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Abstract

Objective: To determine the continued need for active surveillance to prevent extended-spectrum p-lactamase-producing Enterobacter-
iaceae (ESBL-E) transmission in a neonatal intensive care unit (NICU).

Design: This retrospective observational study included patients with ESBL-E colonization or infection identified during their NICU stay at
our institution between 1999 and March 2018. Active surveillance was conducted between 1999 and March 2017 by testing rectal swab
specimens collected upon admission and weekly thereafter. The overall incidence rates, of ESBL-E colonization or infection (including
hospital acquired) before and after active surveillance were calculated. The cost associated with active surveillance was then estimated.
Results: Overall, 171 NICU patients were found to have ESBL-E colonization or infection, and 150 of those patients (87.7%) were detected
by active surveillance. The overall incidence rate was 1.4 per 100 patient admissions. The hospital-acquired incidence rate was 0.41 per
1,000 patient days, and this rate had decreased since 2002, with an average of 6 cases detected annually. A significant decrease was observed
in 2009 when the unit moved to a new single-bed unit featuring private rooms. Active surveillance was discontinued with no increase in the
number of infections. Of the 150 ESBL-E colonized patients, 14 (9.3%) subsequently developed an infection. Active surveillance resulted in
a total of 50,950 specimen collections and a cost of $127,187 for processing, an average of $848 to detect 1 ESBL-E colonized patient.
Conclusion: ESBL-E transmission and infection in our NICU remains uncommon. Active surveillance may have contributed to the decline
of ESBL-E transmission when used in conjunction with contact precautions and private rooms, but its relatively high cost could be

prohibitive.

(Received 8 July 2018; accepted 24 September 2018; electronically published October 22, 2018)

Extended-spectrum f-lactamases (ESBLs) are enzymes that confer
resistance to most P-lactam antibiotics, including penicillins,
cephalosporins, and the monobactam aztreonam.' Since they
were first described in 1983 in Germany, ESBL-producing
Enterobacteriaceae (ESBL-E) have increasingly been identified as
pathogens and have become endemic in many healthcare settings
and communities.>” Multiple global surveillance programs have
documented increasing ESBL-E prevalence worldwide* ® in both
adult and pediatric populations.” This surveillance, combined
with a lack of effective treatments for ESBL-E infections and the
potential risk of transmission among patients in hospital settings,
have led to the development of strategies to monitor and control
ESBL-E colonization and transmission.

The rise of ESBL-E prevalence in pediatric patients is con-
cerning. Although well characterized in adults, the epidemiology,
risk factors, outcome, therapies, and control measures for ESBL-E
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in pediatric patients has remained largely unknown. The limited
data in this population have primarily been generated by studies
of outbreaks in pediatric intensive care units or neonatal intensive
care units (NICUs). During outbreaks, vehicle-based transmission
(eg, through artificial nails of hospital staff) or vector-based
transmission (eg, cockroach infestations) have contributed to the
spread of pathogens.®” These differ from risk factors described in
non-outbreak settings, where patient characteristics including
younger gestational age, low birth weight, prolonged mechanical
ventilation, length of hospital stay, invasive devices, and antibiotic
use independently increase a patient’s risk for ESBL-E coloniza-
tion or infection.'”'" ESBL-E infections have been associated with
poor outcomes as measured by prolonged hospital stay, delay in
effective therapy, and mortality.'”"'* Patients with ESBL-E rectal
colonization have an increased risk for developing ESBL-E
infections.'>"®

Of the myriad of strategies to prevent transmission of ESBL-E
among hospitalized patients, active surveillance to identify and
isolate patients colonized with ESBL-E has been a common
practice, especially in high-risk populations such as NICU
patients. Active surveillance continues to be the recommendation
of the Centers for Disease Control and Prevention as a core
prevention strategy.'” This strategy was first introduced in the
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mid-1980s to control an outbreak of ESBL-producing Klebsiella
pneumoniae infection. Although active surveillance was originally
conducted for infection control purposes, the data collected have
been increasingly utilized to assist in the selection of empirical
antibiotic therapy in the setting of possible infection.'®

At the Children’s National Health System (CNHS), active
surveillance for ESBL-E colonization has been conducted in the
NICU since the early 1990s, when ESBL-E was emerging and a
point-prevalence study revealed colonization rate of nearly 30% in
the unit. The primary purpose for initiating active surveillance
was to reduce the risk for ESBL-E transmission. Since then, other
changes have been implemented on the unit including but not
limited to physical environment design, infection control prac-
tices, and improved safety culture. The aims of this study were to
evaluate the efficacy and financial impact of active surveillance on
ESBL colonization and infection in our level IV NICU and to
assess the need for continuing this practice by reviewing 19 years
of data.

