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In vitro Activity of Imipenem, Aztreonam, 
Amoxicillin-clavulanic Acid and Ciprofloxacin 
Against Multiresistant Klebsiella pneumoniae. 
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Abstract Thirty strains of Klebsiella pneuntoniae resistant to aminoglycosides and third 
generation cephalosporins were tested for susceptibility of imipenem, aztreonam, amoxicillin· 
c1avulanic acid and ciprofloxacin by the agar dilution method. Ciprofloxacin and imipenem were 
the most active agents with MIC of 0.25 and 0.5 mg/L respectively. Organisms were more
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resistant to amoxicillin-c1avulanic acid (MIC9o = 16 mg ofamoxicillin/L). Most of the organisms 
were resistant to aztreonam (MIC9o = 256 mg/L). 

This study suggests that ciprofloxacin and imipenem might be useful for treatment 
of multiresistant K. pneuntoniae infections. (J Infect Dis Allfimicrob Agellfs 1993; 10:9-11.) 

Key words: Imipenem, Klebsiella plleumol1iae 

d , 
tjf).J[Jf)	 mu./11'Ufl-3l1!fl Klebsiellapneuntoniae ~~flriflUl,jfl1bu::'tHnrJ'lfUPlrifll'Jlimipenem, aztreonam, 

amoxicillin-c1avulanic acid, II~:: ciprofloxacin 
e:t. G_I ~ e:t. t! !1 t!	 <V f! 

~';i't'UJ~ ~q fl'HlJ';i::li;l'.i§ ~.u. * ~lfl'H~-3fl lJll:IJ::~f1UIi ~.u. ** IUlYllill ~PlW.iVlU l11.U. * 

*mfli'J51n:JJ11n'J5ftl~'ilf :l.UJ. WU~"1'lJ~1'U.fl1'U.nf fJ.'V\l'illvmJ ~.~.:J'lJ~1 90112, ~ 

**The Department of Pediatrics, The University of Tennessee, Medical Center at Knoxville, 

Knoxville, Tennessee, USA. 

ftfl'Hl flll :lJ11'U fl-3It50 Klebsiella pneumoniae ~ ~fl ri 0 rJl ,jfl~lu::l'U fl q:IJ 

aminoglycosides IIll:: cephalosporins iu~ 31llUl'U 30 alrJ,.:ru~ riflUl imipenem, aztreonam, 

amoxicillin-c1avulanic acid II~:: ciprofloxacin lPlrJ't1ll'ilml:IJI'Ii':IJ'Ii'u~l~PI~al:IJl'nluurf-3 
.,. .,. 'i" od' "I '" 'i" .,."'... 1 '" . od' ..,.., 1 .fll'.illl'HUIVllJ1V1'Ufl-3I'1ffl IPI (MIC) IPI rJl Ii 111 flllH rJ-1 Ufll'tll'nU H~r4Ulll'lfflllflVllrJ-3 lV1flrJl 

ciproflo:acin II~:: imipenem IP1rJi1l'ilml:IJI'Ii':IJ'Ii'u~l~PI~al~"Hluurf-3fll'lll~~I~UlVi'll fl-3 l1!fl 

1 'V'U • QJ	 a QJ .,I1 
PI'flrJ~:: 90 (MIC ) IlllflU 0.25 II~:: 0.5 :IJ~/~. V1l:IJlllPiU. 'U'UW::ll MIC90 'II fl-3 rJl 

90	 tJ II 

amoxicillin-c1avulanic acid = 16 :IJ~. '110-3 amoxicillin/ll. I1iOthulmyfiflriflrJl aztreonam 

IP1rJi1ril MIC = 256 :IJ~./~. 
90 o=!i,J' • • •• I ~I .ell V'QJ e:t..c:r 
'illflH~fll'.iflfl'H1U clprofloxacm II~:: Imlpenem Ulll::llJUUlll 'If';ifl'Hlfll';iVlPlI'lffl 

.,I.,. od' • dod' , .,. 1'" 'i" .,..d' "' ...
lllflPl1llfll'lffl K. pneumomae llPlflVlflrJl'tl~lrJ'lfUPI PI (111ifT'U1f1f1~I'1ffJIUJ::fJ1f1TUfJlI'1f'tY 2536; 

10:9-11.) 

Reprint request: Pruekprasert P. Department of Pediatrics, Faculty of Medicine, Songklanagarind Hospital. 
Prince of Songkla University, Hat Yai Songkla 90112. Thailand. 

*The Department of Pediatrics. Facllltv ofMedicille. SOllgklGllGgarilld Hospital. Prillce (if SOllgkla Ulli1"ersitv. Hat Yai. SOllgkla. Thailalld. 

**The Departmellt (if Pediatrics. The Ullil'ersitv of Tellllessee. Medical Cellter at Kllo.\Tille. Kllo.nille. Tel/llessee. USA. 

