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ABSTRACT 

Background: Methicillin-resistant Staphylococcus aureus (MRSA) can cause variety of hospital-acquired and community-

associated infections with limited treatment options. Ceftaroline belong to cephalosporin class showed effective bactericidal 

activity against MRSA and several other ESBL producing gram-negative rods. So, the current study was designed to check the 

activity of ceftaroline against MRSA. 

Objectives: To check the sensitivity pattern and minimum inhibitory concentration of ceftaroline against methicillin resistant 

Staphylococcus aureus. 

Methods: This was a cross-sectional study design and was done in Pathology department of AIMC over the period of two years. 

MRSA isolated from different clinical samples was confirmed phenotypically and sensitivity testing for different antimicrobials 

was done on Mueller-Hinton agar. MIC determination of MRSA was done by E-strip method. 

Results: Total 282 MRSA isolates was collected among which maximum number was isolated from pus samples (49.2%), 

followed by wound swabs (18.7%). MRSA isolates showed 100% sensitivity against ceftaroline and vancomycin. MIC range 

was 0.25 to 4 µg/mL against MRSA isolates. While maximum number of isolates of MRSA showed inhibition at 1 µg/mL. 

Conclusion: Ceftaroline showed excellent bactericidal activity against MRSA and can be used effectively to treat (cSSTI). It is 

considered safe to use because it is well-tolerated with minimum adverse reactions.  
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INTRODUCTION 
Methicillin-resistant Staphylococcus aureus (MRSA) is a 

grave public health issue which roots a variety of infections 

in community as well as in hospital settings.1 It can result in 

serious infections such as endocarditis, bacteremia, 

pneumonia, infections of skin and soft tissues and wound 

infections. Currently, Vancomycin is prescribed as choice of 

drug for treating MRSA infections.2 But, due to gradual 

increase in resistance and reduced susceptibility against 

vancomycin along with necessity for additional safety 

precautions, use of newer drugs for MRSA treatment are 

increasing rapidly.3,4 Among recent advancements, 

ceftaroline fosamil, a β-lactam antibiotic, which is the 5th 

generation cephalosporin showed effective in vitro bustle 

against several Gram-positive along with Gram-negative 

organisms which include MRSA and MDR-S. penumoniae 
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along with Non-Extended Spectrum Beta-Lactamases 

(ESBLs) producing organisms except P.aeruginosa.5 

Clinical and Laboratory Standards Institute placed 

ceftaroline in a separate and anonymous subclass of 

parenteral class of cephem.6 Ceftaroline found to has a 

strong affinity for PBP2a, a protein that binds penicillin, 

which is the major cause of resistance against methicillin in 

MRSA strains.7 Ceftaroline fosamil was firstly permitted in 

the European Union and the United States (US) for treating 

infections resulted from Methicillin-susceptible S. aureus. 
Initially, it was used to treat acute bacterial skin and skin 

structure infection (ABSSSI) and complicated skin and soft 

tissue infection (cSSTI) as well as to treat community-

acquired pneumonia (CAP) and community-acquired 

bacterial pneumonia (CABP) in adults.8,9 Since its approval, 

Ceftaroline has been frequently used in both adults and 

pediatric population off-label due to its effectiveness against 

MRSA in adult and pediatric patients since its approval 

because of its activity on MRSA, broader efficacy range 

against both gram positive as well as gram-negative 

organisms including β-lactam producers and good profiling 

of pharmacokinetics. Therefore, the current study was 

designed to square the efficacy of ceftaroline against 

methicillin-resistant staphylococcus aureus. 

 

METHODS 
The present study was done with the approval of Ethical 

Review Board of Allama Iqbal Medical College/Jinnah 

Hospital, Lahore, with the reference number: 142/8/18-04-

2023/S1ERB. This was a cross-sectional study design and 

was performed at the pathology department of tertiary care 

hospital in Lahore over the period of 2 years from 1st April 

2023 to 31st march 2024. Sample size (n) of 609 was 

calculated with 95% confidence interval (zα) .0127 margin 

of error € assuming 2.6% (p) MRSA clinical isolates 

resistant to ceftaroline using formula 

n=p∗⋅q∗(zα/2E)2.17Through a non-probability/consecutive 

sampling technique only confirmed isolates of MRSA were 

included. Inclusion criteria: Only confirmed isolates of 

MRSA were included. Exclusion criteria: All other bacterial 

isolates other than MRSA were not included. Repetitive 

clinical samples from the same patient were also excluded. 

