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Abstract

Purpose The management of early- (EOS) and late-onset sepsis (LOS) and neonatal intensive care units (NICUs) has not
been extensively evaluated.

Methods 231 highly specialized level 1 and level 2 NICUs in Germany were asked to participate in an internet-based survey.
Results The final analysis of anonymized datasets from 80 NICUs (response rate 34.6 %) compared university hospitals
and regional neonatal referral centers. The survey describes potential areas of improvement concerning empirical treatment
of infants with LOS with vancomycin and 3rd generation cephalosporins, minimal volume of blood sampling for aerobic
culture, consideration of lumbar tap in any child with blood culture positive LOS and drug monitoring details for gentamicin
and vancomycin.

Conclusion In summary, this survey reveals a significant gap between recent national German guidelines and daily practices
in German NICUs.

Keywords Neonatal intensive care - Very low birth weight - Early-onset sepsis - Late-onset sepsis - Blood culture - Lumbar
tap - Gentamicin - Vancomycin - Drug monitoring

Introduction

Bacterial early-onset sepsis (EOS) and late-onset sep-
sis (LOS) still represent severe complications in neona-
tal intensive care with high morbidity, substantial mor-
tality and important long-term consequences for the
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neurodevelopmental outcome of affected neonates [1-3].
Surveillance and prevention of LOS are important issues
in NICUs [4-6]. Clinical management is aggravated by an
increasing proportion of bacterial pathogens which display
in vitro resistance against commonly used first and second
line antibiotics for the treatment of LOS [7, 8]. The most
appropriate and effective mode to diagnose and treat these
infections is controversially debated. Recently, dosing of
antimicrobials and recommendations for drug monitoring
of aminoglycosides, e.g., gentamicin and vancomycin have
been reevaluated [9-13]. Previous studies have demon-
strated high heterogeneity of treatment schedules comparing
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different NICUs unrelated to differences in their case mix
index [14-18].

In 2012, the German Commission for Hospital Hygiene
and Infection Prevention (KRINKO), affiliated at the Robert
Koch Institute, Berlin, decided to recommend weekly micro-
biologic colonization screening in NICUs [19]. In 2013, the
KRINKO published additional details how to perform such
a screening, in which (facultative or opportunistic) bacteria
should be included. Details were also given on how neona-
tologists and infection control personnel should react when
detecting certain pathogens colonizing patients in the NICU
[20, 21]. In case of LOS, knowledge about the coloniza-
tion of an infant with certain multidrug-resistent organisms
(MDROs) may lead to alterations of the empiric therapeutic
schedule [8, 22, 23].

Recently, the Association of the Scientific Medical Soci-
eties in Germany (AWMEF) released a consensus guide-
line about diagnostics and treatment of sepsis in neonates,
including premature infants treated in NICUs [24]. The
aims of the survey presented here were to evaluate impor-
tant aspects of the current clinical practice concerning blood
culture diagnostics, lumbar puncture and antimicrobial treat-
ment of EOS and LOS in German NICUs and to compare
the results with the recently published AWMEF guideline.

Methods

Two of the authors (AS, CH) and the KRINKO working
group “Neonatal Intensive Care” (see acknowledgment)
developed an internet-based survey (Survey Monkey™;
San Mateo, USA). The authors invited 231 level 1 and 2
NICUs in Germany to participate from January to June
2017. It should be mentioned here that—differing from other
countries where it is the other way around—in Germany the
intensity of care is classified from 4 to 1 with level 1 and
2 NICUs providing specialized neonatal intensive care to
premature infants with a birth weight below 1500 g (very-
low-birth weight infants, VLBWI). German level 1 units are
capable to perform early postnatal surgical interventions in
neonates with severe malformations (e.g., congenital heart
disease, gastroschisis, and diaphragmal herniation).

With the help of comments and feedback of the work-
ing group “Neonatal Intensive Care” of the KRINKO (see
acknowledgement) the survey and its layout were vali-
dated internally. The authors then sent an invitation to the
head of the respective department by e-mail. The German
Society for Pediatric Infectious Diseases (DGPI) posted
the invitation on its website, and the German Neonatal
Network (GNN) informed its members about the survey.
In addition, all NICUS participating in the NEO-KISS
module for the surveillance of nosocomial infections in
premature neonates were contacted by email (Prof. Dr.
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Geffers, National Reference Center for Nosocomial Infec-
tions, Charité, Berlin, Germany). The survey comprised
8 questions (see online supplement). The participating
neonatologists provided contact data such as their name
and affiliation and whether their institution is a Univer-
sity Hospital (including teaching hospitals associated to a
University Hospital) or a regional neonatal referral center.
Collection of data and analysis of anonymized data took
place according to German data protection laws. Datasets
were checked for duplicates and ruled out (from analysis)
where the participating neonatologists answered less than
70% of the questions.

