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Abstract
CoNS is the main cause of catheter-related bloodstream infections (CRBSI). Current guidelines recommend catheter withdrawal
followed by antibiotics for at least 5 days. We aimed to assess the efficacy and safety of a shorter course of antibiotherapy in
patients with CoNS CRBSI. All proven cases of CoNS CRBSI at our institution (Jan 12/Dec 17) were retrospectively analysed.
Comparison of clinical characteristics and outcomes between patients receiving a short (SC ≤ 3 days) versus long antibiotic
course (LC > 3 days) was performed. Cox regression models predicting the risk for complications (including propensity score
[PS] for treatment assignment as covariate) were designed to adjust baseline differences among both treatment groups. A total of
79 cases were included. Most patients (75.9%) showed clinical response at day 7 after catheter removal. Complications occurred
in 3.8% (three cases of septic thrombophlebitis) with no cases of endocarditis. Microbiological relapse (MR) occurred in 13
patients (16.5%). SC and LC were administered to 25 (31.6%) and 54 (68.4%) patients, respectively, with no significant
differences in MR-free survival between SC and LC groups (87.8 vs 86.3%; P = 0.6). In PS-adjusted Cox regression analyses,
a tunnelled catheter as the source of CRBSI was the only independent risk factor for MR (hazard ratio, 5.71; 95% confidence
interval, 1.6–21) whereas the duration of therapy had no apparent impact. Shortening antibiotic therapy to ≤ 3 days is not
associated with a poorer outcome or a greater risk of MR in patients with CoNS CRBI with catheter withdrawal.
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Introduction

Intravascular catheters have become an essential element in
current hospital care, and therefore, the number of hospitalised
patients with these devices is continuously growing. Catheter-

related bloodstream infection (CRBSI) is the most common
associated complication of these type of devices and a major
cause of morbidity, increasing length of stay and hospital costs
[1]. According to the cross-sectional prevalence study of in-
fections in Spain (EPINE), intravascular devices are responsi-
ble for almost half of hospital-acquired episodes of
bacteraemia [2]. Coagulase-negative staphylococci (CoNS)
are the most common cause of these infections (accounting
for up to 40% of cases) [3]. Although most episodes typically
show a benign course, current clinical practice guidelines
[4–6] recommend at least a 5-day antibiotic course for uncom-
plicated CoNS CRBSI even if the catheter has been removed.
However, there is scarce evidence supporting such recommen-
dations, as there is no compelling data to determine the opti-
mal duration of antibiotic therapy for intravascular device-
related infections once the catheter has been withdrawn.
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We hypothesise that a short course of appropriate antibi-
otics may suffice for the treatment of uncomplicated CoNS
CRBSI, provided that the catheter has been removed. Hence,
the aim of this study was to assess the efficacy and safety of a
short regimen of antibiotics (≤ 3 days) as compared to the
standard longer course (> 3 days) in terms of microbiological
relapse and other outcome parameters.

Material and methods

Study design and setting

The present retrospective, observational, single-centre study
was conducted at a tertiary university-affiliated institution
(Hospital B12 de Octubre^) and included all patients admitted
at our institution between January 1, 2012 and December 31,
2017 with a definite diagnosis of CoNS CRBSI in which
intravascular catheter had been removed.

We collected patients’ clinical data through electronic med-
ical records and generated a database comprising the follow-
ing variables: basic demographics; prognosis of the underly-
ing disease (classified according to the McCabe and Jackson
modified criteria [7] as rapidly fatal [when death was expected
within 3 months], ultimately fatal [when death was expected
within a period of > 3 months but < 5 years] and nonfatal
[when life expectancy was > 5 years]); concurrent conditions
(as assessed by the Charlson Comorbidity Index [8]); date of
the first (i.e. incident) positive blood culture (BC); suscepti-
bility pattern of CoNS (methicillin-resistant or methicillin-
susceptible isolate); type of intravascular catheter; timing of
catheter removal; duration of fever and bacteraemia since
catheter withdrawal; Pitt bacteraemia score at CRBSI onset
[9]; development of severe sepsis or septic shock; complicated
bacteraemia (as defined below); antibiotic therapy adminis-
tered (agent and duration); clinical or microbiological relapse;
and all-cause and attributable mortality.

Study outcomes

The primary study outcome was microbiological relapse (de-
fined by the presence of at least one positive BC for CoNS
with the same antibiotic susceptibility pattern between day 7
and month 3 from the incident BC).

