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Abstract 

 

Background: Cystic fibrosis (CF) patients often have pulmonary colonization with multiple organisms, including 

methicillin-resistant Staphylococcus aureus (MRSA), resulting in frequent hospitalizations and decreased quality of life.  

The pupose of this study was to evaluate the effectiveness of linezolid (LZD) and vancomycin (VAN) in the treatment 

of MRSA in the CF population. 

Methods: A prospective, pilot study was conducted in CF patients with pulmonary exacerbation and sputum culture 

positive for MRSA randomized to receive intravenous LZD or VAN. The primary endpoint was microbiological 

eradication of MRSA and secondary endpoints included Kanga Clinical Score and change in quality of life questionaire 

(CF QOL) score. Patients were followed for 6 months post treatment.  The ability to conduct a comprehensive outcome 

protocol in this population at a children’s hospital was also evaluated.   

Results: Eight subjects were randomized to receive LZD (n=5) or VAN (n=3), with average duration of therapy of 19.8 

and 21 days, respectively.  The primary endpoint of microbiological eradication at end of treatment (EOT) was achieved 

in 3 patients treated with LZD and 2 with VAN.   Kanga Clinical Scores calculated at baseline and EOT showed a 

significant decrease in all subjects from a median of 26/50 to 16/50.  Six patients or caregivers completed the CF QOL 

questionnaire.  Five patients (2 treated with LZD, 3 with VAN) had improvements in CFQOL scores at EOT. No 

clinically significant adverse events were noted.   

Conclusions: VAN and LZD were clinically effective and well tolerated in the treatment of MRSA in our CF 

population.  Eradication of MRSA was less likely in patients with long-standing infection.  Comprehensive study 

protocols such as this may be utilized in a large, randomized controlled trial to determine standardized treatment for 

newly acquired MRSA in CF patients.   
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1 Introduction 

Staphylococcus aureus is an important pathogen in pulmonary infections in cystic fibrosis (CF) patients.[1-6]  

Vancomycin (VAN) has become a primary treatment option due to the increased prevalence of methicillin-resistant 

Staphylococcus aureus (MRSA) isolates;[1-4] however, with the emergence of S. aureus strains with increased VAN 

minimum inhibitory concentrations (MIC), decreased susceptibility, as well as clinical failures and potential 

nephrotoxicity, alternative regimens including trimethoprim-sulfamethoxazole, linezolid (LZD), and rifampin have been 

investigated.[2, 7-9, 10]  Although there are a lack of data on the benefits of treating MRSA in CF patients, it is known 

that MRSA colonization may lead to increased systemic antibiotic use and potential lengthy hospitalizations that are 

costly to the healthcare system.[11,12] The purpose of this case series study was to evaluate a comprehensive protocol 

of clinical, microbiological, and radiological outcomes in hospitalized CF patients receiving either LZD or VAN for 

treatment of MRSA.   
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2 Materials and methods 

An Institutional Review Board approved case series study was conducted at a tertiary care children’s hospital in South 

Carolina.  Patients with a confirmed diagnosis of CF admitted for a pulmonary exacerbation were screened for study 

inclusion.  Informed consent was obtained from patients and or parents/guardians prior to study enrollment.  Subjects 

were included if they had a respiratory culture positive for MRSA at the time of admission.  Patients with AST and/or 

ALT > 3 times upper limit of normal, concurrently receiving monoamine oxidase inhibitors, currently on transplant list, 

hemodialysis dependent chronic kidney disease, and known hypersensitivity to LZD or VAN were excluded.     

Subjects received either one of two treatment arms: VAN 80mg/kg/day (max initial dose 2grams/day) or LZD 10mg/kg 

every 8-12 hours (max dose 600mg every 8 hours).  Doses were adjusted by study investigators based on therapeutic 

drug monitoring and renal function.  Subjects were hospitalized to receive a target minimum of 2 weeks of study 

medication.  Any changes in therapy due to clinical deterioration or extension of therapy were at the discretion of the 

primary physician.   

