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Antibiotic stewardship refers to coordinated
interventions designed to improve and measure
the appropriate use of antimicrobials by
promoting the selection of the optimal
antimicrobial drug regimen, dose, duration of
therapy, and route of administration.
Walker et al 2017

Antimicrobial stewardship is recognized as
critical patient safety and quality imperative to
combat the emergence of antimicrobial
resistance and preserve the activity of existing
agents.
Patel and Saiman 2012
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Summary

Introduction

Background Fear of infection in neonatal intensive care units
(NICUs) often leads to early use of empiric broad-spectrum
antibiotics, a strategy that selects for resistant bacteria. We
investigated whether the emergence of resistant strains
could be halted by modifying the empiric antibiotic regimens
to remove the selective pressure that favours resistant
bacteria.

More preterm infants in need of aggressive invasive
therapies are being admitted to neonatal intensive care
units (NICUs) than ever before. Infection, and fear of
infection in this setting often leads to early use of empiric
broad-spectrum antibiotics, a strategy that may well select
for resistant bacteria.1 For babies in NICUs, selection of
resistant bacteria is facilitated by the fact that new patients
enter NICUs directly after birth, often after delivery by
caesarean section, with little exposure to bacteria. These
babies are therefore at great risk to become colonised by
ward strains, which are often resistant.
Empiric antibiotic regimens for suspected septicaemia
in neonates need to be able to treat group B streptococci,
Listeria spp, and Escherichia coli. The regimens commonly
include a broad-spectrum penicillin, such as ampicillin or
amoxicillin, combined with an aminoglycoside or a thirdgeneration cephalosporin. Amoxicillin exerts a selective
pressure towards !-lactamase-producing bacteria such as
Klebsiella spp. Amoxicillin-containing antibiotic regimens
in NICUs have been thwarted by outbreaks of resistant
klebsiella.2–7 Many reports have shown that thirdgeneration cephalosporins select strains of Enterobacter
spp and Serratia spp, which contain chromosomal !lactamase genes.7–11 Use of third-generation cephalosporins
has also been linked to the emergence of bacteria that
produce plasmid-coded, extended-spectrum !-lactamases
in NICUs and other wards.12
During the past few years our NICUs have been
repeatedly confronted with the emergence of resistant
gram-negative bacilli associated with the empiric use of
amoxicillin-cefotaxime combination therapy for suspected
neonatal sepsis. Therefore, we felt the need to modify our
empiric antibiotic regimen, and decided to do so in a wellcontrolled manner. We, thus, compared our amoxicillincefotaxime regimen with an alternative penicillintobramycin regimen that is also appropriate therapy for
this indication, but does not involve antibiotics that select

• 2 identical NICUs, different empirical antibiotic regimens
• NICU B:

PenG/Tobramycin EOS

Methods Two identical NICUs were assigned to different
empiric antibiotic regimens. On unit A, penicillin G and
tobramycin were used for early-onset septicaemia,
flucloxacillin and tobramycin were used for late-onset
septicaemia, and no broad-spectrum !-lactam antibiotics,
such as amoxicillin and cefotaxime were used. In unit B,
intravenous amoxicillin with cefotaxime was the empiric
therapy. After 6 months of the study the units exchanged
regimens. Rectal and respiratory cultures were taken on a
weekly basis.

Flucloxacillin/Tobra LOS

• NICU A:

Ampicillin/Cefotaxim EOS

Flucloxacillin/Cefotaxim LOS

Findings There were 436 admissions, divided equally
between the two regimens (218 in each). Three neonates
treated with the penicillin-tobramycin regimen became
colonised with bacilli resistant to the empirical therapy used
versus 41 neonates on the amoxicillin-cefotaxime regimen
(p<0·001). The relative risk for colonisation with strains
resistant to the empirical therapy per 1000 patient days at
risk was 18 times higher for the amoxicillin-cefotaxime
regimen compared with the penicillin-tobramycin regimen
(95% CI 5·6–58·0). Enterobacter cloacae was the
predominant bacillus in neonates on the amoxicillincefotaxime regimen, whereas Escherichia coli predominated
in neonates on the penicillin-tobramycin regimen. These
colonisation patterns were also seen when the units
exchanged regimens.

