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Determination of Trimethoprim-Sulfamethoxazole Resistance in
Streptococcus pneumoniae by Using the E Test with

Mueller-Hinton Agar Supplemented with Sheep
or Horse Blood May Be Unreliable
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An international, multicenter study compared trimethoprim-sulfamethoxazole MICs for 743 Streptococcus
pneumoniae isolates (107 to 244 isolates per country) by E test, using Mueller-Hinton agar supplemented with
5% defibrinated horse blood or 5% defibrinated sheep blood, with MICs determined by the National Committee
for Clinical Laboratory Standards broth microdilution reference method. Agreement within 1 log2 dilution and
minor error rates were 69.3 and 15.5%, respectively, on sheep blood-supplemented agar and 76.9 and 13.6%,
respectively, with horse blood as the supplement. Significant interlaboratory variability was observed. E test
may not be a reliable method for determining the resistance of pneumococci to trimethoprim-sulfamethoxazole.

Increasing resistance of Streptococcus pneumoniae to tri-
methoprim-sulfamethoxazole (T-S) in North America is well
documented, and resistance rates of 18 to 26% have recently
been reported (1, 2, 4, 7, 13, 16). Resistance to this drug may
be even more common in South America, where it is frequently
used (8, 15).

An epidemiological surveillance study of invasive S. pneu-
moniae isolates recovered from children in six Latin American
countries (the SIREVA project) was initiated in 1993 (3, 11).
This study resulted in a large bank of invasive pneumococcal
isolates collected from 1993 to 1996. These isolates were used
to collaboratively evaluate E test for the determination of
pneumococcal T-S MICs. The objectives of this study were to
determine the accuracy of E test compared to broth microdi-
lution (BMD) for testing T-S MICs and to explore the effect on
performance of supplementing Mueller-Hinton agar with
horse blood, as recommended by the manufacturer of the E
test (technical guide 5C; AB Biodisk, Solna, Sweden), rather
than with sheep blood.

The evaluation was coordinated by the Canadian National
Centre for Streptococcus (NCS) and conducted in each of six
participating laboratories located in Argentina, Brazil, Chile,

Colombia, Mexico, and Uruguay. The pneumococcal isolates
were recovered from blood, cerebrospinal fluid, or pleural fluid
of Latin American children #5 years old (3, 11).

Common lot numbers of Mueller-Hinton II agar (MHA)
(BBL-Becton Dickinson), cation-adjusted Mueller-Hinton II
broth (BBL-Becton Dickinson), and Columbia agar base
(Unipath Oxoid), used for the preparation of blood agar
plates, were supplied to each laboratory. Trimethoprim (Glaxo
Wellcome) and sulfamethoxazole (Roche) reference powders,
of known potency and from a single lot, were gifts of the
respective manufacturers. Two different lots of E-test strips
containing T-S in a gradient of 0.002 to 32.0 mg/ml (tri-
methoprim concentration) were available for the evaluation.
Each laboratory tested only one E-test lot. Fresh defibrinated
sheep and horse blood were obtained from suppliers within
each country. MHA was supplemented with either 5% defi-
brinated sheep blood (SB-MHA) or 5% defibrinated horse
blood (HB-MHA).

The E test was performed according to the manufacturer’s
instructions. A single organism suspension was used to inocu-
late the two agar media and to prepare a 1:100 dilution for the
BMD method. The E-test reading was rounded up to the next
highest doubling dilution MIC for comparison with BMD. A
table for this process was provided to ensure interlaboratory
consistency.

The BMD reference method was performed according to
National Committee for Clinical Laboratory Standards (NCCLS)
guidelines for testing of S. pneumoniae using cation-adjusted
Mueller-Hinton broth supplemented with locally prepared 3%
lysed horse blood (14). S. pneumoniae ATCC 49619 was in-
cluded with each test batch for both methods.

E-test results were compared to those determined by the
BMD reference method. Data were analyzed for interpretive
errors; false susceptibility by E test was classified as a very
major error, false resistance by E test was classified as a major
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error, and an error involving an intermediate category by one
method and either a susceptible or resistant result by the other
was classified as a minor error (5). The data were also com-
pared with the BMD reference method for MIC agreement
within 1 log2 dilution. Acceptable performance was defined as
#3% very major errors and a combination of major and minor
errors of #7% (5).

The NCS supplied a pilot sample of 15 to 20 isolates to each
of the six laboratories. Each laboratory determined the BMD
MICs for its respective set of isolates, and these were com-
pared with MIC data provided by the NCS. All laboratories
obtained 100% correlation within 1 log2 dilution of the NCS
results prior to beginning the evaluation.

Five of six laboratories (from countries designated A, B, C,
D, and E) evaluated the performance of E test on SB-MHA
and HB-MHA for a total of 743 pneumococcal isolates. The
number of isolates examined in each laboratory varied from
107 to 244 (Table 1). Of the 743 isolates, 265 were susceptible
(MIC, #0.5/9.5 mg/ml), 185 were intermediate (1/19 to 2/38
mg/ml), and 293 were resistant ($4/76 mg/ml) to T-S by BMD
(14). The laboratory in country F was unable to obtain fresh
horse blood during the study period and therefore evaluated E
test only on SB-MHA. These data were excluded from the
cumulative totals.

Scattergrams comparing E test MICs with SB-MHA (Fig. 1)
or HB-MHA (Fig. 2) to BMD MICs, according to NCCLS
interpretive criteria for T-S (14), demonstrate similar perfor-
mances for the two media (correlation coefficients of 0.56 and
0.52, respectively). However, wide interlaboratory variances in

agreement and minor error rates were observed (Table 1). One
very major error on HB-MHA was reported; no major errors
were detected.

