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The in vitro activity of ciprofloxacin, a quinolone-carboxylic acid derivative, was campared with those of
norfloxacin, cefotaxime, cephalexin, ceftazidime, moxalactam, amoxicillin, and methicillin and other
agents, as appropriate. The MICs of ciprofloxacin for 90% of members of the family Enterobacteriaceae and
for Pseudomonas aeruginosa, Neisseria spp., and Bacteroides fragilis were between 0.005 and 0.8 pg/ml,
whereas streptococci and staphylococci were all inhibited by <6.3 wg/ml. Ciprofloxacin was 4- to 32-fold
more active than norfloxacin and inhibited gentamicin-, ameikacin-, cefotaxime-, and moxalactam-resistant
members of the family Enterobacteriaceae and P. aeruginosa and methicillin-resistant Staphylococcus
aureus. The activity of ciprofloxacin was not affected by serum but decreased in the presence of acid urine.

The frequency of resistance to ciprofloxacin was between 10’

and 107°.

Nalidixic acid, a pyridone-carboxylic acid compound, was
introduced into medical use in 1963. It was not used clinical-
ly to any great extent because of the rapid development of
resistance to the compound (5). In the 1970s, pipemidic acid
was synthesized in Japan (6). This compound, which provid-
ed reasonable concentrations in tissue, was used to treat
infections other than urinary tract infections, as was nalidix-
ic acid and other compounds of this class, such as oxolinic
acid and cinoxacin.

The development of norfloxacin, a pyridone-carboxylic
acid derjvative, showed that it was possible to develop
compounds of this class which, by virtue of their broad
spectrum of activity and the low incidence of resistance to
them, would be clinically useful (2, 4). Although the expand-
ed-spectrum cephalosporins inhibit many clinically impor-
tant bacteria, resistance has already been encountered
among Enterobacter and Pseudomonas spp. (3). For this
reason, we sought to study cirprofloxacin, a novel quinolone
compound, and to compare its activity with those of other
agents currently in use.

MATERIALS AND METHODS

Compounds. All compounds were obtajned from their
respective manufacturers. Ciprofloxacin was a gift of Bayer;
norfloxacin was obtained from Merck Sharp & Dohme.

Fresh dilutions of each compound were prepared daily in
sterile medium. Bacterial isolates were obtained from pa-
tients treated at The Columbia-Presbyterian Medical Center,
New York. Both recent isolates and isolates that are multi-
ply resistant to antibiotics had been saved over the past §
years and were tested. Only one isolate from a patients was
tested to avoid multiple copies of the same strain.

Susceptibility testing. Antimicrobial susceptibility tests
were performed by an agar dilution method with Mueller-
Hinton agar, except where otherwise specified. A final
inoculum of 10° CFUs, prepared by dilution of a fresh
overmght broth culture, was applied to agar with a replicat-
ing spot device. Broth dilutions were performed with 10°
CFU in tubes each having a volume of 1 ml. Agar plates and
tubes were incubated at 35°C for 18 h. The MIC was defined
as the lowest concentration of antimicrobial agent that
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inhibited development of visible growth on agar or in the
tubes. The MBC was determined by plating 0.1 ml of broth
from clear tubes to blood agar plates and was defined as the
lowest concentration that inhibited al] growth. Anaerobic
susceptibility tests were performed with Mueller-Hinton
agar supplemented with hemin and vitamin K;. Incubation
took place in GasPack jars (BBL Microbiology Systems) at
35°C for 48 h. Susceptibility tests of streptococcal species
were performed with Mueller-Hinton agar supplemented
with 5% sheep blood, whereas susceptibility tests of Haemo-
philus and Neisseria spp. were performed in the presence of
10% CO, on chocolate agar.