To compare results from institutions with different
resources and experiences, we stratified data according
to whether the NICU is located at a university hospital or
a regional neonatal referral center, and depending on the
number of admissions with a birth weight below 1500 g in
2015. Differences in type of hospital, e.g., university hos-
pital versus regional neonatal referral center, or number of
admissions per year (VLBWI <30, > 30 to <50, and > 50,
respectively) were investigated with standard statistical
methods using SPSS (Version 24 IBM SPSS Statistics). The
number of missing values, e.g., questions without answer, is
always outlined (100% refers to all complete datasets of the
individual question; mv =missing values).

In Germany, Gram-negative bacteria with in vitro resist-
ance to certain antibiotic classes used for the treatment of
severe systemic infections are described as multidrug-resist-
ant Gram-negative bacteria (MRGN) [25]. Since the survey
did not contain individual patient data, participation was
voluntary, and the participating neonatologist consented to
the anonymous cumulative analysis, so, an approval by the
competent ethics committee was not necessary.

Results
Number and characteristics of participating NICUs

A total of 101 units out of 231 invited NICUs participated in
this survey and out of this only 80 datasets met the require-
ments for analysis (final complete response rate 80 of 231,
34.6%). 34% of these 80 datasets were entered by university
hospitals or teaching hospitals cooperating with a university
hospital and 66% were from regional neonatal referral cent-
ers. In terms of VLBWI admissions, 24% units had < 30,
30% > 30 to <50, and 61% more than 50 admissions in
2015. The mean number of inpatient treatment beds per
NICU was 16.9; 13% had <10 cots, 69% 10 to 20 beds and
19% more than 20 beds. The mean number of all admissions
was 426; 36% of the units stated <300, 37% between 301
and 500, and 27% stated more than 500 admissions per year.
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Empirical antimicrobial treatment of EOS

Figure 1 shows the distribution of preferred antibiotics for
the empiric treatment of EOS. In 89% (rn="70), neonatolo-
gists from the participating NICUs administer a combina-
tion of a beta-lactam (e.g., ampicillin) with an aminoglyco-
side (e.g., gentamicin or tobramycin). Some preferably or
occasionally use piperacillin (11%), ampicillin-sulbactam

0% 10% 20% 30%
Gentamicin
Ampicillin
Tobramycin
Piperacillin
Amp.-Slb.
Cefotaxime
Pip.-Tazob.
Flucloxacillin
Amikacin

Cefuroxime

(11%), cefotaxime (10%) or piperacillin—tazobactam (4%)
instead of ampicillin.

Empirical antimicrobial treatment of LOS
Figure 2 shows the distribution of preferred antibiotics for
the empiric treatment of LOS. The related question did not

differentiate between infants with LOS as first or second
infection (after previous treatment of EOS). Here, ampicillin

40% 50% 60% 70% 80%

NICU= neonatal intensive care unit, Amp.-Slb. = Ampicillin-Sulbactam, Pip.-Tazob. = Piperacillin-Tazobactam

Fig. 1 Preferences of 79 German NICUs concerning empirical treatment of early-onset sepsis (EOS; multiple choices allowed)
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NICU= neonatal intensive care unit, Amp.-Slb. = Ampicillin-Sulbactam, Pip.-Tazob. = Piperacillin-Tazobactam

Fig.2 Preferences of 79 German NICUs concerning empirical treatment of late-onset sepsis (LOS; multiple choices allowed)
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(29%) and gentamicin (33%) were still marked as eligible by
some participants. Results concerning LOS seem much more
heterogeneous. Many centers prefer third generation cepha-
losporins (altogether 52%; cefotaxime 44%, ceftazidime 8%)
and 48% use vancomycin empirically before any methicillin-
resistant Gram-positive pathogen is detected and reported in
blood cultures or from the tip of a removed central venous
catheter. In contrast to EOS, piperacillin-tazobactam scores
are higher (13%), and a carbapenem (e.g., meropenem)
appears as first choice in nearly one-fifth of all participating
NICUs (18%).

