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ABSTRACT 

 

In this paper we carried out a study about prevalence of the clinically significant coagulase negative 

staphylococcal (CNS) isolates found in an university hospital. Two hundred four CNS isolates from 191 

patients obtained between the period of 1998 to 2002, were studied. About 27% (52/191) of the infection 

cases studied were confirmed as CNS-associated diseases. Blood stream infection (BSI) was the most 

frequent CNS associated-disease (25%; 13/52). The great majority of the BSI was verified in the Neonatal 

Intensive Care Unit (NICU). The analysis of the 52 patients medical history showed that 85% of the BSI 

was acquired in hospital. Most of the CNS nosocomial infections were associated with the use of indwelling 

medical devices. The incidence of methicillin-resistance among significant CNS isolates was 38%. In this 

study, a high percentage of exogenous contaminant was verified (60%), indicating that contamination of 

clinical specimens during sample collection is critical.  
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INTRODUCTION 

 

Coagulase-negative staphylococci (CNS) colonize skin and 

mucous membrane of humans and animals (13, 18, 27). 

Previously, these bacteria were mostly regarded as 

contaminants of clinical specimens from humans. During the 

last decades CNS have emerged as important nosocomial 

pathogens (16, 18, 27, 32). This increase was paralleled by the 

development of novel therapeutic and surgical interventions, 

which have promoted an advanced medical care. 

Unfortunately, these procedures are frequently followed by 

complications that may result in infections (32, 36). Risk 

factors for CNS infections include breaches in the natural 

mucocutaneous barrier, prior exposure to antibiotics, 

immunosuppression, extreme ages, and most frequently, the 

presence of venous catheter or indwelling prosthetic device, 

among others (19, 20, 36). 

The recognition of CNS as nosocomial pathogens has 

stimulated researches involving the development of more 

accurate methods for its identification and molecular 

characterization, as well as the study of virulence factors and 

also the establishment of stringent criteria to discriminate cases 

of infection from bacterial flora contamination. It has been 

suggested that the major virulence factor of CNS is the ability 

to form biofilm on the surface of indwelling medical devices 

(6). In the biofilm, the bacteria seem to be protected against
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antibiotics and the immune system (11). Although mechanisms 

involved in the production of biofilm are not totally clarified, 

bacterial products that contribute for biofilm formation are 

among the best-studied CNS virulence determinants, including 

products involved in the bacterial adhesion to solid surface and 

cell accumulation (2, 4, 11, 35). Many CNS also produce 

lipases, proteases, and other exoenzymes, which are possibly 

implicated with the bacterial persistence and dissemination in 

the host tissue (34).  

Although numerous species of CNS have been recognized 

recently, the majority is rarely pathogenic (34). Clinical studies 

have indicated Staphylococcus epidermidis, Staphylococcus 

haemolyticus, Staphylococcus warneri and Staphylococcus 

hominis as the most prevalent CNS in hospital infections (1, 

31, 34). The emergence of antimicrobial resistant among CNS 

isolates is also an important factor in nosocomial infections. 

Furthermore, methicillin-resistant CNS (MRCNS) are cross-

resistant to all other ß-lactam antibiotics (28). Multiresistance 

has been detected in more than 80% of MRCNS hospital 

isolates (23). In the opposite, approximately 70% of MRCNS 

obtained from healthy volunteers from the community 

displayed higher susceptible to non-ß-lactam antibiotics (30).   

The aim of this study was to assess the incidence and 

aetiology of inpatient and outpatient infections caused by CNS 

in a teaching hospital and to determine the antimicrobial 

susceptibility of these CNS isolates.  

 

MATERIALS AND METHODS 

 

Hospital 

The Antônio Pedro University Hospital (HUAP) is located 

in Niterói, RJ, Brazil. It is a 291-bed general hospital with 11 

medical and 12 surgical units, besides 3 intensive care units 

(ICU), excluding burns.  The hospital provides assistance for 

adults, children or neonates. In the period studied (1998-2002) 

there was a total of 25,520 inpatient admittances (annual 

average of 5,704), 1,041,922 ambulatory visits (annual average 

of 208,384) and 218,407 emergency medical assistances 

(annual average 43,681). 

