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The National Committee for Clinical Laboratory Standards recommends the use of lysed horse blood-
supplemented Mueller-Hinton broth for determining the quantitative antimicrobial susceptibility of Strepto-
coccus pneumoniae. This procedure may be difficult for laboratories using previously prepared or commercial
MIC systems. Therefore, a study was undertaken to determine whether previously prepared microdilution
trays containing Mueller-Hinton broth without blood could be used for determining the antimicrobial
susceptibility of S. pneumoniae by adding whole defibrinated sheep blood to the bacterial suspension used to
inoculate the trays. The presence of alpha-hemolysis was used as an indicator of bacterial growth. One hundred
isolates of S. pneumoniae selected to represent a distribution of susceptibility patterns were tested by the
National Committee for Clinical Laboratory Standards method and the sheep blood-supplemented-inoculum
method. Greater than 94% agreement between the two methods was achieved. The sheep-blood-supplemented-
inoculum procedure was highly reproducible and easy to perform and provides an acceptable alternative for
determining the MICs for S. pneumoniae for laboratories using previously prepared or commercial microdi-
lution systems.

The isolation of Streptococciîs pneutnoniae with relative
resistance (MIC, 0.12 to 1 Fxg/ml) and complete resistance
(MIC, >1 ,ug/ml) to penicillin has been reported with in-
creasing frequency (1-11, 13, 14, 16). Screening for penicillin
resistance is easily accomplished by the disk diffusion
method with 1-.ig oxacillin disks (12, 18). If quantitative
values are desired, the National Committee for Clinical
Laboratory Standards (NCCLS) dilution standard M7-A (15)
recommends the use of Iysed horse blood, which may be
difficult for laboratories using previously prepared or com-

mercial microdilution broth systems. Tarpay et al. (17)
described a microdilution broth technique which uses

Mueller-Hinton broth (MHB) supplemented with 5% defi-
brinated whole sheep blood. Hemolysis of erythrocytes
indicated bacterial growth, and the MIC endpoint was de-
fined as the lowest concentration of the antimicrobial agent
demonstrating no hemolysis. This method can be used by
those laboratories preparing their own microdilution trays
but precludes the use of commercial microdilution broth
systems or other plates previously prepared without blood.
Therefore, we undertook a study to determine whether
previously prepared microdilution trays containing MHB
without blood could be used to determine the antimicrobial
susceptibility of S. pnieiumnoniae by adding whole defibrin-
ated sheep blood to the bacterial suspension used to inocu-
late the trays.

MATERIALS AND METHODS

Antimicrobial susceptibility tests. (i) Reference method.
Microdilution broth trays containing 0.1 ml of cation-
supplemented MHB (Difco Laboratories, Detroit, Mich.)

* Corresponding author.

per well also supplemented with 5% lysed and centrifuged
horse blood were prepared in accordance with NCCLS
M7-A recommendations (15) at the Centers for Disease
Control (CDC). The antimicrobial agents and the concentra-
tions tested are given in Table 1. After preparation, all trays
were stored at -70°C. Test organisms were streaked onto
5% sheep blood agar plates and incubated overnight at 35°C.
A sufficient number of organisms to equal a 0.75 McFarland
turbidity standard were suspended in sterile distilled water.
This standard was chosen because plate counts indicated
that the inoculator used in this phase of the study delivered
the proper inoculum when a 0.75 McFarland turbidity stan-
dard was used to make the initial bacterial suspension. A 1:5
dilution of the suspension was made with sterile distilled
water, and approximately 0.001 ml (1 x 105 to 5 x 105
CFU/ml) was delivered to each well of the microdilution tray
with a Dynatech MIC 2000 inoculator (Dynatech Laborato-
ries, Inc., Alexandria, Va.). The inoculated trays were

incubated at 35°C for 18 h. Endpoints were read as the
lowest concentration of antimicrobial agent that inhibited
visible growth.