Empiric treatment of LOS in infants colonized
with MDROs

In total, neonatologists from 79 NICUs answered to the
question, whether a previously known colonization of an
infant with MDRO affects the decision on how to treat a case
of LOS (mv n=1). The great majority (94%; n="74) regu-
larly recommend to adjust antimicrobial treatment to recent
results of colonization screening; 4% (n=3) integrate this
information into individual treatment consideration (without
regularly recommending an empirical use of broader spec-
trum antibiotics in any case), and 2% (n=2) just ignore this
information.

Blood culture diagnostics in infants with suspected
infection

In an infant with suspected systemic infection, 33% (n=26;
mv =2) regularly collect at least 1 ml of blood for one aero-
bic blood culture from an infant with suspected LOS (Fig. 3).
The majority (59%; n=46) take at least 0.5 ml per aerobic
blood culture, and 8% (n=6) take 0.5 ml each for aerobic and
anaerobic blood cultures, respectively. One of the questions
was about the clinical relevance of anaerobic blood cultures
in infants with suspected LOS. Here, nineteen (23%; mv n=2)
participants stated, that an additional anaerobic blood culture
is essential, 53% (n=41) take an anaerobic blood culture only

70%
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30%

20%
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0,5 ml aerobic 1 ml aerobic aerobic and anaerobic

Fig.3 Blood culture type and minimal volume in case of suspected
late-onset sepsis
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at special indications (such as necrotizing enterocolitis), and
24% (n=18) state that additional anaerobic blood cultures are
never needed in case of suspected LOS.

Examination of cerebrospinal fluid in infants
with LOS and positive blood culture

One question aimed to elucidate whether attending neonatolo-
gists consider performing a lumbar tap to exclude meningitis
in a clinically stable infant with LOS and positive blood cul-
ture (infections with Coagulase negative staphylococci, CoNS,
were excluded). The majority (65%, n=>50; mv=3) perform
a lumbar tap only in infants with clinical signs of meningitis;
30% (n=23) always try to collect CSF in this situation and
5% (n=4) decide about this investigation depending on the
bacterial species detected in blood culture.

Drug monitoring

Of all participating NICUs, 94% (n=74; mv=1) perform
any kind of drug monitoring in infants with LOS treated with
gentamicin; in 4% (n=3), this decision depends on the indi-
vidual clinical situation, and in 3% (n=2), no drug monitor-
ing is accomplished. Seventy-three NICUs (mv =7) provided
details concerning the accepted gentamicin trough level. In
60% (n=44), the targeted level is <2 pg/mL, and in 40%
(n=29)<1 pg/mL. Concerning drug monitoring in infants
with LOS treated with vancomycin (mv=3), 96% (n=74)
do, and 4% (n=13) do not perform a drug monitoring (at least
one trough level). Again, 73 NICUs provided details (mv=7).
The targeted vancomycin trough level is 5-10 pg/ml in 79%
(n=58), 10-20 ug/ml in 14% (n=10), and <5 pg/ml in 7%
(n=5).

Statistical analysis

Statistical analysis (see tables in online supplement) revealed
some significant differences. Gentamicin for the treatment
of EOS was significantly more often used in regional refer-
ral NICUs than in NICUs located at university hospitals
(p=0.046). Tobramycin for the treatment of LOS was signifi-
cantly more often used in centers with <30 admissions with a
birth weight < 1500 g/year (p=0.018). NICUs who state that
a lumbar tap is obligate in an infant with LOS and a positive
blood culture (except CoNS) significantly more often use a
third generation cephalosporin empirically in infants with sus-
pected LOS (p=0.013).
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Discussion

This survey provides an evaluation of certain diagnos-
tic aspects concerning antimicrobial treatment of EOS
and LOS in German NICUs. 80 of 231 contacted NICUs
(34.6%) provided complete datasets with more than 70%
of all questions answered. This is in concordance with the
experiences of other research groups concerning physi-
cian specialist response rates to web-based surveys using
a personalized invitation email strategy [26]. Since 65.4%
of all 231 German level 1 or level 2 NICUs did not partici-
pate at all or sent incomplete datasets (n=21), we cannot
exclude that a higher response rate would have an impact
on our results.

