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ABSTRACT

Introduction: Methicillin-resistant Staphylococcus aureus (MRSA) remains a serious clinical concern with high morbidity and
mortality rates. The emergence of MRSA isolates resistant to ceftaroline (CPT), which exhibits anti-MRSA activity, has necessitated the
investigation of novel treatment options. Combinations of CPT-vancomycin (VAN) or CPT-daptomycin (DAP) are recommended for the
treatment of serious MRSA infections. The study aimed to determine the effectiveness of CPT alone and in dual combinations against
MRSA isolates.

Material and Methods: A total of 100 MRSA isolates obtained from clinical samples were included in the study. The disk diffusion
method (DDM) was used to detect the susceptibility of routinely used antibiotics, while the broth microdilution (BMD) method was
utilized for the detection of susceptibility against CPT, VAN and DAP. The evaluation of antibiotic susceptibility results was conducted
in accordance with the established guidelines. The effectiveness of CPT-VAN and CPT-DAP combinations was investigated by the
checkerboard method.

Results: The highest resistance rates in MRSA isolates were found for cotrimoxazole (77%), tetracycline (50%) and erythromycin
(40%). Forty-one percent of all isolates had the iMLSb phenotype. Three isolates were resistant to CPT and two isolates were resistant
to DAP. Resistance to CPT was found in 2.5% of blood stream infections (BSl) isolates, and 4.5% of skin and soft tissue infections
isolates. The rate of “susceptible, increased exposure” to CPT was 56% using the BMD method and 2% using the DDM method. No
VAN-intermediate- or VAN-resistant- S. aureus were detected. Both CPT-VAN and CPT-DAP combinations showed an indifference effect
against CPT-resistant (CPT-R) isolates.

Conclusion: Despite the relatively low rate of CPT resistance detected in this study, concerns have been raised that the number of CPT-R
isolates may increase over time. The indifferent effect of CPT in binary combinations highlights the necessity to test new synergistic
antimicrobial combinations.
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Seftarolinin Tek Basina ve ikili Kombinasyonlar Halinde Metisiline Direncli Staphylococcus
aureus lzolatlarina Karsi In Vitro Etkinligi

Goknur KARA ALTAY, Lutfiye OKSUZ

Tistanbul Universitesi istanbul Tip Fakiltesi, Tibbi Mikrobiyoloji Anabilim Dal, istanbul, Ttrkiye
2 jstanbul Universitesi Saglik Bilimleri Lisanststd EGitim Enstittsy, istanbul, Tarkiye

Giris: Metisiline direncli Staphylococcus aureus (MRSA), yiiksek morbidite ve mortalite oranlariyla ciddi bir klinik sorun olmaya devam
etmektedir. Anti-MRSA aktivitesi gosteren seftarolin (CPT)’e direngli MRSA izolatlarinin ortaya ¢ikmasi, yeni tedavi seceneklerinin arastiril-
masini gerektirmistir. Ciddi MRSA infeksiyonlarinin tedavisinde CPT-vankomisin (VAN) veya CPT-daptomisin (DAP) kombinasyonlari dneril-
mektedir. Bu calismada, CPT’nin tek basina ve ikili kombinasyonlar halinde MRSA izolatlarina karsi etkinliginin belirlenmesi amaglanmustir.

Materyal ve Metod: Klinik 6rneklerden elde edilen toplam 100 MRSA izolati calismaya dahil edilmistir. Rutin olarak kullanilan antibiyo-
tiklerin duyarliliginin belirlenmesi icin disk difiizyon yéntemi; CPT, VAN ve DAP’a karsi duyarliligin belirlenmesi icin ise sivi mikrodiltisyon
(BMD) yéntemi kullanilmistir. Antibiyotik duyarlilik sonuglarinin degerlendirilmesi, European Committee Antimicrobial Susceptibility
Testing rehberine uygun olarak gerceklestirilmistir. Seftarolin-VAN ve CPT-DAP kombinasyonlarinin etkinligi dama tahtasi yéntemiyle
arastirilmistir.

Bulgular: En yiiksek direng oranlari kotrimoksazol (%77), tetrasiklin (%50) ve eritromisine (%40) karsi saptandi. Ttim izolatlarin %41
iMLSb fenotipine sahipti. U¢ izolat CPT'ye, iki izolat ise DAP’a direncliydi. Kan dolasimi infeksiyonlari (BSI) izolatlarinin %2.5 inde; cilt
ve yumusak doku infeksiyonlari izolatlarinin %4.5‘inde CPT’ye diren¢ saptandi. Ayrica CPT’ye “duyarl, artan maruziyet (S-1E)” orani
BMD yéntemi ile %56, DDM yéntemi ile %2 olarak bulundu. VAN-orta duyarli (VISA) veya VAN-direngli S. aureus (VRSA) saptanmad.
Hem CPT-VAN hem de CPT-DAP kombinasyonlari, CPT-R izolatlarina karsi indiferens etki gosterdi.

Sonug: Bu calismada saptanan CPT direnci orani nispeten diisiik olmasina ragmen, CPT direngli izolatlarin sayisinin zamanla artabilece-
gi endisesi bulunmaktadir. CPT’nin ikili kombinasyonlardaki etkisi, yeni sinerjik antimikrobiyal kombinasyonlarin test edilmesi gerekliligini
vurgulamaktadir.

Anahtar Kelimeler: Antibiyotik direnci; Seftarolin; Daptomisin; Vankomisin; Antibiyotik kombinasyonlari

INTRODUCTION MRSA isolates have acquired an additional
PBP gene, mecA, encoding PBP2a, which is

(MRSA) is a gram-positive bacterium that can not inhibited by most beta-lactams. The ability
cause diseases such as bloodstream infections of PBPZa to function in the presence of beta-

(BSI), skin and soft tissue infections (SSTI), lactams confers resistance to many beta-lactams.
However, CPT is also capable of binding to

Methicillin-resistant ~ Staphylococcus — aureus

and pneumonia. In the last two decades, the ) e
increase in numbers of MRSA isolates with PBP2a and has superior affinity to other beta-

reduced vancomycin susceptibility [vancomycin ~ 1actams. The MRSA activity of CPT is related

(VAN)intermediate S. aureus (VISA), heteroge-  © the additéof of a 1,3-thiazole ring moiety to
neous VAN-intermediate S. aureus (hVISA)] or its structurel®4. CPT has strong in vitro activity

daptomycin-resistant MRSA (DRSA) isolates has  2gainst all staphylococci including VISA, VAN—{5e]—
necessitated the search for alternative antibiotics sistant S. aureus (VRSA) and DRSA isolates™.

