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About 20% of methicillin-susceptible Staphylococcus aureus (MSSA) isolates have a substantial inoculum
effect with cefazolin, suggesting that cefazolin treatment may be associated with clinical failure for serious
MSSA infections. There are no well-matched controlled studies comparing cefazolin with nafcillin for the
treatment of MSSA bacteremia. A retrospective propensity-score-matched case-control study was performed
from 2004 to 2009 in a tertiary care hospital where nafcillin was unavailable from August 2004 to August 2006.
The cefazolin group (n � 49) included MSSA-bacteremic patients treated with cefazolin during the period of
nafcillin unavailability, while the nafcillin group (n � 84) comprised those treated with nafcillin. Treatment
failure was defined as a composite outcome of a change of antibiotics due to clinical failure, relapse, and
mortality. Of 133 patients, 41 patients from each group were matched by propensity scores. There were no
significant differences in baseline characteristics between the matched groups. The treatment failure rates were
not significantly different at 4 or 12 weeks (10% [4/41] versus 10% [4/41] at 4 weeks [P > 0.99] and 15% [6/41]
versus 15% [6/41] at 12 weeks [P > 0.99]). Cefazolin treatment was interrupted less frequently than nafcillin
treatment due to drug adverse events (0% versus 17%; P � 0.02). Cefazolin had clinical efficacy similar to that
of nafcillin and was more tolerable than nafcillin for the treatment of MSSA bacteremia.

Methicillin-susceptible Staphylococcus aureus (MSSA) is a
major pathogen in community-acquired infections, although
methicillin resistance is increasing (7). Cefazolin, a narrow-
spectrum cephalosporin, has been used for the treatment of
MSSA infections since the 1970s. Some case reports from the
1970s suggested that cefazolin use was associated with treat-
ment failure because it is efficiently hydrolyzed by S. aureus-
produced �-lactamase (Bla) (2, 12). Among 4 identified Blas,
type A Bla most efficiently hydrolyzes cefazolin (14). Recently,
a study demonstrated that about 20% of MSSA isolates
showed a substantial inoculum effect and suggested that cefa-
zolin treatment might be associated with clinical failure for
serious MSSA infections (10).

Despite concerns about the risk of failure, cefazolin is widely
used for MSSA infections and is recommended as an alterna-
tive agent, even for endocarditis, because of its convenient
dosing and tolerability (1). This is despite the fact that no
studies have directly compared the tolerability of cefazolin to
those of other antistaphylococcal penicillins such as nafcillin or
cloxacillin. To our knowledge, there have also been no pro-
spective studies that have compared cefazolin with antistaphy-
lococcal penicillin for the treatment of MSSA bacteremia. A
recent retrospective study suggested that there was no signifi-
cant difference between cefazolin and cloxacillin treatments of
MSSA bacteremia (11). However, the data could be skewed
because physicians tend to use antistaphylococcal penicillin for
more serious infections and cefazolin for less serious infec-

tions. In order to minimize these confounding factors, we de-
signed this propensity-score-matched case-control study.

The purpose of this study was to compare clinical outcomes
and drug tolerabilities between cefazolin and nafcillin for the
treatment of MSSA bacteremia.

MATERIALS AND METHODS

Study design. A retrospective, propensity-score-matched, case-control study
was conducted from 2004 to 2009 in a tertiary care hospital in Seoul, South
Korea. No penicillinase-resistant penicillin, including nafcillin, was available at
this hospital from August 2004 to August 2006 due to problems with the supplier.
During the period of nafcillin unavailability, the patients with MSSA bacteremia
were treated mainly with cefazolin, but those with suspected infection of the
central nervous system received vancomycin or a broad-spectrum cephalosporin.

All patients with MSSA-positive blood cultures who received cefazolin or
nafcillin as definite antibiotics between January 2004 and June 2009 were iden-
tified from computerized records. The cefazolin-treated group included MSSA-
bacteremic patients treated with cefazolin as the antibiotic of choice during the
period of nafcillin unavailability, while the nafcillin-treated group comprised
those treated with nafcillin. Blood cultures were repeated every 48 h until a
negative conversion of the cultures occurred; only the first episode of S. aureus
bacteremia was included in our analysis. The institutional review board at Seoul
National University Hospital approved the study protocol.

