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Antistaphylococcal Penicillin vs Cefazolin for the 
Treatment of Methicillin-Susceptible Staphylococcus aureus 
Spinal Epidural Abscesses
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Cefazolin is commonly used as an alternative to antistaphylococcal penicillins (ASPs) in treating methicillin-susceptible Staphylococcus 
aureus (MSSA) infections; however, no study has compared these agents in MSSA spinal epidural abscess (SEA). We describe our 
experience in managing MSSA SEA and compare the clinical efficacy of cefazolin with ASPs. This retrospective multicenter study re-
viewed 79 adult patients diagnosed with SEA between January 2006 and July 2020 using data collected from electronic health records 
and clinical microbiology laboratory databases. Forty-five patients received cefazolin, while 34 received ASPs. The total antibiotic 
duration was longer in the ASPs group but not statistically significant. There were no significant differences in treatment failure at 
week 6 vs week 12, 30-day vs overall mortality, or in 90-day recurrence rates between the treatment groups. Cefazolin was equally as 
effective as ASPs, and our findings suggest that it can be an alternative to ASPs in the treatment of MSSA SEA.
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A spinal epidural abscess is an organized purulent collection 
situated between the spinal column and dura mater. Owing 
to its location, devastating complications such as permanent 
neurologic deficits, paralysis, and even death may occur. While 
uncommon, an increase in epidural abscess incidence has been 
reported and postulated to be related to the rise in the number 
of intravenous (IV) drug users, the aging population, and the 
increase in patients undergoing invasive spinal procedures 
[1–3].

A number of organisms can cause spinal epidural abscesses 
(SEAs), although the most commonly identified pathogen 
is Staphylococcus aureus [1, 3, 4].The isolation of methicillin-
susceptible Staphylococcus aureus (MSSA) is common in 
community-acquired infections [5]; however, spinal epidural 
abscesses are relatively rare, and treatment recommenda-
tions have mostly been based on smaller studies and case 
series. Management often requires combining both medical 
and surgical interventions. Typically, antistaphylococcal peni-
cillins (ASPs) are the recommended first-line agents for the 

treatment of patients with MSSA spinal epidural abscesses [5, 
6]. As some β-lactamases efficiently hydrolyze cefazolin, this 
regimen is considered second-line or alternative treatment. 
Although this phenomenon’s clinical significance remains un-
certain, a cefazolin inoculum effect (CIE) has been observed, 
potentially resulting in higher treatment failure rates in serious, 
deep-seated MSSA infections [7]. Clindamycin resistance has 
been associated with CIE positivity, possibly serving as a sur-
rogate marker [8]. Another critical consideration for cefazolin 
is the supposed weak meningeal diffusion and lack of central 
nervous system (CNS) penetration [9]. On the contrary, a re-
cent study showed that meningeal diffusion appeared sufficient 
with high-dose cefazolin [10]. Similarly, findings from 1 retro-
spective study suggested that patients who received cefazolin 
had a lower risk of mortality and a similar risk of recurrent in-
fection than those who received ASPs [11].

Despite the potential disadvantages, the benefits of cefazolin 
include reduced dosage frequency in patients with normal 
kidney function and lower cost compared with ASPs [12]. There 
has been a recent increase in clinical experience of cefazolin 
in the treatment of MSSA infections, leading to it becoming 
the preferred agent in many institutions. However, the use of 
cefazolin remains controversial in treating MSSA spinal epi-
dural abscesses, mostly for its unclear CNS penetration. While 
several studies have compared cefazolin with ASPs in treating 
MSSA bacteremia and MSSA infective endocarditis (IE), there 
have been no comparative studies examining patients with 
MSSA spinal epidural abscess. Therefore, we aimed to com-
pare clinical outcomes associated with cefazolin vs ASPs to treat 
MSSA spinal epidural abscesses.

