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Abstract 24 

Methicillin-resistant Staphylococcus aureus is a major cause of infective endocarditis, and 25 

remains associated with a high mortality rate, particularly in case of high vancomycin MIC. We 26 

report here a case of daptomycin non–susceptible, ceftaroline and fosfomycin resistant MRSA 27 

community-acquired native left endocarditis that was successfully treated with valve repair, 28 

and a combination of high dose daptomycin and ceftaroline. In vitro studies confirmed the 29 

synergy and bactericidal activity of this combination. 30 

 31 
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Introduction 33 

Methicillin-resistant Staphylococcus aureus community-acquired and nosocomial bacteremia 34 

and infective endocarditis are a major healthcare concern, associated with a high mortality rate.1 35 

Although vancomycin remains the drug of choice for the treatment of MRSA invasive 36 

infections,2 its use is controversial notably in case of MIC ≥1.5 mg/L.3 High dose of daptomycin 37 

has been shown to be efficacious for treating S. aureus bloodstream infection,4 although the 38 

emergence of daptomycin non-susceptible (DNS) S. aureus strains is a concern in case of 39 

monotherapy with this agent.5 Combination of daptomycin with new antibiotics, such as 40 

ceftaroline,6 or older ones such as fosfomycin7 or cloxacillin,8  seems a good therapeutic option, 41 

but more evidence of their efficacy is needed. 42 

We report here a case of a multidrug resistant (DNS, and ceftaroline and fosfomycin 43 

resistant) MRSA community-acquired native left-sided endocarditis successfully treated with 44 

valve repair and a combination of daptomycin and ceftaroline. We also provide in vitro 45 

evidence of the bactericidal activity of daptomycin in combination with ceftaroline. 46 

 47 

Case-Report 48 

A 90-year-old man presented at the emergency department with 72 hours duration of fever and 49 

asthenia. He had previous medical history of prostatic adenocarcinoma and a sigmoid 50 

adenocarcinoma three years before. He had an outpatient percutaneous suprapubic 51 

catheterization two months before this episode. The patient was known for MRSA colonization 52 

in the bladder. Empiric antimicrobial therapy of meropenem (2 g three times per day, IV) was 53 

administered. Blood cultures performed on day 1 grew S. aureus (2/2 pairs, 4/4 bottles), which 54 

was confirmed to be methicillin-resistant by Xpert MRSA BC (Cepheid) and antibiotic 55 

susceptibility testing. Vancomycin 2000 mg (12.5 mg/kg twice a day, IV) was administered on 56 

day 2 and a transthoracic echocardiography performed on day 3 showed a mild mitral 57 

insufficiency. A pelvic CT scan revealed a pectineal muscle collection on a prostatic 58 

subcutaneous fistula tract and an ischiopubic symphysis lysis. A transoesophageal 59 

echocardiography performed on day 5 revealed severe mitral regurgitation and 1.3 cm mitral 60 

vegetation. Blood cultures remained positive for MRSA on day 5. Before the fourth dose of 61 

vancomycin, the serum through concentration was 18.9 mg/L. After three days of therapy, 62 

considering the MIC of 1.5 mg/L for vancomycin and the presence of a persistent bacteremia, 63 

vancomycin was discontinued and daptomycin 800 mg (10 mg/kg once a day, IV) plus 64 

fosfomycin 8 g (2 g four times per day, IV) was initiated. On day 10, blood cultures were still 65 

positive for S. aureus, and a mitral cardiac valve repair with autologous pericardial patch and 66 
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annuloplasty ring was performed. At this point, we received the results of the susceptibility 67 

testing, showing that the MIC of S. aureus by Etest® strips methods (see methods) were 2 mg/L 68 

for daptomycin, 1024 mg/L for fosfomycin and 1.5 mg/L for ceftaroline. Fosfomycin was 69 

switched to ceftaroline (600 mg three times a day, IV) whereas daptomycin was continued at 70 

the same dose. Culture of the mitral valve was negative (after 7 days of daptomycin plus 71 

fosfomycin), and FemA PCR assay was positive (quantification 2‘810’000 copies/mL). 72 

