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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 vitro activity of mecillinam against Enterobacteriaceae
isolates from urine, and Sa/monella and Shigellaisolates 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 £. co/i 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. MICg of mecil-
linam for K. pneumoniae and Enterobacter spp. was 8 ng/mL and 1 ug/mL, respectively, and the susceptibility rate
was 92% and 97%, respectively. However, MICgy 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 Shigellaisolates 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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o2 Ad#A Qlow o] F Escherichia colie] 717 &3 v
QIyfolth(1, 2). AlA FAY AT O EE= Salmonella
¢} Shigella?} 7V Z @8ty A =) WEa] Salmonella
o] Y-S S Typhigl S. Paratyphi A7} 2}#|8F9) oL,
# o= nontyphoidal Salmonellal] Fglv)&o] 4 =
7FEATH(3). Shigellosist A el vl A7 001t 9]
=Y A AbElel Jeo] £F B Jlvk4, 5).
ol% Enterobacteriaceae”l &3t AL A= B-
lactam, fluoroquinolone % cotrimoxazole %2] &7}
3] AREE I QLo HE olE Al e Ui o] TUkska
o] A 5A] Aol o2 A3 QIek(3, 6, 7). o] WA+
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Mecillinam=> Lund$®} Tybringe] 1972 73k
amidinopenicillinZl¥ B-lactam YA ZH Entero-
bacteriaceaedl £ 1 ¥& Hole Ao 44 Ut
(9). dF-F9 B-lactam A7} 1854719 peni-
cillin— binding protein (PBP) 1 &2 3¢ z+-&3l=d] ut
3 mecillinam %547k PBP2e] AgA oz A
gsle] F#E-S YeEitH(10). PBP2E I3-3-A 7kt o)
DAFHE TS f8iA 521 mecillinamo©]
PBP2¢] Adtatd Al AHAle] x5 sk R
ol Ho] A= AFEeA @5+(10). WA mecillinam
Enterobacteriaceae®l t$t dEo] oy gt
Aol 237 AY-(11). Mecillinam E. col®ll i3t
o] Hojua F-AR-go] Aol HiHelAes Q2
AFZAZ &3] AFEEo] ghow, dF F7tex = Sal-
monella 2 Shigella®ll 2|3t Alitd AT % 0] §F]
I AtH(11-13). T ellA = mecillinamo] W= =
7} vi$- o] Enterobacteriacea 1%l & &8
At P& AR ZlgEy S 75l s m
linam A77} A58 Zefjoltt. whebA] £ AFoA =
A @ AANA e TR aHSAAET T A3
oA ¥&¥ Salmonella spp. ¥ Shigella spp.°l thdt
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2007d 6255 8Ll =l A/l dighy A stk 3
ko] 24 NA EeE 2853 200058 2006
7R ] #xpeA] FelE FATS sk A
e Aldsiadth A WY EF= £ coli 1097,
Klebsiella pneumoniae 525, Enterobacter spp. 307
(E. cloacae 15, E. aerogenes 15), Serratia marce-
scens 305, Proteus spp. 295 (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) ¥ Shigella spp. 30

F(S. flexneri 17, S. sonnei 13)°] 31t}

2. N¥ By

A 4’42 Clinical and Laboratory Standards
Institute (CLSD) $t 3 AR o2 A|H3IthH(14). A1 3
A= mecillinam, ampicillin cephalothin, cefotaxime,
cefoxitin, aztreonam, amikacin, tobramycin, cotrimox-
azole 2 levofloxacin®| Ittt A Al el Mueller—
Hinton 34| (BBL, Cockeysville, MD, USA) & AF&3}%)
t}. AlY AlitS Steers replicator (Craft Machine Inc.,
Woodline, PA, USA) & AMg-8to] oF 10" CFUS H %3}
35ColA 16—20A17F wisiitt. A9 AE % (mini-
mum inhibitory concentration, MIC) &= Alli 5215 A
st ALY HA FER sHgor, gt ] ot gt
S FAIBIATE A AP ARHEE fEiAE £
coli ATCC 25922, Pseudomonas aeruginosa ATCC
278538 AFE-3FATE Mecillinam® breakpointi= CLSI
A3 QitE E coli 718 e AY Mol TdatA &

Fa9ict.

