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hDepartment Paediatrics, Division of Neonatology, Máxima Medical Centre (MMC), Veldhoven, The Netherlands
j Erasmus MC e Sophia Children’s Hospital, Department of Neonatal and Pediatric Intensive Care, Division of Neonatology,
University Medical Centre Rotterdam, Rotterdam, The Netherlands
A R T I C L E I N F O

Article history:
Received 9 August 2023
Accepted 25 November 2023
Available online 14 December
2023

Keywords:
Central lines
Neonates
Multi-centre
Evaluation
* Corresponding author. Address: Leiden Uni
Tel.: þ31 0715269111.

E-mail address: s.j.jansen@lumc.nl (S.J. J
y These authors contributed equally to this

https://doi.org/10.1016/j.jhin.2023.11.020
0195-6701/ª 2023 The Authors. Published by
under the CC BY license (http://creativecom
S U M M A R Y

Background: The establishment of an epidemiological overview provides valuable insights
needed for the (future) dissemination of infection-prevention initiatives.
Aim: To describe the nationwide epidemiology of central-line-associated bloodstream
infections (CLABSI) among Dutch Neonatal Intensive Care Units (NICUs).
Methods: Data from 2935 neonates born at<32 weeks’ gestation and/or with a birth weight
<1500 g admitted to all nine Dutch NICUs over a two-year surveillance period (2019e2020)
were analysed. Variations in baseline characteristics, CLABSI incidence per 1000 central-line
days, pathogen distribution and CLABSI care bundles were evaluated. Multi-variable logistic
mixed-modelling was used to identify significant predictors for CLABSI.
Results: A total of 1699 (58%) neonates received a central line, in which 160 CLABSI
episodes were recorded. Coagulase-negative staphylococci were the most common
infecting organisms of all CLABSI episodes (N¼100, 63%). An almost six-fold difference in
the CLABSI incidence between participating units was found (2.91e16.14 per 1000 line-
days). Logistic mixed-modelling revealed longer central line dwell-time (adjusted odds
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ratio (aOR):1.08, P<0.001), umbilical lines (aOR:1.85, P¼0.03) and single rooms
(aOR:3.63, P¼0.02) to be significant predictors of CLABSI. Variations in bundle elements
included intravenous tubing care and antibiotic prophylaxis.
Conclusions: CLABSI remains a common problem in preterm infants in The Netherlands,
with substantial variation in incidence between centres. Being the largest collection of
data on the burden of neonatal CLABSI in The Netherlands, this epidemiological overview
provides a solid foundation for the development of a collaborative platform for continuous
surveillance, ideally leading to refinement of national evidence-based guidelines. Future
efforts should focus on ensuring availability and extraction of routine patient data in
aggregated formats.

ª 2023 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Nosocomial infections (NIs) remain an important source of
neonatal morbidity, mortality and added healthcare costs
[1e3], with up to 25% of very-low-birthweight infants (<1500 g)
experiencing at least one episode of late-onset sepsis during
neonatal intensive care unit (NICU) admission [2,4]. Although
forming an essential part of the provision of care to critically ill
neonates, central lines pose the risk of a central-line-
associated bloodstream infection (CLABSI) and have been
noted to be the leading cause of NI in the NICU [5e7]. As such,
continued efforts in the development and optimization of
prevention strategies are needed to reduce this form of iatro-
genic harm.

Over the past decade, national and international neonatal
infection surveillance networks have steadily gained prom-
inence in efforts outlining the epidemiology of neonatal NI
[8e12]. Through the aggregation of data across multiple sites,
interdisciplinary teamwork and shared learning, neonatal
infection networks have been implemented as valuable plat-
forms for benchmarking practice, and monitoring changes in
causative micro-organisms and their antimicrobial suscepti-
bility profiles [9]. There are, however, numerous factors which
must be taken into account to ensure adequate validity and
comparability of reported infection rates, including differ-
ences in CLABSI definitions, clinical practices related to central
line insertion and maintenance, and unit-specific case-mix
[13]. Importantly, infection reporting may be affected by var-
iability in local data resources and surveillance methods [13].
Given that effective quality improvement collaboration
requires solid epidemiological overviews based on reliable
measures of performance, a better understanding of inter-
facility surveillance is required.