MIC determinations. MIC determinations in urine were
performed with urine obtained in the morning from male and
female volunteers which was sterilized by passage through a
0.22-pm (pore size) membrane filter (Millipore Corp.). The
inoculum used was 10° CFU. Incubation and determination
of MICs and MBCs were done in a manner simiilar to those
used for Mueller-Hinton broth.

Organisms were made resistant to c1proﬂoxacm and nor-
floxacin by daily passage in increasing concentration of
drug.

Protein binding. Protein binding was determined by the
dialysis technique with a membrane with a molecular weight
exclysion of 50,000. The filtrate and the antjbiotic remaining
in the dialysis sack were assayed by a microbiological
method against standards prepared in 0.05 M phosphate
buffer (pH 7.4). Dialysis was performed with the same
phosphate buffer.

Determination of mutation frequency. Spontaneous mu-
tants resistant to ciprofloxacin were detected by plating 0.1
ml of an overnight growth of cultures onto agar plates
containing ciprofloxacin at concentrations four and eight
times the MIC.

RESULTS

Ciprofloxacin had an extremely broad range of antibacteri-
al activity, mhlbmng aerobic and anaerobic cocci and bacilli
at low concentrations (Table 1). A total of 90% of Escherich-
ia coli, Klebsiella pneumoniae, Proteus mirabilis, and En-
terobacter cloacae isolates were inhibited by =<0.05 pg/ml.
Ciprofloxacin was consistently four- to eightfold more active
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TABLE 1. Comparative activities of ciprofloxacin and other antibiotics

