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Abstract

Background: Methicillin-resistant Staphylococcus aureus bacteremia (MRSA-B) may fail

to improve with standard monotherapy, particularly in patients with multifocal infection,
incomplete source control, or persistent bacteremia. Synergy observed in vitro between
ceftaroline (CPT) and daptomycin (DAP) or vancomycin (VAN] may translate into clinical
benefit. Here, we describe our experience with DAP/CPT and VAN/CPT for complicated
MRSA-B after monotherapy failure.

Methods: Single-center, retrospective review of consecutive patients treated with DAP/CPT or
VAN/CPT for MRSA-B after monotherapy failure from 1 January 2016 to 30 November 2018.
Results: We identified 11 instances of combination therapy in 10 patients (DAP/CPT=6, VAN/
CPT=5]) with 1 patient receiving VAN/CPT followed by DAP/CPT. Rates of multifocal infection,
incomplete source control, persistent bacteremia, and infective endocarditis were high (100%,
80%, 60%, and 60%, respectively). Combination therapy was initiated most commonly for
persistent bacteremia (60%). When patients were persistently bacteremic, median preceding
duration was 13days and median time to clearance was 3days. Total microbiologic cure rate
was 100%. There were zero instances of bacteremia relapse at 30days (30D) or 60days (60D).
All-cause 30D and 60D mortality rates were 11.1% and 33.3%, respectively.

Conclusions: Combination therapy demonstrated success in diverse cases of refractory
MRSA-B, including instances of persistent bacteremia paired with incomplete source control.
Optimal timing and therapeutic cadence for combination therapy remain unclear. Our findings
suggest that DAP/CPT and VAN/CPT can be considered for complicated MRSA bacteremia
when other treatment options fail or are unavailable. We propose persistent bacteremia with
incomplete source control to be a clinical niche particularly worthy of further investigation.
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Introduction

Staphylococcus aureus bacteremia has demonstrated
mortality rates as high as 30-40%.1-> Complicated
infections, persistent bacteremia, monotherapy
failure, and incomplete source control are all inde-
pendently associated with poor outcomes.? Risk
factors for persistent staphylococcal bacteremia

include methicillin resistance, multifocal infectious
foci, and delayed removal of eradicable foci.*
Methicillin-resistant S. aureus (MRSA) infections
are associated with increased mortality rates and
healthcare burdens compared with methicillin-
sensitive isolates.> The cornerstone of antimicro-
bial therapy for MRSA bacteremia (MRSA-B)
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remains intravenous vancomycin (VAN) with tar-
get dosing ideally directed by the ratio of area
under the curve (AUC) to minimum inhibitory
concentration (MIC) with a goal of AUC/
MIC =400.%7 Daptomycin (DAP) represents an
alternative first-line option typically reserved for
MRSA-B that has relapsed or persisted despite
VAN treatment, or for MRSA strains with VAN
MIC=2pug/mL.5 These two drugs are the only
agents approved for MRSA-B by the United States
Food and Drug Administration.®

Patients may fail to improve and infections may
persist despite optimal antibiotic selection, even
when drug susceptibility is evident i vitro. No
standard ‘third-line’ regimen for MRSA-B has yet
been established. For instances of persistent bac-
teremia with VAN failure, the most recent MRSA
clinical practice guidelines prepared by the
Infectious Diseases Society of America do pro-
vide some guidance, suggesting DAP in combina-
tion with another antibiotic, including gentamicin,
rifampin, linezolid, trimethoprim-sulfamethoxa-
zole, or a beta-lactam.® Evidence suggests that
addition of an anti-staphylococcal beta-lactam to
DAP or VAN offers multiple potential synergistic
effects which may translate into clinical utility.%-15
Synergy with DAP has been reported with various
beta-lactams including nafcillin, oxacillin, and
ceftaroline (CPT).%-12

The novel cephalosporin CPT is a recent entrant
into the antibiotic armamentarium, and was
approved in 2010 for community-acquired bacte-
rial pneumonia and acute bacterial skin and skin
structure infections.!'® Amongst beta-lactams, it is
noteworthy for its anti-MRSA bactericidal activ-
ity afforded by affinity for the mecA-encoded
penicillin-binding protein 2a (which confers
methicillin-resistance).1%17 As such, CPT may be
particularly attractive when selecting a beta-lac-
tam adjunct. Clinical success has been reported
with CPT in combination with both DAP and
VAN for treating MRSA-B; however, no com-
parative studies are available or describe a single
center’s experience with both regimens.12-14,18-22
We are interested in the potential for these regi-
mens to improve clinical outcomes in patients
with MRSA-B. Here, we report on our single-
center experience using DAP/CPT or VAN/CPT
as treatment options for complicated MRSA bac-
teremia following monotherapy failure. We hope
that our findings can inform clinicians given the

relative lack of randomized controlled trials in
this area.