In 2019, the Neonatal Infectious Diseases Working Group of
the Dutch Society of Paediatrics decided to carry out a com-
parison of institution-specific CLABSI data and promote
evidence-based practice to improve the effectiveness of
CLABSI reduction strategies in Dutch NICUs. Previously, no
neonatal CLABSI data had been shared or reported, leaving the
current burden of CLABSI on a national level unknown.
Recently established Dutch CLABSI surveillance criteria [14]
and uncertainty regarding local data sources and surveillance
methods prompted the need to gain a better understanding of
the specifics and degree of variability in local CLABSI rates. The
creation of a nationwide overview of neonatal CLABSI would
subsequently allow us to potentially recalibrate and stand-
ardize existing surveillance reporting.
The primary aim of the present study was to describe (1)
CLABSI incidence rates, (2) case-mix, (3) distribution of caus-
ative pathogens, (4) risk factors for CLABSI, and (5) central line
insertion and maintenance practices in a cohort of premature
infants of all nine Dutch NICUs over a two-year surveillance
period.

Materials and methods

Study design and population

We conducted a nationwide, retrospective, observational
cohort study in which all nine tertiary-level NICUs of The Neth-
erlands participated. Neonates born at <32 weeks’ gestation
and/or with a birthweight<1500 g between 1st January 2019 and
31st December 2020 and admitted to any of the participating
centres were eligible for inclusion in the study, with the
exception of outborn newborns admitted >24 h postnatally or
central lines inserted elsewhere prior to an infant’s transfer to
any of the study centres, in which case only the infant without
the externally placed central line was included in the analyses.
Informed consent was waived by the institutional review board
(IRB) of the initiating centre (Leiden University Medical Centre,
G21.010). The study was approved by the IRBs of the remaining
eight sites in accordance with local regulations.

Data collection and sources

Depending upon the available digital infrastructure, data
were retrieved either manually from the electronic patient
medical records, a national, population-based perinatal repo-
sitory or through semi-automated extraction from local digital
data warehouses under the provision of stringent and detailed
data specifications. Data retrieved from the repository and/or
from the local digital warehouses were cross-checked for
accuracy and completeness using the electronic medical
records. One member of the research team (S.J.J.) collected
the data and manually ascertained all CLABSI episodes for five
of the nine participating units, with the remaining four units
supplying the data themselves.

Extracted data included standard demographic character-
istics, as well as infection- and central-line-related data for all
included neonates. Due to local data privacy regulations,
centre G was unable to provide specific insertion and removal
dates of the central lines, providing aggregated catheter dwell-
time (in days) per infant instead. Similarly, both antibiotic
treatment <24 h after birth and central line type were not
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available for centre E. Additional information collected inclu-
ded unit-specific central line insertion and maintenance pro-
tocols. All data were de-identified both on unit and patient
levels.

CLABSI definition

CLABSI was defined according to the Dutch neonatal CLABSI
Surveillance Criteria published previously by our research
group [14]. A CLABSI was defined based on the presence of a
positive blood culture obtained >72 h after birth, in combi-
nation with clinical signs and symptoms of infection and an
indwelling central line. Central lines in place >2 calendar days
were considered at risk for infection, up until the day after
removal or hospital discharge [14]. Central lines that were
inserted elsewhere prior to admission of the neonate to the
respective centre were excluded from the analyses. Blood
cultures positive for organisms considered to be common
commensals according to the National Healthcare Safety Net-
work (NHSN) Master Organism List [15] were classified as true
bloodstream infections in case of a single blood culture in
combination with a single C-reactive protein measurement of
>10 mg/L obtained in the first 36 h after blood culture sam-
pling, or in case themicro-organism had been isolated from two
or more blood cultures sampled on the same or consecutive
day.

