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Introduction

Ceftobiprole is an advanced-generation cephalosporin that has in vitro and in
vivo activity against clinically important Gram-positive organisms, including
MRSA, and Gram-negative organisms.

Ceftobiprole was approved in Europe and many non-European countries for
the treatment of community-acquired bacterial pneumonia (CABP) and non-
ventilator-associated hospital-acquired bacterial pneumonia in adults caused by
indicated species.

A recent Phase 3 clinical trial evaluated ceftobiprole for the treatment of
Staphylococcus aureus bacteremia, including right-sided infective endocarditis
(NCT03138733).

A New Drug Application for ceftobiprole was recently submitted to the

United States (US) Food and Drug Administration seeking its approval for
Staphylococcus aureus bacteremia, including right-sided infective endocarditis,
acute bacterial skin and skin structure infections, and CABP.

This study reports the molecular characteristics of MRSA isolates recovered
from patients enrolled in a phase 3 clinical trial for ceftobiprole and the clinical
outcomes associated with different genotypes.

Materials and Methods

Bacterial Isolates

« A total of 94 patients had MRSA isolated from baseline blood cultures, 90 of
which were available for molecular characterization and included in the study.
Two patients didn’t have S. aureus recovered during the screening visits available
for testing, so isolates recovered during Day 1 for these 2 patients were included
in this analysis.

Susceptibility testing

o Isolates were tested for antimicrobial susceptibility using the Clinical and
Laboratory Standards Institute (CLSI) broth microdilution method.

« Quality assurance was performed by sterility checks, colony counts, and testing
CLSI-recommended quality control reference strains.

Molecular Analysis

« Total genomic DNA was extracted and purified using the KingFisher Cell and
Tissue DNA kit (Thermo Scientific, Waltham, Massachusetts, USA) in a robotic
KingFisher™ Flex Magnetic Particle Processor (Thermo Scientific) workstation.
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Total genomic DNA was used as input material for library construction. DNA
libraries were prepared using the Nextera XT™ library construction protocol
and index kit (Illumina, San Diego, California, USA) and sequenced on a MiSeg
Sequencer (lllumina) using a MiSeq Reagent Kit v3 (600 cycle). Sequencing
reactions were initially performed to achieve DNA read lengths of up to 300-bp
and an average genome coverage depth of approximately 30x.

Each raw data set was quality assured, error corrected, and assembled de novo
using assembler SPAdes 3.11.1. Assembled genomes had the DNA sequence
information extracted to determine the MLST as well as spa, SCCmec typing and
other genetic information among MRSA strains. A clonal type designation (e.g.,
USA100) was assigned to the baseline S. aureus isolates when possible based on
the molecular information obtained.

Results

A total of 10 clonal complexes (CC) were present within the 90 isolates, and 71
(78.9%) MRSA were grouped into 3 predominant clones: CC8, CC22, and CC5
(Table 1).

« Among CC8 (37/90; 41.1%), 4 ST8-like (4/37; 10.8%) from USA (3) and
Ukraine (1) were observed. Isolates from the USA carried SCCmec IVa, PVL and
ACME, and were designated as USA300.

- Additional CC8 isolates included 12 ST239 (12/37; 32.4%) from Bulgaria (1),
Georgia (1), Russia (1), Serbia (2), and Ukraine (7) were designated as the
Hungarian clone.

Other ST8-like MRSA (19/37; 51.4%) from Ukraine (15), Russia (2),
Spain (1), and Argentina (1) were identified as USA300LAYV, differentiated
from USA300 by the presence of SCCmec IVc.

Nineteen (19/90; 21.1%) MRSA belonged to CC22/ST22.

-ifteen (15/90; 16.7%) MRSA clustered within CC5. These isolates included ST5
and related single- (ST225 and ST2704) or double-locus (ST1827) variants and
were designated as USA100 (7/15; 46.7%) or USA800 (8/15; 43.3%).

Other less prevalent lineages include:

- Five (5.6%) isolates recovered from patients hospitalized in Ukraine that
belonged to CC59/ST59, had spa type t437/t4911, and carried SCCmec type
V (5C2&5).

- Four (4.4%) MRSA belonging to CC1 (ST1;t127,t177) from Bulgaria (2),
Russia (1), and Ukraine (1) or CC398 (ST398; t034, t108, t779, and t898)
recovered from Bulgaria (1), Georgia (1), and Ukraine (2).

- The remaining MRSA strains investigated belonged to CC45/ST45 (2/90;
2.2%) and carried SCCmec type IV (Berlin clone) or V (unknown clone);
CC30 (2/90; 2.2%) comprised with 2 strains associated with ST30/ST1829
and SCCmec type IV (USA1100); and 1 (1.1%) strain each of CC152/ST152
and CC97/ST1153.

« Overall, clinical responses and microbiological eradication were similar between
treatment arms (Table 2).

- Clinical response and microbiological eradication rates were higher in the
ceftobiprole arm among patients infected with CC5 strains compared to
daptomycin.

Clinical response and microbiological eradication rates were higher in the
daptomycin arm among patients infected with CC22 and other CC types
compared to ceftobiprole.

Conclusions

« This global S. aureus bacteremia clinical trial for ceftobiprole had patients
infected with MRSA strains, most of which belonged to the main pandemic
ineages CC8, CC22, and CC5.

mportant strains were identified within CC8:

- All CC8 strains from the USA belonged to the USA300 clone, which reflects
the predominance of these strains causing invasive infections in the USA.

The Latin American variant of USA300 (USA300LAV) was the most prevalent
(19/37;51.4%) strain within CC8. This strain initially evolved in Latin America
and was contained within this region; however, these strains seem to have
spread in many countries outside Latin America.