Clinical specimen and bacterial isolate  

A total of 204 isolates of CNS were obtained from 191 

patients from January 1998 to December 2002. For eleven 

patients 2 or 3 CNS isolates were obtained in different isolation 

dates. From these 191 patients, 28 (15%) were assisted in the 

hospital ambulatories and 163 (85%) were admitted in the 

hospital wards. Regarding to the source of CNS isolation from 

the 191 patients, 9% corresponded to respiratory tract 

secretions, 30% blood and liquor, 18% secretions from surgical 

and skin infections, 12% urine and urethral secretions, 16% 

catheter tips and 14% to miscellaneous clinical materials. The 

Staphylococcus species were identified by Vitek Systems 

Gram-Positive Identification test (GPI) card (bioMerrieux 

Vitec, Inc,) according to the manufacturer recommendations. 

The antibiotic susceptibility was determined by VITEK 

automatic system with GPS-105. 

 

Clinical relevance  

Many factors were considered for the determination of the 

clinical significance of CNS diseases. All these factors were 

based on the Center for Disease Control and Prevention criteria 

for definitions of nosocomial infections (12) and on the criteria 

described by Sewell et al. (29). Briefly, the clinical relevance 

was inferred when the following general criteria were 

observed: i. risk factors for infection, such as invasive 

procedures (vascular catheter, orotracheal and nasotracheal 

intubations, urologic manipulation, surgical procedures); ii. 

classical clinical manifestations (including the presence of 

fever, local or generalized inflammation, fluctuant wounds or 

drained purulent material); iii. associated laboratory findings 

(such as elevated total leukocyte count with granulocyte 

predominance and other indicator of infections as the presence 

of leukocytes in cerebrospinal fluid or in the urine); iv. patient 

response to proper antibiotic therapy; v. CNS isolate classified 

in the criteria i, ii and iii obtained from patient who has died 

without the administration of the appropriated antibiotic 

therapy was also  considered clinically relevant and vi. always 

when CNS isolate, obtained from internal fluids or foreign 

bodies, was not recovered in pure primary culture, it was 
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considered contaminant. 

In addition to the general criteria above, due to the fact that 

CNS primary pneumoniae is frequently rare, a very stringent 

criteria was included to assign relevant cases and it was based on 

the simultaneous presence of i. compatible clinical presentation; ii. 

chest X-ray evidence; iii. isolation of microorganism from 

hemocultures or from bronchial or tracheal washing cultures and 

iv. patient using invasive medical devices, such as intravascular 

lines or indwelling urinary catheter, was excluded for primary 

CNS pneumoniae.  

Concerning to bloodstream infection, in addition the general 

criteria above: i. only one positive blood culture was considered 

enough to assign relevance when infection occurred among 

neonates; ii. for other patients, at least two blood cultures were 

obtained on separate occasions and iii. primary bacteremia was 

only considered for patients using intravascular catheters.  

For the purpose of the analysis presented here, infectious 

diseases associated to CNS that were acquired in the Antônio 

Pedro University Hospital was called HUAP-acquired infections 

and the diseases which did not occur in this hospital were all 

grouped as outside acquired infections. 

 

Statistical analysis  

Data related to the clinical significance of the isolates and 

bacterial resistance were analyzed by chi-square test or Yates 

correction for continuity when n<20. Fisher test was chosen when 

n<5. Significance was considered for p<0.05. 

 
RESULTS 

 
CNS isolates  

From January 1998 to December 2002 a total of 8,342 

positive bacterial cultures were processed in the clinical laboratory 

of the HUAP. Gram-positive cocci accounted for 27% of this total. 

Among them, the most frequently represented bacterial genus was 

the Staphylococcus, accounting for 1,999 isolates (24%); CNS 

corresponding to 22% of the staphylococcal isolates. Escherichia 

coli, Klebsiella sp, Pseudomonas sp, Enterobacter sp and Proteus 

sp, corresponded to 22%, 13%, 9%, 7% and 7%, respectively. 

