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Abstract

Background: In 2013 German infection surveillance guidelines recommended weekly colonization screening for
multidrug-resistant (MDRO) or highly epidemic organisms for neonatal intensive care units (NICUs) and extended
hygiene measures based on screening results. It remains a matter of debate whether screening is worth the effort.
We therefore aimed to evaluate sepsis related outcomes before and after the guideline update.

Methods: The German Neonatal Network (GNN) is a prospective cohort study including data from extremely
preterm infants between 22 + 0 and 28 + 6 gestational weeks born in 62 German level Ill NICUs.

Results: Infants treated after guideline update (n=8.903) had a lower mortality (12.5% vs. 13.8%, p = 0.036), reduced
rates for clinical sepsis (31.4 vs. 42.8%, p < 0.001) and culture-proven sepsis (14.4% vs. 16.5%, p =0.003) as compared
to infants treated before update (n=3.920). In a multivariate logistic regression analysis, nine pathogens of culture-
proven sepsis were associated with sepsis-related death, e.g. Pseudomonas aeruginosa [OR 59 (19-180), p < 0.001)].
However, the guideline update had no significant effect on pathogen-specific case fatality, total sepsis-related
mortality and culture-proven sepsis rates with MDRO. While the exposure of GNN infants to cefotaxime declined
over time (31.1 vs. 40.1%, p < 0.001), the treatment rate with meropenem was increased (31.6 vs. 26.3%, p < 0.001).

Conclusions: The introduction of weekly screening and extended hygiene measures is associated with reduced
sepsis rates, but has no effects on sepsis-related mortality and sepsis with screening-relevant pathogens. The high
exposure rate to meropenem should be a target of antibiotic stewardship programs.
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Background

Neonatal sepsis has a major impact on mortality and
long-term morbidity. There is an urgent need for new
strategies to prevent sepsis, particularly in preterm
infants who are highly vulnerable to be involved in
healthcare-associated infection outbreaks [1-7]. En-
dogenous risk factors of sepsis in preterm infants include
immaturity of barriers (skin, mucosa) and systemic im-
mune responses while the colonizing microbiota is also
considered to play a key role. As a consequence of sev-
eral infection outbreaks in German NICUs being a topic
in the public media [8-10] the German Commission on
Hospital Hygiene and Infection Prevention (KRINKO) at
the Robert-Koch Institute, Berlin, decided to update the
recommendations for infection surveillance in neonatal
intensive care units (NICUs) [11]. The 2013 update rec-
ommended weekly colonization screening followed by
proactive hygiene interventions based on screening re-
sults to be mandatory for German NICUs. This strategy
aimed to (a) adjust empirical anti-infective therapy in
colonized patients when sepsis is suspected, (b) to assess
local epidemiology of multi-drug resistant organisms
(MDRO) and to recognize an outbreak as early as pos-
sible and (c) to prevent spreading of MDRO or patho-
gens with high epidemic potential by extended hygiene
measures [12]. The scientific evidence of this recom-
mendation is limited. Whether colonization is related to
sepsis risk with the same pathogen is still a matter of
controversial discussion [13-15]. While other European
countries have not officially adopted the colonization
screening strategy in guidelines of neonatal societies,
several units have voluntarily implemented this approach
for infection control [16—-19]. The German Neonatal
Network (GNN) is a population-based, prospective study
including 62 tertiary (highest) care level NICUs, i.e. data
from >30% of extremely preterm infants born in
Germany. The updated KRINKO recommendations were
implemented in all GNN sites at the same time. We
aimed to evaluate the sepsis incidence and pathogen spe-
cific fatality rates before and after the guideline update.

