Journal of
J Antimicrob Chemother 2023; 78: 1175-1181 Antimicrobial

https://doi.org/10.1093/jac/dkad057 Advance Access publication 10 March 2023 ChemOtheery

Comparative effectiveness of p-lactams for empirical treatment
of methicillin-susceptible Staphylococcus aureus bacteraemia:
a prospective cohort study

D. T. P. Buis'*f, T. W. van der Vaart (® 231, J. M. Prins ® , J. T. M. van der Meer?, M. J. M. Bonten®*, E. Sieswerda®*,
C. H. van Werkhoven? and K. C. E. Sigaloff®
Collaborators: B. L. Herpers, R. R. Jansen®, W. Rozemeijer’, R. Soetekouw?, G. van Twillert® and J. Veenstra'®

"Department of Internal Medicine, Division of Infectious Diseases, Amsterdam Institute for Infection and Immunity, Amsterdam UMC,
Vrije Universiteit Amsterdam, De Boelelaan 1117, Amsterdam, the Netherlands; 2 Julius Center for Health Sciences and Primary Care,
UMC Utrecht, Utrecht University, Utrecht, the Netherlands; *Department of Internal Medicine, Division of Infectious Diseases,
Amsterdam UMC, Universiteit van Amsterdam, Amsterdam, the Netherlands; “Department of Medical Microbiology, University Medical
Centre Utrecht, Utrecht University, Utrecht, the Netherlands; 5Regional Public Health Laboratory Kennemerland, Haarlem, The
Netherlands; ®Department of Medical Microbiology, OLVG, Amsterdam, The Netherlands; ’Department of Medical Microbiology,
Noordwest Ziekenhuisgroep, Alkmaar, The Netherlands; 8Department of Internal Medicine, Spaarne Gasthuis, Haarlem, The
Netherlands; °Department of Internal Medicine, Noordwest Ziekenhuisgroep, Alkmaar, The Netherlands; 1°Department of Internal
Medicine, OLVG, Amsterdam, The Netherlands

*Corresponding author. E-mail: d.t.p.buis@amsterdamumc.nl
tBoth authors contributed equally.

Received 27 December 2022; accepted 19 February 2023

Objectives: Standard once-daily dosing of ceftriaxone may not lead to adequate antibiotic exposure in all cases
of Staphylococcus aureus bacteraemia (SAB). Therefore, we compared clinical effectiveness of empirical anti-
biotic treatment with flucloxacillin, cefuroxime and ceftriaxone in adult patients with MSSA bacteraemia

Methods: We analysed data from the Improved Diagnostic Strategies in Staphylococcus aureus bacteraemia
(IDISA) study, a multicentre prospective cohort study of adult patients with MSSA bacteraemia. Duration of bac-
teraemia and 30 day SAB-related mortality were compared between the three groups using multivariable
mixed-effects Cox regression analyses.

Results: In total, 268 patients with MSSA bacteraemia were included in the analyses. Median duration of em-
pirical antibiotic therapy was 3 (IQR 2-3) days in the total study population. Median duration of bacteraemia
was 1.0 (IQR 1.0-3.0) day in the flucloxacillin, cefuroxime and ceftriaxone groups. In multivariable analyses, nei-
ther ceftriaxone nor cefuroxime was associated with increased duration of bacteraemia compared with fluclox-
acillin (HR 1.08, 95% CI 0.73-1.60 and HR 1.22, 95% CI 0.88-1.71). In multivariable analysis, neither cefuroxime
nor ceftriaxone was associated with higher 30 day SAB-related mortality compared with flucloxacillin [subdis-
tribution HR (sHR) 1.37, 95% CI 0.42-4.52 and sHR 1.93, 95% CI 0.67-5.60].

Conclusions: In this study, we could not demonstrate a difference in duration of bacteraemia and 30 day SAB-
related mortality between patients with SAB empirically treated with flucloxacillin, cefuroxime or ceftriaxone.
Since sample size was limited, it is possible the study was underpowered to find a clinically relevant effect.

