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The susceptibilities of 225 isolates of the Bacteroidesfragilis group to six antibiotics were determined by a new
disk diffusion test in Wilkins-Chalgren agar and by the standard agar dilution method. For disk diffusion, the
bacteria were directly suspended in saline and immediately swabbed onto 15-cm agar plates. Disks of cefoxitin
(30 ,ug), chloramphenicol (30 ,ug), clindamycin (2 ,ug), moxalactam (30 ,ug), imipenem (10 ,ug), and ticarcillin
(75 ,ug) were applied, and the plates were incubated at 37°C in an anaerobic atmosphere. Zone sizes were
measured at 24 h. The results of disk diffusion and agar dilution were compared by regression analysis by the
method of least squares and by the error rate-bounded method. Zones were easily measured for 216 strains
(96%). The correlation between the MICs and diameters of inhibition for cefoxitin, clindamycin, moxalactam,
and ticarcillin was generally good. A correlation could not be established for chloramphenicol and imipenem,
as there were too few resistant strains. With the recommended resistance breakpoints, the folowing susceptible and
resistant zone diameter breakpoints could be established: cefoxitin, 19 and .21 mm; clindamycin, .14 and .18
mm; moxalactam, .21 and .25 mm; and ticarcillin, s15 and .16 mm. By applying these zone criteria, the
percentage of false-susceptible strains was <1% and of false-resistant strains was <4% for the drugs tested.

The need to perform susceptibility testing on anaerobic
bacteria has been, until recently, controversial (W. J. Martin,
Clin. Microbiol. Newsl. 3:111-112, 1981). In the last few
years, the introduction of new antimicrobial agents and the
increased resistance to some widely used antibiotics have
created the need for wider susceptibility testing of clinically
significant anaerobes (2, 4, 5, 15). Most of the currently
available techniques for antimicrobial susceptibility testing
of these organisms, although allowing testing of the majority
of clinical isolates, are long, cumbersome, and costly for
routine use in clinical laboratories (9, 10, 18). Disk diffusion
susceptibility testing of anaerobes has been evaluated in the
past but has not gained general acceptance (7, 13, 14, 17).
Because of the need for a rapid, simple method for suscep-
tibility testing of anaerobes, we have devised a new disk
diffusion test which can be done on the day the organism is
isolated and interpreted in 24 h. The following study de-
scribes this technique for the Bacteroides fragilis group and
compares the results with those of the standard reference
agar dilution method (9).

MATERIALS AND METHODS
Bacterial strains. A total of 225 clinical isolates of the

Bacteroides fragilis group were tested: Bacteroides fragilis
(112 strains), Bacteroides thetaiotaomicron (33 strains),
Bacteroides ovatus (23 strains), Bacteroides vulgatus (21
strains), Bacteroides distasonis (17 strains), Bacteroides
uniformis (5 strains), and Bacteroides spp. (14 strains). The
organisms were identified by standard methods (6, 12) and
maintained frozen in 15% glycerol at -70°C. Before testing,
bacterial suspensions were thawed and plated onto tryptic
soy agar supplemented with yeast extract, hemin (5 ,ug/ml),
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vitamin K (0.1 ,ug/ml), and 5% sheep blood and subcultured
on the same medium. The following control strains were also
included: Clostridium perfringens ATCC 13124, Bacteroides
fragilis ATCC 25285, and Bacteroides thetaiotaomicron
ATCC 29741.

Antimicrobial agents. The following laboratory-standard
antibiotic powders were tested: cefoxitin and imipenem
(Merck Frosst Canada Inc., Pointe-Claire, Quebec); moxa-
lactam (Eli Lilly & Co., Indianapolis, Ind.); clindamycin
(The Upjohn Co., Kalamazoo, Mich.); ticarcillin (Beecham
Laboratories, Pointe-Claire, Quebec); and chloramphenicol
(Parke-Davis Canada Inc., Brockville, Ontario). Standard
disks of cefoxitin (30 jig), chloramphenicol (30 jig), clinda-
mycin (2 jig), moxalactam (30 jig), and ticarcillin (75 jig)
were used (Difco Laboratories, Detroit, Mich.). Disks of
imipenem (10 jig) were kindly provided by Merck Frosst
Canada.

