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Background. Nafcillin and cefazolin are considered first-line therapy for most infections with methicillin-
susceptible Staphylococcus aureus (MSSA), and recent studies have suggested similar clinical efficacy. Limited
data are available on the comparative tolerability of these agents.

Methods. In this retrospective cohort analysis of patients treated with either nafcillin or cefazolin for MSSA infec-
tion in the outpatient parenteral antimicrobial therapy clinic at Massachusetts General Hospital from 2007 to 2011, the
frequency of premature antimicrobial discontinuation (PAD) and drug-emergent events (DEEs) was calculated.

Results. Three hundred sixty-six and 119 patients were treated with nafcillin or cefazolin, respectively. The median
anticipated duration of therapy was comparable at 28 (interquartile range [IQR], 16–37) and 29 (IQR, 24–39) days,
respectively, for those treated with nafcillin and cefazolin. Fewer patients completed the prespecified treatment course
with nafcillin than with cefazolin (PAD rate, 33.8% vs 6.7%; P < .0001). The hazard ratio for PAD in the nafcillin vs
cefazolin groups was 2.81 (95% confidence interval [CI], 1.26–3.68). More patients in the nafcillin group developed rash
(13.9% vs 4.2%; P = .002), renal dysfunction (11.4% vs 3.3%; P = .006), and liver function abnormalities (8.1% vs 1.6%;
P = .01). Overall rates of DEEs per 1000 patient-days were 16.9 (95% CI, 10.4–27.3) and 4.8 (95% CI, 1.1–10.2), respec-
tively. In 9 cases of nafcillin discontinuation, treatment was changed to cefazolin; all 9 completed treatment with no
further observed DEEs.

Conclusions. Nafcillin treatment was associated with higher rates of both PAD as well as DEEs compared with
cefazolin treatment. This difference in tolerability, in addition to efficacy and cost, should be considered when decisions
for outpatient parenteral MSSA treatment are made.
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Despite the global emergence of methicillin-resistant
strains, methicillin-susceptible Staphylococcus aureus
(MSSA) remains an important pathogen in both com-
munity-acquired and healthcare-associated infections,

accounting for a significant proportion of bone and
joint infections, soft tissue infections, and bacteremia

cases [1, 2]. Patients with MSSA infection often require

prolonged administration of parenteral antimicrobial

therapy. The administration of outpatient parenteral

antimicrobial therapy (OPAT) has gained popularity,

as experience has shown the practice to be safe, effica-

cious, practical, and cost-effective. In 2007, an estimated

400 000 patients in the United States alone were treated

with OPAT [3–5]. Reportedly, approximately 20% of

patients receiving OPAT are treated for infections

caused by MSSA [5, 6]. The treatment of choice for

MSSA infections usually involves a semisynthetic peni-

cillin such as nafcillin or oxacillin, with first-generation
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cephalosporins offering an alternative since the 1970s [7]. Early
reports raised concerns about the use of cefazolin due to the
frequent production by MSSA of type A β-lactamase, which
degrades cefazolin more than semisynthetic penicillins [8]. Re-
cently, a significant inoculum effect for cefazolin has been dem-
onstrated in up to 20% of MSSA isolates, reflecting reduced
susceptibility in the presence of large numbers of MSSA, likely
due to the effect of this β-lactamase [9, 10]. Nonetheless, cefa-
zolin is widely used for treatment of MSSA infections, and sev-
eral authors have reported clinical efficacy that is comparable to
that of the semisynthetic penicillins, excluding central nervous
system infections [1, 11–14]. The convenient dosing, favorable
pharmacokinetics, and lower cost have all contributed to the
increased use of cefazolin [1]. Cefazolin is considered a well-
tolerated medication with low rates of drug-emergent events
(DEEs), but there is a paucity of studies directly comparing
the tolerability of nafcillin and cefazolin. Furthermore, OPAT
patients constitute a distinctive population in that they experi-
ence less supervision and environmental control compared with
the inpatient setting, and their treatment durations are often
longer. The aim of this study was to assess the differential tol-
erability of these 2 commonly used antimicrobials in the OPAT
population.

