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Abstract In order to explore the clinical significance and
risk factors for true bacteremia caused by coagulase-
negative staphylococci (CNS) other than Staphylococcus
epidermidis, a retrospective cohort study of 160 patients
with at least one blood culture positive for non-
epidermidis CNS was performed. True bacteremia was
diagnosed in 32 (20%) of the patients. On multivariate
analysis the following factors were associated with true
bacteremia: (i) more than one positive blood culture, (ii)
presence of a central venous catheter, and (iii) methicillin
resistance. The results of this study indicate that non-
epidermidis CNS can cause significant bloodstream
infections.

Introduction

Coagulase-negative staphylococci (CNS) are recognized
as increasingly important causes of bloodstream infections
among hospitalized patients and are associated with
significant morbidity and mortality [1–3]. CNS constitute
an important part of the human skin flora and frequently
contaminate blood cultures. Therefore, clinicians often
face the diagnostic dilemma of having to differentiate
between true bloodstream infection and contamination in
patients with CNS-positive blood cultures. Consequently,
antibiotics are often overused. Several studies have
previously identified risk factors for true CNS bacteremia
[4–6], and Staphylococcus epidermidis was shown to be
the predominant pathogenic species, causing up to 90% of
true CNS bloodstream infections. However, recent data
demonstrate the importance of other non-epidermidis
staphylococci, like Staphylococcus haemolyticus, Staphy-

lococcus hominis, Staphylococcus warneri, or Staphylo-
coccus lugdunensis, as causes of bacteremia and infective
endocarditis [5, 7–9].

To our knowledge, no study to date has separately
investigated the clinical importance of non-epidermidis
staphylococcal blood isolates in a large patient cohort. We
therefore conducted a retrospective cohort study of 160
patients with blood cultures positive for non-epidermidis,
coagulase-negative staphylococci (NECNS) to further
evaluate the clinical significance of these organisms.

Materials and methods

A retrospective cohort study of 160 adult patients (age≥18 years)
with blood cultures positive for NECNS was conducted at Tulane
University Hospital & Clinic in New Orleans, Louisiana, USA,
between July 1997 and October 2001. Each blood culture set
consisted of one aerobic and one anaerobic blood culture bottle. A
blood culture set was considered positive if any one or both blood
culture bottles grew NECNS. Species were identified using a
MicroScan WalkAway 96 instrument (Dade MicroScan, Sacramen-
to, CA, USA). Susceptibility to 12 different antibiotics was tested
according to the guidelines of the National Committee for Clinical
Laboratory Standards [10].
For each case included in the study, baseline was defined as the

date of the first NECNS-positive blood culture set. All patients with
one or more positive blood culture set(s) within 7 days were
included and were counted as having one bacteremic episode. Any
patient with blood cultures positive for more than two NECNS
species or any other organism (bacterial, mycobacterial, or fungal)
identified within 7 days before or after baseline was excluded from
the cohort. Subsequent episodes of bacteremia with different
NECNS species in the same patient and lack of complete medical
records from the 3 months preceding the episode also led to
exclusion. Relapse was defined as a blood culture positive for the
same NECNS species more than 7 days after baseline despite
appropriate antibiotic therapy.
The clinical outcome investigated was true bacteremia. A

bacteremic event was defined as true bacteremia if (i) the patient
had clinical symptoms as outlined in the Centers for Disease Control
and Prevention’s definition of primary bloodstream infection, (ii) the
blood culture results were considered and recorded as significant by
the patient’s primary physician, and (iii) appropriate treatment was
initiated within 24 h after the culture results were noted [11].
Demographic and clinical data at baseline were obtained for each

patient by reviewing all inpatient, clinic, and emergency room
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records. A standardized data extraction instrument was used for
recording the data. Comorbidity was assessed using the Charlson
Comorbidity score [12]. The study was approved by the Tulane
University Health Sciences Center Institutional Review Board.
Bivariate analysis was performed to detect a statistical association

of variables with clinical outcome (P<0.05). The chi-square test and

the Fisher exact test were used for categorical variables, and the
Wilcoxon rank-sum test for continuous variables. Factors with P
values of <0.1 on bivariate analysis were entered into a logistic
regression model to detect factors independently associated with
true bacteremia. All analyses were conducted using SPSS software,
version 11.0 (SPSS, Chicago, USA).