MIC (ng/ml)
Organism (no.) Antibiotic
' Range 50% 90%
Acinetobacter anitratus (19) Ciprofloxacin 0.005-6.3 0.4 1.6
' Norfloxacin 0.1-12.5 1.6 6.3
Aeromonas hydrophila (5) Ciprofloxacin =0.002-0.02 =0.002 0.02
Bacteroides fragilis (23) Ciprofloxacin =0.01-0.8 0.8 0.8
Norfloxacin 6.3-=100 6.3 50
Other Bacteraides spp. (12) Ciprofloxacin 0.1-0.8 0.8 0.8
Norfloxacin 6.3->100 6.3 25
Branhamella catarrhalis (10) Ciprofloxacin <0.01-0.05 0.01 0.05
Ampicillin >25 25
Citrobacter diversus (25) Ciprofloxacin =0.02-0.05 0.01 0.02
Norfloxacin 0.02-0.2 0.1 0.2
Cefotaxime =0.1 =0.1 =0.1
Ceftazidime =0.1-0.2 0.1 0.1
Cephalexin 3.1-=100 3.1 50
Amoxicillin =100 =100 =100
Citrobacter freundii (22) Ciprofloxacin =0.002-0.2 0.01 0.1
Norfloxacin 0.02-0.4 0.1 0.4
Cefotaxime 0.1-12.5 0.2 3.1
Ceftazidime 0.1-12.5 0.4 3.1
Moxalactam 0.1-12.5 0.4 3.1
Amoxicillin =100 =100 =100
Enterobacter aerogenes (17) Ciprofloxacin 0.005-0.2 0.01 0.05
Norfloxacin 0.1-0.8 0.2 0.4
Cefotaxime =0.1-6.3 0.2 6.3
Ceftazidime =0.1-3.1 0.4 3.1
Moxalactam 0.05-50 0.1 6.3
Amoxicijllin 12.5-=100 =100 =100
Trimethoprim 0.8-25 3.1 12.5
Enterobacter cloacae (28) Ciprofloxacin 0.005-0.4 0.01 0.05
Norfloxacin 0.02-1.6 0.2 0.4
Cefotaxime =0.1-12.5 0.2 12.5
Ceftazidime =0.1-12.5 0.4 12.5
Moxalactam =0.1-12.5 0.1 6.3
Escherichia coli (40) Ciprofloxacin =0.01-0.2 =0.01 0.02
Norfloxacin 0.05-0.8 0.1 0.2
Cefotaxime =0.1-0.8 =0.1 0.1
Ceftazidime =0.1-0.4 0.1 0.2
Cephalexin 6.3-=100 6.3 25
Moxalactam =0.1-0.4 =0.1 0.2
Amaoxicillin 1.6-=100 =100 =100
Trimethoprim 0.2-3.1 0.2 1.6
Haemophilus influenzae (10) Ciprofloxacin =0.01 =0.01 =0.01
Cefotaxime =0.1 =0.1 =0.1
Cephalexin =0.1-=100 12.5 50
Amoxicillin =0.1-25 0.4 25
Klebsiella oxytoca (25) Ciprofloxacin 0.01-0.05 0.01 0.05
Norfloxacin 0.05-0.4 0.1 0.4
Cefotaxime =0.1-1.6 <0.1 0.2
Cephalexin 12.5-100 12.5 100
Amoxicillin 50-=100 100 =100
Klebsiella pneumoniae (29) Ciprofloxacin 0.005-0.1 0.0 0.05
Norfloxacin 0.1-0.8 0.2 0.4
Cefotaxime =0.1-1.6 0.1 0.2
Ceftazidime 0.1-1.6 0.2 0.2
Cephalexin 0.8-100 3.1 25
Moxalactam =0.1-1.6 0.1 0.2
Trimethoprim 0.8-=100 1.6 3.1
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MIC (ug/ml)
Organism (no.) Antibiotic
Range 50% 90%
Listeria monocytogenes (31) Ciprofloxacin 0.1-1.6 0.2 0.4
Amoxicillin =0.1-0.2 =0.1 0.2
Morganella morganii (25) Ciprofloxacin =0.002-0.1 0.01 0.02
Norfloxacin 0.01-0.4 0.05 0.02
Cephalexin >100 =100 =100
Amoxicillin =100 =100 =100
Neisseria meningitidis (4) Ciprofloxacin =0.01 =0.01 =0.01
Proteus mirabilis (17) Ciprofloxacin =0.01-0.1 0.05 0.05
Amoxicillin 0.8-=100 0.8 1.6
Proteus vulgaris (13) Ciprofloxacin 0.01-0.05 0.02 0.02
Norfloxacin 0.05-3.1 0.05 0.1
Ceftazidime 0.1-6.3 0.1 0.4
Cephalexin 12.5-=100 100 =100
Amoxicillin 12.5-=100 100 =100
Trimethoprim 1.6-12.5 3.1 12.5
Providencia rettgeri (16) Ciprofloxacin 0.01-0.2 0.02 0.2
Norfloxacin 0.05-1.6 0.2 0.4
Cephalexin 25-=100 100 =100
Amoxicillin 12.5-=100 100 =100
Trimethoprim 0.04-100 3.1 6.3
Providencia stuartii (22) Ciprofloxacin 0.005-0.8 0.1 0.4
Norfloxacin 0.02-1.6 0.05 1.6
Cefotaxime =0.1-0.8 0.1 0.2
Cephalexin >100 100 =100
Moxalactam <0.1-0.2 <0.1 0.2
Trimethoprim 0.8-100 1.6 6.3
Pseudomonas aeruginosa (70) Ciprofloxacin 0.02-1.6 0.2 0.8
