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Recent observational studies have suggested possible reductions in mortality in patients receiving cefazolin versus antistaphylo-
coccal penicillins. We examined 90-day mortality in patients receiving cefazolin compared to nafcillin for methicillin-susceptible
Staphylococcus aureus (MSSA) bloodstream infection (BSI). We identified persons with MSSA BSI admitted to San Francisco
General Hospital from January 2008 to July 2013 through a hospital-wide infection surveillance system and confirmed 90-day
mortality using U.S. national vital registries. We included persons receiving cefazolin or nafcillin as the predominant intrave-
nous antimicrobial agent; all participants received inpatient Infectious Diseases service consultation. We estimated the associa-
tion between receipt of cefazolin and 90-day risk of death by multivariate logistic regression, including a propensity score for
receiving cefazolin as the second predictor. Of 230 MSSA BSI cases, 30 received nafcillin and 70 received cefazolin as the predom-
inant antimicrobial; 10 died within 90 days, 5 from each group. Unadjusted analysis showed substantial but not statistically sig-
nificant reduced odds of death in those receiving cefazolin (odds ratio, 0.38; 95% confidence interval [CI], 0.10 to 1.44). Multi-
variate analysis with propensity scores found a similar adjusted odds ratio (0.40; 95% CI, 0.09 to 1.74; P � 0.22). We found a
large reduction in 90-day mortality in those receiving cefazolin compared to nafcillin for MSSA BSI, but this finding was not sta-
tistically significant. The magnitude of effect seen in this and other studies justifies further study.

Staphylococcus aureus is a leading cause of both community-
onset and hospital-acquired bloodstream infection (BSI) (1,

2). S. aureus BSI (SABSI) has a considerable disease burden
throughout the world, with an estimated incidence of 19.7 to 50
per 100,000 person-years (3, 4) and a contemporary 30-day mor-
tality rate of 20%, although this estimate varies considerably by
study (20 to 36%) (4, 5).

While methicillin-resistant S. aureus (MRSA) is often the focus
of S. aureus surveillance (6–8), methicillin-sensitive S. aureus
(MSSA) BSI still accounts for the majority of SABSI in many re-
gions (9, 10). Some recent data suggest that, adjusting for host
factors and other confounders, mortality outcomes in MSSA BSI
are equivalent to those in MRSA BSI, although this is controversial
(4, 11).

The preferred antimicrobial agents for MSSA BSI are generally
either the antistaphylococcal penicillins (nafcillin, flucoxacillin,
cloxacillin, or oxacillin, depending on local antibiotic availability)
or cefazolin, a first-generation cephalosporin (12, 13). While both
options are widely used in clinical practice and toxicities exist with
each of these antimicrobials, cefazolin has possible advantages
over antistaphylococcal penicillins for the treatment of MSSA BSI,
including less frequent dosing and dialysis dosing regimens for
those on hemodialysis with limited venous access (12, 13).

A concern with cefazolin is that some strains exhibit an inocu-
lum effect in vitro such that at an inoculum of �107 CFU/ml, the
MIC is severalfold greater than the MIC at the standard inoculum
of �105 CFU/ml, and this could result in treatment failure (14).
However, several observation studies suggest treatment failure is
not more common with cefazolin than with antistaphylococcal
penicillins (15–17), and a recent large Canadian observational
study found a substantial mortality reduction in those receiving
cefazolin compared to those receiving cloxacillin (18), although
this hazard reduction was not statistically significant (18). Thus,

further data on the comparative outcomes for MSSA BSI treated
by cefazolin or antistaphylococcal penicillins are needed to clarify
whether either of these treatment options is superior.

We examined comparative 90-day mortality in those receiving
cefazolin compared to nafcillin for MSSA BSI in a San Francisco
safety-net tertiary hospital.

(Elements of this study were presented as a scientific poster at
ID Week 2015, San Diego, CA.)

MATERIALS AND METHODS
Study setting and population. We identified persons with MSSA BSI
presenting to or occurring in San Francisco General Hospital (SFGH)
between 1 January 2008 and 1 July 2013 by a hospital-wide infection
surveillance system; collected clinical, demographic, and microbiological
data; and entered them into a database maintained by the hospital infec-
tion control program. A hospital policy mandates compulsory Infectious
Diseases service consultation for all SABSI inpatient cases.