3. Extended—spectrum B—lactamase (ESBL) 3A#

9 AE

Double disk synergy (DDS) A€ & ESBL AA<
gRlatit. A& ABelA el 0.5 McFarland 552
FHA1Z1  Mueller—Hinton 3ol 127 HE3131 L,
WA Fdelli= amoxicilline—clavulanic acid TlZ2~=
(Becton Dickinson Microbiology Systems, Cockeys-
ville, MD, USA) & ¥1 9] ceftazidime, cefotaxime
9 cefepime U123 (Becton Dickinson) & 1.5 cm (Y]
A 7pgARE elA ZdAre]) AdE T sk gEs by
A= 35 Cel| 4] ah5ut vjekst &, F t]2= Alo] 2] A
7} 714" DDS ¥4 0.7 3|4 &k 3itt

2 a

E. coli 10975 & 1957} ESBLE A4 3H8Ith. ESBL
AABIA b= E. coli ol th3t ampicillin® MICs0 9}
MICgo= B >128 pug/mLeISaL, A8 w5 F 37%%to]
57309tk (Table 1). Cefotaxime® MICgo= 0.25
ng/mLol AL, 7473 vl&2 100%°19 2.9 aztreonam 2]
MICg0= 0.25 pg/mLol 1L, 99% w57} aztreonamell 7+
J o]t} Aminoglycoside A2l tobramycin®} amikacin

T o
o A5 22 80%9F 99%01 v Levofloxacin®] 7+
A=~ =4

TAEL 77%°)0 2.1, cotrimoxazoled] th3t 744 &
64%°13tF. Mecillinam® MICs092} MICoo= Z+H2F 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 7 0 23 8 32 37 5 48
Table 2. Activities of Antimicrobial agents against Alebsiella pneumoniae 1solates from Urine

ESBL nonproducing K. pneumoniae (No.=40) ESBL producing K. pneumoniae (No.=12)
?SEQT'C'Ob'a' MIC (ng/ml) Susceptibility (%) MIC (ng/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 77 15
Levofloxacin <0.06 2 90 0 10 32 >128 33 0 67

ug/mLe} 2 ug/mLol R A3 &L 97%E cefotaxime
H]s=3k3i

ESBL A4 E. coli 195 EF ampicillin®} cephalothin
MIC7} >128 pg/mLE 1% Aotk (Table 1). HE3F
cefotaxime ] MICs02} MICooi= 247} 64 pg/mL2} >128
ng/mLel o™, aztreonam® MICs09 MICgo 22t 8
ug/mLe} 64 pg/mL=E ESBL A aHA] obi= #FHh 29t
t}. 195 % 1857} mecillinam 4 pg/mLo]s}ollA A =
o], ESBL 8] 59} vl =33t

K. pneumoniae % ESBL 8|9} AXAF+= 242 40
8} 125701t} ESBL BIAA K pneumoniae®) t 3t
cephalothin®] MICgot= >128 pug/mLol%laL, 65%7F 7+
’Jo] 2t} (Table 2). Cefotaxime¥} aztreonam®] MICgoi=
22}y 4 pg/mL¥% 8 ug/mLel R aL, 22 96%$F 92% 2] 5
7} 74730l lt}. Amikacin, tobramycin, cotrimoxazole
4l levofloxacin®l] st A5 73-90%0] %It} s+
mecillinam® MIC90+= 4 pug/mLZE cefotaximed} %2
w, ZHEAE-S 90%°191th. ESBL X K. pneumoniae

4 et

12 Y A% mecillinamg ALt ZE A &A1
MICgo7} >128 pg/mLo] o, Be
ug/mlLo] 3ol 4] A= it

Enterobacter= tobramycin, amikacin % levoflo-
xacin®l EF 5ol (Table 3). ©] w5l ojst
cefotaxime¥} aztreonam® MICgo= ZH2Z} 32 ng/mL¥}
64 ug/mLelfla, TFdES A2 74%S 77%°1%TH
Mecillinam®] MICgo= 1 ug/mLOI 1, 97%7}F 370l
Sltt. hA el Serratia®l W3t cefotaximed} aztreonam?]
MICgoi= 2+ 64 ug/mL¥} 16 pg/mLellarL, 4452
717} 66%F 80%°1 R 2.1, mecilliname] MICgot= >128
ng/mLe] AL, 7% o] 4 do]YltH(Table 3).