Baseline admission data were recorded to include the following: patient demographics; concurrent medications; 

microbiologic data in past 6 months to include previous cultures positive for MRSA and corresponding treatments; 

antibiotic exposure in last 90 days; and nutritional status.  If possible, spirometry to include FEV1, FVC, and FEF25-75 

was obtained.[13, 14]  Spirometry was performed at the time of admission; at the end of weeks 1 and 2 of therapy; and 

4 weeks post antibiotic therapy.  End of week 3 spirometry was assessed in patients receiving therapy for greater than 2 

weeks.  Laboratory data including complete metabolic panel, liver function tests, C-reactive protein (CRP), and white 

blood cell count (WBC) were obtained at admission, at the end of weeks 1 and 2 of therapy, and 4 weeks post-antibiotic 

therapy.  Radiographic imaging was performed at study entry and end of therapy and read by two pediatric radiologists 

blinded to treatment arms and scored using Brasfield scoring system.   

Oropharyngeal and/or sputum cultures were obtained at admission, end of therapy (EOT), and 4 weeks post-antibiotic 

therapy.  Culture and susceptibility data including specific MIC of study drugs were performed by the Clinical 

Microbiology Lab at the institution.  The Kanga Clinical Score
15

 was calculated by study physician in all patients at 

admission and conclusion of study drug therapy.  A Cystic Fibrosis Quality of Life (CFQOL) questionnaire [16] was 

given to all patients and parent/guardians at admission and conclusion of study drug therapy.   

Descriptive analysis was performed to assess microbiological outcomes; spirometric measures of FVC, FEV1, FEF25-

75, clinical scoring system [15], CFQOL questionnaire score [17], length of hospital stay, and time until next positive 

culture for MRSA.  For spirometry, patients were considered to be at baseline if the FVC, FEV1 and/or FEF25-75 were 

within 5% of non-exacerbation clinic visit values.   

 

3 Results  

Between June 2008 and April 2009, a total of 8 subjects received LZD (n=5) or VAN (n=3).  The median age was 8.5 

years and 6 subjects were female (75%).  Subjects had a median length of stay (LOS) of 11 days.  All 3 subjects who 

received VAN had a previous history of MRSA compared to 2 of 5 subjects who received LZD.  Admission 

microbiological data showed 5 patients had polymicrobial infections.  Two patients receiving VAN and 1 patient 

receiving LZD had only MRSA identified in respiratory culture.  No patients had evidence of disseminated infection.  

No patients had a known exposure to VAN compared to 3 with a history of LZD in the previous 6 months.  Minimum 

inhibitory concentration (MIC) obtained by E-test at admission showed a VAN and LZD MIC90 = 2 mcg/mL and a 

VAN MIC50 =1.5mcg/mL and LZD MIC50 = 2mcg/mL.    

Table 1 below summarizes the demographic information and the clinical, laboratory and radiologic outcomes of the 8 

study subjects.  The average duration of therapy was 19.8 and 21 days in the VAN and LZD treated subjects 

respectively.   

Six of 8 subjects had an elevated CRP at admission, resulting in an average 60% reduction in 5 subjects following 1 

week of therapy; the greatest seen in 2 subjects in the LZD arm (subjects 4 and 6).  Elevated WBC counts at admission 

had resolved in all patients by week 2 of therapy.  The endpoint of change in spirometry at EOT was evaluable in 6 

subjects.  Two subjects in the LZD arm (subjects 4 and 6) experienced significant increases in FEV1 by week 2.  

Admission FEV1 measurements in the VAN treated subjects were at or near baseline values.  Similar results were seen 

for FVC, as 2 subjects in the LZD arm with significantly decreased FVC on admission had resulting increases by week 

2.  Kanga scores calculated at baseline and the EOT showed a significant decrease in all subjects from a median of 

26/50 to 16/50.  Chest x-rays at admission and at the EOT showed a small change in Brasfield scores from a median of 

8.5 to 6.5.   Six patients or caregivers completed the CFQOL questionnaire.  Five of 6 patients had improvements in 

CFQOL scores at the EOT compared to admission.   

