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ABSTRACT
Introduction: Bacterial colonization of the lungs is the main cause of morbidity in cystic 
fibrosis (CF). Pathogens such as Staphylococcus aureus are very well adapted to the pulmonary 
environment and may persist for years in the same patient. genetic determinants of these 
bacteria, such as the presence of SCCmec have recently emerged as a problem in this population 
of patients. Methods: Staphylococcus aureus isolates obtained from different clinical materials 
coming from CF and non-CF patients attended at a cystic fibrosis reference hospital were 
compared according to SCCmec type and antibiotic susceptibility profile. Results: Three 
hundred and sixty-four single-patient Staphylococcus aureus isolates were collected, of which 
164 (45%) were from CF patients. Among the latter, 57/164 (44.5%) were MRSA, and among 
the non-CF patients, 89/200 (35%) were MRSA. Associated pathogens were found in 38 CF 
patients. All 57 MRSA from CF patients harbored the multiresistant cassette type III. In contrast, 
31/89 MRSA from non-CF patients harbored SCCmec type I (35%) and 44/89 harbored type 
III (49%). The antibiotic susceptibility pattern was similar between CF and non-CF patients. 
Conclusions: The high prevalence of multiresistant SCCmec type III among CF patients 
compared with non-CF patients in our institution may make it difficult to control disease 
progression through antibiotic therapy for promoting the survival of this kind of patient.
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RESUMO 
Introdução: Colonização pulmonar bacteriana é a principal causa de morbidade em fibrose 
cística (FC). Patógenos como Staphylococcus aureus são muito bem adaptados ao ambiente 
pulmonar e podem persistir por anos no mesmo paciente. Determinantes genéticos desta 
bactéria, como presença de SCCmec emergiram recentemente como um problema nesta 
população de pacientes. Métodos: Foram comparados isolados de Staphylococcus aureus 
obtidos de diferentes materiais clínicos, de pacientes com e sem FC atendidos em um hospital 
de referência em tratamento de fibrocísticos de acordo com o tipo de SCCmec e o perfil de 
susceptibilidade aos antimicrobianos. Resultados: Foram coletados 364 Staphylococcus aureus, 
um isolado por paciente, sendo 164 (45%) de pacientes com FC. Entre estes pacientes, 57/164 
(44,5%) eram MRSA, e entre pacientes não fibrocísticos, MRSA compreendiam 89/200 (35%). 
Foram encontrados outros patógenos, associados ao Staphylococcus aureus, em 38 pacientes 
com FC. Todos 57 MRSA de pacientes com FC possuíam o cassete de multiresistência tipo III. 
Por outro lado, 31/89 MRSA de pacientes não fibrocísticos possuíam SCCmec tipo I (35%) 
e 44/89 possuíam tipo III (49%). O perfil de susceptibilidade aos antimicrobianos foi similar 
entre pacientes com e sem FC. Conclusões: A alta prevalência do SCCmec de multiresistência 
tipo III entre pacientes com FC comparado com pacientes sem FC em nossa instituição pode 
dificultar o controle da progressão da doença, feito através da antibioticoterapia, e que promove 
a sobrevivência deste tipo de paciente.
Palavras-chaves: Fibrose cística. SCCmec. MRSA. Multirresistência

Chronic pathogenic colonization of the lungs 
with Pseudomonas aeruginosa and Staphylococcus 
aureus is the main cause of morbidity in cystic 
fibrosis (CF)1. Recently, increased incidence of 
methicillin-resistant Staphylococcus aureus (MRSA) 
infection in CF cases has been demonstrated, but the 
impact of MRSA detection on clinical outcomes is 
unclear2,3. Nevertheless, MRSA may be the cause 
of patients’ rejection of pulmonary transplants 
and studies have suggested that patient-to-patient 
transmission of the different pathogens, including 
MRSA, may occur4,5.

Cystic fibrosis pathogens are well adapted to 
the CF pulmonary environment and are difficult to 
eradicate, and Staphylococcus aureus may persist for 
years in the same patient6. In addition to resistance 
to methicillin, Staphylococcus aureus may also present 
other genetic determinants that contribute to 
pathogenicity and virulence, such as hypermutator 
populations and biofilm production, which make it 
more difficult to eradicate these pathogens7,8. These 
and other features, such as presence of the pvl gene 
and SCCmec distribution, have not been well studied 
in CF patients but have recently been detected as an 
emerging problem in this population9.