Definitions. The sites of infection were defined as follows. Catheter-related
infection was considered to be the source of bacteremia if the catheter had been
in place for �72 h, if the culture of a specimen of purulent drainage from the
insertion site showed S. aureus, or if clinical signs improved after the catheter was
removed and there was no other source of bacteremia. Pneumonia was consid-
ered to be the source of S. aureus bacteremia if the patient had clinical symptoms
and signs of a lower respiratory tract infection and if there was radiological
evidence of pulmonary infiltrates not attributable to other causes. Soft tissue
infection was considered to be the source of S. aureus bacteremia when patients
had an S. aureus culture from a tissue or a drainage specimen from the affected
site as well as signs of infection. Surgical wound infection was defined according
to the definition of the Centers for Disease Control and Prevention (4). McCabe
classification, which was performed by a clinician (S.L.), was used to determine
the severity of the underlying illness. High-burden disease was defined as MSSA
bacteremia that accompanied endocarditis, unremovable vascular graft infection,
osteomyelitis, pneumonia, deep-seated abscess, or metastatic infection (10).
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Treatment failure was defined as (i) switching of antibiotics due to the clini-
cian’s opinion that treatment had failed (i.e., a lack of improvement of the
clinical symptoms and signs, persistence of bacteremia, or development of met-
astatic infections during treatment), (ii) recurrence of MSSA infection (i.e.,
resolution of clinical signs of infection during therapy but recurrent MSSA
infection during the follow-up period), or (iii) MSSA bacteremia-associated
mortality.

Statistical analysis. SPSS software, version 15.0 (SPSS, Chicago, IL), was used
for all statistical analyses. Multivariate logistic regression analysis was used to
evaluate the effect of cefazolin on treatment failure after adjustment by potential
confounders. Cefazolin treatment and variables with P values of less than 0.2 in
univariate analyses were included in the multivariate analyses.

Logistic regression was used to model the probability of treatment with naf-
cillin based on risk factors reported by previous studies: age, McCabe classifica-
tion, high-burden disease, site of infection, and focus eradication (6). The pre-
dicted probability of the model was used as the propensity score for each patient.
For the propensity-score-matched case-control study, patients in the cefazolin
treatment group were matched with patients in the nafcillin treatment group who
had the closest propensity scores. We excluded 8 cases in which the propensity
score difference was more than 0.01. The treatment failure rates were compared
between the propensity-score-matched groups 4 and 12 weeks after the start of
cefazolin or nafcillin treatment.

For unmatched analyses, Fisher’s exact test or a Pearson �2 test was used as
appropriate to compare categorical variables, and continuous variables were
compared by using the Student t test. For propensity-score-matched analyses, we
used McNemar’s test to compare categorical variables and the paired t test for
continuous variables. All tests of significance were 2 tailed; a P value of �0.05
was considered to be significant.

RESULTS

Clinical characteristics. Of the 174 patients with MSSA
bacteremia, 84 were treated with nafcillin (nafcillin treatment
group), and 90 were treated with cefazolin. Of 90 patients
treated with cefazolin, 49 were treated during the period of
nafcillin unavailability (cefazolin treatment group), and 41 pa-
tients treated during the period when nafcillin was available
were excluded from further analyses. During the period when
nafcillin was available, skin and soft tissue infections were
more common in patients receiving cefazolin than in those
receiving nafcillin (43.9% [18/41] versus 7.1% [6/84] [P �
0.01]), and endocarditis and metastatic infections were less
common in patients receiving cefazolin (2.4% [1/41] versus
15.5% [13/84] [P � 0.03] and 2.4% [1/41] versus 27.4% [23/84]
[P � 0.01], respectively).

Of the 133 patients in the cefazolin or nafcillin treatment
group, there were 62 (46.6%) community-acquired cases
and 71 (53.4%) hospital-acquired cases. Thirty-one patients
(23.3%) had metastatic infections. Most patients with endo-
carditis (13/14) were in the nafcillin treatment group (Table 1).