The endpoint of microbiological eradication was achieved in 5 patients at the end of treatment (EOT).  Two subjects 

who received LZD and 1 who received VAN had positive respiratory cultures for MRSA at EOT.  Four weeks post 
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therapy, 1 additional subject (total of 4) had positive respiratory cultures for MRSA.  One subject in the VAN arm 

remained negative for 10-weeks post therapy.  Three patients in the LZD arm, all without a prior history of MRSA, 

remained negative for 14, 15 and 68 weeks respectively.  Of the 4 patients with evaluable E-test data at follow-up, 

MICs were increased in 3 of the subjects for their respective treatments.   

No clinically significant adverse events including hematologic, renal or hepatic abnormalities were noted during the 

four weeks of study evaluation.  

 

4 Discussion 

The purpose of this case series study was to evaluate the effectiveness of VAN and LZD in the treatment of MRSA 

pulmonary infection in CF patients.  In our small sample size, both regimens were tolerated well, with no clinically 

important, treatment-related adverse effects.  Furthermore, both treatment regimens resulted in clinical improvement as 

manifested by changes in Kanga scores at the end of treatment.  Though our study had a small sample size, it was likely 

that in our chosen patient population, improvement was likely regardless of the therapy used.  All of the patients in this 

study were hospitalized because of pulmonary exacerbation of CF.  In addition to antibiotics, the patients were treated 

aggressively with chest therapy, bronchodilators, and nutritional support-- all of which would augment antimicrobial 

therapy in the resolution of cough, increase in pulmonary function, and improved scores on CFQOL surveys. 

In our study, 5 of 8 patients had eradication of MRSA at the end of treatment; 2 were treated with VAN, and 3 with 

LZD.  Examination of the pre-study respiratory cultures shows that in the 3 patients in whom MRSA was eradicated by 

LZD, MRSA had been cultured for the first time.  In all of the other patients, MRSA had been cultured previously.  This 

long-standing infection presumably made eradication of MRSA much less likely, regardless of the treatment regimen.  

Of the 2 patients treated with VAN who experienced eradication of MRSA, one subsequently grew MRSA on a 

respiratory culture 4 weeks after treatment, which may indicate the MRSA was not completely eradicated (though re-

infection is also a possibility).  Again, a small study size hampers analysis, but our results do raise some interesting 

questions.  First, it is possible, though likely more difficult, to eradicate MRSA in CF patients even though they may 

have had long-standing infection.  Immediate treatment of new MRSA isolates in CF patients may be preferable, as has 

become the standard of care in newly acquired Pseudomonas aeruginosa infections.[18]  Our study looked at patients 

experiencing pulmonary exacerbations, but aggressive therapy directed at newly colonized patients with MRSA who are 

otherwise asymptomatic may be even more successful.  Furthermore, our patients were not started on additional 

protocols for the eradication of MRSA, which include topical treatment for nasal carriage of the organism,  

antimicrobial skin cleansers, and treatment of other family members in the home environment.  The addition of these 

measures might make attempts at eradication of MRSA more successful and for a longer period of time. 

Though VAN has long been the preferred antibiotic therapy for MRSA, decreased sensitivity to VAN in S. aureus is on 

the rise.[7]  Furthermore, VAN requires intravenous administration, careful monitoring of drug levels, and has a risk of 

nephrotoxicity, even at appropriate serum concentrations.  Penetration of the drug into lung tissue is also only a fraction 

of the serum concentration.[19] By comparison, LZD can be administered both orally and intravenously with equal 

bioavailability, requires no adjustment in renal or hepatic disease, and no therapeutic monitoring.[20,21] Perhaps most 

importantly, penetration into the epithelial lining fluid of the lung (the site of pulmonary infection in CF patients) is 

documented at 100% of serum concentrations.[21,22]
  
Severe symptoms associated with serotonin toxicity have been 

shown in patients receiving linezolid and selected serotonin reuptake inhibitors.[23] There has only been one 

documented case of serotonin toxicity associated with concomitant linezolid use in CF patients.[24] No patients 

received serotonergic drugs in this study.  Thrombocytopenia is common in patients taking linezolid.  The majority of 

these adverse events develop after prolonged administration (>2 weeks) or simultaneous administration with other drugs 

or food and subside after discontinuation of linezolid.  Peripheral or optic neuropathy, another possible adverse effect, is 

associated with an even longer duration of linezolid treatment (3-6 months).[23] No LZD-related adverse events were 

noted in this case series. 

