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This three-center collaborative study was conducted to evaluate samples of
Sensititre antimicrobial microdilution panels (GIBCO/INVENEX). Sensititre
miniimum inhibitory concentrations of 27 bacterial isolates were compared with
those obtained by a reference microdilution method. The Sensititre and micro-
dilution miniimum inhibitory concentrations were equivalent within ±1 dilution
in 87.6% of the comparable test results. Intralaboratory reproducibilities of the
Sensititre and microdilution endpoints were equivalent with 80.4 and 82.4%,
respectively, of on-scale endpoints in absolute agreement. Sensititre was more
reproducible among laboratories, with nearly a 10% greater agreement of triplicate
results. The Sensititre microdilution test as evaluated gave results which were
essentially equivalent to those obtained with a standardized microdilution
method.

Microdilution procedures for quantitative an-
timicrobial susceptibility testing have been in
use for a number of years (3, 4). This study
evaluates a commercial microdilution product,
Sensititre. Sensititre antimicrobial susceptibility
panels provide dried, stabilized antimicrobics in
microdilution trays in appropriate concentra-
tions for the determination of the minimal inhib-
itory concentration (MIC) of antimicrobial
agents. The panels are manufactured by Seward
Laboratory, London, England, and are distrib-
uted by GIBCO/INVENEX in the United
States and Canada.

Philips et al. (5, 6) reported work done on
an initial antimicrobial format developed by
Seward Laboratory. This format has been al-
tered to reflect current therapeutic practice in
the United States. Sensititre plates are available
in three formats: gram positive, gram negative,
and urinary. Each Sensititre plate contains dou-
bling dilutions of 11 different antimicrobial
agents, and appropriate antimicrobial-free wells
for growth and sterility controls. The salient
feature of this product is the technology to pre-
dose accurately the microdilution wells with sta-
bilized antimicrobial solutions which are then
dried, thereby producing a ready-prepared, dis-
posable system. The stability of these antimicro-
bial drugs is said to be excellent when stored at
room temperature for several months (5, 6).
A three-center collaborative study was

planned to evaluate samples of Sensititre anti-

microbial microdilution panels. Sensititre MICs
were compared with the3 MICs obtained with
microdilution trays prepared in each of the col-
laborating laboratories by using the Dynatech
MIC-2000 (Cooke Engineering Co., Alexandria,
Va.) system. Microdilution reference MICs ob-
tained with this system have been shown to
correlate well with those obtained with the stan-
dardized World Health Organization Intema-
tional Collaborative Study reference broth di-
lution method (1, 2).

MATERIALS AND METHODS
Test strains. Twenty-seven bacterial isolates

(Table 1) were tested by the two methods on 3 sepa-
rate days in each of the three participating laborato-
ries. These strains were selected to ensure the maxi-
mum number of MICs falling within the range of
antimicrobial concentrations provided in the Sensi-
titre panels. Only MIC endpoints one well removed
from the extreme high and low concentrations for each
antimicrobial can be considered to be on scale. The
test organisms were further selected with the objective
of having at least four on-scale endpoints for each
antimicrobial agent and have these endpoints deter-
mined by four different species. For most antimicrobial
drugs these objectives were met.
Three separate Sensititre antimicrobial panels were

used in this study. Table 2 lists the antimicrobials and
the range of drug concentrations tested for each of
these panels. Currently available panels may vary
somewhat from the prototypes used in this study.
Reference microdilution panels duplicated the anti-
microbial and drug concentration range of the Sensi-
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titre panels. All panels were tested with all 27 orga-
nisms.

Microdilution tests. The reference microdilution
test panels were prepared in each of the three partic-
ipating laboratories with the Dynatech MIC-2000 sys-
tem for filling and for inoculation as previously de-
scribed (1). Endpoints were independently determined
by two experienced technologists in each laboratory.
If a disagreement in endpoint interpretation occurred,
an independent determination was made by a third
technologist.
To verify purity and final inoculum density, quan-

titative subcultures were made from the growth con-
trol well. The resulting colony counts were classified
into four categories: <5 x 10' colony-forming units
(CFU) per ml; 5 x 10' to 1 x 105 CFU/ml; 1 x 105 to
5 x 105 CFU/ml; and >5 x 105 CFU/ml.