Only one-third out of the NICUs who participated
belongs to university hospitals or teaching hospitals coop-
erating with a university clinic. In Germany, regional neo-
natal referral centers are allowed to treat VLBWI as long
as they fulfill certain criteria of the German Federal Joint
Committee (GBA) for level 1 or 2 NICUs [27].

Ampicillin and gentamicin are still the first choice for
empirical treatment of suspected EOS in most participat-
ing NICUs, as recommended by current guidelines [28—30]
including the German AWMEF guideline from 2018 [24].
Local resistance patterns may lead to alterations of this
schedule, in particular regarding a higher proportion of
ampicillin-resistant E. coli or vaginal colonization of the
mother with MRGN [31].

The results of this survey show that empirical treatment
regimens for the treatment of LOS are highly heterogene-
ous. This observation has been made by many studies from
other countries, too [14-16, 18, 32]. A European survey
detected more than 20 different regimens [33], a study
form the Netherlands described up to 24 different antibiot-
ics used in NICUs [16], and a French survey including 44
NICUs depicted 444 dosage regimens for 41 antibiotics
[18]. A survey conducted in neonatal units in the UK [17]
revealed 24 different combinations of dose, timing of dose
and timing of monitoring for gentamicin, and 17 different
regimens for vancomycin, respectively. National guide-
lines may positively influence the rational use of antibiot-
ics in NICUs as long as the attending neonatologists adopt
these guidelines [9, 11, 33].

Two aspects depicted in our survey concerning the
empirical treatment of LOS warrant further discussion.
First, empirical use of vancomycin in infants with sus-
pected LOS—before any methicillin-resistant Gram-pos-
itive pathogen is detected in blood cultures or from the tip
of a removed central venous catheter—is still routine in
48% of all participating NICUs.

This practice of untargeted vancomycin use should be
reconsidered in light of recent publications which show a

very low attributable mortality in infants with methicillin-
resistant CoNS blood stream infections [34]. The situa-
tion is more ambivalent in case of S. aureus bloodstream
infection (BSI). Thaden et al. [35] recently reviewed
3.339 infants with S. aureus BSI, comprising data from
348 NICUs managed by the Pediatrix Medical Group.
Inadequate empirical antibiotic therapy was administered
in 725 (22%) cases. Among infants infected with MRSA,
inadequate empirical antibiotic therapy was associated
with increased 30-day mortality (odds ratio: 2.03; 95%
confidence interval: 1.08-3.82).

Consequently, the previously known MRSA colonization
of an infant (or its parent/sibling) supports the decision to
use vancomycin empirically. This is one among other argu-
ments to screen for S. aureus colonization in infants treated
in NICUs [21, 36, 37]. NICUs should define the indications
for vancomycin together with dosing regimens and drug
monitoring issues in an internal standard [38].

Second, a relevant proportion of all participating German
NICUs still use third generation cephalosporins in infants
with suspected LOS. The recent AWMEF guideline [24] rec-
ommends avoiding the use of 3rd generation cephalosporins
as empiric therapy in neonates with LOS (except in infants
with meningitis) since it may cause adverse effects concern-
ing individual outcomes [8] and increase the selective pres-
sure for MRGN [39]. Infants with Gram-negative BSI and
septic shock show a worse outcome in case of initial inad-
equate empirical antibiotic therapy [7, 8]. In this regard, it
could be reasonable to use meropenem in infants with LOS
previously colonized with carbapenem-sensitive MRGN or
in all infants with septic shock. Indications for meropenem
should be defined in an internal standard [9, 11], and a criti-
cal reevaluation after 3 days of treatment should be accom-
plished in all infants with LOS [40].

One important question for clinical practice is whether
the causative pathogen of LOS in an individual child is
related to bacteria, which previously only colonized the skin
or nares (S. aureus; including MSSA and MRSA), the throat
(S. aureus, Streptococci, Gram-negatives such as Entero-
bacteriaceae and non-fermenters), or the gastrointestinal
tract (Enterobacteriaceae and non-fermenters, Enterococci)
[41-43]. In case of a significant correlation, microbiologic
colonization screening is importing for guiding individual
treatment decisions [8, 22]. A recent systematic review and
meta-analysis [43] reevaluated the relationship between
colonization with Gram-negative pathogens and subsequent
blood culture-positive LOS in neonates; the findings of this
analysis are limited by the small number and high hetero-
geneity of the included studies. Eventually, 157 of 1984
colonized neonates (7.9%) developed Gram-negative -BSI
compared with 85 of 3583 (2.4%) non-colonized neonates.
Interestingly, 94% of the participating NICUs regularly
adjust antimicrobial treatment of LOS to recent results of
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colonization screening [21]. It is unknown so far how this
decision refers to the local epidemiology of Gram-negative
pathogens detected in LOS in the participating institu-
tions and how this consensus affects the overall utilization
of meropenem and the selection of carbapenem-resistant
pathogens.