Effect of cefazolin treatment on treatment failure. The treat-
ment failure rates for MSSA bacteremia were 12.8% (17 of 133
patients) at 4 weeks and 15.8% (21 of 133) at 12 weeks. In a
univariate analysis, underlying cardiovascular disease, meta-
static infection, and endocarditis and pneumonia as the site of
infection were significantly associated with treatment failure at
4 weeks (Table 2). In multivariate analyses, endocarditis (ad-
justed odds ratio [aOR], 8.6; 95% confidence interval [CI], 2.0
to 36.8; P � 0.01) and pneumonia (aOR, 6.0; 95% CI, 1.5 to
23.7; P � 0.02) were significantly associated with treatment
failure. After adjustment for these variables, cefazolin treat-
ment was not associated with treatment failure at 4 weeks
(aOR, 1.2; 95% CI, 0.3 to 4.5; P � 0.76). The results at 12
weeks were similar to those at 4 weeks (Table 2).

Propensity-score-matched case-control study. Forty-one pa-
tients in the cefazolin treatment group were matched with the
41 patients in the nafcillin treatment group with the closest
propensity scores. The clinical characteristics and demographic
data of the patients were comparable in the matched groups
(Table 3). Nineteen patients (46%) in the matched cefazolin
group and 18 patients (44%) in the matched nafcillin group
had high-burden disease. The median durations of cefazolin
and nafcillin treatment were 17 days (interquartile range
[IQR], 10 to 28 days) and 15 days (IQR, 10 to 25 days). Times
to defervescence were 4.4 � 4.9 days in the matched cefazolin
group and 5.4 � 9.3 days in the matched nafcillin group (P �
0.63).

The treatment failure rates at 12 weeks were 15% (6/41) in
the cefazolin treatment group and 15% (6/41) in the nafcillin
treatment group (P � 0.99). The rates of S. aureus bacteremia
(SAB)-related mortality were 2% (1/41) in the cefazolin treat-
ment group and 12% (5/41) in the nafcillin treatment group
(P � 0.22). There was no significant difference between the
matched groups in terms of 4-week mortality (4% versus 4%;
P � 0.99). For four patients in the cefazolin treatment group,
the antibiotic agent was changed due to clinical failure; van-
comycin replaced cefazolin in three cases, and nafcillin, which

TABLE 1. Clinical characteristics of 133 patients in the cefazolin
and nafcillin treatment groups

Characteristic

Value for group

Cefazolin
treatment
(n � 49)

Nafcillin
treatment
(n � 84)

Total
(n � 133)

Mean age (yr) � SD 55 � 20 52 � 17 53 � 18

No. (%) of patients
Male 29 (59) 49 (58) 78 (59)
Community-acquired infection 19 (39) 43 (51) 62 (47)
Length of hospital stay before

SAB of:
�72 h 19 (39) 47 (56) 66 (50)
3–7 days 8 (16) 12 (14) 20 (15)
8–28 days 16 (33) 20 (24) 36 (27)
�28 days 6 (12) 5 (6) 11 (8)

McCabe classification of:
Nonfatal 19 (39) 24 (29) 43 (32)
Ultimately fatal 21 (43) 40 (48) 61 (46)
Rapidly fatal 9 (18) 20 (24) 29 (22)

Underlying disease
Hematologic malignancy 12 (25) 22 (26) 34 (26)
Solid tumor 15 (31) 12 (14) 27 (20)
Cardiovascular disease 3 (6) 17 (20) 20 (15)
Liver cirrhosis 7 (14) 9 (11) 16 (12)
End-stage renal disease 2 (4) 10 (12) 12 (9)

Neutropenia 9 (18) 18 (21) 27 (20)
Site of infection

Catheter related 11 (22) 17 (20) 28 (21)
Osteomyelitis 10 (20) 11 (13) 21 (16)
Soft tissue 10 (20) 10 (12) 20 (15)
Pneumonia 4 (8) 11 (13) 15 (11)
Endocarditis 1 (2) 13 (16) 14 (11)
Surgical site 4 (8) 8 (10) 12 (9)
Arthritis 1 (2) 10 (12) 11 (8)
Primary bacteremia 13 (27) 19 (23) 32 (24)

Eradicated foci of infection 14 (29) 22 (26) 36 (27)
Metastatic infection 8 (16) 23 (27) 31 (23)
High-burden disease 20 (41) 44 (52) 64 (48)
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was imported through the Korea Orphan Drug Center, was
used in one case. Of these patients, clinical failure was deter-
mined by a lack of an improvement of the clinical symptoms
and signs (n � 2), the persistence of bacteremia (n � 1), and
the development of metastatic infections during treatment
(n � 1).