Subsequent blood cultures from day 11 were sterile. The patient’s condition subsequently 73 

improved. He received a total of six weeks of antibiotic therapy with ceftaroline and 74 

daptomycin post surgery. No relapse was observed at six months of follow-up (6 months blood 75 

cultures were sterile).  76 

 77 

Methods 78 

Antibacterial susceptibility testing 79 

MICs of the clinical strain were determined in real time by using the Etest method (Epsilomer-80 

test® strips, BioMérieux) at the Institute of Microbiology, Lausanne, Switzerland following the 81 

manufacturer recommendations. The strain was then shipped to the research laboratory of the 82 

Infectious Diseases Service, Hospital Clinic, Barcelona, Spain. MIC was determined by 83 

microdilution broth method (MIC/MBC) according to standard recommendations.9 S. aureus 84 

ATCC 29213 was used as the quality control strain in all experiments. 85 

 86 

Synergy study 87 

Time-kill and checkerboard methodologies were used to test the activity of combined 88 

antibiotics according to previously described criteria.10  89 

Time-kill curves: Two final inocula of 5 x 105 and 1 x 108cfu/mL were used.10,11 For synergy 90 

testing, concentration equal to 0.5 x MIC were chosen for daptomycin and ceftaroline. Due to 91 

resistance to cloxacillin and fosfomycin, high and low concentrations were used. A 92 

concentration equal to 64 mg/L (equivalent to 0.125 x MIC and 0.5 x MIC respectively) and 4 93 

mg/L and 8 mg/L respectively, corresponding to Cmin serum level for each antibiotic 94 

(equivalent to 0.008 x MIC and 0.06 x MIC, respectively).12 Synergy was defined as a 2-log10 95 

decrease in the number of cfu/mL between the test tube with the combination and the test tube 96 

with the most active agent alone after 24 hours: the number of surviving organisms in the 97 

presence of the combination had to be 2 log10 cfu/mL below the starting inoculum. Bactericidal 98 

activity was defined as at least a 3-log reduction in cfu at 24h in comparison with the initial 99 

inoculum.  100 
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Checkerboard method: This was performed in customized 96-well plates to determine the 101 

MIC/FIC values in the combination well using the microdilution method as described 102 

previously.10 All combinations were tested twice. In the checkerboards, the concentrations (in 103 

mg/L) used for the different antibiotics were as follows: daptomycin and ceftaroline started 104 

from 8 (4xMIC) to 0.12 (1/8xMIC) and a control (drug free) well; cloxacillin and fosfomycin 105 

started from 256 (1/2xMIC) to 1(1/512xMIC) and a control (drug free) well. The potential 106 

synergy of each combination was determined by the ΣFIC (sum of the fractional inhibitory 107 

concentration) method. ΣFIC is defined as the sum of the FIC (fractional inhibitory 108 

concentration) of the two combined antimicrobial agents, where FIC is the ratio of MIC of drug 109 

in combination (using the well with the maximal activity) to the MIC of drug alone. The 110 

estimated ΣFIC value indicates whether the combined effect is synergistic (ΣFIC <0.5), additive 111 

(0.5≤ ΣFIC ≤1), indifferent (1< ΣFIC ≤4) or antagonistic (ΣFIC >4). 112 

Population analysis profile–area under the curve (PAPAUC) was performed by inoculating 113 

serial 10-fold dilutions of organisms onto increasing concentrations of vancomycin or 114 

daptomycin BHI agar (OXOID, Madrid, Spain), according to Wootton et al (ref). Colony 115 

growth at 48 h was counted and graphed as log10 CFU/ml versus vancomycin concentration. 116 

Control strain Mu3 (hVISA) was included in each batch. Area under the curve (AUC) was 117 

measured and ratio of tested isolate/Mu3 was calculated.  118 

 119 

Results 120 

In vitro studies: Susceptibility testing 121 

By Etest, MIC for vancomycin was determined at 2 mg/L (EUCAST clinical breakpoint 122 

(CBP): 2 mg/L), for daptomycin at 2 mg/L (EUCAST CBP: 1 mg/L), fosfomycin at 1024 mg/L 123 

