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Evaluations of 5-pg ciprofloxacin disk diffusion susceptibility tests were performed independently by seven
different investigators. The results of the separate tests were combined to increase the number of resistant
strains in the challenge set of microorganisms. Based on data with 2,652 isolates, the following interpretive
breakpoints are tentatively proposed for use in ongoing clinical trials of ciprofloxacin: 15 mm, resistant (MIC
> 2.0 p.g/ml); 16 to 20 mm, intermediate (1.0 < MIC s 2.0 ,ug/ml); and .21 mm, susceptible (MIC s 1.0
,ug/ml). Disk tests with Streptococcus spp. and with Pseudomonas maltophilia were not reliable; other
microorganisms were accurately categorized by the disk diffusion test.

Ciprofloxacin is a quinolone antimicrobial agent which is
being developed for therapy of systemic as well as urinary
tract infections. It may be administered orally or parenter-
ally. By either route, levels in serum in excess of 1.0 ,ig/ml
are readily achieved (6-8, 11, 12, 20). Because the vast
majority of bacterial pathogens are inhibited by less than 0.1
,ug of ciprofloxacin per ml (2, 4, 5, 9, 10, 13, 15, 18, 19), it
should be an effective broad-spectrum therapeutic agent.
As part of early in vitro evaluations, the disk susceptibility

test of Bauer et al. (3) was evaluated in six different
independent laboratories. The sparsity of resistant strains
made it difficult to reach any uniform recommendations
concerning interpretive zone-size standards. The indepen-
dent investigators conferred and concluded that the six sets
of data should be combined and that additional data with
ciprofloxacin-resistant clinical isolates should be added by a
seventh investigator. In the present report, we describe the
results of such a combined effort and make specific recom-
mendations for the interpretation of tests with 5-,ug
ciprofloxacin disks.

MATERIALS AND METHODS
Antimicrobial susceptibility tests. Disk diffusion tests were

performed by the procedure of Bauer et al. (3) as modified by
the National Committee for Clinical Laboratory Standards
(17). Two investigators used 5-,ug ciprofloxacin disks that
were prepared at The Clinical Microbiology Institute, Tuala-
tin, Oreg., and later confirmed by independent assay as
having satisfactory potency. All other investigators used a
single lot of 5-pug ciprofloxacin disks prepared by BBL Mi-
crobiology Systems, Cockeysville, Md.

Broth microdilution tests were performed by the proce-
dure of the National Committee for Clinical Laboratory
Standards (16) in five of the participating laboratories. Two
other investigators used an agar dilution technique, as out-
lined by the National Committee for Clinical Laboratory
Standards (16). One of those investigators used a dilution
scheme that involved serial'dilutions starting at 25 ,ug/ml. All
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others used twofold dilutions that provided concentrations
on an even log2 scale (starting at 32 ,ug/ml). All investigators
tested concentrations of 0.008 ,ug/ml or less. MICs s 0.008
,ug/ml were recorded as 0.008 ,ug/ml unless lower concentra-
tions were tested. Since regression analysis was not appli-
cable, there was no need to exclude off-scale MIC values.

Quality control strains included Streptococcus faecalis
ATCC 29212, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Staphylococcus aureus ATCC
25923 (for disk tests) and ATCC 29213 (for dilution tests). At
least 60 MICs or zone diameters were recorded for each
control strain.

RESULTS

Data accumulated with the standard control strains were
first examined to evaluate the comparability of methods.
Modal MICs were as follows: E. coli ATCC 25922, s0.008
,ug/ml; P. aeruginosa ATCC 27853, 0.5 p,g/ml; Streptococcus
faecalis ATCC 29212, 1.0 ,ug/ml; and S. aureus ATCC
29213, 0.25 ,ug/ml. With the E. coli control strain, 60% of the
reported MICs were s0.015 ,ug/ml. One of the investigators
reported MICs of 0.03 or 0.06 ,ug/ml, which skewed the data
over a range of four dilution intervals. Later investigations
failed to reveal an explanation for the discrepant results from
that laboratory; other drugs tested at the same time with the
E. coli strain gave results that were within accepted control
limits. With the P. aeruginosa control strain, 92% of all
reported MICs were within a range representing the mode ±
one doubling dilution. With the two gram-positive control
strains, all reported MICs were within one dilution interval
of the mode. Control data accumulated with the disk diffu-
sion test also revealed reasonable comparability between
participating laboratories. Consequently, data from all seven
investigators were combined for analysis.
The combined data are presented in Fig. 1 and 2. Tests