Sensititre tests. GIBCO/INVENEX provided
samples of the three antimicrobial panels bearing the

TABLE 1. Bacterial isolates utilized in this study
Organism No. tested

Streptococcus faecalis ........ ....... 3
Streptococcus faecuim ........ ....... 1
Streptococcus avium ......... ........ 1
Streptococcus durans ........ ........ 1
Staphylococcus aureus ....... ....... 2
Staphylococcus epidermidis .......... 4
Escherichia coli ........... ......... 2
Proteus mirabilis .......... ......... 2
Providencia rettgeri ......... ........ 1
Providencia stuartii ......... ........ 1
Klebsiella pneumoniae ....... ....... 4
Enterobacter cloacae ........ ........ 1
Enterobacter aerogenes ....... ....... 1
Pseudomonas aeruginosa ...... ...... 2
Acinetobacter anitratus ....... ...... 1

same lot numbers to each of the laboratories. Sensi-
titre test panels were handled according to the instruc-
tions of the manufacturer. Each well of the Sensititre
plates was rehydrated with 0.05 ml of Mueller-Hinton
broth (Difco lot 631999) with a Microdrop 1 dispenser
(Cooke Engineering no. 1-235-01). Colonies for testing
were selected and inoculated into 0.5 ml of brain heart
infusion broth and incubated for 4 to 6 h at 35°C. A
sterile disposable-tip pipette was used to transfer 0.04
ml of the brain heart infusion broth culture to 40 ml
of sterile distilled water containing 0.02% Polysorbate-
80. After thorough mixing, the entire amount was
poured into a sterile disposable inoculum tray. With
the use of a separate sterile disposable plastic 96-prong
inoculator (Cooke Engineering no. 5-999), approxi-
mately 0.005 ml of the inoculum was transferred to
each well of the hydrated Sensititre panel. The final
inoculum density was 5 x 104 to 5 x 105 CFU/ml.

Panels were sealed, incubated, read, and interpreted
as with the microdilution method. Similarly, inoculum
purity and density were verified as previously de-
scribed.

RESULTS

Accuracy. Each microdilution MIC was com-
pared with each matching Sensititre MIC per-
formed in parallel, and results were expressed as
an MIC ratio (microdilution MIC/Sensititre
MIC). If the MICs obtained by both methods
were identical, the ratio was 1. If the microdilu-
tion method gave a larger MIC, the ratio was 2,
4, etc.; and if the Sensititre method gave larger
MICs, the ratio was 0.5,0.25, etc. Data submitted
by all three participants are summarized in
Table 3. Valid comparisons could not be made
ifone or both endpoints were either greater than
the highest concentration of antimicrobial drug

TABLE 2; Sensititre antimicrobial testpanel concentrations after the addition of 50 Fl of broth

Antimicrobial Panel concn (jig/ml)
agent Gram positive Gram negative Urine

Penicillin G 0.06-8
Methicillin 0.125-16
AmpicilHin 0.125-16 0.25-32 1-128
Cephalothin 0.5-64 1-128 1-128
Gentamicin 0.125-16 0.125-16 0.5-64
Kanamycin 0.5-64 0.5-64 2-256
Erythromycin 0.25-32
Chloramphenicol 0.25-32 0.5-64
Clindamycin 0.125-16
Tetracycline 0.125-16 0.25-32 0.5-64
Vancomycin 0.25-32
Carbenicillin 4-512 4-512
Amikacin 0.25-32
Tobramycin 0.125-16
Colistin 0.125-16 1-128
Sulfisoxazole 0.5-64 2-256
Trimethoprim-
sulfamethoxazole 0.25/4.75-32/608

Nalidixic Acid 1-128
Nitrofurantoin 2-256
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TABLE 3. Comparison ofmicrodilution and Sensititre MIC ratios

No. of MIC ratio (% of tests)bTesting laboratory' et
tests >4 2 0.5 <0.25

Gram-positive panels
Sacramento 278 2.5 18.0 51.8 22.3 5.4
Portland 305 4.9 16.1 35.4 40.0 3.6
Cleveland 294 4.1 11.9 33.0 37.8 13.3
Total 877 3.9 15.3 39.8 33.6 7.4

Gram-negative panels
Sacramento 284 4.6 27.5 49.3 14.8 3.9
Portland 306 10.2 11.4 44.1 29.7 4.6
Cleveland 312 10.3 13.5 37.5 33.3 5.4
Total 902 8.5 17.2 43.5 26.3 4.8

Urine panels
Sacramento 320 9.0 22.5 48.4 17.5 2.5
Portland 312 8.3 11.5 42.3 35.6 2.2
Cleveland 300 7.1 11.7 32.3 40.7 8.3
Total 932 8.2 15.3 41.2 31.0 4.2

All-panel Total 2,711 6.9 15.9 41.5 30.3 5.5

a Matched pairs of tests were performed in three separate laboratories on 3 separate days (off-scale endpoints
excluded).