METHODS

The study protocol was reviewed and approved by the Partners
Human Research Committee at Massachusetts General Hospi-
tal (MGH).

Setting and Study Population
MGH is a 947-bed tertiary medical center in Boston, with ap-
proximately 50 000 admissions per year. The OPAT program of
the Infectious Diseases Division of MGH oversees the antibiotic
care of former inpatients with an anticipated remaining paren-
teral antimicrobial treatment course of >14 days at the time of
discharge, and routinely cares for 70–90 OPAT patients at any
given time. Most patients self-administer their antimicrobial
therapy at home with the assistance of skilled home nursing
care and infusion services, but close to 50% of patients enrolled
in the OPAT program are discharged to skilled nursing or
rehabilitation facilities. Surveillance laboratory monitoring is
generally obtained weekly, as suggested by the practice stan-
dards that have been developed for the safe administration of
such therapy in adults [14, 15]. A clinical database was devel-
oped in 2006 to allow tracking of patients and monitoring of
complications. This database was queried retrospectively for
the current study. Patients included in the analysis were defined
as those having at least 1 culture growing MSSA and treated
between January 2007 and December 2011 in the MGH
OPAT program.

Data Collection and Definitions
The majority of patient data were collected prospectively in real
time by a single clinic-based administrative assistant, and
included the patient’s name, medical record number, dates of
treatment, site and/or type of infection, culture results, and an-
timicrobials administered, including subsequent medications if
treatment was changed during therapy. At the start and end of
therapy for each patient, the OPAT medical director, a board-
certified practicing infectious diseases specialist, reviewed all
medical charts and laboratory reports, verified the database
entries, and noted whether development of potential DEEs
had occurred. Data about potential selected DEEs were entered
by a single infectious diseases physician (S. B. N.) as qualitative
information (present/not present) as follows: rash, renal
dysfunction (defined as an increase in serum creatinine of
>0.5 mg/dL or 50% increase from baseline), liver abnormalities
(alanine transaminase >100 µ/L), neutropenia (neutrophil
count <1000/µL), thrombocytopenia (platelet count <100 000/
µL), eosinophilia (eosinophil count >500/µL), and Clostridium
difficile colitis.

To compare select demographics and baseline comorbidi-
ties that were not originally included in the prospectively main-
tained database, we retrospectively queried the Partners’
Research Patient Data Registry, a centralized clinical data regis-
try maintained by Partners Healthcare (of which MGH is a
founding member) that gathers data from various affiliated hos-
pital legacy systems and stores it on a single server. Specifically,
we searched for International Classification of Diseases, Ninth
Revision codes, including the following group headings and
all branching terms: chronic renal failure (585.9), chronic
heart failure (428), chronic liver disease (571), diabetes mellitus
(648, 250), and malignancies (V67.2, V76.8, 338.3, 200–208).

Outcomes
The primary outcome was all-cause premature antimicrobial
discontinuation (PAD) of either study medication, calculated
per 1000 patient-days on the medication. For the purposes of
this study, therapy discontinuation was considered premature
if the patient completed <80% of the planned treatment course
with the initial antimicrobial. Secondary outcomes included
rates of specific DEEs as listed above, expressed as absolute
number of events per patient population and rates of events
per 1000 patient-days on each medication.

Data Analysis
Continuous variables are presented as mean and standard devi-
ation (SD) or median and interquartile range (IQR) and were
compared between groups using the independent t test or
Mann–Whitney test. Categorical variables are presented as
number and percentage of patients within each treatment
group and compared using the χ2 or the Fisher exact test.
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Normality of distribution was assessed using the Kolmogorov-
Smirnov test.

Kaplan-Meier survival analysis was performed for the nafcil-
lin and cefazolin treatment groups with premature discontinu-
ation of the medication as the primary event, and significance
was determined with the log-rank (Mantel-Cox) test. Patients
were right-censored after completion of planned treatment
course. The hazard ratio for PAD was calculated using a Cox
regression model. Potential confounders, including age, sex,
planned treatment course, number of underlying chronic disor-
ders, and length of hospital stay, were analyzed individually. All
confounders with a P value <.2 were included in a multivariate
regression model.

