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Media Stories on NICU Outbreaks Lead to an Increased Prescription
Rate of Third-Line Antibiotics in the Community of Neonatal Care
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background. Between 2010 and 2012, 3 outbreaks of nosocomial infections in German neonatal intensive care units (NICUs) attracted
considerable public interest. Headlines on national television channels and in newspapers had important consequences for the involved
institutions and a negative impact on the relationship between families and staff in many German NICUs.

objective. To determine whether NICU outbreaks reported in the media influenced provider behavior in the community of neonatal care
and led to more third-line antibiotic prescribing.

design. Observational cohort study.

methods. To investigate secular trends, we evaluated data for very-low-birth-weight infants (VLBWIs, birth weight<1,500 g) enrolled in the
German Neonatal Network (GNN) between 2009 and 2014 (N= 10,253). For outbreak effects, we specifically analyzed data for VLBWIs
discharged 6 months before (n= 2,428) and 6 months after outbreaks (n= 2,508).

results. The exposure of all VLBWIs to third-line antibiotics increased after outbreaks (19.4% before vs 22.5% after; P= .007). This trend
particularly affected male infants (4.6% increase; P= .005) and infants with a birth weight between 1,000 and 1,499 g (3.5% increase;
P= .001).

In a logistic regression analysis, month of discharge as linear variable of time was associated with increased exposure to third-line antibiotics
(odds ratio [OR], 1.01; 95% confidence interval [CI], 1.009–1.014; P< .001), and discharge within the 6-month period after outbreak reports
independently contributed to this long-term trend (OR, 1.14; 95% CI, 1.017–1.270; P= .024).

conclusions. Media reports directly affect medical practice, eg, overuse of third-line antibiotics. Future communication and management
strategies must be based on objective dialogues between the scientific community and investigative journalists.

Infect Control Hosp Epidemiol 2016;37:924–930

Preterm infants are at high risk for developing sepsis. The
potentially fatal course of sepsis prompts neonatologists to
start empirical antibiotics as soon as nonspecific clinical signs
are noted.1–3 The choice of antibiotics is based on the most
probable pathogenic spectrum in the NICU and the individual
risk profile of the infant (eg, day of life, need for invasive
measures, or colonization). The emerging problem of
antimicrobial resistance also applies to the care of preterm

infants.1,4 Clinical decision making therefore needs to be
individually balanced between restricted use of third-line
antibiotics and the risk of deleterious outcome due to
therapeutic mismatch.5 This balance is of particular impor-
tance during infection clusters or outbreaks, which are a
well-described phenomenon in neonatal intensive care units
(NICUs) worldwide.6,7 Recently, a series of infection out-
breaks in German NICUs was reported on national television
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channels and in newspapers. Public awareness resulted in
significant consequences for the affected hospitals, eg, exten-
sive screening of patients and personnel, closure of units, and
states’ attorneys investigations into negligent manslaughter.
Several media reports implied that thousands of infections and
related deaths could have been prevented by improving basic
hygiene measures in NICUs. This opinion affected the atmo-
sphere of trust between families of highly vulnerable neonates
and staff in many German NICUs.8,9 Whether increased public
awareness of infection outbreaks affects provider behavior
(eg, antimicrobial prescribing) has never been investigated.
Currently, more than 30% of very-low-birth-weight infants
(VLBWIs, <1,500 g) born in Germany are born in centers of
the German Neonatal Network (GNN). Thus, we used the
GNN registry as a representative epidemiological tool to
address our research question. Although the outbreaks
involving NICUs were not part of GNN, we hypothesized that
episodes of media coverage contribute to a long-term increase
of broad-spectrum antibiotic prescription in the GNN
community of neonatal care.

methods

VLBW Cohort

We performed a population-based cohort study of VLBWIs
enrolled in 50 NICUs in Germany’s GNN. Data were collected
between January 1, 2009, and December 31, 2014. The inclu-
sion criteria were birth weight <1,500 g and gestational age
≥22+0 and <37+0 weeks. After written informed consent was
obtained from the parents, infants were enrolled in the GNN
by the attending physicians. A predefined clinical data set was
then recorded on case report forms, and the data were sent to
the GNN coordinating center in Lübeck. Basic data were also
collected for those infants born in participating GNN centers
but not enrolled in GNN: birth weight, gestational age, and
major outcomes (eg, blood-culture–proven sepsis and death/
cause of death). Reasons for nonenrollment included
parents not asked to participate, parental refusal, and early
death of infant. A physician specialized in neonatology
monitored the data quality by annual site visits.

