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Objectives: We determined the frequency of subsequent bloodstream infection more than 2 days after
removal of a catheter with positive tip cultures.
Methods: We conducted a nationwide, observational study on intravascular catheter (IVC) tip cultures in
Switzerland from 2008 to 2015 using data from the Swiss Antibiotic Resistance Surveillance System
(ANRESIS). An IVC tip culture was included in the analysis if at least one microorganism could be
cultivated from it. We excluded all data from patients with concurrent bacteraemia with the same
microorganism identified 7 days before to 2 days after IVC removal. Subsequent bloodstream infection
was defined as isolating (from blood cultures performed more than 2 days up to 7 days after catheter
removal) the same microorganism as the one recovered from the IVC. Data on antibiotic therapy were
not available in this surveillance study.
Results: Over the 8-year period, 15 033 positive IVC tip cultures were identified. Our study population
comprised 12 513 episodes of positive IVC tip cultures without concurrent bacteraemia. The frequency of
sBSI was 1.8% (n ¼ 219). Subsequent bloodstream infections were more frequently detected after iden-
tification of C. albicans (10/113, 8.8%), S. marcescens (9/169, 5.3%), and S. aureus (30/623, 4.8%) on a
catheter tip.
Conclusions: A very low incidence of subsequent bloodstream infection was observed if a microorganism
was identified on a removed IVC tip without concurrent bacteraemia. The risk of subsequent bloodstream
infection increased if C. albicans, S. aureus, or S. marcescens were identified in this context. N. Buetti, Clin
Microbiol Infect 2018;24:548.e1e548.e3
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

There is little information regarding the significance of positive
intravascular catheter (IVC) tip cultures without concurrent bac-
teraemia [1e4]. Some studies have shown that the incidence of
bacteraemia was low after removal of IVCs in patients where that
tip culture became positive [2,5]. Other authors have postulated
that positive tip cultures, in particular those with S. aureus [1,6,7],
Candida spp [4], and Gram-negative bacteria [8] with negative
concurrent blood cultures, could reflect a recent bloodstream
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infection, and therefore require a short course of antimicrobial
therapy, or point to the potential risk of developing delayed bac-
teraemia (or fungaemia).

The studies investigating this topic, however, reported data from
individual hospitals only [1,2,4e9]. Use of national surveillance
data could help to better understand the epidemiology of device-
associated infections. Here, we used the Swiss Antibiotic Resis-
tance Surveillance System (ANRESIS) to describe the current
epidemiology of patients with culture-positive IVC tips without
concurrent bacteraemia and aimed to characterize bacteraemia or
fungaemia occurring after catheter removal.
blished by Elsevier Ltd. All rights reserved.
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Methods

We conducted a nationwide, observational study on IVC tip
cultures in Switzerland from 2008 to 2015. We analysed data from
36 hospitals distributed across Switzerland that sent information to
ANRESIS for at least five positive catheter tip cultures per year.

An IVC tip culture was included in the analysis if at least one
microorganism could be cultivated from it. If at least one pathogen
was isolated from the same tip, each individual pathogen was
considered to be a separate episode of catheter colonization.
Eighty-three per cent of participating laboratories (15/18) used the
semiquantitive roll-plate culture method.

New episodes of catheter colonization from other removed
catheters in the same patient within a 7-day period were excluded.
Episodes of catheter colonization with concurrent bacteraemia or
fungaemiawith the samemicroorganism identified 7 days before to
2 days after IVC removal were also excluded. Subsequent blood-
stream infection (sBSI)was defined as isolating (from blood cultures
performed more than 2 days up to 7 days after IVC removal) the
same microorganism (and antibiogram) as that recovered from the
IVC tip. To ease readability we use the term ‘sBSI’ instead of ‘sub-
sequent bacteraemia and fungaemia’ throughout the text.

