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Effects of culture media on detection of
methicillin resistance in Staphylococcus aureus and
coagulase negative staphylococci by disc diffusion
methods

LM Milne, M R Crow, A GM Emptage, J B Selkon

Abstract
Aims-To test 10 culture media for their
ability to detect resistance and sensitivity
of staphylococci to methicillin by disc
diffusion.
Methods-Fifty strains ofStaphylococcus
aureus and 135 strains of coagulase nega-
tive staphylococci were tested using
Columbia, Diagnostic Sensitivity Test,
Mueller Hinton, Sensitest and Iso-
sensitest agars with and without 5%
added sodium chloride. Cultures were
examined after 18 and 40 hours of incu-
bation. The diameter of the zone and its
characteristics were recorded and these
media were assessed for their ability to
produce clear, readable zones of inhibi-
tion. Changes in the variables which
determined resistance were investigated.
Results were analysed allowing a zone
diameter reduction of 8 mm and 10 mm
compared with the control in addition to
the standard 6 mm.
Results-Columbia agar with added
sodium chloride supported the growth of
all strains, detected the highest number
ofresistant strains, and was the easiest to
read. Resistance was detected after 18
hours in most resistant strains, but some
required 40 hours of incubation. There
was poor agreement, however, on this
medium (63-94%) between disc diffusion
and the reference MIC method for sensi-
tive strains. Allowing a greater reduction
in zone size resulted in more agreement
with sensitive strains but with conse-
quently lowered detection of resistant
strains.
The other media showed some growth

failures and more zones that were diffi-
cult to read. More resistance was
detected when incubation was prolonged
to 40 hours but this was consistently less
than on Columbia agar with added salt.
Conclusions-None of the media de-
tected all of the resistant strains.
Columbia agar with added salt was the
most satisfactory medium in this respect,
but it misidentified up to 37% of the sen-
sitive strains as resistant. Methicillin
susceptibility testing by disc diffusion
testing is unreliable.

(7 Clin Pathol 1993;46:394-397)

Resistance to methicillin in Staphylococcus
aureus is heterogeneous and may be demon-
strated in vitro using osmotic support in the
medium,SA incubation at 30°C45 or 310C,6 or
prolonging the incubation to 48 hours.247
Resistance to methicillin in coagulase nega-
tive staphylococci has also been shown to be
heterogeneous4 8 9 and in vitro testing has
entailed the use of osmotic support in the
medium,410 incubation at 300C489 1 and pro-
longed incubation.4 The detection of methi-
cillin resistance may be affected by the
medium used for both S aureus4 12-16 and
coagulase negative staphylococci.412 To
investigate further the effect of media, we
examined staphylococci for susceptibility to
methicillin by disc diffusion methods using
10 media.

Methods
Fifty strains of S aureus and 135 strains of
coagulase negative staphylococci were exam-
ined. In an earlier study these strains had
been identified and designated as sensitive or
resistant to methicillin by a minimum
inhibitory concentration method.'2 There
were 31 strains of S aureus and 63 strains of
coagulase negative staphylococci resistant to
methicillin by this reference testing method.'2
S aureus Oxford Public Health Laboratory
strain number 13 was used as the control
organism. This methicillin sensitive strain had
a known minimum inhibitory concentration
(MIC) to methicillin of 2 mg/l. Columbia
(CM331), Diagnostic Sensitivity Test (DST)
(CM261), Mueller Hinton (CM337),
Sensitest (CM409) and Isosensitest (CM47 1)
agar bases were obtained from Oxoid
Limited. The media were prepared following
the manufacturers' instructions together with
a duplicate set of media containing an addi-
tional 50 g/l sodium chloride (salt). These 10
media were poured into 8-5 cm diameter
Petri dishes in 20 ml amounts. Antimicrobial
discs (Oxoid) with a content of 10 ug methi-
cillin were used.

Staphylococci were subcultured from
blood agar plates using standard techniques
to obtain semi-confluent growth after incuba-
tion. Discs were applied to the agar surface of
each medium using forceps. Plates containing
added salt were incubated at 35°C and those
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Table 1 Number (%) ofS aureus strains where disc and reference methods agreed

Methicillin resistant strains n = 31 Methicillin sensitive strains n = 19

18h 40h 18h 40h

R NIIG R NIIG S NIIG S NIIG

Col + 28(90) 0 30(97) 0 12(63) 0 12(63) 0
Col 28(90) 0 30(97) 0 18(95) 0 12(63) 0
DST + 23(74) 0 25(81) 0 19(100) 0 19(100) 0
DST 24(77) 0 24(77) 0 19(100) 0 19(100) 0
MH + 23(74) 0 27(87) 0 17(89) 0 12(63) 0
MH 24(77) 0 26(84) 0 19(100) 0 19(100) 0
Sens + 20(65) 0 23(74) 0 17(89) 0 18(95) 0
Sens 24(77) 0 25(81) 0 19(100) 0 19(100) 0
Iso + 11(35) 0 22(71) 0 19(100) 0 18(95) 0
Iso 18(58) 0 24(77) 0 19(100) 0 19(100) 0