Recent publications of the KRINKO [44] and the 2018
German AWMEF Guideline [24] recommend to sample at
least 1 ml of blood for an aerobic blood culture in infants
with suspected LOS. According to our results, neonatolo-
gists are still reluctant to sample at least 1 ml although
the volume of the sample is the most important means to
increase blood culture sensitivity [45]. The German AWMF
Guideline [24] suggests considering an additional anaerobic
blood culture in special clinical situations such as an infant
with severe intraabdominal infection. However, there are
still no commercial blood culture bottles available to detect
anaerobic pathogens in a blood volume of 1-3 ml.

The laboratory and cultural investigation of cerebrospi-
nal fluid (lumbar puncture, LP) is the only way to confirm
or exclude involvement of the central nervous system in
infants with LOS and positive blood cultures. The German
AWMF Guideline [24] outlines that infants with blood cul-
ture positive LOS have an increased risk of meningitis and
that meningitis may be present even in infants with LOS and
negative blood cultures. We excluded CoNS in this ques-
tion since CoNS mainly act as relevant CNS pathogens in
nosocomial meningitis related to foreign materials such as
ventriculo-peritoneal shunts or Rickham reservoirs, and after
neurosurgical interventions. In particular in patients with
blood culture positive LOS due to Gram-negative pathogens,
meningitis has to be excluded since its detection significantly
impacts the choice of antibiotics, the duration of treatment
and details of subsequent management such as CN'S magnet-
resonance imaging [46]. Neonatologists who regularly per-
form an LP in all infants with blood culture-positive LOS
(except CoNS) probably document the involvement of the
central nervous system in systemic infection more often than
others who do not do LPs. We do not have a final explanation
for the statistical association between NICUs who state, that
a lumbar tap is obligate in an infant with LOS and a positive
blood culture (except CoNS), and the empirical use of third
generation cephalosporins in infants with suspected LOS.

Which is the most appropriate dosing [47] and drug mon-
itoring of aminoglycosides and vancomycin in premature
infants [17, 48] is still a very complex and controversial
issue. However, a comprehensive discussion is beyond the
scope of this article. Nonetheless, our survey identifies some
potential areas of improvement. Gentamicin trough levels
should be measured in all infants with LOS. In infants, who
receive gentamicin once daily (or less than all 24 h), it is
assumed that gentamicin is regularly eliminated at trough
levels below 1 ug/ml [49, 50]; some studies and the German
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AWMF guideline refer to a targeted trough level of 2 pg/ml
[24, 51].

In case of Vancomycin, the trough level (taken just before
the third dose) does not only demonstrate regular elimination
of the drug but also correlates with the area-under the curve
(AUC), which is important for effective therapy. As recom-
mended in the German AWMEF guideline [24], the targeted
vancomycin trough level in neonates with normal renal func-
tion is 5-10 ug/ml [52, 53]. Higher trough levels, as up to
15-20 pg/ml for adults, are difficult to reach in infants with
normal renal function [54] and require much higher dosing,
which may be associated with nephrotoxicity and ototoxic-
ity in particular after prolonged treatment [55]. We can only
speculate that in NICUs targeting Vancomycin through lev-
els <5 pg/ml this background information is not available.

Conclusion

This up-to-date survey elucidates EOS and LOS treatment
and sampling of blood cultures and CSF as currently prac-
ticed in 80 German highest acuity level 1 and level 2 NICUs
(response rate 34.6%). The survey describes potential areas
of improvement concerning the use of vancomycin and third
generation cephalosporins in infants with LOS, the minimal
volume of blood sampling for aerobic culture, the consid-
eration of lumbar tap in any child with blood culture posi-
tive LOS, and details of gentamicin and vancomycin drug
monitoring.
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