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

mailto:corsinicampioli.cristina@mayo.edu?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-0976-7905
https://orcid.org/0000-0002-0299-4817
https://orcid.org/0000-0003-4955-5544
https://orcid.org/0000-0003-2098-2868
https://orcid.org/0000-0001-6234-0834


2  •  ofid  •  Campioli et al

METHODS

Study Design

This was a single-center, multisite retrospective cohort study that 
included adult patients (≥18 years of age) diagnosed with MSSA 
spinal epidural abscesses from January 1, 2014, to July 31, 2020, at 
Mayo Clinic sites in Arizona, Florida, and Minnesota. Spinal epi-
dural abscesses were ascertained from International Classification 
of Diseases, Ninth Revision (ICD-9) and Tenth Revision–Clinical 
Modification (ICD-10-CM), codes, and data were collected and 
managed using Research Electronic Data Capture tools, hosted at 
the Mayo Clinic. Medical and surgical diagnostic approaches were 
performed at the discretion of the treating physicians. The Mayo 
Clinic Institutional Review Board approved the study.

Patient Population and Selection

Seventy-nine adult patients with MSSA spinal epidural ab-
scesses were identified at our institution during the study 
period. Patient medical records were manually reviewed to en-
sure correct categorization. Demographic, microbiologic, man-
agement, and outcome data from each patient were extracted 
from the electronic health record.

Definitions

We defined a spinal epidural abscess as a well-localized collec-
tion of necrotic material between the dura mater and the bone, 
visible on imaging with either a computed tomography (CT) 
scan or magnetic resonance imaging (MRI). The diagnosis 
was associated with an MSSA epidural fluid culture result and 
at least 1 of the following antibiotic treatments: cefazolin 2  g 
every 8 hours, oxacillin 2 g every 4 hours, or nafcillin 2 g every 
4 hours. Community-associated infection was defined as a 
spinal epidural abscess diagnosed within 48 hours of admission 
without prior health care involvement. Health care–associated 
infection was defined as a spinal epidural abscess diagnosed 
within 48 hours of admission in a patient with prior health care 
encounters in the last 3 months. Nosocomial-associated infec-
tion was defined as a spinal epidural abscess that occurred ≥48 
hours after hospitalization. Prior health care involvement was 
defined as any IV therapy at home, wound care, specialized 
nursing care, hemodialysis patient, and chemotherapy within 
the past 30 days; also, any hospitalization in an acute care hos-
pital for 2 or more days in the last 3 months [13]. Malignancy 
included hematologic and solid tumors. History of spinal/epi-
dural procedure included any preceding back surgery, epidural 
injection, or lumbar puncture. Surgical management included 
aspiration, drain placement, and debridement for therapeutic 
purposes only. Only the first episode of MSSA bacteremia was 
included in our analysis. There were patients who received em-
piric antibiotic coverage on initial presentation, but patients 
were allocated to either the cefazolin or ASP group only if they 
received cefazolin or an ASP for >50% of the total treatment du-
ration. Patients who received another antibiotic in addition to 

cefazolin or ASP for >50% of the total treatment duration were 
excluded from the study. Chronic suppression therapy was re-
corded separately and was not incorporated as part of the total 
antibiotic duration.

Normal inflammatory markers were defined as an erythro-
cyte sedimentation rate (ESR) of ≤22 mm/h for men, ≤29 mm/h 
for women, and a C-reactive protein (CRP) of ≤10 mg/L [14]. 
Treatment failure was defined as antibiotic extension beyond 
6 weeks of therapy [15], relapse or recurrence of SEA within 
3 months after discontinuing antibiotic therapy, and/or spinal 
epidural abscess–related mortality.

Statistical Analysis

Categorical variables were reported as counts and percentages 
using the chi-square or Fisher exact test for comparison, as appro-
priate. Continuous variables were reported as medians and inter-
quartile ranges (IQRs) from the 25th to the 75th percentiles and 
compared using the t test or Wilcoxon rank-sum test, as deemed 
appropriate. Multivariable logistic regression analysis was used 
to evaluate the effect of cefazolin and nafcillin/oxacillin on treat-
ment failure after adjustment by potential confounders. A P value 
of <.05 was considered significant. All analyses were performed 
using JMP software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Clinical Characteristics

Among the 227 patients with spinal epidural abscesses at our 
institution during the study period, a total of 79 cases were sec-
ondary to MSSA. Of these, 45 were treated with cefazolin, 29 
with nafcillin, and 5 with oxacillin (Figure 1).