with the 2,652 bacterial isolates included 2,394 susceptible
isolates (MICs s 1.0 p,g/ml), 174 isolates which were inter-
mediate in susceptibility (1.0 < MIC s 2.0 p.g/ml), and 83
resistant isolates (MIC > 2.0 ,ug/ml). Streptococci made up
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FIG. 1. Evaluation of 5-,ug ciprofloxacin disks for testing the susceptibility of 1,959 gram-negative bacilli and 360 staphylococci. Data were

accumulated from seven independent laboratories.

84 of the 174 strains with intermediate MICs and 17 of the 83
resistant strains.
The error rate-bounding technique of Metzler and DeHaan

(14) was used to analyze the data with gram-negative bacilli
and staphylococci. That analytical method requires the
selection of a single MIC breakpoint to separate susceptible
and resistant strains. To accomodate the intermediate MIC
category, two analyses were applied, one involving the use
of an MIC of l1.0 ,ug/ml for the susceptible category and the
other involving the use of a breakpoint of s2.0 ,ug/ml for the
susceptible category. By combining the two analyses, three
MIC categories were accomodated. Because of the large
proportion of strains that were very susceptible to
ciprofloxacin, the percentage with interpretive errors was
relatively small. Therefore, the 1 and 5% acceptable error
rates that were proposed by Metzler and DeHaan (14) are
not appropriate. The interpretive errors that would be gen-
erated by several alternative zone size breakpoints are listed
in Table 1. Breakpoints of .15 mm and .21 mm for resistant
and susceptible strains, respectively, were selected after
examining the scattergram (Fig. 1). Only 4.4% of the tests
with microorganisms other than streptococci had zones in
the intermediate range of 16 to 20 mm. Major and very major
error rates were 0.04 and 0.5%, respectively, with MIC
breakpoints of s 1.0 ,ug/ml and > 2.0 ,ug/ml for susceptible
and resistant strains, respectively. Of the 333 streptococci,
54.9% produced zones in the intermediate category, and the
error rates were 6.0% (major) and 0.3% (very major) (Fig. 2).

Intermediate zones of 16 to 20 mm were seen with 286
(10.8%) isolates, including 183 Streptococcus spp., 118 of
which were susceptible by MIC methods and 12 of which
were resistant. Intermediate-sized zones were obtained with
20 of 61 P. maltophilia isolates; 16 of those 20 strains were

resistant by MIC methods. With other microorganisms,
intermediate zone sizes were relatively uncommon.
With zone size standards of '15 mm of resistant and .21

mm for susceptible strains, the disk test agreed with the MIC
categories with 87.7% of all isolates: 11% of the nonagree-
ments were considered minor discrepancies. Table 2 de-
scribes the discrepancies between disk tests and MIC cate-
gories by organism group. Nearly half the streptococci and
over half the P. maltophilia isolates showed minor discrep-
ancies between the two types of tests. False-resistant disk
tests (major errors) were recorded with 21 (0.8%) strains: 20
of the 21 major errors involved tests with streptococci, and
the other involved a susceptible Staphylococcus sp. with a
zone of 15 mm. Among the 2,652 isolates tested, there were
12 false-susceptible disk test results (very major errors): 6 of
the 12 very major errors occurred with P. maltophilia
strains. The disk test was highly reliable (>97% agreement)
when testing the Enterobacteriaceae family and Staphylococ-
cus spp., but there were no resistant staphylococci and only
seven resistant enteric bacilli in the collection. Intermediate
disk test results were seen with four of the seven resistant
enteric bacilli: one was susceptible and two were resistant
by the disk test.
Of the 22 gram-negative bacilli that were resistant by the

disk test, 20 were also resistant by MIC methods (90.9%
predictive value). The disk test reported 44 streptococci to
be resistant, but only 4 of those strains were confirmed to be
resistant by MIC methods (9.1% predictive value). Disk
diffusion tests with streptococci and with P. maltophilia
provided little useful information. Of 61 P. maltophilia
isolates, 30 were resistant by MIC methods but only 8 were
resistant by the disk test: 33 strains appeared to be suscep-
tible by the disk test, but only 12 of those were susceptible
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32000 (99.1% predictive value). This result can be compared with
the 97.7% predictive value if no test is done.