Introduction with MSSA bacteraemia frequently receive empirical antibiotic

treatment targeting severe infection or sepsis. In a setting with
Delayed initiation of adequate antibiotic therapy is associated with  |ow MRSA prevalence, broader-spectrum R-lactams, including cefu-
increased mortality in Staphylococcus aureus bacteraemia (SAB).!  roxime and ceftriaxone, are often used for such empirical treat-
However, until blood culture results become available, patients ment. Based on pharmacokinetic/pharmacodynamic analyses
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and one clinical study, there are concerns that, in contrast to cefu-
roxime therapy, standard once-daily dosing of ceftriaxone does not
lead to adequate antibiotic exposure in SAB and therefore results in
suboptimal patient outcomes.”* Cefuroxime and ceftriaxone have
never been directly compared as empirical treatment of MSSA bac-
teraemia. Therefore, in this study we adimed to determine the ef-
fectiveness of empirical antibiotic treatment with flucloxacillin,
cefuroxime and ceftriaxone in adult patients with subsequent
microbiologically proven MSSA bacteraemia.

Methods
Study design and study population

We analysed data from the Improved Diagnostic Strategies in
Staphylococcus aureus bacteraemia (IDISA) study, a multicentre, prospect-
ive cohort study of patients with SAB (Netherlands Trial Register NTR6669).>°
An extensive description of the IDISA study can be found elsewhere.® For the
current study, we included patients with MSSA bacteraemia who received
flucloxacillin, cefuroxime or ceftriaxone as empirical therapy. Empirical ther-
apy was defined as administration of these agents before results of blood
cultures became available. Patients were excluded if they received a com-
bination of two or more of these three agents as empirical therapy, but com-
bination therapy with another agent, e.g. an aminoglycoside, was allowed.
Other exclusion criteria were initiation of treatment after the date of first
negative blood culture and not performing a follow-up blood culture within
7 days. There was no restriction with regard to the dose of each empirical
antibiotic agent. The study was approved by the Medical Ethics
Committee of the Academic Medical Center, Amsterdam (METC2017_094).

Outcomes

The primary outcome of this study was duration of bacteraemig,
counted in days from start of empirical flucloxacillin, cefuroxime or
ceftriaxone (Figure 1). The day of the last positive blood culture was
counted as the last day of bacteraemia.” To investigate whether de-
tection bias was present due to irregular sampling of blood cultures,
the median number of days between the last positive and first nega-
tive blood culture was calculated for each group. As a sensitivity ana-
lysis, duration of bacteraemia was calculated as the number of days
between start of empirical therapy and the midpoint in time between
the last positive and the first negative blood culture in patients with a
known negative blood culture. Secondary outcome was 30 day
SAB-related mortality, defined as death from direct complications
of the infection (e.g. septic brain haemorrhage, heart failure from
endocarditis) or with active infection at the time of death, defined
as persistent signs of infection, positive blood cultures, or a persistent
uncontrolled focus of infection. Presence of SAB-related mortality
was adjudicated based on medical record review by two independent
ID physicians. If no consensus was reached, a third reviewer could be
consulted.

Data collection

Demographic variables (age, sex), comorbidities (Charlson comorbidity
index), clinical data [presence of severe sepsis, SAB acquisition type (com-
munity acquired, hospital acquired, healthcare associated), focus of in-
fection, presence of implanted prosthetic materiall, microbiological
data (timing and results of blood cultures) and treatment data (agents
used for antibiotic therapy) were prospectively collected from electronic
health records (EHRs).® Severe sepsis and SAB acquisition type were de-
fined as described previously.>'° In patients with multiple infection
foci, the dominant focus was reported as proposed earlier.!* The study
team assessed outcomes by telephone interview after Day 90. For
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Figure 1. Examples of definition of bacteraemia duration.” This figure ap-
pears in colour in the online version of JAC and in black and white in the
print version of JAC.

patients who could not be reached by telephone, post-discharge health
status was determined through contact with the patient’s primary care
physician, the hospital EHR, and municipal death records.
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636 patients with SAB screened

Excluded:

-Discharged from hospital before informed consent could be
obtained (n=46)