Received for publication: November 15, 1992 

9 



10	 J INFECT DIS ANTIMICROB AGENTS Jan. -Apr. 1993 

search Laboratories) and ciprofloxacin (Bayer AG, Ger­
INTRODUCTION many). 

At present, multiresistant Klebsiella pneumoniae 
Susceptibility studieswhich are resistant to aminoglycosides (gentamicin, 

netilmicin, amikacin), third generation cephalosporins Susceptibility testing was performed in Mueller­
(cefotaxime, ceftriaxone, ceftazidime), penicillins Hinton agar by a two fold serial dilution method, using 
(ticarcillin, piperacillin), cotrimoxazole and a multiple inoculating apparatus (15,16) The inoculum 
chloramphenicol have become a major nosocomial was approximately 104 CFU per spot. Growth reactions 
problem in many countries including Thailand. were recorded after 18 hours of incubation at 35T. The 

Several in vitro and in vivo studies had shown MICs were the lowest concentrations preventing visible 
that imipenem, aztreonam, amoxicillin-clavulanic acid bacterial growth on agar. Escherichia coli ATCC 25922 
and ciprofloxacin are active against many gram nega­ was used as a quality control. 
tive organism (1-13). In this study we examined the in 

RESULTvitro activity of these antibiotics against multiresistant 
K. pneumoniae.	 The distribution of the MICs against multiresistant 

K. pneumoniae is shown in Table 1. All strains were 

MATERIALS	 AND METHODS susceptible to ciprofloxacin and imipenem with MIC90 
of 0.25 and 0.5 mg/L respectively. Eighty-three percent 

Microorganisms of the organisms were susceptible to amoxicillin­
Thirty strains of multiresistant K. pneumoniae clavulanic acid but MIC90s were much higher (MIC90 = 

characterized by resistance to amikacin (Bristol Myers) 16 mg of amoxicillin/L). Eighty-three percent of the 
and ceftazidime (Glaxo) by 30 mcg disc susceptibility organisms were resistant to aztreonam. 
test (zone diameter ~ 14 mm) were studied. Identifica­

DISCUSSIONtion of the species was carried out by using standard 
diagnostic microbiology techniques. The majority of This study shows that ciprofloxacin and imipenem 

isolates were from patients with nosocomial infections were active agents for multiresistant K. pneumoniae in 

seen at Songklanagarind Hospital from 1989-1990.	 vitro. The MICs of the drugs were lower than achiev­
able blood levels (7) and clinical trials ofthe drugs have 

Antimicrobial agents shown them to be generally well tolerated and effective 
Standard antibiotic powders used were: imipenem for the treatment of infections in various body 

(Merck Sharp and Dohme BV, USA), aztreonam systems 0-10). Since quinolone compounds are not 
(Squibb), amoxicillin-clavulanic acid (Beecham Re- approved for children and adolescents, imipenem 

Table 1 Minimal Inhibitory Concentrations (MIC) of antibiotics against 30 strains of multiresistant K. pneumoniae 

Antibiotics 

Cumulative percent susc

MIC (mg/L) 

eptibility MIC (mg/L) 

break point 

ref. 1,10,12,14 

Common peak 

serum concen­

tration of anti ­

biotics, mg/L 

(IV dosage-gm) 

ref. 17 

0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256 Resistant Sensitive 

Imipenem 

Ciprofloxacin 

* 

0 
83 

50 
87 

77 

90 
100 
93 100 

~16 

~4 

~4 

~I 

43 (0.5) 
3.8 (0.2) 

Amoxicillin­

clavulanic acid 

Aztreonam 

0 
17 

0 0 0 10 17 67 83 100 
57 87 100 

~32 

~32 

~8 

~8 

40 (1) 

54 (0.5) 

*Concentration of amoxicillin in the drug formulation (ratio of amoxycillin: clavulanic acid = 2:1 w/w). 
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should be the alternative drug in pediatric and young 
adult patients. Ciprofloxacin has been used to treat 
severe multiple resistant gram negative bacilli infection 
in twenty-one adult patients at our hospital, eighteen of 
whom were infected with K. pneumoniae. The overall 
clinical improvement and bacteriologic eradication were 
85 and 90 percent, respectively (18). In the same 
period, imipenem-cilastatin has been used to treat 
severe multiresistant Klebsiella pneumoniae infections 
in nine pediatric patients. Seven of the nine had clinical 
improvement and 8/9 had bacteriological eradication 
after 48-72 hours of therapy (19). 

Since the MICs of amoxicillin-clavulanic acid 
were variable and most of the strains were resistant to 
aztreonam, these drugs should be used in severe multiple 
resistant K. pneumoniae infection only after the results 
of susceptibility tests are known. 
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