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A total of 292 coagulase-positive and 111 coagulase-negative staphylococcal strains were tested in
microdilution MIC panels containing 16 to 0.13 pg of oxacillin per ml diluted in cation-supplemented
Mueller-Hinton broth with and without an additional 2% NaCl. All strains were tested using the stationary-
phase inoculum procedure with an incubation temperature of 35°C. Test results were recorded after 16 to 20
h of incubation; staphylococcal strains susceptible to oxacillin (=2 wg/ml) were reincubated for 20 to 24 h,
and endpoints were determined again. Oxacillin resistance was found in 27 (9%) of the 292 coagulase-
positive strains and 39 (35%) of the 111 coagulase-negative strains. Of these resistant strains, 5 (19%) of the
27 coagulase-positive strains and 13 (33%) of the 39 coagulase-negative strains were detected 24 h earlier in
cation-supplemented Mueller-Hinton broth with 2% NaCl than in cation-supplemented Mueller-Hinton
broth without the additional NaCl. However, 9 (33%) of the 27 resistant coagulase-positive strains and 10
(26%) of the 39 resistant coagulase-negative strains were detected only after an additional 24 h of incubation.
Oxacillin MICs for the 265 coagulase-positive susceptible strains and 72 coagulase-negative susceptible
strains were not affected by the additional 2% NaCl. These results support the utility of adding 2% NaCl to
the broth diluent for the early detection of oxacillin-resistant staphylococcal strains and the necessity of
extended incubation for those strains which initially appear to be susceptible to oxacillin after only 16 to 20 h

of incubation.

Susceptibility testing of methicillin- or oxacillin-resistant
staphylococcal strains is complicated by their genetic het-
erogeneity. Broth cultures of resistant staphylococcal strains
consist of various proportions of susceptible and resistant
organisms (2, 8, 13, 14). In clinical specimens. resistant
organisms may represent only a small proportion of the total
number of organisms in the suspension (2, 8, 13, 14).
Moreover, resistant staphylococcal strains may grow poorly
in a broth medium (2, 8). For these reasons, resistant
staphylococcal strains may not be detected in the standard
overnight broth microdilution technique used in determining
MICs.

To enhance the growth of the slower-growing resistant
staphylococcal strains and thus to improve the detection of
these strains in the microdilution MIC panel system, it has
been recommended that test panels be incubated at 30 to
35°C (2, 15) and that the incubation time be increased to 48 h
for those staphylococcal strains which appear to be suscepti-
ble after overnight incubation (2). Although these recom-
mendations are relatively easy to implement, a method that
would improve detection of resistant staphylococcal strains
at 16 to 18 h with the microdilution MIC system would be an
advantage.

Other methods of enhancing the growth of resistant strains
include increasing the NaCl concentration of the broth (1, 2,
16), increasing the organism concentration of the inoculum
(2), and a combination of these methods. The addition of
NaCl to the broth diluent has not been extensively used in
routine testing, since few laboratories presently prepare
MIC panels for their own use, and most commercial MIC
panel manufacturers have not incorporated additional NaCl
in their oxacillin concentrations. When prepared MIC panels
are used, the addition of NaCl to the wells can be accom-

* Corresponding author.

473

plished through the inoculum diluent, but when NaCl is
inoculated to all wells of the panel, it is likely to inhibit the
activity of some aminoglycosides and the growth of some
organisms (6, 16). An increase in the organism concentration
in the inoculum could be useful in the oxacillin wells, but it is
not recommended for use with other antimicrobial agents in
the MIC panel (12).

Because of these difficulties, it has not been possible for
many laboratories to readily improve the detection of resis-
tant staphylococcal strains in the microdilution MIC meth-
od. Hence, many laboratories have chosen to perform the
disk diffusion susceptibility technique (4) or the agar overlay
method (3), both of which have been considered reliable
methods for detecting methicillin- or oxacillin-resistant
staphylococcal strains. For those laboratories that perform
MIC determinations routinely, these variations from routine
MIC susceptibility testing are disadvantageous.

This study was performed to determine whether oxacillin-
resistant staphylococcal strains could be more reliably de-
tected with a hypertonic broth diluent (2% NaCl) for oxacil-
lin. Instead of being added to the inoculum, NaCl was added
only to the oxacillin concentrations during preparation of the
MIC panels. The effects of this modification on both suscep-
tible and resistant staphylococcal strains at 16 to 24 h and 40
to 48 h of incubation were determined. Staphylococcal
strains for which endpoints were in the range of 2 to 8 ug/ml
by the standard MIC microdilution method (12) were con-
firmed by the standard disk diffusion method (11).