As the analysis was performed on anonymized non-genetic
surveillance data, ethical consent was not required according to
the Swiss law for research on humans.
Results

Over the 8-year period, 15 033 episodes of catheter colonization
were identified. Of these, 2520 episodes (16.7%) presented with
concurrent bacteraemia or fungaemia and were excluded from the
following analysis (Fig. S1, Supporting information). Our study
population thus comprised 12 513 episodes of catheter colonization
without concurrent bacteraemia.

In 219 (1.8%) of the 12 513 episodes an sBSI was observed
(Table 1). Subsequent bacteraemia (without fungaemia) developed
in 207 of the 12 341 (1.7%) catheter tips demonstrating bacterial
growth. Among Gram-positive bacteria, Staphylococcus aureus was
the most frequently identified agent causing sBSI (i.e., 30/623,
4.8%), followed by enterococci (12/733, 1.6%) and coagulase-
negative staphylococci (116/8518, 1.4%). Among Gram-negative
bacteria, Enterobacteriaceae and Gram-negative nonfermenters
were the cause for sBSI in 2.6% (40/1552) and 1.9% (8/431) of the
cases, respectively. Serratia marcescens was the most frequently
identified Gram-negative to present with sBSI (9/169, 5.3%). Sub-
sequent fungaemia (100% of them candidaemias) developed in 12
Table 1
Microorganism distribution of positive catheter tip culture and subsequent bloodstream

Totala N (%)

Enterobacteriaceae 1552 (12.4)
S. marcescens 169 (1.4)

Gram-negative non-fermenters 431 (3.4)
P. aeruginosa 297 (2.4)

S. aureus 623 (5.0)
CoNS 8518 (68.1)
Streptococcus spp 51 (0.4)
Enterococcus spp 733 (5.9)
Anaerobes 12 (0.1)
Fungi 172 (1.4)
Candida albicans 113 (0.9)

Other 421 (3.4)
Total 12513 (100.0)

CoNS, coagulase-negative staphylococci spp species; sBSI, subsequent bacteraemia or fu
a Without episodes of bacteraemia 7 days before and 2 days after catheter removal.
(7.0%) of the 172 catheter tips positive for fungi; Candida albicans
(10/113, 8.8%) was the most frequent yeast causing sBSI.

Among episodes of catheter colonization with sBSI, 42.4% of
cases were from intensive care (vs. 23.9% in those without sBSI,
p < 0.001, Table S1, Supporting information).

Discussion

Only limited epidemiological data are available regarding the
significance of positive catheter tip cultures without concurrent
bacteraemia or fungaemia. All the studies published in recent years
restricted their reporting to selected hospitals [1,2,4e9]. To our
knowledge, ours is the largest study to describe the epidemiology
of sBSI, incorporating data from a total of 36 hospitals.

In Switzerland, most hospitals follow U.S. guidelines in only
recommending tip cultures if a catheter is removed because of
suspected catheter-related bloodstream infection, and thus
advising against routine tip processing [3]. On the other hand, the
clinical possibility of catheter-related bloodstream infection (e.g., in
the setting of fever in an inpatient with an IVC) may prompt the
treating physician to cultivate a catheter tip anyway.

The major finding of this analysis is that sBSI is rare in patients
with colonized catheter tips. A comparison with other studies is
difficult because of the lack of a generally accepted definition of
sBSI. Some authors excluded only those bloodstream infections as
concomitant that had occurred within ±48 hours of the removal of
the IVC [9], and therefore included patients with bloodstream
infection immediately prior to that time window. Furthermore,
certain authors did not exclude bacteraemic episodes in the
48 hours after catheter removal [4e8]. Munoz et al. took yet
another approach and studied S. aureus bacteraemia that occurred
>7 days after catheter removal [5], showing a low risk of bacter-
aemia after this 7-day window. In our study, we considered a
bacteraemia or fungaemia episode as being ‘subsequent’ if a posi-
tive blood culture was found more than 2 days after catheter
removal. This time frame was chosen to eliminate cases where a
bacteraemia was pre-existing, while assuming that early episodes
of positive blood cultures post-catheter removal could still be
catheter-related [10]. According to this definition, only 1.7% of pa-
tients with a positive catheter tip developed subsequent bacter-
aemia, which is comparable with another study which relied on a
similar definition [2]. Unfortunately, clinical data and, more spe-
cifically, data about antibiotic therapy were not included in this
surveillance study, which should be taken into account when
interpreting our results. Consequently, we cannot make a state-
ment on a possible impact of antibiotic treatment. Interestingly,
other studies failed to demonstrate an association between
infection (sBSI)

sBSI N (%) sBSI/pathogen isolated from catheter tip (95% CI)