Statistical analysis

Data were reported as mean and standard deviation (SD),
median and interquartile range (IQR) or absolute number and
percentage, as appropriate. Distribution of baseline neonatal
and central line characteristics were stratified by participating
centre over the entire two-year study period. Crude CLABSI
incidence rates were normalized per 1000 central-line days,
with cumulative incidence rates normalized per 100 infants.
Catheter dwell-time was determined by tallying the number of
calendar days a central line was in situ, for each participating
unit alike. Distribution of causative micro-organisms associated
with CLABSI over the study period are shown as bar-charts with
stratification according to participating unit.

To investigate the association between several factors and
CLABSI, a multi-variable logistic mixed-model analysis was
performed. A one-level hierarchy was employed, indicating
that observations are nested within centres. Through the use of
a random intercept, the model included centre as a random
effect to express the notion that individual patient observa-
tions within the same centre are correlated. The following
candidate predictors, selected based on expert opinion, the
literature and availability in the dataset, were included in the
model: gestational age, sex, central line duration, central line
type (i.e., PICC and umbilical lines), unit type (i.e., open-bay
and single rooms) and provision of surgical procedures.
Results of the fixed effects (measures of association) are pre-
sented as regression coefficients with standard errors (SEs),
including the corresponding adjusted odds ratios (aORs) and P-
values. Random effects (measures of variation) include the
random intercept variance (var). Fixed and random effects
estimates were estimated using the restricted maximum like-
lihood procedure (REML). Considering one centre (centre E) did
not have complete data on central line type, only eight centres
were included in the model.
All analyses were performed using R, version 4.0 (R Founda-
tion for Statistical Computing, http://rgg.rforge.r.- project.org).

Results

Unit and patient characteristics

Seven of the nine participating NICUs units were situated in
university-affiliated academic teaching hospitals, with two
units being part of a community medical centre. Likewise, two
NICUs were designed as single-room units, and the remaining
seven as open-bay wards. Neonatal abdominal surgery was
provided in seven of the nine units.

Over the two-year study period, a total of 2935 neonates
were admitted to the participating centres, with admission
numbers varying from 179 to 499 between centres (Table I).
Considerable variation was seen in the number of neonates
exposed to invasive mechanical ventilation (27%e48%) and
delivery by caesarean section (35%e64%). Comparatively, the
median admission duration ranged between 13 and 24 days,
with the median length of stay over all centres combined being
16 days (IQR 7.9e35.8). Proportions of antibiotic use within the
first 24 h after birth ranged between 53% and 80%.

Central line characteristics and CLABSI outcomes

Central line characteristics and CLABSI outcomes of all
participating units are illustrated in Tables II and III. Over the
two-year study period, 3101 central lines covering a total
23,905 central-line days were placed in 1699 neonates. Of the
eight units with available data on central line types, four
centres placed peripherally inserted central catheters (PICC)
most often, and the remaining four units umbilical-venous
catheters (UVC). The number of neonates with at least one
central line varied from 46% to 75%, with the median catheter
dwell-time per line varying from eight to 12 days. No varia-
bility was observed in the age at central line insertion
between the units. On average, 9.4% of neonates with a
central line developed at least one episode of CLABSI, with
the variation between the centres being 4.0%e18.6%. Con-
comitantly, substantial variation was found in the CLABSI
incidence (varying from 2.91 to 16.14 per 1000 central-line
days), with the mean CLABSI incidence rate across all par-
ticipating NICUs being 6.69 per 1000 central-line days. None of
the neonates experienced more than one CLABSI episode
during NICU admission.