(ii) Whole defibrinated sheep blood-supplemented-inoculum
method. Microdilution broth trays containing 0.05 ml of
double-strength cation-supplemented MHB (Difco) and dou-
ble-strength antimicrobial agent were prepared as directed in
NCCLS M7-A (15) for testing at The Catholic Medical
Center (CMC) and Analytab Products (API). The antimicro-
bial agents and concentrations tested were identical to those
tested at CDC (Table 1). After preparation, all plates were

stored at -70°C. For inoculum preparation, the test organ-
isms were first streaked onto 5% sheep blood agar plates and
incubated overnight at 35°C. A sufficient number of organ-
isms to equal a 0.5 McFarland turbidity standard were
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TABLE 1. Distribution of antimicrobial susceptibility of S. pneumoniae isolates

MIC (,ug/ml) for category" No. of strains in category Concn (,ug/ml)
Antimicrobial agent S MS R S MS R tested

Cefazolin s8 16 .32 94 6 0 0.06-32
Cefotaxime <8 16-32 .64 100 0 0 0.008-1
Ceftazidime <8 16-32 .64 84 12 4 0.12-16
Ceftriaxone <8 16-32 .64 100 0 0 0.008-1
Cefuroxime <8 16 .32 100 0 0 0.015-2
Chloramphenicol <8 16 .32 81 14 5 0.5-32
Erythromycin c0.5 1-4 . 8 85 2 13 0.12-16
Penicillin -0.06 0.12-1 . 2 36 48 16 0.015-8
Tetracycline s4 8 .16 63 2 35 0.25-16
Vancomycin s4 8-16 .32 100 0 0 0.12-16

a A total of 100 isolates were tested.
b From NCCLS standard M7-A. S, Susceptible; MS, moderately susceptible (relatively resistant, for penicillin); R, resistant.

suspended in 0.85% sterile saline. The inoculum was diluted CMC and API. The use of alpha-hemolysis as an indicator of
to 1 x 105 to 5 x 105 CFU/ml, as determined by plate count, bacterial growth resulted in readily discernible MIC end-
by using 0.85% saline containing 10% whole defibrinated points. A comparison of the on- and off-scale results from
sheep blood. Each well of the microdilution trays received CMC and CDC is presented in Table 2. The overall agree-
0.05 ml of inoculum. The final concentration of sheep blood ment (correlation) between the two methods (+1 dilution)
in each well was 5%. was 94.3%, with 60.5% of the results identical and 99.3%
The inoculated trays were incubated at 35°C for 18 h. within ±2 dilutions. The correlation was .91.8% for all

Endpoints were read as the lowest concentration of antimi- drugs evaluated except cefotaxime (89.7%). All isolates
crobial agent demonstrating no hemolysis (no greening of the determined to be penicillin resistant or relatively resistant by
blood). the reference method were resistant or relatively resistant by

Bacteria. One hundred isolates of S. pneumoniae (19 blind the whole defibrinated sheep blood-supplemented-inoculum
duplicates) selected from the CDC collection to represent a method.
distribution of susceptibility patterns (Table 1) were blindly The correlation between the reference method and the
coded and distributed to CMC and API. All bacteria were whole defibrinated sheep blood-supplemented-inoculum
stored at -70°C until used. All isolates were tested at CDC method performed at API is presented in Table 3. The
by the reference method, and 97 and 98 were tested at CMC overall agreement, including on- and off-scale results, be-
and API, respectively, by the whole defibrinated sheep tween the two methods was 95.0%, with 61.8% of the results
blood-supplemented-inoculum method. identical and 99.0% within ±2 dilutions. The correlation was

Quality control. Escherichia coli ATCC 25922, Staphylo- >92.9% for all antimicrobial agents tested except cefazolin
coccus aureus ATCC 29213, Streptococcus faecalis ATCC and cefotaxime, which gave 87.8 and 88.8% correlations,
29212, Streptococcus pneumoniae CDC 78-008101, and S. respectively. All penicillin-resistant and relatively resistant
pneumoniae CDC 78-008102 were included in each test run isolates were detected.
to assess the performance of both methods. For CMC and API data (using the same method) (Table 4),

97.1% were within ±1 dilution, 71.2% were the same, and
RESULTS 99.5% were within ±2 dilutions. The percentage of agree-

Each result obtained at CDC with the reference method ment for all antimicrobial agents evaluated was -93.7%. All
was compared with the results obtained with the whole penicillin-resistant and relatively resistant isolates of S.
defibrinated sheep blood-supplemented-inoculum method at pneumoniae were detected at both laboratories.

