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Abstract

Objectives

To determine the in vitro susceptibility of Ceftaroline against
Methicillin-resistant Staphylococcus species.

Methodology
This observational study was conducted at the Department of
Microbiology, Ziauddin University Hospital, Karachi, from
July 2014 to March 2015. Consecutive clinical isolates of
Staphylococcus species were collected and identified by
conventional microbiological techniques. Antimicrobial
susceptibility testing was carried out by Kirby-Bauer disc
diffusion method. The results were interpreted by using Clinical
Laboratory Standard Institute criteria. Methicillin resistance
was detected by using Cefoxitin disk as a surrogate marker.
Statistical analysis was performed by Statistical Package for
the Social Sciences version-17.

Results
A total of 276 clinical isolates of Methicillin- Resistant
Staphylococci were obtained during the study period. In these
276 isolates, 103 (37.3%) were Methicillin-Resistant
Staphylococcus aureus, and 173 (62.7%) were Methicillin
resistant Coagulase negative Staphylococci. All 276 (100%)
isolates of Methicillin- Resistant Staphylococci were sensitive
to Ceftaroline.

Conclusion
Ceftaroline exhibited potent antimicrobial activity against
Methicillin- Resistant Staphylococci isolates including
Methicillin-Resistant Staphylococcus aureus. Ceftaroline is
equally effective as other options for treating Methicillin-
Resistant Staphylococci isolates.
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Introduction
Staphylococcus species are significant source of infections
worldwide. They are also the major causes of hospital-acquired
infections. Staphylococcus aureus (S. aureus) is among the
most prevalent causes of clinical infections globally and has
garnered substantial public attention due to increasing mortality
associated with multi-drug resistance (MDR).1 Other
Staphylococcus species like strains of Staphylococci epidermidis
(S. epidermidis) are resistant to various antimicrobials by
forming biofilm and colonization. They can also serve as a
reservoir for antibiotic resistant genes that can be transferred
to other bacteria.2 For the previous several years Methicillin-
Resistant Staphylococcus aureus (MRSA) has become a common
pathogen in hospital settings and characterize about 33% to
55% of all isolated S. aureus strains from hospital and 60%
from critical care units.3 The rate of MRSA in all community-
associated S. aureus infections in Asian countries ranges from
2.5% to 39%.4 In a study from Karachi, 38.6% of S. aureus
isolates were found to be MRSA.5  Many of the MRSA isolates
are becoming MDR and they are susceptible only to the
glycopeptide antibiotics such as Vancomycin (VA) which has
considerable adverse effects. Linezolid (LZD) has been shown
to achieve a higher clinical and microbiological response rate.6

However, LZD is an expensive alternative with its own adverse
side effects.5

Ceftaroline (CPT) is a novel, parenteral, bactericidal, anti-
MRSA cephalosporin which exhibits a broad spectrum of
activity against important community and hospital-acquired
pathogens.7 CPT has high affinity to bind Penicillin binding
protein 2a making it effective against MRSA.8 CANVAS-1 trail
results for complicated skin or skin structure infections (cSSSI)
proved a good safety profile for CPT and good clinical cure
rates.9

CPT is an effective therapeutic option against MRSA as well
as others Methicillin- Resistant Staphylococcus species (MRS)
as the therapeutic options are narrowing. There is a strong need
in developing countries to introduce new antibiotics to deal
with these MDR bacteria in order to provide effective treatment
which will decrease the cost of treatment, limit the stay in
hospital, and decrease the selection pressure. Very limited data
is published in Pakistan against usefulness of CPT against
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MRS. Furthermore; local data is of prime importance. The
objective of our study was to determine in vitro susceptibility
of CPT against MRS. We also document the susceptibility
pattern of other antimicrobials against Staphylococcus species.

Methodology
This observational study was conducted over a period of nine
months from July 2014 to March, 2015 at the Department of
Clinical Microbiology of Ziauddin University Hospital. Two
hundred and seventy six consecutive clinical isolates of MRS
including MRSA were collected from different clinical samples
by convenient sampling. These isolates were included in the
study. Sources were blood, respiratory secretions, wound swabs,
central venous pressure (CVP) lines tips, and pus. All the duplicate
isolates were excluded from the study. Written approval from
the institutional ethical committee was obtained. Informed consent
was taken from either the patient or any other patient’s relative.