Microbial aetiology

Gram-positive bacteria were responsible for 80% (128/160)
of all CLABSI episodes, with Gram-negative organisms and fungi
representing 18.7% (30/160) and 1.3% (2/160) of infections,
respectively. The majority of CLABSI episodes were caused by
coagulase-negative staphylococci (N¼100, 63%), followed by
Staphylococcus aureus (N¼19, 11.9%). Only one centre repor-
ted two CLABSI episodes caused by Candida albicans. More-
over, three centres showed little internal variation in the
spectrum of causative pathogens, with three genera of micro-
organisms being responsible for all infection episodes. Overall,
no marked variation in the distribution of reported pathogens
was observed between the units (Supplementary Figure S1).

http://rgg.rforge.r
http://project.org


Table I

Demographic characteristics of included neonates per participating centre

A B C D E F G H I

Neonates, N 499 314 255 379 343 375 363 228 179
Sex, N (%)

Male 288 (58%) 174 (55%) 146 (57%) 194 (51%) 183 (53%) 199 (53%) 192 (53%) 119 (52%) 93 (52%)
Female 211 (42%) 140 (45%) 109 (43%) 185 (49%) 160 (47%) 176 (47%) 171 (47%) 109 (48%) 86 (48%)

GA, median [IQR] 29 [27e31] 29 [28e31] 29 [27e30] 29 [28e31] 29 [28e31] 29 [27e31] 29 [28e31] 29 [27e30] 30 [28e31]
<28 weeks, N (%) 155 (31%) 89 (28%) 84 (33%) 96 (25%) 98 (29%) 110 (29%) 102 (28%) 72 (32%) 49 (27%)
BW, mean (SD) 1205 (386) 1244 (369) 1274 (398) 1230 (363) 1229 (342) 1240 (375) 1224 (389) 1164 (348) 1204 (422)
Caesarean section, N (%) 308 (62%) 201 (64%) 110 (43%) 212 (56%) 120 (35%) 208 (55%) 223 (61%) 108 (47%) 104 (58%)
Apgar at 5 min,
median [IQR]

8 [7e9] 8 [7e9] 8 [7e8] 8 [7e9] 8 [7e9] 8 [7e9] 8 [7e9] 8 [7e9] 9 [8e9]

Invasive mechanical
ventilation, N (%)a

195 (39%) 101 (32%) 122 (48%) 141 (37%) 100 (29%) 117 (31%) 139 (38%) 70 (31%) 49 (27%)

Antibiotic therapy < 24 h
postpartum, N (%)

401 (80%) 165 (53%) 182 (71%) 253 (67%) e 270 (72%) 243 (67%) 157 (69%) 128 (72%)

Length of hospital stay
per infant, median [IQR]

13 [6e36] 13 [7e28] 13 [8e30] 13 [7e30] 14 [8e35] 13 [6e34] 24 [12e46] 16 [7e31] 23 [12e53]

In-hospital mortality,
N (%)

44 (8.8%) 17 (5.4%) 23 (9.0%) 16 (4.2%) 27 (7.8%) 26 (6.9%) 29 (7.9%) 15 (6.6%) 13 (7.3%)

BW, birth weight; GA, gestational age; IQR, interquartile range: SD, standard deviation. Data for the proportion of neonates treated with antibiotics
<24 h postpartum not available for centre E.
a Invasive mechanical ventilation comprises conventional mechanical ventilation and/or high frequency oscillatory ventilation.
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Multi-variable multi-level logistic analyses

Multi-variable logistic mixed-modelling revealed that
umbilical central lines were associated with a statistically
significant increased risk of CLABSI as compared with PICCs
(aOR: 1.85, P¼0.03; Table IV). Similarly, for every one addi-
tional day a central line remained inserted, the odds of
acquiring CLABSI increased by approximately 8% (aOR: 1.08,
P<0.001). Moreover, the odds of CLABSI was almost four-fold
higher for single-room units compared with multi-bed units
(aOR: 3.63, P¼0.02). All other included candidate predictors
were not significantly associated with CLABSI.
Table II

Central-line characteristics per participating centre

A B C D

Central-lines, N 673 318 238 329
UAC, N (%) 89 (13%) 49 (15%) 62 (26%) 79 (24%
UVC, N (%) 198 (30%) 124 (39%) 93 (39%) 132 (40
PICC, N (%) 386 (57%) 145 (46%) 83 (35%) 118 (36

Neonates with a
central-line, N (%)

375 (75%) 167 (53%) 118 (46%) 177 (47

Line-days per neonate,
median [IQR]

10 [7e17] 9 [6e16] 12 [7e19] 12 [7e

Line-days per line,
median [IQR]