TABLE 2. Agreement of results from CDC obtained with MHB plus lysed horse blood and those from CMC obtained
with the inoculum supplementation method
No. of tests varying by the following log2 dilutions

Antimicrobial agent b% Agreementd
>-2 -2 01b0 +1' +2 >+2

Cefazolin 0 4 35 51 7 0 0 95.9
Cefotaxime 1 9 34 43 10 0 0 89.7
Ceftazidime 0 7 21 55 13 0 1 91.8
Ceftriaxone 0 2 15 46 31 3 0 94.8
Cefuroxime 1 2 10 56 27 1 0 95.9
Chloramphenicol 0 3 37 50 7 0 0 96.9
Erythromycin 2 3 1 90 0 1 0 93.8
Penicillin 0 2 il 51 30 3 0 94.8
Tetracycline 1 2 34 56 3 1 0 95.9
Vancomycin 0 4 il 56 24 2 0 93.8
Total or avg 5 38 209 554 152 il 1 94.3

a Includes off-scale MICs; 97 isolates were tested.
b CMC values lower than CDC values.
C CMC values higher than CDC values.
d Percentage of MICs within ±1 dilution.
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TABLE 3. Agreement of results from CDC obtained with MHB plus lysed horse blood and those from API obtained
with the inoculum supplementation method"

No. of tests varying by the following log2 dilutions
Antimicrobial agent % Agreementd

>-2 -2 -lb 0 +1' +2 >+2

Cefazolin 1 il 23 57 6 0 0 87.8
Cefotaxime 5 6 44 41 2 0 0 88.8
Ceftazidime 1 6 24 64 3 0 0 92.9
Ceftriaxone 1 0 15 60 22 0 0 99.0
Cefuroxime 0 1 12 54 31 0 0 99.0
Chloramphenicol 0 4 38 56 0 0 0 95.9
Erythromycin 1 2 2 92 0 0 1 95.9
Penicillin 0 2 7 75 14 0 0 98.0
Tetracycline 0 4 36 55 3 0 0 95.9
Vancomycin 0 3 7 52 36 0 0 96.9
Total or avg 9 39 208 606 117 0 1 95.0

a Includes off-scale MICs; 98 isolates were tested.
b API values lower than CDC values.
c API values higher than CDC values.
d Percentage of MICs within ±1 dilution.

The overall agreement between the two methods, separat- DISCUSSION
ing on-scale results from on- plus off-scale results, is pre- The increasing frequency of isolation of S. pneumoniae
sented in Table 5. On-scale results were almost identical to with relative or complete resistance to penicillin (1-11, 13,
on- and off-scale results for CDC and CMC, CDC and API, 14, 16) necessitates routine antimicrobial susceptibility test-
and CMC and API. ing of all isolates from central nervous system infections
Using the results of the testing of the 19 blind duplicates, and, some believe, from all body sites. Although the mech-

we found that the intralaboratory reproducibility for both anism of resistance has not been fully elucidated, it is most
methods, including on- and off-scale results, was greater likely due to altered penicillin-binding proteins in resistant
than 98%. strains (19). Although isolates can readily be screened for
The results of the reference method and the whole penicillin resistance with the oxacillin (1 ,ug) disk diffusion

