amikacin 1 2 100 0 0 4 >128 87 0 13 2 4 100 0 0
Tobramycin 0.5 1 100 0 0 6 64 37 7 56 0.25 8 90 3 7
Cotrimoxazole 0.12 0.25 93 0 7 0.5 128 67 0 33 0.12  >128 76 0 24
Levofloxacin <0.06 05 100 0 0 1 8 77 6 17 <0.06 8 86 3 1
—, Not applicable
Table 4. Activities of Antimicrobial agents against Salmonella spp. Isolates from Stool

S. Typhi & S. Paratyphi A (No.=12) Non—typhoidal Salmonella (No.=16)
/;g;';?'cmb'a' MIC (ug/mL) Susceptibility (%) MIC (ug/mL) Susceptibility (%)
50% 90% S | R 50% 90% S | R
Mecillinam <0.06 2 100 0 0 0.25 2 100 0 0
Ampicillin 1 2 92 0 8 >128 >128 44 0 56
Cefotaxime 0.12 0.12 100 0 0 0.12 2 100 0 0
Aztreonam 0.12 0.25 100 0 0 0.12 2 100 0 0
Cotrimoxazole <0.06 0.25 92 0 8 0.25 >128 81 0 19
Levofloxacin <0.06 0.25 100 0 0 <0.06 4 88 6 6
Table 5. Activities of Antimicrobial agents against Shigelia spp. Isolates from Stool
S. flexneri (No.=17) S. sonnei (No.=13)
/;g;';?'cr‘)b'a' MIC (ug/mL) Susceptibility (%) MIC (ug/mL) Susceptibility (%)
50% 90% S | R 50% 90% S | R

Mecillinam 0.5 64 82 0 18 0.25 1 100 0 0
Ampicillin >128 >128 18 0 82 4 >128 77 0 23
Cefotaxime <0.06 0.12 100 0 0 <0.06 <0.06 100 0 0
Aztreonam <0.06 0.12 100 0 0 0.12 0.12 100 0 0
Cotrimoxazole >128 >128 41 0 59 >128 >128 8 0 92
Levofloxacin <0.06 4 88 12 0 <0.06 0.25 76 24 0

MICgo= 128 pg/mLola, ZFAAES T6%°Z ce-
phalothin?} ] 533 Tt

S. Typhi®} S. Paratyphi Aol th3t cefotaxime¥} az-
treonam® MICgo= 0.12—-0.25 pg/mL, <452 100
%°1Q 1, ampicillin®} cotrimoxazole®] )3t - ES
92%, levofloxacinel ©ldt #AFdES 100%°1A
(Table 4). Nontyphoidal Sa/monella®l T3t cefotaxime
3} aztreonam® MICgot 2 ug/mL, 2452 100%°]
%131, ampicillin A5 ES 44%, cotrimoxazoled} le-
voflxoacin®ll st A ES 47 81%9 88%°l3UTh

(Table 4). °o]l& ¥Foll W3 mecillinam® MICgi= 2
ug/mLelA, AlE 5= 57 273 o]l

Shigella spp.= cefotaxime 0.12 pg/mL ©]3}oll A,
aztreonam 0.25 pg/mLolA ESF AEHo A ES
100%°]2it}. 38 ampicillin?} cotrimoxazole©l T3t 7+
82 Shigella flexnerioll Al ZF7F 18% 9t 41%°19] 1L,
S. sonnerll X 22y 77% 2+ 8% tH(Table 5). Mecil-
linam® ¢ S. fAexneri®l HEF MICgo+= 64 ug/mLo]]
1, FFAAES 82%01912H, S sonnell Wt MICgo=
1 pg/mL=Z 254 E2 100%°] T
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teriaceae®ll el A mecillinam &S H71ekith &
¥2] E coli®} K. pneumoniae®] t3t mecillinam MICE=
CHE rarAlel vl Wekow o] 757 1A o]
St} Mecillinam-> Enterobacter spp.°ll = F %2} vzt
7R R L FvES B3Itk Mecillinams Enterobac-
teriaceae 7% % °\* P. mirabilis, Providencia spp. 12|
i S, marcescensolli= o] W o7 deA Q=
4] (15), ¥ AFAA Proteus spp.d] mecillinam W &2
17%= E. coli®} K. pneumoniae® B8 =% ™, S, mar-
cescens®] - 29 #F7F W o2 el #F3te]
WAE AtolE ER1E 5= AUt Salmonellast Shigellas=
TEE Al A el vEva g A ATHEI).
S. Typhi®} S. Paratyphi A°ll H]3 nontyphoidal Sa/-
monella) FwA Wdol ¥ &gt Z1oz d#fA gl o]
H A% ampicillin®} cotrimoxazole W/Jd°] non-
typhoidal Salmonella®ll¥ B %k °Y mecillinamolli= &
T 5ol At S, sonnei®t S. flexneri®} 2] B] o A=
ampicillin WAES S fexneriolA © £S8k3l, cotri-
moxazole W2 S. sonnelX B &3l 7|& AT &
AMe A3E B9 o1 (3), B—lactam A2 Q] mecillinam
Al S. flexnerioll A UAdo] B E3FAth.