Col = Columbia agar; DST = Diagnostic Sensitivity Test agar; MH = Mueller Hinton agar;
Sens = Sensitest agar; Iso = Isosensitest agar; N = No growth; IG = Insufficient growth.
+ = medium with 5% added sodium chloride
R = resistant by disc diffusion and the reference method
S = sensitive by disc diffusion and the reference method

without at 30°C. The diameter of the zone of
inhibition was measured after 18 hours and
40 hours of incubation. Strains were consid-
ered to be resistant to methicillin if the zone
diameter was reduced by more than 6 mm
compared with the diameter of the control
organism tested under the same conditions or
when colonies were seen within the zone of
inhibition. Sensitive strains had a zone diame-
ter greater than, equal to, or not more than 6
mm smaller than the diameter of the control
organism. Assessments were also made of the
zones on Columbia agars using criteria of 8
mm and 10 mm instead of 6 mm. An organ-
ism which did not grow or grew very poorly
under a particular test condition was
recorded as no growth or insufficient growth.
Strains which were resistant to methicillin by
disc diffusion criteria on one or more tests
but sensitive by the reference MIC method
were considered separately as discrepant
results.
The appearance of each zone of inhibition

was also recorded after 18 hours and 40
hours of incubation on each of the 10 media.
Five categories were used:
(A) A clear cut zone edge was produced. A

strain was confidently recorded as sen-
sitive or resistant to methicillin by the
zone size criteria given above.

(B) An indistinct zone edge was produced
so that recording the zone diameter was
difficult.

(C) The zone of inhibition contained
colonies which varied in size and could
be difficult to see.

(D) No zone was produced as colonies
grew up to the edge of the disc.

Table 2 Number (%lo) ofstrains ofcoagulase negative staphylococci where disc and
reference methods agreed

Methicillin resistant strains n = 63 Methicillin sensitive strains n = 72

18h 40h 18h 40h

R NIIG R NIIG S NIIG S NIIG

Col + 56(90) 0 57(92) 0 68(94) 0 67(93) 0
Col 41(66) 0 50(81) 0 67(93) 0 60(83) 0
DST + 52(84) 0 56(90) 0 69(96) 0 71(99) 0
DST 39(63) 0 51(82) 0 70(97) 0 71(99) 0
MH + 22(32) 3 31(50) 2 70(97) 2 69(96) 2
MH 34(50) 4 47(75) 1 67(93) 4 70(97) 1
Sens + 29(43) 4 48(77) 3 70(97) 0 69(96) 1
Sens 26(42) 1 51(82) 1 68(94) 2 67(93) 2
Iso + 19(28) 5 48(77) 3 62(86) 9 69(96) 3
Iso 25(37) 2 41(66) 1 69(96) 3 70(97) 1

*Staphylococcus epidermidis n = 93; S haemolyticus n = 19; S simulans n = 11; S wameri
n = 6; S capitis n = 3; S xylosus n = 2; S hominis n = 1.

(E) Insufficient or no growth occurred;
therefore a reading was not possible.

Results
Table 1 sets out the results for S aureus sepa-
rately for the strains which were defined as
methicillin resistant or sensitive by the refer-
ence method. Satisfactory growth was
obtained for all strains on all media.
Columbia agar alone or with added salt
detected 28 (90%) of the 31 resistant strains
after 18 hours of incubation and 30 (97%)
after 40 hours of incubation. All other media
were less satisfactory in this respect. Mueller
Hinton agar with added salt was in second
place, detecting 74% at 18 hours and 87% at
40 hours. DST agar was third, detecting 77%
at both 18 and 40 hours. The 19 methicillin
sensitive strains were all detected as sensitive
after 40 hours on DST agar with or without
added salt and on Mueller Hinton, Sensitest,
and Isosensitest agars without added salt.
Columbia agars, however, with or without
added salt, were only able to detect 63% of
the strains at 40 hours.
Thus the media which correctly detected

most (97%) of the resistant strains-that is
Columbia agars with or without added salt-
were unable to detect more than 63% of the
sensitive strains after 40 hours. Conversely,
the media which correctly detected all the
sensitive strains were, individually, unable to
detect more than 84% of the resistant strains.

Table 2 presents in a similar form the
results obtained with coagulase negative
staphylococci. Only Columbia agars and
DST agar both with or without added salt
yielded satisfactory growth of all the 135
strains. The number of strains which failed to
achieve adequate growth, however, was low
(1%-7%). Columbia agars with added salt
detected 90% of the 63 methicillin resistant
strains at 18 hours and 92% at 40 hours.
DST agar plus salt was second, detecting
84% at 18 hours and 90% at 40 hours. All
the other media performed considerably
worse in this respect, detecting only 82% to
66% at 40 hours.

