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Since methicillin- and/or cephem-resistant staphylococci are increasingly recognized as 

potential human pathogens, the isolation frequency and antibiotic susceptibility of repre-

sentative strains of cefazolin (CEZ)-resistant staphylococci against 18 antimicrobial agents 

were investigated in this study. Results for S. aureus strains were compared with those 

for coagulase-negative staphylococci (CNS). Sixty-six of 463 S. aureus strains (14. 3%) 

and 31 of 416 CNS strains (7.5%) were CEZ-resistant. These were isolated abundantly 

from pus, punctate and bile specimens. These isolates showed multiple resistance against 

at least three of six representative agents (CEZ, PCG, KM, EM, TC, CP). CEZ-resist-

ant CNS isolates were more resistant than those of S. aureus against many agents, espe-

cially CET, CMZ, CTM, MCIPC and GM. AMK, DOXY, MINO and OFLX were the 

most active agents and the last two inhibited over 80% of strains in both groups of 

staphylococci at a concentration of 3.13 ƒÊg/ml. In both groups, the predominant coagulase 

types were II, III and IV, which accounted for over 85%. No apparent relationship was 

observed between coagulase type and either the source of the isolate or antibiotic suscepti-

bility. Although no significant difference in ƒÊ-lactamase production was observed between 

S. aureus and CNS isolates, the percentage (93.9%) of ƒÊ-lactamase-positive isolates among 

CEZ-resistant S. aureus was considerably higher than that (68.2%) of CEZ-sensitive S. 

aureus isolates. Species identification of CNS may help to evaluate differential pathogenic 

significance and also to guide effective chemotherapy against CNS infections. 
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INTRODUCTION 

Methicillin- and/or cephem-resistant staphylococ-
ci are increasingly recognized as potential pathogens, 

especially since the third-generation cephalosporins 

were extensively introduced1•`3). In Japan, methi-

cillin was first introduced for penicillin G-resistant 

staphylococci in 1961. It exhibits, however, no 

activity against Gram-negative rods and its anti-

bacterial activity against Gram-positive cocci-includ-

ing Streptococcus pneumoniae and group A and B 

streptococci-is weaker than that of penicillin G .

Instead of methicillin (preferred in Europe and the 

USA), cephalosporins, and especially cefazolin or 

cephalothin, were used in Japan against penicillin 

G-resistant staphylococci because of their wider 

spectrum and better activity. Methicillin-resistant 

staphylococci were first detected in Great Britain 

in 1961 and thereafter became a [rapidly growing 

clinical and epidemiological problem all over the 

world4). 

Recent progress in the taxonomy of staphylococci 

has led to a wider acceptance of and interest in
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the variety of species other than S. aureus and S. 

epidermidis5•`7) Coagulase-negative staphylococci 

(CNS), formerly regarded as contaminants or only 

occasionally opportunistic pathogens, are now the 

subject of increasing interest in various human 

infections8,9). The present study was undertaken 

to determine the isolation frequency and antimicro-

bial susceptibility of cefazolin-resistant S. aureus 

strains in comparison with those of CNS strains. 

MATERIALS AND METHODS 

Strains tested. A total of 879 isolates of sta-

phylococci were used in this study. Most of these 

had been recently isolated in St. Marianna Univer-

sity Hospital from various clinical specimens includ-

ing blood, other normally sterile body fluids and 

tissues, high-colony-count urine, sputum, pus, 

bile, otopyorrhea, tracheal and oropharyngeal 

swabs, and others. These were selected because of 

source, amount of organisms, or both parameters. 

The isolates were almost all from different pa- 

tients; although, in a few cases, isolates from dif-

ferent sites on the same patient collected on dif-

ferent days were included if their biotypes were 

not the same. Staphylococci were tentatively cate-

gorized as S. aureus or CNS by colonial and micro-

scopical morphology; catalase, coagulase and acetoin 

production; and mannitol fermentation. The tube 

coagulase test was performed by inoculating one or 

two colonies of staphylococci into 0.5 ml of rabbit 

coagulase plasma containing EDTA (Denka Seiken, 

Tokyo). The tube was incubated at 35•Ž and exam- 

ined for the presence of clot formation at 4 and 

24 h. Species identification of CNS was performed 

initially using the criteria of KLOOS and SCHLEIF-

FER5•`7) and later reconfirmed using the commercially 

available SP-18 system (Nissui, Tokyo). 