Norfloxacin 0.2-6.3 1.6 3.1
Ceftazidime 0.2-100 1.6 12.5
Carbenicillin >100 <100 >100
Piperacillin 0.8->100 12.5 >100
Gentamicin 0.4-=100 3.1 25
Pseudomonas cepacia (12) Ciprofloxacin 0.1-6.3 0.8 6.3
Pseudomonas maltophilia (11) Ciprofloxacin 0.05-3.1 0.8 3.1
Salmonella spp. (43) Ciprofloxacin =0.002-0.05 0.01 0.02
Norfloxacin =0.01-0.2 0.05 0.1
Cefotaxime <0.1 <0.1 <0.1
Cephalexin 6.2-25 6.3 12.5
Amoxicillin 0.8-25 1.6 =100
Trimethoprim 0.1->25 0.2 1.6
Salmonella typhi (5) Ciprofloxacin 0.01-0.02 0.01 0.02
Serratia marcescens (27) Ciprofloxacin 0.05-0.4 0.1 0.4
Norfloxacin 0.1-1.6 0.4 0.8
Cefotaxime 0.1-25 1.6 6.3
Ceftazidime 0.1-12.5 0.8 3.1
Moxalactam 0.1-25 0.8 3.1
Trimethoprim 0.8-=100 6.3 =100
Shigella spp. (26) Ciprofloxacin =0.002-0.05 0.005 0.02
Norfloxacin 0.01-0.1 0.02 0.1
Cefotaxime =0.1 <0.1 0.1
Cephalexin 3.1-12.5 6.3 12.5
Ampicillin 0.8-25 1.6 =100
Trimethoprim 0.2->25 0.2 0.8
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. MIC (ug/ml)
Organism (no.) Antibiotic
Range 50% 90%
Staphylococcus aureus (45) Ciprofloxacin 0.1-0.8 0.4 0.8
Norfloxacin 0.05-3.1 0.8 3.1
Cephalexin 0.8-12.5 3.1 12.5
Cefaclor 0.8-25 1.6 12.5
Methicillin 3.1-12.5 6.3 12.5
Methicillin-resistant Ciprofloxacin 0.1-0.8 0.4 0.8
Staphylococcus aureus (35) Methicillin 25->100 >100 >100
Staphylococcus epidermidis (19) Ciprofloxacin 0.1-0.8 0.2 0.4
Norfloxacin 0.2-6.3 0.8 31
Cephalexin 0.1-50 1.6 25
Methicillin 0.1-=100 0.8 >100
Streptococcus pyogenes (15) Ciprofloxacin 0.2-1.6 0.8 1.6
Norfloxacin 0.4-25 1.6 6.3
Cephalexin 0.2-0.8 0.2 0.8
Streptococcus agalactiae (8) Ciprofloxacin 0.1-0.8 0.8 0.8
Cephalexin 1.6-3.1 1.6 3.1
Amoxicillin =0.01-0.05 =0.01 0.02
Streptococcus spp. group C (12) Ciprofloxacin 0.05-0.4 0.05 0.4
Streptococcus faecalis group D (26) Ciprofloxacin 0.8-25 1.6 6.3
Norfloxacin 1.6-50 6.3 25
Cephalexin 100->100 100 >100
Amoxicillin 0.2-0.4 0.2 0.4
Streptococcus bovis group D (7) Ciprofloxacin 0.8-3.1 1.6 3.1
Amoxicillin =0.1-0.4 =0.1 0.4
Streptococcus anginosus group G (3) Ciprofloxacin 0.2-0.4 0.4 0.4
Streptococcus pneumoniae (8) Ciprofloxacin 0.2-3.1 0.8 3.1
Amoxicillin =0.01-1.6 0.2 0.4
Viridans group streptococci (8) Ciprofloxacin 1.6 1.6 1.6
Yersinia enterocolitica (16) Ciprofloxacin =0.01 0.01 0.01
Amoxicillin 25-=100 100 =100
% 50% and 90%, MIC required to inhibit 50 and 90% of isolates, respectively.
TABLE 2. Activity of ciprofloxacin against selected bacteria resistant to new B-lactams and aminoglycosides
MIC (pg/ml) of:
Organism Cipro- I Cefotax- Moxalac-
floxacin Amikacin ime tam
Acinetobacter anitratus 0.4 >16 >128 >128
Bacteroides thetaiotaomicron 0.8 >128 >128 >128
Citrobacter freundii 1 0.1 >16 >128 >128
Citrobacter freundii 2 0.05 >16 >128 >128
Enterobacter aerogenes 0.05 >16 >128 64
Enterobacter cloacae 1 0.05 >16 >128 >128
Enterobacter cloacae 2 0.05 >16 128 64
Klebsiella pneumoniae 0.05 >16 4 4
Proteus vulgaris 0.02 4 >128 32
Pseudomonas aeruginosa 1 0.8 >16 >128 >128
Pseudomonas aeruginosa 2 0.8 >16 >128 >128
Pseudomonas cepacia 0.8 >16 >128 >128
Pseudomonas maltophilia 0.8 >16 >128 >128
Serratia marcescens 1 0.4 >16 >128 64
Serratia marcescens 2 0.4 >16 >128 32
Staphylococcus aureus 0.8 >16 >128 >128