Table 1 Characteristics of 160
patients with non-epidermidis,
coagulase-negative staphylococ-
cal bacteremia

MICU/SICU, medical intensive
care unit/surgical intensive care
unit.
aVascular grafts (n=5), pace-
maker/automatic implantable
cardioverter defibrillators (n=4),
percutaneous endoscopic gas-
trotomy tube (n=4), prosthetic
heart valve (n=2), orthopedic
devices (n=2), peritoneal dialy-
sis catheter (n=2), left ventricu-
lar device (n=1), prosthetic heart
valve and orthopedic device
(n=1).
bWithin previous month.

Characteristic No. (%) of patients

Median age in years (range) 55 (19–99)
Female sex 89 (56)
Ethnicity
African–American 94 (59)
White 63 (39)
Hispanic 2 (1)
Asian 1 (1)
Ward
Medicine 85 (53)
Surgery 18 (11)
MICU/SICU 42 (26)
Outpatient 11 (7)
Other 4 (3)
Death 24 (15)
Penicillin allergy 17 (11)
Antibiotics in previous 3 months 82 (51)
Vancomycin 26 (16)
Underlying comorbid conditions
Charlson score >1 107 (67)
HIV/AIDS 9 (6)
Intravenous drug use 5 (3)
Status post-organ or post-bone marrow transplant 14 (9)
Steroid use/immunosuppresive therapy 31 (19)
Chronic obstructive pulmonary disease 20 (13)
Tracheostomy 4 (3)
Prosthetic devicea 21 (13)
End-stage renal disease 21 (13)
Diabetes mellitus 56 (35)
Liver disease 13 (8)
Sickle cell disease 7 (4)
Malignancy 23 (14)
Previous hospitalizationb 48 (30)
Recent surgeryb 27 (17)
Mechanical ventilation 21 (13)
Total parenteral nutrition 16 (10)
Access devices
Central venous catheter 62 (39)
Mean duration of catheter placement 38 days (range 1–240)
Arterial catheter 5 (3)
Vascular graft 5 (3)
Peritoneal catheter 2 (1)
Catheter malfunction 4 (3)
Nosocomial bacteremia 70 (44)
Relapse 4 (3)
CNS pathogenic
Yes 32 (20)
No 128 (80)
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Results and discussion

A total of 160 patients with 218 blood culture sets positive
for NECNS species were included in our study. Patient
characteristics are shown in Table 1. True bacteremia was
diagnosed in 32 (20%) of the patients. Table 2 shows the
different species of NECNS found in the cohort. Among
the 32 episodes of true bacteremia, 29 were caused by
either S. hominis or S. haemolyticus, two by S.
lugdunensis, and one by S. warneri. Staphylococcus
capitis and Staphylococcus auricularis were common
contaminants (35%), but were not associated with true
bacteremia.

Three patients with true bacteremia had more than three
blood culture sets positive for the same organism
(including subsequent relapses up to 15 months later),
and all of these patients had long-term indwelling catheter
devices. S. haemolyticus was the causative species in all
three patients, and the sensitivity patterns of the isolates
obtained between 3 weeks and up to 15 months after the
first episode were identical. One of these patients was
diagnosed with a right atrial thrombus seen on transeso-
phageal echocardiogram (TEE) and cervical spine osteo-
myelitis (diagnosis confirmed by pathology, with bone
cultures negative on concurrent vancomycin treatment)
and was finally cured with antibiotic therapy and removal
of all foreign bodies. Another patient was treated with
vancomycin for suspected infective endocarditis but died
of sepsis.

Clinical features that predicted true bacteremia on
bivariate analysis included the following: stay in intensive
care unit, prosthetic devices, history of previous antibiotic
exposure, previous surgical procedure, nosocomial acqui-
sition, more than one positive blood culture, methicillin
resistance, growth in less than 36 h, resistance to more
than six antibiotic classes, S. hominis or S. haemolyticus as
the causative organism, and presence of a central venous

catheter (P<0.05). Twenty-eight patients diagnosed with
true bacteremia had central venous catheters in place at
baseline. Culture of the catheter tip was subsequently
performed in 19 of these patients; 10 of the cultures were
negative, and 9 grew the same species as the blood
cultures. Five central venous catheters were removed from
patients in the contaminant group, but culture did not
reveal the same NECNS organism as that obtained from
the blood culture. Catheter malfunction or pericatheter
signs of inflammation were documented in only four (3%)
patients. The difference in the mean duration of catheter
placement between the two groups was not statistically
significant (P>0.2).

Resistance to methicillin was demonstrated by 39 (64%)
S. hominis isolates, 27 (75%) S. haemolyticus isolates, 2
(7%) S. capitis isolates, and 2 (13%) S. auricularis
isolates. Staphylococci causing true bacteremia were
resistant to an average of 6.9 antibiotics and grew within
28.6 h, while staphylococci causing contamination were
resistant to an average of 3.6 antibiotics and grew within
43.2 h (P<0.001).