Rates of DEEs per 1000 patient-days were calculated for the
nafcillin and cefazolin treatment groups, with confidence inter-
vals constructed using exact Poisson methods. If a DEE oc-
curred and the medication was not discontinued, patients
continued to contribute patient-days to their medication
group as they were still at risk for additional DEEs.

All statistical tests were 2-sided; a P value <.05 was considered
statistically significant. Statistical analyses were performed using
SPSS statistical software, version 18 (SPSS Inc, Chicago, Illinois).

RESULTS

The database included 2372 unique patients enrolled in the
OPAT program between January 2007 and December 2011,
with a total of 509 patients having at least 1 culture growing
MSSA. Of those patients, 366 were treated with nafcillin, and
119 patients were treated with cefazolin. The most common in-
fection site was bone (31%) and joint (18%), followed by skin
and soft tissue (11%), bloodstream (9%), and heart valve (endo-
carditis, 7%). The standard adult dosing used in the majority of
patients was 2 g every 4 hours for nafcillin and 2 g every 8 hours
for cefazolin. No patients were treated with continuous infu-
sions. Approximately one-third of patients received additional
antimicrobials while on nafcillin or cefazolin. As shown in
Table 1, baseline characteristics in the 2 groups were compara-
ble, as was the planned total treatment length, with a median of
28 (IQR, 16–37) and 29 (IQR, 24–39) days, respectively. Five
patients died during OPAT care: 4 of 366 (1.09%) in the nafcil-
lin group and 1 of 119 (0.84%) in the cefazolin group. These
events were included in counts of all-cause PAD.

Premature Antimicrobial Discontinuation
Significantly fewer patients completed the prespecified treat-
ment course with nafcillin (33.8% all-cause discontinuation
rate for nafcillin vs 6.7% for cefazolin, P < .001; Table 2).
Kaplan-Meier survival analysis showed significantly different
curves (P = .003; Figure 1). The mean difference in actual vs
planned treatment length was −8.1 ± 2.1 days in the nafcillin

group (n = 366) compared with −2.9 ± 11.1 days in the cefazolin
group (n = 119; P < .001). Analyzing only the subgroup of
patients who had PAD (n = 132), the difference between
planned and actual treatment length was −13.0 ± 4.8 days in
the nafcillin group (n = 124) and −21.1 ± 6.3 for the cefazolin
group (n = 8). In 7 of 8 (87.5%) patients with PAD in the cefa-
zolin group, the antimicrobial was discontinued within the first
10 days of treatment, compared with only 19 of 124 (15.3%) in
the nafcillin group (P < .001).

The unadjusted hazard ratio for PAD in the nafcillin group
was 2.85 (95% confidence interval [CI], 1.3–3.70). Only age
(P = .156) and duration of hospitalization (P = .11) were includ-
ed in the final regression model, resulting in an adjusted hazard
ratio of 2.81 (95% CI, 1.26–3.68).

Table 1. Select Characteristics of Study Population Stratified by
Treatment Group

Characteristic
Nafcillin
(n = 366)

Cefazolin
(n = 119)

P
Value

Age, ya 57 ± 14 56 ± 18 .52
Male sexb 223 (60.9) 70 (58.8) .74

Primary infection siteb

Osteomyelitis 112 (30.6) 39 (32.7) .82
Septic arthritis 65 (17.7) 22 (18.4) .89

SSTI 43 (11.7) 11 (9.2) .50

Bacteremia 33 (9.0) 10 (8.4) 1.00
Endocarditis 28 (7.6) 7 (5.8) .68

Underlying diseaseb

Heart failure 73 (19.9) 26 (21.8) .69
Diabetes 43 (11.7) 9 (7.5) .23

Chronic renal failure 29 (7.1) 12 (10.0) .45

Hepatic dysfunction 21 (5.7) 7 (5.8) 1.00
Malignancy 70 (19.1) 26 (21.8) .51

Coadministration of other antimicrobialsb

All antimicrobials 138 (37.7) 39 (32.7) .38
β-lactams 14 (3.8) 3 (2.5) .77

Prior history of β-lactam
allergyb

19 (5.1) 7 (5.8) .81

Location of care after dischargeb

Home 186 (50.8) 65 (54.6) .52

Skilled nursing facility 145 (39.6) 42 (35.2) .44
Rehabilitation facility 35 (9.5) 12 (10.0) .85