@ The MICs of piperacillin and cefoperazone were >128 ug/ml for all organisms.
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FIG. 1. Exposure of Staphylococcus aureus to ciprofloxacin (X) and norfloxacin (O). Each agent was added at time 0 at a concentration
that was four times the MIC. Ciprofioxacin was present at 1.6 (A) and 6.4 (B) ug/ml, and norfloxacin was present at 6.4 (A) and 25 (B) pg/ml.

@, Control without antimicrobial agent.

than norfloxacin and inhibited the growth of Citrobacter
freundii and Enterobacter cloacae, which were resistant to
cefotaxime and ceftazidime. Ciprofloxacin was more active
than the other agents tested against Haemophilus influenzae,
inhibiting 90% of both B-lactamase-negative and B-lacta-
mase-positive isolates at concentrations of =0.01 pg/ml.
Ciprofloxacin also inhibited trimethoprim-resistant K. pneu-
moniae and Klebsiella oxytoca. Morganella morganii and
Proteus vulgaris isolates resistant to cefotaxime were inhib-
ited by ciprofloxacin (Tables 1 and 2), which was several-fold
more active than ceftazidime againt Proteus and Providencia

104
9 //// /

(@]

//
x‘\ . 1 4
1\
X~_ i

% X———X

LOG CFU/mML
v @

=

n

/—x

7

species (Table 1). Serratia marcescens isolates resistant to
moxalactam, cefotaxime, and trimethoprim were inhibited
by 0.4 ug of ciprofloxacin per ml. Ciprofloxacin was fourfold
more active than norfloxacin against Pseudomonas aerugi-
nosa isolates, inhibited gentamicin-, moxalactam-, and cefta-
zidime-resistant organisms, and was 32-fold more active
than aztreonam or ceftazidime. Pseudomonas cepacia and
Pseudomonas maltophilia isolates which were resistant to
cefotaxime, moxalactam, aztreonam, and norfloxacin were
inhibited by concentrations of 6.3 and 3.1 pg/ml, respective-
ly (Table 2).
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FIG.~ 2. (A) Exposure of K. pneumoniae to ciprofloxacin at 0.05 pg/ml (X), norfloxacin at 0.2 wg/ml (O), and nalidixic acid at 12.5 pg/ml
(4) at time 0. Each agent was present at a concentration that was four times the MIC. @, Control. (B) Exposure of Pseudomonas aeruginosa

to ciprofloxacin at 0.2 pg/ml (X), norfloxacin at 3.2 pg/ml (O),
centration that was four times the MIC. @, Control.

and gentamicin at 6.4 wg/ml (A) at time 0. Each agent was present at a final con-
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TABLE 3. Activity of ciprofloxacin in urine at different pHs

Ciprofloxacin concn (pg/ml) in urine at pH of:

