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Abstract
Introduction  Nosocomial infections are serious 
complications that increase morbidity, mortality and costs 
and could potentially be avoidable. Antiseptic body wash 
is an approach to reduce dermal micro-organisms as 
potential pathogens on the skin. Large-scale trials with 
chlorhexidine as the antiseptic agent suggest a reduction 
of nosocomial infection rates. Octenidine is a promising 
alternative agent which could be more effective against 
Gram-negative organisms. We hypothesise that daily 
antiseptic body wash with octenidine reduces the risk of 
intensive care unit (ICU)-acquired primary bacteraemia and 
ICU-acquired multidrug-resistant organisms (MDRO) in a 
standard care setting.
Methods and analysis  EFFECT is a controlled, cluster-
randomised, double-blind study. The experimental 
intervention consists in using octenidine-impregnated 
wash mitts for the daily routine washing procedure of 
the patients. This will be compared with using placebo 
wash mitts. Replacing existing washing methods is the 
only interference into clinical routine.  Participating ICUs 
are randomised in an AB/BA cross-over design. There 
are two 15-month periods, each consisting of a 3-month 
wash-out period followed by a 12-month intervention and 
observation period. Randomisation determines only the 
sequence in which octenidine-impregnated or placebo 
wash mitts are used. ICUs are left unaware of what mitts 
packages they are using.  The two coprimary endpoints 
are ICU-acquired primary bacteraemia and ICU-acquired 
MDRO. Endpoints are defined based on individual ward-
movement history and microbiological test results taken 
from the hospital information systems without need 
for extra documentation. Data on clinical symptoms of 
infection are not collected. EFFECT aims at recruiting about 
45 ICUs with about 225 000 patient-days per year.
Ethics and dissemination  The study was approved by 
the ethics committee of the University of Leipzig (number 
340/16-ek) in November 2016. Findings will be published 
in peer-reviewed journals.
Trial registration number  DRKS-ID: DRKS00011282.

Introduction
Nosocomial bloodstream infections (BSIs) 
can cause serious complications for patients 
during their hospital stay.1 Patients on inten-
sive care unit (ICU) are particularly vulner-
able.2  BSIs are associated with increased 
morbidity, mortality and healthcare costs.3–9

Patients with infections caused by multi-
drug-resistant organisms  (MDRO) have 
higher mortality rates  than patients with 
infections caused by antibiosis-sensitive 
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Protocol

Strengths and limitations of this study

►► EFFECT is the first multicentre, cluster-randomised, 
placebo-controlled cross-over trial evaluating 
antiseptic body wash with octenidine.

►► Innovative data acquisition relies only on digitally 
available data from the hospital information systems 
(ward-movement history linked to microbiological 
test results).

►► EFFECT  endpoints are algorithmically defined and 
are thus independent of possibly subjective, clinical 
considerations.

►► Possibly confounding variations in 
screening strategies can be described and included 
in the analysis.

►► Statistical analysis uses data on exact length 
of stay on intensive care unit (ICU) and takes 
competing events into account. Analysis focuses 
on ICU episodes longer than 48 hours, in which the 
patients are actually at risk for an ICU-acquired 
bacteraemia or multidrug-resistant organisms.

►► We have to deviate from Centers for Disease Control 
and Prevention definitions since information on 
catheter days, antibiosis and clinical symptoms of 
infection are currently not generally available in 
digital form.
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organisms.10–13 A possible strategy to prevent nosocomial 
infections is the reduction of micro-organism reservoirs 
as sources of potential pathogens on the skin, in the nose, 
oropharynx and intestines.14  Antiseptic body wash is one 
approach to reduce dermal micro-organisms.15

The role of antiseptic body wash in preventing noso-
comial infections is discussed controversially and at the 
start of the study there is no respective German national 
recommendation on its use as a daily routine.16 Several 
studies showed that antiseptic body wash with chlorhexi-
dine reduces infection rates.15 17–23 Other studies did not 
confirm this.24 25

The colonisation of the patient’s skin with Gram-neg-
ative bacteria is reported as a hitherto underestimated 
source of nosocomial infections.26