Proteus spp.°ll ¢+ ampicillin®} cephalothin®] MICq
© 5 >128 pg/mLol oL A3 82 72t 59% 9k 76%
o] tH(Table 3). WHA cefotaxime¥} aztreonam®] MICqg
£ EF <0.06 pg/mLella 3rdES 100%0]3th
Amikacin, tobramycin % levofloxacin® MICgoi= 4—8

ng/mLol il 4452 86—100%°] 3t} Mecillinam 2]

= 77} mecillinam 8
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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)

/;gm'c“’b'a' MIC (ug/mL)  Susceptibility (%) ~ MIC (ug/mL)  Susceptibility (%)  MIC (ug/mL)  Susceptibility (%)

50%  90% S | R 50%  90% S I R 50% 90% S | R
Megcillinam 0.25 1 97 0 3 >128 >128 7 0 93 2 >128 % 7 17
Ampicillin - - - - - - - - - 4 X128 59 0 4
Cephalothin - - - - - - - - - - 4 X128 76 3 21
Cefotaxime 0.25 32 74 23 3 2 64 66 17 17 <0.06 <0.06 100 O 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 O 0
Amikacin 1 2 100 0 0 4 >128 87 0 13 2 4 100 O 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 7% 0 24
Levofloxacin <0.06 0.5 100 0 0 1 8 77 6 17 <0.06 8 86 3 M
=, Not applicable
Table 4. Activities of Antimicrobial agents against Sa/monella spp. Isolates from Stool

S. Typhi & S. Paratyphi A (No.=12) Non—typhoidal Salmonella (No.=16)
éggrzrtncroblal 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\ggr:?'cmb'a' MIC (ug/mb) 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/mLelqlil, FFAES 7T6%°%E ce-
phalothin} H] 53} Tt

S. Typhi®} S. Paratyphi Al tf$t cefotaximed} az-
treonam® MICgo= 0.12-0.25 pg/mL, 74452 100
%°] %13, ampicillin®} cotrimoxazole®] thet ZrAd &2
92%, levofloxacin®ll gt #AFAdES 100%°1U T
(Table 4). Nontyphoidal Salmonella®l| t3}t cefotaxime
7} aztreonam®] MICyo 2 ug/mL, 57352 100%°]
2 44%, cotrimoxazole¥} le-
7Yzt 81%9F 88%°131tt

31, ampicillin 545

T
voflxoacin®l tf3t A&

(Table 4). ol dFol wigt mecillinam® MICgi= 2
ng/mLel AL, A8 5 B A olsint

Shigella spp.+= cefotaxime 0.12 pg/mL ©]3Fel|A
aztreonam 0.25 pg/mLelA 25 A= FAHES
100%°]122 e}, &3 ampicillin®} cotrimoxazole®l| th3t 7+
T ES Shigella flexneriol X 27 18%8F 41%°]131 4,
S. sonner| X 2372y T7%2 8%°] 1tk (Table 5). Mecil-
linam¢ 7% S. flexneri®l g MICoo= 64 ug/mLo]3)
I, FFAAES 82%0192H, S, sonneiell tgt MICooi=
1 ng/mLE 7452 100%°] 3k
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]

2 AFAE 29 WA 28E T2 Enterobac-
s Frlkeksith &
22| E coli?y K. pneumoniae®| W3t mecillinam MICE
ChE Ao vleA wekom R F57t Aol
S i il =is
7R R F2 S B3It} Mecillinams Enterobac-
teriaceae 1% S °\* P. mirabilis, Providencia spp. 12|
1 S marcescensolli= o] W Zo 7 deA 9l
d)(15), ¥ AFNA Proteus spp.d] mecillinam W &2
17%= E. coli®} K. pneumoniae) V|3 &% 2™, S. mar-
cescens®] ¢ -9 #F7F W o x vel #F3te]
U E Aol &5 &l 5= S Salmonella$} Shigellas
FEE A 7 ol thETaL e A UTH3).
S. Typhi®} S. Paratyphi A¢ll H]3 nontyphoidal Sa/-
monella®) FtA Wdo] ¥ 3k Aoz delA gl o]
W Ao AT ampicillin®} cotrimoxazole W/J©] non-
typhoidal SalmonellaollX B %=k 24 mecillinamolli= &
F Aol S osonner®t S. flexneri?}te] ] w oA =
ampicillin WAES S fexnerro | © #=9%3l, cotri-
moxazole W2 S. sonneiA B &3lo] 7]& A9 &
AR A3E B9 0 (3), B—lactam A€ <! mecillinam &
Al S. flexnerioll A Y/do] o] &kt
IHS4 79 B-lactamyidS> B—lactamase A4,
porin A3, efflux pump®] L] gz Eys=)
B—lactamase A§/do] YU FH o2 7H4 F 3tk TEM—1,
TEM—-2 % SHV-1 %9 broad—spectrum B-—lacta-
mase (BSBL)2] %2 & ampicillin® WA E°] 34 &
oF A3, HFell= BSBL A Al AEE A3 7ids Al
3 At cephalosporing 3llsh= ESBL A4 w571 57
atal th(16). =uelxlE TEM-52, SHV-12 %<
ESBLe] £33l ot E. colPllX] CTX-M& ESBLe] w4
stA gakEm ok(17). HFele ESBLe AA3she
Salmonella®} Shigella 7F9°] R1H7|% TR,
19). gurdo=z ESBL A/dFolA aminoglycoside,
fluoroquinolone 2] &A Ul/do] &gt Aoz defx]
Qlo] X877} FE). AR Enterobacteriaceae %2 4
A7 AmpC B—lactamases Ay sh=dl g4kd -9
3AIt] cephalosporin WAS F+5 & 1o, DHA,
CMY 59| Zgt~Av= w7 AmpC B—lactamase 342
= QI3 cephalosporin HAdo] 71t ItH(20). A=

teriaceae®] 34 mecillinam)