Outbreaks

We studied 3 nosocomial outbreaks with Gram-negative
bacteria in German NICUs that resulted in strong repercus-
sions in the national mass media:

1. August 2010. University Children’s Hospital Mainz,
NICU. Pathogens: E.coli, Enterobacter spp. Source:
contaminated parenteral nutrition components.10

2. November 2011. Children’s Hospital Bremen-Mitte,
NICU. Pathogen: extended-spectrum β-lactamase
(ESBL) producing Klebsiella pneumoniae. Source: biofilm
in quarternary ammonium based disinfective solution
dispenser.11,12

3. October 2012. Charité University Hospital Berlin,
Department of Neonatology, NICU. Pathogen: Serratia
marcescens. Source: presumably mother with amniotic
infection syndrome and identification of S. marcescens
3 months earlier, person-to-person contact.8

The involved institutions did not contribute to the GNN
database during the study period.
The primary objective of this study was to evaluate the data

for discharged infants in temporal association with an out-
break covered in the media (6 months before and 6 months
after an outbreak). For our analysis, the start of an outbreak
was defined as the first media coverage.

Media Analysis

Professional media database analysts (infoselekt* services, infor-
mation, and media consulting; Stuttgart, Germany) evaluated all
print media and online reports on the selected outbreaks within
31 days after the first outbreak report using search engines. The
following items were included in the database searches: outbreak
location (Mainz, Bremen, Berlin) AND [“baby(ies)” OR
“preemie(s)” German: Frühchen) OR “newborn(s)” (German:
Neugeborenes)] AND [“germs,” “bugs” (German: Keime) OR
“bacteria” German: Erreger, Bakterien) OR “hygiene”].

Definitions

Postnatal antibiotic therapy was defined as antibiotic treat-
ment of VLBWIs (number of neonates who got any dose of
antibiotics per number of infants admitted and enrolled in
GNN) for clinical suspicion of infection during the initial
hospital stay. Prophylactic treatment to prevent central-
line–associated bloodstream infection was not included in the
analysis. We stratified antibiotic classes into penicillins (peni-
cillin, flucloxacillin, ampicillin, ampicillin + sulbactam, and
piperacillin), aminoglycosides (gentamycin, tobramycin,
and amikacin), glycopeptides (vancomycin and teicoplanin)
and carbapenems (meropenem, imipenem, ertapenem).
“Third-line antibiotics” were defined as any dose of carba-

penems or piperacillin plus tazobactam. This definition
reflects the prescription pattern for suspected sepsis in the
majority of GNN centers. For first-line antibiotic therapy,
common center policy recommends penicillins without
β-lactamase-inhibitors plus aminoglycosides. Cephalosporins
and glycopeptide antibiotics (eg, vancomycin and teicoplanin)
are frequently used as second-line treatments. Other defini-
tions of clinical characteristics and outcomes are described in
the Online Supplementary Material.

Statistical Analysis

In our first analysis, we pictorially represented the secular
trends of sepsis and antibiotic use (2009–2014). In our second
analysis, we modeled the probability 1 versus 0 of getting a
dose of third-line antibiotics as primary outcome around an
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outbreak using exposure time associated with media
coverage). In this analysis, antibiotic exposure after an out-
break with strong repercussion in the media was compared to
antibiotic exposure before an outbreak for 3 different time
periods. To determine whether the outbreak was associated
with a secular trend in antibiotic use, we performed a logistic
regression analysis and included an indicator variable for
linear time (ie, month of discharge); we then tested whether
this variable interacted with the periods of outbreak (ie, dis-
charge within 6 months after an outbreak).

Data analysis was performed using the SPSS 22.0 data ana-
lysis package (Munich, Germany). Differences between infants
discharged before and after an outbreak were evaluated using
the χ2 test, Fisher’s exact test, and the Mann-Whitney U test.
P< 0.05 was considered statistically significant for single tests.