The benefit of chlorhexidine towards colonisation 
and infections caused by multidrug-resistant Gram-neg-
ative  (MDRGN) bacteria has not been investigated in 
many studies.27 We identified two recent cohort studies 
reporting a preventive effect of antiseptic body wash 
with chlorhexidine specifically on MDRGN bacteria,28 29 
whereas two recent randomised trials do not report such 
an effect.25 30 The effect of chlorhexidine body wash 
may predominantly avoid BSIs caused by Gram-positive, 
coagulase-negative staphylococci.24  In addition, there is 
first evidence of the development of resistance mecha-
nisms towards chlorhexidine,31–34 and side effects such as 
contact dermatitis or anaphylactic reactions.35

The primary aim of EFFECT is to investigate whether 
or not washing with antiseptics reduces nosocomial 
infections within the German healthcare setting. Thus, 
a placebo arm is a required comparator. We deemed 
a three-armed study design unfeasible. Thus, we had 
to choose between octenidine and chlorhexidine and 
preferred octenidine due to the following reasons:

►► Octenidine is a cationic antiseptic belonging to 
the class of bispyridines. It is bactericidal against 
Gram-positive and Gram-negative bacteria as well as 
fungicide.36 37 Octenidine may have a larger antibacte-
rial activity spectrum than chlorhexidine, in particular 
towards Gram-negative bacteria.34 38 39

►► A development of resistance to octenidine has not 
been reported. No side  effects of octenidine have 
been described.35

►► Only a few clinical studies have previously investigated 
antiseptic body wash with octenidine for the preven-
tion of nosocomial infections.40–44 These publications 
are based on a very moderate number of centres and 
patients only. Octenidine was often combined with 
further interventions.40 43 44

Thus, a large study is needed to define the role of body 
wash with octenidine compared with placebo.

Methods and analysis
Study design
EFFECT is a controlled, cluster-randomised, double-
blind study. The study intervention consists in using 

octenidine-impregnated wash mitts for the daily routine 
washing procedure of the patients, compared with using 
placebo wash mitts. The intervention will replace the 
existing washing methods and will be conducted by the 
nursing staff of the ICU once a day per patient.

The observation unit is the ICU, not the individual 
patient. Since the transmission of pathogens from one 
patient to another is an important risk in acquiring a 
nosocomial infection/colonisation with MDRO, a ward-
wide intervention is required.

We use an AB/BA cross-over design, as ICUs are not 
directly comparable with each other regarding the risk of 
infection. The incidence of infection (especially caused 
by MDRO) on an ICU strongly depends on the composi-
tion of the patient population and its disease patterns, its 
distribution of lengths of stay on ICU, the local pathogen 
spectrum and the proportion of patients already infected 
or colonised by relevant pathogens on admission to the 
ICU and whether this is known. The screening strategy in 
the participating ward is important too and differs widely. 
Thus, a parallel-group design would not be suitable.

Each ICU participates in two observation periods: in 
one period patients are washed with octenidine-impreg-
nated wash mitts and in the other one with placebo wash 
mitts. The ICUs are randomised concerning the order 
of placebo/octenidine or octenidine/placebo (block 
randomisation) to compensate for period effects (secular 
trends). The study biometrician has generated an alloca-
tion sequence list using block randomisation. Randomis-
ation is performed centrally by the study team based on 
this list. The study team then coordinates that wash mitts 
are delivered by the manufacturer to the ICUs based on 
the assigned colour sequence.

Each of the two observation periods per ICU lasts 
1 year, such that seasonal fluctuations can be eliminated. 
Each 1-year observation period is preceded by a 3-month 
wash-out phase. This helps to minimise relevant overlap of 
episodes of ICU patients between the observation phases. 
It furthermore safeguards against a possible carry  over 
effect, in case an ICU already performs body wash with 
antiseptics.

Figure 1 illustrates the EFFECT study design.
The first participating ICUs have been enrolled in 

January 2017. Further ICUs will be opened over a period 
of approximately 6 months. Thus, a total study length of 
36 months is expected.

Blinding and monitoring
The type of wash mitts (octenidine or placebo) is blinded. 
This minimises potential sources of bias, since the deci-
sion to request a microbiological test is partly subjective, 
but the test frequency influences the EFFECT endpoints. 
The nursing staff could also consciously or unconsciously 
be influenced in their washing routine.