Patients’ demographics, medical, and laboratory data 
are summarized in Table 1. The median patient age for the 
cefazolin and ASPs groups (IQR) was 64.5 (55–73.2) years and 
59.6 (47.2–64) years, respectively, and the majority were male 
(57.7% vs 55.9%).

Compared with the cefazolin group, patients receiving ASPs 
had a higher prevalence of diabetes mellitus (26.5% vs 18%), 
peptic ulcer disease (14.7% vs 7%), and peripheral vascular dis-
ease (8.8% vs 4%). On the contrary, the cefazolin group had a 
higher prevalence of corticosteroid use (7% vs 5.9%), hyperten-
sion (49% vs 44.1%), and malignancy (18% vs 8.8%) compared 
with the ASP group.

A community onset of infection was more frequently ob-
served in the cefazolin group than the ASPs group (60% vs 
55.9%). However, a significant higher number of patients re-
ceiving ASPs were admitted to the intensive care unit (ICU; 
29.4% vs 11%).

Thirty-six patients (46%) had a preceding spinal or epidural 
procedure/instrumentation. There was no significant difference 
in the time from procedure to positive epidural culture result 
between the antimicrobial groups.
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Only 29.1% of patients had single level of epidural involve-
ment, while 70.9% had multilevel involvement (Table 2). Those 
with multilevel involvement had a relapse rate of 13%, compared 
with 9% in those with only single-level involvement, though 
these patients received longer antibiotic therapy (85  days vs 
41 days; P < .01) (Supplementary Table 1).

Microbiology

The prevalence of concurrent Staphylococcus aureus blood-
stream infection (SAB) at the time of spinal epidural abscess 
diagnosis was essentially equal in both groups (70.6% vs 69%). 
The duration of bacteremia in patients receiving ASP was 
longer at 4.5 days vs 3 days in those that received cefazolin, and 
complicated with IE in 5.9% vs 0% of the patients, respectively.

The majority of the isolates were clindamycin susceptible 
(n = 68, 86.1%), and had a vancomycin minimal inhibitory con-
centration (MIC) of <2 (n = 63, 79.7%). An oxacillin MIC <1 
was significantly more frequent in the cefazolin group than the 
ASP group (97.7% vs 58.8%).

Management and Outcome

Comparisons of management, treatment, and outcomes in 
patients receiving cefazolin vs ASPs are summarized in Table 
1. All but 1 patient underwent aspiration or debridement, 
with surgical debridement being more common overall. The 

median time from diagnosis to the first surgical procedure 
for the entire study population (IQR) was 1 (0–2.25) day. The 
median time to aspiration or surgery (IQR) was 1 (0–3) day 
for both the ASP group and the cefazolin group (0–2). All 
patients received IV antibiotics at treatment initiation. The 
total duration of inpatient IV antibiotic therapy (IQR) was 
12.5 (5.75–25) days in the ASPs group vs 9 (5.5–15.5) days 
(P = .07) in the cefazolin group. The total duration of outpa-
tient IV therapy (IQR) was 37 (25–51) days vs 38 (30–47) days 
(P = .78), respectively. There was no difference in the total 
duration of IV and oral antibiotic therapy in the ASPs group 
and the cefazolin group (median [IQR], 67.5 [45–93.7] days 
vs 55.5 [42.2–96] days; P = .44).The median hospital length 
of stay (IQR) was 13 (6–25) days for patients who received 
ASPs vs 9 (5.5–15.5) days for those who received cefazolin 
(P = .52).