Ethics

The study was approved by the ethics committee of the
University of Lübeck (08–022) and the local ethics committees
at each study center. Written informed consent was obtained
from at least 1 parent on behalf of the infant enrolled in the
German Neonatal Network.

results

Incidences of Sepsis with Time

Our analysis included 10,253 VLBWIs enrolled in the GNN.
As shown in Table 1, the incidences of clinical sepsis and

blood-culture–proven Gram-positive sepsis (excluding
coagulase-negative staphylococci) decreased with time in
GNN centers. We noted a secular trend for an increase in the
proportion of infants who received any dose of third-line
antibiotics (14.2% in 2009 vs 25.9% in 2014; P< .001).
Mortality decreased over time in infants born in GNN centers.

Outbreaks and Responses

Our searches of media databases for reports within the first
31 days after an outbreak revealed 948 print reports for the first
outbreak (Mainz), 608 print reports and 1,868 online reports
for the second outbreak (Bremen), and 585 print reports and
2,394 online reports for the third outbreak (Berlin; Figure 1).
The clinical data for infants discharged before and after each
outbreak period are provided in Online Supplemental Table 1.

Increased Use of Third-Line Antimicrobials 6 Months After
Outbreaks

To determine the effects of the outbreak on antimicrobial use,
we specifically analyzed data for VLBWIs discharged 6 months
before the outbreaks (n= 2,428) and 6 months after the
outbreaks (n= 2,508). We identified an increase in exposure
among all GNN infants to third-line antibiotics after the
outbreaks (19.4% vs 22.5%; P= .007). This trend particularly
affected infants who were never diagnosed with any blood
culture–proven sepsis (14.9% of 2,129 infants vs 17.6% of
2,158 infants; P= .02) and the subgroup of infants who never
had Gram-negative sepsis (18.3% of 2,354 infants vs 21.2% of

table 1. Sepsis Incidence According to Year of Discharge of Very Low-Birth-Weight Infants (VLBWIs) in the Multicenter Cohort
(2009–2014)

Year of Discharge

Clinical Characteristics 2009 2010 2011 2012 2013 2014 P Value

No. of infants 758 1,426 1,547 2,032 2,062 2,428
Clinical sepsis, %a 32.7 34.4 32.6 28.7 27.7 24.8 <.001
Blood-culture–proven sepsis, % 11.8 12.2 13.6 11.8 12.2 11.4 .32

Early-onset sepsis, % 1.6 1.4 1.8 1.9 2.4 1.5 .24
Late-onset sepsis, % 10.1 11.6 13.2 11.0 11.3 11.8 .17
Gram-positive sepsis, all, % 8.9 10.0 11.2 9.6 10.4 8.8 .17
Gram-positive sepsis, no CoNS, % 3.7 3.9 2.2 2.1 2.5 2.5 .01
Gram-negative sepsis, % 2.5 2.5 3.0 2.4 2.1 2.8 .54

Use of third-line antibiotics, % 14.2 17.1 21.5 22.6 23.9 25.9 <.001
Mortality, % 4.1 4.1 4.3 3.4 3.2 3.3 .27
Proportion of death due to sepsis, % 29.0 25.4 14.9 8.8 24.6 15.2 .13
All infants born in GNN centers, no.b 1,376 2,077 2,290 2,744 2,704 3,235
Blood-culture–proven sepsis, % 12.0 12.1 12.4 10.7 11.6 10.6 .19
Mortality, % 9.5 11.1 10.4 9.1 8.1 9.1 .008
Proportion of death due to sepsis, % NA 15.5 14.6 11.8 14.7 15.4 .18