Two different colours (blue and green) are used for the 
packaging of the wash sets. The manufacturer (Schülke 
& Mayr, Norderstedt, Germany) assigned the colours to 
the octenidine and placebo wash mitts before  the start 
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Figure 1  EFFECT study design. R indicates time of randomisation of participating intensive care units.

of production. This allocation is documented in a sealed 
envelope, inaccessible to third parties, participants and 
study team throughout the study. Hence, the colour 
assignment is only known to the manufacturer.

Octenidine is a registered cosmetic product with a very 
good tolerability profile. In an unlikely case of individual 
intolerability towards one of the test products (octenidine 
or placebo), the care personal will wash the patient with 
the ICU’s conventional washing method throughout his 
remaining stay on ICU. The care personal will report the 
incidence directly to the manufacturer, following the stan-
dard regulations in the use of registered cosmetic prod-
ucts. The manufacturer informs the study biometrician 
at regular intervals about reported adverse events. No 
unblinding will take place in such a case, since it would 
have no consequence concerning the further treatment 
of the patient.

The placebo wash mitts contain a minimum amount of 
preservatives, required for conservation, but do not have 
a relevant disinfecting effect. The placebo wash mitts are 
produced by the same manufacturer that produces the 
wash mitts containing octenidine.

The compliance with the assigned intervention will be 
monitored by supervising the  consumption of the test 
product taking into account the number of beds and 
the current ward occupancy rate and by questioning the 
ward staff during monitoring visits as well as frequent tele-
phone contacts in between the monitoring visits.

EFFECT does not have a data monitoring committee; 
we do not deal with individual patient data and rely on 
routine digital data from the participating ICUs. However, 
EFFECT has a scientific independent advisory board 
(IAB), consisting of experts in microbiology, hygiene and 
intensive care, who are not involved in the study. The IAB 
will receive status reports regularly from the study team 
and would be consulted in case of unforeseen problems.

Inclusion and exclusion criteria
Inclusion criteria for ICUs

►► Patients receive a full body wash by the nursing staff 
once daily.

►► Standard operating procedures for MDRO screening 
are in force.

►► Key data are digitally available from the hospital infor-
mation system:

–– individual patient ward-movement history as well as
–– results of all individual microbiological tests during 

the complete hospital stay.
We include ICUs irrespective of their infection rates in 

the past.

Exclusion criteria for ICUs
►► ICU focuses on burn patients, as a body wash would 

be contraindicated.
►► ICU focuses on patients with bone marrow trans-

plants, as these patients are often mobile and able to 
wash themselves.

►► ICU is paediatric, as wash mitts are only for use in chil-
dren older than 3 years.

►► ICU participates in other (research) projects which 
might directly influence the endpoints of the 
EFFECT study.

►► Endpoint-relevant restructuring measures are 
expected in the ICU/hospital in the next 3 years 
from the start of the study (eg,  change in special-
isation and therefore the patient population with 
its types of diseases; change of the microbiological 
laboratory).

We plan to recruit about 45 ICUs throughout Germany.

Data acquisition
EFFECT will obtain all essential data from the hospital 
information systems. The data required for the study are 
retrieved by the hospitals routinely and will be transmitted 
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Figure 2  Example of a ward-movement history linked to microbiological test results between hospital admission (HA) and 
hospital discharge (HD), showing a case with two episodes on two different EFFECT-participating intensive care units (ICUs). 
N refers to any non-participating ward. This case shows an ICU-acquired secondary bacteraemia as well as ICU-acquired 
multidrug-resistant organisms (methicillin-resistant Staphylococcus aureus) on ICU2.

digitally in an anonymous form to the Clinical Trial 
Centre Leipzig.

EFFECT requires two types of data over the entire 
hospital stay for all cases that have at least one episode on 
a participating ICU:

►► Individual ward-movement history (timestamps of 
admission, transfers to other wards, discharge/death).

►► Microbiological test results—both negative and posi-
tive (with antibiogram, if available)—with informa-
tion on the type of specimen and time/date of sample 
collection/receipt in the laboratory.

These two data sets can be linked using a case identifier 
as illustrated in figure 2 in a fictive example.

Case identifiers will be anonymised before data transfer 
but such that the link between both data types is preserved.

The data will be transferred after each washout and 
each observation period, respectively.

Endpoint definitions
The EFFECT study has two coprimary endpoints ICU-ac-
quired primary bacteraemia and ICU-acquired MDRO.