The aim of this study was to determine the 
presence of SCCmec types and the antibiotic 
susceptibility profile in a MRSA population recovered 
from CF patients at our institution.

METHODS

Setting

Hospital de Clínicas de Porto Alegre (HCPA) is 
a tertiary care medical center in Porto Alegre, Brazil, 
with 785 inpatient beds. HCPA is a reference center 
for cystic fibrosis treatment in Brazil and had cared 
for 210 patients (130 children or adolescents and  
80 adults) at the time of the study.
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RESULTS
Cystic fibrosis patients are attended at any time when an acute 

exacerbation occurs, or routinely every three months. Patients may 
elect to be admitted to hospital annually, but hospitalization occurs 
mainly when there is an exacerbation.

Bacterial isolates
Staphylococcus aureus isolates from CF and non-CF patients in all 

clinical settings (hospitalized patients, emergency departments and 
outpatient care) were compared. All the isolates from CF patients 
were obtained from the respiratory tract (sputum and oropharyngeal 
swab). The isolates from non-CF patients were obtained from a 
variety of clinical specimens, but most of them were also obtained 
from sputum. The antibiotic susceptibility profile of each isolate was 
determined using the following antibiotics: gentamicin, doxycycline, 
levofloxacin, erythromycin, cefoxitin, rifampicin, sulfamethoxazole-
trimethoprim, clindamycin and chloramphenicol. All the assays were 
performed in accordance with the CLSI10. Isolates with intermediate 
test results were considered to be resistant.

Molecular typing of MRSA isolates
The presence of the mecA gene was assessed for all Staphylococcus 

aureus isolates, and the SCCmec type of all positive mecA strains 
was determined from the molecular architecture of the ccr and mec 
complexes using PCR, as previously described11.

Patient information
For each MRSA patient-isolate, the medical records were 

reviewed to determine the demographic information, the date of 
specimen procurement, the anatomical site of the culture, the clinical 
indication for the culture and the antibiotic susceptibility.

Definitions of CA-MRSA and HA-MRSA
Patient-isolates were designated as community-acquired (CA) or 

hospital-acquired (HA) MRSA, based on the SCCmec type. SCCmec 
type IV isolates were considered to be CA-MRSA, and SCCmec  
types I, II or III were considered to be HA-MRSA12.

Study population
A total of 364 single-patient Staphylococcus aureus isolates were 

selected for the present study. One hundred and four (45%) isolates 
were from CF patients, and 57 (44.5%) of them were MRSA. Among 
the isolates from non-CF patients, 89/200 (35%) were MRSA. The 
majority of the CF patients went to hospital for routine care after an 
exacerbation had occurred, and 172/200 non-CF patients had an 
infection during hospitalization for other reasons.

The vast majority of the isolates were from the respiratory tract 
(239 (65.5%) isolates, including patients with and without CF). The 
specimens from CF patients included only sputum or oropharyngeal 
swabs, while the specimens from non-CF patients also included 
several other clinical specimens: blood (16.5%), ascitic fluid (2%), 
indwelling catheter (2.5%), urine (7%), abscesses and skin secretions 
(4.5% and 19%, respectively), among others (7%) (Table 1).

For 19 CF patients (33%) with a MRSA isolate, the specimen 
was recovered in a pure culture. Associated pathogens in the other 
38 patients were P. aeruginosa (n = 26; Achromobacter xylosoxidans 
(n = 6); Stenotrophomonas maltophilia (n = 4); Burkholderia cepacea 
complex (n = 4); Klebsiella pneumoniae (n = 2); Haemophilus 
influenzae, Klebsiella oxytoca, methicillin-susceptible S. aureus 
(MSSA), Serratia sp. and Pseudomonas fluorescens (one each); and 
other non-fermenting bacilli (n = 3). Some patients presented more 
than one associated pathogen. 

Molecular typing of MRSA isolates
All of the 57 MRSA isolates from CF patients harbored SCCmec type 

III, but one isolate harbored SCCmec type I simultaneously with type 
III. In contrast, 31/89 MRSA isolates from non-CF patients harbored 
SCCmec type I (35%) and 44/89 harbored type III (49%) (Figure 1). 
Also, only one isolate harbored type I and III simultaneously.