Secondary outcomes included:

& Clinical response (defined by the resolution of symptoms
and significant reduction in inflammatory parameters,
such as normalisation of white blood cell [WBC] count
and/or reduction of ≥ 50% in C-reactive protein serum
level from baseline]) at days 3 and 7 from the incident BC.

& Persistent bacteraemia at day 7 (defined by the presence of
at least one new positive BC for CoNS within the first
7 days from the incident BC).

& All-cause and CRBSI-attributable mortality at 30 days
from the incident BC

Other study definitions

We considered a definite diagnosis of CoNS CRBSI when the
isolation of the same species (i.e. same antibiotic susceptibility
pattern) of CoNS was reported in at least two different BC and
in the catheter tip culture (≥ 15 colony-forming units by the
Maki semiquantitative method) in the presence of suggestive
symptoms and signs [5]. Polymicrobial cases were excluded
from the study.

Septic thrombophlebitis was defined by persistent CoNS
bacteraemia for > 72 h after the initiation of active antibiotic
therapy associated with the documentation by Doppler ultra-
sound examination of a thrombus at the site of catheter
insertion.

Short antibiotic course (SC) was defined if the patient did
not receive in vitro active antibiotic for the incident episode of
CoNS CRBSI or if appropriate therapy was administered for
≤ 3 days following catheter withdrawal. In contrast, long an-
tibiotic course (LC) was defined as the administration of ap-
propriate therapy for > 3 days after catheter withdrawal.

Microbiological methods

Blood cultures and catheter tips were processed and isolates of
coagulase-negative Staphylococcus were identified according
to standard techniques at the microbiology laboratory. In brief,
blood samples were inoculated in the BacT/ALERT® FA aer-
obic and FN anaerobic bottles and incubated in the BacT/
ALERT 3D (Biomerieux, France) for 5 days. Identification
and susceptibility testing were performed using the
MicroScan Walkaway® System (Beckman Coulter diagnos-
tics, Indianapolis, USA) according to European Committee of
Antimicrobial Susceptibility Testing (EUCAST) criteria.
Catheter tip culture was performed by the Maki semiquantita-
tive method considering significant ≥ 15 colony-forming
units.

Statistical analysis

Student’s unpaired t test was used to compare normally dis-
tributed continuous variables, the Mann-Whitney U test to
compare continuous variables with non-normal distribution,
and the chi-squared and Fisher exact tests to compare propor-
tions, as appropriate.

To test the effect of SC and LC in the development of
microbiological relapse, Kaplan-Meier event-free survival
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curves were plotted and comparison between groups was per-
formed by means of the log-rank test.

Multivariate adjusted hazard ratios (HRs) with 95% confi-
dence intervals (CIs) were also calculated by stepwise forward
Cox proportional hazards models using the occurrence of mi-
crobiological relapse as the dependant variable and, as covar-
iates, the number of days of effective treatment in a continuous
manner and other clinically relevant variables along with
those found to be significant at a P value < 0.05 by univariate
analysis. In order to adjust for the potential imbalance between
treatment groups (SC vs. LC), we previously performed a
logistic regression model to determine the baseline factors
associated with the assignment to standard course of antibiotic
therapy (i.e. > 3 days). The goodness-of-fit of the resulting
propensity score (PS) was assessed bymeans of the area under
receiver operating characteristics curve (auROC) with 95%
CI. Such PS for receiving LC was included as a covariate in
the final multivariate Cox regressionmodels analysing the risk
factors for microbiological relapse.

All statistical tests were two-tailed and the threshold of
statistical significance was set at a P value < 0.05. The statis-
tical software SPSS v. 20.0 (IBM Corp., Armonk, NY, USA)
was used to perform the calculations of the different analysis
and graphics were generated with Prism v. 6.0 (GraphPad
Software Inc., La Jolla, CA, USA). Variables with missing
values over 20% were excluded from the final analysis.

Results

Demographics and clinical characteristics

A total of 83 patients fulfilled the inclusion criteria during the
study period, although four of them were excluded due to the
lack of relevant clinical data. Therefore, the final study cohort
comprised 79 patients with diagnosis of definite CoNS
CRBSI that were followed-up for a median of 589 days (in-
terquartile range [IQR]1048 days). The majority of isolated
CoNS strains were methicillin-resistant (68 isolates [86.1%])
whereas only 11 of them (13.9%) were methicillin-
susceptible.