Endpoints were chosen to address major areas of noso-
comial colonisations and infections that may be influ-
enced by infection prevention measures. In addition, 
endpoints need to be defined operationally from the 
data acquired from the hospital information systems.

Primary bacteraemia  acquisitions and MDRO  acquisi-
tions can only plausibly be attributed to the ICU if

►► they were not present at ICU admission
►► the micro-organisms were recovered from samples 

collected after a minimum length of stay on ICU 
(48 hours).

We  therefore only analyse ICU episodes which last 
longer than 48 hours and in which no relevant pathogen 
was detected in samples collected beforehand (from 
hospital admission until 48 hours on ICU). Primary bacte-
raemia  acquisitions and MDRO  acquisitions are attrib-
uted to the ICU episode if detected in samples collected 
up to 48 hours after discharge from ICU.

ICU-acquired primary bacteraemia
We define bacteraemia as

►► pathogen organism identified in a blood culture or
►► common skin commensal organism identified in a 

blood culture, unless there is a second blood culture 
taken within the following 48 hours that does not 
confirm the same organism.

We use the Centers for Disease Control and Prevention 
(CDC) classification of pathogen organisms and common 
skin organisms.45

Note we deviate from common practice as we reverse 
the burden of proof: EFFECT counts all bacteraemia 
with skin commensal organisms, unless a following 
negative blood culture suggests a possible contamina-
tion. If an ICU omits the recommended second blood 
culture for confirmation and instates therapy directly, 
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Figure 3  The algorithm used to classify bacteraemia. CDC, Centers for Disease Control and Prevention.

patients are at risk of unnecessary treatment. In addi-
tion, not following the guidelines seemingly reduces the 
reported bacteraemia incidence. However, we cannot 
exclude that a second sample taken within 48 hours 
but after initiation of antibiosis became negative due 
to treatment.

Figure  3 illustrates the algorithm we use to classify 
bacteraemia into primary and secondary.

A possible explanation for observing a bacteraemia is 
that an organism enters the bloodstream from an infec-
tion site elsewhere. In this case, a mistake in infection 
control is an unlikely cause.

We therefore define a bacteraemia as secondary if
►► the organism found in the blood culture is also 

detected in other relevant clinical material during the 
entire hospital stay or

►► the organism found in the blood culture is listed by 
CDC45 as exceptional. (The list of exceptional organ-
isms consists of organisms that are likely to cause a 
mucosa barrier injury in case of an infection and 
those which are likely community acquired.)

We exclude stool samples and skin, nose, throat and 
rectal swabs as relevant clinical materials since organisms 
detected there indicate more likely a colonisation than 
an infection.

We also exclude catheter tips from clinical materials 
since detecting the same organism on catheter tips as in 
the blood rather confirms a primary bacteraemia.

A bacteraemia is considered primary if it is not 
secondary. We expect that the impact of infection control 
measures is more pronounced in the endpoint ‘primary 
bacteraemia’ than in ‘any bacteraemia’.

We use the term bacteraemia. However, a bacteraemia 
is largely equivalent to the laboratory-confirmed BSI 
according to the CDC  definitions,45 if one assumes that 
blood cultures are drawn mainly in case of a suspected 
infection.

Secondary endpoints related to bacteraemia are
►► ICU-acquired primary bacteraemia with pathogen 

organism
►► ICU-acquired primary bacteraemia with pathogen, 

Gram-positive organism
►► ICU-acquired primary bacteraemia with pathogen, 

Gram-negative organism
►► ICU-acquired primary bacteraemia with skin 

commensal organism
►► ICU-acquired primary or secondary bacteraemia.

ICU-acquired MDRO
The second coprimary endpoint is ICU-acquired MDRO: 
MDRO comprise methicillin-resistant Staphylococcus 
aureus (MRSA), vancomycin-resistant enterococci (VRE) 
and MDRGN bacteria in all clinical materials including 
skin, nose, throat and rectal swabs as well as stool samples.

For each episode, the first endpoint-specific pathogen 
detection counts.

Secondary endpoints related to MDRO are
►► ICU-acquired MRSA
►► ICU-acquired VRE
►► ICU-acquired MDRGN bacteria.