Nearly all the media correctly detected
over 90% of the 72 methicillin sensitive
strains. DST agar with or without salt was
best, detecting 96-97% at 18 hours and 99%
at 40 hours. Mueller Hinton agar was second,
detecting 93% at 18 hours and 97% at 40
hours. Columbia agars with added salt, the
best medium for the detection of resistant
strains, correctly detected only 94% of the
sensitive strains at 18 hours and 93% at 40
hours.

Methicillin sensitive strains of staphylo-
cocci, which were resistant on disc diffusion
testing, were further examined to determine
whether a different definition of resistance
would reduce these discrepant results. Nine
strains of S aureus and 18 strains of coagulase
negative staphylococci produced a total of 80
of these discrepant results. All the base agars
were involved; Columbia (48 discrepant
results), Mueller Hinton (12), Sensitest (8),
DST (7), and Isosensitest (5). The results fell
into two groups, with three strains repre-
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Table 3 Number (Yo) of strains where disc and reference methods agreed using three different criteria on Columbia agars
with and without added salt

S aureus Coagulase negative staphylococci

Methicillin Methicillin Methicillin Methicillin
resistant n = 31 sensitive n = 19 resistant n = 63 sensitive n = 72

Zone
reduction 18h 40h 18h 40h 18h 40h 18h 40h

6 mm Col + 28(90) 30(97) 12(63) 12(63) 56(90) 57(92) 68(94) 67(93)
Col 28(90) 30(97) 18(95) 12(63) 41(66) 50(81) 67(93) 60(83)

8 mm Col + 26(84) 27(87) 18(95) 15(79) 52(83) 54(84) 72(100) 71(99)
Col 24(77) 30(97) 19(100) 14(74) 36(57) 47(75) 71(99) 67(93)

10 mm Col + 24(77) 25(81) 19(100) 19(100) 50(79) 50(79) 72(100) 71(99)
Col 24(77) 28(90) 19(100) 18(95) 34(54) 43(68) 71(99) 71(99)

sented in both. The first group consisted of
25 discrepant results from eight strains which
had colonies within the zone of inhibition or
no zone. This was not related to the type of
mediuln and duration of incubation. In the
second group there were 55 discrepant results
from 22 strains with a reduction in zone size
compared with the control, tested on the
same medium, of between 6 1-10 1 mm. As
48 of the 80 discrepant results occurred on
Columbia agars with or without added salt, a
further analysis of results from this medium
was undertaken.

Table 3 records the results for Columbia
agars, with and without added salt, allowing a
zone size reduction of more than 8 mm or
more than 10 mm, compared with the diame-
ter of the control, as well as the 6 mm previ-
ously used. More of the resistant strains of
both S aureus and coagulase negative staphy-
lococci were detected after both 18 hours and
40 hours if a 6 mm reduction was the cutoff
used, rather than 8 mm or 10 mm. For S
aureus on Columbia agars with added salt at
40 hours, 97% of the resistant strains were
detected compared with 87% and 81%,
respectively. The detection of methicillin sen-
sitive strains of S aureus and coagulase nega-
tive staphylococci, however, improved if 8
mm or 10 mm was used as the cutoff, rather
than 6 mm. For S aureus at 40 hours, 79%
and 100%, respectively, were detected, com-
pared with only 63% using the 6 mm diame-
ter definition.
The figure shows the number of recordings

700
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sensitivity

test
Hinton

Number of results which were easy to interpret (categories A and D) on each agar base.

in categories A and D, for both S aureus and
coagulase negative staphylococci (with the 18
hour and 40 hour results combined) for all
the agar bases with and without added salt.
These categories were easy to read and inter-
pret by our criteria as clearly sensitive or
resistant. Disc diffusion results for all staphy-
lococci were easiest to read on Columbia
agars with or without added salt. All 63 of the
methicillin resistant strains of coagulase nega-
tive staphylococci were easy to read and inter-
pret on these two media after 18 hours'
incubation.