Sixty-one patients (77.2%) received antibiotic therapy be-
yond 6 weeks, and the most common reasons for treatment 
extension were persistent symptoms (54%) and persistently el-
evated inflammatory markers (52%). A total of 26 (32.9%) pa-
tients had osteomyelitis or diskitis. Of those, 11 (42.3%) were 
on nafcillin, and 15 (57.7%) were on cefazolin (Supplementary 
Table 2). CRP normalized in 25 (41.6%) patients at week 6 of 
therapy, while ESR was normal in 15 (26.3%) patients. At week 
6 of treatment, 82.4% of the ASPs cases had antibiotic extension 
due to clinical failure. Similarly, 75.6% of the patients receiving 
cefazolin required antibiotic extension (P = .58). At week 12 of 
treatment, 44.1% of the ASPs cases had antibiotic extension due 
to clinical failure, while 33.3% of the patients receiving cefazolin 
required antibiotic extension (P = .35).

At the time of treatment completion, 48 (81.4%) patients had 
normalization of CRP, while 36 (60%) patients had normal ESR. 
The median percentage reduction for ESR was 73% in the pa-
tients receiving cefazolin vs 71% in those receiving ASPs. The 
median percentage reduction of CRP was 97% vs 95%, respec-
tively. Treatment with ASPs or cefazolin did not impact the 
odds of a normalized ESR or CRP.

Patients’ mortality data are summarized in Table 2. A total of 
11 (13.9%) patients in our study died, with a median (IQR) of 
290 (38–1301) days in the cefazolin group and 114 (11.7–1348) 
days in the ASPs group (P = .52). Spinal epidural abscess–re-
lated death occurred in 4 patients at week 6, including 2 pa-
tients in each group. No further deaths were identified at week 
12. There was no significant difference in mortality based on an-
tibiotic treatment choice. Ninety-day recurrence was encoun-
tered in 8 patients (10.1%; P = 1).

DISCUSSION

In our cohort, we did not identify a difference in efficacy be-
tween cefazolin and ASPs in the treatment of MSSA spinal ep-
idural abscess.

Cases of  spinal epidural
abscesses
n = 227

Cases meeting study’s criteria
n = 79

148 excluded cases
–≤18 years old n = 12

–Incorrect coding n = 107
–Missing microbiology data n = 6

–Polymicrobial culture n = 23

45 cases treated with
cefazolin

29 cases treated with
nafcillin

5 cases treated with
oxacillin

Figure 1.   Patient population.
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To our knowledge, this investigation is the first study com-
paring ASPs and cefazolin in patients with SEA. Several studies 
have already compared the efficacy of cefazolin and ASPs but in 
MSSA bacteremia [11, 12, 16–22] and IE [23], with outcomes 
either equivalent to or favoring cefazolin. Furthermore, pre-
vious studies have shown that cefazolin is better tolerated, less 
frequently interrupted, and has a more favorable safety profile 
[11, 17, 18]. Nevertheless, these studies may have had selection 
bias because physicians tend to select ASPs for the treatment of 
more serious infections, as our study demonstrated.

In our patient population, the most common comorbidities 
were hypertension and diabetes mellitus. A  history of a 

preceding spinal or epidural procedure was seen in 46%, and 
concurrent bacteremia was seen in the majority of patients 
(69.6%). These findings are similar to what has been previously 
reported [1, 2, 24, 25].

There is a paucity of data regarding optimal duration of anti-
microbial therapy, with experts recommending anywhere from 
4 to 8 weeks of treatment. Treatment of SEA usually requires 
a surgical approach to drain the abscess combined with long-
term antimicrobial therapy. Of note, a vast majority (92.4%) of 
our patient population had surgical management. A random-
ized controlled trial examined treatment duration for pyogenic 
vertebral osteomyelitis, showing that 6 weeks of treatment was 

Table 1.  Baseline Demographic and Characteristics of Patients Treated With Cefazolin Compared With Nafcillin/Oxacillin (n = 79)