Statistical analysis
Analysis set
Data for each observation period will be transferred 
digitally. For all informative ICU episodes (longer than 
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48 hours) the endpoints will be determined algorithmi-
cally from the respective microbiological data.

The primary analysis is intent to treat. A per protocol 
analysis will be performed only in case the ICUs systemat-
ically deviate from the assigned washing procedures.

Analytical methods
Discharge, transfer to another unit and death on ICU are 
competing events for the detection of nosocomial infec-
tion or colonisation. A correct statistical analysis should 
therefore use standard methods for the evaluation of 
‘competing risks’.46 47

Time to endpoint data from informative episodes will 
be analysed with Cox’s  proportional hazard regression 
concerning their cause-specific hazard function. Second-
arily, Fine-Gray regression on subdistribution hazards will 
be performed. Results will be illustrated plotting both esti-
mated hazard functions and cumulative incidence curves.

The basic model contains the period (first or second 
observation year) and the intervention (octenidine or 
placebo) as fixed effects as well as an ICU-specific random 
effect with a random interaction term of the ICU with 
the intervention’s effect. This model structure is used for 
both coprimary endpoints to estimate the intervention’s 
effect as hasard ratio (HR) with 95% confidence interval 
(CI). Secondary endpoints are handled in the same way.

Test strategy
For both coprimary endpoints, we use the two-sided 
Wald test concerning the intervention effect to perform 
a two-sided test of the null hypotheses that the cause-spe-
cific HR of the intervention is 1. The significance level is 
set to α=5%.

As two primary endpoints are investigated, we correct 
for multiplicity using the Hochberg step-up procedure.48 
The overall null hypothesis ‘antiseptic body wash with 
octenidine has no effect’ is rejected if one of the two 
coprimary endpoints is significant at the level α/2 or both 
at level α.

As EFFECT is a cross-over study, no interim analysis is 
planned.

Sample size considerations
We derived an approximate sample size formula: the 
intervention effect (octenidine vs placebo) can be quan-
tified as log HR lhrk (k=1:K) for each of the K partici-
pating ICUs. The specified analytical model essentially 
corresponds to a random effect meta-analysis of these 
ICU-specific results.

The log HRs lhrk are approximately normally distrib-
uted with variance

	 se2(lhrk) ≈ 4/Ek,� (1)

where Ek denotes the number of observed events in 
ICU k (k=1:K).

Let θ denote the overall intervention effect to be 
detected (as log HR). We assume that the intervention 
effect is not identically θ for all ICUs, but that each ICU 

has an individual intervention effect θk which is normally 
distributed with mean θ and heterogeneity variance τ2.

Substituting (1) in the well-known variance  formula 
from the standard model for random effect meta-analysis 
(compare 49 (p1674): formula (3)) we get:

	 Var(θ^) = 4/E + τ2∗sumk(E2
k)/E2� (2)

where E=sumk(Ek) and θ^ denotes the estimate for θ.
We need an upper limit for sumk(E2

k)/E2. This 
term would be 1/K, if all Ek were equal. We assume 
sumk(E2

k)/E2 ≤ C / K(Ek
2)/E2≤C/K for constant C≈3–4 

based in numerical simulations with scenarios assuming 
heterogeneity of ICU in site and event risk level.

Requiring power=1−β for a two-sided test at significance 
level α translates into the requirement:

	 Var(θ^) = θ2/(Z1−β + Z1−α/2)2� (3)

where Zp denotes the p-percentile of the standard 
normal distribution.

Equating (2)=(3) and solving for E leads to:

	 E ≈ (θ2/(Z1−β + Z1−α/2)2 − τ2∗C/K)� (4)

Equation (4) shows that two aspects have to be consid-
ered simultaneously: we need to observe enough patient-
days to observe the required number of events. On the 
other hand, we must include enough ICUs such that τ2 
can be estimated and the negative heterogeneity term −
τ2*C/K in the denominator does not inflate the number 
of required events.

Sample size requirements and assumptions
In EFFECT, we want to detect a risk reduction of 
25% to a HR of 0.75; this corresponds to a log  HR 
θ=log(0.75)≈−0.29. This effect size is in the order of 
magnitude of effects reported in successful clinical trials 
with chlorhexidine.

We require 90% power and plan with a two-sided signif-
icance level of α=0.025, since we deal with two coprimary 
endpoints.

