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SYNOPSIS 

The quinolones are a group of antimicrobial agents that act by inhibiting bacterial DNA gyrases, enzymes essential 
in DNA replication. Several newer quinolone agents have been introduced recently. These are broad spectrum 
agents which may be administered orally. In -vitro susceptibility testing of five quinolone agents namely norfloxacin, 
pefloxacin, enoxacin, ofloxacin and ciprofloxacin against recent clinical bacterial isolates at the General Hospital 
Kuala Lumpur was performed. The results confirm the broad spectrum and high activity of these agents against 
these isolates which included Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus. The 
quinolones would provide valuable alternatives in the treatment of infections caused by organisms resistant to the 
more commonly used antibiotics. 

INTRODUCTION 

The quinolones are synthetic compounds which are re- 
lated to nalidixic acid (1). They are heterocyclic carbon 
acids and act by inhibiting bacterial DNA gyrases. The 
DNA gyrases are essential for DNA replication. Recently 
several new quinolone compounds have been intro- 
duced. These compounds have a wide spectrum of acti- 
vity which includes Pseudomonas aeruginosa. Their 
activity against anaerobic bacteria and streptococci is 
however rather poor. The newer quinolones are well 
absorbed from the gastrointestinal tract thus making oral 
administration feasible. Their low serum protein binding 
and small molecular sizes enable them to penetrate 
extravascular sites extremely well therefore achieving 
therapeutic concentrations in many tissues. These anti- 
microbial agents are therefore potentially very useful 
drugs in the treatment of infections. The purpose of this 
study is to establish their in -vitro effectiveness against 
recent clinical isolates at the Kuala Lumpur General 
Hospital. 

METHODS 

A total of 369 isolates of both Gram positive and Gram 
negative organisms were obtained from clinical speci- 
mens of patients at the Kuala Lumpur General Hospital. 
They comprised 45 strains of E. coli, 45 strains of Entero- 
bacter sp., 46 strains of Proteus sp., 40 strains of Acine- 
tobacter calcoaceticus var anitratus, 48 strains of Sal- 
monella sp. (including 7 strains of Salmonella typhi), 47 
strains of Klebsiella sp., 50 strains of Pseudomonas 
aeruginosa and 48 strains of Staphylococcus aureus of 
which 19 were methicillin-resistant. 
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Pure powders of the quinolone compounds to be 
tested were obtained from their respective manufacturers. 
They were norfloxacin (Astra), enoxacin (Warner-Lam- 
bert), pefloxacin (May and Baker), ofloxacin (Dai-Ichi) and 
ciprofloxacin (Bayer). The minimal inhibitory concentra- 
tions (MIC) of these quinolones against the clinical iso- 
lates were determined using a standard agar plate dilution 
method. The medium used was Diagnostic Sensitivity 
Test agar (Oxoid) which contained doubling dilutions of 
the quinolone compounds ranging from 0.007 to 32.0 
mg/L. Approximately 105 colony forming units of each 
organism were inoculated onto the plates using a Denley 
multiple inoculator. The plates were incubated at 37°C for 
18 hours. The minimum inhibitory concentration was 
taken as the lowest concentration of the compound that 
inhibited all growth. 

RESULTS 

Table 1 summarises the results of the susceptibility test- 
ing. The results are expressed as MIC50 and MIC90 which 
are the concentrations of the compound that inhibits 50% 
and 90% of the organisms tested respectively. All five 
quinolone compounds were highly active against the 
Enterobacteriaceae with values of MIC90 ranging from 
0.03 to 4.0 mg/L. Enoxacin and norfloxacin were found to 
be less active against Acinetobacter calcoaceticus var 
anitratus with MIC90s of 16.0 mg/L. Against 
Pseudomonas aeruginosa enoxacin was the least active 
compound (MIC90 of 8.0 mg/L). All the quinolone com- 
pounds were found to be effective against both methicillin 
sensitive and methicillin-resistant Staphylococcus 
aureus. On an activity by weight basis, ciprofloxacin was 
found to be the most active compound and exoxacin the 
least with norfloxacin, pefloxacin and ofloxacin in between. 

DISCUSSION 

The results obtained were generally similar to those 
published in other studies (2)(3) although our values for 
enoxacin MICs tend to be a little higher. Enterobacteria- 
ceae were very sensitive and the majority of strains were 
inhibited by concentrations of quinolones below 1 mg/L. 
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Acinetobacter calcoaceticus var anitratus strains were 
rather less susceptible, particularly with enoxacin and 

norfloxacin. Ofloxacin appears to be the most active 
among the five quinolones against Acinetobacter cal- 

coaceticus var anitratus. MICs against Pseudomonas 
aeruginosa were generally higher. The activity of enoxa- 

cin against Pseudomonas aeruginosa strains was rather 

disappointing (MIC50) = 4.0 mg/I and MC90 = 8.0 mg/I). 

Ciprofloxacin was found to be the most active compound 
against Pseudomonas aeruginosa. The quinolones were 

also found to be active against both methicillin-resistant 
and methicillin sensitive Staphylococcus aureus. 

Antibiotic resistance is a major problem in our hos- 

pital (4). In a recent survey, 21% of Enterobacteriaceae 
strains and 36% of Pseudomonas aeruginosa strains 
isolated in our hospital were found to be resistant to 

gentamicin. Nearly 20% of Staphylococcus aureus 
strains were resistant to both methicillin and gentamicin. 
In such cases quinolones may be useful alternatives 
provided there are no contraindications to their use. 