[daptomycin  (DAP), linezolid, quinupristin/dalfo- The 2010 AWARE study, which evaluated antimi-

pristin, ceftaroline (CPT), ceftobiprole, etc.]. CPT crobial resistance, demonstrated that CPT exhib-

has been preferred as rescue treatment in BSI ited high activity in vitro against MRSA isolates

caused by MRSA that do not respond to treat- collected from various medical centers across the
ment with VAN and DAP. CPT is a fifth-gen- United States®. VAN and DAP were approved

eration cephalosporin effective against MRSA by the Food and Drug Administration (FDA) for

and has been approved in 2010 for SSTI and monotherapy in MRSA bacteremia, but the poor
(1,2 bactericidal effects of glycopeptides against MRSA

and the high mortality rates in MRSA-BSIs
have led researchers to seek better antimicrobial

for community-acquired bacterial pneumonia
However, in real-life practice it has been used
for several off-label indications including BSI.
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treatment strategies. To ensure appropriate anti-
microbial management of sepsis, if there is no
response to monotherapy, timely discontinuation
of the current treatment and switching to target-
ed combination therapy is a critically important
intervention!” 11, Combination therapy for MRSA
involves the administration of DAP in conjunc-
tion with beta-lactams, predominantly anti-staph-
ylococcal penicillins or CPT!2, The combination
of CPT with antibiotics such as VAN or DAP
has been recommended in CPT-resistant (CPT-R)
BSIs!!l.  Ceftaroline-VAN or CPT-DAP combina-
tions have been recommended in treatment of
infections caused by CPT-R isolates!™12. 1t has
been reported that when DAP is used together
with a beta lactam antibiotic, the binding affin-
ity of DAP increases and the development of
resistance to DAP is delayed[2’8*13]. CPT, a beta
lactam antibiotic, increases the effectiveness of
DAP by inhibiting the synthesis of the bacterial
cell wall and allowing DAP to penetrate the cell
membrane more easily”‘”. When another alter-
native, beta lactam-VAN combination, is used,
VAN reaches the target more easily due to the
decrease in cell wall thickness in the presence of
beta lactam, and provides a synergistic effect!8],

In the current study, resistance to CPT, DAP,
and VAN was studied in MRSA isolates, followed
by an investigation of the in vitro effectiveness
of CPT in combination with VAN and DAP

MATERIALS and METHODS
Study Design

A total of 100 clinical MRSA isolates (from
78 BSI and 22 SSTI) collected retrospectively
and prospectively were included in this study
(Figure 1). Despite the fact that the study was
originally conceived with the intention of exam-
ining solely MRSA isolates from BSIs, it was
subsequently determined that the study would
also encompass some surveillance isolates from
previous years. This decision was made because
the number of isolates obtained during the
study period was insufficient to meet the study’s
objectives, and CPT had already received FDA
approval for SSTIs.

The first isolate from each patient was includ-
ed in the study. The study was approved by the

[stanbul University Istanbul Faculty of Medicine,
Clinical Research Ethics Committee (Ethical
approval number (13.05.2022/09). The tests
were repeated twice by two separate researchers
and the repeatability of the data was verified.

Isolation and Identification of Bacterial
Isolates

To isolate bacteria from BSIs, blood -culture
bottles were incubated in an automated blood
culture system (BACTEC FX, Becton Dickinson,
United States of America) for five days. For bot-
tles with positive signals, then the samples were
inoculated in 5% sheep blood agar and incubated
at 37 °C for 18-24 hours. Bacterial identifica-
tion was performed by conventional tests, and
if necessary, the automated identification system
(VITEK 2, bioMérieux, France) was used.

For isolating of the bacteria from SSTIs, skin
and soft tissue samples sent from various clinics
were inoculated into blood agar and incubated at
37 °C for 24-48 hours. Growing colonies at the
end of the incubation period were evaluated for
the presence of S. aureus. The isolated bacteria
were identified using conventional methods (Gram
morphology, catalase activity, plasma coagulase,
DNAse, etc.), and by automated system (VITEK
2, bioMérieux, France), if necessary[15]. Cefoxitin
screening test and commercial PBP2a kit (Oxoid,
United Kingdom) were used to detect resistance
to methicillin!1°-16],

Antimicrobial Susceptibility Testing

The susceptibility of the bacterial isolates to
routinely used antibiotics (penicillin G, erythromy-
cin, clindamycin, co-trimoxazole, linezolid, tetra-
cycline, rifampicin, levofloxacin, gentamicin) was
determined by Kirby Bauer’s disk diffusion meth-
od (DDM) and interpreted according to European
Committee  Antimicrobial ~Susceptibility =~ Testing
(EUCAST) recommendations!7:18.  For detec-
tion of sensitivity to VAN and DAP, the broth
microdilution (BMD) method was used. Resistance
to CPT was investigated by both DDM and BMD
methods!!®). Isolates that demonstrated resistance
to erythromycin, sensitivity to clindamycin, and
the formation of a D-shaped inhibition zone
around clindamycin that flattened towards the
erythromycin disk were evaluated as having the
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iMLSb  (inducible = macrolide-lincosamide-strepto-
gramin B) phenotype. The evaluation of isolates
revealed that those demonstrating resistance to
both erythromycin and clindamycin exhibited the
constitutive macrolide-lincosamide-streptogramin B
(cMLSb) phenotype. Conversely, isolates exhib-
iting resistance to erythromycin, vet sensitivity
to clindamycin, and the absence of a D-shaped
inhibition zone, were designated as having the
MSb (macrolide-streptogramin B) phenotype[lg’zll.
Resistance to VAN was performed by the VAN-
agar screening method! 1216l Furthermore, the
presence of hVISA was investigated using the
macro gradient test method in isolates with a
VAN-minimum inhibitory = concentration (MIC)
value of 2 pg/mL. S. aureus ATCC 29213
strain was used as the standard strain in antibi-
otic susceptibility tests.

Checkerboard Testing

The in vitro effectiveness of CPT-VAN and
CPT-DAP combinations against CPT-R isolates
(n= 3) was performed by the checkerboard
method. The ZFIC value obtained by adding the
fractional inhibitory concentration (FIC) values of
both antibiotics in the combination was evaluated
as synergistic (<0.5), indifferent-additive (0.5- <4)
or antagonist (>4) effect according to guideline
recommendations. (15).

RESULTS
Patients

Two-thirds (71%) of the patients from whom
the studied MRSA strains were isolated were
adult patients, and the rates of male patients
(51%) and female patients (49%) were similar.
The age range of all patients was 0-96 years;
the median age was 8.5 vyears for pediatric
patients and 48 years for adult patients. Clinical
samples from which bacteria were isolated were
mostly sent from internal medicine (34%), fol-
lowing pediatrics (16%) units. The distribution
of MRSA isolates by the years is shown in
Figure 1.