Methods
Study setting

The NICU is a level IV unit offering care for premature infants
transferred from hospitals throughout the Washington, DC,
metropolitan region. Before 2009, the unit was an open ward with
6 bays and 1 swing area with 2 shared rooms, for a maximum
capacity of 48 patients. In 2009, the unit moved to a newly
designed 54-bed space with 46 primary rooms and 2 shared bays
that could accommodate 4 patients each. In 2017, the unit
expanded to 60 beds through the addition of several private
rooms in the adjacent space.

A NICU-specific ESBL-E protocol requires patients to be
screened for ESBL-E colonization by testing rectal swab speci-
mens collected upon admission and weekly thereafter, until the
patient tested positive or was discharged from the hospital,
whichever occurs first. Patients are placed on contact precautions
for the entire hospital stay if ESBL-E is detected in a specimen
collected for either active surveillance or clinical diagnosis.
Healthcare providers are required to wear a single-use gown and
gloves upon entry to a patient room or bay for those patients
assigned to contact precautions.

As reported previously, the unit has had additional
active surveillance for the detection of vancomycin-resistant
Enterococcus (VRE)" and methicillin-resistant Staphylococcus
aureus (MRSA),”® respectively. The VRE surveillance was
undertaken from 2003 to March 2017, while MRSA surveillance
was implemented in 2015 and is ongoing. The VRE active sur-
veillance was conducted only once by testing rectal swabs col-
lected upon patient admission, whereas MRSA surveillance is
conducted by testing nasal swabs collected upon patient admis-
sion and weekly thereafter until the patient becomes MRSA
positive or is discharged, whichever occurs first.

Study patients and data sources

In this study, we included patients admitted to the CNHS NICU
between January 1999 and March 2018. Active surveillance for
ESBL-E colonization was conducted between January 1999 and
March 2017 among all patients admitted to the unit.

An electronic microbiology data repository was searched to
identify NICU patients that had ESBL-E isolated from specimens
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collected for active surveillance or for clinical diagnosis.
Patients were considered to have a subsequent infection if an
infection due to the same ESBL-E pathogen detected by active
surveillance occurred after colonization was detected and before
discharge.

In September 2005, the institution implemented an electronic
medical record system, which made data extraction feasible. Thus,
for this study, the medical charts for patients admitted after
September 2005 were reviewed to extract additional information
related to patient characteristics (ie, demographics, gestational
age, and birthweight), clinical diagnosis, prognosis, and to
determine factors that could distinguish infection versus coloni-
zation. Administrative databases were queried to obtain the
annual number of patient admissions as well as patient days.

Microbiology testing methods

Identification of Enterobacteriaceae species was conducted using
the Centers for Disease Control and Prevention MacConkey
Agar (MAC) protocol. The detection and confirmation of
ESBL-E was performed using the MicroScan Walkaway System
(Beckman Coulter, Brea, California). Enterobacteriaceae isolates
with an elevated minimum inhibitory concentration (MIC) for
cefotaxime (CEFO) (>2pg/mL) or ceftazidime (CEFT) (>1 ug/mL)
were suspected for ESBL-E. An isolate was considered positive for
ESBL production if there was a >8-fold difference between MICs
of CEFO or CEFT when tested alone compared to the MICs of
these antibiotics when tested in the presence of clavulanic acid, as
determined automatically by the MicroScan Walkaway System.

Definitions

Hospital-acquired ESBL-E colonization or infection was
defined as ESBL-E detected for the first time from a specimen
collected for either active surveillance or clinical diagnosis after
a patient had been admitted for at least 2 days, with the day of
admission considered as day zero. The overall incidence rate
of ESBL-E colonization or infection was defined as the
number of ESBL-E colonizations or infections per 100 patient
admissions. The hospital-acquired incidence rate was defined
as the number of hospital-acquired ESBL-E infections per
1,000 patient days.