Other bacterial genus accounted for a total of 18%. A population 

of 204 CNS was chosen to be analyzed concerning to its clinical 

relevance based on the precision of the medical reports. These 204 

isolates were obtained from 191 patients. From these 191, 28 

(15%) were outpatients and 163 (85%) inpatients. The most 

frequent species of CNS isolates were Staphylococcus epidermidis 

(70; 34%), followed by Staphylococcus warneri (35; 17%), 

Staphylococcus haemolyticus (33; 16%), Staphylococcus simulans 

(21; 10%), Staphylococcus sciuri (15; 7%), Staphylococcus 

saprophyticus (5; 3%), Staphylococcus hominis (4; 2%) and 

Staphylococcus capitis (4; 2%), Staphylococcus xylosus (3; 2%) 

and Staphylococcus auricularis (1; 0.5%). The 13 isolates whose 

species could not be determined by the VITEK system were 

refered here as not determined CNS species (Table 1). 

 

Table 1. Distribution of clinical relevance of the 204 isolates of coagulase negative staphylococci (CNS) in the Antônio Pedro 

University Hospital. 

CR b CNS species a Geral (%) Total Outpatient NI c 
NR b 

 
S. epidermidis 70 (  34) 17 2 15 53 
S. warneri 35 (  17) 9 3 6 26 
S. haemolyticus 33 (  16) 15 11 4 18 
S. simulans 21 (  10) 5 2 3 16 
S. sciuri 15 (    7) 4 3 1 11 
S. saprophyticus 5 (    3) 0 0 0 5 
S. hominis 4 (    2) 0 0 0 4 
S. capitis 4 (    2) 3 0 3 1 
S. xylosus 3 (    2) 1 1 0 2 
S. auricularis 1 (    0) 0 0 0 1 
NDd 13 (    6) 2 1 1 11 

Total isolates 204 (100) 56 23 33 148 
a CNS species were identified by VITEK System Gram positive identification test (GPI) card;                    
b Clinically relevant (CR) and non-relevant (NR) CNS isolates were classified on the basis of the criteria described in Materials and Methods;  
c Nosocomial infection (NI); 
d ND CNS which species were not identified. 
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CNS associated infections  

Using the criteria described in this paper, of the 191 

patients from which CNS isolates were obtained, only 27% (52 

patients) had CNS associated diseases (clinical significance). 

From these 52 patients, 56 CNS isolates were recovered.  Thus, 

the majority of cases from which CNS were isolated was 

classified as clinically non-relevant (73%; 139/191 patients), 

corresponding to a total of 148 CNS isolates. When we 

analyzed the reports from the microbial laboratory, sources of 

clinical materials, sites of infections and the techniques used 

for the collection of specimens, among other factors related to 

clinical relevance, it was verified that the most probable source 

of contamination (60%) was not related to the patient flora but 

rather to exogenous contaminants (Fig. 1).  

 

Exogenous 
contamination 

60%

Indigenous flora 
13%

Clinically 
relevant 27%

 
Figure 1. Classification of the 204 coagulase-negative staphylococcal isolates in clinically significant, indigenous flora and 

exogenous contaminants following the criteria described in Materials and Methods. 

 

 

Blood stream infection (BSI) was the most frequent CNS 

associated infection (13/52; 25%). The majority of the sepsis 

was verified in the Neonatal Intensive Care Unit (NICU; 8/13; 

62%). S. epidermidis was defined as the etiologic agent in 57% 

of the cases, followed by S. warneri and S. capitis (21% each). 

Two bacteraemia were classified as outside acquired infection 

(2/52; 4%). Eleven of the 13 were classified as HUAP-acquired 

bacteraemia (92%), nine from this 11, were associated with the 

use of intravenous catheter. The remaining 2 had other risk 

factors as leukemia or prematurity associated to low birth 

weight and aspiration pneumonia. 