• After 6 months regimen change

• Weekly surveillance cultures (rectal and pharyngeal swabs)
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More preterm infants in need of aggressive invasive
therapies are being admitted to neonatal intensive care
units (NICUs) than ever before. Infection, and fear of
infection in this setting often leads to early use of empiric
broad-spectrum antibiotics, a strategy that may well select
for resistant bacteria.1 For babies in NICUs, selection of
resistant bacteria is facilitated by the fact that new patients
enter NICUs directly after birth, often after delivery by
caesarean section, with little exposure to bacteria. These
babies are therefore at great risk to become colonised by
ward strains, which are often resistant.
Empiric antibiotic regimens for suspected septicaemia
in neonates need to be able to treat group B streptococci,
Listeria spp, and Escherichia coli. The regimens commonly
include a broad-spectrum penicillin, such as ampicillin or
amoxicillin, combined with an aminoglycoside or a thirdgeneration cephalosporin. Amoxicillin exerts a selective
pressure towards !-lactamase-producing bacteria such as
Klebsiella spp. Amoxicillin-containing antibiotic regimens
in NICUs have been thwarted by outbreaks of resistant
klebsiella.2–7 Many reports have shown that thirdgeneration cephalosporins select strains of Enterobacter
spp and Serratia spp, which contain chromosomal !lactamase genes.7–11 Use of third-generation cephalosporins
has also been linked to the emergence of bacteria that
produce plasmid-coded, extended-spectrum !-lactamases
in NICUs and other wards.12
During the past few years our NICUs have been
repeatedly confronted with the emergence of resistant
gram-negative bacilli associated with the empiric use of
amoxicillin-cefotaxime combination therapy for suspected
neonatal sepsis. Therefore, we felt the need to modify our
empiric antibiotic regimen, and decided to do so in a wellcontrolled manner. We, thus, compared our amoxicillincefotaxime regimen with an alternative penicillintobramycin regimen that is also appropriate therapy for
this indication, but does not involve antibiotics that select

The high amount of antibiotic use, in
combination with the low grade of colonisation
of neonates at the time of their admissions,
turns the NICU into an environment where
antibiotic policy is likely to have a pronounced
effect on the resistance problem.

DeMan, Lancet 2000

Challenges in the NICU
• Prolonged ICU stay (frequent instrumentation, central
lines, parenteral nutrition, repeated courses of
antibiotics, mechanical ventilation, surgeries)
• Immature immune system
• Developmental Care - parents and siblings integrated
in care – 24h visiting policy
• Open wards – no isolation rooms
• High turnover in perinatal centers – understaffing

High amount of antibiotic use in NICUs
• Point prevalence study of 29 US NICUs - 47% of 827 infants
on antibiotics on day of survey

(Grohskopf et al. PIDJ 2005)

• 72% of infants in level III US NICUs received at least 1
antibiotic course, only 5% prescribed for culture-proven
infection

(Scout study, Cantey et al. PIDJ 2015)

• Survey of 127 NICUs across California: 40-fold variation from
2,4% - 97,1% (mean 24,5%) of patient days - „Antibiotic usage
in NICUs often is excessive and considerable proportion of
antibiotic use lacks clear indication“

(Schulman et al. Pediatrics 2015)
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Obviously, concerns about consequences
of not treating infections outweigh
concerns about the consequences of
antibiotic overuse…….
……however, antimicrobial overuse in the
NICU population can have grave
unintended consequences for individual
patients far beyond the emergence of
drug-resistant pathogens

Patel and Saiman. Semin Perinatol 2012
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Association between 3rd gen cephalosporins
and invasive candidiasis in ELBWI
3701 ELBWI 12 centers, 284
(7,7%) invasive candidiasis
Center candidiasis
incidence: 2.4% - 24%
Correlation with average
use of 3rd gen
cephalosporins

Cotton et al. Pediatrics 2006
10

Association between prolonged duration of
initial empirical antibiotics and NEC
5639 ELBWI 19 centers NICHD, sterile cultures
Prolonged duration of initial empirical antibiotic treatment (≥5d)
associated with 30% increased rates of NEC and death
Each empirical treatment day associated with 4% increased odds of
NEC/death after adjustment for GA, APGAR and race

Cotton et al. Arch Dis Child 2010
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Association between prolonged duration of
initial empirical antibiotics and BPD
After controlling for severity of illness, each additional day of antibiotic
therapy in first 14 DOL was associated with increased risk for and
severity of bronchopulmonary dysplasia

(patients with sepsis and NEC excluded)

Cantey et al. J Pediatr 2017
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Antibiotics in early infancy and adverse
long-term outcome

Statistical adjustments:
Maternal smoking after
first trimester, parental
relationships,
mode of delivery, birth
weight and birth length