b Boldface figures are the most frequently observed MIC ratios

tested or equal to or less than the lowest concen-
tration tested; these data were excluded from
the summary. Of the 2,711 pairs of valid end-
points, 2,374 (87.6%) gave MIC ratios of 0.5, 1,
or 2; i.e., the Sensititre MIC in each of these
instances was found to be within one doubling
dilution of the microdilution MIC.
Table 3 lists the distribution of MIC ratios

obtained by the three laboratories and some
differences between laboratories. With the
gram-positive panels, tests performed in Port-
land and Cleveland showed a shift of the modal
ratios (boldface figures) to 0.5. In the case of
gram-negative panels, all three laboratories
showed consistent modal MIC ratios of 1, and
the urine panel tests performed in Cleveland
again showed a shift in modal ratios to 0.5.

Table 4 lists the MIC ratios of all three labo-
ratories by antimicrobial agent. Of the 19 anti-
microbial agents tested on one or more of the
panels, 14 had modal MIC ratios of 1. Exceptions
were cephalothin, gentamicin, colistin, trimeth-
oprim-sulfamethoxazole, and nitrofurantoin,
which gave modal ratios of 0.5, 2, 2, 0.5, and 0.5,
respectively. Although cephalothin was the only
beta-lactam antibiotic with an MIC ratio less
than 1, examination of the data showed a tend-
ency toward lower ratios, with 10% ofMIC ratios
less than 0.5 in this category of antimicrobial
drugs. On the other hand, the aminoglycoside
antibiotics show a tendency toward higher MIC
ratios (18% of MIC ratios greater than 2). Co-

listin showed the greatest variation, with 50% of
the ratios being greater than 2.
Table 5 lists the data of all three laboratories

by organism group and by major antimicrobial
class. The previously noted shifts in the modal
MIC ratio for beta-lactam and aminoglycoside
antimicrobial drugs are most marked in the
streptococcus group. With the staphylococcus
group, the modal MIC ratio for the other anti-
microbial class was shifted to 0.5. However, the
beta-lactam and aminoglycoside groups tended
to have lower MIC ratios as well. Enteric and
nonenteric gram-negative bacilli showed good
correlation, with modal MIC ratios of 1 and
91.8% and 90.1%, respectively, of ratios 2, 1, or
0.5.

Intralaboratory reproducibility of both the
microdilution and Sensititre ratios was assessed
by noting the degree of agreement of the three
MICs obtained in each laboratory on 3 separate
days. Similarly, interlaboratory reproducibility
was measured by the agreement of the three
MICs obtained in each laboratory on replicate
testing days 1, 2, and 3. Each day was considered
separately in the analysis. Complete agreement
was obtained when all three MICs were identi-
cal. If two of the three MICs agreed and the
third was different, agreement was considered to
be 66.7%. There was 0% agreement when all
three MICs were different.
Table 6 lists the intralaboratory reproducibil-

ity for the three laboratories; only on-scale end-
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TABLE 4. Comparison of microdilution and Sensititre MIC ratios by antimicrobial agent"

Antimicrobial No. of MIC ratio (% of tests)b
agent tests 24 2 1 0.5 50.25

Methicillin 100 12.8 38.3C 38.3 10.6
Penicillin G 47 1.0 10.0 42.0 35.0 12.0
Ampicillin 257 0.8 7.0 42.8 37.4 12.1
Cephalothin 277 1.1 5.5 35.6 49.5 8.4
Gentamicin 248 26.4 35.4 30.1 6.9 1.2
Kanamaycin 240 13.0 27.3 45.5 11.8 2.5
Amikacin 76 2.6 30.3 53.9 9.2 3.9
Tobramycin 96 19.8 26.0 40.6 13.5
Erythromycin 75 2.7 40.0 40.0c 14.7 2.6
Chloramphenicol 235 4.3 43.2 45.7 6.8
Clindamycin 43 16.3 44.2 37.2 2.3
Tetracycline 264 1.2 10.3 51.1 36.3 1.1
Vancomycin 87 5.7 54.0 37.9 2.3
Carbenicil1in 198 0.5 25.8 39.4 24.7 9.6
Colistin 96 50.0 26.0 14.6 5.2 4.2
Sulfisoxazole 91 8.8 18.7 46.2 23.1 3.3
Trimethoprim-

sulfamethoxazole 33 6.1 42.4 45.5 6.1
Nalidixic Acid 95 2.2 8.4 49.5 36.8 3.2
Nitrofurantoin 153 0.7 5.2 39.2 49.7 5.3
Total 2,711 7.0 16.2 41.3 30.1 5.4

"Matched pairs of tests were performed in three separate laboratories on 3 separate days (off-scale endpoints
excluded).

b Boldface figures are the most frequently observed ratios.
'Median MIC ratio.