In vitro susceptibility testing. Antibiotic 

susceptibility of isolates was qualitatively determin-

ed by the tri-disc method (Eiken, Tokyo) and 

commercially available semi-automatic analyzer 

(COBAS BACT, Roche, Tokyo)10). The mini-

mum inhibitory concentrations (MICs) were deter-

mined basically by the agar dilution method as 

described by the Japanese Society of Chemother-

apy11) but slightly modified as described by WOODS 

et al.12). Overnight cultures of test organisms 

were diluted to a density of approximately 108 

colony-forming units per ml in modified Mueller-

Hinton broth (Nissui, Tokyo) and supplied by

means of the multiple inocula replicator (Sakuma, 

Tokyo) to the surface of modified Mueller-Hinton 

agar (Nissui) plates containing two-fold dilutions 

of antimicrobial agents. The MICs were determin-

ed as the lowest concentrations of antimicrobial 

agents inhibiting growth after 24 h incubation at 

30•Ž. Results were expressed as the range of MIC 

(ƒÊg/ml), in addition to MIC50 and MIC50 (the con-

centrations of antimicrobial agents inhibiting 50% 

and 80% of the strains tested). A total of 18 

antimicrobial agents was tested. The abbreviated 

forms of their names are used according to the 

recommendations of the Japanese Society of Chemo-

therapy. The drugs were kindly supplied by the 

corresponding organizations. Solutions of antimi-

crobial agents were freshly prepared for each test. 

Coagulase typing and ƒÀ-lactamase produc-

tion. Coagulase types of S. aureus isolates were 

determined by the agglutination test using the 

specific antisera against each type of coagulase 

(Denka Seiken, Tokyo)13). ƒÀ-lactamase production 

was examined with a chromogenic cephalosporin, 

nitrocefin (Cefinase; BBL Microbiology Systems, 

Maryland, USA)14,15). 

RESULTS 

Antibiotic susceptibility of staphylococci. 

Antibiotic susceptibility of a total of 879 isolates 

of staphylococci from clinical specimens was tenta-

tively investigated by the tri-disc method and 

strains showing susceptibility of "+" or "-"

were tentatively categorized as resistant. The per-

centages of resistant isolates against each of 18 

antimicrobial agents are shown in Table 1. In S. 

aureus, the percentages against cefazolin and methi-

cillin were 14.3 and 14.5%, and those against peni-

cillin G and ampicillin exceeded 60%. Percentages 

of resistant isolates were much higher against 

third-generation cephalosporins such as latamoxef 

and cefoperazone than first- and second-generation 

drugs such as cephalothin, cefmetazole and cefo-

tiam. No resistant isolate against minocycline and 

ofloxacin was detected. In CNS, percentages of 

resistant isolates against cefazolin and methicillin 

were 7. 5 and 22. 1%. A significant difference in 

these percentages between strains of S. aureus and 

CNS was observed against cefoperazone and cloxa-

cillin. 

Isolation frequency of CEZ-resistant staphy-

lococci. Table 2 summarizes the number of iso-
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Table 1. Susceptibility of staphylococci from clinical specimens 

against 18 antimicrobial agents

* CNS:  coagulase-negative staphylococci.

No. of isolates tested: S. aureus, 463 

CNS, 416.

Table 2. Isolation frequency of CEZ-resistant staphylococci from clinical specimens

*T
.O  swab: tracheal and oropharyngeal swab.

lates of staphylococci and the sources from which 

they were recovered. The isolation frequency of 

CEZ-resistant isolates varied widely according to 

the specimens. A total of 66 (14.3%) isolates of 

CEZ-resistant S. aureus were detected from 463

strains of S. aureus, and 31 (7.5%) isolates of CEZ-

resistant CNS from 416 strains of CNS. The iso-

lation frequency of CEZ-resistant S. aureus was 
higher in punctate, pus and feces than in the other 

specimens. On the other hand, the isolation fre-
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Table 3. Multiple-antibiotic resistance of CEZ-reaietant staphylococci

Table 4. MIC distribution of CEZ-resistant Staphylococcus aureus against 18 antimicrobial agents

No. of isolates tested : 66.

quency of CEZ-resistant CNS strains was higher in 
bile and pus. 

Multiple antibiotic resistance of CEZ-re-

sistant staphylococci. Multiple antibiotic re-

sistance of CEZ-resistant staphylococci was investi-

gated against cefazolin, penicillin G, kanamycin, 
erythromycin, tetracycline and chloramphenicol as 

representatives by the tri-disc method. All the 

isolates tested showed multiple resistance to more 
than three of the six agents. All CEZ-resistant 

staphylococci showed cross-resistance to penicillin 

G and kanamycin. Multiple resistance to cefazo-

lin, penicillin G and kanamycin was highest 

(51.5%) among S. aureus isolates, while multiple 
resistance to four agents (cefazolin, penicillin G,

kanamycin and erythromycin) was highest (54.8%) 
among CNS isolates (Table 3). A significant dif-

ference in multiple resistance between CEZ-re-
sistant S. aureus and CNS isolates was observed. 