Characteristic Cefazolin (n = 45) Nafcillin or Oxacillin (n = 34) P Value

Age, y 64.5 [55–73.2] 59.6 [47.2–64] .0681

Male 26 (57.7) 19 (55.9) 1.0

Body mass index, kg/m2 27.7 [23.4–33.8] 30.6 [24.9–35.7] .4228

Charlson comorbidity index 3 [2–4] 2[1–4] .0600

Comorbidities    

  Corticosteroids 3 (7) 2 (5.9)  

  Hypertension 22 (49) 15 (44.1)  

  Intravenous drug use 1 (2) 0  

  Myocardial infarction 3 (7) 2 (5.9)  

  Congestive heart failure 3 (7) 1 (2.9)  

  Peripheral vascular disease 2 (4) 3 (8.8)  

  Cerebrovascular accident 2 (4) 0  

  Chronic obstructive pulmonary disease 5 (11) 0  

  Connective tissue disease 1 (2) 1 (2.9)  

  Peptic ulcer disease 3 (7) 5 (14.7)  

  Liver disease 0 1 (2.9)  

  Diabetes mellitus 8 (18) 9 (26.5)  

  Moderate to severe chronic kidney diseaseª 0 0  

  Malignancy 8 (18) 3 (8.8)  

Community-onset infection 27 (60) 19 (55.9) .82

ICU admission 5 (11) 10 (29.4) .048

Duration of symptoms >7 d 34 (76) 27 (79.4) .79

History of spinal/epidural procedure or instrumentation 21 (47) 15 (44.1) 1

  Time from procedure to positive epidural culture, d 34 [23–160] 28 [13–101] .2952

Concurrent Staphylococcus aureus bacteremia 31 (69) 24 (70.6) 1

  Duration of BSI, d 3 [2–5] 4.5 [2–8] .099

  Infective endocarditis 0 2 (5.9) .18

Surgical procedure    

  Aspiration or IR guided 13 (29) 5 (14.7) .18

  Surgical debridement 32 (71) 28 (82.4) .30

Single level 15 (33) 8 (23.5) .45

Multilevel 30 (67) 26 (76.5) .45

Clindamycin susceptible 37 (82) 31 (91.2) .33

Oxacillin MIC <1 44 (97.7) 20 (58.8) 0

Vancomycin MIC <2 39 (87) 24 (70.6) .095

Inpatient IV antimicrobial duration, d 9 [5.5–15.5] 12.5 [5.75–25] .0723

Outpatient IV antimicrobial duration, d 38 [30–47] 37 [25–51] .7814

Total antibiotic duration, d 55.5 [42.2–96] 67.5 [45–93.75] .44

Data are presented as median [interquartile range] or No. (%).

Abbreviations: BSI, bloodstream infection; ICU, intensive care unit; IR, interventional radiology; IV, intravenous; MIC, minimal inhibitory concentration.

ªModerate = creatinine >3 mg/dL (0.27 mmol/L). Severe = on dialysis, status post–kidney transplant, uremia.
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noninferior to 12 weeks of treatment [15]. Park et al. [26] de-
scribed the optimal duration of antibiotic therapy in patients 
with osteomyelitis and suggested that for high-risk patients an 
≥8-week course was associated with a lower risk of recurrence.

For low-risk cases, defined as patients with drained 
paravertebral/psoas abscesses, those without end-stage kidney 
disease (ESKD), and those with MSSA infection, a shorter 
course of 6 to 8 weeks was sufficient. Our patient population 
was similar to the low-risk population described by Park et al. 
and received ~8 weeks of antibiotic therapy. Multilevel disease 
is usually associated with more complex management and less 
favorable outcomes [27], and as seen in our cohort, patients 
who had a multilevel abscess had longer antibiotic courses than 
those with single-level disease. We note that even at the time 
of treatment completion, 18.6% and 40% of patients still had 
elevated CRP and ESR, respectively. The recurrence rate in our 
patient population was 10.5%, which is higher than the 6.3% 
reported by Park et al. in those treated for 6–8 weeks, and 2.2% 
in those treated for 8 weeks or longer [26]. We hypothesize that 
the presence of persistent symptoms, multilevel disease, and el-
evated inflammatory markers prompted treatment extension 
beyond 6 weeks.