40 (18.3) 2.6% (1.8e3.4)
9 (4.1) 5.3% (1.9e8.7)
8 (3.7) 1.9% (0.6e3.1)
7 (3.2) 2.4% (0.7e4.1)
30 (13.7) 4.8% (3.1e6.5)
116 (53.0) 1.4% (1.1e1.6)
0 (0) 0%
12 (5.5) 1.6% (0.7e2.5)
0 (0) 0%
12 (5.5) 7.0% (3.2e10.8)
10 (4.6) 8.8% (3.5e14.0)
1 (0.5) 0.2% (-0.2e0.6)
219 (100.0) 1.8% (1.6e2.0)

ngaemia; CI, confidence interval.
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appropriate antimicrobial therapy around the time of catheter
removal and reduced frequency of sBSI [2,8,9].

In this study, we observed an increased likelihood of sBSI among
patients with catheter tips colonized with C. albicans and S. aureus,
with an sBSI frequency of 8.8% and 4.8%, respectively. This obser-
vation is consistent with the findings of a single-centre study in a
large tertiary care centre in South Korea [2]. Interestingly,
S. marcescens was the second most frequent agent causing sBSI. In
the last few years, only a single case of Serratia spp sBSI has been
reported [8]. Our data suggest the need for additional studies to
shed light on the epidemiology and clinical outcomes of sBSI with
S. marcescens.

Our study has several limitations. First, the study is based on the
assumption that each hospital sent information on all of the IVC
tips (and not other catheter types, e.g., neurosurgical shunts) to the
central database. Second, we had no access to clinical data and
therefore information on the indication of catheter removal (e.g.,
catheter type) as well as clinical outcome was unavailable. This
could have led to an underestimation of the burden of sBSI in
certain patient populations (e.g., patients with septic metastasis,
blood cultures drawn while on antibiotic therapy, and regarding
patients with few symptoms). Third, no reliable information
regarding the total number of drawn blood cultures is available in
the ANRESIS database; this is because not all hospitals send nega-
tive blood culture results to their microbiology laboratories. It is
conceivable that more blood cultures were taken if ‘difficult path-
ogens’ such as C. albicans and S. aureus appeared on a catheter tip,
thus leading to an under/overestimation of the burden of disease
for these selected microorganisms.

This large surveillance study shows a very low incidence of sBSI
if a microorganism was identified on a removed IVC tip. However,
the risk of sBSI increased if C. albicans, S. aureus, or S. marcescens
were identified in this context.

Transparency declaration

The ANRESIS database is funded by the Federal office of Public
Health, the Conference of cantonal health ministers, and the Uni-
versity of Bern, Switzerland. The authors declare that they have no
conflict of interest.

Acknowledgements

We thank Antoine Buetti and Paolo Mombelli for their editorial
support. We thank all microbiology laboratories participating in the
ANRESIS network: Institute for Laboratory Medicine, Cantonal
Hospital Aarau; Central Laboratory, Microbiology Section, Cantonal
Hospital Baden; Clinical Microbiology, University Hospital Basel;
Viollier AG, Basel; Laboratory Medicine EOLAB, Department of
Microbiology, Bellinzona; Institute for Infectious Diseases,
University Bern; Microbiology Laboratory, Unilabs, Coppet; Central
Laboratory, Cantonal Hospital Graubünden; Microbiology Labora-
tory, Hospital Thurgau; Microbiology Laboratory Hôpital Fri-
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