16 000

DISCUSSION
8 000

1 1 The foregoing evaluation was based on the assumption
4000 12 3 1 1 1 that microorganisms that are inhibited by 1.0 jig of

1 1__2000 _ 1_2_3_5_ 1013--8 ____2_2_5_1 ciprofloxacin per ml should be responsive to oral or intrave-
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E 1 2 4 nous therapy. Crump et al. (7) documented peak levels in
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^3 1 2 1 tablet. The half-life in serum was 3.9 h, and therefore levels
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after administration. In the same subjects, peak concentra-

0250 1 1 tions of ciprofloxacin in blister fluid were approximately 1.0
(Q 0125 aig/ml at 3 to 4 h after administration. Gonzalez et al. (11)
o documented increased levels in blood as a result of oral

0060 doses of 250, 500, and 750 mg. After intravenous adminis-
Q0 tration of a 100-mg bolus injection in healthy volunteers,

0030 concentrations of approximately 0.5 ,ug/ml were found in
0015 serum and blister fluid (20). Ciprofloxacin, like other quino-

lone derivatives, is capable of selecting resistant populations
0008 when microorganisms are exposed in vitro to subinhibitory

0.004
concentrations (1). For obvious reasons, prolonged expo-

0004 ,_____________, sure to subinhibitory concentrations of ciprofloxacin at the
5 10 15 20 25 30 site of infection should be avoided. Consequently, strains for

Zone Diameter (mm) 5 pg Ciprofloxacin Disks which MICs are .1.0 jg/ml are considered susceptible to
ciprofloxacin and those for which MICs are >2.0 ,ug/ml are

FIG. 2. Evaluation of 5-,ug ciprofloxacin disks for testing the considered resistant. Most resistant strains may be respon-
susceptibility of 333 streptococci (150 enterococci, 78 Streptococcus sive to ciprofloxacin if a lower-urinary-tract infection is
agalactiae, 34 Streptococcus pyogenes, 34 Streptococcus pneumo- being treated. These MIC breakpoints should be considered
niae, and 37 viridans group). Data were accumulated from seven tentative guidelines for use during ongoing clinical trials.
independentlaboratories.*.When more clinical experience has been gained with

ciprofloxacin, the MIC breakpoints should be reevaluated
by MIC methods (36.4% predictive value). An intermediate and disk test standards should be adjusted accordingly.
disk test result had no useful predictive value and should be The current report describes data obtained only with 5-,ug
interpreted as indicating an equivocal or indeterminate test ciprofloxacin disks. Most investigators studied other disk
result rather than indicating an intermediate degree of sus- potencies, but they all agreed initially to select the 5-jig disk
ceptibility. Among the 1,387 members of the family Entero- because 10-jig disks provided no advantages. Less potent
bacteriaceae, 1,355 isolates were susceptible, 25 were inter- disks have not yet been studied as extensively as the 5-jig
mediate, and 7 were resistant by MIC methods. If one disk.
assumed all enteric bacilli to be susceptible, without any Even with the large number of strains tested in the current
testing, the predictive value would be 97.7% (1,355/1,387). study, the number of resistant isolates is very small. Conse-
On the other hand, when a disk test was performed, 30 quently, it is difficult to define zone size interpretive stan-
(2.2%) provided indeterminate results, and a resistant disk dards with a great deal of confidence. Significant interpretive
test result was obtained with 4 strains (2 of those were errors were minimal because of a rather broad (16- to
resistant by MIC methods and 2 were intermediate). Of the 20-mm) intermediate category. Most of the microorganisms
1,352 isolates with a susceptible disk test result, 1,340 were with intermediate-sized zones were P. maltophilia or strep-
susceptible, 11 were intermediate, and one was resistant tococci. Only 3.7% of the isolates other than P. maltophilia