>12.000 healthy infants, antibiotic exposure before 6 months of
age or repeatedly during infancy was associated with increased
body mass in healthy children.
Saari et al. Pediatrics 2015
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Antibiotics in early infancy and Asthma
• Prospective birth cohort study Tokyo
• 1550 newborns 2003-2005
• 48% of children received antibiotics within first 2 years of life
⇒ Antibiotic exposure in first 2 years of life associated with
asthma, atopic dermatitis and allergic rhinitis at 5 years of age

Yamamoto-Hanada
Ann Allergy Asthma Immunol 2017
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Antibiotics in first year of life and
inflammatory bowel disease
• Case control study, 36 cases, 360
controls
• Mean age at IBD diagnosis 8.4 years.
• 21 cases (58 % ) had one or more
antibiotic courses in first year of life
compared with 39 % of controls.
• Crohn’s disease diagnosed in 75 % of
IBD cases
• Odds for being an IBD case 2.9 times
higher when receiving one or more
courses of antibiotics (95% 1.2-7.0)

Shaw. Am J Gastroenterol 2010
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......urgent need for effective antibiotic
stewardship efforts in the NICU setting......
Cantey 2017

Not only increased risk of antibiotic
resistance but also increased individual risk
for adverse outcomes after prolonged
antibiotic use in preterm infants

16
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Get Smart Campaign - BeAntibioticsAware
• CDC antimicrobial stewardship initiative for acute care setting 2011
• Goal: promotion of timely and appropriate antibiotic utilization for
hospitalized patients
• Ongoing evaluation of need for antibiotics
• Appropriate selection of a regimen
• Optimization of dose, route and duration of therapy
• Applied to
• Empiric use
• Definitive use
• Prophylaxis
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Diagnosis of neonatal sepsis
• Blood culture gold standard
• Use minimum of 1ml of blood when ever possible
• Sensitivity drops by 10-40% when 0,5ml instead of 1ml is used

„To end
theblood
culture
of culture-negative
• Connell
et al.:
cultures
in neonates - in 35% volume less
sepsis,
than
0,5mlproviders

must systematically obtain
appropriate blood cultures . . . and
• Education
andthem.“
quality improvement initiatives to ensure
then trust
adequate volume being collected

• A blood culture from a newly placed arterial
Cantey andline
Baird can
2017 be an
alternative to peripheral venipuncture
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Biomarkers for ruling out neonatal
infections
• Normal I:T ratio or 2 negative CRP values 24hrs apart
can rule out EOS with high accuracy
• Frantz et al.: IL-8 plus CRP vs CRP alone reduces antibiotic
use by 73% in preterm infants with suspected LOS without
increasing missed infections
• PCT - higher sensitivity compared to CRP for neonatal sepsis
• Interpret biomarkers always in combination with clinical
picture
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Selecting Empiric Therapy
§ Promt treatment reduces mortality of early neonatal sepsis Þ
start early already at sepsis suspicion (e.g. ampicillin or PenG
plus gentamicin), stop after 48hrs if cultures and laboratory
parameters remain negative
§ Know blood-culture isolates of your ward in order to establish
an empirical regimen for nosocomial sepsis (e.g. vancomycin or
oxacillin plus gentamicin)
§ Avoid agents with overlapping spectrum of activity (no evidence
of increased efficacy, potential of increased toxicity)
§ Avoid using 3rd generation cephalosporins in the NICU
§ Do not use carbapenems empirically

Re-evaluating Antibiotic Regimen
• Evaluate daily whether antibiotics are still necessary (>97% of
blood cultures with clinically meaningful bacterial growth are
positive within 48hrs)
• Stop antibiotics in case of negative cultures and stable
patient by 48hrs
• Limit perioperative prophylaxis to maximum of 48hrs after
surgery (max 72hrs after cardiac surgery)
• Switch to antibiotic with narrower spectrum if possible
• Do not treat positive cultures from non-sterile body sites
(e.g. tracheal aspirates) when clinical course is not
suggestive of infection

Patel and Saiman, Semin Perinatol 2012
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Examples of how to translate these
principles into specific action
Utilize local epidemiology data

Avoid using meropenem for
suspected LOS if rates of MDR
gram-negative organisms is low

Avoid therapy with overlapping
activity

Do not simultaneously use
pip/taz or meropenem with
metronidazole to treat NEC

Give the right dose and interval
of drug

Target vancomycin trough levels
at 15-20mg/L to treat MRSA
pneumonia

Review culture results and adjust
antibiotics - narrow antibiotic
coverage promptly

MSSA - switch from vancomycin
to flucloxacillin or oxacillin
Discontinue vancomycin when
gram-neg bacilli are isolated