Methods

Study design and patients

This is a retrospective review of patients con-
ducted at The University of Texas Medical
Branch, Galveston, Texas. The study protocol
was approved by the same university’s
Institutional Review Board (#18-0300) includ-
ing a waiver for informed consent. Potential can-
didates were identified through a search of our
institutional medication administration record,
and confirmed with manual review of electronic
medical charts. Data reviewed included patient
demographics, comorbid conditions, laboratory
and radiographic findings, clinical notes, and
microbiologic data. Patients were eligible for
inclusion if they met the following criteria: age of
18years or older at the time of admission, had at
least two positive blood cultures with MRSA
growth, received initial appropriate monother-
apy (i.e. DAP or VAN or both), and received
combination therapy for =24 h with either DAP/
CPT or VAN/CPT. To minimize confounding
effects, patients were excluded if they received
other relevant antibiotics with MRSA activity
within 72h of initiation of combination therapy
(i.e. clindamycin, linezolid, tetracyclines, tigecy-
cline, trimethoprim-sulfamethoxazole).

Definitions

Multifocal infections were exemplified by the
presence of one or more infectious foci beyond
the bloodstream itself (e.g. endocarditis, osteo-
myelitis, septic arthritis, cellulitis, pneumonia,
empyema, septic pulmonary emboli, CNS
abscess, or meningitis). Source control was con-
sidered indicated if such recommendation was
present in an infectious disease consultant’s
note(s). Preceding bacteremia was timed in days
from sentinel blood culture collection until initia-
tion of combination therapy. Ongoing bacteremia
duration was calculated in number of calendar
days from combination therapy initiation to the
first day of microbiologic cure, which was satis-
fied by at least two sterile sets of blood cultures.
Persistent bacteremia was defined as lasting four
or more calendar days.23 Bacteremia relapse was
defined as new MRSA blood culture growth after
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Table 1. Patient population.

Patient characteristics n=10 (%)
Age in years, median (range) 61.5(27-88)
Male sex 6 (60)
Non-White ethnicity 3(30)
Comorbid conditions present 8 (80)
Cardiovascular disease 5 (50)
Impaired fasting glucose or 5 (50)
diabetes
Chronic kidney disease 3(30]
Liver disease 3(30)
Other immunocompromising 2 (20)
condition
Prosthetic or foreign material 2 (20]
Active malignancy 1(10)
Receipt of antibiotics in the 4 (40)
preceding 90days
Penicillin allergy reported 2 (20)
History of endocarditis 1(10)
PBS, median (range) 3 (0-4)
CClI, median (range) 4.5(0-11)

CCl, Charlson comorbidity score; PBS, Pitt bacteremia score.

previous sterilization. Finally, all-cause mortality
rates were determined by the number of patients
deceased during 30-day and 60-day periods fol-
lowing initial positive blood culture collection.

Statistics and calculations

We analyzed continuous variables with median
plus range for skewed data. Categorical variables
were described by frequency and percentages.
Calculations and statistical analyses were per-
formed with Microsoft Excel 2013 software.

Results

We identified 10 patients who satisfied the pre-
specified inclusion and exclusion criteria; 4
patients received VAN/CPT alone, 5 received

DAP/CPT alone, and 1 patient received VAN/
CPT followed by DAP/CPT. The baseline demo-
graphic and clinical characteristics of these
patients are displayed in Table 1.

Study population

Overall median patient age was 61.5years (range
27-88) and a majority of patients were male (60%)
and White (70%). Cardiovascular disease and
impaired fasting glucose were the most-common
comorbidities, seen in five (50%) patients each.
Four (40%) patients had documented receipt of
antibiotics in the preceding 90 days and one (10%)
had history of endocarditis. All 10 (100%) patients
were admitted from the general community.
There were no documented cases of intravenous
drug use in our population.

Clinical and microbiological features

All 10 (100%) patients received initial VAN ther-
apy, underwent transesophageal echocardiogra-
phy, and received infectious diseases consultation.
There were zero documented instances of inter-
mediate susceptibility or resistance to either VAN
or DAP, with MIC for each drug <2pg/dl in
every case. CPT MICs were available for six
patients and demonstrated preserved susceptibil-
ity (=2upg/dl), with a median of 0.5pug/dl (range
0.25-1). All 10 (100%) patients had multifocal
infections, with endocarditis being the most com-
mon observed focus (60%, n=6). Eight (80%)
patients had two or more infectious foci, three
(30%) had intravascular catheters or devices at
bacteremia onset, and two (20%) had orthopedic
infections. Complete source control was indi-
cated in every case and achieved in two (20%).
Persistent bacteremia was the most common
qualification for monotherapy failure (60%,
n=6), with a median preceding duration of bacte-
remia of 13 days despite adequate monotherapy
(range 6-16). Details of the individual cases can
be found in Table 2.