In our study, there were equal treatment interruptions due 
to adverse events in both groups. Interestingly, we did observe 
prolonged bacteremia in patients receiving ASPs when com-
pared with the cefazolin group. Of note, 2 cases of IE were re-
ported in the ASPs group.

CIE has been observed as a cause of treatment failure with 
cefazolin for MSSA infections in some studies [7, 28]. Song 
et al. [8] found that resistance to clindamycin and erythromycin 
was associated with CIE positivity; however, cefazolin remained 
a viable option in treating high-inoculum MSSA infections. In 
our cohort, despite 18% of the isolates in the cefazolin treatment 
group being resistant to clindamycin compared with 8.8% in the 

ASP group, we did not find any significant differences in the 
outcomes between the 2. The aforementioned finding may sup-
port the use of cefazolin even in cases of clindamycin resistance.

Reduced vancomycin susceptibility (RVS) was evaluated by 
Sullivan et  al. [29], and while it did not have any significant 
impact on mortality, it was found to correlate with more com-
plicated bloodstream infections, suggesting that the RVS phe-
notype is an indication of a more virulent strain. In our study, 
we noted that more isolates in the ASPs treatment group had 
MICs ≥2. More isolates in the ASPs group had oxacillin MICs 
≥1. It remains unclear whether providers used this information 
in selecting treatment regimen and whether this played a role in 
overall outcomes.

Limitations

The retrospective nature of this study and its relatively small 
sample size are the primary limitations. The number of pa-
tients may have been too small to detect differences in treat-
ment outcomes between cefazolin and ASPs using propensity 
scores. Similarly, we could not identify predictors of failure 
given the small sample size and the limited number of patients 
who developed adverse outcomes. Given the limited number of 
cases in the cohort who did not have surgical debridement, we 
cannot comment on the optimal duration of therapy. At base-
line, more patients were admitted to the ICU in the ASPs group 
than in the cefazolin group, which is a potential confounding 
bias. Finally, we did not directly measure the CIE of the clinical 
isolates; therefore, we could not determine the possible associ-
ation between cefazolin failure and an inoculum effect by type 
A β-lactamases.

CONCLUSIONS

Our study did not show any difference in efficacy between 
cefazolin and ASPs in the treatment of MSSA spinal epidural 

Table 2.  Comparison of Treatment Outcomes With Cefazolin vs Oxacillin or Nafcillin

Characteristic Cefazolin (n = 45) Nafcillin/Oxacillin (n = 34) P Value

Hospital length of stay, d 9 [5.5–15.5] 13 [6–25] .52

Treatment failure at week 6    

  Antibiotic extension due to clinical failure 34 (75.6) 28 (82.4) .58

  Epidural abscess–related death 2 (4) 2 (5.9) 1

Treatment failure at week 12    

  Antibiotic extension due to clinical failure 15 (33.3) 15 (44.1) .35

  Epidural abscess–related death 0 0 1

Mortality 7 (15.6) 4 (11.8) .75

  Overall, d 290 [38–1301] 114 [11.75–1348] .52

  Overall at 6 wk 2 (4.4) 2 (5.9) 1

  30-d mortality 1 (2) 2 (5.9) .57

  90-d mortality 0 0 1

90-d recurrence 5 (11.4) 3 (9.4) 1

Treatment interruption due to adverse drug event 1 (2) 1 (2.9) 1

Data are presented as No. (%) or median [interquartile range].
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abscess. Most experts recommend 6 weeks of treatment du-
ration; however, in our cohort, the median duration of total 
antibiotic therapy was ~8 weeks. The presence of persistent 
symptoms and elevated inflammatory markers often prompted 
treatment extension beyond 6 weeks. Further high-quality clin-
ical trials are needed to define the most beneficial treatment for 
spinal epidural abscesses.
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