Surgical site infections accounted to 10% (5/52) of the  

 

total CNS diseases and a higher percentage of 19% (10/52) 

were verified for urinary tract infections and skin/soft tissue 

infections (10/52; Fig. 2). The use of long-term vesical catheter 

was linked with 3 of the 5 HUAP-associated UTI. The other 5 

UTI were outpatient-acquired and no invasive procedure could 

be connected to these diseases. Other CSN associated 

infections were represented by conjunctivitis (8%), meningitis 

(6%), peritonitis (6%), septic arthritis-osteomyelitis (4%) and 

finally, endocarditis and pneumonia (2%; Fig. 2). The most 

frequent species associated with infections was S. epidermidis, 

S. haemolyticus and S. warneri, corresponding to 72% of the 

clinically relevant isolates.  
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Figure 2. Percentage of Antônio Pedro University Hospital associated infections and outside acquired infections. BSI, blood 

stream infection; UTI, urinary tract infection; SSTI, skin and soft tissue infections; SSI, surgical site infection; CONJ, 

conjunctivitis; GI, peritonitis; ME, meningitis; BJ, Septic arthritis and osteomyelitis; PNEU, pneumoniae; and En, endocarditis. 

 

 
Antimicrobial susceptibility 

Among the 56 isolates obtained from the 52 clinically 

relevant cases, 2 (4%) did not show any resistance trait. The 

incidence of methicillin-resistance among these isolates was 

21/56 (38%). The percentage of MRCNS did not vary 

significantly among isolates associated with infection in this 

university hospital (62%), when compared to the outside-

acquired (38%). Similarly, the resistance profiles for isolates 

acquired or not in the HUAP were also quite similar for the 

other antimicrobial drugs tested. We observed a significant 

difference in the antimicrobial resistance profiles when 

contaminant and clinically relevant CNS isolates were 

compared (p=0.02). The majority of the MRCNS isolates 

(86%) were resistant to more than 2 antimicrobial classes, 

beside �ß-lactam antibiotics. Eight isolates of MRCNS (8/56; 

14%) were only susceptible to three of the antimicrobials 

tested, including vancomycin. It was remarkable that one 

isolate of S. haemolyticus displayed resistance for all 

antimicrobial drugs tested excepted vancomycin. Table 2 

shows the distribution of antimicrobial resistance among the 

clinically relevant CSN isolates. 

 

Table 2. Percentage of antimicrobial resistance of 56 clinically relevant CNS isolates in Antônio Pedro University Hospital. 

Resistance profile (%) Antimicrobials 
S. epidermidis S. haemolyticus S. warneri S. simulans S. sciuri Other CNS a 

Penicillin 70 80 78 80 100 50 
Oxacillin 59 27 22 0 100 17 
Erythomycin 41 40 22 0 75 17 
Gentamicin 47 27 22 0 50 0 
Trimethoprim-sulfamethoxazole 53 20 22 0 0 0 
Clindamycin 24 33 33 20 100 17 
Ciprofloxacin 27 27 11 20 25 0 
Tetracyclin 12 27 33 20 50 0 
Rifampin 
 

12 7 0 0 75 0 
Total isolates 17 15 9 5 4 6 

a The other CNS isolates were:  S. capitis (3), S. xylosus (1) and  CNS  not determinated species (2) 
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DISCUSSION 

 

Although CNS isolates have been associated with different 

nosocomial infectious diseases, the clinical relevance of CNS 

isolates is frequently questionable. In the paper presented here, 

we evaluated 204 CNS cultures obtained from 191 patients in a 

university hospital in Brazil.  A low percentage of clinical 

significance (52/191; 27%) was verified among the cases 

analyzed.  This impasse may be mainly due to the surveillance 

method for classified nosocomial infections. In our study to 

diagnose nosocomial infections, we use criterium based on the 

clinical and culture-proven evidence according to CDC 

definition; however, others authors used culture-proven 

evidence only (8). In addition, CNS is a group of bacteria 

belongs to the skin and mucosal human indigenous flora, thus 

it frequently contaminates directly or indirectly clinical 

specimens. We classified 12% of the isolates as contaminants 

originated from patient flora and 60% as exogenous 

contaminants. Besides that, the CNS isolates are one of the 

most important agents of nosocomial bacteremia, worldwide. 