Initial treatment plan, dc 28 (16–37) 29 (24–39) . . .

Duration of hospitalization
prior to OPAT initiationc

4.7 (1–11) 5.0 (1–11) .46

Duration of treatment with
nafcillin or cefazolin prior
to OPAT initiationc

1.9 (0.8–6.0) 2.2 (0.8–7.5) .84

Abbreviations: OPAT, outpatient antimicrobial therapy; SSTI, skin and soft
tissue infection.
a Mean ± Standard Deviation.
b No. (%).
c Median (interquartile range).
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The majority of patients with PAD were switched to alterna-
tive parenteral treatment (87.5% in the cefazolin group and
81.4% in the nafcillin group; P = .99). The most commonly
used alternative was vancomycin in 71 of 108 (65.7%) patients
switched to alternative antimicrobials. Other alternative treat-
ments included daptomycin (n = 6), clindamycin (n = 5), line-
zolid (n = 4), and cephalosporins (n = 13).

Drug-Emergent Events
One hundred sixty-three DEEs were reported with nafcillin
treatment, occurring in 114 of 336 (31.1%) unique patients.

In contrast, 16 DEEs were reported with cefazolin treatment,
occurring in 14 of 119 (11.7%) patients (P < .001). Rash, renal
impairment, and liver function abnormalities occurred signifi-
cantly more frequently in the nafcillin-treated patients (Table 2).
Neutropenia and C. difficile colitis were also observed more fre-
quently in the nafcillin group, but this difference was not stat-
istically significant. The overall DEE rate was significantly
higher for the nafcillin-treated group compared with the cefazo-
lin-treated group (16.9 per 1000 patient-days on nafcillin vs 4.8
per 1000 patient-days on cefazolin, P < .001; Table 3).

Treatment Change From Nafcillin to Cefazolin
Nine of 124 (7.25%) patients with PAD from the nafcillin group
were switched to cefazolin. Reasons for discontinuation of
nafcillin included rash (n = 3), renal impairment (n = 1), neu-
tropenia (n = 1), and undocumented (n = 4). All 9 patients com-
pleted cefazolin therapy with no further DEEs reported. There
were no cases of patients switched from cefazolin to nafcillin.

DISCUSSION

In the current study, we evaluated the differential tolerability of
nafcillin and cefazolin in the OPAT population. We found naf-
cillin therapy to be associated with significantly higher rates of
DEEs, with 16.9 per 1000 patient-days on nafcillin therapy vs
4.8 per 1000 patient-days on cefazolin. Most notably, we dis-
covered that only two-thirds of patients treated with nafcillin
successfully completed >80% of their treatment plan. This ob-
served differential tolerability is consistent with what has been
suggested, although not quantified, in prior small retrospective
efficacy studies [11, 13].

The issue of medication tolerability is especially significant in
the OPAT population, as much less supervision and environ-
mental control are available in patients’ homes than in the hos-
pital environment, and patients are potentially at greater risk of
severe reactions to medication or rapid deterioration of their
conditions given diminished oversight [16–18]. The main fac-
tors contributing to the expanding use of OPAT are cost con-
tainment, more efficient use of hospital resources, and an

Figure 1. Kaplan-Meier estimates of premature antimicrobial discontin-
uation over time. The adjusted hazard ratio for premature antimicrobial dis-
continuation in patients treated with nafcillin was 2.81 (95% confidence
interval, 1.26–3.68).