ST239-MRSA-IIl (12/37; 32.4%) was the second most common strain
within CC8, and represents one of the oldest pandemic MRSA strains,
displays a multidrug resistance (MDR) susceptibility profile, and remains
highly prevalent among nosocomial strains in certain regions of the globe,
especially countries in the Asia-Pacific region.

CC22 (19/90; 21.1%) and CC5 (15/90; 16.7%) were the second and third most
common MRSA lineages detected, respectively, which reflects their widespread
dissemination.

Other MRSA strains represented less prevalent clonal types (each <6%).

- Interestingly, 4 strains collected from 3 European countries belonged
to ST398-MRSA, which has been extensively described as a pathogen in
livestock animals over the last two decades, and a causative agent of diseases
in humans.

More recently, STT1-MRSA-V also emerged as a common strain in livestock
animals in Italy.

Overall, this clinical strain set includes clones previously associated with hospital-
and community-acquired infections as well as strains associated with livestock
infections.

- The MRSA lineages identified here represents those causing infections in
patients hospitalized in United States medical centers.

n general, clinical responses and microbiological eradication were comparable
between the 2 study arms with small differences in outcomes by CC type.
However, the number of patients within each CC type was small, limiting
conclusions.
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Table 1. Epidemiologic information obtained for baseline MRSA strains

Number cC? MLST spa SCCmec®
19 CC8 3 t008/t024/t051/t190/t574 Ve (2B)

Clone* BPR MIC (mg/L)“ Countr
USA300LAV 1 UKR (15); RUS (2), ESP (1); ARG (1)

2 8 t008 Va (2B)

USA300 USA

8-like t622 Va (2B)

USA300 USA

8-like t008 Va (2B)

USAS500 UKR

72 t1597 Va (2B)

USA700 RUS

239 t030/t037/t631/t748/t3519 11 (3A)

Hungarian BGR (1); GEO (1), RUS (1);SRB (2); UKR (7)

247 t052 | (1B)

Iberian UKR

22 t005/t309 Va (2B)

UK-EMRSA-- UKR

t032/t379/t608 Vj (2B)

UK-EMRSA-’ ISR

t032/t608 \V (2B)

UK-EMRSA-- ISR

t12437 Ve (2B)

UK-EMRSA-- RUS

t032 IVh (2B)

UK-EMRSA-- RUS

t002/t895 (2A)

USA100 ISR (2); MEX (1)

t003 (2A)

USA100 UKR

t003 (2A)

USAT00 GRC

t002 Va (2B)

USAS00 ARG

t1154 Vb (2B)

USAS00 COL

t002/t14303 Ve (2B)

USAS00 RUS (2); UKR (1)

t306 Vi (2B)

USAS00 UKR

t002 Ve (2B)

USAS00 UKR

CC59 t437/t4911 V (5C2&5)

Taiwan 1 UKR

CCT t127/t177 Va (2B)

USA400 1 BGR (2); RUS (1)

t127 V (5C2)

ST1-LA-MRSA OKR

CC398 t034/t779/t898 V (5C2&5)

ST398-LA-MRSA . BGR (1); UKR (2)

t108 Va (2B)

ST398-LA-MRSA GEO

CC45 45 t015 Va (2B)

Berlin BGR

t1081 V (5C2&5)

Unknown USA

CC30 30 t019 Ve (2B)

USA1100 ] ISR

1829 t1143 Va (2B)

USA1100 BGR

CC152 152 t4019 NT

Unknown 0.5 UKR

CC97/ 1153 t903 NT

Unknown 0.5 UKR

CC, clonal complex; MLST, multilocus sequence typing; SCCmec, staphylococcal cassette chromosome; BPR, ceftobiprole; NT, non-typeable; USA300LAV, Latin American variant; LA, livestock-associated; ARG, Argentina; BGR, Bulgaria; COL, Colombia; ESP, Spain; GEO, Georgia; GRC, Greece; ISR, Israel;

MEX, Mexico; RUS, Russia; SBR, Serbia; UKR, Ukraine; USA, United States.

® CC assigned based on MLST through eBurst analysis.

> SCCmec type and subtype. Numbers and letters between parentheses represent ccr complexes and SCCmec gene complexes, respectively.
At least 1 presumptive clonal strain designation based on ST, SCCmec, spa typing and other genetic characteristics, such as PVL and ACME.

4 Modal MIC described for CC types, unless the CC was represented by a single isolate. CC8, CC5, and CC398 are represented by SCCmec type.

Table 2. Clinical response and microbiological eradication among patients infected with MRSA according to genotype

MRSA Clonal Complex Ceftobiprole

All 43 69.8 31.4

Daptomycin

No. of MRSA patients % Clinical Response® % Microbiological Eradication* No. of MRSA patients % Clinical Response® % Microbiological Eradication®

47 /8.7 33.0

CC8 18 /2.2 33.3

19 /8.9 /8.9

CC22 3 62.5 /5.0

11 90.9 100

CC5 3 37.5 100

/ 57.] 57.]

Other® 9 55.5 66.7

10 30.0 90.0

® Positive clinical response in the modified intent-to-treat (mITT) population was assessed at post-treatment evaluation (Day 70). Microbiological eradication was defined as a negative blood culture for S. aureus and confirmed by a second negative blood culture obtained at least 24 hours after the first

negative blood culture. Clinical response and microbiological eradication required the patient to be blood culture negative at the post-treatment evaluation visit.

> Includes CC59/ST59 (5/90; 5.69), CC1/ST1 (4/90; 4.4%), CC398/ST398 (4/90; 4.4%), CC45/ST45 (2/90; 2.2%), CC30/ST30-ST1829 (2/90; 2.2%), and 1 (1/90; 1.1%) strain each of CC152/ST152 and CC97/ST1153.
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