-Refused informed consent (n=29)

-Incapacitated without representative (n=22)

-Logistical issues (n=21)

-Insurmountable language barrier (n=13)

-Patient transferred (n=11)

-Not admitted to the hospital (n=4)

v

490 adult patients with SAB included in IDISA study

(n=157)

cefuroxime

Excluded from the current analysis:
-Did not receive empirical ceftriaxone, cefuroxime or flucloxacillin

-Received combination of flucloxacillin, ceftriaxone, or

-No follow-up blood culture performed within 7 days (n=17)
-Received ceftriaxone, cefuroxime, or flucloxacillin after first
negative blood culture (n=5)

-MRSA bacteremia (n=3)

(n=40)

A 4

268 adult patients with methicillin susceptible SAB

Figure 2. Flow chart of the study.

Statistical analyses

Baseline categorical patient characteristics were summarized by present-
ing numbers and percentages, and continuous characteristics by present-
ing the mean and SD or the median and IQR, as appropriate. All-cause
mortality was only analysed with descriptive statistics. Kaplan-Meier es-
timates were plotted for time to primary and secondary outcome. Start of
survival time was set at start of empirical treatment. Mixed-effects Cox
regression analyses were performed with random intercepts correspond-
ing to the hospital of admission to estimate the association between em-
pirical agent and outcomes. For the mixed-effects model, the number of
clusters was reduced from seven to five by combining different locations
from the same hospital network to create clusters of comparable size.
Patients without a known negative blood culture were censored on the
day of the last positive blood culture in all analyses with bacteraemia
duration as outcome. First, a crude mixed-effects analysis was performed
for all outcomes. Second, a multivariable analysis was performed. For
bacteraemia duration, adjustment was performed for age, Charlson co-
morbidity index, SAB acquisition (community acquired, hospital acquired,
healthcare associated), presence of severe sepsis, empirical aminoglyco-
side use, and dominant focus of infection (Duke definite endocarditis,
osteoarticular infection, central or peripheral venous catheter infection,

or other focus).!? For 30 day SAB-related mortality, adjustment was per-
formed for all of the above variables except empirical aminoglycoside
use. These variables were selected based on their association with mor-
tality in previous studies.’ We performed a competing risk analysis using
the Fine and Gray survival regression model to estimate the subdistribu-
tion hazard ratio (sHR) for SAB-related mortality, since non-SAB related
mortality is a competing event for this outcome.'® Covariates that
showed non-proportional hazards over time by visual inspection of
Schoenfeld residuals were added as time-dependent covariates to the
model. Linearity between continuous covariates and the log hazard
rate was checked by visual inspection of Martingale residuals. There
were no missing data for the variables used in this study. All analyses
were performed using R version 4.0.3, and a P value smaller than 0.05
was considered statistically significant.

Results

Study population

Figure 2 shows the flow chart for inclusion in the study. After
screening 636 patients, 490 adult patients with SAB were
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Table 1. Baseline characteristics of study population

Total study population Flucloxacillin Cefuroxime Ceftriaxone
n=268 n=49 n=65 n=154
Female 91 (34) 17 (35) 19 (29) 55 (36)
Age, years, median (IQR) 67 (58-76) 64 (54-72) 68 (61-76) 68 (58-79)
Charlson comorbidity index, median (IQR) 3 (2-5) 3 (2-5) 3 (2-4) 3 (2-5)
SAB acquisition
Community acquired 85 (32) 10 (20) 23 (35) 52 (34)
Hospital acquired 86 (32) 21 (43) 11 (17) 54 (35)
Healthcare associated 97 (36) 18 (37) 31 (48) 48 (31)
Severe sepsis 112 (42) 16 (33) 22 (34) 74 (48)
Implanted prosthetic material 113 (42) 24 (49) 31 (48) 58 (38)
Infection type
Endocarditis 55(21) 4 (8) 15 (23) 36 (23)
Osteoarticular infection 57 (21) 18 (37) 23 (35) 16 (10)
Pneumonia 22 (8) 2 (4) 3(5) 17 (11)
Other focus 39 (15) 3 (6) 9 (14) 27 (18)
SSTI 18 (7) 3(6) 6(9) 9 (6)
CVC infection 19 (7) 2 (4) 2 (3) 15 (10)
PVC infection 36 (13) 16 (33) 3 (5) 17 (11)
Unknown focus 22 (8) 1(2) 4 (6) 17 (11)
Antibiotic dosage used NA 4 g/24 h: 17 (35) 1500 mg TID: 50 (77) 2 g OD: 146 (94)
6 g/24 h: 24 (49) 750 mg TID: 15 (23) 2 g BID: 10 (6)
12 g/24 h: 8 (16)
Empirical aminoglycoside 47 (18) 8 (16) 13 (20) 26 (17)
Duration of empirical therapy, days 3(2-3) 3(2-3) 3 (2-4) 3(2-3)