Different types of microbiological samples including blood, 

pus, urine, tips and different types of fluids were received in 

microbiology lab. Samples were processed according to 

standard microbiological procedures. Following bacterial 

growth, gram staining was done and different biochemical 

tests including catalase, coagulase and DNase were used to 

identify S. aureus. After confirmation of bacterial isolate, 

antimicrobial sensitivity was done on Mueller-Hinton agar 

by modified Kirby-Bauer disc diffusion method. After this 

interpretation was done according to CLSI guidelines 
2022.10 Cefoxitin disc (30µg) was also placed with routine 

antibiotics for identification of MRSA. After isolation of 

MRSA, Minimum Inhibitory Concentration of ceftaroline 

against MRSA was done by E-strip placed on the agar’s 

surface which was inoculated with adjusted bacterial 

suspension. Figure 1: After overnight incubation, MIC value 

in µg/mL was interpret from the scale where the edge of 

ellipse intersects the strip.  

 

 
Figure 1: Ellipse edge intersects the strip at the value 0.25 

which means MIC of Ceftaroline against MRSA is 0.25 

µg/mL. 

Data was analyzed by using Microsoft Excel 2010 and were 

presented in the form of frequencies and percentages. 

Graphical representation showed in the form of pie charts 

and bar charts. 

 

RESULTS 
Total 609 S.aureus were isolated from different clinical 

samples received in microbiology lab in study duration. 

Among 609 isolates, 282 were found to be Methicillin-

Resistant S.aureus while 327 were Methicillin-Sensitive 

S.aureus. Maximum number of MRSA were isolated from 

Pus samples (49.2%), followed by wound swabs (18.7%), 

blood (17%) and urine (7.4%). Figure 2.  

  

 
Figure 2: Distribution of MRSA in different clinical 

samples, which showed maximum numbers of MRSA were 

isolated from Pus (49%), followed by wound swabs (19%). 

 

Antimicrobial sensitivity pattern of MRSA showed 100% 

sensitivity against Vancomycin and Teicoplanin. While 
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maximum resistance was observed against Tobramycin 

100%, followed by Amoxicillin/Clavulanic acid (95.7%) 

and Fluoroquinolones 85.8%. Table 1 

Minimum Inhibitory Concentration of Ceftaroline against 

MRSA was performed by E-Strip. 100% isolates were 

sensitive to Ceftaroline but their MIC values were variable

 

Table 1: Antibiotic Sensitivity Pattern of MRSA against commonly used antibiotics 

Antibiotic class Antibiotic 
Sensitive Resistant 

Number Percentage Number Percentage 

Aminoglycosides Amikacin 243 86.2% 39 13.8% 

Gentamycin 170 60.2% 112 39.8% 

Ti-Folate Co-trimoxazole 92 32.6% 190 67.4% 

Cephalosporins Ceftaroline 282 100% 00 0% 

Fluoroquinolones Ciprofloxacin 40 14.2% 242 85.8% 

Levofloxacin 40 14.2% 242 85.8% 

Glycopeptides Teicoplanin 282 100% 00 0% 

Vancomycin 282 100% 00 0% 

Macrolides Erythromycin 43 15.3% 239 84.7% 

Pristinamycin Chloramphenicol 247 87.5% 35 12.5% 

Clindamycin 164 58.2% 118 41.8% 

Tetracycline Doxycycline 179 63.5% 103 36.5% 

Miscellaneous agents Fusidic acid 155 55% 127 45% 

Linezolid 279 98.9% 3 1.1% 

 . 

Table 2: MIC Ranges of Ceftaroline in µg/mL in different clinical samples 

Clinical Samples 
Sensitive Resistant 

CPT MIC Range µg/mL 
Number Percentage Number Percentage 

Pus 139 100% 00 0% 0.25-4 

Blood 48 100% 00 0% 0.25-4 

Wound swabs 53 100% 00 0% 0.25-4 

Urine 21 100% 00 0% 0.25-1 

Ear swabs 7 100% 00 0% 0.25-0.5 

Tracheal secretions 5 100% 00 0% 0.25-1 

Others 9 100% 00 0% 0.25-4 

 
Figure 3: Distribution of Different clinical samples in MIC 

ranges from 0.25 µg/mL to 4 µg/mL. 