To estimate the cost associated with ESBL-E active surveil-
lance, published data were used to calculate the direct costs
associated with both the required supplies and laboratory tech-
nician time to process specimens collected for Klebsiella
pneumoniae carbapenemase (KPC)-producing Enterobacter-
iaceae active surveillance in the University of Virginia Health
System, Charlottesville, Virginia, in 2012 Although this cost
analysis was specifically for KPC-producing Enterobacteriaceae, it
provided itemized direct costs for supplies that our laboratory
uses to process specimens collected for ESBL-E active surveil-
lance. This study estimated that active surveillance cost $11.37
and $2.47 (2012 US$ value) if a specimen was confirmed to be
positive or negative, respectively.

Statistical analysis

Data were managed using Microsoft Excel (Microsoft, Redmond,
WA). Descriptive analyses computing percentages for categorical
variables and averages for continued variables were performed
using STATA software (StataCorp, College Station, TX). A
U-chart was constructed to describe changes in the hospital
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Fig. 1. Hospital-acquired ESBL-E infection and colonization incidence rate in the neonatal intensive care unit at Children’s National Health System, 1999-March 2017. Hospital-
acquired was defined as the detection of ESBL-E for the first time from a specimen collected for either active surveillance or clinical diagnosis after patient being admitted for

48 hours or longer. The center line was calculated as the average incidence rate.

acquired ESBL-E colonization and/or infection rate, while Poisson
regression was conducted to examine the statistical significance of
the changes over time.

Our institutional review board approved this study.

Results

Between 1999 and March 2017, a total of 171 NICU patients were
found to have ESBL-E infection or colonization on admission
(n = 60; 35.1%) or to have acquired the organism during the
hospitalization (n = 111, 64.9%). The overall incidence rate of
ESBL-E colonization or infection was estimated to be 1.4 per 100
patient admissions, or 1.2 per 1,000 patient days. The overall
hospital-acquired ESBL-E incidence rate was estimated to be 0.41
per 1,000 patient days, and this rate had declined since 2002
(Poisson regression coefficient, —0.08; 95% confidence interval
[CI], —0.13 to —0.33; P = .009) (Fig. 1), with an average of 6 cases
detected annually. A significant decline as indicated by a central-
line shift on the U chart, was observed in 2009 when the unit
moved into its current single-bed unit featuring private patient
rooms. Active surveillance using rectal swabs identified 150
patients (87.7%) colonized with ESBL-E. The remaining 21
patients were identified from specimens collected from tracheal
aspirates (n = 12), urine (n = 4), abdominal fluid (n = 1), eye
(n = 1), blood (n = 1), ventilator fluid (n = 1), and a wound (n
= 1) in symptomatic patients when clinicians suspected neonatal
sepsis or pneumonia. Of the 150 patients that were colonized with
EBSL-E as indicated by the positive surveillance result, 14 (9.3%)
progressed to develop 1 or more subsequent infections caused by
the same ESBL-E species found in the rectal swab specimens
collected for active surveillance. These infections included urinary
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tract infection (n = 7), bacteremia (n = 6), eye infection (n =
1), meningitis (n = 1), and complications following ven-
triculoperitoneal shunt and intestinal atresia repair procedures (n
= 2). With a total of 35 infections in this cohort, the incidence
rate of ESBL-E infection was 0.13 per 1,000 patient days.

Klebsiella pneumoniae (43.4%) was the most frequently iden-
tified ESBL-E by active surveillance, followed by Escherichia coli
(25.8%) and Serratia marcescens (6.9%). In contrast, Serratia
marcescens (37.5%), K. oxytoca (20.8%), and E. coli (20.8%) were
the 3 most common ESBL-E pathogens detected among speci-
mens collected for clinical diagnosis.