TABLE 1 - Clinical specimens and the distribution of SCCmec types between CF and non-CF patients.

Specimen Total mecA + SCCmec I SCCmec III SCCmec I-III untypeable

Non-CF-patients      

abscess 9 0 NA NA NA NA

sputum 75 53 20 24 1 8

blood 33 9 2 3 0 4

BAL 8 2 1 1 0 0

ascitic fluid 4 3 0 3 0 0

indwellig catheter 5 4 2 2 0 0

skin secretion 38 10 3 6 0 1

urine 14 5 1 4 0 0

other 14 3 2 1 0 0

total 200 89 31 44 1 13

CF patients      

sputum 140 54 0 53 1 0

oropharingeal swab 24 3 0 3 0 0

total 164 57 0 56 1 0

BAL: bronchoalveolar lavage, NA: not applicable.
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FIgURE 1 - Distribution of SCCmec types between CF and non-CF patients.

Thirteen (15%) MRSA isolates harbored an untypable SCCmec 
element, which could not be identified by means of the PCR method 
used. All of these were obtained from non-CF patients.

It was possible to compare the results regarding SCCmec cassettes 
according to the clinical specimens from CF versus non-CF patients 
(i.e. sputum, which was the most prevalent type of specimen). We 
observed that that the distributions of SCCmec elements I and III 
were similar, regardless of the clinical specimen (Table 1).

Antimicrobial susceptibility

All the MRSA isolates underwent antimicrobial susceptibility 
testing (Table 2). Also, the antibiotic susceptibility of MRSA isolates 
was compared between those harboring SCCmec type I and those 
harboring type III (Table 3).

TABLE 2 - Cystic fibrosis and non-CF MRSA isolates: antibiotic resistance profile and SCCmec typea.

Variables Total SCCmec I SCCmec III SCCmec I-III Untypable

CF patients (n = 57)b     

erythomycin 57/57 (100) - 56/56 (100) 1/1 (100) -

clindamycin 57/57 (100) - 56/56 (100) 1/1 (100) -

levofloxacin 47/57 (82) - 47/56 (84) 1/1 (100) -

gentamicin 54/57 (95) - 53/56 (95) 1/1 (100) -

sulfa-trimethoprim 56/57 (98) - 55/56 (98) 1/1 (100) -

rifampicin 40/57 (70) - 39/56 (70) 1/1 (100) -

doxyciclin 50/57 (88) - 49/56 (87.5) 1/1 (100) -

chloramphenicol 22/57 (39) - 22/56 (39) 0/1 (0) -

Non-CF patients (n = 89)c     

erythomycin 88/89 (99) 30/31 (97) 44/44 (100) 1/1 (100) 13/13 (100)

clindamycin 84/89 (94) 30/31 (97) 40/44 (91) 1/1 (100) 13/13 (100)

levofloxacin 79/89 (89) 26/31 (84) 40/44 (91) 1/1 (100) 12/13 (92)

gentamicin 88/89 (99) 31/31 (100) 44/44 (100) 1/1 (100) 12/13 (92)

sulfa-trimethoprim 53/89 (60) 0/31 (0) 43/44 (98) 1/1 (100) 9/13 (69)

rifampicin 37/89 (42) 0/31 (0) 32/44 (73) 0/1 (0) 5/13 (39)

doxyciclin 36/89 (40) 0/31 (0) 30/44 (68) 0/1 (0) 6/13 (46)

chloramphenicol 27/89 (30) 9/31 (29) 14/44 (32) 1/1 (100) 3/13 (23)
aValues are given as n/total n of patients (%), unless otherwise indicated. NS: not significant.
b SCCmec type III, n=56; SCCmec type I-III, n=1; SCCmec type I, n=0, untypable SCCmec, n=0.
c SCCmec type III, n=44; SCCmec type I, n=31; untypable SCCmec, n=13; SCCmec type I-III, n=1.

TABLE 3 - Comparison between SCCmec type I and III according to  
non-β-lactam antibiotic resistance in all patientsa.