Methods

Cohort of preterm infants

The German Neonatal Network (GNN) is a population-
based cohort study of preterm infants <29 weeks of ges-
tation or < 1000 g birth weight born in 62 neonatal in-
tensive care units in Germany. For this observational
study we included all preterm infants born in GNN cen-
ters between 1st January 2011 and 31st December 2018
with a gestational age between 22 + 0 and 28 + 6 weeks
who were discharged or died before 1st January 2019.
Infants with lethal malformations were excluded. For
those infants born in GNN centers but not enrolled in
GNN (causes for non-enrollment: parents not asked for
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participation, parents’ refusal or early death of infant) a
basic data set including birth weight, gestational age, and
major outcomes (blood-culture proven sepsis including
causative pathogen and death/cause of death) was col-
lected. For those infants who were enrolled in the GNN
by the attending physicians a predefined clinical data set
of 250 parameters (including exposure to specific antibi-
otics) was recorded on case report forms and sent to the
GNN coordinating center in Liibeck. Data were man-
aged including double entry of data, providing queries
on missing or inaccurate data and plausibility check. For
final data validation, a physician specialized in neonat-
ology monitored the data quality by annual on-site visits.
Missing data were not imputed.

Ethics

The study was approved by the ethics committee of the
University of Liibeck (08—-022) and the local ethical com-
mittees at each study center. Written informed consent
was obtained from at least one parent on behalf of the
infant enrolled in our study.

Definitions

Stratification of infants: The infants were stratified to
NICU treatment (survival to hospital discharge or death
during initial stay in hospital) before (2011-2013) and
after (2014—2018) the guideline update.

Gestational age was calculated from the best obstetric
estimate based on early prenatal ultrasound and obstet-
ric examination. Small for gestational age (SGA) was
defined as birth weight percentile < 10 according to ges-
tational age.

Neonatal sepsis was defined according to the criteria
of the national infection surveillance system “NEO-KISS”
[20]. Clinical sepsis was defined as sepsis with at least
two clinical signs (temperature >38°C or<36.5°C,
tachycardia > 200/min, new onset or increased frequency
of bradycardias or apneas, hyperglycemia > 140 mg/dl,
base excess <— 10 mval/l, pale/grey skin color, increased
oxygen requirements) or one clinical and one laboratory
sign (C-reactive protein > 1 mg/dl, immature neutrophil/
total neutrophil ratio > 0.2, white blood cell count < 5/nl,
platelet count < 100/nl) and antibiotic treatment for >5
days, but no proof of causative agent in the blood cul-
ture. Blood-culture proven sepsis was defined as clinical
sepsis with proof of causative agent in the blood culture.
If Coagulase negative staphylococci (CoNS) were detected
as single pathogen in the blood culture, a CrP value of >
1 mg/dl was mandatory to be defined as true CoNS sep-
sis. Early onset sepsis was defined as blood-culture con-
firmed sepsis occurring within the first 72 h after birth,
late onset sepsis was defined as blood-culture confirmed
sepsis after 72 h.
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Mortality was defined as death during primary stay in
hospital.

Sepsis-related mortality was defined as sepsis to be the
most probable or confirmed cause of death as assigned
by the attending neonatologist.

Case fatality rate was defined as percentage of infants
dying from sepsis caused by the specific pathogen de-
tected in the last blood culture (not in screening swabs)
before death (numerator) from all infants suffering from
sepsis caused by the same pathogen (denominator).

Pathogens detected by KRINKO recommended
colonization screening

According to the German commission for hospital hy-
giene and infection prevention (KRINKO) recommenda-
tions weekly colonization screening of infants with a
birth weight <1500¢g in intensive care should be per-
formed [11, 12]. This screening (throat and rectal swab)
was performed according to local microbiological stan-
dards and should detect the following pathogens:

KRINKO I - all multi-drug resistant organisms
(MDRO), i.e. Multidrug-resistant Gram negative bacteria
(MRGN), 2MRGN (resistant to Piperacillin and Cefotaxim
or Ceftazidim), 3MRGN (resistant to Piperacillin and
Cefotaxim or Ceftazidim and fluorchinolones) and
4MRGN (resistant to Piperacillin and Cefotaxim or Cefta-
zidim and fluorchinolones and carbapenems); methicillin-
resistant Staphylococcus aureus (MRSA).