NOTE. CoNS, Coagulase negative staphylococci; GNN, German Neonatal Network.
aAll variables are expressed as percentages (denominator is no. of infants admitted and enrolled in GNN if not otherwise noted).
bA basic data set was documented for VLBWIs born in GNN centers but not enrolled in GNN including birth weight, gestational age, major
outcomes, eg, blood-culture–proven sepsis, mortality, cause of death (from 2010). For the majority of nonenrolled infants, parents were not
asked to participate in the GNN; other reasons included early mortality and refusal of parents to participate in the GNN.
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2,435 infants; P= .01; Figure 2). Interestingly, we observed
increased use of third-line antibiotics after outbreak reports in
male infants (20.2% of 1,267 infants vs. 24.8% of 1,257 infants;
P= .005) but not in females. In addition, infants with a birth
weight of 1,000–1,499 g were more often treated with third-
line antibiotics after outbreak reports (7.1% of 1,367 infants vs
10.6% of 1,379 infants; P= .001), whereas outbreaks had no
effect on the treatment of infants weighing <1,000 g at birth
(Table 2). We also noted increased exposure of infants to
aminoglycosides and second-line agents (vancomycin or
teicoplanin) after outbreaks. At the same time, incidence rates
remained stable for any sepsis or necrotizing enterocolitis
(NEC) or focal intestinal perforation (FIP) requiring surgery,
which prompt clinicians to start empirical broad-spectrum
antibiotics in VLBWIs, (Table 2).

Discharge in Temporal Association With Outbreaks Is a Risk
Factor for Exposure to Third-Line Antibiotics

We performed logistic regression analysis including month
of discharge as linear variable (2009–2014), discharge
0–6 months after outbreak as categorical variable, and expo-
sure to any dose of third-line antibiotics as primary outcome
(2,267 infants exposed to any dose of third-line antibiotics per
7,986 controls). Month of discharge as linear variable of time
was associated with increased exposure to third-line antibiotics
(OR, 1.01; 95% CI, 1.009–1.014; P< .001), whereas discharge
within the 6-month period after outbreak reports indepen-
dently contributed to this long-term trend (OR, 1.14; 95% CI,
1.017–1.270; P= .024).

Centers React Differently to Media Scrutiny

We noted a high variability between study centers with regard
to administration of third-line antibiotics: median (95% CI)
percentage of infants exposed to any dose of third-line
antibiotics before outbreaks, 14.7% (95% CI, 15.3–22.8%);
after outbreaks, 18.2% (95%CI, 17.7–26.2%), with an increase
of 2.6% (95% CI, −0.8% to 5.4%). We analyzed the data for
infants discharged January 2009 until July 2010 before any
outbreak had attracted media interest (median exposure rate,
10.5%; interquartile range, [IQR] 6%–25%). We stratified
the centers into “low rate” centers (≤10.5% of infants exposed
to third-line antibiotics before first outbreak announced in
public media) and “high rate” centers (>10.5% infants
exposed to third-line antibiotics). Low-rate centers did not
differ in prescription of third-line antibiotics in the selected
time periods before and after outbreaks (109 of 909 [12.0%] vs
124 of 901 [13.7%]; P= .27). A trend toward higher rates of
third-line antimicrobial use after an outbreak was noted in
high-rate centers (357 of 1,486 [24.1%] vs 412 of

figure 1. Quantitative analysis of print media reports on
outbreaks in Mainz (1), Bremen (2), and Charite Berlin (3) within
31 days after the first outbreak report. Media databases search was
performed including the following search requests: outbreak
location AND [“baby(ies)” OR “preemie(s)” German: Frühchen)
OR “newborn(s)” (German: Neugeborenes)] AND [“germs,” “bugs”
(German: Keime) OR “bacteria” German: Erreger, Bakterien) OR
“hygiene”]. figure 2. Exposure of infants to third-line antibiotics in

temporal association with outbreak reports in the public media. The
proportion of infants with clinical sepsis, Gram-negative sepsis, and
exposure to third-line antibiotics in temporal association with
outbreak reports in the public media (0–6 months before an
outbreak, n= 2,428; 0–6 months after an outbreak, n= 2,508;
P values derived from Fisher’s exact test in univariate analysis) is
shown. #The subgroup of infants without any blood-culture–proven
sepsis included n= 4,287 infants (n= 2,129 vs n= 2,158). *The
subgroup of infants without Gram-negative sepsis included
n= 4,789 infants (n= 2,354 vs n= 2,435).
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1,527 [27.0%]; P= .06). Center-to-center variability, however,
is not necessarily dependent on media reports but is multi-
factorial. High-rate centers more frequently used antibiotics,
central venous lines, and tracheal ventilation than low-rate
centers and had higher sepsis rates (Online Supplemental
Table 2).