Clinical samples were received in a sterile container or in an
Amies transport medium supplied from the Microbiology
laboratory. These samples were processed and incubated at
37ºC ± 2ºC in ambient air for 24-48 hours, using standard
microbiological techniques.10 Staphylococcus species including
S. aureus were identified using conventional techniques (colony
morphology, gram staining, catalase test, coagulase test, mannitol
salt agar, and DNase test).10

Antimicrobial susceptibility testing was performed on Mueller
Hinton agar (MHA) medium (oxoid Ltd., England) using
modified Kirby-Bauer disk diffusion method according to
Clinical and Laboratory Standards Institute (CLSI) 2014
guidelines.11 A 0.5 McFarland equivalent suspension of organism
was prepared and inoculated onto a MHA plates. This is followed
by the application of antimicrobials discs. CPT (30µg-Oxoid
Ltd., England) disc was used. These plates were then incubated
overnight at 37ºC in an ambient air incubator. The isolates were
considered resistant to CPT if the zone of inhibition around the
disc was  20 mm and susceptible if zone was  24 mm. S.
aureus American Type Culture Collection (ATCC®) 25923 was
used as control. Methicillin resistance was detected by using
Cefoxitin (30µg-Oxoid Ltd., England) disk as a surrogate
marker.11

A research proforma was used to document the essential data
including age and gender. Data analysis was performed by
using Statistical Package for Social Sciences (SPSS) version-
17. Frequencies and percentages were computed for presentation
of all categorical variables like microorganisms, gender,
sensitivity and resistance. Mean values and standard deviation
was calculated for quantitative variables like age of patients.

Results
A total of 276 clinical isolates of MRS were obtained during
the study period. Distribution of isolates of MRS from different
clinical samples is shown in Figure 1. In these 276 isolates,

103 (37.3%) were MRSA, and 173 (62.7%) were Methicillin
resistant Coagulase negative Staphylococci (MRCoNS).
Predominantly, the isolates were from female patients 156/276
(56.5%), while isolates from male patients were 120/276
(43.5%). Female to male ratio was 1.3:1. The mean age of
patients with MRS isolates was 36.1 ± 27.7 years. All 276
(100%) isolates of MRS were sensitive to CPT, Linezolid, and
Teicoplanin. Overall, 241/276 (87.3%) were sensitive to
Amikacin, 84/276 (30.4%) were sensitive to Ciprofloxacin,
162/276 (58.6%) were sensitive to Clindamycin, 122/276
(44.2%) were sensitive to Co-trimoxazole, 52/276 (18.8%)
were sensitive to Erythromycin, and 22/276 (8%) were sensitive
to Penicillin. Sensitivity pattern of antimicrobials tested against
MRSA and MRCoNS is shown in Figure 2.
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Fig 2. Sensitivity pattern of antimicrobials tested against
MRSA and MRCoNS.

Fig 1.  Distribution of isolates of MRS from different clinical
samples.



14 . Infectious Diseases Journal of Pakistan

Discussion
Antimicrobial resistance is rising during the past years. There
is a need to foster new antimicrobials especially for treating
Gram-positive organisms. MRSA and MRCoNS are foremost
origins of both health-care and community-associated
infections.12-14 Gu et al. reported emerging LZD resistance
among Staphylococcus species.15 Taj et al. reported emergence
of VA resistant and VA-intermediate S. aureus.5 Both LZD and
VA are considered the last options for treating MRS. CPT is a
new effective option for treating cSSSI and community-acquired
bacterial pneumonia due to MRS and is approved by FDA.
Iizawa et al. reported that infections caused by MRSA like
osteomyelitis and endocarditis can be treated by CPT.16

In our study, MRS isolates were 100% sensitive to CPT, LZD,
and Teicoplanin (glycopeptide). These three antimicrobials are
highly effective and favorable treatment choice. From different
parts of the world, slightly different results representing the
demographic variation. Sader et al. reported 97.5% sensitivity
to CPT while Yigong et al.  showed 98% sensitivity to CPT
against the isolates of MRSA from USA and Europe.17,18 A
study conducted in Islamabad, Hafeez et al. reported 96%
sensitivity to CPT against MRSA.19  Moreover, in an international
study CPT demonstrated 100% sensitivity against the isolates
of MRCoNS.7

Conclusion
CPT exhibited potent antimicrobial activity against MRS isolates
including MRSA. CPT might be effective on the basis of in
vitro data like other options for treating MRS isolates. CPT
should be use judiciously especially against Gram positive
organisms on the basis of culture and sensitivity. CPT might
reduce selection pressure on other antimicrobials for treating
MRS related infections. This will curtail antimicrobial resistance
against MRS isolates. Further studies are needed for the
effectiveness of CPT especially on bacteremic isolates.

Acknowledgements
No sources of funding were used to assist in the preparation of
this manuscript. The authors have no conflicts of interest that
are directly relevant to the content of this manuscript.

References
1. Waters AE, Contente-Cuomo T, Buchhagen J, Liu CM, Watson L, Pearce

K, et al. Multidrug-Resistant Staphylococcus aureus in US Meat and
Poultry. Clin Infect Dis 2011; 52:1227-30.