Susceptibility testing. The MICs were determined by the
standard reference agar dilution procedure for antimicrobial
susceptibility testing of anaerobic bacteria (9) with Wilkins-
Chalgren agar (16). The antibiotic concentrations tested
ranged from 0.06 to 128 ,ug/ml.
The disk diffusion susceptibility tests were performed in

the following manner. The inocula were prepared by directly
suspending colonies from the agar plates into 2 ml of sterile
saline to match the turbidity equivalent to that of one-half of
a number one McFarland standard. The inoculum was then
immediately swabbed in three directions onto 15-cm plates
containing 60 ml of Wilkins-Chalgren agar (depth, approxi-
mately 4 mm). The plates were allowed to dry for S min, and
the antibiotic disks were applied to the surface of each plate
so as to prevent overlapping of zones. The plates were then
inverted and incubated at 37°C in an anaerobic chamber
(Coy Laboratories Inc., Ann Arbor, Mich.). The zone sizes
were measured with calipers at 24 h. The three control
organisms were tested each time the test was performed.
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strains for which MICs were .128 ,ug/ml did not produce
any zone around the disk. There were 19 strains (8.7%) that
fell within the intermediate zone. The correlation coefficient
was -0.73.
Moxalactam. The MICs of moxalactam for 30 strains were

.32 ,ug/ml, and these strains were considered resistant (Fig.
3). With resistant and susceptible zone diameter breakpoints
of .21 and .25 mm, respectively, two (0.9%) isolates were
classified as falsely susceptible and four (1.8%) as falsely
resistant. However, 41 (18.9%) strains fell within the inter-
mediate zone. The correlation coefficient was -0.88.

Ticarcillin. The MICs of ticarcillin for 36 strains were
.-2128 ,ug/ml, and these strains were considered resistant

(Fig. 4). With resistant and susceptible zone diameter
breakpoints of .15 and .16 mm, respectively, only one
strain (0.5%) was classified as falsely susceptible, and none
were classified as falsely resistant. There was no intermedi-
ate zone for ticarcillin. The correlation coefficient was
-0.89.
Chloramphenicol. All 216 isolates were susceptible to 8 ,ug

or less of chloramphenicol per ml (Fig. 5). Zones of inhibi-
tion ranged from 26 to 49 mm. A regression line was not
calculated because most strains were susceptible over a very
narrow range of antibiotic concentrations.
Imipenem. A total of 215 strains were susceptible to .4 ,ug

of imipenem per ml (Fig. 6). The MIC for one multiresistant
strain was 64 ,ug/ml. This strain showed no zone on disk

- diffusion. The other zone sizes ranged from 28 to 61 mm. A
6e regression line was not calculated because most strains were

ZONE DIAMETER (mm)

FIG. 1. Correlation of MICs and zone diameters around cefoxi-
tin (30 ,ug) disks.

Statistical analysis. The susceptibility results obtained by
both methods were plotted as scattergrams; the MICs were

correlated with the growth inhibition zone diameters, and
regression lines were calculated by least-squares analysis
(3). With the recommended (9) resistance MIC breakpoints
for the antimicrobial agents tested, corresponding suscepti-
ble and resistant zone diameter breakpoints were established
by the error rate-bounded method.

RESULTS

Of the 225 strains of the B. fragilis group tested, 216 grew
well within 24 h, and inhibition zone diameters were easily
measured. The nine strains that did not grow at 24 h (B.
distasonis, 2; B. fragilis, 2; B. ovatus, 2; B. uniformis, 2; and
Bacteroides spp., 1) did not grow at 48 h either.

Cefoxitin. The scatter plot and regression lines for cefox-
itin are shown in Fig. 1. MICs for 70 of 216 strains were .32
,ug/ml, and these 70 were considered resistant. With resistant
and susceptible zone diameter breakpoints of .19 and .21
mm, respectively, two strains each (0.9%) fell within the
false-resistant and false-susceptible regions. Twenty (9.2%)
strains fell within the intermediate zone. The correlation
coefficient was -0.84.

Clindamycin. The scatter plot and regression line for
clindamycin are shown in Fig. 2. MICs for 12 strains were

.8 ,ug/ml (MICs were -128 p.g/ml for six), and these strains
were considered resistant. With resistant and susceptible
zone diameter breakpionts of <14 and .18 mm, respec-

tively, eight strains (3.7%) were classified as falsely resis-
tant, but there were no falsely susceptible strains. The
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FIG. 2. Correlation of MICs and zone diameters around clinda-
mycin (2 ,ug) disks. See Fig. 1 legend for details.
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FIG. 3. Correlation of MICs and zone diameters around moxa-
lactam (30 pg) disks. See Fig. 1 legend for details.

susceptible over a very narrow range of antibiotic concen-
trations.
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FIG. 5. Correlation of MICs and zone diameters around chlor-
amphenicol (30 p.g) disks. See Fig. 1 legend for details.

of standardization introduced by the variability of growth of
DISCUSSION different anaerobes, the need for a standard complex en-

Disk diffusion methods for susceptibility testing of riched medium, and the effect of the anaerobic atmosphere
anaerobes were described in the early 1970s but have not on the activity of some drugs (1, 7, 11, 13, 14, 17). In
been recommended for general use due to the complexities addition, reports of tests with anaerobes performed by

several groups have shown that variation about the regres-
sion line was much greater for anaerobes than for aerobes.