Cefazolin treatment was interrupted less frequently due to
adverse drug events than was nafcillin (0 [0%] versus 7 [17%];
P � 0.02) (Table 4). Of 7 patients who discontinued nafcillin
due to adverse events, the adverse events were drug-induced
fever (n � 4), cytopenia (n � 2), and phlebitis (n � 1), and the
median time to the discontinuation of nafcillin was 19 days
(IQR, 7 to 24 days). Three patients experienced adverse events
within 2 weeks of the start of nafcillin treatment.

DISCUSSION

This propensity-score-matched case-control study found
that cefazolin and nafcillin show similar treatment outcomes
for MSSA bacteremia. Although some investigators have sug-
gested that cefazolin use might be associated with treatment
failure in serious S. aureus infections due to the inoculum effect
of type A Bla (9, 10), our results support the use of cefazolin
for the treatment of MSSA bacteremia.

Although there have been retrospective studies that com-
pared the outcomes of treatment with cefazolin with those of
treatment with antistaphylococcal penicillins for MSSA bac-
teremia, those studies may have had selection bias because
physicians tend to select nafcillin for the treatment of more
serious infections, as our study demonstrated. Our study was
designed to minimize this selection bias. First, the cefazolin

TABLE 2. Multivariable logistic regression analysis for treatment failure and effect of cefazolin on treatment failure at 4 and 12 weeks

Risk factor
Univariate analysis Multivariate analysis

OR (95% CI) P aOR (95% CI) P

Treatment failure at 4 wk
Male 2.6 (0.8–8.3) 0.11 2.9 (0.8–10.8) 0.12
Cardiovascular disease 5.5 (1.8–17.1) 0.01
Site of infection

Catheter related 0.2 (0.0–1.6) 0.12
Pneumonia 4.4 (1.3–15.2) 0.03 6.0 (1.5–23.7) 0.02
Endocarditis 7.4 (2.2–25.1) �0.01 8.6 (2.0–36.8) �0.01
Surgical site 2.5 (0.6–10.5) 0.18
Primary bacteremia 0.2 (0.0–1.3) 0.07 0.2 (0.0–1.8) 0.15

Eradicated foci of infection 0.3 (0.1–1.5) 0.16
Metastatic infection 3.6 (0.1–10.3) 0.03
Cefazolin treatment 0.7 (0.2–2.1) 0.50 1.2 (0.3–4.5) 0.76

Treatment failure at 12 wk
Old age (�65 yr) 2.1 (0.8–5.4) 0.14
Male 2.6 (0.9–7.5) 0.08 3.0 (0.9–10.4) 0.08
Hematologic malignancy 0.3 (0.1–1.2) 0.07 0.2 (0.0–1.2) 0.08
Cardiovascular disease 5.1 (1.8–14.9) �0.01
Site of infection

Catheter related 0.2 (0.0–1.2) 0.08 0.2 (0.0–1.5) 0.11
Pneumonia 4.6 (1.4–14.7) 0.02 5.6 (1.4–21.7) 0.01
Endocarditis 7.5 (2.3–24.5) �0.01 6.7 (1.6–27.9) 0.01
Primary bacteremia 0.1 (0.0–1.0) 0.02 0.1 (0.0–0.9) 0.04

Eradicated foci of infection 0.2 (0.1–1.1) 0.05
Metastatic infection 3.1 (1.1–8.2) 0.05
Cefazolin treatment 0.8 (0.3–2.2) 0.72 1.6 (0.5–5.4) 0.45

TABLE 3. Clinical characteristics of 82 patients with methicillin-
susceptible S. aureus bacteremia who were included in the

propensity-score-matched analysis

Characteristic

Value for group

P valueCefazolin
treatment
(n � 41)

Nafcillin
treatment
(n � 41)

Mean age (yr) � SD 53 � 19 54 � 15 0.63

No. (%) of patients
Male 23 (56) 25 (61) 0.83
Community-acquired infection 17 (42) 24 (59) 0.17
With McCabe classification of

ultimately or rapidly fatal
27 (66) 30 (73) 0.58

Underlying disease
Solid tumor 13 (31) 9 (22) 0.42
Hematologic malignancy 11 (27) 10 (24) �0.99
Liver cirrhosis 7 (17) 5 (12) 0.75
End-stage renal disease 2 (5) 6 (15) 0.22
Cardiovascular disease 2 (5) 4 (10) 0.69