All data are n (%) unless stated otherwise. SSTI, skin and soft tissue infection; CVC, central venous catheter; PVC, peripheral venous catheter; NA, not

applicable; OD, once daily, BID, twice daily, TID, three times daily.

included in the IDISA study. After applying the exclusion criteria,
268 patients remained for inclusion in the current study.
Prevalence of hospital-acquired bacteraemia was highest in the
flucloxacillin group (Table 1). Frequency of severe sepsis was
highest in the ceftriaxone group. There were large differences be-
tween the groups with regard to dominant focus of infection.
Osteoarticular infection and peripheral venous catheter infection
were the most common focus of infection in the flucloxacillin
group, and endocarditis in the ceftriaxone group. In the ceftriax-
one group, 94% of patients received ceftriaxone at 2 g once daily.
The majority of patients treated with flucloxacillin received a dos-
age of less than 12 g/24 h. Median duration of empirical antibiot-
ic therapy was 3 days in all groups.

Primary outcome

Median duration of bacteraemia was 1.0 day (IQR 1.0-3.0) in the
flucloxacillin group, 1.0day (IQR 1.0-3.0) in the cefuroxime
group, and 1.0day (IQR 1.0-3.0) in the ceftriaxone group.
Figure S1 (available as Supplementary data at JAC Online) shows
the Kaplan-Meier curve for bacteraemia duration per group.
Table 2 shows results of crude and multivariable adjusted effects
of cefuroxime and ceftriaxone on outcomes with flucloxacillin as
reference group. In multivariable analyses, neither cefuroxime
nor ceftriaxone was associated with increased duration of bac-
teraemia compared with flucloxacillin (HR 1.08, 95% CI 0.73-
1.60 and HR 1.22, 95% CI 0.88-1.71). In comparison with

cefuroxime, ceftriaxone was also not associated with increased
duration of bacteraemia (HR 1.13, 95% CI 0.83-1.55).

Sensitivity analysis

In the total study population, 12 patients (4%) had no known
negative blood culture, of whom 9 died or received palliative
care before control blood cultures could be drawn. The median
number of days between the last positive and first negative blood
culture in patients with a known negative blood culture was
2.0 days (IQR 2.0-3.0) in the flucloxacillin group, 3.0 days (IQR
2.0-4.0) in the cefuroxime group, and 2.0 days (IQR 1.0-3.0) in
the ceftriaxone group. If bacteraemia duration was calculated
as the number of days between start of empirical therapy and
the midpoint in time between the last positive and the first nega-
tive blood culture, median duration was 2.5 days (IQR 2.0-3.8) in
the flucloxacillin group, 3.0 days (IQR 2.4-4.1) in the cefuroxime
group, and 2.5days (IQR 2.0-4.0) in the ceftriaxone group.
Using this alternative calculation of the outcome in order to ac-
count forirregular sampling of blood cultures, neither cefuroxime
nor ceftriaxone was associated with increased duration of bac-
teraemia in comparison with flucloxacillin (HR 1.01, 95% CI
0.66-1.54 and HR 1.24, 95% CI 0.86-1.79).