8 [4e10] 6 [4e8] 8 [5e10] 7 [6e9

Total line-days, N 5705 1912 1958 2393
Age at insertion,
median [IQR]

1 [0e3] 1 [0e4] 1 [0e2] 1 [0e4

Age at removal,
median [IQR]

8 [5e13] 7 [5e10] 8 [6e10] 8 [6e1

IQR, interquartile range; PICC, peripherally inserted central catheter; UAC
Central line insertion and maintenance bundles

Key components of central line insertion and maintenance
bundles for each participating NICU are listed in Supplementary
Table S1. The use of maximal barrier precautions, performance
of hand hygiene according to surgical standards as well as the
use of skin disinfection prior to central line insertion were
uniform components across all units. The use of a checklist as
an additional means of procedure standardization was repor-
ted in four of nine centre-specific procedure guidelines.
Although seven of nine centres reported performing assess-
ment of central line indication, only one centre cited
E F G H I

280 301 538 249 175
) e 57 (19%) 92 (17%) 46 (19%) 43 (25%)
%) e 90 (30%) 226 (42%) 88 (35%) 74 (43%)
%) 280 (100%) 154 (51%) 220 (41%) 115 (46%) 58 (33%)
%) 183 (53%) 190 (51%) 254 (70%) 113 (50%) 122 (68%)

18] 9 [7e13] 8 [6e13] 11 [7e19] 12 [7e23] 10 [8e13]

] 7 [4e9] 7 [5e8] 7 [5e9] 7 [3e10] 9 [6e11]

2387 1996 3917 1917 1720
] 1 [0e6] 1 [0e2] 1 [0e4] 1 [0e8] 0 [0e2]

0] 8 [5e13] 7 [5e9] 7 [5e11] 8 [4e18] 9 [7e13]

, umbilical-arterial catheter; UVC, umbilical-venous catheter.



Table III

Central-line associated bloodstream infection (CLABSI) outcomes per participating centre

A B C D E F G H I

Neonates with a central-line, N 375 167 118 177 183 190 254 113 122
Total line-days, N 5705 1912 1958 2393 2387 1996 3917 1917 1720
CLABSI episodes, N 29 31 11 23 11 9 23 18 5
Neonates with CLABSI, N (%) 29 (7.7%) 31 (18.6%) 11 (9.3%) 23 (12.9%) 11 (6.0%) 9 (4.7%) 23 (9.0%) 18 (15.9%) 5 (4.0%)

<28 weeks GA 19 (66%) 16 (52%) 9 (82%) 14 (61%) 5 (45%) 6 (67%) 11 (48%) 11 (61%) 5 (100%)
<750 g BW 12 (41%) 3 (9.7%) 2 (18%) 9 (39%) 4 (36%) 5 (56%) 4 (17%) 8 (44%) 1 (20%)

Cumulative incidence rate 7.73 18.56 9.32 12.99 6.01 4.74 9.06 15.93 4.10
Incidence per 1000 line-days 5.08 16.14 5.62 9.61 4.61 4.51 5.87 9.39 2.91

BW, birth weight; GA, gestational age. Cumulative incidence rate represents the CLABSI incidence per 100 neonates.
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documentation thereof in the patient medical records. All units
except for centre G reported assessing the integrity of the
central line and dressings, with the frequency of assessment
varying from one to eight times daily. Some variation was
present with regards to general intravenous (IV) tubing care,
including scrubbing of the IV connectors. The recommendation
with regards to catheter dwell-time for umbilical lines ranged
between seven and 14 days, with three centres mentioning
having no maximum duration. A recommendation for the
duration of a PICC was not made for the majority of units, and
only two were based on reaching a certain enteral feed level.
Other frequently reported components included the placement
of screens around the incubator, restricting the number of
visitors during the procedure and the use of the double-glove
technique. Centre C reported administering antibiotic pro-
phylaxis in case of belated (i.e., >3 days) umbilical-arterial
catheter (UAC) insertion, although type and duration were
not mentioned. Similarly, centre D reported administration of
amoxicillin/clavulanic acid in case of UAC/UVC insertion >24 h
postpartum as well as administration of a single doses of
Table IV