MIC in
Organism Mueller- 5.5 6.5 7.5

Hinton broth MIC MBC MIC MIC MIC MBC
Escherichia coli 5441 =0.01 3.1 31 1.6 12.5 1.6 3.1
Enterobacter cloacae 4646 0.01 6.3 25.0 1.6 3.1 0.4 3.1
Klebsiella pneumoniae 5740 0.05 6.3 6.3 1.6 6.3 0.8 3.1
Morganella morganii 5738 0.01 0.4 1.6 =0.005 1.6 0.2 3.1
Serratia marcescens 5738 0.1 1.6 3.1 0.02 1.6 0.2 3.1
Pseudomonas aeruginosa 5267 0.4 6.3 25.0 1.6 6.3 1.6 3.1

Enteric diarrheal species such as Salmonella spp., includ-
ing Salmonella typhi and Shigella sonnei and Shigella flex-
neri, were inhibited by <0.05 pg of ciprofloxacin per ml.
These included ampicillin-, chloramphenicol- (not shown),
and trimethoprim-resistant isolates. Yersinia enterocolitica
isolates were inhibited by <0.01 g of ciprofloxacin per ml.
Acinetobacter calcoaceticus subsp. anitratus and Iwoffii
isolates were inhibited by ciprofloxacin concentrations that
were fourfold lower than those of norfloxacin, and all
ceftazidime-resistant isolates were inhibited by <1.6 pg/ml.
Ciprofloxacin MICs for other organisms (data not shown)
were as follows: Alcaligenes denitrificans, 0.8 ug/ml; Bru-
cella melitensis, 0.05 pg/ml; 0.05 g of Neisseria lactamica,
<0.1 pg/ml; Pseudomonas fluorescens, 0.8 ng/ml; and Pseu-
domonas stutzeri, 0.8 p.g/ml.

Ciprofloxacin showed excellent activity (MIC for 90% of
isolates, 0.8 wg/ml) against Staphylococcus aureus, includ-
ing methicillin-resistant isolates, and against methicillin-
resistant Staphylococcus epidermidis. Ciprofloxacin was
several-fold more active than norfloxacin against various
hemolytic and nonhemolytic streptococci and against Strep-
tococcus pneumoniae. Ciprofloxacin was less active than B-
lactams against streptococcal species but was as active as
amoxicillin against Listeria monocytogenes.

Ciprofloxacin was the most active agent tested against
Bacteriodes spp., including B. fragilis, B. thetaiotaomicron,
B. vulgatus, B. melaniongenicus, B. disiens, B. oralis, B.
distasonis, and B. bivius.

Comparative killing curves of ciprofloxacin and norfloxa-
cin against Staphylococcus aureus and Streptococcus faeca-
lis (Fig. 1) were determined with concentrations that were
four times the MICs. Both agents produced a 3- to 4-log

TABLE 4. Frequency of resistance to ciprofloxacin

Fold Resistance
Organism (MIC [pg/ml]) above frequency at
MIC 48 h
Enterobacter cloacae (0.025) 4 1 x <107°
8 1 x <107°
Escherichia coli (0.025) 4 2.92 x 1077
8 3.33 x 1078
Klebsiella pneumoniae (0.025) 4 1.06 x 1077
8 3.33 x 1078
Providencia stuartii (0.1) 4 1.78 x 1077
8 1.48 x 1077
Pseudomonas aeruginosa (0.8) 4 1 x <107°
8 1x <107°
Serratia marcescens (0.2) 4 1 x <107°
8 1 x <107°
Staphylococcus aureus (0.4) 4 1.82 x 1077
8 1.67 x 1078
Streptococcus faecalis (0.8) 4 1 x <107°
8 1 x <107°

decrease in CFU in 6 h, and regrowth did not occur in 24 h.
The concentrations of ciprofloxacin and norfloxacin used
against Streptococcus faecalis and Klebsiella and Pseudo-
monas spp. can be achieved in serum (unpublished data).
Regrowth of K. pneumoniae did not occur at 24 h when
ciprofloxacin was used but did occur when both nalidixic
acid and norfloxacin were used (Fig. 2). Ciprofloxacin at a
concentration of 0.2 ug/ml, as compared with norfloxacin
and gentamicin at respective concentrations of 3.2 and 6.4
ng/ml, caused a four-log decrease in CFU of Pseudomonas
aeruginosa.