Ciprofloxacin would be the quinolone of choice in Pseu- 

domonas aeruginosa infections. 
Although resistance to quinolones among local cli- 

nical isolates appear to be uncommon at the moment, 

resistance can emerge during therapy. Resistance to 

quinolones primarily arises through mutation (5) but a 

plasmid carrying resistance to nalidixic acid has also 
been reported recently (6). Both clinician and microbio- 
logist should therefore monitor closely the emergence of 

such resistance. 
Quinolones are also known to cause adverse effects 

(7). Perhaps the most serious potential side effect is the 

destruction of growing cartilage. Thus, its use in children 
is contraindicated. Nausea and dermatitis have also been 
reported and administration of pefloxacin to dogs in high 

doses can produce cataracts. 
We have shown that the newer quinolones have 

useful in -vitro activity against local clinical isolates. How- 

ever careful clinical trials will have to be conducted to 

establish its clinical usefulness in the local situation. 
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Table 1 

THE ACTIVITY OF 5 QUINOLONES AGAINST 
CLINICAL ISOLATES 

Organism (number MIC(mg/I) Organism (number MIC(mg/I) 

of isolates) and 
antibotic 

range MIC50 MIC90 of isolates) and 
antibotic 

range MIC50 MIC90 

E. coli (45) Acinetobacter sp 

Pefloxacin <0.007-0.03 0.125 0.125 (40) 

Ofloxacin 0.015-0.125 0.06 0.06 Pefloxacin 0.06-2.0 0.5 1.0 

Enoxacin 0.06-0.5 0.25 0.5 Ofloxacin <0.007-1.0 0.25 0.5 

Ciprofloxacin <0.007-0.03 <0.007 0.015 Enoxacin 0.25-32 4.0 16.0 

Norfloxacin 0.03-0.125 0.06 0.125 Ciprofloxacin <0.007-2.0 0.25 2.0 

Norfloxacin 0.06-16.0 4.0 16.0 

Enterobacter sp (45) 

Pefloxacin 0.06-1.0 0.125 0.5 
Pseudomonas 

aeruginosa (50) Ofloxacin 0.03-1.0 0.06 0.125 
Enoxacin 0.5-4.0 0.5 2.0 Pefloxacin 1.0-8.0 2.0 4.0 

Ciprofloxacin 0.015-0.5 0.03 0.125 Ofloxacin 0.5-4.0 1.0 2.0 

Norfloxacin 0.03-1.0 0.06 0.25 Enoxacin 2.0-8.0 4.0 8.0 

Ciprofloxacin 0.06-1.0 0.25 0.5 

Proteus sp (46) Norfloxacin 0.25-8.0 1.0 2.0 

Pefloxacin 0.06-1.0 0.125 0.5 
Ofloxacin 0.03-0.5 0.125 0.25 Methicillin resistant 

Enoxacin 0.25-4.0 1.0 2.0 S. aureus (19) 

Ciprofloxacin <0.007-0.5 0.03 0.125 Pefloxacin 0.25 0.25 

Norfloxacin 0.03-2.0 0.06 0.5 Ofloxacin 0.12-0.25 0.12 0.25 

Enoxacin 4.0 4.0 

Salmonella sp (48) Ciprofloxacin (125-1.0 0.5 1.0 

Pefloxacin 0.06-0.5 0.25 0.25 Norfloxacin 0.5-4.0 2.0 4.0 

Ofloxacin 0.03-0.5 0.125 0.125 

Enoxacin 0.5-1.0 0.5 1.0 Methicillin sensitive 

Ciprofloxacin <0.007-0.25 0.015 0.03 S. aureus (29) 

Norfloxacin 0.06-1.0 0.12 0.25 Pefloxacin 0.25-0.5 0.25 0.5 

Ofloxacin 0.25 0.25 

Klebsiella sp (47) Enoxacin 4.0 4.0 

Pefloxacin 0.06-2.0 0.25 0.5 Ciprofloxacin 0.25-1.0 0.5 1.0 

Ofloxacin 0.03-2.0 0.125 0.25 Norfloxacin 1.0-4.0 2.0 4.0 

Enoxacin 0.12-8.0 0.5 4.0 

Ciprofloxacin 0.007-0.5 0.03 0.25 

Norfloxacin 0.06-2.0 0.125 2.0 

. 
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SECOND INTERNATIONAL CONFERENCE ON 
SYSTEMIC LUPUS ERYTHEMATOSUS 

26th - 30th November 1989 SINGAPORE 

Scientific Highlights include: 
Epidemiology and Genetics 
Immunology 
Animal Models 
Antinuclear Antibodies 
Antiphospholipid Antibodies 
Sex Hormones 
Newer Strategies in Management 

Scientific Programme 
The First Singapore SLE Lecture 
Plenary Sessions 
Symposia 
Workshops 
Round Table Conference 
Free Paper Sessions 

Lupus Nephritis 
CNS Lupus 
Lupus and Pregnancy 
Childhood Lupus 
Drug -Induced Lupus 
Prognosis 

For details please contact: 
Dr P H Feng 
Chairman, Organising Committee 
Second International Conference on SLE 
c/o Department of Medicine IV 
Tan Tock Seng Hospital 
Moulmein Road 
Singapore 1130 
Phone (65) 3508214, Telex: RS 39675 TTSH 
Telefax: 2527282 
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