Antibiotic Resistance Results

Antibiotic resistance rates by DDM of iso-
lates from BSI and SSTI samples are shown in
Figure 2. The highest resistance rates in BSI
isolates were detected against cotrimoxazole,
erythromycin and tetracycline. In 2019, following
the removal of the “intermediate” category from
the EUCAST guidelines, the isolates with an
MIC value of 2 pg/mL for CPT were included
in the “susceptible, increased exposure (S-IE)”
category[22]. In our study, no isolates resistant
to CPT and linezolid were found, but the rate
of isolates that S-IE to CPT was found to be
2% by DDM. The rate of S-IE to levofloxacin

2017

2018 12019

2020 = 2021

2022 m2023

Figure 1. Numbers of MRSA isolates by years (n).
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Figure 2. Resistance rates of disc diffusion test results by infection types (SSTI: Skin and soft

tissue infection).

was 80% in BSI isolates (n= 78) and 86% in
SSTI isolates (n= 22). Additionally, 5% (4/78)
of the BSI isolates were found to be S-IE to
co-trimoxazole. Among all isolates, the presence
of iIMLS, was detected in a total of 41 strains
(Figure 3). Of the isolates showing the iMLS,
phenotype, 32 were isolated from BSI and nine
were isolated from SSTI samples.

Three isolates (3%) were found to be resistant
to CPT (MIC= 8 pg/mL each) by the BMD. The

results obtained from all isolates studied with the
BMD test are shown in Table 1, and the MIC
distributions of all isolates studied are shown in
Figure 4. The rate of SIE to CPT was found
to be 56% by the BMD test. The correlation
between inhibition zone diameters and MIC val-
ues for CPT in all isolates tested is shown in
Figure 5. In addition, the categorical agreement
scheme for CPT was shown in Figure 6. In
this study, one of the two isolates found to be

45 L
40 9

35
30
25
20
15

32

iMLS,

I MRSA isolates from BSlIs

10 W
5 6
cMLS, MS,

MRSA isolates from SSTIs

-

Figure 3. Numbers of iMLS,, cMLS, and MS_ in total MRSA isolates (BSI: Bloodstream infec-

tions, SSTI: Skin and soft tissue infection).
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Table 1. MIC ranges, MIC, and MIC,, values for ceftaroline, daptomycin and vancomycin

MIC values (ug/mL) Ceftaroline (CPT)

Daptomycin (DAP) Vancomycin (VAN)

MIC ranges 0.125-8 0.125-2 0.5-2
MIC,, 2 0.25 2
MIC,, 2 0.5 2
O CPT MIC ECPT MIC EDAP MIC DAP MIC E VAN MIC E VAN MIC
(BSI) (SSTI) (BSI) (SSTI) (BSI) (SSTI)
60
52
50 [
42
40 7
35
33 %5 =
7 /
| .
20 | "
11 12
10 | |10 | 7
| D.16 4 3
01 o lo oo Qulal 2114 1 10000
. 0.25 0.5 2 8

Figure 4. MIC distributions of total MRSA isolates (Breakpoint for DAP: 1 ug/mL; breakpoint for CPT and VAN: 2 ug/mL) (BSI:

Bloodstream infections, SSTI: Skin and soft tissue infection).

resistant to DAP (both MIC= 2 pg/ml) was
isolated from SSTI and the other from a BSIL
The MIC;, and MIC, values of both VAN and
CPT were determined to be 2 pg/mL in total
isolates tested.

No VAN-resistant (VRSA) strain was detected
by the VAN-agar screening method, and no
VISA or hVISA was detected by the macrogra-
dient test method.

By the checkerboard method, CPT-VAN and
CPT-DAP combinations showed an indifference
effect against CPT-R isolates (n= 3) (Table 2).
No synergistic or antagonistic interactions were
observed.

DISCUSSION

Approximately 18.000-20.000 blood cultures/
year are submitted to our laboratory from wvari-

ous units, with a positive rate of approximately
14-16%. MRSA isolates emerged as a nosoco-
mial pathogen during the 1980s, subsequently
becoming a significant concern due to its resist-
ance to other commonly prescribed antibiotics in
our country. As the MRSA isolates in question
were found to be sensitive to vancomycin and
teicoplanin, the use of glycopeptides began to
increase. According to data from the National
Antimicrobial Resistance Surveillance System col-
lected in 2016, the prevalence of MRSA in our
country has been reported as 23.6%. Projections
by the European Centre for Disease Prevention
and Control, as reported in their antimicrobial
resistance surveillance reports, estimated a preva-
lence of 31.3% in 2019, 33.4% in 2020, and
31% in 2021 for Tiirkiyel23-24,
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Figure 6. Categorical agreement scheme for ceftaroline.
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Table 2. Effect of antibiotic combinations on ceftaroline-resistant isolates

CPT*-DAPY CPT-VANY CPTMIC® (ug/ DAPMIC (ug/ VAN MIC (ug/
Isolate No. combination combination mL) mL) mL)
43 Indifference Indifference 8-Rll 0.25-s1 2-S
55 Indifference Indifference 8-R 0.5-S 2-S
69 Indifference Indifference 8-R 0.125-S 1-S

*Ceftaroline, Y: Daptomycin, y: Vancomycin, & Minimum inhibitory concentration, ||: Resistant, q: Susceptible.

The highest resistance rates in BSI isolates
were detected against cotrimoxazole, tetracycline
and erythromycin by DDM. These findings con-
firm the multidrug resistance profile of MRSA
isolates in Tiirkive and serve as an important
warning for clinicians. Despite the relatively low
resistance rate to levofloxacin, the significant S-IE
rate of 80% and 86% in BSI and SSTI isolates,
respectively, is of considerable concern, as it
suggests the potential for increased resistance
in the near future. No strains resistant to CPT
were detected with the DDM, and it is encour-
aging that the S-IE rate was also relatively low.
In the present study, the iMLS_ phenotype was
found to be higher than the cMLS, phenotype.
A study conducted in the same hospital in 2013
reported that 18% of MRSA isolates from various
clinical samples exhibited iMLSb resistancel2?l. A
comparison of this data with the findings of the
current study reveals a noteworthy increase in
iMLSb resistance, which escalated by 23% over
a 10-year period. Pardo et al. reported that 5%
of MRSA isolates from various clinical samples
between 2012 and 2013 showed iMLS_ pheno-
type and 21% showed cMLS, phenotype[26]. A
comparison of the results of Pardo’s study with
those of our own reveals that a relatively higher
(41%) iMLSb and lower (7%) cMLSb phenotype
were detected. In a study conducted by Goudarzi
et al. from Iran in 2020, it was reported that
30.2% cMLS, and 33.8% iMLS, were found in
MRSA isolates from various clinical samples[27].
Contrary to the findings of Goudarzi’s study,
this investigation has identified a comparatively
elevated prevalence of iMLSb, accompanied by
a comparatively diminished prevalence of cMLSb.

The high affinity of CPT for PBP2a is the
key factor that led to its identification as the
first beta-lactam to show activity against MRSA.