Table 2. Premature Antimicrobial Discontinuation and Drug-
Emergent Events Stratified by Treatment Groupa

Event
Nafcillin
(n = 366)

Cefazolin
(n = 119) P Value

PAD 124 (33.8) 8 (6.7) <.001
DEEsa 114 (31.1) 14 (11.7) <.001

Rash 51 (13.9) 5 (4.2) .002

Renal impairment 42 (11.4) 4 (3.3) .006
Liver abnormalities 30 (8.1) 2 (1.6) .01

Neutropenia 31 (8.4) 4 (3.3) .06

Clostridium difficile
colitis

9 (2.4) 1 (0.8) .46

Data are presented as No. (%).

Abbreviations: DEEs, drug-emergent events; PAD, premature antimicrobial
discontinuation.
a Represents unique patients experiencing drug-related adverse events
(DRAEs); each patient could experience >1 DRAE. DRAEs were defined as
follows: renal impairment, an increase in serum creatinine of >0.5 mg/dL or
50% increase from baseline; liver abnormalities, alanine aminotransferase
>100µ/L; neutropenia, neutrophil count <1000/µL.

Table 3. Rate of Drug-Emergent Events per 1000 Patient-days on
Nafcillin or Cefazolin as Part of Monotherapy or Polytherapy

Type of Therapy
Nafcillin, Rate

(95% CI)
Cefazolin, Rate

(95% CI)

Monotherapy 16.8 (10.2–27.3) 4.1 (.8–9.8)
As part of polytherapy 17.4 (10.2–27.6) 5.0 (1.6–12.0)

All patients 16.9 (10.4–27.3) 4.8 (1.1–10.2)

Abbreviation: CI, confidence interval.
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effort to improve the patient experience by offering a more con-
venient alternative site of treatment that allows many patients to
return to daily activities during treatment. To realize all 3 goals,
it is important to optimize the likelihood of treatment success
by choosing a medication regimen that is not only associated
with high microbiological and clinical efficacy, but also has a
high rate of treatment completion and low rate of important
complications.

PAD and DEEs may have additional detrimental conse-
quences beyond their obvious clinical impact on the patient.
When DEEs are identified, patients require evaluation and
treatment, either by the OPAT team or, if severe, as an inpa-
tient. These evaluations impose additional costs to both pro-
viders and patients. Furthermore, inpatient interventions
may result in exposures to potential complications such as
hospital-associated infections. Some patients may be less likely
to continue their treatment regimen after developing a DEE,
resulting in a partially treated infection. Finally, when patients
develop adverse effects to a first-line antistaphylococcal med-
ication, healthcare providers may be reluctant to treat the pa-
tient with another β-lactam antimicrobial and instead expose
the patient to a non–β-lactam antibiotic, such as vancomycin,
with the attendant potential for higher toxicities, development
of resistance, and inferior efficacy. Indeed, in our study popu-
lation, 65% of patients with PAD were switched to vancomy-
cin, most likely driven by providers’ fear of cross-reactivity
between β-lactams. This practice might change in the future,
as recently published data suggest that patients with non-
IgE-mediated reactions to nafcillin can safely be transitioned
to cefazolin [19].

An interesting finding in our study was the observation
that although PAD was less frequent in the cefazolin group,
when it occurred it was earlier in the treatment course. In
fact, in 7 of 8 patients with PAD, treatment was changed within
10 days of initiation (in 2 cases due to widespread rash; 1 case
each of renal impairment, liver function abnormalities, and
neutropenia; and 2 cases due to late culture results with patho-
gens other than MSSA). This timing is in clear contrast to the
nafcillin group, in which early discontinuation occurred
throughout therapy but most notably after the second week of
treatment.