KRINKO II - Acinetobacter spp., Klebsiella spp.,
S.aureus without antibiotic resistance patterns.

KRINKO III — pathogens with high epidemic potential
but not MDRO including Serratia marcescens, Pseudo-
monas aeruginosa, Klebsiella and Enterobacter spp.

The following extended hygiene precautions are rec-
ommended based on screening results: barrier protec-
tion (gloves and gown) for all infants colonized with
2MRGN (KRINKO I), KRINKO II and III pathogens;
isolation rooms for all infants with 3MRGN and
4MRGN and MRSA. No antibiotic treatment recom-
mendations are given.

Statistical analysis

Data analyses were performed using the SPSS 26.0 data
analysis package (Munich, Germany). Study populations
were compared using univariate analysis. Continuous
variables were evaluated using t-test. Categorical vari-
ables were evaluated with Chi square and Fisher’s exact
test. A p-value of <0.05 was considered as statistically
significant for single tests.

After univariate analyses, multivariate logistic regres-
sion models were used to identify independent risk fac-
tors of sepsis mortality. For multivariate logistic
regression, only the last positive blood culture before
discharge or death was taken into account. Odds ratios
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(OR) and 95% confidence intervals (CI) were calculated.
A p-value of <0.05 was considered statistically
significant.

Results

A total of 12.823 extremely preterm infants born in
GNN centers were included in this study, 3.920 infants
before publication of updated guidelines (treatment
2011-2013) and 8.903 infants after introduction of
mandatory colonization screening (treatment 2014—
2018). There were no differences in clinical characteris-
tics in both groups (Table 1).

Sepsis related mortality after introduction of colonization
screening

Infants treated after guideline update had a lower mortal-
ity (12.5% vs. 13.8%, p = 0.036) and a reduced rate of clin-
ical sepsis (31.4 vs. 42.8%, p < 0.001) and culture-proven
sepsis (14.4% vs. 16.5%, p = 0.003; Table 2). Table 3 dem-
onstrates a moderate decrease in culture-proven sepsis
and clinical sepsis rates between 2011 and 2012. Other
than that the differences in sepsis incidences and mortality
occurred in timely association with guideline update. We
noted a declining rate of Gram-positive sepsis (11.2% vs.
13.2%, p =0.001) while the risk for Gram-negative sepsis
(3.4%. vs. 3.8%, p=0.26) was not decreased over time.
Culture proven sepsis with pathogens detected by the
weekly colonization screening was not different before
versus after publication of the updated guideline, i.e.
KRINKO I/MDRO (0.6% vs. 0.5%), KRINKO II (2.2 vs.
2.0%) and KRINKO III (1.1% vs. 1.1%).

Significant changes in the detection rate of bacterial
pathogens were noted only for pathogens that are not
targeted by screening; i.e. non MDRO E.coli (after vs. be-
fore guideline update: 1.2 vs. 1.8%, p = 0.017), Staphylo-
coccus epidermidis (5.7 vs. 8.1%, p < 0.001) and Group B
Streptococcus (0.6 vs. 0.9%, p =0.035; Suppl. Table 1).
While the incidence for late-onset sepsis declined over
time, early or late-onset sepsis related mortality were not
significantly influenced by guideline update (Suppl.
Table II).

Exposure to antibiotics

The exposure to antibiotics, in particular the use of pen-
icillins and glycopeptide antibiotics was reduced between
2014 and 2018 and 2011-2013 (Table 4). Notably, the
exposure to infants with cefotaxime declined after guide-
line update (31 vs. 41%, p < 0.001), while infants were
more frequently exposed to meropenem (31.6 vs. 26.3%,
p< 0.001). The exposure rate to any carbapenem was
not significantly different (35.4 vs. 33.4%, p =0.06). We
also noted temporal changes for the use of antifungals,
i.e. an increased exposure to fluconazole and liposomal
amphothericin B after guideline update (Table 4).
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Table 1 Baseline characteristics of all extremely preterm infants born in GNN centres