Data from international epidemiological reports
have shown that resistance in MRSA is rare and
around 5-10%, but in some cases it can increase
up to 25%4. In specific circumstances, this fig-
ure has been known to increase to as high as
67%, with variations depending on the break-
point ranges specified in the guideline employed
and the year of the study[28'33]. In the present
study, two of the strains found to be resistant
to CPT by the BMD method were isolated
from breast cancer patients and one from SSTI
patients. The use of beta-lactam antibiotics in
previous treatments, in addition to the presence
of concomitant diseases in these patients, may
have contributed to the development of CPT
resistance. The rate of isolates that S-IE (MIC= 2
pg/mL) to CPT by BMD method was 56% (52
from BSI samples, four from SSTI) among total
isolates (Figure 4). Given that the ECOFF value
is 1 mg/L, it can be deduced that 56% of the
strains in the present study appear to be non-
wild-type. If similar MIC values are reported in
relevant studies, it may be considered that the 2
mg/L concentration can be included in the wild-
type population in the future. The rate of iso-
lates that S-IE was determined as 2% with DDM,
indicating a low level of categorical agreement
between the DDM and BMD methods. EUCAST
recommends implementing an alternative testing
method for breakpoints that fall within the “area
of technical uncertainty” (ATU) zone. In 2019,
EUCAST warned that there was an ATU zone
in DDM of CPT against S. aureus isolates, stat-
ing the ATU for S. aureus isolates (indications
other than pneumonia) at 19-20 mm. In our
study, three (3%) strains with an inhibition zone
diameter of 18-20 mm (S-IE) were found to be
resistant to CPT by BMD method (Figure 5,
6). This ratio is in agreement with the 3-4%
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mentioned by EUCAST22:34 " Furthermore, it is
imperative to note that 52 (93%) of those strains
were isolated from BSIs, as this may result in
challenges when interpreting the susceptibility
category and may affect treatment options. This
situation underlines the need for caution in
interpreting CPT susceptibility tests. In a thesis
study conducted in our country in 2017, 1.4%
ceftaroline resistance and 31% S-IE isolates were
detected in 143 MRSA isolates from various clin-
ical samplest33. In a study conducted by Andrey
et al. from the University of Geneva, it was
found that resistance to CPT (MIC> 1 ug/mL)
was 7.2% in BSIs and 17% in SSTI samples
in 96 MRSA isolates (22 blood, 74 SSTI sam-
ples). Furthermore the inhibition zone diameters
of CPT-R strains by DDM varied between 10
and 20 mm(28. In contrast, the present study
revealed that resistance to CPT was found to be
lower in isolates from BSIs and SSTI samples
(2.5% and 4.5%, respectively). The rationale
behind this discrepancy can be attributed to the
modification of the “intermediate” category within
the EUCAST guide. Specifically, strains exhibiting
a MIC of 2 pg/mL were reclassified under the
S-IE category. In the present study, the inhibition
zone diameters of CPT-R isolates were found to
be between 18-20 mm, which is not in accord-
ance with the results obtained by Andrey.

A study was conducted by BMD and DDM
to examine the -effectiveness of CPT on 60
hospital-acquired MRSA (HA-MRSA) strains!31l,
These strains were classified as intermediate
to glycopeptides (GISA) and isolated from
BSIs between 1994 and 2003, prior to the
implementation of CPT in clinical practice[SH.
According to the finding of Kelly’s study, the
rate of resistance to CPT (MIC >1 pg/mlL) was
reported as 67%. Thirty-seven of the strains
showed an MIC of 2 pg/mL, while only three
showed an MIC of 4 pg/mL. In relation to this
elevated rate, the authors hypothesized that the
unexpected resistance may be attributable to a
subset of strains isolated in subsequent vyears,
following an epidemic at the same hospital in
1998 during which an aggressive HA-MRSA
strain predominated. If the breakpoint value
for CPT in the aforementioned study been

greater than 2 pg/mL, as stated in EUCAST,
the resistance rate would have been lower (5%)
and closer to our results. Furthermore, it is
important to note that the isolates employed in
Kelly’s study were GISA isolates. The inhibition
zone diameters of CPT-R strains by the DDM
were reported to be between 18-21 mm. In the
present study, the resistance rate to CPT was
found to be comparatively low. Furthermore, the
inhibition zone diameters (18-20 mm) of CPT-R
isolates were found to be similar.

In a study conducted by Siddiqui et al,
sensitivity to CPT was investigated by the gra-
dient-test method in 19 MRSA isolated from
various clinical samples in 2020, and 89.5% of
MRSA isolates were found to be susceptible to
CPTI32], Despite the 10.5% resistance rate docu-
mented in this study being higher than the rates
reported in our own research, it is important to
note that this may not be a precise reflection
of the actual rates, given the limited number
of strains analyzed. Within the scope of the
Antimicrobial Test Leadership and Surveillance
program (ATLAS), the antimicrobial activity of
CPT against SSTI isolates was evaluated in Latin
America between 2016 and 2020. Susceptibility
to CPT was reported as 92.5%, which is higher
than in the current study, and the MICy, was
determined to be 1 mg/L according to EUCAST
guidelines[35]. Thirty MRSA isolates from various
clinical specimens were evaluated by gradient
testing over a two-month period in Southern
India in 2023 to assess the susceptibility of
clinical MRSA isolates to CPT. Of the thirty
isolates tested according to CLSI guidelines, 28
(93%) were found to be susceptible to CPT, and
two were found to be susceptible dose-dependent
(SDD). Although this percentage is considered
higher than the resistance rates in the present
study, the diverse clinical specimens collected
and the small number of isolates do not allow
for full comparison of the datal®®. In a study
conducted in Egypt between 2022 and 2023, no
CPT-resistant strains were found in 412 clinical
MRSA (mostly SSTI) isolates, 98.7% were found
susceptible, and 1.3% showed a SDD profile
with MIC values of 2-4 pg/mLI37.
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Abdizadeh et al. investigated the susceptibility
to CPT investigated by the gradient-test meth-
od in a total of 91 MRSA isolates from BSIs
between 2018-2019, utilizing the gradient-test
method. The authors stated that according to
the Clinical Laboratory Standards Institute (CLSI)
criteria in effect at that time, the breakpoint
values were as follows: susceptible (S) <1 pg/
mL, susceptible-increased exposure (S-E) 2-4
pg/mL, and resistant (R) =8 pg/mL. The study
found that 84 (92%) isolates were sensitive
and seven (8%) MRSA isolates were S-IE with
an MIC value of 2 pg/mLPB9% In contrast to
the findings reported by Abdizadeh, our study
revealed a higher prevalence of S-IE and 3%
CPT resistance (MIC= 8 pg/mL) were detected.
Nevertheless, in accordance with the present
study, resistance to levofloxacin was detected by
DDM in all strains resistant to CPT.

Daptomycin is FDA-approved for adults
with S. aureus bacteremia, right-sided infective
endocarditis, and cSSTI. Nonsusceptible isolates
have emerged during therapy in association with
treatment failure. For adults with uncomplicated
bacteremia, vancomycin or daptomycin 6 mg/
kg/dose IV once daily is recommended for at
least two weeks. For complicated bacteremia,
4-6 weeks of therapy is advised, depending on
the extent of the infection. Some experts rec-
ommend higher doses of daptomycin at 8-10
mg/kg/dose IV once daily[38]. Daptomycin, even
when administered at doses higher than the
FDA-approved level, has been associated with
clinical failure rates approaching 30% and the
emergence of DAP-nonsusceptible strains!13:39],
According to data from the Centers for Disease
Control and Prevention (CDC), the global prev-
alence of DAP-resistant S. aureus was 0.4% in
2021401 In the present study, 2% resistance to
DAP was found among all isolates by the BMD
method. Oksiiz et al. did not detect resistance
to DAP in the same hospital ten years ago[25].
However, the 2% resistance rate in the current
study suggests that attention should be paid to
the use of this antibiotic, even though develop-
ment of resistance is slow.