None of the CEZ-resistant S. aureus isolates showed 

multiple resistance to all six agents. Thirty-four 

(51.5%) isolates of S. aureus showed multiple re-
sistance to cefazolin, penicillin G and kanamycin, 

while only 3 (9.7%) isolates of CNS did (Table 3). 

Seventeen (54.8%) isolates of CNS showed multiple 

resistance to cefazolin, penicillin G, kanamycin 

and erythromycin or tetracycline. 

Susceptibility of CEZ-resistant staphyloco-

cci. Susceptibility of CEZ-resistant S. aureus iso-

lates against 18 antimicrobial agents is compared
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Table 5. MIC distribution of CEZ-resistant coagulase-negative staphylococci against 18 antimicrobial agents

No. of isolates tested : 31.

Table 6. Susceptibility of CEZ-resistant staphylococci against 18 antimicrobial agents

* MIC
50, 80: MIC (ƒÊg/ml) required to inhibit 50 and 80% of the isolates, respectively.

with those of CEZ-resistant CNS in Tables 4 and 

5. The MIC range, MIC50 and MIC80 are also 

shown in Table 6. In general, CEZ-resistant CNS 

isolates were more resistant than CEZ-resistant 

S. aureus isolates against many agents. Amikacin,

doxycycline, minocycline and ofloxacin were the 

most active agents, inhibiting 80% of the strains of 

both CEZ-resistant S. aureus and CNS at a concen-

tration of 12.5 ƒÊg/ml. A significant difference in 

susceptibility between CEZ-resistant S. aureus and
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Table 7. ƒÀ-lactamase production of staphylococci

*CNS:  coagulase-negative staphylococci.

Table 8. Species identification of coagulase-negative 

staphylococci

CNS isolates was observed especially against cepha-

lothin, cefotiam and methicillin. 

Wide variations in MIC distribution of CEZ-re-

sistant S. aureus and CNS isolates were found to 

lincomycin, clindamycin and erythromycin. For 

example in CEZ-resistant S. aureus isolates to clin-

damycin, 30 (45. 5%) of 66 isolates were evaluated 

as highly resistant with MICs over 100 ƒÊg/ml, while 

the remaining isolates were evaluated as highly 

sensitive with MICs less than 0.2 ƒÊg/ml.

β-lactamase  production of staphylococci. ƒÀ-

lactamase production detected by Cefinase disc is 

presented in Table 7. No significant difference in

β-lactamase  production was observed between S.

aureus and CNS isolates. However, the percent-

age of ƒÀ-lactamase-positive isolates among CEZ-

resistant S. aureus was rather higher, especially 

than that of CEZ-sensitive S. aureus. No signifi- 

cant difference in coagulase type was observed be-

tween 66 isolates of CEZ-resistant S. aureus and 53 

isolates of comparable CEZ-sensitive S. aureus. 

The most common coagulase type was II, account-

ing for 45.5% of CEZ-resistant S. aureus and for 

56. 6% of CEZ-sensitive S. aureus. The coagulase 

types which accounted for over 85% of both CEZ-

Table 9. Coagulase-typing of Staphylococcus aureus

resistant and -sensitive S. aureus were II, III and 

IV. 

Species identification of CNS. Species iden-

tification of CEZ-resistant CNS isolates was per-

formed and the results compared with 52 isolates 

of arbitrarily selected CEZ-sensitive CNS in Table 

8. Twenty-two CEZ-resistant isolates (71%) were 

identified as S. haemolyticus, while 44 CEZ-sensi-

tive isolates (84.6%) were identified as S. epider-

midis and only 5 (9.6%) as S. haemolyticus. A 

pilot series showed that five isolates arbitrarily 

selected from 49 isolates of S. epidermidis (10.2%) 

were CEZ-resistant, while 22 of arbitrarily selected 

27 isolates of S. haemolyticus (81.5%) were CEZ-

resistant. Although there were not enough of 

the other individual species to make a meaningful 

comparison, S. haemolyticus isolates were more 

resistant to ƒÀ-lactam agents than S. epidermidis 

isolates. From these findings, precise species iden-

tification of CNS as a routine procedure would 

appear to be clinically important. 