Secondary outcome

In the total study population 30 day all-cause mortality was
22%: 8% in the flucloxacillin, 17% in the cefuroxime, and 29%
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Table 2. Association between empirical antibiotic therapy and outcomes

Bacteraemia

Bacteraemia 30 day SAB-related 30 day SAB-related

duration duration mortality mortality
Number of Number of SAB-related crude HR multivariable HR crude sHR multivariable sHR

patients deaths (%) (95% CI) (95% CI) (95% CI) (95% CI)

Flucloxacillin 49 4 (8) reference reference reference reference
Cefuroxime 65 10 (15) 1.05 (0.72-1.54) 1.08 (0.73-1.60) 2.03 (0.64-6.47) 1.37 (0.42-4.52)
Ceftriaxone 154 31 (20) 1.11 (0.80-1.54) 1.22 (0.88-1.71) 2.62 (0.93-7.43) 1.93 (0.67-5.60)

Mixed-effects Cox regression with flucloxacillin as reference. Multivariable analysis bacteraemia duration: adjusted for age, Charlson comorbidity in-
dex, SAB acquisition (community acquired, hospital acquired, healthcare associated), presence of severe sepsis, empirical aminoglycoside use, and
dominant focus of infection (Duke definite endocarditis, osteoarticular infection, central or peripheral venous catheter infection, or other focus).
Multivariable analysis 30 day SAB-related mortality: adjusted for all of the above variables except empirical aminoglycoside.

in the ceftriaxone group. Overall 30 day SAB-related mortality
was 17%. In the flucloxacillin, cefuroxime and ceftriaxone
groups, 30 day SAB-related mortality was 8%, 15% and 20%, re-
spectively. Figure S2 shows the Kaplan-Meier curve for 30 day
SAB-related mortality per group. In multivariable analyses, nei-
ther cefuroxime nor ceftriaxone was associated with higher
30 day SAB-related mortality than flucloxacillin (sHR 1.37, 95%
CI 0.42-4.52 and sHR 1.93, 95% CI 0.67-5.60). In comparison
with cefuroxime, ceftriaxone was not associated with increased
30 day SAB-related mortality either (sHR 1.41, 95% CI 0.67-3.00).

Discussion

In this prospective observational cohort study of 268 adult pa-
tients with MSSA bacteraemia, we could not demonstrate a dif-
ference in duration of bacteraemia or 30day SAB-related
mortality between patients empirically treated with flucloxacillin,
cefuroxime or ceftriaxone.

Evidence concerning optimal empirical therapy of MSSA bac-
teraemia is scarce. Two recent retrospective studies compared
cefuroxime with piperacillin/tazobactam and cloxacillin or cefa-
zolin with B-lactam/B-lactamase inhibitor combinations, respect-
ively.’* In both studies, no difference in mortality was observed
between treatment strategies (matched HR 0.82, 95% CI 0.47-
1.46 and adjusted OR 0.53, 95% CI 0.18-1.51, respectively).
Vancomycin was compared with B-lactams as empirical therapy
in MSSA bacteraemia in an observational study.*® In this study,
earlier clearance of bacteraemia by a median of 1 day was re-
ported in the B-lactam group, but no difference in mortality
was observed between the groups. However, patients in the
B-lactam group were treated with a wide range of antibiotic
agents, making these results difficult to interpret. In another
retrospective study, empirical treatment with ceftriaxone or cefo-
taxime, but not with cefuroxime, was associated with higher
30 day mortality (adjusted OR 2.24, 95% CI 1.23-4.08 and ad-
justed OR 1.98, 95% CI 0.98-4.01) than oxacillin or cefazolin.?
Cefuroxime and ceftriaxone, however, were never directly com-
pared as empirical therapy in SAB. This comparison is highly rele-
vant for clinical practice, since both agents are prescribed in
patients with suspected bloodstream infection in order to provide
Gram-negative coverage.