(EUCAST CBP: 32 mg/dL) and ceftaroline at 1.5 mg/L (EUCAST CBP: 1 mg/L). Screening 124 

for hetero VISA and VISA was negative using McFarland 0.5 inoculums on Mueller-Hinton 125 

and glycopeptide-containing agar plates mediums, and McFarland 2 inoculum on brain-heart 126 

infusion medium. 127 

Using microdilution antimicrobial susceptibility testing for the determination of MIC 128 

and MBC, the S. aureus strain was resistant to cloxacillin (MIC/MBC >512 mg/L />512 mg/L), 129 

ceftaroline (2 mg/L /4 mg/L) and fosfomycin (128 mg/L /128 mg/L), but daptomycin 130 

susceptible (MIC/MBC = 1 mg/L /1 mg/L) according to the EUCAST standard MIC breakpoints. 131 

Vancomycin MIC was equal to 2 mg/L. 132 

Time-killing curve studies are depicted in Figure 1. At the standard inoculum (105cfu/mL), the 133 

three combinations of daptomycin plus ceftaroline (Fig 1A), fosfomycin (Fig 1B) or cloxacillin 134 
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(Fig 1C) at concentrations of 0.5 x MIC for daptomycin and fosfomycin and 0.125 x MIC for 135 

cloxacillin were synergistic and bactericidal. However, when these combinations (Fig 1D-F) 136 

were tested using a higher inoculum (108cfu/mL), all combinations were synergistic but only 137 

daptomycin plus ceftaroline had bactericidal activity. When cloxacillin and fosfomycin were 138 

tested at Cmin concentrations (4 and 8 mg/L respectively) combined with daptomycin at 0.5 x 139 

MIC using a standard inoculum, both combinations showed synergy but only daptomycin plus 140 

cloxacillin retained bactericidal activity. At high inocula, both combinations showed 141 

indifference. The checkerboard assay showed that for daptomycin plus ceftaroline or 142 

fosfomycin, synergistic activity (ΣFIC<0.5) was observed for the daptomycin range from 143 

1/4xMIC to 1/16xMIC with the ceftaroline or fosfomycin range from 1/4xMIC to 1/32xMIC. 144 

For daptomycin plus cloxacillin, synergistic activity (ΣFIC<0.5) was observed at 1/4xMIC and 145 

1/8xMIC daptomycin concentrations with cloxacillin range from 1/8xMIC to 1/128xMIC.  146 

Population analysis profile (PAP) results are depicted in Figure 2. Vancomycin treatment was 147 

not selected for resistant subpopulations (Figure 2A) with an AUC ratio = 0.58. Similarly 148 

(Figure 2B), no resistant subpopulations were observed in the analysis of daptomycin (with the 149 

exception of a small subpopulation that grew at daptomycin concentrations equal to 4 mg/L). 150 

 151 

Discussion 152 

We present here a case of multidrug resistant MRSA community-acquired endocarditis with a 153 

vancomycin MIC of 2 mg/L and daptomycin MIC of 2 mg/L (DNS) by Etest and 1 mg/L by 154 

microdilution. Because the discrepancy between susceptibility tests (probably due to the limit 155 

of accuracy of the assays), we could not confirm that the strain was truly non-susceptible. 156 

However, the fact that the Etest showed a higher MIC suggests that the strain was not fully 157 

susceptible to daptomycin; for the clinical management of the patient, we assumed that the 158 

strain was DNS.  159 

While daptomycin has emerged as a potential therapy for MRSA endocarditis in the 160 

context of high MICs for vancomycin,13 there are scarce data on the best treatment in case of 161 

infection due to DNS strains. There is a risk of the potential emergence of DNS strains after 162 

treatment failure in patients with complicated bacteremia or endocarditis treated with 163 

monotherapy.14 The best therapy for DNS strains is debated, with clinical experience only based 164 

on some series of cases treated with a salvage regimen of daptomycin in association with 165 

potential synergistic antibiotic, such as cloxacillin, ceftaroline or fosfomycin.6,15,16   166 

The use of ceftaroline in monotherapy for treatment of MRSA bacteremia has been 167 

assessed in a case-control studies and case series, showing comparable clinical outcomes than 168 
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the use of vancomycin or daptomycin,17 although data remain scarce. Non-susceptibility to 169 

ceftaroline has been described, with few reported cases of ceftaroline resistant MRSA 170 

endocarditis.18 These patients were successfully treated with vancomycin, or combination 171 

therapy of daptomycin plus ceftaroline. However, to our knowledge, no cases of both 172 

daptomycin (Etest) and ceftaroline (Etest and microdilution) non-susceptibility has been 173 

described so far. In our case, because of the clinical and microbiological improvement observed 174 

despite increased MICs, we pursued the same combination therapy, with a successful outcome. 175 