OFSA7HEY B-lactamyidS B-lactamase A3,
porin 23, efflux pump®] A g4 TAysH=d]
B—lactamase o] YA o7 71 £ a3tk TEM—1,
TEM—-2 % SHV-1 %9 broad—spectrum B-—lacta-
mase (BSBL)2 542 % ampicillin® WA E°] 34 &
oF 11, #Fol= BSBL A4 Al 255 918l /e A
3 At cephalosporing 3lsh= ESBL A4 571 57}
skal Qleh(16). =dlelAd= TEM-52, SHV-12 %<
ESBLo| £&t3l o £ coltlA] CTX-M3 ESBLO| w4
stAl gakEn ok(17). HTole ESBLE A%
Salmonella®} Shigella 7F9°] R1H7|%= FITH(18,
19). gwtd oz ESBL A/dFolA aminoglycoside,
fluoroquinolone ¢ d+tAl Udo] &3 oz LA
o] X7;7} S5}y AR Enterobacteriaceae dES 4
A4 AmpC B—lactamaseS AJ/dsh=dl A4HE ¢
3At] cephalosporin WAS 5 & 1o, DHA,
CMY 59 Zgt~v|= w7 AmpC B—lactamase 42
2 213} cephalosporin Aol &7Fskal QIth(20). AAZ2

2005-2006 =] 1270 HdelA 28| Al WA E
ZAYNA E. coli®] 2F 70%7} ampicillinel] Wl/do] Sl 1,
coli®} K. pneumoniae®] 3A|t] cephalosporin W/ &2
242 11-15%8}F 30—34% = A vl&l Z71sk3AcH6).
Mecillinam=> B—lactam 1A &} ThE U dS 1
okl &4 2 o™, ampicillin WA E. collIME &2
THE Hol AFEH S =2 ampicilin WA £ coli L27F
AHEEo] $hh(21). 19973 1770 =71t oz A%
ZAbe] w2 288 £ coli®] ampicillin®} cotrimoxa-
zole WA E90] 212 29.8%9) 14.1%°] ) S}, mecilllinam
YA ES 1.2%= FUtH22). Mazzuli 52 227 8k
oA EE|E T8 7k 2,000 F9 oAl AEdS Al
3R =, mecillinam® 754 E°] 98.8%% A&+t
A FoAAM 7P E=Skow E coli®] 7% 99.7%7F mecil-
linamell 743011 tH(21). Mecillinam-= ampicillin W*3
E. coli ¥ oz} oJ¥] B—-lactamase A Enterobac-
teriaceae®| = a}A ol &elA ot Sougakoff 5
TEM-1, TEM2, SHV-3, IRT—=5, AmpC 18] 12 OXA—-3
"40E B8 E colidTE A CE B— lactam A
o Ay A4S FA89+dl, mecillinam
OXA-3 A #F5 A8t e AgATe w2 3y
S Blom P2 B—lactamase®] W& A3} 9} 3
£ 5 HATH23). E3 mecillinama ©H2 B— lactam &
Al vlEl AEHE gGA FHsted ol®= A -
lactamase?] AEX 3 o] THAastA Frh(24). B A
X% mecillinam®] 73-¢ e B—lactam FAle} 2
ESBL A7 w=ollA MICeF &2 & W37t jlo] A8
i P& #4353 Nicolle 5 ESBL 84 E. coli
o oIt 2 279 #A}of| mecillinams Foiske] 94421
a7 ISt B sk tH(25). 1Eiv A At w2
WAl xAEY HEFS =Y 4$ ESBLolY
AmpC B-lactamase® 4733k w5l tigt mecillinam
MIC7} @A s “dsE o] RiE %1, B—lactamase 2|
AR clavulanic acidE ¥ 33 Z-¢- MIC7} 7243k TH(26,
27). WA mecillinam”’} ESBLe|Y AmpC B—lacta-
mase 7ol 93t T A5 FATE FE U5E
oJmlal, B—lactamase SFAAE HEFA A FsaAE

713 = Q& Aol
S, Typhimurium$} £, coli= ol2] 22k ®¥o] £3], A
E et #aE f7Akel] Wo)7k A A9 mecillinam
of thet & g5 4 Uvh(28). 28} mecillinam
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SolE U4 Aol HSITH(LL, 12, 29). WA WEetdA
] Al Shigellosis X80 AFgE+= F2 A9 WA

Fol & 6\ 37F 493 A} mecillinams £33 &

Aol Aol F7rstelar 54 A efelA o #9kth(13). o]
= e Al rRRTEA R AT R ARES SHA 9
79 mecillinam® WAL 718 5 vk A& AlALet
= &zolth

AZA S F mecillinams £ col
Enterobacter spp., Salmonella spp., Shigella spp.°l| tl
S AT FarElo] mig- skl o]lF Alarel ¢
g o2 ASH A dEE AR 88 Ao e
t}. Mecillinam= ESBL A3 E. coli®} K. pneumoniae®
i e 52 g S BYou AlagEwel wef Uiy
Fgol 2= Burt glglor g ESBL gl 24
RS ez st ATV 2o FeR wdd

gl

K. pneumoniae,
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