DISCUSSION 

Recent studies have shown a high incidence of 

resistance in routine isolates of CNS in comparison 

with S. aureus isolates8 9, 16) In the present study,
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CEZ-resistant CNS isolates were overall more re-

sistant than S. aureus isolates against many anti-

microbial agents and also showed high multiple 
resistance to six representative antimicrobial 

agents. COHEN and colleagues17,18) demonstrated 

that aminoglycoside resistance in CNS is plasmid-

mediated and that the plasmids can be passed from 

CNS to S. aureus, probably by conjugation as well 

as transduction. Multiple-resistant CNS strains 

may act as reservoirs of resistance for S. aureus 

strains.

It is still uncertain whether methicillin-resistant 

staphylococci always show cross-resistance to cepha-

losporinsg9,16). Although it is generally agreed that 

S. aureus strains that are resistant to penicillinase-

resistant penicillins (such as methicillin or cloxacil-

lin) can also automatically be regarded as resistant 

to cephalosporins, this cross-resistance has not been 

a consistent finding for CNS strains. In the pre-

sent study, some cephalosporins showed considera-

ble activity against some of the methicillin- and 

cefazolin-resistant CNS strains. Since ƒÀ-lactams 

have an unpredictable activity against staphyloco-

cci, especially the CNS species, these agents should 

probably not be used in "blind" therapy of serious 

staphylococcal infections regardless of in vitro sus-

ceptibility testing. 

No significant difference was observed in ƒÀ-lacta-

mase production between CEZ-resistant and -sensi-

tive staphylococci in this study, although KONNO et 

al.19) and ROSDAHL et al.14,20) demonstrated a close 

relationship between ƒÀ-lactamase production and 

susceptibility to antibiotics and also phage typing. 

This discrepancy may in part be attributed to the 

strains used, the level of antibiotic consumption 

for clinical use, and the methods of ƒÀ-lactamase 

detection and susceptibility testing15). 

With the increasing frequency and clinical im- 

portance of CNS strains, species identification can 

help in furthering our understanding of the micro- 

biology of these organisms and their role in infec-

tious diseases8,9,16). More specifically, increased 

antibiotic resistance among CNS strains should be 

differentiated into increased frequency of S. haemo-

lyticus or other distinct species and a generalized 

increase in antibiotic resistance among all species. 

More information on the pathogenic role of each 

species would lead to a better understanding of the 

clinical significance of CNS strains.
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Cefazolin耐 性Staphylococcus aureusの 検 出 状 況 と薬 剤 感 受 性

-coagulase-negatlve staphylococciと の 比 較

中 塩 哲 士 ・原 沢 功 ・佐 山 裕 子 ・中 村 正 夫

聖 マ リア ンナ医科大学臨床検査医学教室*

近年methicillinあ るいはcephem剤 耐性staphylococciの 臨床材料か らの検出が漸増 していることから,

CEZを 代表 薬剤 として耐性菌 の検 出状況お よび18薬 剤に対する感受性 を検討 した。S.aureusの 成績 とcoag-

ulase-negative staphylococci(CNS)の 成績を比較 した。S.aureus 463株 中66株(14.3%) , CNS 416株 中

31株(7.5%)のCEZ耐 性菌が検出された。検体別には膿,穿 刺 液,胆 汁か ら高頻度に分離 された。 これらの

株 は,代 表 とした6系 統薬剤(CEZ, PCG, KM, TC, CP, EM)の うち少な くとも3系 統薬剤以上に同時に交差耐

性 を示 した。多 くの薬剤,特 にCET, CMZ, CTM, MCIPC, GMに 対 してCNS株 はS.aureus株 より高度の耐

性 を示 した。AMK,DOXY, MINO, OFLXが 優れた抗菌力を示 し,特 に後者の2薬 剤は3.13μg/mlの 濃度で

両群 ともに80%以 上 の菌株の増殖を阻止 した。両群 ともにcoagulase型 はII,IIIお よびIV型 が多 く,85%以 上

を 占めた。Coagulase型 と由来検体あ るいは薬剤感受性 との間に相関性は認められ な か っ た。S.aureus株 と

CNS株 の間に β-lactamase産 生能で差異はなかった。 β-lactamase産 生株の割合はCEZ耐 性S .aureusに

おいて93.9%,CEZ感 受性S. aureusに おいて68.2%で あった。 CNSの 菌種 同定は これ らの菌群の病原的意

義を明らかに し,併 せて効果 的な化学療法を進める うえで必要 と考え られた。

*川 崎市宮前区菅生2 -16-1