MATERIALS AND METHODS

Bacterial strains. A total of 292 coagulase-positive and 111
coagulase-negative staphylococcal isolates were identified
by standard methodology (10). The isolation, identification,
and subsequent MIC susceptibility testing was performed at
four institutions (see Acknowledgments). These staphylo-
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TABLE 1. Detection of resistant staphylococcal strains®

Total no., (%) of resistant isolates
detected after:

16 to 18 h at 35°C 40 to 48 h at 35°C

Staphylococcal

strains MHB? MHB? MHB? MHB*
without with without with
NaCl NaCl“ NaCl NaCl¢
Coagulase positive 13 (48) 18 (67) 21 (78) 27 (100)
Coagulase negative 16 (41) 29 (74) 36 (92) 39 (100)

“ Resistance = MIC of >2 ug/ml.

® MHB, Cation-supplemented Mueller-Hinton broth (50 mg of
Ca?* per liter, 25 mg of Mg2* per liter).

< Two percent NaCl (20 g/liter).

coccal strains were all isolates from clinically significant
infections for which antimicrobial susceptibility testing had
been requested. Standard strains (derived from Staphylococ-
cus aureus ATCC 29213 and ATCC 25923) were also includ-
ed for quality control purposes and stability studies.

Inoculum standardization procedures. The inoculum was
prepared and standardized by the stationary-growth-phase
technique (12). Four to five isolated colonies from overnight
growth on solid medium were transferred to 0.5 ml of
prepared brain heart infusion broth (Pasco Laboratories,
Inc., a subsidiary of Difco Laboratories, Wheat Ridge,
Colo.). All media were obtained from Pasco Laboratories
unless otherwise specified. This broth was incubated at 35°C
for 4 to 6 h. Twenty-five microliters of this suspension,
containing ca. 10° CFU/ml, was transferred to 12.5 ml of
sterile distilled water with 0.02% Tween 80. This bacterial
suspension was inoculated (Anderson Technical Inoculator,
Lakewood, Colo.) into routine MIC panels as well as into the
oxacillin test panels with and without additional NaCl. The
final inoculum of 10° CFU/ml was checked for purity and
organism concentration by the transfer of 0.01 ml to tryptic
soy agar with 5% sheep blood.

Microdilution test panels. Because it is more stable than
methicillin in this test system (2), oxacillin (Bristol Labora-
tories, Syracuse, N.Y.) was used in the preparation of the
MIC microdilution panels (Pasco Laboratories). Oxacillin
was serially diluted to concentrations of 16 to 0.13 pg/ml in
Mueller-Hinton broth and supplemented to final concentra-
tions of 50 mg of calcium per liter and 25 mg of magnesium
per liter (12), with and without additional 2% NaCl. One
hundred microliters of each of these dilutions was dispensed
in duplicate into a total of 32 wells of a microtiter plate. The
panels were immediately frozen and stored at —20°C for up
to 6 months.

After inoculation, MIC microdilution panels were incubat-
ed for 16 to 20 h at 35°C, and MICs were determined with a
viewbox (Sienco, Morrison, Colo.). MICs were recorded as
the lowest concentration of antimicrobial agent at which
there was no visible growth of the organisms. Susceptible
strains for which oxacillin MICs were <2 pg/ml (12) were
incubated for an additional 20 to 24 h, at which time the
endpoints were again determined and recorded. This addi-
tional incubation time resulted in a total incubation of 40 to
48 h at 35°C. Test results in the MIC range of 2 to 8 pug/ml
were confirmed with standard disk diffusion susceptibility
methods (11) at an incubation temperature of 35°C.

RESULTS

Susceptible and resistant categories were interpreted ac-
cording to the recommendations of the National Committee
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for Clinical Laboratory Standards (12). Staphylococcal or-
ganisms for which oxacillin MICs were >2 ug/ml were
considered to be resistant. Endpoints were determined at 16
to 18 h and again at 40 to 48 h. Clearly susceptible (<1 wg/ml)
or resistant (=8 pg/ml) strains were not confirmed by the
disk diffusion method because of previously demonstrated
correlations in these ranges (2). Strains for which oxacillin
MICs were in the range of 2 to 8 ug/ml were confirmed by
the standard disk diffusion method and showed complete
correlation with the MIC microdilution susceptibility results
when 2% NaCl was present in the oxacillin wells.