Vancomycin has been the mainstay of paren-
teral therapy for MRSA infections. However, its

effectiveness has been questioned due to its slow
bactericidal activity, the emergence of resistant
strains, and concerns about a possible “MIC shift”
among susceptible strains!®®. The occurrence of
vancomycin resistance in S. aureus isolates is
an exceptionally rare phenomenon. However, in
cases of persistent bacteremia, the failure of van-
comycin therapy is a frequent occurrence. With
regard to the data from the CDC, the global
rate of VRSA in 2021 was 0.1%*!. In a
2020 study on the global prevalence of VRSA,
Shariati et al. reported that the prevalence of
VRSA was 1.2% in Asia, 1.1% in Europe,
3.6% in America, and 2.5% in Africa. The
study also found that the prevalence of VISA
strains was higher on the Asian continent. The
highest number of VRSA strains (n= 70) were
also reported from Asia*? In the present study,
no VISA, hVISA or VRSA isolates were found
in the isolates from BSI and SSTI samples. In
a surveillance study conducted in Latin America,
susceptibility to VAN was investigated in a total
of 1189 MRSA isolates. These isolates were
obtained from different clinical samples between
2006 and 2008 and from BSIs only between
2011 and 2014. No VRSA was detected by the
agar screening method during the 2006-2008
period; however, nine isolates (1.4%) were iden-
tified as hVISA using the gradient test method.
Between 2011 and 2014, it was reported that
70% of the patients from whom the strains were
isolated had received glycopeptide treatment, and
30 hVISA (5.6%) isolates were detected using
the gradient test method!#3!.

A study evaluating the efficacy of fifth-gener-
ation cephalosporins for the treatment of MRSA-
BSI infections reported that CPT and ceftobipro-
le demonstrated significant efficacy in this patient
group. These agents may be considered more
effective than VAN or DAP and could serve as
the basis for treatment, either as monotherapy
or in combination!#4]. However, in present study,
both the CPT-VAN and CPT-DAP combinations
exhibited indifference effects against CPT-R iso-
lates. This finding reinforces the need to explore
new synergistic combinations, which is the main
thesis of the study. The absence of synergy
between CPT-VAN and CPT-DAP combinations
against resistant isolates serves as a reminder for
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clinicians to exercise caution when considering
combination therapy in the treatment of MRSA.
These data are consistent with some findings
from previous studies. In a study conducted by
Romero et al, the in vitro effectiveness of CPT
in combination with DAP, linezolid, and VAN
against a total of 70 Staphylococcus species, 16
of which were MRSA, was evaluated using the
gradient test method. The findings of the present
study align with those reported in the literature,
particularly the CPT-DAP combination, which
exhibited an additive effect in 81% of cases,
with no synergistic or antagonistic outcomes.
However, in contrast to our findings, the CPT-
VAN combination demonstrated a synergistic
effect in 87% of the isolates. It is imperative
to note the relatively small number of MRSA
isolates used in Romero’s study[45].

Similarly, in a 2016 study conducted by
Garcia et al. from Spain, the activities of CPT,
VAN, and DAP -both alone and in combination-
were assessed using the gradient test method, as
in the present study. The analysis was conducted
on 53 MRSA isolates stored from a hospital out-
break that occurred seven years prior. All tested
isolates were susceptible to CPT at concentrations
ranging from 0.38 pg/mL to 1 pg/mL, to DAP
at concentrations ranging from 0.125 pg/mL to
1 pg/mL, and to VAN at concentrations ranging
from 0.75 pg/mL to 2 pg/mL. The CPT-DAP
combination resulted in indifference in 18 iso-
lates (34%), additive effects in 31 (58.5%), and
synergism in four isolates (7.5%). These findings
differ from our data, which showed no synergism.
In the CPT-VAN combination, 41 isolates (77%)
showed indifference, while 12 (23%) exhibited
additive effects. In contrast to Garcia et al’s
study, three strains in our dataset were resistant
to CPT (MIC range= 0.125-8 pg/mlL), showed
increased MIC values for DAP (0.125-2 pg/mL),
and both CPT-DAP and CPT-VAN combinations
demonstrated indifferent effects against these
CPT-R strains.

In light of in vitro investigations, a study
conducted by Tsai et al. evaluated the efficacy of
DAP), VAN, and CPT, both individually and in
combination, against 10 MRSA isolates obtained
from BSIs in Taiwan between 2014 and 2018.

The study found that all MRSA isolates were
susceptible to CPT and VAN monotherapy.
However, two MRSA isolates demonstrated resist-
ance to DAP, with MICs of 2 pg/mL and 4
png/mL, respectively. The checkerboard method
revealed a 30% synergistic effect for the CPT-
DAP combination and a 10% synergistic effect
for the CPT-VAN combination(4®].

In a more recent study, the interaction of
CPT or VAN with carbapenems-despite their
lack of indication for MRSA-was explored, and
both in vitro and in vivo synergy was observed
between these combinations!47).

It should be noted that the number of isolates
in Tsai et al.’s study was small (n= 10), which
may limit the generalizability of the findings. In
contrast, the present study did not observe any
synergistic effect with either combination. This
discrepancy may be attributed to the temporal
overlap of our study period with the onset of
the global coronavirus diseases-2019 pandemic,
which may have contributed to the emergence
of more resilient MRSA strains. Additionally, the
presence of comorbidities and prior antibiotic
use in the patient population may have been
contributing factors.

The clinical outcomes of combination thera-
pies involving CPT are of considerable impor-
tance. A multicenter retrospective study from
Spain compared the outcomes of CPT treatment
with those of standard therapy (VAN or DAP) in
429 adult patients with MRSA BSIs. Patients in
the CPT group more frequently received combi-
nation therapy due to higher Sequential Organ
Failure Assessment scores (>2), complicated BSI,
and infective endocarditis. Although no statistical-
ly significant difference in 30-day mortality was
observed between the groups, the incidence of
adverse events in the CPT group was 12.0%—
approximately three times higher than in the
standard therapy group. Notably, most adverse
events occurred when CPT was administered in
combination®®]. These findings underscore the
need for caution when using CPT-based combi-
nation therapies in clinical settings.

Despite these clinically relevant insights, the
present study has certain limitations. It could not
be conducted on consecutive isolates, and its
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retrospective design may limit the representative-
ness of the sample. However, the low number of
MRSA isolates, due to effective infection control
practices at our hospital, necessitated this study
design. Another limitation is that checkerboard
synergy testing was performed only on CPT-R
isolates (n= 3) due to budgetary constraints. The
study focused exclusively on evaluating antibiotic
combination efficacy in CPT-R strains, as CPT-
susceptible strains are already being utilized in
current treatment regimens. This may restrict the
generalizability of the results.

