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Abstract

Introduction: Vancomycin-resistance in enterococci (VRE) poses a major threat in hospitals. It is well known that patients in the neonatal intensive
care unit (NICU) is especially at risk of nosocomial VRE acquisition. In this study, it was aimed to present the VRE outbreak analysis identified in NICU.
Materials and Methods: Patients with VRE colonization and infection were included in the study between 17.10.2016-30.03.2017 in NICU.
Results: There are a total of 30 beds in the NICU, including five beds in the level 1 ICU, eight beds in the level 2 ICU and 17 beds in the level 3 ICU.
Newborns in the NICU are hospitalised in the same ICU (room) in a mixed form. Enterococci were detected in blood culture samples of four patients
in the NICU. Three of these cases were VRE and the other was VSE (vancomycin-sensitive enterococci). The most important problem identified in the
NICU was the inability to use the interior architecture effectively. In addition, inadequate nurse both in number and level of education and lack of
night observations were identified as other problems.

Conclusion: As a result, the outbreak in NICU was controlled thanks to educated nurse support, frequent visits and change in interior architecture.
Keywords: Nurse, outbreak, infrastructure, investigation, education

Giris: Vankomisin direngli enterokok (VRE), hastanelerde biiyiik bir tehdit olusturmaktadir. Yenidogan yogun bakim (YB) iinitesindeki (YYBU)
hastalarin 6zellikle nozokomiyal VRE igin risk altinda oldugu iyi bilinmektedir. Bu calismada YYBU'de tespit edilen VRE salgininin analizinin sunulmasi
amaclandi.

Gerec ve Yontem: Calismaya 17.10.2016-30.03.2017 tarihleri arasinda YYBU'de yatan, VRE kolonizasyonu ve enfeksiyonu olan hastalar dahil edildi.
Bulgular: YYBU'de birinci basamak YB'de bes yatak, ikinci basamak YB'de sekiz yatak ve ticiincii basamak YB'de 17 yatak olmak iizere toplamda
30 yatak mevcuttur. Yogun bakimdaki hastalar karisik sekilde ayni fiziki ortamda yatmaktaydi Yogun bakimda yatan dort hastanin kan kiltiri
drneginde enterokok iiremesi oldu. Bu olgularin iicii VRE biri ise VSE (vankomisin duyarli enterokok) idi. YYBU'de tespit edilen en dnemli sorun ic
mimari yapinin etkin kullanilamamasi idi. Ayrica hemsirelerin hem sayica hem de egitim seviyesindeki yetersizli§i ve gece gdzleminin olmamasi diger
sorunlar olarak tespit edildi.

Sonug: Sonug olarak YYBU'deki salgin; egitimli hemsire destedi, sik ziyaret ve ic mimarideki degisiklik ile kontrol altina alind.

Anahtar Kelimler: Hemsire, salgin, altyapi, arastirma, egitim
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Introduction

Enterococci are microorganisms with low virulence. They are
resistant to heat, desiccation, and some antiseptics, which
allows them to survive for long periods on dry surfaces. They are
resistant to various antibiotics and are capable of developing
new resistancel. To date, approximately 35 different species of
enterococci have been identified. The most significant of these
are Enterococcus faecalis and Enterococcus faecium, which are
responsible for >80% of all enterococci infections®. Vancomycin
resistance in enterococci (VRE) is an important issue. VRE was
first reported in 1986 in England and France and subsequently
became one of the major global nosocomial pathogens®.

Prolonged hospital stays result in intestinal colonization by
VRE, thereby making the patient a VRE reservoir. Patient-to-
patient transmission of VRE occurs via the hands of healthcare
personnel, contaminated surfaces, and contaminated medical
instruments. VRE colonization increases the rate of infection 5
to 10 fold™?,

According to 2016 data from the Turkish National Hospital
Infections Surveillance Network, the overall VRE weighted
general average in Turkey was 13.33% (50%-75™ percentile)
and the VRE weighted general average in the ICUs of university
hospitals was 13.76% (50%-75" percentile).

Due to their immature immunity, neonates are a defenseless
population. In newborns, infectious diseases usually occur as
a result of contact with healthcare personnel, parents, other
patients, medical devices, and the hospital environment. This
contact may lead to nosocomial outbreaks as well as colonization
or infection with severe morbidity and mortality?”. The aim of
this study was to present an analysis of a VRE outbreak detected
in a neonatal intensive care unit (NICU) and the precautions
taken.