Inclusion and exclusion criteria. Adults who were admitted to SFGH
and had one or more blood cultures that were found to be positive for
MSSA between 1 January 2008 and 1 July 2013 were eligible for inclusion
in the study. The following participants were excluded from participation:
those with dual MRSA/MSSA infections, those who received both cefazo-
lin and nafcillin, those who received fewer than 5 days of cefazolin or
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nafcillin, those who initiated cefazolin or nafcillin more than 7 days after
blood culture positivity, those who received a longer or equivalent dura-
tion of intravenous (i.v.) therapy with an antistaphylococcal antibiotic
other than cefazolin or nafcillin, children (age of �18 years), and those
found to have SABSI at other hospitals and transferred to SFGH.

Statistical analysis. Receiving cefazolin (compared to receiving naf-
cillin) was the primary exposure, and all-cause mortality within 90 days of
blood culture positivity was the primary outcome. In addition to the study
predictor variable, we collected a wide number of sociodemographic, mi-
crobiological, clinical, and covariate data. We confirmed deaths by both
the U.S. Social Security death master file and the U.S. National Death
Index (National Center for Health Statistics, Hyattsville, MD). We esti-
mated the unadjusted relationship between exposure and outcome using
logistic regression. We considered hemodialysis and endocarditis to be a
priori confounders to be included in subsequent multivariate analysis, as
cefazolin may be more likely than nafcillin to be used in hemodialysis as it
is administered only after hemodialysis, and renal disease is an indepen-
dent risk factor for death in SABSI (13, 19, 20). In addition, infectious
disease guidelines recommend nafcillin as the first-line agent for MSSA
endocarditis (12, 21), and endocarditis is an independent risk factor for
death in SABSI (22).

We considered a large number of additional potentially confounding
covariates, including comorbidities (including diabetes and alcohol
abuse), age, and other demographic factors, severity of presenting illness
(including the presence of systemic inflammatory response syndrome
[SIRS] and treatment in intensive care units [ICU]), receipt of other an-
tistaphylococcal antimicrobials, and location/site of SABSI acquisition.
We examined how each of these a priori and potential confounding cova-
riates changed the association between receipt of cefazolin and death at 90
days in bivariate models (that is, models which contained the study pre-
dictor variable of receipt of cefazolin, the potentially confounding predic-
tor covariate, and the outcome of death at 90 days).

Due to the large number of potential predictors relative to outcome
events, we performed propensity score analysis and used the log odds of
receipt of cefazolin in a 2-predictor model with receipt of cefazolin as the
sole other predictor in the primary multivariate analysis. As the total
number receiving nafcillin was limited, we restricted the propensity score
model to covariates that substantially changed the association between
receipt of cefazolin and death at 90 days in bivariate models.

To test the robustness of the adjusted associations estimated by pro-
pensity scores, to examine the assumption that hemodialysis and endo-
carditis are reasonable a priori covariates, and to minimize any residual
confounding effect, we also fit comparative models: (i) a model con-
taining covariates that changed the odds ratio (OR) by �15% in the
bivariate models, (ii) a model yielding the highest adjusted OR and
containing the two a priori predictors and a third potentially con-
founding predictor, and (iii) a model yielding the lowest adjusted OR
and containing the two a priori predictors and a third potentially con-
founding predictor.

Finally, given the potential biases introduced by exclusion criteria, we
performed several sensitivity analyses, including (i) those who received
�5 days of nafcillin or cefazolin, (ii) those who received an equivalent or
longer duration of i.v. therapy with another antistaphylococcal antimi-
crobial, (iii) those who received cefazolin or nafcillin �7 days after blood
culture positivity, and (iv) those who received both cefazolin and nafcillin
(with treatment group allocation based on the antimicrobial administered
first).

Logistic regression models for death (with propensity score adjust-
ment) underwent appropriate checking for linearity and collinearity, in
addition to a Hosmer-Lemeshow test. All statistical analyses were per-
formed using Stata version 13.1 (College Station, Texas).