Neutropenia 8 (20) 9 (22) �0.99
Site of infection

Soft tissue 9 (22) 8 (20) �0.99
Osteomyelitis 10 (24) 7 (17) �0.99
Catheter related 8 (20) 7 (17) �0.99
Surgical site 4 (10) 6 (15) 0.75
Pneumonia 3 (7) 4 (10) �0.99
Endocarditis 1 (2) 1 (2) �0.99
Arthritis 1 (2) 3 (7) �0.99
Primary bacteremia 9 (22) 9 (22) 0.75

Eradicated foci of infection 12 (29) 11 (27) �0.99
Metastatic infection 7 (17) 6 (15) �0.99
High-burden disease 19 (46) 18 (44) �0.99

5124 LEE ET AL. ANTIMICROB. AGENTS CHEMOTHER.



treatment group included only patients who received cefazolin
during a period when nafcillin was unavailable at our institute
due to problems with the supplier. During this time, cefazolin
was used for the treatment of serious MSSA infections except
for infections of the central nervous system. Second, we used
propensity scores to match the patients between the two
groups in order to optimize the comparison.

Our study has several clinical implications. First, we could
not find any difference in clinical efficacy between cefazolin
and nafcillin for the treatment of MSSA bacteremia, although
few endocarditis cases were included in the study. This finding
is compatible with recently reported retrospective clinical
study data (11, 13) and with an earlier experimental study that
showed that cefazolin was as effective as nafcillin in reducing
bacterial titers in vegetations using a rabbit endocarditis model
(3). Second, treatment failure was significantly associated with
the site of MSSA infection in our study, especially for endo-
carditis and pneumonia, rather than with cefazolin use. Previ-
ous studies showed that pneumonia and endocarditis are pre-
dictors of poor outcomes of MSSA bacteremia (5, 6, 8). After
adjustment for these risk factors, cefazolin use was not a risk
factor for treatment failure for MSSA bacteremia. This finding
suggests that the site of infection is more important for MSSA
bacteremia prognoses than is the selection of cefazolin or naf-
cillin. Third, our study suggests that cefazolin is significantly
more tolerable than nafcillin. In our study, there were no
significant adverse events that interrupted cefazolin use, while
17% of nafcillin-treated patients discontinued nafcillin due to
adverse events.

This study had limitations in that some data should be in-
terpreted with caution. First of all, the number of patients in
each group was limited in order to have better matching be-
tween the groups; thus, the number of patients may have been
too small to detect differences in treatment outcomes between
cefazolin and nafcillin, especially considering that approxi-
mately 20% of isolates showed an inoculum effect on cefazolin
(10). A sample size of 110 in each group was needed to detect
a 10% difference in mortality with 80% power and a 5% alpha
error. A study with a sample size of 41 in each group, as in this
study, is adequately powered to detect a 25% difference.

Second, no meningitis cases and few cases of endocarditis

were included in our study because cefazolin poorly penetrates
the blood-brain barrier, and concerns regarding metastatic in-
fection of the brain could hamper the use of cefazolin in the
case of endocarditis. Therefore, these results cannot be gen-
eralized for MSSA bacteremia associated with meningitis or
endocarditis. Finally, we did not measure the inoculum effect
of the clinical isolates, nor did we analyze the Bla type. There-
fore, we could not determine the possible association between
cefazolin failure and an inoculum effect by type A Bla.

In conclusion, cefazolin showed clinical outcomes similar to
those of nafcillin for the treatment of MSSA bacteremia and
was more tolerable than nafcillin. Notably, this study included
no cases of meningitis and only a few of cases of endocarditis.

ACKNOWLEDGMENT

There were no conflicts of interest and no financial support for this
study.

REFERENCES

1. Baddour, L. M., et al. 2005. Infective endocarditis: diagnosis, antimicrobial
therapy, and management of complications. Circulation 111:e394–e434.

2. Bryant, R. E., and R. H. Alford. 1977. Unsuccessful treatment of staphylo-
coccal endocarditis with cefazolin. JAMA 237:569–570.

