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Several multilaboratory studies to determine quality control (QC) ranges for a variety of National Committee
for Clinical Laboratory Standards (NCCLS) susceptibility tests are summarized. Replicate testing used
multiple lots of media and antimicrobial disks in accordance with NCCLS recommendations, including the
appropriate medium modifications for tests with Haemophilus spp. and Neisseria gonorrhoeae. QC ranges for
MIC and disk diffusion testing of N. gonorrhoeae ATCC 49226 were proposed for cefepime, cefetamet,
cefmetazole, and cefpodoxime. Disk diffusion QC ranges for Haemophilus influenzae ATCC 49247 or ATCC
49766 were recommended with cefepime, cefetamet (10- and 30-FLg disks), cefmetazole, cefpodoxime, and
cefprozil. Disk diffusion QC ranges for Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922
with cefdinir and clinafloxacin and those for Pseudomonas aeruginosa ATCC 27853 with clinafloxacin were also
proposed.

Modifications of standard methods have been made by the
National Committee for Clinical Laboratory Standards (NC-
CLS) for susceptibility testing of Haemophilus influenzae
and Neisseria gonorrhoeae (9, 10). Both of these organisms
require a medium other than Mueller-Hinton (MH), i.e.,
Haemophilus Test Medium (HTM) or GC agar with a 1%
defined supplement. A recent survey by the College of
American Pathologists has shown wide adoption of HTM for
clinical antimicrobial susceptibility testing of Haemophilus
spp. (6). As modifications to the standard procedures and
new drugs become available with interpretive criteria (3),
quality control (QC) ranges need to be established. These
QC ranges help to ensure reliable and reproducible in vitro
test results.

Several of the newer antimicrobial agents reported here
have had broth dilution MIC QC ranges established for H.
influenzae ATCC 49247 (cefetamet, cefpodoxime, and clin-
afloxacin) (8) and disk diffusion QC ranges established for
cefdinir and clinafloxacin (2). This study expands the infor-
mation by proposing QC ranges for cefepime, cefetamet,
cefmetazole, and cefpodoxime disk diffusion tests with H.
influenzae ATCC 49247 on HTM and for disk diffusion and
MIC testing ofN. gonorrhoeae ATCC 49226 on GC medium.
In addition, recommendations for disk diffusion QC ranges
for the routine nonfastidious QC strains for cefdinir and
clinafloxacin on MH agar are established. Cefprozil QC
ranges for H. influenzae ATCC 49766 are proposed for disk
diffusion and MIC testing with HTM.
The study design followed the recommendations of NC-
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CLS document M23-T (11) for determining QC parameters.
Six separate laboratories participated in these evaluations.
Disk diffusion susceptibility tests were performed according
to the standards recorded in NCCLS M2-A4 (9). QC strains
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, and Staphylococcus aureus ATCC 25923 were
tested in or on MH media. H. influenzae ATCC 49247 was
tested on HTM with incubation in 5 to 7% CO2 for 16 to 18
h. N. gonorrhoeae ATCC 49226 was tested on GC agar in 5
to 7% CO2 and incubated for 20 to 24 h. Broth microdilution
susceptibility tests were performed according to NCCLS
standards (10). HTM was used for testing Haemophilus spp.,
and the GC agar medium was used for testing N. gonor-
rhoeae. H. influenzae ATCC 49766 was utilized as the
control strain when cefprozil was tested by both methods (9,
10).

Six lots of MH agar were obtained from three manufac-
turers (BDMS, Cockeysville, Md.; Difco, Detroit, Mich.;
and Oxoid, USA, Inc., Columbia, Md.), six lots of GC
medium were obtained from two manufacturers (BDMS and
Difco), and seven lots of HTM were obtained from four
manufacturers (Accumedia, Cockeysville, Md.; BDMS;
Difco; and Oxoid). Each of the six participant laboratories
performed 20 replicate tests with a unique lot of medium and
5 replicate tests with a lot of medium common to all
laboratories. For disk diffusion testing, three lots of disks
from at least two manufacturers (BDMS and Difco) were

used for each drug (two lots only were used with cefprozil
because of an interim change in the NCCLS M23 standard).
The established QC ranges for ampicillin on HTM and
tetracycline on GC agar were used to control each lot and
experiment. Results with the common lot from each labora-
tory were compared for significant variation. The statistical
methods of Barry et al. and Gavan et al. were used to set the
proposed MIC QC ranges (4, 7). The statistic for determining
zone diameter ranges is the overall median zone size
one-half of the median of the individual laboratory ranges.
An interval containing 95% of test values, as currently
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TABLE 1. MIC QC results from five or six laboratories using unique and one common lot of mediaa