This was later confirmed by the in vitro studies, showing synergy and bactericidal activity of 176 

the combination of daptomycin plus ceftaroline at 0.5 x MIC and 1 x MIC, respectively using 177 

standard and high inocula by time-kill curves and also by checkerboard. Conversely, the 178 

combinations of daptomycin plus either cloxacillin or fosfomycin at Cmin levels were 179 

indifferent when using high inocula. The fact that blood cultures became sterile concomitantly 180 

to the valve repair suggests that surgery participated in the cure of the infection by decreasing 181 

bacterial burden. 182 

Enhancement of daptomycin activity against MRSA in case of combination therapy is 183 

explained by a penicillin-binding protein disruption with ceftaroline, allowing a better antibiotic 184 

membrane insertion of daptomycin.19 Also, exposure to subinhibitory daptomycin 185 

concentration may result in increasing expression of the gene encoding for PBP120 and therefore 186 

in enhancing bacterial killing in combination with a β-lactam PBP1 specific targeting. 187 

The limitations of this case report include an inability to assess a potential acquisition 188 

of resistance from the colonizing to the invasive strain, and a failure to perform genotyping of 189 

the strain. 190 

We described here a multidrug resistant MRSA community-acquired native left 191 

endocarditis successfully treated with a combination of ceftaroline and high dose daptomycin. 192 

In vitro data confirm the synergy between drugs and an increased bactericidal activity, 193 

suggesting that this may be an effective and safe association for the treatment of invasive 194 

MRSA infection. Our experience highlights the potential clinical use of synergism testing to 195 

guide difficult treatment decision in patients with multi-resistant invasive MRSA infections. 196 

 197 
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Figure legends 260 

 261 

Figure 1: Time-kill curves of daptomycin (DAP) plus ceftaroline (CFT), fosfomycin (FOM) 262 

or cloxacillin (CLO) against MRSA-1081 strain (inoculum equal to 105 and 108 cfu/mL). 263 

 264 

Figure 2: Population analysis profile (PAP) results for vancomycin (2A) and daptomycin 265 

(2B). 266 

 267 

  268 
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Supplementary table. Results of daptomycin (DAP) plus ceftaroline (CFT), fosfomycin 269 

(FOM) or cloxacillin (CLO) time-kill study against MRSA-1081 (inoculum equal to 105 and 270 

108 cfu/mL). 271 

 272 

Inoculum 105 cfu/ml 108 cfu/ml  105 cfu/ml 108 cfu/ml 

DAP+CFT 
[ATB] 

(mg/L) 
4h 24h 4h 24h 

[ATB] 

(mg/L) 
4h 24h 4h 24h 

Control  +1 +3.4 +0.5 +0.7      

DAP 0.5 -0.9 +1.4 -0.5 -0.7      

CFT 2 +0.9 +2.1 -0.1 -0.3      

DAP+CFT  -2.5 -3.3 -1.4 -4      

DAP+CLO           

Control  +1.3 +3.1 +0.2 +0.5  +1.1 +3.3 +0.4 +0.6 

DAP 0.5 -1.2 +2.1 -0.4 -0.1 0.5 -1.1 +1.6 -0.3 -0.4 

CLO 64 +0.8 +2.7 +0.3 +0.2 4 +1 +2.8 +0.4 +0.4 

DAP+CLO  -2.5 -3.8 -0.7 -1  -2.2 -3.5 -0.5 +0.1 

DAP+FOM           

Control  +1.3 +2.9 +0.7 +1.1  +1.1 +3.1 +0.7 +1 

DAP 0.5 -0.7 +2.1 -0.4 +0.3 0.5 -1.7 +1.5 -0.2 -0.1 

FOM 64 +0.3 +1.8 -1.1 -0.2 8 +1.1 +1.3 0 +0.1 

DAP+FOM  -3.1 -3.4 -2 -2.7  -2.8 -1.1 -1.2 0 

 273 

In vivo study strain; Change in log10 cfu/mL;  274 

 275 

 276 

  277 
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