Ethics. This study was approved by the UCSF Committee for Human
Research (CHR number 13-11790).

RESULTS

Figure 1 summarizes the enrollment of MSSA BSI cases into the
prospective cohort and their exclusion from it. Of 230 patients
diagnosed with MSSA BSI at SFGH between 1 January 2008 and 1
July 2013, 100 (43%) participants met all inclusion criteria: 30 had
received nafcillin and 70 received cefazolin. Notably, those partic-
ipants who had received both nafcillin and cefazolin mostly did so
sequentially and not as combined cefazolin-nafcillin therapy. In
most cases, participants received nafcillin before cefazolin. Table 1
presents baseline sociodemographic characteristics and past med-
ical history of these two groups. Table 2 presents the participant
characteristics related to the MSSA BSI, including cointerven-
tions. There were 5 deaths by 90 days in each of the treatment
groups.

Unadjusted analysis showed a substantial, but nonstatistically
significant, reduction in the odds of 90-day mortality in those
receiving cefazolin (unadjusted OR, 0.38; 95% confidence interval
[CI], 0.10 to 1.44; P � 0.16). Multivariate analysis was performed
using a propensity score for receipt of cefazolin derived from the
covariates hemodialysis, endocarditis, age, Charlson comorbidity
index, alcohol abuse, hospital onset of MSSA BSI, homelessness,
and admission to ICU. This model also showed a large but not
statistically significant reduction in the adjusted odds ratio (aOR)
of 90-day mortality in those receiving cefazolin (aOR, 0.40; 95%
CI, 0.09 to 1.74; P � 0.22). The propensity score probabilities were
not extreme (range, 0.22 to 0.92), and the log odds of receipt of
cefazolin overlapped reasonably well between the cefazolin and
nafcillin groups, with only one death in a nonoverlapping range.
Repeat analysis with propensity scores restricted to the overlap-
ping range estimated a similar effect (Table 3).

The effect measured when accounting for propensity score of
cefazolin treatment was robust to comparative analysis, alterna-
tive direct fitted models, and sensitivity analyses (Table 3). The
smallest and lowest OR estimated by a two-predictor model, in-
cluding receipt of cefazolin and any single primary (a priori) or
secondary potential confounder, are also presented in Table 3 and
were broadly consistent with the other multivariate model results.

Given the considerable difference in antimicrobial duration
between the nafcillin and cefazolin groups (Table 1), we further
examined whether this difference was a confounder or mediator
with a multivariate analysis including the propensity score and
duration of antimicrobial (nafcillin or cefazolin). This repeat
analysis still yielded a substantial reduction in the odds of death
(aOR, 0.47; P � 0.35; 95% CI, 0.10 to 2.26), but this was not
statistically significant.

DISCUSSION

Our findings by propensity score analysis found a 60% reduction
in adjusted odds of 90-day mortality in those receiving cefazolin
rather than nafcillin for MSSA BSI. The confidence interval leaves
open the possibility of an effect in either direction (95% CI, 0.09 to
1.74). Comparative analyses showed similar effect sizes (estimates
ranged from 50% to 79% reductions in odds of death), although
they did not reach statistical significance either.

These findings agree with other observational studies that have
examined outcomes of MSSA BSI treated with cefazolin against
those treated with antistaphylococcal penicillins. A large multi-
center study in Canada suggested a substantive reduction in the
hazard of 90-day mortality in those who received cefazolin com-
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pared to cloxacillin, with borderline statistical significance (haz-
ard ratio [HR], 0.58; 95% CI, 0.31 to 1.08; P � 0.08) (18).