2. Leid JG, Shirtliff ME, Costerton JW, Stoodley P. Human leukocytes
adhere to, penetrate, and respond to Staphylococcus aureus biofilms.
Infect Immun 2002; 70:6339-45.

3. Sakoulas G, Moellering RC. Increasing antibiotic resistance among

methicillin-resistant Staphylococcus aureus strains. Clin Infect Dis 2008;
46:360-7.

4. Chuang YY, Huang YC. Molecular epidemiology of community-associated
methicillin-resistant Staphylococcus aureus in Asia. Lancet Infect Dis
2013; 13:698-708.

5. Taj Y, Abdullah FE, Kazmi SU. Current pattern of antibiotic resistance
in Staphylococcus aureus clinical isolates and the emergence of vancomycin
resistance. J Coll Physicians Surg Pak 2010; 20:728-32.

6. Ramirez P, Fernández-Barat L, Torres A. New therapy options for MRSA
with respiratory infection/pneumonia. Curr Opin Infect Dis 2012; 25:159 65.

7. Brown SD, Traczewski MM. In vitro antimicrobial activity of a new
cephalosporin, ceftaroline, and determination of quality control ranges
for MIC testing. Antimicrob Agents Chemother 2009; 53:1271-4.

8. Laudano JB. Ceftaroline fosamil: a new broad-spectrum cephalosporin.
J Antimicrob Chemother 2011; 66:11-8.

9. Corey GR, Wilcox MH, Talbot GH, Thye D, Friedland D, Baculik T.
CANVAS 1: the first Phase III, randomized, double-blind study evaluating
ceftaroline fosamil for the treatment of patients with complicated skin
and skin structure infections. J Antimicrob Chemother 2010; 65:41-51.

10. Koneman EW, Allen SD, Janda WM, Procop GW, Schreckenberger PC,
Woods GI, et al. Color atlas and textbook of diagnostic microbiology,
6th ed. Philadelphia: Lippincott Williams & Wilkins, 2006:211-302.

11. Clinical and Laboratory Standards Institute (CLSI). Performance Standards
for Antimicrobial Susceptibility Testing: Twenty-Fourth Informational
Supplement, M100-S24. Vol. 34. Wayne, PA: CLSI, 2014:1-226.

12. MacKenzie FM, Bruce J, Struelens MJ, Goossens H, Mollison J, Gould
IM et al. Antimicrobial drug use and infection control practices associated
with the prevalence of methicillin-resistant Staphylococcus aureus in
European hospitals. Clin Microbiol Infect 2007; 13:269-76.

13. Widerström M, Wiström J, Sjöstedt A, Monsen T. Coagulase-negative
Staphylococci: update on the molecular epidemiology and clinical
presentation, with a focus on Staphylococcus epidermidis and
Staphylococcus saprophyticus. Eur J Clin Microbiol Infect Dis 2012;
31:7-20.

14. Chua K, Laurent F, Coombs G, Grayson ML, Howden BP. Antimicrobial
resistance: Not community-associated methicillin-resistant Staphylococcus
aureus (CA-MRSA)! A clinician's guide to community MRSA - its
evolving antimicrobial resistance and implications for therapy. Clin Infect
Dis 2011; 52:99-114.

15. Gu B, Kelesidis T, Tsiodras S, Hindler J, Humphries RM. The emerging
problem of linezolid-resistant Staphylococcus. J Antimicrob Chemother
2013; 68:4-11.

16. Iizawa Y, Nagai J, Ishikawa T, Hashiguchi S, Nakao M, Miyake A et al.
In vitro antimicrobial activity of T-91825, a novel anti-MRSA
cephalosporin, and in vivo anti-MRSA activity of its prodrug, TAK-599.
J Infect Chemother 2004; 10:146-56.

17. Sader HS, Flamm RK, Jones RN. Antimicrobial activity of ceftaroline
tested against Staphylococci with reduced susceptibility to linezolid,
daptomycin, or vancomycin from U.S. hospitals, 2008 to 2011. Antimicrob
Agents Chemother 2013; 57:3178-81.

18. Ge Y, Biek D, Talbot GH, Sahm DF. In vitro profiling of ceftaroline
against a collection of recent bacterial clinical isolates from across the
United States. Antimicrob Agents Chemother 2008; 52:3398-407.

19. Hafeez A, Munir T, Rehman S, Najeeb S, Gilani M, Latif M et al.
Comparative Efficacy of Ceftaroline with Linezolid against Staphylococcus
aureus and Methicillin Resistant Staphylococcus aureus. J Coll Physicians
Surg Pak 2015; 25:247-9.