Eighteen patients (22.8%) were children, most of them ad-
mitted to the intensive care unit (ICU) or onco-haematological
departments. Seven patients (8.9%) had heart valve prostheses
or intracardiac devices. The majority of included cases of
CoNS CRBSI were related to central venous catheters: tem-
porary central venous catheter in 69 patients (87.4%) and
tunnelled catheter in 5 (6.3%). The remaining sources of in-
fection included peripheral vein catheters in four patients
(5.1%) an arterial catheter in one (1.3%).

Fever was the most frequent clinical sign (67 patients
[84.8%]), local signs of infection were present in 8 patients
(10.1%), and 26 of them (32.9%) fulfilled sepsis criteria at

CRBSI onset, with a mean Pitt score of 3.67. Severe sepsis
and/or septic shock occurred in three patients (3.8%). A total
of 69 patients (87.3%) received empiric antibiotic treatment
effective against CoNS after catheter removal, which included
glycopeptides (53.2%), daptomycin (22.8%), oxazolidinones
(3.8%), antistaphylococcal β-lactams (2.5%) and other
antistaphylococcal antibiotics (5.1%). The remaining 10 pa-
tients (12.7%) received no empiric treatment or the regimen
administered was based on antimicrobial drugs with no
in vitro activity against CoNS. The median duration of antibi-
otic therapy after catheter removal was 5 days (IQR 39 days).

The majority of patients (60 [75.9%]) presented clinical
response at day 7 after catheter withdrawal. Follow-up BC
during the first week after incident CRBSI episode were per-
formed in 63 patients (79.7%). The occurrence of persistent
CoNS bacteraemia beyond that point was demonstrated in 9
patients (11.4%).

Major complications occurred in three patients (3.8%) and
exclusively comprised septic thrombophlebitis, whereas no
cases of infective endocarditis were observed. All-cause 30-
day mortality rate was 5.1% (4 patients), and no cases of death
were considered to be attributable to CoNS CRBSI.

Microbiological relapse was globally reported in 13 pa-
tients (16.5%) after a median of 15 days (IQR 21 days) from
the incident BC.

Comparison between short and long antibiotic courses

We compared patients within the two groups according to the
duration of antibiotic therapy. As shown in Table 1, 25 pa-
tients (31.6%) received appropriate antibiotics for ≤ 3 days or
no in vitro active therapy after catheter withdrawal (SC),
whereas the remaining 54 patients (68.4%) were treated with
active antibiotics against the isolated CoNS for > 3 days (LC).

Both groups were not entirely comparable. Patients treated
with LC were significantly younger, with higher presence of
paediatric population. Patients with higher clinical severity at
presentation were more likely to receive LC, as suggested by
the significantly higher mean Pitt score (4 vs. 2.52 for patients
with LC and SC; P value < 0.01) and the higher rate of sepsis
(44.4% [24/54] vs. 8% [2/25], respectively; P value < 0.001).

As shown in Table 2, the rates of clinical response at day 3
were significantly lower in patients included in the LC group
(46.3% [25/54] vs. 88.0% [22/25] in the SC group; P value <
0.01), as was the rate at day 7 (66.7% [36/54] vs. 96.0% [24/
25] for LC and SC, respectively; P value = 0.07). All nine
patients with documentation of persistent ConNS bacteraemia
at day 7 pertained to the LC group.

Regarding the primary outcome, the rate ofmicrobiological
relapse was similar in both groups (12.0% [3/25] for SC vs.
18.5% [10/54] for LC; P value = 0.84). As shown in Fig. 1,
Kaplan-Meier curve comparison confirmed no significant dif-
ferences in the probability of staying free of microbiological
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relapse between patients treated with SC or LC (microbiolog-
ical relapse-free survival at day 100 after catheter withdrawal:
87.8% for SC vs. 86.3% for LC; log rang test P value = 0.6).

Potential effect short antibiotic courses on the risk
for microbiologic relapse

Taking into account the presence of significant imbalances in
baseline demographics and clinical characteristics between
both treatment groups (SC and LC), we designed exploratory
Cox regression models in order to analyse the effect of the
duration of therapy including as a covariate the PS to receive

LC. The auROC of the resulting PS for predicting LC was
0.71 (95% CI 0.59–0.82).

As shown in Table 3, receiving SC was not associated with
the development of microbiological relapse, being the pres-
ence of a tunnelled catheter the only statistically significant
variable in the univariate analysis (HR, 5.71; 95% CI 1.6–21;
P value = 0.01).