 

5 Conclusion 

Our data suggests that LZD is effective in eradicating MRSA in CF patients, and is well tolerated.  Though our case 

series study was not designed to demonstrate differences in LZD versus VAN, LZD is no doubt more versatile and 

potentially safer.  Meanwhile, the incidence of MRSA infection in CF patients and the population in general continues 

to rise.[25]  Larger multicenter trials using LZD in CF patients with comprehensive microbiological, clinical and quality 

outcomes should be pursued so that a standardized treatment regimen for newly acquired MRSA, as well as patients 

with long standing MRSA, can be developed.  Further investigation on the impact of other orally available antibiotics 

(trimethoprim/sulfamethoxazole, rifampin) and family/household directed anti-infective protocols is warranted. 
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Table 1: Subject treatment outcomes (n=8) 

Characteristic Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7 Subject 8 

Age, years 20 16 16 10 7 7 5 months 4 

Gender F F F F M F M F 

Weight, kg 55.5 49 43 27.6 19.8 14.7 6 15.2 

Study Treatment 

Group (VAN or LZD) 

LZD VAN VAN LZD VAN LZD LZD LZD 

Microbiology Results  

Admission MRSA, 

PA 

MRSA, PA MRSA MRSA, 

PA 

MRSA MRSA, PA, 

B. cepacia 

MRSA,            

H. influenzae 

MRSA 

EOT MRSA, 
PA 

No growth PA,            
C. albicans 

MRSA, 
PA 

MRSA, 
PA 

B. cepacia K. pneumoniae No 
growth 

4-Week Post Therapy MRSA No growth MRSA, PA MRSA, 

PA 

MRSA, 

PA 

MSSA,         

B. cepacia 

No growth No 

growth 

Laboratory Results  

FEV1/FVC/FEF 25-75 

(%) (Admission) 

34/56/10 76/88/49a 45/66/15 45/54/25 64/68/45 31/42/13 N/A N/A 

FEV1/FVC/FEF 25-75 

(%) (EOT) 

37/61/13 80/95/45 48/66/21 67/74/48 66/76/43 57/63/36 N/A N/A 

CRP (mg/L) 

(Admission) 

7.1 1.7 5.1 17.6 1.3 35.9 0.2 0.2 

CRP (mg/L) (EOT) 3.1b <0.1 0.7 5 9.5 2.1b <0.1 <0.1 

Brasfield Chest X-ray 
Score (Admission) 

17 6 15 10 7 10 1 2 

Brasfield Chest X-ray 

Score (EOT) 

15 3 14 10 4 9 1 4 

Clinical Scoring Tools  

Kanga Scorec 

(Admission) 

31 26 28 34 23 26 16 24 

Kanga Score (EOT) 18 13 19 19 19 14 11 11 

CFQOLd (Admission) 45.3 85.7 72.2 32.8 71.4 60.2e N/A N/A 

CFQOL (EOT) 49.3 88.6 84.8 61.9 77.1 60.9 N/A N/A 

 

VAN: vancomycin; LZD: linezolid; EOT: end of therapy; CRP: C-reactive protein; CFQOL: Cystic fibrosis quality of 

life; MRSA: methicillin-resistant Staphylococcus aureus; PA: Pseudomonas aeruginosa 
a
Week 1 values used; 

b
CRP 

nadir was used from week 1; 
c
Maximum score of 50; 

d
Patients < 6 years of age, the parent/caregiver completed the 

quality of life questionnaire; 
e
Parent score was used here as patient CFQOL at EOT was incomplete 

 
 