Year of discharge 2011-2013 2014-2018 p
n=3.920 n=_8903

Gestational age [weeks, mean + SD] 265+ 1.6 265+1.7 0.62*

Birth weight [grams, mean £ SD] 850+ 253 852+ 256 0.61*

Male gender (%, 95 Cl) 53.8 (52.2-554) 53.5 (52.5-54.5) 0.58

Multiple birth (%, 95 Cl) 29.1 (27.7-30.5) 31.9 (30.9-32.9) 0.002

Small for gestational age(%, 95 Cl) 14 (13.0-15.1) 135 (12.8-14.2) 08

p-values were derived from * t-test or Fisher's exact test

Pathogen-specific case fatality rate

Nine pathogens were significantly associated with sepsis
related death in univariate analyses. Pseudomonas aeru-
ginosa had the highest case-fatality rate [8/16, 50%, OR
47 (17-126), p< 0.001)] followed by Candida albicans
[13/55, 24%, OR 15 (7.8-28), p< 0.001], E. coli [19/181,
11%, OR 5.6 (3.5-9.2), p< 0.001)], extended spectrum
B-lactamase (ESBL) E. coli [4/37, 11%, OR 5.6 (2.0-16),
p =0.01], Klebsiella spp. [9/83, 11%, OR 5.4 (2.6-11.2),
p < 0.0001], Group B Streptococcus [8/88, 9.1%, OR 4.7
(2.2-9.7), p=0.001], Enterococci spp. [9/114, 7.9%, OR
4.0 (2.0-8.0), p =0.001], Enterobacter spp. [6/108, 5.6%,
OR 2.7 (1.2-6.2), p< 0.0001] and Staphylococcus hae-
molyticus [12/220, 5.5%, OR 2.7 (1.5-4.8), p =0.003]. In
multivariate logistic regression models for sepsis related
mortality we included “treatment after guideline update”
as intervention and known confounding factors such as
gestational age, small for gestational age, gender and
multiple birth. For the regression analysis of pathogen-

Table 2 Sepsis and mortality before and after guideline update

specific case fatality, we only included the pathogen
found in the last positive blood culture before discharge
or death in order to exclude the possibility that sepsis
related mortality is attributed to specimens of previous
blood-cultures. Nine pathogens of culture-proven sepsis
were associated with sepsis-related death, e.g. Pseudo-
monas aeruginosa sepsis had the highest risk for sepsis
related death [OR 59 (19-180), p< 0.001)]. However,
the guideline update was neither associated with sepsis-
related mortality in univariate analysis (OR 0.92, 95% CI
0.72-1.19) nor with pathogen-specific case fatality
(Table 5).

Discussion

The GNN collaboration offers a great opportunity to
compile data about interventions taken and to evaluate
clinical practice. We found a temporal decline of clinical
sepsis, total culture-proven sepsis and late-onset sepsis

Year of discharge 2011-2013 2014-2018 p#

n=3920 n=28903

(%, 95 CI) (%, 95 CI)
Sepsis with positive blood culture 16.5 (15.3-17.6) 144 (13.7-15.1) 0.003
Clinical sepsis® 428 (41.1-44.6) 314 (304-324) <0.001
Early-onset sepsis® with positive blood culture 1.7 (1.3-2.2) 14 (1.2-1.8) 03
Late-onset sepsis® with positive blood culture 17.0 (15.7-184) 14.9 (14.0-15.8) % 0.008
Gram positive sepsis 132 (12.2-14.3) 11.2 (106-11.9) % 0.001
Gram negative sepsis 8 (3.2-44) 3.4 (3.0-3.8) % 0.26
KRINKO I/MDRO sepsis 5(0.3-0.7) 0.6 (0.5-0.8) % 0.36
KRINKO I sepsis 0 (1.6-2.5) 2(19-26) % 049
KRINKO I sepsis 1.1 (0.8-1.5) 1.1 (0.9-13) % 0.98
Candida sepsis 5(0.3-0.7) 0.4 (0.3-0.6) % 0.52
Sepsis related mortality 3(1.8-28) 2.1 (1.8-24) % 0.54
Total mortality 13.8 (12.8-14.9) 125 (11.8-132) % 0.036