Nevertheless, the observed indifference between
CPT-VAN and CPT-DAP combinations in CPT-R
isolates is a noteworthy and thought-provoking
finding, especially in light of the expected syn-
ergistic effects. Additionally, population analysis
profiling was not employed for the detection of
hVISA, as this was beyond the scope of the
present study.

CONCLUSION

We believe that the current study provides
important findings regarding the in vitro efficacy
of CPT. Although the rate of CPT resistance
detected was relatively low, concerns remain
that the number of CPT-R isolates may increase
over time. The use of pB-lactam antibiotics by
patients from whom CPT-R strains were isolated,
along with the presence of comorbid conditions,
may have contributed to the development of
resistance against CPT. The observed indifferent
effects of CPT in binary combinations underscore
the need to explore novel synergistic antimicro-
bial combinations. Future studies are planned
to evaluate the efficacy of CPT in combination
with meropenem and linezolid. Clinical studies
will be essential to validate and substantiate the
outcomes observed in this in vitro investigation.

ETHICS COMMITTEE APPROVAL

This study was approved by the Istanbul
University Istanbul Faculty of Medicine, Clinical
Research Ethics Committee (Decision no: 09,
Date: 13.05.2022).

FINANCIAL DISCLOSURE

This study was funded by Scientific Research
Projects Coordination Unit of Istanbul University
Istanbul Faculty of Medicine Project No: 39557.

CONFLICT of INTEREST

The authors have no conflicts of interest to
declare that are relevant to the content of this
article.

AUTHORSHIP CONTRIBUTIONS
Concept and Design: LO
Analysis/Interpretation: LO, GKA

Data Collection or Processing: GKA, LO
Writing: GKA, LO

Review and Correction: LO, GKA

Final Approval: GKA, LO

REFERENCES

1. Lewis PO, Heil EL, Covert KL, Cluck DB. Treatment strategies
for persistent methicillin-resistant Staphylococcus aureus
bacteraemia. | Clin Pharm Therap 2018;43:614-25.
https://doi.org/10.1111/jcpt. 12743

2. Tebano G, Zaghi |, Baldasso F, Calgarini C, Capozzi
R, Salvadori C, et al. Antibiotic resistance to molecules
commonly prescribed for the treatment of antibiotic-
resistant gram-positive pathogens: What is relevant for the
clinician? Pathogens 2024,13. https://doi.org/10.3390/
pathogens130710088

3. Lounsbury N, Reeber MG, Mina G, Chbib C. A mini-review on
ceftaroline in bacteremia patients with methicillin-resistant
Staphylococcus aureus (MRSA) infections. Antibiotics
2019;8:30. https://doi.org/10.3390/antibiotics8010030

4.  Zhanel GG, Sniezek G, Schweizer F, Zelenitsky S, Lagacé-
Wiens PR, Rubinstein E, et al. Ceftaroline: A novel broad-
spectrum cephalosporin with activity against meticillin-
resistant Staphylococcus aureus. Drugs 2009;69:809-31.
https://doi.org/10.2165/00003495-200969070-00003

5. Righi E. Ceftaroline and ceftaroline-avibactam. In: Grayson
ML, editor. Kucers'T the Use of Antibiotics: a Clinical Review
of Antibacterial, Antifungal, Antiparasitic, and Antiviral
Drugs. 1. 7th ed. Boca Raton: CRC Press: ASM CRC Press
Taylor and Francis Group; 2018,;603-19.

6. Sader HS, Mendes RE, Farrell D, Flamm RK, Jones RN.
Ceftaroline activity tested against bacterial isolates
from pediatric patients: Results from the assessing
worldwide antimicrobial  resistance and  evaluation
program for the United States (2011-2012). Pediatr
Infect Dis | 2014;33:837-42. https://doi.org/10.1097/
INF.0000000000000307

7. Rose W, Fantl M, Geriak M, Nizet V, Sakoulas G. Current
paradigms of combination therapy in methicillin-resistant
Staphylococcus aureus (MRSA) bacteremia: Does it work,
which combination, and for which patients? Clin Infect Dis
2021,73:2353-60. https://doi.org/10.1093/cid/ciab452

12|

FLORA 2025;30


https://doi.org/10.1111/jcpt.12743
https://doi.org/10.3390/pathogens13010088
https://doi.org/10.3390/pathogens13010088
https://doi.org/10.3390/antibiotics8010030
https://doi.org/10.2165/00003495-200969070-00003
https://doi.org/10.1097/INF.0000000000000307
https://doi.org/10.1097/INF.0000000000000307
https://doi.org/10.1093/cid/ciab452

Kara Altay G, Oksiz L..

10.

7.

12.

13.

14.

15.

16.

17.

18.

Hornak JP, Anjum S, Reynoso D. Adjunctive ceftaroline
in combination with daptomycin or vancomycin for
complicated methicillin-resistant - Staphylococcus aureus
bacteremia after monotherapy failure. Therapeutic Advances
in Infectious Disease 2019;6:2049936119886504.
https://doi.org/10.1177/2049936119886504

Geriak M, Haddad F, Rizvi K, Rose W, Kullar R, LaPlante
K, et al. Clinical data on daptomycin plus ceftaroline
versus standard of care monotherapy in the treatment of
methicillin-resistant  Staphylococcus aureus bacteremia.
Antimicrob Agents Chemother 2019,;63:2483-18. https://
doi.org/10.1128/AAC.02483-18

McCreary EK, Kullar R, Geriak M, Zasowski EJ, Rizvi
K, Schulz LT, et al. Multicenter cohort of patients with
methicillin-resistant  Staphylococcus aureus bacteremia
receiving daptomycin plus ceftaroline compared with other
MRSA treatments. Open Forum Infect Dis 2020,7:0fz538.
https://doi.org/10.1093/ofid/ofz538

Goto M. Ceftaroline for methicillin-resistant Staphylococcus
aureus bacteraemia: A magic bullet, a weight on the
seesaw, or neither? Clin Microbiol Infect 2025,;31:696-8.
https://doi.org/10.1016/j.cmi.2025.02.007

Abate G, Wang G, Frisby J. Ceftaroline: Systematic
review of clinical uses and emerging drug resistance.
Ann  Pharmacother  2022;56:1339-48.  https://doi.
org/10.1177/10600280221082326

Jorgensen SC, Zasowski EJ, Trinh TD, Lagnf AM, Bhatia S,
Sabagha N, et al. Daptomycin plus B-lactam combination
therapy for methicillin-resistant Staphylococcus aureus
bloodstream infections: A retrospective, comparative
cohort study. Clin Infect Dis 2020;71:1-10. https://doi.
org/10.1093/cid/ciz746

Eliazar |, Johnson T, Chbib C. Pre-clinical impact of the
synergistic mechanism of daptomycin and ceftaroline on
patients with methicillin-resistant Staphylococcus aureus
bacteremia infections. Curr Rev in Clin and Exp Pharmacol
2021;16:296-9. https://doi.org/10.2174/157488471566
6210108103813

Leber AL. Clinical microbiology procedures handbook. ASM
WAshington: John Wiley & Sons; 2020.