We assume a moderate heterogeneity in intervention 
effect of τ=0.15 among ICUs which is in the order of θ/2.

To achieve C/K≤0.1, we need K=30 for C=3 and K=40 for 
C=4. In both cases, we need to observe E=905 events.

We conservatively assume a rate of two events per 1000 
patient-days for primary bacteraemia, expecting nosoco-
mial MDRO to be more frequent. Due to varying defini-
tions and analytical methods in the literature, evidence 
for this assumption is limited.

Thus, we plan to recruit 35–45 ICUs with a potential of 
200 000 to 225 000 patient-days per year for both 1-year 
observation periods.

Ethics and dissemination
Case identifiers will be anonymised, before being  trans-
ferred digitally to the Clinical Trial Centre Leipzig.

Data processing and evaluation, which takes place 
at the Clinical Trial Centre, complies with data 
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protection regulations. Only the study  team has access 
to full study data. These persons are bound to maintain 
confidentiality. The data are protected against third-party 
access.

The data acquisition and transfer was endorsed by 
the data protection officer of the University of Leipzig/
Faculty of Medicine. The study was approved by the ethics 
committee of the University of Leipzig (number 340/16-
ek) in November 2016.

The authors commit to report data as recommended by 
CONSORT (Consolidated Standards of Reporting Trials) 
guidelines and findings will be published in peer-reviewed 
journals and disseminated through scientific and profes-
sional conferences. The final trial report will link the full 
protocol and protocol amendments.

Protocol amendments
Relevant protocol changes will be submitted to the ethics 
committee of the University of Leipzig for approval.

Discussion
The aim of EFFECT is to investigate whether daily anti-
septic body wash with octenidine-impregnated wash cloths 
compared with placebo wash mitts reduces the risk of 
ICU-acquired bacteraemia and ICU-acquired MDRO in a 
standard care setting.

EFFECT essentially relies on digitally available data 
from the hospital information systems. This unique 
design feature has several benefits:

►► The intervention into clinical routine is minimal. 
Except for using a different washing method, ICU staff 
is not involved with study-specific documentation.

►► Full data on exact length of stay on ICU are required 
for a state-of-the-art statistical analysis which must take 
timing of competing events into account.46 47 50 51 The 
time profile of the risk of nosocomial events can be 
described (hazard functions, cumulative incidence 
functions).

►► Length of stay data also enable us to focus analysis on 
those ICU episodes longer than 48 hours, in which the 
patients are actually at risk for an ICU-acquired bacte-
raemia or MDRO.

►► Current CDC definitions are complex and require 
particular documentation effort and a considerable 
amount of clinical judgement. In EFFECT, we approx-
imate CDC definitions with data from the hospital 
information system. Our corresponding endpoints 
are defined algorithmically, linking individual 
ward-movement data with microbiological test results. 
This is fully automatic and independent of possibly 
subjective, clinical considerations.

►► Screening intensity both on ICU and in the entire 
hospital affect MDRO endpoints in particular. Even 
though in EFFECT each ICU is essentially compared 
with itself, it is difficult to ensure that the ward-specific 
screening intensity (eg, in case of an MRSA outbreak) 
remains constant over 2.5 years. With our approach, 

we have all positive or negative microbiological test 
results to describe this confounder and incorporate it 
in the analyses.

We hold that these benefits outweigh obvious 
limitations:

►► As we only analyse microbiological findings, we cannot 
fully distinguish between colonisation and infection. 
However, concerning bacteraemia, our classification 
in primary and secondary bacteraemia without the 
inclusion of other clinical data can be seen as an oper-
ative and objective approach to the CDC criteria for 
laboratory-confirmed BSI.

►► Since catheter days are not reliably electronically 
recorded yet in every hospital, we cannot decide 
whether a bacteraemia is catheter associated or not. 
However, several studies show that antiseptic body 
wash might be able to generally reduce the risk of 
acquiring a bacteraemia/BSI.17 18

We expect that  in the future more patient data will be 
collected digitally in standardised manners (eg, catheter 
days, radiological findings, laboratory parameters, anti-
biosis). EFFECT’s innovative data management may lead 
the way for future infection prevention research and daily 
infection control based on algorithms using digital-avail-
able data.
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