Studies investigating pharmacokinetics/pharmacodynamics
of ceftriaxone in critically ill patients have suggested that there

is substantial risk of failure to maintain adequate antibiotic con-
centrations against S. aureus in all patients with standard ceftri-
axone dosing of 2g once daily.”* Therefore, EUCAST
recommends a dosage of 2 g twice daily for S. aureus infec-
tions.'” In our study, the majority of patients in the ceftriaxone
group received 2 g once daily and no difference in bacteraemia
duration was observed in comparison with flucloxacillin. This sug-
gests that patients attain adequate ceftriaxone concentrations
for clearance of bacteraemia at the standard dosage. In clinical
practice, patients may receive additional dosages due to fixed
administration times. Typically, the first dosage of empirical
treatment is administered at admission when an infection is sus-
pected, and the second dosage the next morning during stand-
ard administration times. Therefore, a patient in whom
ceftriaxone is prescribed at standard dosage is likely to receive
2 g twice during the first 24 h of antibiotic administration. Also,
empirical antibiotic therapy is typically only administered during
alimited time period, until blood culture results become available
and directed therapy is initiated. Therefore, even if empirical
treatment with ceftriaxone does not lead to optimal antibiotic
concentrations, it might not result in worse clinical outcomes
since patients only receive empirical antibiotics briefly.
Nevertheless, a recent meta-analysis observed similar 90 day
mortality in patients receiving ceftriaxone or anti-staphylococcal
antibiotics as definite treatment, suggesting that even prolonged
treatment with ceftriaxone is safe in SAB.*® These findings, how-
ever, were based on three small, retrospective studies using dif-
ferent antibiotic regimens as comparator, and two studies did
not report the ceftriaxone dosage.'®"?' Moreover, the study
that included the highest percentage of patients with endocardi-
tis reported increased mortality in the ceftriaxone group, making
it difficult to draw definite conclusions regarding the effective-
ness of ceftriaxone as definite treatment of MSSA bacteraemia
with different foci of infection.?°

A serious limitation of this study is potential residual con-
founding by indication. Clinicians base their choice for an empir-
ical agent on patient and disease characteristics, which has
probably confounded the effect estimates. This is illustrated by
the low frequency of community-acquired infections and severe
sepsis and the high prevalence of peripheral venous catheter in-
fections in the flucloxacillin group. We performed a multivariable
regression analysis to adjust for confounding by indication.
However, since the sample size was limited, there is probably still
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residual confounding. Ideally, a randomized study is performed
to compare different antibiotic regimens for empirical treatment
of MSSA bacteraemia. By definition, such a study must include a
more broadly defined group of patients, since only a minority of
patients in whom empirical antibiotic therapy is initiated have
SAB. Currently, a randomized controlled trial is underway to
test whether ceftriaxone is non-inferior to the combination of
cefuroxime and an aminoglycoside for empirical treatment of
sepsis (Netherlands Trial Register NL9429). However, a previous
Dutch study showed an overall blood culture positivity rate of
10.7% and it is estimated that in Dutch hospitals S. aureus ac-
counts for 10% of all blood culture isolates.?*** Based on these
estimates, roughly 100 patients must be randomized after sam-
pling of blood cultures to include one person with microbiologic-
ally confirmed SAB. This illustrates how laborious performing an
RCT on empirical therapy of SAB is, and it is therefore likely that
we keep depending on observational studies like this to inform
clinical decision-making. Second, sample size was limited in the
flucloxacillin and cefuroxime groups and consequentially the
study was insufficiently powered to detect a 2-fold increase in
SAB-related mortality. Also, patients received varying dosages
of flucloxacillin, raising the question of whether the results can
be extrapolated to high-dosage flucloxacillin therapy. Last, blood
culture sampling was performed as per routine clinical practice
and not at standardized moments, which may have led to detec-
tion bias. The number of days between the last positive and first
negative blood culture was higher in the cefuroxime group, which
could have led to underestimation of bacteraemia duration in
this group. Therefore, we performed a sensitivity analysis using
an alternative definition of bacteraemia duration, which showed
estimates consistent with the primary analysis.

In conclusion, in this study we could not demonstrate a differ-
ence in clinical or microbiological outcome between SAB patients
empirically treated with flucloxacillin, cefuroxime, or ceftriaxone.
Future, preferably randomized studies are needed to investigate
whether these results are robust.
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