256 28211 1 Despite these pitfalls, most authors have reported satisfac-
128 1 tory results when testing B. fragilis group strains (14, 17).

Some of these earlier difficulties can now be overcome. A
64- 3247102111 new, standardized, well-defined susceptibility testing me-

dium has been developed by Wilkins and Chalgren (16) and
32 - 2736 71 212 1 1 r=-0-89 accepted as the reference medium for agar dilution tests. The

standard agar dilution method (9) can serve as a reference
1 373 222 1 I comparison for the accuracy of other practical methods.

16- Finally, Metzler and De Haan have proposed a bivariate
181 "| \ 11 ' sserror rate-bounded" classification scheme for relating the

MIC and zone size for bacteria readily applicable to antimi-
44- 1112 111 crobial susceptibility testing of anaerobic bacteria (8). This

latter method requires the determination of the relative
2 - 1 . 2 1 importance of two types of errors, false-resistant classifica-

tion and false-sensitive classification, and determination of
- 2 1 1 the acceptable rate of error of false classification.

The disk diffusion test described herein was simple to
.5 - 1 2 perform and could be easily adapted by any laboratory that

uses the Kirby-Bauer method for aerobes. The Wilkins-
.25 \ Chalgren medium is commercially available. Only 9 of our

225 strains failed to grow: these strains were scattered
among the different species. It is worth noting that these
strains did not grow well on primary subculture either. The

6 14 22 30 38 46 54 inoculum was easily prepared, and the test gave rather
ZONE DIAMETER (mm) sharply clearcut zones of inhibition which were easy to read

FIG. 4. Correlation of MICs and zone diameters around ticarcil- at 24 h. With the error rate-bounded method, zone criteria
lin (75 ,ug) disks. See Fig. 1 legend for details. could be established so that the percentage of falsely sus-

1598 HORN ET AL.

I

V,

Il



DISK DIFFUSION TEST FOR B. FRAGILIS GROUP 1599

64

32

6:Z

I%A
Q

16

8-

4-

2-

.5 -

.25 -

.125 -

.06 -

.03 -

6 16

FIG. 6. Correlation of r
ipenem (10 pug) disks. See F

ceptible strains was <19c
was c3.7% for the drugs
strains that fell within t]
moxalactam, it was 10%
noted that a weakness in
resistant strains repres(
studied. This paucity of
only tentative in our rec
pretative criteria. Chlora
standards were not rec(
resistant strains. Howevi
.26 mm for imipenem an
be proposed for the su
smaller zones should be
methods.

In summary, the prop
procedure for testing tl
which are the most com
important clinical infecti(
be performed in most e
results are obtained short
highly desirable and niay
by clinicians. The test ca

preliminary informaton
dilution techniques. It sh
method described and tU
teria are limited to the I

construed to apply to ot

the simplicity of this method, further evaluation and modi-
fication of the interpretative zone standards would seem to
be in order.

LITERATURE CITED

1. Barry, A. L., and G. D. Fay. 1974. Evaluation of four disk
diffusion methods for antimicrobic susceptibility tests with
anaerobic gram-negative bacilli. Am. J. Clin. Pathol. 61:592-
598.

2. Bourgault, A. M., G. K. Harding, J. A. Sntith, G. B. Horsman,
T. J. Marrie, and F. Lamothe. 1986. Survey of anaerobic
susceptibility patterns in Canada. Antimicrob. Agents Chemo-
ther. 30:798-801.

3. Brownlee, K. A. 1965. Statistical theory and methodology in
science and engineering, 2nd ed., p. 272-348. John Wiley &

I 1 221 1 1 Sons, Inc., New York.
4. Dubreuil, L., J. Devos, C. Neut, and C. Romond. 1984. Suscep-

21 11 2 6 2 3 2 tibility of anaerobic bacteria from several French hospitals to
three major antibiotics. Antimicrob. Agents Chemother. 25:
764-766.