3. Carrizosa, J., J. Santoro, and D. Kaye. 1978. Treatment of experimental
Staphylococcus aureus endocarditis: comparison of cephalothin, cefazolin,
and methicillin. Antimicrob. Agents Chemother. 13:74–77.

4. Culver, D. H., et al. 1991. Surgical wound infection rates by wound class,
operative procedure, and patient risk index. National Nosocomial Infections
Surveillance System. Am. J. Med. 91:152S–157S.

5. Fowler, V. G., Jr., W. M. Scheld, and A. S. Bayer. 2010. Endocarditis and
intravascular infections, p. 1067–1112. In G. L. Mandell, J. E. Bennett, and
R. Dolin (ed.), Mandell, Douglas, and Bennett’s principles and practice of
infectious diseases, 7th ed. Churchill Livingstone, Philadelphia, PA.

6. Kim, S. H., et al. 2008. Outcome of vancomycin treatment in patients with
methicillin-susceptible Staphylococcus aureus bacteremia. Antimicrob.
Agents Chemother. 52:192–197.

7. Miro, J. M., et al. 2005. Staphylococcus aureus native valve infective endo-
carditis: report of 566 episodes from the International Collaboration on
Endocarditis Merged Database. Clin. Infect. Dis. 41:507–514.

8. Mylotte, J. M., and A. Tayara. 2000. Staphylococcus aureus bacteremia:
predictors of 30-day mortality in a large cohort. Clin. Infect. Dis. 31:1170–
1174.

9. Nannini, E. C., K. V. Singh, and B. E. Murray. 2003. Relapse of type A
beta-lactamase-producing Staphylococcus aureus native valve endocarditis
during cefazolin therapy: revisiting the issue. Clin. Infect. Dis. 37:1194–1198.

10. Nannini, E. C., et al. 2009. Inoculum effect with cefazolin among clinical
isolates of methicillin-susceptible Staphylococcus aureus: frequency and pos-
sible cause of cefazolin treatment failure. Antimicrob. Agents Chemother.
53:3437–3441.

TABLE 4. Comparison of treatment outcomes with cefazolin and nafcillin for methicillin-susceptible S. aureus bacteremiaa

Characteristic

Value for group

P valueCefazolin treatment
(n � 41)

Nafcillin treatment
(n � 41)

Mean time to defervescence (days) � SD 4.1 � 3.8 5.4 � 9.5 0.62

No. (%) of patients with:
Treatment failure at 4 wk 4 (10) 4 (10) �0.99

Antibiotic change due to clinical failure 4 (10) 0 (0) 0.13
Relapse 0 0
SAB-related death 0 (0) 4 (10) 0.13

Treatment failure at 12 wk 6 (15) 6 (15) �0.99
Antibiotic change due to clinical failure 4 (10) 0 (0) 0.13
Relapse 1 (2) 1 (2) �0.99
SAB-related deaths 1 (2) 5 (12) 0.22

Overall mortality at 4 wk 4 (10) 4 (10) �0.99
Treatment interruption due to adverse drug event 0 (0) 7 (17) 0.02

a The study included 1:1 propensity-score-matched patients.

VOL. 55, 2011 CEFAZOLIN FOR TREATMENT OF MSSA BACTEREMIA 5125



11. Paul, M., et al. Are all beta-lactams similarly effective in the treatment of
methicillin-sensitive Staphylococcus aureus bacteraemia? Clin. Microbiol. In-
fect., in press.

12. Quinn, E. L., et al. 1973. Clinical experiences with cefazolin and other
cephalosporins in bacterial endocarditis. J. Infect. Dis. 128:S386–S389.

13. Wynn, M., J. R. Dalovisio, A. D. Tice, and X. Jiang. 2005. Evaluation of the

efficacy and safety of outpatient parenteral antimicrobial therapy for infec-
tions with methicillin-sensitive Staphylococcus aureus. South. Med. J. 98:590–
595.

14. Zygmunt, D. J., C. W. Stratton, and D. S. Kernodle. 1992. Characterization
of four beta-lactamases produced by Staphylococcus aureus. Antimicrob.
Agents Chemother. 36:440–445.

5126 LEE ET AL. ANTIMICROB. AGENTS CHEMOTHER.