Multivariable multi-level model of factors associated with central-
line associated bloodstream infection (CLABSI)

Fixed parameters Coefficient (SE) aOR P

Intercept -1.85 (1.79) e 0.30
Gestational age -0.08 (0.06) 0.92 0.30
Sex e e e

Female (ref) e 1 e

Male -0.20 (0.26) 0.82 0.43
Central-line duration 0.07 (0.02) 1.08 <0.001

Central-line type e e e

PICC (ref) e 1 e

UAC/UVC 0.61 (0.28) 1.85 0.03

Unit type e e e

Open-bay (ref) e 1 e

Single-room 1.29 (0.54) 3.63 0.02

Provision of surgical
procedures

0.04 (0.57) 1.04 0.94

Random effects parameters
Random intercept
variance

0.22 e e

aOR, adjusted odds ratio; PICC, peripherally inserted central catheter;
SE, standard error; UAC, umbilical-arterial line; UVC, umbilical-venous
line.
vancomycin immediately before and after central line
removal. Centres F and G likewise reported the use of two
doses of prophylactic cefazoline upon central line removal.

Discussion

This is the first formal initiative of a Dutch, nationwide
collaboration to describe neonatal CLABSI data as a first step in
determining the feasibility of a continued, prospective CLABSI
surveillance initiative. This national study provides a unique
insight into the current national burden of neonatal CLABSI and
allows participating units to evaluate their own performance
and set quantifiable targets for further quality improvement. In
the current study, 9.4% of preterm neonates with a central line
admitted to a Dutch NICU developed CLABSI, with considerable
variation present in incidence, central line usage and duration
of catheter dwell-time between units. Increased central line
dwell-time, umbilical lines and the single-room design were
found to be risk factors for CLABSI. Additionally, the most
common bundle elements were hand hygiene, skin disinfection
and the use of maximal barrier precautions, with disparity
identified in general IV tubing care, duration policy of catheter
dwell-time and administration of antibiotic prophylaxis for
belated line insertion and/or removal.

Incidence rates pertaining to neonatal CLABSI specifically
have only sporadically been investigated by large surveillance
networks [16e20]. Reported incidence rates from single-centre
studies range from 3.2 to 21.8 per 1000 central-line days [21],
demonstrating that our national rate of 6.39 per 1000 central-
line days lies at the lower end of this spectrum. The variation in
reported CLABSI rates probably reflects the substantial heter-
ogeneity in the surveillance definition of CLABSI, as well as
variations in local practice patterns and infection prevention
guidelines. However, by using the Dutch neonatal CLABSI sur-
veillance criteria under standardized data collection methods,
we were able to ascertain all CLABSI episodes in an accurate
and reliable manner. This not only enhances the validity of our
reported rates, but also facilitates the current interfacility
comparison initiative. An intriguing and important finding from
this study is the substantial variation in CLABSI rates between
units, with the difference between the lowest and highest
reported incidences being almost six-fold. One may speculate
that this variation is primarily caused by differences in case-
mix, as we observed considerable variations in the use of
invasive mechanical ventilation and antibiotic use within 24 h
after birth. Certain imperative case-mix-related character-
istics such as the presence of surgical pathology, congenital
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anomalies, use of total parenteral nutrition and duration of
mechanical ventilation, all of which are measured on the
patient level, as well as adherence to and individual inter-
pretation of local infection-prevention protocols, were not
uniformly available across all NICUs and thereby not collected,
indicating that residual bias due to these other, unavailable
parameters may still be present in the reported CLABSI rates.
We nevertheless believe that our study captured the most
important variation in case-mix between the NICUs required for
interpreting CLABSI outcomes.