Due to the low number of episode of CoNS CRBSI with
microbiological relapsed (n = 13), we could not assess the
potential impact of receiving SC by means of a single model
adjusted for all the covariates found to be significant in the
univariate analysis. We alternatively attempted an exploratory
approach based on different models that incorporated a

Table 1 Demographics and clinical characteristics according to the duration of antibiotic therapy

Total N = 79 Short course* (≤ 3 days) n = 25 Long course (> 3 days) n = 54 P value

Age (years); mean (SD) 53 (24.8) 61.9 (20.9) 39.8 (29) < 0.01

Paediatric population (< 14 years); n (%) 18 (22.8) 1 (4) 17 (31.5) 0.02

Male/female (%) 53.2/46.8 64/36 48.1/51.9 0.6

Type of department; n (%)

Surgical 34 (43.0) 13 (52.0) 21 (38.9) 0.4

Medical 19 (24.1) 7 (28.0) 12 (22.2) 0.78

Onco-haematological 15 (18.9) 1 (4.0) 14 (25.9) 0.04

ICU 11 (13.9) 4 (16.0) 7 (13.0) 0.99

Prognosis of underlying disease; n (%)

Nonfatal 57 (72.2) 18 (72) 39 (72.2) 0.8

Finally fatal 10 (12.7) 4 (16) 6 (11.1) 0.8

Rapidly fatal 12 (15.2) 3 (12) 9 (16.7) 0.8

Prosthetic valve or intracardiac device; n (%) 7 (8.9) 3 (12) 4 (7.4) 0.9

Charlson Comorbidity Index; mean (SD) 2.52 (2.15) 2.84 (2.34) 1.93 (2.02) 0.08

Tunnelled intravascular catheter as source of CRBSI; n (%) 5 (6.3) 1 (4) 4 (7.4) 0.9

Type of CoNS; n (%)

MS-CoNS 11 (13.9) 7 (28) 4 (7.4) 0.03

MR-CoNS 68 (86.1) 18 (72) 50 (92.6) 0.03

Pitt bacteraemia score at CRBSI onset; mean (SD) 3.67 (2.53) 2.52 (1.08) 4 (2.83) < 0.01

Presence of fever at CRBSI onset; n (%) 67 (84.8) 23 (92) 44 (81.5) 0.38

Clinical severity at presentation; n (%)

Sepsis 26 (32.9) 2 (8) 24 (44.4) < 0.01

Severe sepsis 2 (2.5) 0 (0) 2 (3.7) 0.84

Septic shock 1 (1.3) 0 (0) 1 (1.9) 0.71

Complicated bacteraemia; n (%) 8 (10.2) 0 (0) 8 (14.8) 0.1

Control BC drawn in the first 7 days; n (%) 63 (79.7) 23 (92) 40 (61.2) 0.01

Clinical response; n (%)

Day 3 47 (59.5) 22 (88.0) 25 (46.3) <0.01

Day 7 60 (75.9) 24 (96.0) 36 (66.7) 0.07

Persistent bacteraemia at day 7; n (%) 9 (11.4) 0 (0.0) 9 (16.7) 0.1

Microbiological relapse; n (%) 13 (16.5) 3 (12) 10 (18.5) 0.84

All-cause 30-days mortality: n (%) 4 (5.1) 1 (4) 3 (5.6) 0.71

*Includes patients receiving no active antibiotic therapy for the incident episode of CoNS CRBSI. BC, blood culture; CI, confidence interval; CRBSI,
catheter-related bloodstream infection; MS-CoNS, methicillin-sensitive coagulase-negative staphylococci; MR-CoNS, methicillin-resistant coagulase-
negative staphylococci; SD, standard deviation
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maximum of three variables at a time—always including the
PS to receive LC as covariate. The only variable that was
constantly retained in all multivariate exploratory models
was again a tunnelled catheter as source of CRBSI, whereas
receiving SC was not found to be related with the develop-
ment of microbiological relapse (Table 3).

Discussion

This study investigated the clinical and microbiological out-
come of a short antibiotic course or even no treatment as
compared with the longer course of more than 3 days in epi-
sodes of CoNS CRBSI. The results suggest that patients who
achieve clinical response at day 3 after catheter withdrawal do
not clearly benefit from extending the antibiotic treatment, as
the outcome (in terms of microbiological relapse) was not
apparently worse with shorter courses of antibiotics.