QC organism Antimicrobial No. of occurrences" at MIC (,ug/ml) of:agent 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4

N. gonorrhoeaec Cefepime [13 113 24]
Cefetamet [25 50 50 251d
Cefmetazole [20 71 59]
Cefpodoxime 10 [28 107 5]

H. influenzaee Cefprozil [40 110 0]
a Results for two organisms are presented. All results are listed because of no significant variation between unique and common-lot results.
bBrackets indicate the proposed QC range.
c All tests were on GC agar with the ATCC 49226 strain.
d A bimodal MIC distribution required a 4-log2 dilution range.
I All tests were in HTM broth with the ATCC 49766 strain.

preferred by the NCCLS, was used for selecting disk diffu- 4-dilution QC range, e.g., 0.015 to 0.12 ,ug/ml. For all
sion QC zone ranges. antimicrobial agents tested, the proposed range included
The zone diameters of the different lots of antimicrobial 93.3 (cefpodoxime) to 100% of the MICs. The results for

disks did not vary significantly for any of the drugs tested. cefprozil with H. influenzae ATCC 49766 demonstrated
The control drug QC results for all lots of media used were minimal medium lot variation by MIC testing.
within the established NCCLS limits (9, 10). All ampicillin Table 2 summarizes the disk diffusion testing of N. gon-
disk zones for tests on HTM were within the range of 13 to orrhoeae ATCC 49226 on six lots of GC agar. One laboratory
21 mm. Tetracycline zone diameters on GC agar were within had a significant variation from the other laboratories' re-
the established range for 149 of 150 or 99.3% of the results. sults on the common lot of medium with cefetamet (30 ,ug).
In several cases, an individual laboratory's results signifi- Only 375 replicate tests were used for this analysis, rather
cantly varied from the all-laboratory median value. In these than the 450 replicates for all other drugs. There was minimal
cases, that laboratory's data were not used for QC range intralaboratory variation for all disks except cefetamet (30-
selection. The remaining number of replicate tests (usually ,ug) disks, as demonstrated by the one-half median range
375 zone diameters) was sufficient for determining the QC statistic of 2 mm (data not shown). However, modest lot-to-
ranges (10). lot variation did occur and required widened QC ranges (6 to
Table 1 summarizes the MIC testing of N. gonorrhoeae 10 mm) to include 95% of all results.

ATCC 49226 on GC agar with 1% defined supplement. The Results of disk diffusion tests for H. influenzae ATCC
recommended QC range was the modal MIC + 1 log2 49247 are also shown in Table 2. One laboratory had a
dilution for all drugs except cefetamet. For this drug, the significant variation of results with cefetamet disks, and its
mode was between two adjacent dilution steps, resulting in a data were eliminated from the analysis. Within media, lot

TABLE 2. Replicate disk diffusion susceptibility results for N. gonorrhoeae ATCC 49226, H. influenzae ATCC 49247,
and three other QC strains

Antimicrobial agent No. of Median 95% cja % Results inQC organism (disk content [.g]) tests zone (mm) (mm) CI range

N. gonorrhoeae Cefepime (30) 450 40 37-46 95.6
Cefetamet (10) 450 38 34 44 97.8
Cefetamet (30) 375b 45 41-48 95.2
Cefmetazole (30) 450 34 31-36 95.4
Cefpodoxime (10) 450 39 36-42 95.3

H. influenzae Cefepime (30)C 450 29 26-31 97.1
Cefetamet (10)C 375b 26 23-28 95.4
Cefetamet (30)C 375b 27 24-30 96.7
Cefmetazole (30)C 450 18 17-20 95.1
Cefpodoxime$10)c 450 29 25-31 98.7
Cefprozil (30) 300 23 20-27 96.7