Materials and Methods

The study included patients with VRE colonization and infection
who were admitted to the NICU between October 17, 2016
and March 30, 2017 due to preterm birth, neonatal respiratory
distress, low birth weight, neonatal jaundice, and neonatal sepsis.
Preterm birth was defined as birth before reaching a gestational
age of 38 weeks (<37 weeks + 6 days)®. Neonatal respiratory
distress was defined as acute respiratory failure caused by
alveolar epithelial cell injury, acute inflammation, and protein-
rich pulmonary edema due to pulmonary or non-pulmonary
inflammatory causes®. Low birth weight was live birth weight
less than 2500 g!'”l, Neonatal jaundice was defined as a bilirubin
value over 6 mg/dl in the neonatal period". Neonatal sepsis

was defined as bacteremia and associated systemic findings
occurring in the first month of lifel',

The study design was descriptive and retrospective. Approval for
the study was obtained from an Local Ethics Committee (date:
02.28.2018, case number: 03).

Perirectal swab samples obtained for surveillance culture were
sent to the Medical Microbiology Laboratory. As recommended
by EUCAST the samples were inoculated in 5% sheep blood
agar and incubated at 35+1 °C for 24 hours®. Colonies with
morphologic and Gram-staining characteristics consistent
with enterococci were passaged onto Mueller-Hinton agar and
a vancomycin disc (5 ug) was applied to the inoculated agar.
Isolates with zones of inhibition having sharp borders and a
diameter >=12 mm were considered susceptible; for isolates
showing indistinct zone borders, colonies growing within the
zone of inhibition, and zone diameter <12 mm, vancomycin
resistance was confirmed using BD Phoenix 100 (Becton
Dickinson Diagnostic Systems, Sparks) automated identification
and antibiotic sensitivity system.

By decision of the hospital Infection Control Committee (ICC),
rectal swab cultures for VRE were obtained weekly in the NICU,
and rectal swab cultures were obtained routinely from all
patients upon NICU admission.

Statistical Analysis

The age and gender of the patients included in the study, type
of sample showing growth or colonization (blood, rectal swab,
etc.), date of NICU admission, diagnosis, date of positive culture,
and the antibiotic therapy administered were recorded from
the patients' medical records. In addition, physical conditions
and operations were analyzed based on the NICU floor plan.
The NICU was closely and frequently monitored. The obtained
data were recorded. Statistical analysis of the study data was
done using SPSS v.17.0 software package (SPSS Inc, Chicago,
lllinois, USA). Categorical data were summarized as numbers
and percentages.

Our hospital was founded in 1997 and has been providing service
in its new premises since 2013. Bed capacity is 595, including the
160 beds in the ICU. The NICU is equipped with five beds in level
1 care, eight beds in level 2 care, and 17 beds in level 3 care,
for a total of 30 NICU beds. After assessing general condition
and establishing an indication for level 1, 2, or 3 inpatient care,
patients were admitted wherever there was a vacant bed. The
NICU was staffed by a neonatologist, 4-5 resident physicians
during the day (rotating every three months), and two resident
physicians on night duty. There were 28 nurses, one acting as
the head nurse, and an equal number of nurses were on duty
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day and night. Nurse-to-patient ratios were 1:3-4 at level 3, 1:4
at level 2, and 1:5-6 at level 1 ICU. Housekeeping staff included
three healthcare workers between the hours of 8 am and 4 pm,
two between 4 pm and midnight, and one between midnight
and 8 am.

VRE was identified in the blood culture and rectal swab of one
patient on November 3, 2016; this patient was considered to
be an index case and was isolated. The following day, VRE was
identified in the blood culture and rectal swab of another patient
(case 2), and an emergency meeting was held on November
4, 2016 with the ICC and the NICU head physician and nurse.
The patients with VRE-positive rectal swab (two infected, six
colonized patients), staff, and medical tools and equipment were
cohorted. The physical environment was thoroughly cleaned
twice using chlorine tablets diluted 1/100 (1000 ppm). However,
on November 15, 2016, VRE was identified in venous blood and
catheter cultures of a third patient (three infected, 15 colonized
patients). The characteristics of the patients are presented in
Table 1. The diagnosis of catheter-related bloodstream infection
prompted an emergency meeting of the ICC. It was decided to
stop new NICU admissions until the outbreak was controlled.
During that period, a point-prevalence study was conducted in
the NICU to evaluate antibiotic use. The rate of antibiotic use
was calculated as 61%. Blood culture antibiogram results of the
patients are listed in Table 2.