Another important consideration to keep in mind is the dif-
ferential financial burden associated with each medication.
Based on standard adult dosing, the average wholesale price
of treatment with nafcillin (2 g, 6 times daily) in July 2013
was $169.92 per day, whereas the daily cost of treatment with
cefazolin (2 g, 3 times daily) was $26.28. In an outpatient clinic,
such as ours, that treats approximately 100 patients a year with
either of these antistaphylococcal medications for a median of
28 days, these costs amount to a total wholesale expenditure of
$475 776 if the 100 patients are treated with nafcillin vs $73 584

for 100 patients treated with cefazolin—a potential savings of
$402 192 per year. This amount is likely much higher when
considering the cost of additional medical attention associated
with responding to DEEs or PAD, including the possibility of
readmission.

Many other important considerations inform treatment deci-
sions for patients with MSSA infections. Early case reports of
treatment failures in patients given cefazolin for infective endo-
carditis [20], as well as concerns about β-lactamase production
by MSSA, have led some authors to recommend avoiding cefa-
zolin in patients with a deep focus of infection and a high bac-
terial load [9, 10, 21]. Although cefazolin has been shown to
have similar efficacy to nafcillin in the treatment of patients
with MSSA bacteremia and bone and joint infections [11–14,
22, 23] and is now considered first-line therapy for these indica-
tions [24–27], cefazolin is currently not recommended for treat-
ment of central nervous system infections due to poor
penetration of the blood-brain barrier, and remains a second-
line medication for endocarditis in treatment guidelines.
Other clinical considerations, such as compatibility of adminis-
tration with renal replacement therapy, should also play a role in
the choice of antimicrobial in individual patients. In our study,
only 2 patients in each group were on hemodialysis at the time
of OPAT.

Our study is subject to some limitations. First, it was a single-
center retrospective review of laboratory and clinical data that
were collected prospectively as part of routine OPAT clinic pol-
icy. Information bias is always a concern, especially as this in-
formation was collected for clinical care and strict research
definitions for DEEs were not formulated at implementation
of data collection. However, whereas clinical care was led by a
multitude of providers, data were entered or verified by a single
infectious diseases clinician, thus standardizing data entries.
Furthermore, our primary study outcome, PAD, was easily val-
idated and not subject to interpretation. A second concern is
treatment selection bias, in which some clinicians might prefer-
entially treat sicker patients with nafcillin over cefazolin, poten-
tially leading to greater susceptibility to complications that
could be interpreted as DEEs. We have addressed this concern
in part by demonstrating that the groups were comparable with
regard to presence of most chronic illnesses at baseline, length
of admission prior to OPAT initiation, and rate of coadminis-
tered medications. Even so, bias by indication through unmea-
sured confounders remains a concern. Third, differences in
medication compliance related to administration schedules
may influence the findings, especially in settings of minimal
supervision. Although we have no measure of compliance in
our study, approximately 50% of patients in both groups were
treated in a supervised nursing facility, minimizing the variabil-
ity in adherence. Even in this subset of the study population,
there was a higher frequency of PAD in patients receiving
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nafcillin compared with cefazolin (52/180 [29.6%] vs 7/54
[5.8%], respectively; P = .02). Last, the rationale for early discon-
tinuation or change in antimicrobial treatment in a minority of
subjects is unknown. Although we suspect the high rate of DEEs
in the nafcillin group accounts for the majority of discontinua-
tions, providers may have been biased toward earlier interven-
tion and change in treatment plans in patients treated with
nafcillin. However, our primary measure was all-cause prema-
ture discontinuation. Even if early discontinuation was driven
in part by provider bias, the detrimental consequences of
PAD remain valid, and the fact that one-third of patients treated
with nafcillin were unable to complete their planned therapy is
of concern. In addition, despite the difference in timing of PAD,
a similar proportion of patients were switched to alternative
parenteral antimicrobial treatment after discontinuation of the
originally prescribed medication. This similarity implies that
the increased rate of PAD observed in the nafcillin group is
not explained by better clinical efficacy and earlier cure.

In conclusion, we suggest that nafcillin therapy for invasive
MSSA infections is associated with higher rates of PAD and
DEEs than cefazolin. This difference in tolerability, in addition
to efficacy and cost, should be taken into account when deciding
on long-term parenteral treatment for MSSA in the OPAT
setting.
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