The laboratory in country F tested 202 pneumococci on
SB-MHA only. It reported MIC agreement within 1 log2 dilu-
tion for 151 (74.8%) isolates, 17 (8.4%) minor errors, and no
very major or major errors.

Most of the minor errors (68 of 115 on SB-MHA and 63 of
101 on HB-MHA) resulted from a susceptible E-test result for
isolates that were intermediate according to MICs determined
by BMD. Over 60% of the isolates for which MICs failed to
correlate within 1 log2 dilution were resistant to T-S ($4/76
mg/ml) by BMD. With few exceptions, these isolates were con-
sistently more resistant by E test regardless of the blood sup-
plement.

Resistance to T-S of penicillin-susceptible S. pneumoniae
isolates often occurs (1, 13, 15, 16), so susceptibility to the 1-mg
oxacillin screen does not predict susceptibility to T-S. Further-
more, detection of resistance to T-S by disk diffusion may not
be reliable (6, 10). The BMD method is recommended for
MIC testing of pneumococci (14), but this method is techni-
cally demanding and expensive. E test offers a reliable alter-
native for some antibiotics (9, 12, 17, 18), and we have evalu-
ated its performance for testing of pneumococci and T-S.

Two previous evaluations of T-S MICs by E test using SB-
MHA reported correlations within 1 log2 dilution for 42% (9)
and 88% (18) of their isolates, a range similar to our inter-
laboratory observations of 49.5 to 91.7%.

The E test failed to meet our acceptability criterion of #7%
combined major-plus-minor errors (5). Our average minor er-
ror rates of 15.5 and 13.6% for SB-MHA and HB-MHA, re-
spectively, suggest improved performance over a previous eval-
uation that reported 38.2% minor errors (18). Similar to that
study, the majority of our minor errors resulted from E-test
MICs that were lower than those determined by BMD. This
trend has important clinical implications if isolates are errone-
ously reported as susceptible.

Conversely, all six of our participating laboratories observed
elevated E-test MICs compared to BMD MICs for T-S-resis-
tant pneumococci. Since there would be no change in the
resistant interpretation for these isolates, this problem is not
relevant to patient care, but it does present a technical con-
cern. It may be that higher antibiotic concentrations on the
E-test strip are inaccurate, difficult to read, or incompletely
diffused into the medium.

One important observation of this study is the significant

TABLE 1. Interlaboratory variation in minor errors and agreement
within 1 log2 dilution of E test performed on SB-MHA and HB-

MHA compared with BMD

Country
No. of
isolates
tested

No. (%) of isolates showing:

Minor interpretative
errors

Agreement within
1 log2 dilution

SB-MHA HB-MHA SB-MHA HB-MHA

A 122 5 (4.1) 3 (2.4) 95 (77.9) 115 (94.3)
B 244 34 (13.9) 29 (11.9) 138 (56.6) 159 (65.2)
C 107 46 (43.0) 40 (37.4) 53 (49.5) 52 (48.6)
D 150 15 (10.0) 14 (9.3) 119 (79.3) 128 (85.3)
E 120 15 (12.5) 15 (12.5) 110 (91.7) 117 (97.5)

Total 743 115 (15.5) 101 (13.6) 515 (69.3) 571 (76.9)

FIG. 1. Scattergram comparing BMD with E-test MIC determinations per-
formed on SB-MHA for 743 S. pneumoniae isolates. Horizontal and vertical lines
represent susceptible, intermediate, and resistant breakpoints. MICs, in micro-
grams per milliliter, are for trimethoprim only. Correlation coefficient 5 0.56.

FIG. 2. Scattergram comparing BMD with E-test MIC determinations per-
formed on HB-MHA for 743 S. pneumoniae isolates. Horizontal and vertical
lines represent susceptible, intermediate, and resistant breakpoints. MICs, in
micrograms per milliliter, are for trimethoprim only. Correlation coefficient 5
0.52.
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interlaboratory variability in E-test performance, even when
training, materials, and protocols have been standardized.
Good correlation between the NCS and all participants for the
BMD method with the initial pilot sample supports interlabo-
ratory reliability of the performance of the reference method.
The two E-test lot numbers that were used did not correlate
with the observed interlaboratory variation.

Others have reported poor interlaboratory reproducibility
for T-S disk zone sizes even when the same MHA base was
used to test S. pneumoniae ATCC 49619 (6). The faint haze of
growth sometimes observed around the T-S disk may affect
interpretation (6), and this difficulty may also compromise the
interpretation of E-test results. However, trailing endpoints
were observed infrequently by our participants; therefore, this
factor is an unlikely explanation for the differences in perfor-
mance.

Each laboratory supplied its own fresh sheep and horse
blood, and variability in these products, as suggested by others
(18), may have been one reason for the wide range in error
rates reported by our participants. One explanation for this
may be the variable presence of components that interfere with
folate metabolism (9).

Slightly improved E-test performance with the use of HB-
MHA was reported by four of five participants. Our data sup-
port the manufacturer’s recommendation of using horse blood
for pneumococci when testing T-S. However, it is difficult to
obtain fresh horse blood in some Latin American countries,
and implementing a specific medium for testing a single drug-
organism combination may not be practical.

The reasons for our interlaboratory variability require fur-
ther investigation, but the variability suggests that the decision
to use E test for pneumococci and T-S requires on-site evalu-
ation against the BMD reference method with locally obtained
supplies.
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