Of the 292 coagulase-positive and 111 coagulase-negative
staphylococcal strains tested, 27 (9%) and 39 (35%), respec-
tively, were determined to be resistant (>2 pg/ml) after
extended incubation. Of these resistant organisms, 18 (67%)
of the coagulase-positive and 29 (74%) of the coagulase-
negative strains were detected at 16 h in cation-supplement-
ed Mueller-Hinton broth with 2% NaCl, whereas only 13
(48%) of the coagulase-positive and 16 (41%) of the coagu-
lase-negative strains were detected in cation-supplemented
Mueller-Hinton broth without 2% NaCl. That is, 5 (19%) of
the resistant coagulase-positive strains and 13 (33%) of the
resistant coagulase-negative strains were detected 20 to 24 h
earlier in the cation-supplemented Mueller-Hinton broth
with 2% NaCl than in the broth without 2% NaCl (Table 1).
The addition of 2% NaCl to the cation-supplemented
Mueller-Hinton broth not only resulted in the earlier detec-
tion of resistant strains, but also improved the ease of
detection at 24 h by increasing oxacillin MICs by fourfold or
more for 33% of the resistant strains.

After 48 h of incubation, an additional 9 (33%) of the 27
resistant coagulase-positive and 10 (26%) of the 39 resistant
coagulase-negative staphylococcal strains were detected
(Table 1). Of these additional resistant strains, six coagulase-
positive and three coagulase-negative strains (14%) were
detected in the cation-supplemented Mueller-Hinton broth
with NaCl and not in the cation-supplemented Mueller-
Hinton broth without NaCl. These nine strains were tested
with the standard disk diffusion method and were confirmed
to be resistant.

The MICs determined in cation-supplemented Mueller-
Hinton broth with and without 2% NaCl were essentially
identical (within one dilution) for the 265 coagulase-positive
and 72 coagulase-negative oxacillin-susceptible strains.
There was no evidence of inhibition of staphylococcal
growth by NaCl in any of the susceptible strains studied
when 2% NaCl was added to the broth diluent.

Quality control included the determination of colony
counts of the inoculum for each test panel. The expected
colony count of the inoculum was 100,000 CFU/ml. The
mean colony counts for coagulase-positive and coagulase-
negative organisms were 84,000 CFU/ml (standard deviation
= 28,000) and 60,000 CFU/ml (standard deviation = 28,000),
respectively. Quality control of the MIC panel included the
determination of MICs for reference strains. There was no
variation from expected endpoint ranges over a six-month
period, confirming the stability for up to 6 months of
oxacillin diluted in hypertonic broth (2% NaCl) and stored at
-20°C.

DISCUSSION

Difficulties in the detection of oxacillin-resistant staphylo-
cocci by microdilution MIC methods have been attributed to
the slow growth of resistant strains in the Mueller-Hinton
broth diluent (2, 8). This problem is particularly apparent in
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those antimicrobial systems which rely upon shorter incuba-
tion times (4 to 6 h) (6, 7, 9). If the growth of these resistant
strains could be enhanced, earlier and more reliable detec-
tion would result. Tolerance to high concentrations (6.5 to
10%) of NaCl has long been used as an identifying character-
istic of staphylococci (10), and previous reports indicate that
lower concentrations (2 to 5%) of NaCl actually enhance the
growth of some oxacillin-resistant strains (1, 2, 16).

Although others have reported enhanced detection of
methicillin- or oxacillin-resistant staphylococci in the MIC
microdilution system with hypertonic broth diluent, they
have relied on fewer clinical isolates, a predominance of
stock organisms, and different NaCl concentrations (1, 2,
16). In this study, susceptibility testing was performed on
292 coagulase-positive and 111 coagulase-negative staphylo-
coccal clinical isolates. Microdilution MIC panels were used
to make a comparison of the susceptibility of these staphylo-
coccal isolates to oxacillin diluted in cation-supplemented
Mueller-Hinton broth with and without an additional 2%
NaCl at 16 to 20 and 40 to 48 h of incubation at 35°C. These
isolates were selected from clinically significant infections
for which MIC determinations had been requested, and thus
they did not represent a sample of all staphylococci isolated
at the four institutions taking part in this study. This selec-
tion process may explain the high incidence of oxacillin-
resistant strains in this study as compared with that in a
previous report (5).