Patient outcomes

Microbiologic cure was observed in 100% (z=10)
of patients treated with CPT combination ther-
apy, 90% with the first regimen. The single
instance of microbiologic treatment failure, seen
in a case of persistent bacteremia treated with
VAN/CPT, achieved subsequent blood culture
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Table 3. Patient outcomes.

Outcome n=10 (%)
Microbiologic cure 10 (100)
>>on first combination regimen 9 (90)
Relapse at 30days 0 (0)
Relapse at 60days 0 (0)
In-hospital mortality 1(10)
30-day mortality? 1(11.1)
60-day mortality? 3(33.3)
Persistent bacteremia subgroup n=6 (%)
Ongoing bacteremia duration in days, 3(1-9)
median (range)

In-hospital mortality 1(16.7)
30-day mortality 1(16.7)
60-day mortality 3(50)

an=9 as one patient was lost to follow-up.

sterility 2 days later on DAP/CPT. When patients
who were persistently bacteremic (median pre-
ceding duration 13days, range 6-16) were
switched to CPT-containing regimens, median
subsequent time to clearance was 3 days (range
1-9). All of these patients had incomplete source
control when blood culture sterility was realized.
In one patient achieving full source control, they
cleared their bacteremia 2days postprocedure
(aortic valve replacement). In their case, CPT
was added to DAP for progressive, postoperative
leukocytosis and not for persistent bacteremia.
The second patient who achieved full source con-
trol (after chest tube placement for exudative
pleural effusion) had already cleared their bacte-
remia 5days previously (while receiving VAN/
CPT). Median total duration of combination
therapy was 9days (range 6-24). In patients sur-
viving to hospital discharge (90%, n=9), all CPT-
containing regimens were modified, either as
step-down to monotherapy with DAP (22.2%,
n=2) or VAN (33.3%, n=3), rifampin-contain-
ing combination therapy (33.3%, n=3), or pallia-
tive suppression with minocycline monotherapy
(10%, n=1). No patients were discharged on
CPT. Mention of potential adverse effects from

either combination regimen occurred three times,
with rash, eosinophilia, and thrombocytopenia
each cited once. There were no known episodes
of bacteremia relapse at 30days or 60days. All-
cause 30- and 60-day mortality in our series were
11.1% and 33.3%, respectively. One patient (on
DAP/CPT) was palliatively extubated and died in
the hospital due to numerous medical issues upon
which MRSA infection was superimposed. Two
patients died after hospital discharge within
60 days of bacteremia onset due to unknown cir-
cumstances. One patient was lost to follow up
and thus not included in mortality analysis. A
summary of these outcomes can be viewed in
Table 3.

Discussion

CPT appears to hold value as an adjunctive agent
for MRSA bacteremia after monotherapy failure.
This includes cases complicated by multiple infec-
tious foci, persistent infection, or incomplete
source control. Although persistent bacteremia
prompted most of the combination therapy utili-
zation in our series, we did not restrict patient
selection solely to that indication. This cohort
provides a snapshot of some of the most refractory
cases of MRSA bacteremia. We believe our expe-
rience offers valuable perspective into real-world
applications of this evolving treatment paradigm.

Even when antibiotic susceptibility is preserved in
vitro, infections may fail to improve on appropri-
ate monotherapy. This is particularly true in high
inoculum infections (e.g. those with numerous
infectious foci, retained intravascular hardware,
poor source control) which may overwhelm an
antibiotic’s ability to exhibit sufficient bacteri-
cidal activity for satisfactory effect. Considering
the high frequency of multifocal infections and
incomplete source control, all of our cases prob-
ably qualify as having high-inocula. With S.
aureus, this ‘inoculum effect’ has been shown
vitro to impair VAN activity more than DAP.2425
In one murine model, the inoculum effect was not
observed with CPT.26 Thus, one could posit
advantage of DAP/CPT over VAN/CPT for such
infections, although data are currently lacking.
One study suggested sustained activity of DAP/
CPT in a simulated model of high-inoculum
infective endocarditis (a comparative VAN/CPT
assay was not available).?2? Achieving indicated
source control is often impossible due to limiting
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Figure 1. Proposed synergy mechanisms with CPT and DAP or VAN in MRSA infection.
CPT, ceftaroline; DAP, daptomycin; MRSA, methicillin-resistant Staphylococcus aureus; VAN, vancomycin.

clinical factors, including high operative risk or
patient preference. Our series was characterized
by a high rate of multifocal infections with incom-
plete source control yet combination therapy
remained successful. Additional studies focusing
on the role of source control, or lack thereof,
would be instructive, as we believe this area to
hold particular promise as a potential niche for
CPT combination therapy.

