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The antibacterial activities of 16 antistaphylococcal agents against 351 Staphylococcus
aureus strains isolated from 1988—1989 were determined. The MIC distribution of methicil-
lin against these strains divided into three groups: methicillin-susceptible S. aureus (MICs
of methicillin, <6.25 ug/ml), low-methicillin-resistant S. aureus (L-MRSA, MICs of
methicillin, 12.5 to 100 xg/ml) and high-methicillin-resistant S. aureus (H-MRSA: MICs

of methicillin, >200 xg/ml)

The antibacterial activities of glycopeptides, tosufloxacin,

arbekacin, and minocycline were superior to those of the other agents against methicillin
-resistant S. aureus isolates. The isolation frequency of H-MRSA strains less-susceptible
to B-lactams, fluoroquinolones and erythromycin were significantly higher than the corre-
sponding values of L-MRSA strains. But the isolation frequency of strains less-susceptible
to gentamicin, arbekacin and minocycline were almost the same for H-MRSA and L

MRSA strains.
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It has been reported that the isolation frequency
of methicillin - resistant Staphylococcus aureus
(MRSA) strains increases from year to year, and
that most MRSA isolates are multiply resistant to
various antimicrobial agents'~® Therefore, MRSA
strains have become a serious problem in the clini-
cal setting. We investigated the methicillin resis-
tance levels of S. aureus strains isolated from 1988 —
1989 and divided these strains into three groups
according to the MIC distribution of methicillin
(DMPPC), The isolation frequency of strains less-
susceptible to various antistaphylococcal agents
were also compared among the three groups.

Against 351 strains of S. aureus, isolated in vari-
ous hospitals throughout Japan from 1988—1989,
the MICs of 16 antimicrobial agents were deter-
mined by twofold serial agar dilution with Sensitiv-
ity Disk Agar-N (Nissui Pharmaceutical Co., Ltd.,

Tokyo) .

The antibacterial activity of DMPPC against S.
aureus is shown in Fig. 1. Three peaks of DMPPC
resistance are clearly evident. Accordingly, we
divided the strains into three groups: DMPPC-sus-
ceptible S. aureus (MSSA, MIC of DMPPC, <
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Fig. 1. Distribution of methicillin resis-

tance among Staphylococcus aureus
strains.
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6.25 ug/ml) , low-DMPPC-resistant S. aureus (L-
MRSA: MICs of DMPPC, 12.5 to 100 #g/ml) and
high-DMPPC-resistant S. aurews (H-MRSA: MIC
of DMPPC, =200 xg/ml). Murakami et al.”
divided MRSA (cefazolin-resistant S. aureus) iso-
lates from 1980—1984 into two groups based on the
MIC of flomoxef, and reported on PBP-2’ induction
of g-lactams. In our study the rate of high-resistant
MRSA isolates was higher than Murakami’s value
67% vs. 17%), and the MIC distribution of
flomoxef was not clearly bimodal. In contrast, that
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of DMPPC was clearly bimodal. We therefore
divided MRSA isolates into two groups based on the
MIC of DMPPC,

The activity distributions of various antista-
phylococcal agents against MRSA strains are
shown in Fig. 2. All strains were inhibited by van-
comycin and teicoplanin at 3.13 ug/ml. The
antibacterial activities of tosufloxacin, sparflo-
xacin, arbekacin, and minocycline were superior to
those of other agents and exhibited low MIC values.

These six agents are considered effective against
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Fig. 2. Activity distributions of antistaphylococcal agents against
methicillin-resistant Staphylococcus aureus strains.
Abbreviations: ABPC, ampicillin; PIPC, piperacillin; IPM,
imipenem; FMOX, flomoxef; NFLX, norfloxacin; OFLX,
ofloxacin; TFLX, tosufloxacin; SPFX, sparfloxacin; VCM, van-
comycin; TPL, teicoplanin; GM, gentamicin; ABK, arbekacin;
MINO, minocycline; EM, erythromycin.

Table 1. Isolation frequency of strains less-susceptible to 13 agents among MSSA, L-MRSA and H-MRSA strains

Group of S. aureus Isolation frequency (%) of strains less-susceptible to®

isolates® FCE

(No. of strains) ABPC PIPC FMOX IPM

EM NFLX OFLX SPFX TFLX GM ABK MINO

22101
MSSA (51) 2 42 0 0 0 45 22 6 2 2 38 3 0
L-MRSA (100) 83 96 31 4 2 69 59 23 21 19 82 16 15
H-MRSA (200) 100°* 100*  98°*  94**  90**  94**  83**  43°*  4]** 34° 83 9 17

*MSSA: Methicillin-susceptible S. aureus strains (MICs of methicillin, <6.25 ug/ml). L-MRSA: group of MRSA
with MICs of methicillin from 12.5 to 100 ug/ml. H-MRSA: group of MRSA with MICs of methicillin of >200

pug/ml.

*MICs of isolates less-susceptible to g-lactams and erythromycin and fluoroquinolones, aminoglycosides, and

minocycline were defined as >12.5 and >3.13 ug/ml, respectively.

Abbreviations, see legend to Fig. 2.

The statistical significance of the difference between L-MRSA and H-MRSA was analyzed by Chisquare test.
* P<o.01

**P<0.001
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MRSA infections. But the isolation frequency of
strains resistant to tosufloxacin, sparfloxacin and
minocycline increased compared to the correspond-
ing values of isolates from 1984--1985 (data not
shown) . The isolation of strains resistant to van-
comycin and teicoplanin has also been reported?.
Hence the tendency of resistance must be closely
watched from now on.

The isolation frequencies of strains less-suscep-
tible to all the agents tested (except glycopeptides,
to which no less-susceptible strains were found),
were compared among MSSA, L-MRSA and H-
MRSA isolates, and Chi-square analysis was per-
formed (Table1). The isolation frequency of L-
MRSA strains less-susceptible to all 13 agents was
significantly higher than the corresponding values
for MSSA strains. And the isolation frequency of H
-MRSA strains
erythromycin and fluoroquinolones was significantly
higher than the corresponding values for L-MRSA
strains. But the isolation frequency of strains less-

less-susceptible to S-lactams,

susceptible to gentamicin, arbekacin and minocy-
cline was almost the same for H-MRSA and L-
MRSA strains.

It should be noted that although the isolation
frequency of strains less-susceptible to amino-
glycosides and minocycline was not significantly
different for L-MRSA and H-MRSA isolates, the
isolation frequency of H-MRSA strains less-suscep-
tible to not only B-lactams but also to fluoro-
quinolones and erythromycin was significantly
higher than the corresponding values for L-MRSA
strains.

It has been reported that the production of PBP 2’
is involved in the resistance mechanism of MRSA
against S-lactams®®. Also that though in some
cases the amount of PBP 2’ production is associated
with the DMPPC resistance level, in other cases it
is not!® It has also been suggested that autolytic
enzymes might be involved in the resistance mecha-
nism of MRSA!''?  On the other hand, it has been
reported that the resistance mechanisms to fluoro-
quinolones in S. aureus are insensitive alteration of
DNA gyrase and reduction in uptake'*~'®, and that
the resistance mechanisms to erythromycin are in-
sensitive alteration of ribosomes and reduction in

uptake'®, Thus though g-lactams, fluoroquino-
lones, and erythromycin appear to differ in their
modes of action and resistance mechanisms, some
resistance mechanisms might be common to those
compounds, e.g. alteration of autolytic enzymes.
Problems in the clinical ward, e.g. kind and
amount of drug used, methods of isolating strains,
etc., might be mainly associated with this. The
reasons are not clear and remain to be investigated
in a future study.
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