(%, 95 CI)

KRINKO | - all MDRO, KRINKO II - Acinetobacter spp., Klebsiella spp., S. aureus without MDRO; KRINKO IIl - pathogens with high epidemic potential but no MDRO

i.e. Serratia marcescens, Pseudomonas aeruginosa, Klebsiella and Enterobacter spp. #Fisher’s exact test (two-sided)

*The data is based on the population of infants enrolled in the GNN (n = 2.948/6.630)
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Table 3 Sepsis and mortality on an annual basis

Year of discharge 2011 2012 2013 2014 2015 2016 2017 2018
N=1.160% N=1409% N=1351% N=1632% N=1825% N=1710% N=1855% N=1881%

Sepsis with positive blood culture 17.8 154 164 14.6 14.9 13.8 14.8 13.8

Clinical sepsis® 475 413 40.7 376 38.2 289 285 27.0

Early-onset sepsis® with positive blood culture 1.7 14 2.1 1.5 1.7 1.1 1.7 12

Late-onset sepsis with positive blood culture® 186 16.5 16.3 15.5 158 139 153 138

Gram positive sepsis 14.2 124 132 11.0 121 103 118 11.0

Gram negative sepsis 4.6 35 34 38 32 3.7 32 32

KRINKO I/MDRO sepsis 03 05 06 10 04 06 04 0.7

KRINKO II sepsis 24 19 19 29 23 22 20 19

KRINKO Il sepsis 14 12 0.7 1.0 12 13 1.0 1.0

Candida sepsis 03 06 0.5 0.8 04 0.6 0.2 0.2

Sepsis related mortality 28 19 22 26 19 23 1.8 20

Total mortality 16.0 12.8 13.0 12.6 12.1 127 120 13.1

?For clinical sepsis, and early/late onset sepsis the data is based on the population of infants enrolled in the GNN

Table 4 Exposure to anti-infective drugs before and after
guideline update

Year of discharge 2011-2013 2014-2018 Pit
n=2.948% n=6.630%
Any antibiotics 96.7 933 < 0.001
Penicillins 76.6 66.6 < 0.001
Ampicillin 710 66.3 < 0.001
Piperacillin 156 17.5 0.02
Piperacillin/Tazobactam 11.5 120 0.65
Aminoglycosides 753 74.1 0.2
Gentamycin 56.0 56.9 044
Tobramycin 20.6 18.3 0.01
Glycopeptides 534 492 <0.001
Vancomycin 42.0 410 0.34
Teicoplanin 11.8 9.5 0.001
Carbapenems 334 354 0.06
Meropenem 26.3 316 < 0.001
Imipenem 9.1 49 <0.001
Others
Cefotaxim 40.1 311 < 0.001
Metronidazol 64 54 0.05
Erythromycin 11.8 93 0.001
Fluconazol 44 95 <0.001
Amphothericin B 1.7 35 < 0.001

Exposure to anti-infective drugs was defined as treatment of preterm infants
(number of neonates who got any dose of the according anti-infective drug;
denomination: number of infants admitted and enrolled in GNN) for clinical
suspicion of infection during the initial stay in hospital

# Fisher's exact test (two-sided). All Table 4 data is based on infants enrolled in
the GNN

incidence. However, introduction of weekly colonization
screening had no effects on sepsis-related mortality and
sepsis with MDRO or highly epidemic pathogens. While
the exposure rate to cefotaxime declined, the use of
meropenem increased. Recent survey data indicate that
the compliance to KRINKO recommendations is high
among German NICUs (>90% for MDRO screening)
[21, 22], hence our cohort is a representative sample of
the population of extremely preterm infants in Germany.