Between April 2017 and March 2018 after active surveillance
was discontinued, 4 patients were found to have ESBL-E in spe-
cimens collected for clinical diagnosis including tracheal aspirates
(n = 3) for pneumonia and drainage (n = 1) for cellulitis. Of the
3 patients with a tracheal aspirate specimen growing ESBL-E, only
1 patient was clinically treated for a new onset of pneumonia.
Thus, with 2 infections in this cohort, the incidence rate of
ESBL-E infection was 0.10 per 1,000 patient days.

Epidemiology

Of the 95 patients who screened positive for ESBL-E between
September 2005 and March 2017, 60 (63.2%) were male, 25
(26.3%) had a birth weight <1,000g, and 47 (49.5%) were the
product of a vaginal delivery. Of these 95 patients, 47 (49.5%)
were transferred after a 48-hour or longer hospitalization at
another healthcare facility or were readmitted after a recent
hospitalization at CNHS. Except for birthweight, these 47 patients
had similar characteristics compared to the remaining 48 patients
who were admitted from home or from another healthcare facility
with <48 hours at that facility (Table 1).
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Table 1. Characteristics of Patients With the First ESBL-E Colonization
Detected by Active Surveillance Between September 2005 and 2016

Group 1° Group 2° Total
Variable (N = 48) (N =47) (N=95) P Value
Gender
Female 21 14 35 >.05
Male 27 33 60
Age
<1 week 8 3 11 > .05
1-2 weeks 8 1 9
2-3 weeks 7 4 11
> 3 weeks 25 39 64
Birth weight
<750g 1 11 12 <.05°
751-1,000¢g 4 10 14
1,001-1,500 g 4 6 10
1,501-2,500 6 9 15
>2,500g 29 6 35
Unknown 4 5 9
Length of stay after admission
<1 week 19 28 47 > .05
1-2 weeks 7 4 11
2-3 weeks 4 1 5
> 3 weeks 18 14 32
Delivery method
C-section 20 22 42 >.05
Vaginal delivery 26 21 47
Unknown 2 4 6

?Patients admitted from home or from an outside hospital after staying for <48 h.
bPatients transferred from another healthcare facility following >48 h hospitalization or
readmitted after a recent hospitalization.

“Statistical significance.

Estimated direct cost for active surveillance

During the study period, the estimated NICU admission rate was
~700 admissions per year with a daily occupancy of 45 beds
per day, resulting in a total of 14,914 patient days annually. Given
that a rectal swab was collected upon admission and weekly
during hospitalization, ~50,950 specimens were collected and
processed for ESBL-E surveillance. Given that active surveillance
detected 150 patients with an ESBL-E pathogen, the positive
detection rate was ~3 per 1,000 specimens collected. Further-
more, by applying $11.37 per specimen for confirmed positive or
$2.47 per specimen for confirmed negative specimens, we esti-
mated that the total direct cost of processing these specimens was
$127,187.00, accounting for both supply cost and laboratory
technicians. Using the active surveillance approach, it cost an
average of $848 to detect 1 patient colonized with ESBL-E.
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Discussion

In this study, we analyzed ESBL-E active surveillance data sys-
tematically collected in a level IV NICU for 19 years. Until now,
most of our knowledge about ESBL-E in NICUs in US hospitals
has come from reports involving an outbreak. In this study, we
sought to determine the incidence of ESBL-E colonization and
infection in a NICU where transmission of ESBL-E pathogens
remains at an endemic level using the largest dataset available in
this population.

In this patient cohort, the incidence rate for ESBL-E coloni-
zation was 1.4 per 100 patient admissions. Of these ESBL-E-
colonized patients, ~10% had 1 or more subsequent positive
ESBL-E cultures from specimens collected from other sources
following a clinical concern of infection. Both of these numbers
were substantially lower than the incidence rate of 2.2 per 100
patient admissions and the 25% rate of progression from colo-
nization to infection observed in adult ICU patients in the United
States and in NICUs outside the United States.”*”** Overall, in
this study, ESBL-E colonization was detected at a rate of 3 per
1,000 specimens submitted. Factors potentially contributing to the
low ESBL-E incidence rate and detection rate could include the
reliance on rectal swab samples only for testing, as well as the use
of traditional culture methods, which have the potential to fail to
accurately detect the presence of an ESBL in all strains of E. coli
and K. pneumoniae.'