Ciprofloxacin MBCs were identical or only fourfold higher
than MICs for 75% of the isolates. An eightfold increase in
MBC would have to be considered a relative increase, since
the increase was from 0.005 to 0.1 ng/ml. MBCs were not
raised beyond a level of 1.5 png/ml, a concentration which
can be achieved in serum with a dose of 500 mg orally
(unpublished data), for any of the members of the family
Enterobacteriaceae.

An inoculum of 10’ CFU produced an eightfold increase in

TABLE 5. Activity of ciprofloxacin against strains made resistant
to quinolone compounds

MIC (ug/ml) in Mueller-Hinton agar of:

Organism

Nalidixic Norfloxacin Ciprofloxa-
acid o cin
Enterobacter aerogenes 6541 50 3.1 0.1
Parent =100 50 3.1
Mutant =100 12.5 1.6
Enterobacter aerogenes 5429 12.5 0.2 1.6
Parent =100 50 6.3
Mutant =100 50 6.3
Providencia stuartii 5544 =100 3.1 1.6
Parent =100 =100 25
Mutant =100 25 12.5
Providencia stuartii 5543 =100 3.1 1.6
Parent =100 =100 25
Mutant =100 25 12.5
Klebsiella pneumoniae UO-9 25 0.8 0.2
Parent =100 12.5 3.1
Mutant =100 25 3.1
Morganella morganii 6050 3.1 0.2 0.1
Parent =100 50 12.5
Mutant =100 100 6.3
Staphylococcus aureus 3540 =100 6.3 0.8
Parent =100 25 3.1
Mutant =100 - 100 25
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TABLE 6. Activity of ciprofloxacin against E. coli mutants
resistant to nalidixic acid

MCI/MBC (pg/ml) of:
E. coli DNA gyr- — "

strain® ase marker NaaI::c::ixm Cinoxacin Clpr;tll]oxa-

KL166 A13 100 50 <0.01

<100 >100 <0.01

KL163 Al12 6.3 3.1 <0.01

25 25 <0.01

KL164 B 14 25 50 <0.01

25 >100 <0.01

KLNI748 B 41 6.3 3.1 <0.01

12.5 25 <0.01

N4177 B 203 6.3 3.1 <0.01

B 221 50 50 <0.01

“ Isolates were obtained from B. Bachmann, Yale University,
New Haven, Conn.

MICs as compared with MICs obtained with 10° CFU.
Conversely, MICs obtained with an inoculum of 10° CFU
were twofold lower than those obtained with an inoculum of
10° CFU. Although the MICs were eightfold greater at 10’
CFU, they did not exceed 3.1 pg/ml.

The activity of ciprofloxacin in 50% normal human serum
was identical to that in Mueller-Hinton broth. For example,
MICs and MBCs for Staphylococcus aureus were 0.2 and 0.8
pg/ml, respectively, in broth and 0.2 and 0.8 wg/ml, respec-
tively, in serum plus broth. Similar results were obtained
with Streptococcus faecalis, Serratia marcescens, Esche-
richia coli, and Pseudomonas aeruginosa. In contrast, the
activity of ciprofloxacin was lower in the presence of urine,
particularly acidic urine (Table 3). For example, an Esche-
richia coli strain with an MIC of <0.01 pg/ml in Mueller-
Hinton broth at pH 7.4 had MICs of 1.6 wg/ml in urine at pH
7.5 and 3.1 pg/ml in urine at pH 5.5. Of 30 isolates tested at
pH 5.5, however, the MBCs were >6.3 pg/ml for only 10%
of Pseudomonas aeruginosa and Enterobacter cloacae iso-
lates.