In line with previous studies, our results indicate that
increased central line dwell-time is associated with an
increased risk of CLABSI, suggesting that timely removal
remains an important prevention strategy [22e24]. Umbilical
lines were furthermore found to carry a higher CLABSI risk
compared with PICCs, which is in contrast to other studies
reporting either no difference in CLABSI risk between central
line types or a higher risk for PICCs [25e27]. A possible
explanation may be that umbilical lines are primarily inserted
during the first week of life in all participating units, during
which the overall infection risk may be different and a high
prevalence of antibiotic treatment (which typically does not
cover coagulase-negative staphylococci (CoNS)) is present.
Insertion sites of umbilical lines are likewise not always cov-
ered with dressings, thereby increasing the risk of extraluminal
colonization.

Somewhat surprisingly, single-room units were found to be a
risk factor for CLABSI. The effect of single-room care on the risk
of infection nevertheless remains controversial, with previous
studies from our group indicating that single-room care does
not necessarily result in a lower incidence of NI or multi-drug-
resistant organism colonization [28,29]. Moreover, participat-
ing units with single-rooms had higher CLABSI rates, clarifying
the regression results and indicating that local differences in
and adherence to evidence-based practice guidelines may be
of greater importance.

Comparison of best practice recommendations is known to
help in the reformation and improvement of care bundles [30].
Even though we did not attempt to associate specific bundle
features with differences in CLABSI rates, we identified the
most frequently reported components and variations between
the centres. Disparity within bundled elements was present,
although the most common and critical elements such as hand
hygiene, skin antisepsis and the use of maximum barrier pre-
cautions were reported by all units. Given that the success of a
care bundle often lies in the extent to which all components
are consistently executed by all healthcare workers [31e33],
an essential next step is to evaluate the implementation
process taking into account the organizational context and
overall compliance with individual CLABSI prevention bundle
elements.

Benchmarking strategies are increasingly being used to
improve the quality of care and describe the variability in
infection rates between healthcare institutions. Such efforts
are however often subject to several pitfalls, including the
variability in data collection methods, distribution of key risk
factors and definitions and application thereof to measure
and assess CLABSI. Moreover, difficulties in attributing pos-
itive blood cultures to a central line and differences in
measuring the number of central-line days (i.e., in calendar
days or hours) may increase the risk of measurement bias and
local interpretation [34]. Although the primary aim of this
study was not to explicitly compare incidence rates between
units, our results lay the foundation for future comparison.
Ongoing improvements aimed at optimizing digital infra-
structures, data availability, accessibility and completeness
are currently being carried out to further improve the sensi-
tivity and efficiency of forthcoming neonatal CLABSI surveil-
lance initiatives by our research team.

Our study has several limitations. First, due to COVID-19 and
time-related restrictions, data collection and case-finding for
four of the nine units were performed by the respective local
investigators, signifying that we cannot guarantee systematic
application of the surveillance criteria. Second, although
CLABSIs are one of the most common types of NI and thereby an
appropriate proxy measure for NI in the NICU, they do not pro-
vide an all-encompassing overview of NI, as central line expo-
sure accounts for only a limited proportion of the at-risk period
in the NICU. Lastly, we were unable to determine the extent to
which peripheral-intravenous catheters (PIVs) contribute to the
overall burden of CLABSI, especially in infants with both a cen-
tral line and PIV in situ. Centres with high centre-specific CLABSI
rates may reflect the predominance of (undetected) PIV-related
infections. As such, further determination of the relative con-
tribution of PIVs to the overall NI burden is needed.

Despite the above limitations, the strengths of this study are
that it is the largest evaluation of neonatal CLABSI in The
Netherlands with data collected under the provision of an
appropriate and detailed definition.

In conclusion, CLABSI remains a common problem in preterm
infants in the Netherlands, with substantial variation in inci-
dence between centres. Common risk factors identified were
increased central line dwell-time, umbilical lines and the
single-room design. The results of our national study support
the notion that establishing an epidemiological overview pro-
vides valuable insights which work towards dissemination of
improvement initiatives among Dutch NICUs, under the prem-
ise of accurate and reliable data availability. An important
challenge that remains is implementing strategies which will
facilitate data collection and improve the standardization of
surveillance to further build upon the first steps that have been
taken towards meaningful comparability.
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