TABLE 1. Interpretive errors generated by applying selected zone size breakDoints for interpretation of 5-,ug ciprofloxacin disk tests with
2,319 isolatesa

Zone diam breakpoints (mm)
% Total No. (%) of discrepant tests No. ( with

Rb ib sb agreement False- False- Minor intermediate zones
resistantc susceptible" errorsd

l13 14-18 .19 93.7 0 29 (1.2) 117 (5.0) 57 (2.5)
l14 15-19 .20 93.9 0 21 (0.9) 120 (5.2) 76 (3.3)
.14 15-20 .21 93.5 0 11 (0.5) 139 (6.0) 107 (4.6)
s15 16-19 .20 94.0 1 (0.04) 21 (0.9) 116 (5.0) 72 (3.1)
s15 16-20 .21 93.7 1 (0.04) 11 (0.5) 135 (5.8) 103 (4.4)
s16 17-20 .21 93.6 1 (0.04) 11 (0.5) 137 (5.9) 101 (4.4)
.16 17-21 .22 93.1 1 (0.04) 9 (0.4) 150 (6.5) 134 (5.8)

a This analysis excludes data obtained with 333 streptococci (see Fig. 2).
b R, Resistant; I, intermediate; S, susceptible.
c Based on MIC categories of s1.0 p.g/ml for susceptible, >2.0 ,g/ml for resistant, and >1.0 but s2.0 Fg/ml for intermediate strains.
dIntermediate with one method but susceptible or resistant with the other method.
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TABLE 2. Microorganisms with interpretive discrepancies between ciprofloxacin disk tests and MIC categories'
No. (%) of discrepantb results

Microorganism (no. tested) Minor Major Very % Agreement
major

Enterobacteriaceae (1,387) 32 (2.3) 0 1 (0.07) 97.6
Acinetobacter (113) 14 (12.4) 0 0 87.6
P. aeruginosa (275) 30 (10.9) 0 2 (0.7) 88.4
P. maltophilia (61) 32 (52.4) 0 6 (9.8) 37.7
Other Pseudomonas spp. (66) 10 (15.2) 0 2 (3.0) 81.8
Other gram-negative 5 (8.8) 0 0 91.2

bacilli (57)
Staphylococcus spp. (360) 8 (2.2) 1 (0.3) 0 97.5
Streptococcus spp. (333) 161 (48.3) 20 (6.0) 1 (0.3) 45.3

All organisms (2652) 292 (11.0) 21 (0.8) 12 (0.4) 87.7
a Susceptible, .21 mm (MIC - 1.0 ,ug/ml); intermediate, 16 to 20 mm (1.0 < MIC s 2.0 jig/ml); resistant, '15 mm (MIC > 2.0 ,ug/ml).
b Minor, intermediate with one method, susceptible or resistant with the other; major, susceptible by MIC but resistant by the disk test; very major, resistant by

MIC but susceptible by the disk test.

or streptococci gave intermediate disk test results. Most of
the minor discrepancies between disk tests and MIC catego-
ries involved tests with streptococci and with P. maltophilia.
Separate interpretive criteria for these two types of micro-
organisms would not have appreciably improved the reli-
ability of the disk test. With other microorganisms, the disk
test was reasonably reliable. An intermediate disk test result
is considered an indeterminate or equivocal result. A sus-
ceptible disk test result had a >99% predictive value when
staphylococci or enteric bacilli were tested. For all orga-
nisms other than streptococci and P. maltophilia, a resistant
disk test result had a 98% predictive value. If streptococci or
P. maltophilia isolates are to be tested, the disk diffusion
procedure should not be used; a dilution test is preferred.

LITERATURE CITED

1. Barry, A. L., and R. N. Jones. 1984. Cross-resistance among
cinoxacin, ciprofloxacin, DJ-6783, enoxacin, nalidixic acid, and
oxolinic acid after in vitro selection of resistant populations.
Antimicrob. Agents Chemother. 25:775-777.

2. Barry, A. L., R. N. Jones, C. Thornsberry, L. W. Ayers, E. H.
Gerlach, and H. M. Sommers. 1984. Antibacterial activities of
ciprofloxacin, norfloxacin, oxolinic acid, cinoxacin, and nali-
dixic acid. Antimicrob. Agents Chemother. 25:633-637.