1 31 456432222 133 1 5. Edson, R. S., J. E. Rosenblatt, D. T. Lee, and E. A. McVey.
1982. Recent experience with antimicrobial susceptibility of

11124565834431 1111 1 anaerobic bacteria. Increasing resistance to penicillin. Mayo
Clin. Proc. 57:737-741.

6. Holdeman, L. V., E. P. Cato, and W. E. C. Moore (ed.). 1977.
12 5475 4401 1 1 1 Anaerobe laboratory manual. Virginia Polytechnic Institute and

State University, Blacksburg.
224505211 1 7. Kwok, Y. Y., F. P. Tally, V. L. Sutter, and S. M. Finegold. 1975.

Disk susceptibility testing of slow-growing anaerobic bacteria.
Antimicrob. Agents Chemother. 7:1-7.

8. Metzler, C. M., and R. M. De Haan. 1974. Susceptibility of
________,______,_______,______-_____ anaerobic bacteria: statistical and clinical considerations. J.

26 36 46 56 Infect. Dis. 130:588-594.
9. National Committee for Clinical Laboratory Standards. 1985.

ZONE DIAMETER (mm) Reference agar dilution procedure for antimicrobial susceptibil-
ity testing of anaerobic bacteria. Approved standard Mll-A.

MICs and zone diameters around im- National Committee for Clinical Laboratory Standards, Vil-
-ig. 1 legend for details. lanova, Pa.

10. Ryan, R. W., I. Kwasnik, and R. C. Tilton. 1980. Modified
microdilution antimicrobial susceptibility test for anaerobic
bacteria. Curr. Microbiol. 3:365-368.

o and that of falsely resistant strains 11. Sapico, F. L., Y. Y. Kwok, V. L. Sutter, and S. M. Finegold.
tested. Although the percentage of 1972. Standardized antimicrobial disk susceptibility testing of
he intermediate Zone was high for anaerobic bacteria: in vitro susceptibility of Clostridium perfrin-
v for the other agents. It should be gens to nine antibiotics. Antimicrob. Agents Chemother. 9:307-
ithis analysis was the relatively few 311.
ented in the bacterial population 12. Sutter, V. L., D. M. Citron, and S. M. Finegold. 1980.Wadsworth anaerobic laboratory manual, 3rd ed. The C.V.resistant strains requires us to be Mosby Co., Saint Louis, Mo.
fommendations for zone size inter- 13. Sutter, V. L., Y. Y. Kwok, and S. M. Finegold. 1972. Standard-
tmphenicol and imipenem zone size ized antimicrobial disk susceptibility testing of anaerobic bac-
Dmmended because there were no teria. I. Susceptibility of the Bacteroides fragilis group to
er, tentative zone size standards of tetracycline. Appl. Microbiol. 23:268-275.
id .23 mm for chloramphenicol can 14. Sutter, V. L., Y. Y. Kwok, and S. M. Finegold. 1973. Suscepti-
isceptible categories. Strains with bility of Bacteroides fragilis to six antibiotics determined by
e suspected and retested by other standardized antimicrobial disk susceptibility testing. Antimi-

crob. Agents Chemother. 3:188-193.
osed disk test is a simple and rapid 15. Tally, F. P., G. J. Cuchural, N. V. Jacobus, S. L. Gorbach, K.
hsedB.kfragils membersand rAldridge, T. Cleary, S. M. Finegold, G. Hill, P. lannini, J. P.
hie B. fragilis group, members of O'Keefe, and C. Pierson. 1985. Nationwide study of the suscep-
mon anaerobic organisms found in tibility of the Bacteroides fragilis group in the United States.
ons. It gives results in 24 h and can Antimicrob. Agents Chemother. 28:675-677.
clinical laboratories. The fact that 16. Wilkins, T. D., and S. Chalgren. 1976. Medium for use in
tly after isolation of the organisms is antibiotic susceptibility testing of anaerobic bacteria. Antimi-
increase the use of this information crob. Agents Chemother. 10:926-928.

Ln give relatively accurate, valuable, 17. Wilkins, T. D., L. V. Holdeman, I. J. Abramson, and W. E. C.
which could later be confirmed by Moore. 1972. A standardized single-disk method for antibioticsusceptibility testing of anaerobic bacteria. Antimicrob. Agents.ould be stressed, however, that the Chemother. 1:451-459.
tse zone diameter interpretative cri- 18. Wilkins, T. D., and T. Thiel. 1973. Modified broth-disk method
B. fragilis group and should not be for testing the antibiotic susceptibility of anaerobic bacteria.
her anaerobic bacteria. Because of Antimicrob. Agents Chemother. 3:350-355.

I

VOL. 31, 1987

I