The advances in neonatology and participation in our
network led to declining mortality during the observa-
tional period. In comparison to other network studies,
the survival rate of infants is relatively high, i.e. 75% in
infants born at 24 weeks of gestation vs. 84% (Japan),
71% (Finland), 70% (Sweden) and 58% (USA) [2, 23, 24].
After respiratory failure, sepsis remains the second most
important cause of death, e.g. 17% deaths in a recent
GNN sample in infants < 29 weeks [2]. Notably, the inci-
dence of clinical or culture-proven (late-onset) sepsis
has been continuously decreasing which is mainly ex-
plained by a decline in the frequency of infections with
Coagulase negative staphylococci but not with a reduced
number of Gram-negative infections. In that aspect,
weekly colonization screening has no specific impact but
might be considered as part of an increased “sepsis
awareness” bundle in NICUs which has surrogate posi-
tive effects on sepsis-related outcome. Whether im-
proved sepsis outcome is related to extended hygiene
precautions and whether the screening strategy is a cost-
effective measure remains a matter of discussion.

No difference was observed for pathogen-specific fatal-
ity rates before and after guideline update. The sepsis
pathogens have different habitats and pathogenicity fac-
tors which lead to variable clinical courses. In this study,
every second infant with Pseudomonas aeruginosa
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Table 5 Mortality due to sepsis and blood culture results
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Exposure N exposed Mortality due to sepsis [%] Odds ratio* (95% Cl) p
Gestational age [OR per additional week] 12.823 22 0.7 (066-0.75) < 0.001
Discharge 2014-2018 8.903 2.1 9 (0.73-1.23) 0.69
Female sex 5.950 18 .7 (0.58-0.95) 0.02
Multiple birth 3979 20 0.9 (0.70-1.22) 0.59
SGA 753 4.1 0 (1.49-2.58) < 0.001
All blood cultures negative* 0.893 1.5 Ref.

Staph. epidermidis 745 24 2 (0.7-2.0) 0.74
Staph. haemolyticus 196 5.1 6 (1.3-5.0) 0.005
E coli 169 1.2 7.3 (43-12) <0.001
Staph. aureus 150 40 3 (1.00-5.3) 0.053
Staph. capitis 105 0 -

Enterococci, no VRE 97 8.2 2 (20-9.0) < 0.001
Enterobacter spp. 94 64 34 (14-79) 0.005
Group B Strep. 86 93 5(2.6-12) < 0.001
Klebsiella, no MDRO 75 10.7 56 (26-12) < 0.001
Candida spp 45 26.7 16 (7.9-32) < 0.001
E. coli ESBL 32 125 6.7 (2.3-20) 0.001
Staph. hominis 28 7.1 0 (0.9-17) 0.06
Enterococci, VRE 20 5.0 2.8 (04-21) 0.33
Serratia 17 59 2.9 (04-23) 0.30
Klebsiella ESBL 16 0 -

MRSA 16 6.3 3.7 (0.5-28) 0.21
Pseudomonas 14 57.1 59 (19-180) < 0.001
Other streptococci 12 0 -

Listeria 8 125 11 (1.3-92) 0.04
Pneumococci 3 0 -

Proteus 1 0 -

Bacteroides 1 0 -

“Logistic regression, result of last positive blood culture before death or discharge was entered as category variable with all blood-culture negative infants

as reference

infection died which is in line with previous reports [25,
26]. The case-fatality rates for Candida albicans (24%),
E. coli (11%), Klebsiella spp. (11%) and Group B Strepto-
coccus (9%) were also significant. In a recent Italian
area-based, retrospective study culture-proven late-onset
sepsis occurred in 12% of preterm ELBWI and case fatal-
ity rate was 13% [27] which is also comparable to Swiss
data (12%) [7].