The type of media used to determine MICs, Mueller-
Hinton, brain-heart infusion, tryptic soy digest, Columbia,
or nutrient medium, did not alter MICs or MBCs for
members of the family Enterobacteriaceae or for Pseudomo-
nas aeruginosa or Staphylococcus aureus. MICs and MBCs
were 8- to 16-fold greater at pH 5.5 as compared with pH
7.5, regardless of whether Mueller-Hinton or nutrient broth
was used.

Ciprofloxacin resistance. The frequency of ciprofloxacin
resistance of various bacteria was determined for two iso-
lates of eight s7pecies (Table 4). The highest frequency of
resistance, 10™’ was found for Escherichia coli, K. pneumo-
niae, and Providencia stuartii, but the other organisms,
including Staphylococcus aureus, Pseudomonas aeruginosa,
and Streptococcus faecalis, had a ciprofloxacin resistance
frequency of <107°. The activity of ciprofloxacin against
organisms made resistant to nalidixic acid and norfloxacin is
shown in Table 5. Ciprofloxacin inhibited a number of
norfloxacin-resistant isolates and all of the parent nalidixic
acid-resistant strains. The activity of ciprofloxacin was also
tested against Escherichia coli mutants (Table 6) which
contain altered DNA gyrase and are resistant to nalidixic
acid owing to changes at the DNA gyrase A or B locus.
Ciprofloxacin inhibited all of the isolates at concentrations
<0.01 pg/ml, indicating that Escherichia coli mutants with
altered DNA gyrase are not resistant to ciprofloxacin.

Protein binding of ciprofloxacin was determined to be 28%
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at 3 pg/ml, a level attainable in serum with a dose of 1 g
orally (unpublished data).

DISCUSSION

Ciprofloxacin is markedly different from the older quino-
lone derivatives, such as nalidixic acid, cinoxacin, or
oxalinic acid. It encompasses a much larger spectrum of
antibacterial activity which includes streptococcal, staphy-
loccoccal, and Pseudomonas species. Ciprofloxacin differs
from norfloxacin in that it inhibits Bacteroides spp. and
certain organisms resistant to both nalidixic acid and nor-
floxacin. The compound has excellent activity against methi-
cillin-resistant Staphylococcus aureus and, furthermore, in-
hibits many bacteria, such as Enterobacter aerogenes,
Enterobacter cloacae, and C. freundii, that are resistant to
the new B-lactamase-stable cephalosporins, e.g., cefotaxime
and moxalactam. Ciprofloxacin also inhibits moxalactam-
resistant B. thetaiotaomicron. Results similar to these have
been published by Wise et al. (9) and Bauernfeind and
Petetmullar (1).

Although the activity of ciprofloxacin is markedly reduced
in acid urine at pH 5.5, it inhibits bacteria at concentrations
of <25 pg/ml, which are readily attainable in serum (unpub-
lished data), and does not show a discrepancy between MICs
and MBCs. :

Quinolone compounds are known to affect DNA gyrase
and DNA nicking-closing enzymes (7). Whether ciprofolxa-
cin attaches more avidly to one or both enzymes has not
been established. Results of studies by our group with other
new quinolones (N.-X. Chin, and H. C. Neu, submitted for
publication) suggest that increased permeability of these
compounds is not the explanation. Rather, we would postu-
late that the cylopropyl substituent has altered DNA gyrase
activity, and we have studies under way to clarify this point.
Interestingly, ciprofloxacin seems to be less readily affected
by resistance than is norfloxacin (8).

In view of the appearance of Enterobacteriaceae strains
that are resistant to the oxa cephems and aminothiazolyl
cephalosporins, drugs such as ciprofioxacin may be ex-
tremely important since the potential for resistance is low, as
shown by studies such as this one. Furthermore, the quino-
lones will not select plasmid-carrying enzymes and may even
reduce the appearance of such species. Because of their
excellent activities against enteric diarrhea-producing spe-
cies, compounds such as ciprofloxacin may be extremely
helpful in controlling diarrheal disease.
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