 

Maximum number of isolates from variable clinical 

samples were inhibited at MIC of 0.25 µg/mL. Maximum 

number of MRSA isolated from blood samples showed 

MIC of 0.5 and 1 µg/mL. 

 

DISCUSSION 
Methicillin-Resistant S.aureus is a solemn public health 

issue causing range of community-associated and 

nosocomial infections.11 Because of increasing resistance, 

drugs of choice become limited with linezolid and 

vancomycin being the preferred antibiotics to treat such 

infections. The most recent addition to cephalosporin 

antibiotics class, Ceftaroline fosamil exhibit effective 

bactericidal activity against MRSA, along with those 

isolates which showed resistance against vancomycin.12,13 

In our study, we estimated the in vitro efficacy of 

ceftaroline fosamil against MRSA isolated from different 

clinical samples.  
In the present study, all isolates of MRSA show 100% 

sensitivity against ceftaroline. Castanheiraet al evaluated 

Antimicrobial Resistance Evaluation program from 2008 to 

0

20

40

60

80

100

120

140

160

Ceftaroline MIC values in µg/mL 

0.25 0.5 1 2 4



BROAD-SPECTRUM CEPHALOSPORIN CEFTAROLINE: A NEW OPTION AGAINST METHICILLIN 

Pak Postgrad Med J     Oct. – Dec. 2025     Vol. 36    No. 04     ppmj.org.pk     174 

2010 in the United States to check the susceptibility pattern 

of ceftaroline and the results showed 98% sensitivity 

against MRSA.14 This was in accordance with our results.  

MIC ranges of ceftaroline against MRSA isolated from pus 

and wound swabs were found to be 0.25-4 µg/mL. Similar 

results were reported by ATLAS Surveillance Database in 

2018, which reported the MIC range of 0.12-8 µg/mL 

against MRSA isolates, 100% isolates were sensitive to 

ceftaroline at MIC value of 8 µg/mL.15Another study by 

Jones et al also reported the MIC range of 0.25-2 µg/mL of 

ceftaroline against MRSA causing skin and soft tissue 

infections.16 Maximum number of isolates were inhibited at 

the MIC value of 0.5 µg/mL which was also in accordance 

with our results. Ceftaroline showed effective bactericidal 

activity against skin and soft tissue infections causative 

agents and thus becomes the preferred antibiotic for 

treatment of cSSTIs.  

ATLAS in Taiwan determine the in vitro Ceftaroline 

susceptibility against MRSA in 2020 and reported about 

one-third of MRSA isolates among total numbershowed 

MIC of 1 mg/L against Ceftaroline fosamil.17 Similar 

results were reported in our study in which about one-third 

of MRSA isolates collected from variable clinical samples 

had an MIC of 1 µg/mL. 

According to EUCAST and CLSI, currentlythe ceftaroline-

susceptible breakpoints are set at ≤1 mg/L for S. aureus. 
However, the resistance defining breakpoints are different 

(≥1 mg/L for EUCAST and for CLSI, it is ≥4 mg/L).18,19 

After a new antimicrobial drug is introduced into clinical 

usage, there is always concern about the quick emergence 

of resistance, which could be in the form of cross-

resistance, or co-resistance to other antimicrobial agents 

and classes. However, there is no reported case of in vitro 

mutational resistance and cross-resistance to other 

medications in MRSA strains multi-drug resistant S. 

pneumoniae isolates even after 50 consecutive days of 

passages. From this, it can be concluded that there is less 

possibility of in vivo mutational resistance development of 

ceftaroline in these strains.20 In developed countries, β-

lactam drugs are considered as drugs of choice to treat 

intricate skin and soft tissue infections if the causative 

organism is found to be susceptible to these antibiotics. 

This emphasizes to promote the pathogen-directed therapy 

instead of empirical therapy.21,22 

 

CONCLUSION 
Ceftaroline showed broad-spectrum bactericidal activity 

against a range of gram-positive as well as gram-negative 

microorganism and can be used excellently to treat MRSA 

infections both community-associated and hospital 

acquired. In order to treat cSSTIs, ceftaroline provides 

much better bactericidal activity than several other drugs of 

first choice including linezolid and vancomycin. 

Ceftaroline is generally safe to use as compare to other 

drugs used for the treatment of MRSA because it is well-

tolerated, easy to administer, less toxicity and has fewer 

side effects along with no drug interactions have been 

reported uptill now. 
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