It has been previously demonstrated the importance of
catheter removal as an independent protective factor for
bacteraemia recurrence in CoNS CRBSI [10, 11], but the role
of antibiotic therapy is still uncertain [12]. Even so, clinicians
are usually prone to maintain antibiotic therapy for more than
5 days, as currently recommended based on expert opinions in
clinical practice guidelines [4, 5], and a recent trial applying
this treatment schedule in CoNS bacteraemia demonstrated its

safety and efficacy [13]. This recommendation likely comes
from extrapolating the potential risk of long-term complica-
tions demonstrated in other microorganisms causing CRBSI
as S. aureus [14]. Our findings emphasise the overall benign
course of CoNS infections, as has been already proposed by
several previous studies [15, 16]. In fact, in our cohort, there
were no cases of endocarditis (even among high-risk patients
with intracardiac prosthetic devices) and none of the deaths
that occurred during the study time was directly attributable to
CoNS bacteraemia. Moreover, the rate of microbiological re-
lapse after catheter withdrawal was very low among all includ-
ed patients (16.5%), and a fair number of cases might have
been related to new catheters inserted precisely for adminis-
tering intravenous antibiotic therapy.

In fact, it is not uncommon to deal in clinical practice with
patients with CoNS CRBSI with a removed catheter in which
no empirical effective treatment had been administered and
are nonetheless asymptomatic at the time of diagnosis.
Although the 3-day criteria for defining short treatment is
somehow arbitrary, it has a practical application as 72 h is a
reasonable time point to establish the diagnosis of CoNS
CRBSI and at which clinical response is expected. On the
other hand, Hemels et al. [17] previously reported that, after
catheter withdrawal, a short course of antibiotics (also defined
by the 3-day criterion) was as effective as longer therapies in
children with uncomplicated CoNS sepsis and was not asso-
ciated with an increase in morbidity or sepsis relapse.
Therefore, both studies support the possibility of shortening
antibiotic therapy in uncomplicated low-risk episodes of
CoNS CRBSI.

A potential benefit from reducing the number of days on
therapy in these patients could be expected in terms of
minimising antibiotic pressure, and therefore lowering the risk
of development of bacterial resistance, especially considering
the emergence of CoNS glycopeptides resistance [18]. On the
other hand, the requirement for new intravascular catheter for
extended antibiotic administration poses an additional risk for
developing new episodes of CRBSI.

It is important to note that, in view of the present experi-
ence, SC should not be administered in patients with tunnelled
intravascular catheter and CoNSCRBSI in which replacement

Table 2 Study outcomes according to the duration of antibiotic therapy

Total N = 79 Short course* (≤ 3 days) n = 25 Long course (> 3 days) n = 54 P value

Clinical response; n (%)

Day 3 47 (59.5) 22 (88.0) 25 (46.3) < 0.01

Day 7 60 (75.9) 24 (96.0) 36 (66.7) 0.07

Persistent bacteraemia at day 7; n (%) 9 (11.4) 0 (0.0) 9 (16.7) 0.1

Microbiological relapse; n (%) 13 (16.5) 3 (12) 10 (18.5) 0.84

All-cause 30-days mortality: n (%) 13 (16.5) 1 (4) 3 (5.6) 0.71

*Includes patients receiving no active antibiotic therapy for the incident episode of CoNS CRBSI
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Fig. 1 Microbiological relapse-free Kaplan-Meier survival curves ac-
cording to the duration of antibiotic therapy (SC or LC) in the overall
study cohort
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is needed within a short period. Maintaining the patient under
antibiotic therapy until catheter replacement seems to be a
more reasonable approach in such scenario.

Our study has several limitations. Firstly, it is a retro-
spective study in which data collection relied on chart re-
cords. Secondly, due to its single-centre nature, the sample
size was limited, which may have resulted in insufficient
statistical power to demonstrated differences between SC
and LC groups, although we did not find even a trend
suggesting a protective effect of the duration of antibiotic
therapy on the outcome. Finally, partially due do the retro-
spective nature of the study, comparability between both
treatment groups was limited and significant differences in
demographic and clinical characteristics were present. In
order to minimise such biases that could have prevented us
to find any prognostic impact of the treatment duration, we
constructed various multivariate Cox regression models to
analyse the potential effect of receiving SC in the develop-
ment of microbiological relapse. On the other hand, we
also included as adjusting covariate the propensity score
for treatment assignment.

In conclusion, we suggest that catheter withdrawal should
be considered as a curative measure by itself in most patients
with CoNS CRBSI. Such intervention would allow restricting
the use of prolonged antibiotic therapy to cases with poorer
clinical response, those with a tunnelled catheter or those de-
veloping infective complications. In contrast to what has been
reported for other pathogens such as S. aureus, long-term
complications in CRBSI due to CoNS seem to be extremely
rare. Nonetheless, further well-controlled prospective studies
are warrant to ascertain the safety and efficacy of catheter
removal as the only therapeutic intervention in CoNS CRBSI.
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