Discussion
Various disc diffusion techniques have been
used to detect methicillin resistance in S
aureus2-7 10 11 13 18 and coagulase negative
staphococci4 8 10 11 17 20 on DST, 13 18 Mueller
Hinton,i5 17 Sensitest13 and Isosensitest14 '5
agars:

Along with other workers2 I 101316 IS 20 we
have found a lack of agreement between disc
diffusion and agar incorporation MIC results.
We have shown that the expression of resis-
tance is greatly influenced by test conditions
as others have found.4 We agree that prolong-
ing the incubation to 40 hours detects more
of the resistant strains.7

Columbia agars with and without added
salt were the best media for detecting methi-
cillin resistance in S aureus in our study. But
37% of the sensitive strains also seemed to be
resistant. In contrast, on DST agar on which
all the sensitive strains were correctly identi-
fied, only 77% of the resistant strains were
detected after 18 hours and 40 hours. This
latter finding contradicts the finding of 97%
detection of resistant strains in another
study. 13

All other media we studied failed to detect
10% or more of the resistant strains, a finding
in agreement with some,14,'6 but not with oth-
ers13 where all resistant strains were correctly
identified. All the sensitive strains were cor-
rectly identified on DST, Mueller Hinton,
Sensitest and Isosensitest agars as in previous
reports.13- 15 Others, however, have shown that
sensitive strains have been designated as resis-
tant. 16

Coagulase negative staphylococci grew bet-
ter on Columbia and DST agars with or with-
out added salt, than on Mueller Hinton,
Sensitest, or Isosensitest agar with or without
added salt. This improved growth
on Columbia agars were also reported for
studies of methicillin resistance when MIC
methods12 20 were used.
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None of the media detected all the resis-
tant strains. Columbia agar with added salt
was best, as has been reported in MIC stud-
ies,'2 detecting 90% after 18 hours and 92%
after 40 hours. On Mueller Hinton agar, 50%
of resistant strains were identified after 18
hours and 75% after 40 hours. In contrast, all
resistant strains were identified on Mueller
Hinton agar in one study,'9 although some
were not in another.20 Methicillin sensitive
strains of coagulase negative staphylococci
were more reliably identified on all the media,
compared with methicillin resistant strains,
and all media gave similar results.

For the disc diffusion method there is no

uniformity of opinion as to how to define
resistance. We determined our disc diffusion
result by comparing the diameter of inhibi-
tion with that of a control organism, as others
have done.4 Using this definition of more

than a 6 mm reduction of the zone of inhibi-
tion compared with the control, we found
that strains sensitive by the reference MIC
method were resistant on the disc diffusion
test, a finding that has been reported before.'6
Most of these discrepant results were

obtained on Columbia agars with or without
added salt. Most of these strains, which were

incorrectly classified as resistant, had a zone

size that was reduced by more than 6 mm
compared with the diameter of the control
organism, but not because colonies were pre-

sent within the zone of inhibition or because
growth had occurred up to the edge of the
disc. The detection of sensitive strains on

Columbia agars with or without added salt
was improved and these discrepant results
were decreased or eliminated if a sensitive
strain was defined as producing a zone diam-
eter of inhibition not less than either 8 mm or

10 mm smaller than the diameter of the con-

trol organism, instead of 6 mm. Thus for
methicillin sensitive strains of S aureus on

Columbia agars with added salt after 40
hours of incubation, 63% were correctly iden-
tified if 6 mm was used, compared with 79%
if 8 mm was used and 100% if 10 mm was

used. If 8 mm or 10 mm were adopted, how-
ever, the detection of resistant strains was

considerably less satisfactory. Thus for methi-
cillin resistant strains of S aureus on

Columbia agars with added salt after 40
hours of incubation, 97% were correctly iden-
tified if 6 mm was used, compared with 87%
using 8 mm and 81% using 10 mm. Other
studies have also described difficulties in
establishing adequate definitions of sensitivity
or resistance for the disc diffusion
method.8 's'6
The results of the disc diffusion tests were

easiest to read when Columbia agars were

used. Mueller Hinton agar has been recom-

mended in national guidelines for use in test-

ing the susceptibility of staphylococci to

methicillin'7 and Isosensitest has also been
used,4 but the results we obtained on these
media were more difficult to interpret.
Growth appearances seen in this study and
reported by others include hazy4 15 or colony
growth within the zone of inhibition,'471520
especially after prolonged incubation,7 zone

sizes affected by the media used"3 and resis-

tant strains producing large zones of inhibi-
tion."5 These appearances were due to the
heterogeneous nature of resistance78 and we
agree with others4 7 15 16 that there are practical
difficulties in reading and interpreting results.

In summary, this study has shown that for
testing staphylococci for methicillin suscepti-
bility by disc diffusion, Columbia agars with
or without added salt were better in terms of
detecting resistance compared with the other
media studied. On Columbia agars with or
without added salt, all strains grew ade-
quately and the results were clearer to read.
But the extent of incorrect "resistant" results
obtained with methicillin sensitive strains was
unacceptable. Although this designation var-
ied according to the definition of resistance
adopted, for the definition of which detected
most of the resistant strains it was unsatisfac-
tory. We therefore conclude that methicillin
susceptibility testing by disc diffusion is unre-
liable. It can nevertheless be used to screen S
aureus strains provided that incubation is
extended to 40 hours and that all "resistant
strains" are subsequently confirmed as resis-
tant by an agar incorporation break-point
method.
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