At} Mecillinam< Enterobacter spp.°l =

2005-2006d = 1270 HdelA 22 Al W&
ZA A E. coli®] ©F 7T0%7F ampicilline]l WAool 1, £
coli®} K. pneumoniae® 3A|t]| cephalosporin W&
ZZF 11-15% %} 30—34% = A 18] S7FsFA - (6).

Mecillinam- B—lactam 3Al 9} THE /g Fd-& Bl
tha & A o™, ampicillin WA E. colllIME =2
THE Ko AFH O F ampicilin WA E. colif L2724
AREES] gheh(21). 19973 1770 =715 g o g A
ZAbe w2 o8] £ coli®] ampicillin®} cotrimoxa-
zole W3 E9o] 212 29.8%9) 14.1%°] % 2.1}, mecilllinam
U ES 1.2%% FUtH22). Mazzuli 52 227 3xb
oA EE|® I8 7kt 2,000 9 oAl AEdE Al
A3+, mecillinam® 75 E°] 98.8%=% A&+
A FollA 7 E=9kem E coli®l 7% 99.7%7} mecil-
linamell 77301 tH(21). Mecillinam-= ampicillin Y3
E. coli ¥ olJg} oj&] B-lactamase A Enterobac-
teriaceae| = &¥H o]kl dH A Ut} Sougakoff -
TEM-1, TEM2, SHV-3, IRT—=5, AmpC 12]1Z OXA—-3
HAE B8 E colidTE W SE B— lactam Tt A
o Ay aAEAYE BA88Edl, mecillinam
OXA-3 A #F5 ALt e AgATe 52 3y
S Bom 759 B-lactamase®] WS A3} 9} 3
£ 5 HYH23). 3 mecillinam tHE 3— lactam &
A w3 MEHE GA FHsked o2 As B
lactamase®] MEXR I FEo] ZHastA Frh(24). B A
A% mecillinam®] 73-¢ e B—lactam A9} 2
ESBL A4 5ollA MICSF W/ &2] 2 W37t glo] A9
) & FA5FA T Nicolle 52 ESBL A4 E. coli
o oI35t 2 279 $kx}ef| mecillinams Fostke] 44491
A7 Itk B sk TH(25). 18 A Aol w2
WoddkARl AR HJEHFES =Y 4% ESBLolY
AmpC B-lactamase® 4/dsh= Tl ¥t mecillinam
MIC7} AA ] d5H ol HiE 3L, B—lactamase A
A clavulanic acidE W¥3E 73-¢ MIC7}F 1H A3kl TH(26,
27). wW2bA mecillinam”} ESBLelY AmpC B-—lacta-
mase Aol 23t FFRH Aol FARE FE A=
oJmlal™, B—lactamase JAAE HEF Al 453
713 = Q& Blojth

S. Typhimurium®} £, colii= o128 742k o] £3], A
E Fz9 #E ARl o)k B4 A9 mecillinam
5& 4 Juh(28). 1384 mecillinam
e Aow 4R led HA44H =7t

Foll 1A} ABAZ FAd FF AF-E

-

F
3

ol
fol
o og
u
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Solx= YA whago] Aith(11, 12, 29). vhd et A
ol

]*1 Shigellosis A&l AMEEE T8 FAe] WAEE
ol & 6W7F #2435 A} mecillinamS X835 BE It
AL Aol s7etlar 574 AelA ¥ =34tH(13). o]
o oA rRHA R ASdAR] AFRS A 3
73 mecillinam® WAE 718 4 vk A& AAF
= ool

AZA S Z mecilliname E. col
Enterobacter spp., Salmonella spp., Shigella spp.°l T
S AT FarEo] milg- skl o, o]E Altel ¢
S o2 ATH AT 38 AR 8 Ao A
t}. Mecillinam< ESBL A4 E. coli®t K. pneumoniae®|
M % =2 A HS 2oy, AdAEZel wet Ui
Fol vEv= Baurt glglor R ESBL Aol A4
H BAE gde R gk AT 2o Ao wdd

K. pneumoniae,

&
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