Proposed synergy between beta-lactams and DAP
is predicated on various observations made n
vitro, including enhanced bactericidal activity,
improved DAP-binding affinity, recruitment of
immune system-derived antimicrobial peptides,
and delay or reversal of DAP resistance.®-15 Similar
mechanisms have been proposed to account for
observed synergy with VAN, including beta-
lactam-induced cell wall thinning and enhanced
target-specific VAN binding, with superior syner-
gism proposed with CPT.!> Synergy has been
demonstrated in wvitro with both DAP/CPT and
VAN/CPT, with groups employing various assays
including time-kill analyses and modified E-test
techniques.!5-21:28:29 Figure 1 provides an illus-
trated summary of the proposed synergy mecha-
nisms present with DAP/CPT and VAN/CPT.

Our findings suggest augmented bactericidal activ-
ity when CPT is added to DAP or VAN. This is
evidenced by an overall microbiologic cure rate of
100% across the entire patient series. This includes
the persistent bacteremia subgroup, who saw a
3-day median time-to-eradication, trailing a
median preceding duration of 13days. These
results compare favorably with the largest case
series analyzing CPT-containing combination
therapy for staphylococcal bacteremia, in which 26
patients on DAP/CPT realized a 2-day median
time-to-eradication following a median 10days of
bacteremia.!? That same study also observed simi-
larly high rates of infective endocarditis (54%) and
clinical cure (96%). Another large series of 12
patients treated with DAP/CPT saw a significantly
higher mortality rate of 50%.2° Regarding experi-
ence with VAN-based therapy, our results are sim-
ilar to that reported in the largest available case
series of patients treated with VAN/CPT.!8 In that
group, all patients had multifocal infections (100%,
n=5), most had persistent bacteremia (80%,
n=4), endocarditis was common (40%, n=2), and
clinical success was realized in the majority (80%,
n=4). Our experience is highlighted by two
instances of rapid microbiologic cure within
approximately 24 h of adding CPT, trailing 14 and
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16days of bacteremia, respectively. It is possible
that these observations represent late effects of the
preceding monotherapy, however. Considering
the historically high mortality and morbidity of
staphylococcal bacteremia, our results, and those
of others, suggest that CPT combination therapy
could improve the therapeutic landscape of this
serious condition.

Our study has several limitations due to its small,
single-center, retrospective nature, which may hin-
der generalizability. Our results do not allow us to
propose superiority of one regimen, though both
have demonstrated clinical merit. Decisions to ini-
tiate (or withhold) combination therapy were at
the discretion of the individual treating clinicians
and allocation bias may be present. Unanswered is
the optimal time to begin a combination regimen,
and the appropriate cadence in therapy (i.e. sec-
ond-line, third-line). We cannot predict if these
patients would have cleared their bloodstream
infections had their previous antibiotic regimens
been continued for additional time. Conversely,
starting CPT-combination regimens earlier may
have prevented additional morbidity or mortality
through timelier clearance. Importantly, combina-
tion regimens containing other beta-lactams (and
nonbeta-lactams) deserve attention.3%3! The role
of CPT in staphylococcal bacteremia may be lim-
ited by concerns regarding its relatively high cost
and the development of drug resistance. For
instance, the cost of CPT administration at our
institution equals US$326 per day. This is sub-
stantially higher than with VAN ($25), nafcillin
($77), or DAP ($132). Potential total costs could
be higher with combination therapy, yet the con-
verse may also be true if overall treatment times
could be significantly reduced. Albeit currently
rare, CPT-resistant clinical isolates have been
described.?? CPT resistance rates can be predicted
to rise with increased use. Institutions might be
wise to curtail costs and drug resistance by requir-
ing oversight of CPT use by infectious disease spe-
cialists or antimicrobial stewardship programs. At
our hospital, CPT use is restricted as such. Lastly,
although we propose that our observed effects
were due to antimicrobial synergy, it is not possible
to accurately assess the contribution of CPT acting
alone within our analysis. Additive effects remain
biologically plausible, as multiple clinical reports
illustrate success with CPT monotherapy for
MRSA-B.33:3¢ Likely the most compelling evidence
for synergism lies with those reports describing
clinical success and accompanying iz vitro evidence

of improvement or restoration of drug susceptibility
in the presence of CPT.21:22:29

Conclusion

Our results depict successful patient outcomes
with CPT combination therapy and illustrate its
potential value in treating MRSA bacteremia.
This includes persistent and high inoculum infec-
tions hindered by incomplete source control, sig-
nificant burdens of comorbid disease, and failure
of standard therapies. Prospective, randomized,
controlled studies will better define CPT combi-
nation therapy’s full potential. Meanwhile, we
suggest our colleagues to consider DAP/CPT or
VAN/CPT when patients afflicted with MRSA
bacteremia have failed other treatment options.
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