defibrinated sheep blood-supplemented-inoculum method test (12, 18), many microbiologists prefer to perform quan-
were compared by examining the interpretive category titative antimicrobial susceptibility tests on all isolates or
changes. A total of 21 minor and 2 very major errors (1 with those with oxacillin zones of inhibition l19 mm. However,
tetracycline and i with erythromycin) were noted when the for determining MICs, NCCLS standard M7-A (15) recom-
CMC results were compared with the CDC results. A mends the use of MHB supplemented with lysed horse
comparison of the API results with those of the reference blood, which many laboratories using previously prepared or
method revealed 18 minor, I major erythromycinn), and 1 commercial MIC systems may find difficult.
very major (tetracycline) error. The results of this study clearly indicate that preprepared
The quality control results were within acceptable ranges microdilution trays without blood can be used to determine

for all drug-organism combinations except for penicillin and the susceptibility of S. pneumoniae to a variety of antimi-
S. aureus ATCC 29213. There was a tendency toward crobial agents by supplementing the bacterial suspension
slightly higher MICs with this strain (range, 1 to 8 ,ug/ml) in used to inoculate the trays with whole defibrinated sheep
all three laboratories than those given by NCCLS (0.25 to 1.0 blood. The MJC endpoints were easy to read, and no
,uwg/ml) (15). ambiguous results were encountered. The overall agreement

TABLE 4. Agreement of the inoculum supplementation method results from CMC and APIa

No. of tests varying by the following log2 dilutions
Antimicrobial agent % Agreementd

>-2 -2 .1b 0 +1' +2 >+2

Cefazolin O 1 14 72 7 1 0 97.9
Cefotaxime 0 4 20 63 7 1 0 94.7
Ceftazidime 1 4 19 60 10 1 0 93.7
Ceftriaxone 0 1 20 66 7 1 0 97.9
Cefuroxime 0 0 14 65 14 2 0 97.9
Chloramphenicol 0 0 16 71 8 0 0 100
Erythromycin 0 0 1 90 2 0 2 97.9
Penicillin 0 3 27 51 13 1 0 95.8
Tetracycline 1 1 12 70 10 0 1 96.8
Vancomycin 0 0 10 68 15 2 0 97.9
Total or avg 2 14 153 676 93 9 3 97.1

a Includes off-scale MICs; 95 isolates were tested.
b API values lower than CMC values.
c API values higher than CMC values.
d Percentage of MICs within +1 dilution.
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TABLE 5. Overall agreement of test methods

% Agreement"

Antimicrobial agent CDC/CMC" CDC/APIl CMC/API"

On' Ailf On All On All

Cefazolin 96.7 95.9 88.4 98.0 97.7 97.9
Cefotaxime 91.4 89.7 88.5 88.8 94.3 94.7
Ceftazidime 94.6 91.8 95.0 92.9 94.2 93.7
Ceftriaxone 96.1 94.8 100 99.0 98.6 97.9
Cefuroxime 96.5 95.9 98.4 99.0 98.5 97.9
Chloramphenicol 97.9 96.9 96.9 95.9 100 100
Erythromycin -' 93.8 98.0 97.5
Penicillin 97.4 94.8 100 95.9 97.4 95.8
Tetracycline 95.2 95.9 88.5 96.9 95.5 96.8
Vancomycin 98.9 93.8 100 87.8 100 97.9
Avg 96.3 94.3 95.6 95.0 97.7 97.0

Percentage of MICs within ±1 dilution.
b CDC results compared with CMC results.
C CDC results compared with API results.
d CMC results compared with API results.
e On-scale values only (no values s or >).
f On- and off-scale values.
e-, Insufficient number of MICs.

between the reference method and the whole defibrinated
sheep blood-supplemented-inoculum method was -94%,
and the method was highly reproducible and easy to per-
form. An analysis of individual antimicrobial agents also
indicated excellent correlation between the methods. It
should be noted that there was a tendency toward slightly
lower MICs with the inoculum supplementation method.

This collaborative evaluation demonstrates that the sup-
plementation of the bacterial suspension used to inoculate
previously prepared or commercial microdilution broth trays
with whole defibrinated sheep blood is an acceptable method
for quantitative antimicrobial susceptibility testing of pneu-
mococci.
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