A logistic model was created in order to determine risk
factors that were independently related to outcome. More
than one positive set of blood cultures (adjusted odds ratio
[OR], 61.9; 95% confidence interval [95%CI], 10.0–
381.6; P<0.001), presence of a central venous catheter
(adjusted OR, 34.9; 95%CI, 5.6–219.3; P<0.001), and
methicillin resistance (adjusted OR, 13.4; 95%CI, 2.3–
78.5; P=0.004) were associated with true bacteremia.

To our knowledge, the study presented here is the first
to specifically analyze risk factors for true bacteremia
caused by NECNS. Thirty-two (20%) of the 160
bacteremic episodes investigated were considered to be
significant. The presence of S. hominis or S. haemolyticus
was a strong risk factor for true bacteremia on bivariate
analysis (P<0.001). S. haemolyticus was associated with

Table 2 Species and microbio-
logical characteristics of identi-
fied non-epidermidis coagulase-
negative staphylococcal isolates
obtained from 160 patients with
positive blood cultures

aStaphylococcus cohnii (n=3),
Staphylococcus simulans (n=2),
Staphylococcus saprophyticus
(n=1).
bIn four cases with >1 positive
blood culture, susceptibility
testing against penicillin, ox-
acillin, and vancomycin only
was performed on repeat iso-
lates.

Characteristic No. (%) of isolates

True bacteremia (n=32) Contaminants (n=128) Total cohort (n=160)

Species
Staphylococcus hominis 16 (50) 45 (35) 61 (38)
Staphylococcus haemolyticus 13 (41) 23 (18) 36 (23)
Staphylococcus capitis 0 30 (23) 30 (19)
Staphylococcus auricularis 0 15 (12) 15 (9)
Staphylococcus warneris 1 (3) 7 (5) 8 (5)
Staphylococcus lugdunensis 2 (6) 1 (1) 3 (2)
Othera 0 7 (5) 7 (4)
No. of positive blood cultures
1 12 (38) 119 (93) 131 (82)
2 15 (47) 9 (7) 24 (15)
≥3 5 (16) 0 5 (3)
Antibiotic sensitivities if >1 blood culture positive (n=25)b

No. of isolates 18 7 25
Identical 16 (89) 4 (57) 20
Not identical 2 (11) 3 (43) 5
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serious clinical complications including sepsis, endocar-
ditis, and osteomyelitis in several patients.

Using logistic regression analysis, we identified three
factors independently associated with the clinical outcome
(P<0.01): (i) more than one positive blood culture, (ii)
presence of a central venous catheter, and (iii) methicillin
resistance. In our cohort, 28 of the 32 significant isolates
were resistant to methicillin, compared to only 50 of the
128 contaminants. This could be explained by the highly
preserved methicillin sensitivity found among the common
contaminants S. capitis and S. auricularis (i.e., among 45
isolates only 4 were resistant to methicillin).

Another remarkable finding in our study was the high
rate (38%) of true bloodstream infections with only one
positive blood culture. This finding is consistent with
results of previous studies suggesting that a single positive
blood culture should not always be considered a contam-
inant [4–6]. No significant differences were found between
patients in the true bacteremia group and patients in the
contaminant group regarding their blood culture ratio.
However, while 28 patients in the contaminant group had
only one set of blood cultures drawn, all patients in the
true bacteremia group had more than one set drawn.

Blood culture isolates from the study period were not
frozen and were thus not available for pulsed-field gel
electrophoresis or other methods of strain typing. There-
fore, we cannot exclude that multiple positive blood
cultures with the same species were the result of
independent contamination or infection with different
strains. However, Kim et al. [5] demonstrated a high level
of clonal identity among clinically significant isolates
from patients with more than one positive blood culture.

The main drawback of our study is the lack of a gold
standard for the definition of CNS bacteremia. Similar to
other investigators, we had to rely on clinical parameters
and the evaluation by the treating physician, which could
have introduced misclassification bias into our study [8].
By using strict inclusion criteria, however, we tried to
reduce the risk of misinterpreting the physician’s treatment
decisions. Although our strict inclusion criteria required us
to exclude a large number of positive blood cultures
(n=235), they also allowed us to derive a cohort whose
clinical presentation could reliably be correlated to the
variable of interest.

In summary, the study presented here represents the
largest investigation to date of the clinical significance of
and risk factors for bacteremia due to NECNS. Some
members of this class, especially S. haemolyticus and S.
hominis, are involved in clinically significant bacteremia
with associated complications.
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