E. coli Cefdinir (5) 450 26 24-28 98.9
Clinafloxacin (5) 375b 38 35-40 95.7

P. aeruginosa Clinafloxacin (5) 375b 33 30-36 96.5

S. aureus Cefdinir (5) 375b 34 28-37 97.6
Clinafloxacin (5) 375b 35 32-39 96.0

a CI, confidence interval.
" One laboratory's results differed significantly from all others and were omitted.
c With QC strain ATCC 49247.
d With QC strain ATCC 49766 and new NCCLS M23 guidelines for two disk lots and increased common-lot testing.
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variation was larger for cefetamet (30 ,ug) than for other
drugs. Lot-to-lot variation did require a slight expansion of
the QC ranges to achieve an interval including 95% of
values; the expansion was from 4 or 6 to 6 or 7 mm. The disk
diffusion zone diameter range for cefprozil with H. influen-
zae ATCC 49766 indicated by the median's statistical calcu-
lation (1, 2, 5, 7, 9) was expanded (20 to 27 mm) in order to
encompass >95% of the test results (Table 2).

Cefdinir and clinafloxacin (formerly CI-960) were tested
against the susceptibility test QC organisms used for routine
clinical procedures: E. coli ATCC 25922, P. aeruginosa
ATCC 27853, and S. aureus ATCC 25923 (Table 2). Cefdinir
is not active against P. aeruginosa. Within-lot variation of
MH agar was minimal, e.g., the one-half median range
statistics were <2 mm (data not shown). However, lot-to-lot
variation was extreme with S. aureus with cefdinir disks.
The median + one-half the median range statistic, previously
used by the NCCLS for QC range selection, only included
39.7% of the test results. The proposed QC range was
increased to include 95% of the test results (28 to 37 mm).

In conclusion, our proposed MIC QC ranges for N.
gonorrhoeae ATCC 49226 are as follows: cefepime, 0.015 to
0.06 p,g/ml; cefetamet, 0.015 to 0.12 ,g/ml; cefmetazole, 0.5
to 2 ,ug/ml; and cefpodoxime, 0.03 to 0.12 ,g/ml. The
proposed disk zone diameter QC ranges for N. gonorrhoeae
ATCC 49226 are as follows: cefepime, 37 to 46 mm; cefe-
tamet at 10 ,ug, 34 to 44 mm; cefetamet at 30 jig, 41 to 48 mm;
cefmetazole, 31 to 36 mm; and cefpodoxime, 36 to 42 mm.
The proposed QC ranges for disk diffusion susceptibility of
H. influenzae ATCC 49247 are as follows: cefepime, 26 to 31
mm; cefetamet at 10 p,g, 23 to 28 mm; cefetamet at 30 ,g, 24
to 30 mm; cefmetazole, 17 to 20 mm; and cefpodoxime, 25 to
31 mm. The cefdinir 5-,g-disk range for E. coli ATCC 25922
should be 24 to 28 mm, and that for S. aureus ATCC 25923
should be 28 to 37 mm. The QC ranges for clinafloxacin 5-pg
disks are 35 to 40 mm for E. coli ATCC 25922, 30 to 36 mm
for P. aeruginosa ATCC 27853, and 32 to 39 mm for S.
aureus ATCC 25923. The proposed QC ranges for cefprozil
(H. influenzae ATCC 49766) are 1 to 4 ,g/ml for the broth
microdilution MIC test and 20 to 27 mm for the disk diffusion
method.
We propose QC ranges for seven investigational antibiot-

ics when tested by various NCCLS methods (9, 10). These
results should expand the number of compounds which can
be reliably tested with HTM and GC agar and by routine
standard methods with MH agar (1, 2, 5, 9, 10). The ranges
proposed should be considered tentative until adopted by
national standards groups and subsequently published for at
least 1 year (9, 10).

Our thanks to M. E. Erwin for the technical organization of the
individual trials and P. Carney for word-processing assistance.
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