This problem is complicated by the high level of methicillin 

resistance frequently observed among these isolates (22). In the 

paper presented here, the incidence of methicillin-resistance 

among CNS isolates was about 38% (21/56). The majority of 

the MRCNS (86%) was resistant to more than 2 antimicrobial 

classes besides ß-lactam antibiotic. In hospitals, the frequency 

of methicillin resistance among CNS isolates range from 30%-

80% (22, 25, 30).  

Searching on the PubMed (http://www.ncbi.nlm.nih.gov/ 

entrez) we verified that the great majority of the studies 

involving clinical significance of CNS focused on blood 

isolates. Recently, 234 of 411 (57%) episodes of CNS 

bacteraemia in the presence of signs of sepsis were considered 

clinically relevant in a large university teaching hospital in 

Geneva, Switzerland (9). Data obtained from 49 USA hospitals 

showed that, in 1999, CNS isolates accounted for nearly 1/3 of 

the total BSI (7). Jarlov et al. (15) studying two small hospitals 

in Denmark observed that the majority of the 124 blood 

cultures of CNS lacks clinical significance. A study involving 

160 patients with at least one positive blood culture for non-

epidermidis CNS was performed by Ruhe et al. (26) and they 

diagnosed true bacteraemia in only 32 (20%) of the patients. 

Similarly, in another work, it was determined a rate of 30% of 

true bacteraemia in a total of 137 episodes of positive CNS 

blood cultures (10). In a study, carried out in a NICU of a 

Brazilian hospital, it was verified a percentage of 51% of 

clinical significance for a total of 117 CNS cultures of blood, 

urine and secretions (5). The higher percentage of clinical 

significance observed by those authors might be associated 

with the fact that most of the patients presented with very low 

birth weight (<1,500 g) and were submitted to two or more 

invasive procedures, including the use of catheter, parenteral 

nutrition and mechanical ventilation.  

In the study presented here, 33% of the infections were 

associated to an invasive medical device (17/52). It is well 

known that infections caused by CNS isolates are commonly 

associated to the use of indwelling medical devices (6, 33). The 

production of biofilm is considered the most important 

virulence factor in infections caused by S. epidermidis and 

others CNS isolates associated to indwelling medical devices 

(6, 35). Thus, some researches have investigated the production 

of biofilm by clinically relevant CNS isolates. It was reported 

that the identification of biofilm producer S. epidermidis 

predicted the clinical significance of blood isolates of CNS 

with an overall accuracy of 89% (14). Conversely, in their 

studies, Jones et al. (17) concluded that biofilm production had 

a limited role on the differentiation between clinically 

significant and contaminant CNS isolates obtained from blood 

cultures. However, they observed that absence of biofilm in 

isolates of S. epidermidis suggests a lack of pathogenicity. In a 

recent study from our group it was verified that isolates of S. 

epidermidis obtained from nasal colonization had a lower 

probability to produce biofilm (about 60%) when compared 

with S. epidermidis isolates obtained from infections diseases 

at HUAP (about 80%). However, beside the difference 

observed, these results indicate that S. epidermidis from human 

flora or from infectious diseases can be both equipped with this 

virulence factor (3).  
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In agreement with other studies, this paper showed S. 

epidermidis was the most common CNS causing sepsis in the 

NICU (4, 5, 24, 25). Nevertheless, analysing the total of CNS-

associated diseases, in the study presented here only 30% of 

the total 56 clinically relevant CNS isolates detected were S. 

epidermidis. On the other hand, recently, S. capitis is also point 

to the possible emergence of this species in NICUs, being the 

second most common species (4). This finding was also 

confirmed by our results. 

Besides the importance of CNS isolates as hospital 

pathogens, our results showed that many of CNS laboratory 

isolates are contaminants from the patient flora or from 

exogenous sources. Similar results were also demonstrated by 

others (3, 21).  

Concluding, until specific markers can be established to 

distinguish clinically relevant from non-relevant CNS isolates, 

stringent criteria for classification of these bacterial infections 

are recommended. Cases of neonatal bacteremia by CNS 

showed high clinical significance. The use of more effective 

precautions during the collection of samples should be 

observed, in order to avoid exogenous contaminations.  
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