discussion

This is the first population-based study to demonstrate that
public awareness of infection outbreaks in NICUs directly
affects provider behavior, ie, pressures physicians to prescribe
unnecessary third-line antibiotics. This apparent change in
prescribing behavior among GNN collaborators cannot be
explained by epidemiological evidence. Specifically, we have
demonstrated declining or stable incidence rates of sepsis or
mortality over time while clinical risk parameters of GNN

enrolled infants (eg, gestational age, birth weight) remained
unchanged. The increased use of third-line antibiotics, parti-
cularly given to male infants and infants with a birth weight of
1,000–1,499 g is worrisome, and underlying causes need to be
elucidated.
First, individual physicians may become risk averse when

outbreaks occur. It has been proposed that neonatologists fear
adverse outcomes in preterm infants with suspected sepsis
because antibiotic treatment may not cover the offending
organism.5,13 This concern is related to several diagnostic
limitations in newborns including nonspecific clinical signs,
lack of reliable biomarkers, and the low sensitivity of blood
cultures. As a consequence, individual treatments may be pro-
longed or even changed to third-line antibiotics in infants who
are not improving despite sterile cultures. In our setting, this
trend particularly affects male infants who have a higher risk for
clinical sepsis than female VLBWIs (33% vs 28%; P= .001).

table 2. Sepsis Incidence and Treatments in Temporal Association With Outbreak Reports in the Public Media

Clinical Characteristics Before Outbreaka After Outbreakb P Value

No. of infants 2,428 2,508
Gestational age, weeks, mean (SD) 28.7 (2.7) 28.7 (2.7) .9*
Birth weight, g, mean (SD) 1,060 (309) 1,048 (303) .1*
Antenatal antibiotics, % 48.0 50.2 .13

Penicillins 21.1 22.2 .34
Cephalosporins 22.2 24.1 .1
Carbapenems 2.1 3.0 .046

Postnatal antibiotics, % 85.1 85.7 .56
Penicillins 71.4 70.7 .57
Aminoglycosides 60.5 64.3 .007
Vancomycin/Teicoplanin 34.1 36.8 .045
Carbapenems 18.1 21.1 .009

Postnatal Carbapenems vs Piperacillin-Tazobactam (third-line), all 19.4 22.5 .007
Infants weighing <1,000 g (n= 1,061 vs n= 1,130) 35.2 37.0 .37
Infants weighing 1,000–1,499 g (n= 1,367 vs n= 1,379) 7.1 10.6 .001
Female infants (n= 1,161 vs n= 1,252) 18.4 20.1 .29
Male infants (n= 1,267 vs n= 1,257) 20.2 24.8 .005

Central venous lines, % 55.6 57.8 .13
Blood-culture–proven sepsis, % 11.9 13.6 .07

Gram-negative sepsis 2.6 2.5 .85
Gram-positive sepsis 9.9 11.2 .16
Gram-positive sepsis without CoNS 2.7 2.8 .81
Candida sepsis 0.2 0.6 .09
Early-onset sepsis 1.6 2.0 .31
Late-onset sepsis 11.2 12.9 .07

NEC requiring surgery, % 2.8 2.2 .17
NEC or FIP requiring surgery, % 4.3 4.0 .64
Mortality, GNN enrolled infants, % 3.9 4.0 .88
Proportion of death due to sepsis, % 17.9 18.0 .98
Mortality, all infants born in GNN centers (n= 3,217 vs. n= 3,238), % 9.0 7.9 .13
Proportion of death due to sepsis, % 16.6 12.1 .13

NOTE. SD, standard deviation; CoNS, Coagulase negative staphylococci; NEC, necrotizing enterocolitis; FIP, focal intestinal perforation; GNN,
German Neonatal Network.
aBefore outbreak: data for all infants discharged 0–6 months before the outbreak were reported in the media.
bAfter outbreak: data for all infants discharged 0–6 months after the outbreak were reported in the media. P values are derived from Fisher’s
exact test or Mann-Whitney U test if indicated (*).
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Overuse of third-line antibiotics after outbreak awareness in
male infants puts them at additional risk, including antibacterial
resistance and multidrug-resistant (MDR) colonization.3,14 The
same holds true for the less-susceptible population of VLBWIs
with a birth weight of 1,000–1,499 g. To a greater extent, these
infants are unnecessarily exposed to third-line antibiotics after
outbreaks. The clinical significance of our observation is
unclear, but our results offer a basis for an interesting hypoth-
esis for future studies.