The addition of 2% NaCl to the oxacillin concentrations
was made during preparation of the panels. If added to the
panel as part of the inoculum, the NaCl could have deleteri-
ous effects on the activity of other antimicrobial agents in the
panel and could inhibit the growth of some organisms (6, 16).
Preliminary studies with a limited number of oxacillin-
resistant isolates were done to determine the optimum NaCl
concentration to enhance growth. There appeared to be no
difference in oxacillin endpoints when they were determined
in hypertonic broth at concentrations of 2, 3, and 5% NaCl.
The 2% NaCl concentration was chosen to allow for possible
minor increases in the NaCl concentration resulting from the
dehydration of the MIC panels during freezer storage and
incubation.

This study demonstrates that hypertonic broth enhances
the growth of some resistant staphylococcal strains, thus
allowing earlier detection. It was found that 18 (27%) of 66
resistant strains of staphylococcal clinical isolates could be
detected up to 20 to 24 h earlier with cation-supplemented
hypertonic Mueller-Hinton broth. Moreover, when 2% NaCl
was omitted from the broth diluent, 9 (14%) of 66 resistant
staphylococcal strains were not detected even after 40 to 48
h of incubation.

When a breakpoint of 2 ng/ml was used, as recommended
by the National Committee for Clinical Laboratory Stan-
dards (12), there was a complete correlation between oxacil-
lin resistance as demonstrated by disk diffusion and oxacillin
resistance as demonstrated by microdilution MIC determina-
tions when cation-supplemented Mueller-Hinton broth with
2% NaCl was used as the diluent. Oxacillin MIC endpoints
for 83% of the susceptible strains were <1 pg/ml at 24 and 48
h, oxacillin MIC endpoints for 54% of the resistant strains
were >8 pg/ml at 24 h, and oxacillin MIC endpoints for 89%
of the strains were >8 ug/ml at 48 h.

The addition of 2% NaCl did not affect the MIC test
results of susceptible staphylococcal strains. The MICs
determined for the 337 susceptible clinical strains and con-
trol organisms tested in Mueller-Hinton broth with and
without NaCl were identical or within the acceptable range
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of plus or minus one dilution, even after extended incubation
for up to 48 h. These results would indicate that 2% NaCl
could be added to the broth diluent for oxacillin with no
effect upon the growth of susceptible organisms. Moreover,
the stability of oxacillin was essentially the same in cation-
supplemented Mueller-Hinton broth with or without 2%
NaCl and was determined to be a minimum of 6 months
when stored at —20°C or less.

A precaution should be observed by those working with
gram-negative organisms, some of which are inhibited by the
NaCl. Although oxacillin is not intended for use with these
organisms, some MIC panels are used to test both gram-
positive and gram-negative organisms. If experimenters are
unaware of this inhibition phenomenon, oxacillin MICs
reported for gram-negative organisms could be misinterpret-
ed as indications of susceptibility.

This study demonstrates that a significant number (18
[27%] of 66) of oxacillin-resistant staphylococcal strains can
be detected up to 24 h earlier in the microdilution MIC
system when 2% NaCl is added to the broth diluent. It also
demonstrates that there are a number of staphylococcal
strains which are detected only after extended incubation. In
this study, 9 (33%) of the 27 resistant coagulase-positive
strains and 10 (26%) of the 39 resistant coagulase-negative
strains were detected only after further incubation for 40 to
48 h. Since endpoints were not determined at intermittent
incubation periods, we cannot rule out the possibility that
some of these oxacillin-resistant strains could have been
detected earlier if endpoints had been determined at 24 h, as
recommended by Thornsberry and McDougal (16).

Colony counts of the inoculum for those resistant strains
detected only after 40 to 48 h of incubation were consistently
less than the expected 100,000 CFU/ml (mean = 53,000,
standard deviation = 28,000). These data suggest that if
further improvements are to be made in the earlier detection
of this group of resistant strains, alternative methods for
standardization of the inoculum may be required. The sta-
tionary-phase procedure utilizes the growth of the organism
in broth culture before inoculation, and many resistant
staphylococcal strains grow poorly in broth; therefore, prep-
aration of the inoculum from growth on an overnight agar
plate, as recommended by Thornsberry and McDougal (16),
may be preferable. Until further improvements are made, it
is prudent for those laboratories that use the stationary-
phase inoculum procedure to incubate all staphylococcal
strains for which the oxacillin MICs are =2 pg/ml for a total
of 40 to 48 h to adequately exclude oxacillin resistance.