European  Committee on  Antimicrobial ~ Susceptibility
Testing (EUCAST). EUCAST guidelines for detection
of resistance mechanisms and specific resistance of
clinical and/or epidemiological importance: EUCAST;
2017. Available  from: https://www.eucast.org/
eucast_news/news_singleview?tx_ttnews%5Btt_
D=234&cHash=e871ee87c81f401b3e2c756574051224
(Accessed date: 28.03.2024).

European Committee on  Antimicrobial  Susceptibility
Testing (EUCAST). Disk diffusion method for antimicrobial
susceptibility testing version 11.0 EUCAST 2023. Available
from: https://www.eucast.org/ast_of_bacteria/disk_
diffusion_methodology (Accessed date: 28.03.2024).

European Committee on Antimicrobial Susceptibility Testing
(EUCAST). Breakpoint tables for interpretation of MICs and
zone diameters: EUCAST; 2023. Available from: https://
www.eucast.org/clinical_breakpoints ~ (Accessed  date:
28.03.2024).

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Miklasiriska-Majdanik M. Mechanisms of resistance to
macrolide antibiotics among Staphylococcus aureus.
Antibiotics ~ 2021,;10:1406.  https://doi.org/10.3390/
antibiotics10111406

Thapa D, Pyakurel S, Thapa S, Lamsal S, Chaudhari M,
Adhikari N, et al. Staphylococcus aureus with inducible
clindamycin resistance and methicillin resistance in a
tertiary hospital in Nepal. Trop Med Health 2021,;49:1-7.
https://doi.org/10.1186/s41182-021-00392-2

Manandhar S, Shrestha R, Tuladhar RS, Lekhak S. Inducible
clindamycin resistance and biofilm production among
staphylococci isolated from tertiary care hospitals in Nepal.
Infect Dis Rep 2021,13:1043-52. https://doi.org/10.3390/
idr13040095

European Committee on Antimicrobial Susceptibility Testing
(EUCAST).The implementation of the new definitions of
S, | and R 2019. Available from: https://www.eucast.
org/fileadmin/src/media/PDFs/EUCAST_files/EUCAST_
Presentations/2018/EUCAST_-_Intermediate_category_-_
information_for_ all.pdf. (Accessed date: 28.03.2024).

Republic of Turkey Ministry of Health, General Directorate
of Public Health. National Antimicrobial Resistance
Surveillance System 2016 Annual Report Ankara: Turkish
public health institution; 2016. Available from: https://
hsgm.saglik.gov.tr/depo/birimler/mikrobiyoloji-referans-
laboratuvarlari-ve-biyolojik-urunler-db/Dokumanlar/
Raporlar/UAMDSS_2016_Rapor.pdf.  (Accessed  date:
28.03.2024).

European Centre for Disease Prevention and Control
(ECDC). Antimicrobial resistance surveillance in Europe
2023 - 2021 data. Stockholm: European Centre for Disease
Prevention and Control and World Health Organization;
2023. 2023. Available from: https://www.ecdc.europa.eu/
en/publications-data/antimicrobial-resistance-surveillance-
europe-2023-2021-data. (Accessed date: 28.03.2024).

Oksuz L, Gurler N. Susceptibility of clinical methicillin-
resistant Staphylococci isolates to new antibiotics. | Infect
Dev Ctries 2013;7:825-31. https://doi.org/10.3855/
jidc.3867

Pardo L, Machado V, Cuello D, Aguerrebere P, Seija V, Braga
V, et al. Macrolide-lincosamide-streptogramin B resistance
phenotypes and their associated genotypes in Staphylococcus
aureus isolates from a tertiary level public hospital of
Uruguay. Revista Argentina de Microbiologia 2020;52:202-
10. https://doi.org/10.1016/j.ram.2019.10.004

Goudarzi M, Tayebi Z, Fazeli M, Miri M, Nasiri M].
Molecular characterization, drug resistance and virulence
analysis of constitutive and inducible clindamycin resistance
Staphylococcus aureus strains recovered from clinical
samples, Tehran-iran. Infect Drug Resist 2020:1155-62.
https://doi.org/10.2147/IDR.5251450

Andrey D, Francois P, Manzano C, Bonetti E, Harbarth
S, Schrenzel |, et al. Antimicrobial activity of ceftaroline
against methicillin-resistant Staphylococcus aureus (MRSA)
isolates collected in 2013-2014 at the Geneva University
Hospitals. Eur | Clin Microbiol Infect Dis 2017;36:343-50.
https://doi.org/10.1007/s10096-016-2807-5

FLORA 2025;30

[13


https://doi.org/10.1177/2049936119886504
https://doi.org/10.1128/AAC.02483-18
https://doi.org/10.1128/AAC.02483-18
https://doi.org/10.1093/ofid/ofz538
https://doi.org/10.1016/j.cmi.2025.02.007
https://doi.org/10.1177/10600280221082326
https://doi.org/10.1177/10600280221082326
https://doi.org/10.1093/cid/ciz746
https://doi.org/10.1093/cid/ciz746
https://doi.org/10.2174/1574884715666210108103813
https://doi.org/10.2174/1574884715666210108103813
https://doi.org/10.3390/antibiotics10111406
https://doi.org/10.3390/antibiotics10111406
https://doi.org/10.1186/s41182-021-00392-2
https://doi.org/10.3390/idr13040095
https://doi.org/10.3390/idr13040095
https://doi.org/10.3855/jidc.3867
https://doi.org/10.3855/jidc.3867
https://doi.org/10.1016/j.ram.2019.10.004
https://doi.org/10.2147/IDR.S251450
https://doi.org/10.1007/s10096-016-2807-5

| In Vitro Activity of Ceftaroline Against MRSA

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Garcia AB, Candel FJ, Lépez L, Chiarella F, Vifiuela-Prieto M.
In vitro ceftaroline combinations against meticillin-resistant
Staphylococcus aureus. | Med Microbiol 2016;65:1119-22.
https://doi.org/10.1099/jmm.0.000341

Abdizadeh N, Haeili M, Kafil HS, Ahmadi A, Feizabadi
MM. Evaluation of in vitro activity of ceftaroline on
methicillin resistant Staphylococcus aureus blood isolates
from Iran. Iranian | Microbiol 2021,13:442. https://doi.
org/10.18502/ijm.v13i4.6967

Kelley WL, Jousselin A, Barras C, Lelong E, Renzoni
A. Missense mutations in PBP2A Affecting ceftaroline
susceptibility detected in epidemic hospital-acquired
methicillin-resistant ~ Staphylococcus aureus — clonotypes
$§T228 and ST247 in Western Switzerland archived since
1998. Antimicrob Agents Chemother 2015;59:1922-30.
https://doi.org/10.1128/AAC.04068-14

Siddiqui T, Sahu C, Patel SS. In vitro activity of ceftaroline
and other antimicrobial agents against Gram positive
bacterial isolates: Descriptive study from a university
hospital. Indian | Med Microbiol 2022,40:101-4. https://
doi.org/10.1016/j.iimmb.2021.08.003

Efe K. Investigation of ceftaroline fosamil sensitivity in
methicillin  resistant Staphylococcus aureus, Klebsiella
pneumoniae and Escherichia coli strains [Specialization
Thesis in Medicine]. Bursa, Turkiye: Uludag University;
2017.