Stop therapy if indicated by
culture results

Discontinue antibiotics after
48hrs if blood culture is negative
and ongoing infection is not
suspected
Patel and Saiman, Semin Perinatol 2012
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Antibiotic Use in NICUs and Adherence with CDC
12 Step Campaign to Prevent Antimicrobial
Resistance
• Multicenter retrospective analysis - 4 tertiary
NICUs US
• 50 infants of each NICU studied
• Analysis of appropriateness of antibiotic use
(after 72hrs of life) based on CDC guidelines

Patel et al. PIDJ 2009
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Selected CDC 12 steps and examples of
inappropriate use in NICUs
Of 323 antibiotic courses, 90
(28%) courses and 806 (24%)
antibiotic-days were judged
to be nonadherent.
70 infants (35%) received at
least 1 inappropriate course
Inappropriateness more
common with continuation
than initiation (39% vs 4%,
p<0.001)
Failure to narrow or
discontinue antibiotics
represented 9% of all
antibiotic use.
Patel et al. PIDJ 2009
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Adherence of Newborn-Specific Antibiotic
Stewardship Programs to CDC Recommendations
• Cross-sectional audit of VONN
members Feb 2016
• 143 centers completed selfassessment
• 725/4127 on antibiotics (17%)
• Only 26% of infants on >48hrs of
antibiotics had positive culture
results

Ho et al. Pediatrics 2018
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Summary
Lancet Infect Dis 2016;
16: 1178–84

Background Antibiotics are used frequently in the neonatal intensive care unit. We aimed to inform antibiotic
stewardship strategies in a level 3 neonatal intensive care unit by surveillance and assessment of all antibiotic use
during a 14-month period, identifying scenarios where antibiotic use can be reduced, and implementing interventions
while monitoring safety.

Reducing unnecessary antibiotic use in the neonatal intensive
care unit (SCOUT):
a prospective interrupted time-series study
Methods The SCOUT study is an observational study in the level 3 neonatal intensive care unit at Parkland Hospital,

Published Online
July 21, 2016
http://dx.doi.org/10.1016/
S1473-3099(16)30205-5

See Comment page 1094

Dallas, TX, USA. All antibiotic use in infants admitted to the neonatal intensive care unit between March 1, 2012, and
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• All AB use in NICU patients monitored and analyzed during 14
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- implement interventions while monitoring for safety
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Background Antibiotics are used frequently in the neonatal intensive care unit. We aimed to inform antibiotic
stewardship strategies in a level 3 neonatal intensive care unit by surveillance and assessment of all antibiotic use
during a 14-month period, identifying scenarios where antibiotic use can be reduced, and implementing interventions
while monitoring safety.

Reducing unnecessary antibiotic use in the neonatal intensive
care unit (SCOUT):
a prospective interrupted time-series study
Methods The SCOUT study is an observational study in the level 3 neonatal intensive care unit at Parkland Hospital,
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Summary

No difference in safety outcomes
• Re-institution of AB within 14d after discontinuation for any
indication
• Composite of LOS, NEC or death
• Prevalence
of multidrug-resistant
colonisation
Antibiotic
stewardship organism
in the neonatal
• Length of hospital stay

intensive care unit can be achieved safely.
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⇒ Effective interventions to reduce antibiotic use can then be
designed and implemented in a NICU without adverse effects

Take home messages.....
• Days on antibiotics are associated with increased risk of NEC,
BPD, death and potential adverse long-term outcomes of
preterm infants
• Antibiotic stewardship interventions are particularly important
for NICU patients
• Always take blood-cultures (ideally min 1ml) before starting
antibiotics
• Use local epidemiology to guide the selection of empiric therapy
• Develop local antibiotic policies to guide rational empirical
treatment and to restrict broad-spectrum antibiotics
• Do not use empiric 3rd gen cephalosporin or penem - use
aminoglycoside-based empirical regimens
• Do not use antibiotics with overlapping antimicrobial activity
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Take home messages.....
• Do not treat colonisation
• Do not use prophylactic antibiotics in case of ventilation,
chest tube, i.v. line, ......
• Limit perioperative prophylaxis to maximum of 48hrs after
surgery (max 72hrs after cardiac surgery)
• Trust your microbiology - rely on blood culture results and
adapt the empirical regimen when appropriate
• Stop antibiotics if cultures remain negative and child is
clinically well after 48hrs
• Try your best to prevent infections by reinforcing infection
control - HAND HYGIENE HAND HYGIENE HAND HYGIENE
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Antibiotic stewardship
in the NICU
Yes, we can!

Together we can provide
better outcomes for our
patients