ACKNOWLEDGMENTS

We thank the laboratory personnel at St. Joseph Hospital, Swed-
ish Hospital, Rose Medical Center, and Presbyterian Hospital,
Denver, Colo., for their technical assistance in testing isolates and
collecting data, and personnel at Pasco Laboratories for preparing
MIC panels with hypertonic Mueller-Hinton broth for the dilution of
oxacillin.

LITERATURE CITED

1. Barber, M. 1964. Naturally occurring methicillin-resistant
staphylococci. J. Gen. Microbiol. 35:183-190.

2. Barry, A. L., and R. E. Badal. 1977. Reliability of the microdilu-
tion technic for detection of methicillin-resistant strains of
Staphylococcus aureus. Am. J. Clin. Pathol. 67:489-495.

3. Barry, A. L., F. Garcia, and L. D. Thrupp. 1970. An improved
single-disk method for testing the antibiotic susceptibility of
rapidly-growing pathogens. Am. J. Clin. Pathol. 53:149-158.

4. Bauer, A. W., W. M. M. Kirby, J. C. Sherris, and M. Turck.
1966. Antibiotic susceptibility testing by a standardized single



476

10.

11.

DILLON AND HOWE

disk method. Am. J. Clin. Pathol. 45:493-496.

. Blackwell, C. C., and D. S. Feingold. 1975. Frequency and some

properties of clinical isolates of methicillin-resistant Staphylo-
coccus aureus. Am. J. Clin. Pathol. 64:372-377.

. Blair, H. C., and T. J. Cleary. 1983. Susceptibility testing of

multidrug-resistant Staphylococcus aureus with the Sceptor
microdilution system. J. Clin. Microbiol. 18:194-196.

. Boyce, J. M., R. L. White, M. C. Bonner, and W. R. Lockwood.

1982. Reliability of the MS-2 system in detecting methicillin-
resistant Staphylococcus aureus. J. Clin. Microbiol. 15:220-
225.

. Bulger, R. J. 1967. A methicillin-resistant strain of Staphylococ-

cus aureus, clinical and laboratory experience. Ann. Intern.
Med. 67:81-89.

. Carlson, J. R., F. E. Conley, and D. L. Cahall. 1982. Methicillin-

resistant Staphylococcus aureus susceptibility testing with the
Abbott MS-2 System. Antimicrob. Agents Chemother. 21:676—
677.

Lennette, E. H., A. Balows, W. J. Hausler, Jr., and J. P. Truant
(ed.). 1980. Manual of clinical microbiology, 3rd ed., p. 83-87.
American Society for Microbiology, Washington, D.C.
National Committee for Clinical Laboratory Standards. 1982.

12.

13.

14.
15.

16.

J. CLIN. MICROBIOL.

Performance standards for antimicrobic disc susceptibility tests,
ASM-M2A2. Second informational supplement. National Com-
mittee for Clinical Laboratory Standards, Villanova, Pa.
National Committee for Clinical Laboratory Standards. 1983.
Methods for dilution antimicrobial susceptibility tests for bacte-
ria that grow aerobically, ASM-M7-T. Tentative standard. Na-
tional Committee for Clinical Laboratory Standards, Villanova.
Pa.

Sabath, L. D., F. F. Barrett, C. Wilcox, D. A. Gerstein, and M.
Finland. 1969. Methicillin resistance of Staphylococcus aureus
and Staphylococcus epidermidis, p. 302-306. Antimicrob.
Agents Chemother. 1968.

Seligman, S. J. 1966. Methicillin-resistant staphylococci, genet-
ics of a minority population. J. Gen. Microbiol. 42:315-322.
Thornsberry, C., J. Q. Caruthers, and C. N. Baker. 1973. Effect
of temperature on the in vitro susceptibility of Staphylococcus
aureus to penicillinase-resistant penicillins. Antimicrob. Agents
Chemother. 4:263-269.

Thornsberry, C., and L. K. McDougal. 1983. Successful use of
broth microdilution in susceptibility tests for methicillin-resis-
tant (heteroresistant) staphylococci. J. Clin. Microbiol.
18:1084-1091.