3. Bauer, A. W., W. M. M. Kirby, J. C. Sherris, and M. Turck.
1966. Antibiotic susceptibility testing by a standardized single
disk method. Am. J. Clin. Pathol. 45:493-496.

4. Bauernfeind, A., and C. Petermuller. 1983. In vitro activity of
ciprofloxacin, norfloxacin and nalidixic acid. Eur. J. Clin.
Microbiol. 2:111-115.

5. Borobio, M. V., and E. J. Perea. 1984. Effect of inoculum, pH,
and medium on the activity of ciprofloxacin against anaerobic
bacteria. Antimicrob. Agents Chemother. 25:342-343.

6. Brumfitt, W., I. Franklin, D. Grady, J. M. T. Hamilton-Miller,
and A. Iliffe. 1984. Changes in the pharmacokinetics of
ciprofloxacin and fecal flora during administration of a 7-day
course to human volunteers. Antimicrob. Agents Chemother.
26:757-761.

7. Crump, B., R. Wise, and J. Dent. 1983. Pharmacokinetics and
tissue penetration of ciprofloxacin. Antimicrob. Agents Chemo-

ther. 24:784-786.
8. Dalhoff, A., and W. Weidner. 1984. Diffusion of ciprofloxacin

into prostatic fluid. Eur. J. Clin. Microbiol. 3:360-362.
9. Eliopoulos, G. M., A. Gardella, and R. C. Moellering, Jr. 1984.

In vitro activity of ciprofloxacin, a new carboxyquinoline anti-
microbial agent. Antimicrob. Agents Chemother. 25:331-335.

10. Fass, R. J. 1983. In vitro activity of ciprofloxacin (Bay o 9867).
Antimicrob. Agents Chemother. 24:568-574.

11. Gonzalez, M. A., F. Uribe, S. D. Moisen, A. P. Fuster, A. Selen,
P. G. Welling, and B. Painter. 1984. Multiple-dose pharmacoki-
netics and safety of ciprofloxacin in normal volunteers. Antimi-
crob. Agents Chemother. 26:741-744.

12. Hoffler, D., A. Dalhoff, W. Gau, D. Beermann, and A. Miehl.
1984. Dose- and sex-independent disposition of ciprofloxacin.
Eur. J. Clin. Microbiol. 3:363-366.

13. King, A., K. Shannon, and I. Phillips. 1984. The in vitro activity
of ciprofloxacin compared with that of norfloxacin and nalidixic
acid. J. Antimicrob. Chemother. 13:325-331.

14. Metzler, C. M., and R. M. DeHaan. 1974. Susceptibility of
anaerobic bacteria: statistical and clinical considerations. J.
Infect. Dis. 130:588-594.

15. Muytjens, H. L., J. van der Ros.van de Repe, and G. van
Veldhuizen. 1983. Comparative activities of ciprofloxacin (Bay o
9867), norfloxacin, pipemidic acid, and nalidixic acid. Antimi-
crob. Agents Chemother. 24:302-304.

16. National Committee for Clinical Laboratory Standards. 1983.
Tentative standard M7-T. Standard methods for dilution suscep-
tibility tests for bacteria that grow aerobically. National Com-
mittee for Clinical Laboratory Standards, Villanova, Pa.

17. National Committee for Clinical Laboratory Standards. 1984.
Approved standard M2-A3. Performance standards for antimi-
crobial disk susceptibility tests, 3rd ed. National Committee for
Clinical Laboratory Standards, Villanova, Pa.

18. Reeves, D. S., M. J. Bywater, H. A. Holt, and L. 0. White. 1984.
In vitro studies with ciprofloxacin, a new 4-quinolone com-
pound. J. Antimicrob. Chemother. 13:333-346.

19. Wise, R., J. M. Andrews, and L. J. Edwards. 1983. In vitro
activity of Bay o9867, a new quinoline derivative, compared
with those of other antimicrobial agents. Antimicrob. Agents
Chemother. 23:559-564.

20. Wise, R., R. M. Lockley, M. Webberly, and J. Dent. 1984.
Pharmacokinetics of intravenously administered ciprofloxacin.
Antimicrob. Agents Chemother. 26:208-210.

VOL. 21, 1985