Survivors of sepsis have a major risk for long-term
morbidity of several organ systems including CNS, lung
and gut [1]. Given the lack of reliable biomarkers to dis-
criminate between infection and other causes of systemic
inflammation, empirical broad-spectrum antibiotics are
administered when sepsis is clinically suspected. The
choice of empiric first line therapy is of critical import-
ance in a patient colonized with an MDRO, as a

therapeutic mismatch during the first 2 to 3 days of the
infection (until culture results are reported) may be the
most important reason for a complicated course of sep-
sis. On the other hand, the uncritical use of carbapen-
ems which has been noted in timely association with
public media reports on NICU infection outbreaks [10]
should be avoided. In our setting, the active continuous
surveillance did not influence Gram-negative/MDRO
sepsis related outcomes but led to an increased prescrip-
tion rate of meropenem. Hence there is a perceived
threat posed by MDRO which is not supported by epi-
demiological data. The latter aspect and the increasing
exposure of extremely preterm infants to antifungal
drugs need to become major targets for anti-infective
stewardship programs which have recently been imple-
mented in several GNN NICUs. The effectiveness of
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network feedback and benchmarking on drug prescrip-
tions has been shown for the use of cefotaxime. The
prescription rate of cefotaxime declined during the
observational period in this study, after continued edu-
cation on the risks of cefotaxime, e.g. of selection of
MDR enterobacteria has been provided during GNN
meetings. In line with that, we noted a 3.4% reduction in
the total antibiotic treatment rate. i.e. after guideline up-
date 225 more extremely preterm infants were not ex-
posed to antibiotics at all.

Interpretation of surveillance data is an interdisciplin-
ary task involving experts in neonatology, infectious dis-
eases, microbiology, hospital hygiene and pharmacy.
Continuous surveillance allows a characterization of the
local epidemiology in longer time periods, the investiga-
tion of the epidemic potential of specific pathogens and
an evaluation of outbreaks including a root-cause ana-
lysis. We provide the first robust data that the availabil-
ity of screening data is associated with declining sepsis
rates probably due to an increased risk awareness. Rou-
tine screening followed by extended barrier precautions
for colonized babies is time consuming and does not ne-
cessarily have an effect on the frequency of invasive dis-
ease or mortality from sepsis with screening relevant
pathogens. This needs to be put in into the perspective
of an increased use of third-line anti-infective drugs,
staff intensity, costs and decisions to the disadvantage of
other priorities of care (e.g. avoidance of co-bedding of
twins with different screening results). It has also been
debated whether the care of MDRO colonized babies in
isolation rooms with closed doors without permanent
presence of a nurse might actually increase the risk, e.g.
to suffer from prolonged apnoea, specifically in times of
overcrowding and understaffing.

Our study has limitations. The observational design
does not allow to account for all confounding factors
that might have an impact on change over time (i.e.
number of infants enrolled/year, center-specific effects,
different local guidelines before mandatory implementa-
tion of guidelines). In addition, although none of the
NICUs had introduced a generalized screening that was
postulated by the KRINKO, some NICUs used selective
screening approaches at least in outbreak situations
which might have influenced the results reported in ours
study. Second, we were not able to determine the com-
pliance rate to extended hygiene precautions based on
screening results in our study. Finally, the treatment rate
with antibiotics is a rather crude estimation of the actual
exposure, i.e. the documentation of defined daily doses
of antibiotics is needed for future evaluations.

Conclusion
In conclusion, the introduction of weekly screening and
extended hygiene measures is associated with reduced
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sepsis rates, but has no effects on sepsis-related mortal-
ity and sepsis with screening-relevant pathogens. Every
effort should be made to prevent colonization and noso-
comial transmission with potentially life-threatening
bacteria. Colonized infants represent the most important
reservoir for subsequent nosocomial transmission. Con-
tinuous surveillance is regarded as an important tool for
hospital hygiene management but has not yet been
proven to be effective to reduce sepsis-related outcome
in highly preterm infants. Additional assessments (geno-
typing) need to be performed to evaluate the identity of
colonizing and invasive strains in outbreak situations.
Unwanted effects of screening need to be actively ad-
dressed by antibiotic stewardship programs with impact-
ful interventions [28]. Future studies should focus on
protective measures like modulation of the local micro-
biome promoting gut eubiosis in order to control drug-
resistant or highly epidemic enterobacteria.
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