The rise of antimicrobial resistance, combined with the lack of
new antibiotics in the developmental pipeline, have led to a
significant health threat to humans. Over the past several dec-
ades, both gram-positive and gram-negative bacterial organisms
have exhibited resistance to first-line antibiotics or to multiple
classes of antibiotics. Infections caused by these resistant
organisms have fewer effective therapies, and therefore were
linked to increased morbidity and mortality. Once a resistant
organism emerges, strategies to prevent its spread are limited to
early identification and early isolation, which are accomplished
by active surveillance, followed by institution of strict contact
precautions. These strategies have been repeatedly proven cost-
effective in reducing transmission and infection of multidrug-
resistant gram-positive pathogens, such as methicillin-resistant
S. aureus and vancomycin-resistant Enterococcus in multiple
clinical studies conducted nationally and internationally.?>*®
Amid rising incidences and outbreaks of multidrug-resistant
gram-negative bacteria in 2006 (including ESBL-E), the Centers
for Disease Control and Prevention recommended the use of
these 2 strategies in high-risk patient populations to prevent their
transmission in healthcare settings.”” These measures continue to
be recommended by a joint working group in the United King-
dom after an extensive review of evidence published over a 70-
year span.'” Nonetheless, this study reveals a low rate of EBSL-E
colonization detected by active surveillance and a low rate of
progression from colonization to infection in NICU patients,
suggesting that the benefits of ESBL-E active surveillance in
NICUs with endemic ESBL-E transmission might be offset by the
high costs associated with laboratory testing and contact isolation
practices.

Importantly, the ESBL-E transmission rate in the CNHS NICU
steadily declined over the 19-year study period. Previous
studies conducted in NICUs with a baseline ESBL-E prevalence
rate as high as 24% have shown that active surveillance in con-
junction with contact precautions is effective in reducing trans-
mission risk.”> As demonstrated by a single-center, retrospective,
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observational study conducted in a NICU in Sweden, once-a-
week surveillance was an effective strategy to reduce transmission
by nearly 80% compared to surveillance on demand.*® None-
theless, in addition to the consistent use of this weekly active
surveillance and contact precautions, our study has demonstrated
that private rooms may have further contributed to the observed
success in limiting the transmission of ESBL-E. Based on these
data, we stopped the active surveillance for the ESBL-E in this
unit. For 12 months after the discontinuation of active surveil-
lance, ESBL infection rates have remained unchanged, indicating
that the existing measures (ie, private rooms, contact precautions,
and handwashing) may be far more important contributors to low
rates than active surveillance alone. These findings suggest that
the change of stopping active surveillance will result in cost
savings of ~ $70,000 over 10 years.

Active surveillance can be optimized by identifying a sub-
cohort of patients with greater likelihood of ESBL-E colonization.
However, in our study, comparison of patients with a recent stay
of >48 hours in a healthcare facility to those without such
exposure did not identify a distinct set of patient characteristics or
a threshold associated with the increased likelihood of ESBL-E
colonization detection.

Our study has several limitations. As a retrospective obser-
vational study, we lacked patient-specific data prior to 2005 and
the inability to adjust for other changes in practice that would
have occurred during the study period. These changes, includ-
ing improved use of antibiotics and other advances in medical
care, might have contributed to the decreased ESBL-E trans-
mission in our unit. Because the unit had additional active
surveillance for VRE and/or MRSA between 2003 and the
present, patients could be placed on contact precautions before
or after becoming ESBL-E positive, which would further reduce
the risk of ESBL-E transmission. Lastly, we did not assess
clinical benefits, if any, associated with the early identification
of ESBL-E colonization.

In summary, we report that ESBL-E transmission and
infection in the CNHS NICU has remained uncommon over a
long period. Active surveillance for ESBL-E in this setting might
have contributed to the prevention of ESBL-E transmission
when used in conjunction with contact precautions and private
rooms, but it became increasingly costly when incidence con-
tinued to decrease. Thus, we have decided to discontinue the
active surveillance, and we continue to emphasize the use of
fundamental infection control strategies, including proper hand
hygiene, contact precautions, and appropriate antibiotic use, to
combat antimicrobial resistance, including that of ESBL-E
pathogens, in our NICU.
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