TABLE 5. Comparison of microdilution and Sensititre MIC ratios by antimicrobial group and organism
group (off-scale endpoints excluded)

Organisms group! No. of MIC ratio (% of tests)a
antimicrobial group tests 24 2 1 0.5 s0.25

Streptococcus
fB-Lactams 373 0.3 13.2 32.0 44.1 10.4
Aminoglycosides 263 39.8 32.8 21.0 5.0 1.5
Others 351 8.0 13.4 47.7 33.1 3.2
Total 987 11.5 18.5 34.7 29.8 5.5

Staphylococci
B8-Lactams 112 0.9 9.9 40.5 36.0 12.6
Aminoglycosides 19 5.6 44.4 44.4 5.6
Others 191 8.4 5.3 34.2 43.7 8.5
Total 322 5.3 6.9 37.0 41.1 9.7

Enterobacteriaciae
f,-Lactams 342 1.5 10.9 46.0 33.1 8.5
Aminoglycosides 284 4.2 31.4 49.8 12.4 2.1
Others 511 5.4 13.1 43.3 35.5 2.7
Total 1,137 3.9 17.0 45.8 29.9 4.3

Nonenteric gram-
negative bacilli

,8-Lactams 53 5.7 47.2 32.1 15.1
Aminoglycosides 90 1.1 26.7 62.2 10.0
Others 122 11.6 12.4 45.5 28.1 2.5
Total 265 5.7 15.9 51.5 22.7 4.2

a Boldface figures are the most frequently observed MIC ratios.
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points are presented. Overall, there was an 82.4%
agreement of MICs for the microdilution
method and 80.4% agreement for the Sensititre
method.
The variation in agreement ranged from 77.6%

(Cleveland, gram-negative panel) to 85.7% (Port-
land, gram-negative) for the microdilution
method. With Sensititre the range of agreement
was 75.4% (Cleveland, gram-negative panel) to
85.9% (Portland, gram-negative.)
Table 7 illustrates the results of the analysis

of interlaboratory reproducibility of on-scale
endpoints. There is a significant difference (P
< 0.001) between the results obtained by the two
test methods. Overall, 52.5% agreement was ob-
tained with the microdilution method, and 64.9%
was obtained with the Sensititre method. With
these on-scale endpoints 86% of the discrepant
MICs were ± dilution interval from the majority
MIC.

Inoculum density. The target inoculum den-
sity for these tests was 5 x 104 to 5 x 105 CFU/
ml. Table 8 shows the distribution of colony
counts in four ranges. Sensititre trays inoculated
with a Cooke Engineering plastic disposable in-
oculator yielded 65.2% of the counts within the
target range and 4.1% below and 30.8% above.
Microdilution trays inoculated with the Dyna-
tech MIC-2000 semiautomated inoculator
yielded similar results with 62.5% of counts
within the target range and 8.2% below and

29.3% above. Both methods tended to deliver
inocula greater than that intended.

DISCUSSION
Accuracy and reproducibility (both intra-

laboratory and interlaboratory) are important in
evaluating any new antimicrobial susceptibility
testing method. In this study accuracy was as-
sessed by direct comparison of Sensititre MICs
with those obtained by a reference microdilution
procedure. From a practical point of view, most
techniques that involve serial twofold dilutions
are considered satisfactorily controlled if the
results of independent tests vary no more than
±1 dilution. The Sensititre and microdilution
MICs were equivalent within this range in 87.6%
of the comparable test results. In some instances
of individual antimicrobial drugs, at times asso-
ciated with certain test organisms, a tendency
toward higher or lower MIC as determined by
Sensititre was observed. This was most marked
with the beta-lactam antibiotics showing higher
MICs and aminoglycoside antibiotics showing
lower MICs. In both instances most of MIC
endpoints contributing to the bias were pro-
duced by the strains of streptococci used in this
study. Although aminoglycosides were tested
against these streptococcal strains, including
various enterococci, in a clinical situation these
drugs could not be used for therapy. Strain
selection was based on the technical grounds of

TABLE 6. Intralaboratory reproducibility ofmicrodilution and Sensititre MIC endpoints within each of three
laboratories perforning replicate tests on each of 3 separate days (off-scale endpoints excluded)

Paneltype Laboratory Methoda No. of tests % Agreement'
Gram positive Sacramento MR 312 81.7