With respect to other observational studies that have also ex-
amined this study question, Lee et al. examined the effect of cefa-
zolin versus nafcillin on MSSA BSI treatment failure (16). They
found little reduction in the odds of treatment failure (unadjusted
OR, 0.7; 95% CI, 0.2 to 2.1; P � 0.50) in those receiving cefazolin
but with very wide uncertainty. The adjusted estimate was in the
opposite direction (aOR, 1.2; 95% CI 0.3 to 4.5; P � 0.76) but
again with very wide uncertainty. A study by Li et al. (15) found a
statistically significant difference in the comparison of the raw
proportions of failures in cefazolin and oxacillin groups, 24% ver-
sus 47% (P � 0.04), but did not present a multivariate-adjusted
effect size estimate or confidence interval, although choice of an-
timicrobial was not statistically significantly associated with treat-
ment failure in a multivariate model (P � 0.36). Paul et al. also

examined the association between receipt of cefazolin (compared
to oxacillin) and death at 90 days (as measured by a national death
registry) in MSSA BSI cases and found a reduction in the odds of
death (aOR, 0.81) but a wide confidence interval (95% CI, 0.18 to
3.62) (17). Taken together, these comparative studies generally
also suggest a beneficial effect of cefazolin over nafcillin for MSSA
BSI, but none have provided strong evidence for this.

The mechanism behind the trend toward reduced mortality
seen in our and some other studies is unclear, but it could be
related to a higher proportion of adverse reactions and discon-
tinuations in those receiving nafcillin compared to cefazolin,
which was noted in a comparison of these two drugs when used in
a North American outpatient setting (23). Indeed, the relatively
high number of patients that had received both nafcillin and ce-
fazolin (with nafcillin administered first in most cases) suggest a
discontinuation of nafcillin for cefazolin after nafcillin toxicity,

FIG 1 Inclusion and exclusion of methicillin-sensitive S. aureus bloodstream infection cases into the cohort study at San Francisco Hospital, January 2008 to July
2013.
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although this is speculative. While our study did not collect data
on adverse drug reactions and reasons for drug discontinuation,
this could be addressed in further observational studies examining
this study question.

There are several limitations in the interpretation of the results
of this study. First, there were limitations to models due to the
relatively small sample size, small number of outcomes, and small
number of participants receiving nafcillin alone. As such, residual
confounding may have occurred. Reasons for the considerably
smaller nafcillin group could include a high proportion of dialy-
sis patients, a predominantly under- or uninsured population,
and/or the overall dosing convenience of cefazolin over nafcillin.
Nevertheless, our models appear relatively robust based on com-
parative analyses by propensity scores, examination of the effect of
each individual confounder on estimates fitted by 2-predictor

models, and selected models with more than 2 predictors. Second,
selection biases may have been introduced by the exclusion crite-
ria, although our findings remained similar in sensitivity analyses
that varied these criteria. Third, while our study sample did in-
clude a proportion of complicated MSSA BSI similar to those of

TABLE 1 Baseline sociodemographic characteristics, comorbidities, and
medical history of MSSA BSI cases at San Francisco Hospital, January
2008 to July 2013

Parameter or characteristic

Value(s) for patients
receiving:

Nafcillin Cefazolin

Total (no. [%]) 30 (100) 70 (100)

Race (no. [%])
White 15 (50) 22 (31)
African-American 4 (13) 11 (16)
Hispanic 5 (17) 14 (20)
Asian 4 (13) 19 (27)
Native American 1 (3) 1 (1)
Pacific Islander 1 (2) 3 (4)

Female (no. [%]) 23 (77) 48 (69)
Age, mean yr (SD) 50.4 (12.5) 53.0 (15.1)
Homeless (no. [%]) 9 (30) 11 (16)
Long-term-care facility residence (no. [%]) 0 (0) 8 (11)

Condition or treatment (no. [%])
Hemodialysis 16 (53) 43 (61)
Diabetes mellitus 4 (13) 26 (37)
Cancer 1 (3) 1 (1)
Chemotherapy 1 (3) 0 (0)
Anti-tumor necrosis factor therapy 0 (0) 1 (1)
Steroids 1 (3) 4 (6)
Cirrhosis 3 (10) 5 (7)
IVDUa 8 (27) 12 (17)
Alcohol abuse 11 (37) 7 (10)
Recent trauma 2 (7) 2 (3)
Previous valvular disease 1 (3) 0 (0)
HIV 6 (20) 8 (11)

Charlson index, median score (IQRb) 3 (1, 7) 4 (2, 7)
i.v. access device (no. [%]) 6 (20) 19 (27)

Medical history (no. [%])
Hospitalized within last 90 days 1 (3) 14 (20)
Hospitalized within last 12 mo 11 (37) 27 (39)
Recent surgery 5 (17) 11 (16)
S. aureus infection within last 90 days 0 (0) 1 (1)
S. aureus infection within last 12 mo 2 (7) 4 (6)

a IVDU, intravenous drug use.
b IQR, interquartile range.