Antibiotic SCCmec Ib SCCmec IIIb p valuec

clindamycin 30 (96.7) 96 (96) NS

chloramphenicol 9 (29) 36 (36) NS

doxycycline 0 (0) 79 (79) < 0.001

erythromycin 30 (96.7) 100 (100) NS

gentamicin 31 (100) 97 (97) NS

levofloxacin 26 (83.8) 86 (86) NS

rifampicin 0 (0) 71 (71) < 0.001

sulfa-trimethoprim 0 (0) 98 (98) < 0.001
aValues are given as n isolates (%).
bSCCmec I, n = 31; SCCmec III, n = 100.
cp value obtained by c2 test.
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DISCUSSION

MRSA isolates are increasingly populating the respiratory 
tract of CF patients. Hypermutational phenotypes, the ability to 
form biofilms and high antimicrobial resistance rates have been 
demonstrated in CF pathogens, and these may be the result from an 
adaptive process under their special habitat conditions5. Millar et 
al demonstrated that colonization with Pseudomonas aeruginosa or 
Staphylococcus aureus between 1985 and 2005 remained stable (77 to 
82%), but that MRSA colonization increased (1 to 6%)13. Data from 
the Cystic Fibrosis Foundation Patient Registry in the United States 
also showed that the prevalence of MRSA increased, from 0.1% in 
1995 to 17.2% in 200514.

This study only characterized Staphylococcus aureus isolates, but 
it also found the presence of a second or third pathogen in the same 
patient, in many cases. For 38 CF patients, other pathogens were also 
identified: Pseudomonas aeruginosa was the most frequent, recovered 
from 26 CF patients, while Burkholderia cepacea was only recovered 
in four patients. This low recovery of Burkholderia cepacea may be a 
reflection of increasing use of single rooms for inpatients who had 
previously been colonized by this pathogen, in accordance with clinical 
segregation policies. These procedures have controlled the spread of 
Burkholderia cepacea among all CF patients attending our hospital.

In our study, there were pathogens that could not be identified, 
despite recent improvements in microbiological identification 
techniques; these were classified as non-fermenting bacilli 
(n = 3)13. In addition, we found significantly low prevalence 
of Haemophilus influenzae (n=1), which is a very common 
respiratory pathogen. This was perhaps a result of widespread 
use of antibiotics such as imipenem and meropenem, which 
are used to treat Pseudomonas aeruginosa but have concurrent 
activity against Haemophilus influenzae.

We found remarkable differences between our CF patients and 
patients with diseases other than CF. All the MRSA isolates from CF 
patients that we typed were the so-called HA-MRSA strains. These 
isolates harbored SCCmec type III, which was much more prevalent 
than in isolates from non-CF patients (100% vs 49%, respectively). 
Conversely, other studies have shown predominance of SCCmec 
type I (97%) or type II (89%) in CF patients, and also the presence 
of lower rates of type IV5,15. In order to minimize study bias, we also 
compared the distribution of SCCmec considering only respiratory 
specimens. From this, we found that the distribution of SCCmec 
types was similar, regardless of the origin of the Staphylococcus aureus. 
This result confirms the high prevalence of SCCmec type III among  
CF patients in our institution.

The antibiotic susceptibility profile was similar between CF 
and non-CF patients, as shown in Table 2. All the isolates harboring 
SCCmec type III demonstrated high rate of resistance to the 
antibiotics used in this study, except chloramphenicol. Comparing 
the MRSA isolates from all the patients, it was found that isolates 
harboring type III were more resistant to non-β-lactam antibiotics 
then were isolates harboring type I. This difference was statistically 
significant for three antibiotics: trimethoprim/sulfamethoxazole, 
doxycycline and rifampicin (p < 0.001) (Table 3). In fact, 
molecular studies have shown that the presence of resistance genes 
in type III is higher than in type I, although both types of SCCmec 
are found mostly in hospital-acquired isolates11,12,16.

Patients with MRSA have been found to present larger numbers 
of respiratory exacerbations than do patients with MSSA17. Whereas 
some pathogens detected in CF respiratory cultures are usually 
transient events, a previous study found that MRSA infection 
tended to be persistent and confirmed the hypothesis that MRSA 
is a marker of more severe lung disease2. The high prevalence 
of multiresistant SCCmec type III among the CF patients in our 
institution, compared with other institutions, may suggest that 
serious risks exist in relation to treatment of lung colonization and 
control over disease progression. Until now, antibiotic use has been 
one of many therapies that have contributed towards improved 
lung function and ultimately the survival of CF patients. Further 
studies are necessary to evaluate the possible genetic relatedness 
between these MRSA isolates.
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