ST 276 80.4
Portland MR 315 85.7

ST 333 85.9
Cleveland MR 333 79.3

ST 312 76.3

Gram negative Sacramento MR 288 83.7
ST 285 78.6

Portland MR 327 84.7
ST 327 82.0

Cleveland MR 330 77.6
ST 345 75.4

Urinary Sacramento MR 315 85.4
ST 315 80.0

Portland MR 309 84.8
ST 330 85.2

Cleveland MR 327 79.2
ST 354 79.9

All All MR 2,856 82.4
ST 2,877 80.4

'MR, Microdilution; ST, Sensititre.
b Percent agreement with most frequently observed endpoint in each set of three replicate tests in each

laboratory; (e.g., 16, 16, 16 = 3/3 = 100%; 16, 16, 8 = 2/3 = 66.7%; 32, 16, 8 = 0/3 = 0%).

ANTIMICROB. AGENTS CHEMOTHER.
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TABLE 7. Interlaboratory reproducibility of
microdilution and Sensititre

Panel type Methodb No. of 9 Agreementb

Gram positive MR 813 50.4
ST 873 64.5

Gram negative MR 801 53.7
ST 843 65.6

Urine MR 771 53.3
ST 867 64.7

All MR 2,382 52.5
ST 2,583 64.9

aMIC end points were determined among three
laboratories performing replicate tests (off-scale end-
points excluded).

b MR, Microdilution; ST, Sensititre.
C Percent agreement with most frequently observed

endpoint in each of three replicate tests in three sep-
arate laboratories on each of 3 days (e.g., 16, 16, 16 =
3/3 = 100%; 16, 16, 8 = 2/3 = 66.7%; 32, 16, 8 = 0/3 =
0%).

TABLE 8. Comparison of inoculum densities
obtained with the Sensititre disposable plastic
inoculator and Dynatech automated inoculator

Sensititre Dynatech
Inoculum density inoculator inoculator

(CFU/ml)
No. % No. %

<5 X 104 17 4.1 34 8.2
5 X 104_1 X 105 37 8.9 63 15.1
1 X 105-5 X 10" 234 56.3 197 47.4

>5 x 10" 128 30.8 122 29.3

providing the maximum number ofon-scale end-
points for valid comparisons. Colistin proved to
be the least accurate of all the antimicrobial
drugs tested, with 50% of the MIC ratios equal
to or greater than 4. Colistin and polymixin B
have been notoriously difficult to evaluate in
microdilution systems, with skipped wells a fre-
quent occurrence. Based on our experience these
antimicrobial agents should not be tested by this
procedure. Variations in MIC results observed
with sulfisoxazole are most likely related to the
subjective interpretation of the endpoints. End-
points are not sharp and considerable "tailing",
i.e., gradually decreasing turbidity, is observed.
This leads to decreased reproducibility of end-
points both within and among laboratories.
Nearly 9% of the MIC ratios were equal to or

greater than 4.
Intralaboratory reproducibility of Sensititre

and microdilution endpoints were equivalent
with 80.4 and 82.4%, respectively, of on-scale
endpoints in absolute agreement.
Although intralaboratory reproducibility is

considered equivalent, Sensititre is more repro-
ducible among laboratories, with nearly a 10%

greater agreement of triplicate test results. This
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can be explained by the fact that each laboratory
was provided with identical materials for per-
forming Sensititre tests, and all panels were from
the same lot. In the microdilution reference
method, although each investigator was supplied
with the same lots ofassayed antimicrobial stan-
dard materials, each laboratory individually
weighed, dissolved, diluted, and dispensed these
materials. Consequently, a number of additional
variables were introduced in the production of
microdilution trays as compared with Sensititre.
These observations support the greater degree
of standardization that can be obtained when
susceptibility testing materials are prepared in
a central laboratory in large batches, with a
greater degree of control than might be obtained
in a clinical laboratory.
The density of inoculum delivered by the two

systems of inoculation gave equivalent results,
although both methods tended to deliver inocula
that resulted in colony counts greater than ex-
pected. Simple adjustment of the initial dilution
steps involved should result in a final inoculum
with a greater percentage of counts in the 5 x
104 to 5 x 105 range.
We conclude that the Sensititre microdilution

test gives results which are essentially equiva-
lent to those obtained with a standardized mi-
crodilution method. Furthermore, interlabora-
tory reproducibility of a single lot of Sensititre
panels was greater than that of individual labo-
ratory-prepared microdilution panels. Microdi-
lution tests of aminoglycosides against entero-
cocci were unreliable, especially when tested in
50-pl volumes. Except for tests with sulfisoxazole
and colistin, the Sensititre trays were satisfac-
tory.
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