TABLE 2 Clinical characteristics of MSSA BSI cases at San Francisco
Hospital, January 2008 to July 2013

Parameter or characteristic

No. (%) receiving:

Nafcillin Cefazolin

Total (no. [%]) 30 (100) 70 (100)
Admitted to ICU (no. [%]) 8 (27) 9 (13)
SIRS (no. [%]) 20 (67) 48 (69)
Hospital-onset MSSA BSI (no. [%]) 7 (23) 8 (11)

Length of stay, mean daysa (SD)
Baseline 1.3 (2.6) 3.7 (21.5)
Total 18.0 (15.7) 25.2 (51.0)

Documented presumed source of MSSA BSI (no.
[%])

Community-acquired pneumonia 2 (7) 0 (0)
Hospital-acquired pneumonia 1 (3) 1 (1)
Ventilator-associated pneumonia 1 (3) 0 (0)
Implanted prosthetic material 1 (3) 5 (7)
Intravascular catheter 3 (10) 13 (19)
Abscess 2 (7) 5 (7)
Cellulitis 0 (0) 3 (4)
Musculoskeletal, bone 3 (10) 3 (4)
Musculoskeletal, joint 0 (0) 2 (3)
Surgical-site infection 0 (0) 0 (0)
Urinary tract 1 (3) 2 (3)
Wound infection 0 (0) 5 (7)
Unknown 16 (53) 28 (40)
Other 0 (0) 3 (4)

Source risk for complicated MSSA BSI
Low 4 (13) 15 (21)
Moderate 20 (67) 47 (67)
High 6 (20) 8 (11)

Other i.v. antibiotics administered (no. [%])
Vancomycin 29 (97) 67 (96)
Aminoglycoside 5 (17) 4 (6)
Carbapenem or 3rd/4th-generation

cephalosporin
23 (77) 53 (76)

Aminopenicillin 1 (3) 3 (4)
Linezolid 0 (0) 0 (0)
Daptomycin 0 (0) 0 (0)

Treatment duration, median days (IQR)
Cefazolin or nafcillin 12 (8, 29) 20 (11, 29)
Vancomycin 2 (2, 3) 2 (1, 3)
Carbapenem or 3rd/4th-generation

cephalosporin
1 (1, 3) 1 (1 ,2)

Duration of bacteremia, mean days (SD) 1.7 (1.4) 1.3 (0.8)

Complications of MSSA BSI (no. [%])
Endocarditis 5 (17) 10 (14)
Vertebral osteomyelitis and/or epidural abscess 2 (7) 4 (6)

a Derived from hospital-onset cases only, admission date to date of blood culture
positivity.
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some of the comparable studies described, there was only a small
number of patients with endocarditis and other deep-seated in-
fections who may be particularly prone to inoculum effect-medi-
ated cefazolin failure (1). The strengths of this study included a
prospective design and a wide number of covariates measured,
allowing extensive confounder assessment. The valid measure-
ment of 90-day all-cause mortality by use of both a National
Death Index and Social Security death master file was also cru-
cial in making inferences about the choice of antimicrobial on
mortality outcome and minimizing the risk of differential loss
to follow-up.

While this study provides further support for the use of cefa-
zolin as an option in MSSA BSI (and its interchangeability with
nafcillin for this indication), there is insufficient evidence from
this study to recommend cefazolin over nafcillin (or vice versa) for
the treatment of MSSA BSI. A meta-analysis may be useful for
pooling results to produce stronger evidence for cefazolin superi-
ority and may at least inform randomized clinical trial design on
this study question. Additionally, the possibility of improved pa-
tient outcomes with cefazolin compared to antistaphylococcal
penicillins may be sufficient to justify randomized clinical trials to
address this issue.
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