Van Honacker E, Vandendriessche S, Coorevits L, Verhasselt
B, Boelens |. Impact of the Introduction of EUCAST's Concept
of “Area of Technical Uncertainty”. Eur | Clin Microbiol
Infect Dis 2022:1-5.

Mohamed N, Valdez RR, Fandino C, Baudrit M, Falci DR,
Muirillo JDC. In vitro activity of ceftaroline against bacterial
isolates causing skin and soft tissue and respiratory tract
infections collected in Latin American countries, ATLAS
program 2016-2020. | Glob Antimicrob Resist 2024,36:4-
12. https://doi.org/10.1016/].jgar.2023.11.006

Nair S. Evaluation of antibacterial activity of Ceftaroline
against  clinical  isolates of  methicillin  resistant
Staphylococcus aureus in a tertiary care centre, South
India. Blood 2:6.7.

Sallam HH, Ramadan AA, Attia NM, ElBaradei A, Shawky
SM, El-Kholy MA. Ceftaroline Exhibits Promising In Vitro
Activity ~ Against  Methicillin-Resistant  Staphylococcus
aureus Clinical Isolates From Alexandria, Egypt. Int |
Microbiol 2025;2025:4558662. https://doi.org/10.1155/
iim/4558662

Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz
RJ, et al. Clinical practice guidelines by the Infectious
Diseases Society of America for the treatment of methicillin-
resistant Staphylococcus aureus infections in adults and
children. Clin Infect Dis 2011;52:e18-e55. https://doi.
org/10.1093/cid/ciq146

Karchmer AW. Combination therapy for methicillin-resistant
Staphylococcus aureus (MRSA) bacteremia: Beauty remains
in the eye of the beholder. 2021,;72:1526-8. https://doi.
org/10.1093/cid/ciaal326

40.

41.

42.

43.

44,

45.

46.

47.

48.

Centers for Disease Control and Prevention (CDC).
Antimicrobial resistance & patient safety portal daptomycin-
resistant MRSA CDC2021. Available from: https://arpsp.
cdc.gov/profile/antibiotic-resistance/daptomycin-resistant-
mrsa. (Accessed date: 28.03.2024).

Centers for Disease Control and Prevention (CDC).
Antimicrobial resistance & patient safety portal vancomycin-
resistant MRSA CDC2021. Available from: https://arpsp.
cdc.gov/profile/antibiotic-resistance/vancomycin-resistant-
mrsa. (Accessed date: 28.03.2024).

Shariati A, Dadashi M, Moghadam MT, van Belkum A,
Yaslianifard 'S, Darban-Sarokhalil D. Global prevalence
and distribution of vancomycin resistant, vancomycin
intermediate and heterogeneously vancomycin intermediate
Staphylococcus aureus clinical isolates: a systematic review
and meta-analysis. Scientific Reports 2020;10:12689.
https://doi.org/10.1038/541598-020-69058-z

Castro BE, Berrio M, Vargas ML, Carvajal LP, Millan LV,
Rios R, et al. Detection of heterogeneous vancomycin
intermediate resistance in MRSA isolates from Latin
America. | Antimicrob Chemother 2020;75:2424-31.
https://doi.org/10.1093/jac/dkaa221

Bavaro DF, Belati A, Bussini L, Cento V, Diella L, Gatti
M, et al. Safety and effectiveness of fifth generation
cephalosporins for the treatment of methicillin-resistant
staphylococcus aureus bloodstream infections: A narrative
review exploring past, present, and future. Expert Opinion
on Drug Safety 2024,23:9-36. https://doi.org/10.1080/1
4740338.2023.2299377

Romero YG, Gémez-Garcés [-L. In vitro activity of
ceftaroline in combination with other antimicrobials active
against Staphylococcus spp. Enfermedades Infecciosas
y  Microbiologia  Clinica 2020;,38:25-7.  https://doi.
org/10.1016/j.eimce.2019.03.009

Tsai CE, Yang CJ, Chuang YC, Wang JT, Sheng WH, Chen
YC, et al. Evaluation of the synergistic effect of ceftaroline
against methicillin-resistant Staphylococcus aureus. Int |
Infect Dis 2022;122:230-6. https://doi.org/10.1016/j.
ijid.2022.05.057

Jankeel A, Pérez-Parra G, Khetarpal AK, Alvarado IA, Nizet
V, Sakoulas G, et al. Enhanced killing of methicillin-resistant
Staphylococcus aureus with ceftaroline or vancomycin in
combination with carbapenems. | Infect Dis 2025:jiaf010.
https://doi.org/10.1093/infdis/jiaf010

de la Villa S, Escrihuela-Vidal F, Ferndndez-Hidalgo N,
Escudero-Sdnchez R, Cabezon |1, Boix-Palop L, et al.
Ceftaroline for bloodstream infections caused by methicillin-
resistant Staphylococcus aureus: A multicentre retrospective
cohort study. Clin Microbiol Infect 2025;31:793-801.
https://doi.org/10.1016/j.cmi.2024.11.022

Address for Correspondence/Yazisma Adresi
Dr. Liitfiye OKSUZ
Department of Medical Microbiology,

[stanbul University, Istanbul Faculty of Medicine,
[stanbul, Tiirkiye

E-posta: oksuzl@istanbul.edu.tr

14|

FLORA 2025;30


https://doi.org/10.1099/jmm.0.000341
https://doi.org/10.18502/ijm.v13i4.6967
https://doi.org/10.18502/ijm.v13i4.6967
https://doi.org/10.1128/AAC.04068-14
https://doi.org/10.1016/j.ijmmb.2021.08.003
https://doi.org/10.1016/j.ijmmb.2021.08.003
https://doi.org/10.1016/j.jgar.2023.11.006
https://doi.org/10.1155/ijm/4558662
https://doi.org/10.1155/ijm/4558662
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1093/cid/ciq146
https://doi.org/10.1093/cid/ciaa1326
https://doi.org/10.1093/cid/ciaa1326
https://doi.org/10.1038/s41598-020-69058-z
https://doi.org/10.1093/jac/dkaa221
https://doi.org/10.1080/14740338.2023.2299377
https://doi.org/10.1080/14740338.2023.2299377
https://doi.org/10.1016/j.eimce.2019.03.009
https://doi.org/10.1016/j.eimce.2019.03.009
https://doi.org/10.1016/j.ijid.2022.05.057
https://doi.org/10.1016/j.ijid.2022.05.057
https://doi.org/10.1093/infdis/jiaf010
https://doi.org/10.1016/j.cmi.2024.11.022
mailto:oksuzl@istanbul.edu.tr