Second, the increased use of third-line antibiotics may be an
institutional response with the individual physician serving as
an instrument. Previous studies have documented similar
differences among centers and have proposed that the choice
of an antibiotic agent is made programmatically rather
than based on the patient level of apparent illness.15 Whether
empirical antibiotic treatment in MDR-colonized patients
needs to be adjusted is still a matter of debate.16 Colonization
screening and surveillance as well as local impulses may lead to
increased use of third-line antibiotics in specific centers.17,18

Third, NICUs have a disposition to antibiotic overtreatment
during times of understaffing or overcrowding as well as a high
degree of background colonization with resistant or potentially
epidemic bacteria. Media attention may induce a “priming
effect” (a term from the political literature),19 which results in
a higher prescription rate of unnecessary antibiotics by
physicians aiming to avoid an outbreak in their own NICU.

We are aware of several limitations in our study. First, GNN
enrolls >30% of VLBWIs born in Germany. The large majority
of university hospitals and tertiary-level NICUs in district
hospitals are GNN collaborators. Thus, our cohort is repre-
sentative of VLBWI care in Germany; however, data on infants
not born in GNN centers were not available for our analysis.
Second, we defined the start of an outbreak as the start of
media coverage, and the infection outbreak in the involved
institution may have begun earlier. In addition, medical
doctors may not recognize each outbreak independently from
the previous outbreak (ie, introducing a cumulative aspect of
consecutive outbreaks). Third, a clustering effect of each
individual NICU may have occurred but could not be
evaluated from the data available for our observational study.
Fourth, center-to-center variability is multifactorial and is not
necessarily dependent on media reports (Online Supplemental
Table 2). Center-to-center differences in perception of
resistance patterns of the organisms or real changes in
resistance patterns were not assessed. Future studies need to
identify unknown variables affecting prescribing habits.
Finally, we identified an association with time after outbreaks,
and future studies need to investigate cause and effect by
introducing prospective surveillance of prescribers.

Future Implications

There is an urgent need to incorporate the media toolbox into
physician training and practice. Risk perceptions of both the
public and healthcare professionals are context dependent.

Thus, it is important that the scientific community and media
cooperate to present a complete and balanced collection of
facts. Media are occasionally blamed for sensationalist
reporting and for neglecting important aspects of the complex
pathophysiology of infections.9 For example, newspapers in
the United Kingdom covered MRSA outbreaks with headlines
such as “dirty hospital.”20 This phraseology creates a culture of
blame because it implies that simple and clearly effective
measures were not taken. In outbreak situations, parents of
both colonized or infected and noncolonized or noninfected
patients need to be informed in a privileged fashion.
Otherwise, parents may create their own publicity, which is
very easy in the era of online media. Physicians should clearly
communicate individual risk profiles of babies. For example,
the terms “colonization” and “infection” are often mixed up
and should be clearly defined. Press conferences should follow
a predefined timeline after an outbreak is identified to give the
media the impression of structured access to complete infor-
mation. The institution should present the outbreak team
comprising the best specialists to the media, instead of the
hospital heads alone.
To avoid overuse of third-line antibiotics in the future, we

offer the following recommendations: First, more research
into the predisposition to sepsis must be conducted. Preterm
infants are often colonized with potential outbreak bacteria
but do not get infected. There is an ongoing need to investigate
risk profiles for individual guidance of care.21 Second, more
antibiotic stewardship programs must be implemented.
Multidisciplinary teams are required to objectively review the
prescription of antibiotics to extremely vulnerable infants.
Prospective surveillance of prescribers is urgently needed to
determine why they chose third-line antibiotics. Large
neonatal networks should be used as platform for bench-
marking and effectiveness studies.3 Third, adequate staffing is
an important requirement for quality of care. Hospital
administrators and NICU directors should assess their staffing
decisions to determine the nursing care required by the most
vulnerable infants.22

Finally, media are important convectors of information, and
they hugely influence public perceptions and responses. This
public interest can be used for educational purposes
considering ongoing outbreaks and global challenges on anti-
biotic resistance. Instead of attacking each other, an objective
dialogue between the scientific community and investigative
journalists should be encouraged.
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