One of the important findings was educational disparities among
the nurses. An analysis of the nurses' education levels showed
that 67.9% (n=19) were high school graduates and 32.1% (n=9)

Table 1. Characteristics of the patients

were university graduates. By ICC recommendation, this ratio
was adjusted by increasing the total number of nurses to 34
[17 high school graduates (50%) and 17 university graduates
(500%)].

Furthermore, ICC frequently visited and performed observations
in the NICU in order to inform all personnel about VRE infection
control and protection measures. Neonatal intensive care unit
staff compliance with hand hygiene was also investigated and
determined to be 60.2% in 2015, 85.6% in 2016, and 89.8%
in 2017. Changes implemented in the NICU in line with the
decisions are summarized in Table 3.

Risk factors identified in patients with VRE included use of
multiple antibiotics (cephalosporin, penicillin, etc.), urinary or
venous catheterization, and admission to the ICU (Table 1).

After implementing these changes and precautions, no new
infections were detected but the number of colonized patients
increased. In the second outbreak, E. faecalis was isolated in
a blood culture from a patient identified as the index case.
During this period, we increased the frequency of training
and inspections, which resulted in a decline in the number of
colonized patients. For the following six months, no new cases
were identified. The four cases identified during the outbreak
were not patients transferred from other centers. The first
case was initially colonized and later infected. Findings of the
colonized patients and index cases between January 2016 and
April 2017 are presented in Figure 1. One of the main problems
identified was the ineffective layout of the NICU. Therefore,
some changes were made in the organization of the NICU.

Gender Diagnosis Admitting diagnosis Culture isolate Final outcome
Patient 17, *, * Male Bloodstream infection Fever E. faecium Death
Patient 2%, 1, * Male Bloodstream infection Neonatal respiratory failure E. faecium Survived
Patient 3%, 1, %, ¢ Male Bloodstream infection Preterm birth E. faecium Survived
Neonatal sepsis
Patient 4%, 1, * Female Bloodstream infection Neonatal respiratory failure E. faecalis Survived
Patient risk factors: ": Central venous catheterization, *: Admission to intensive care unit, *: Multiple antibiotic use, *: Urinary catheterization
Table 2. Blood culture antibiotic susceptibility results
Patient 1 Patient 2 Patient 3 Patient 4
E. faecium E. faecium E. faecium E. faecalis
Ampicillin Resistant Resistant Resistant -
Gentamicin Resistant Resistant Resistant -
Linezolid Sensitive Sensitive Sensitive Sensitive
Nitrofurantoin Resistant Resistant Resistant Resistant
Quinupristin-dalfopristin Sensitive Sensitive Sensitive -
Streptomycin Resistant Resistant Resistant -
Teicoplanin Resistant Resistant Resistant Resistant
Vancomycin Resistant Resistant Resistant Sensitive
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Table 3. Changes made in the neonatal intensive care unit

Separate admissions for patients requiring level 1, 2, and 3 care in the NICU

Increased number of educated nurses

Shelf system installed in small store rooms

Recording of routine cleaning

All cleaned and disinfected supplies, equipment, and devices were cleaned again and moved to patient care and treatment areas before use

A washing machine and dryer were installed in the unit

Provision of single-use disposable medical supplies

Use of sterile distilled water in incubator humidifiers and infant care

Passage to pediatric intensive care was closed

NICU: Neonatal intensive care unit
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Figure 1. The distribution of vancomycin-resistance in enterococci cases by month

Diagrams showing the old and new NICU floor plans are shown
in Figures 2A and 2B. The pre-outbreak VRE infection rate was
calculated to be 0 per 1000 patient days in July-September
2016, 1.23 in October-December 2016, 0.44 in January-March
2017, and 0 in April-June 2017.

Gram-positive microorganisms such as methicillin-resistant
Staphylococcus aureus and VRE cause severe nosocomial
infections in the NICU and are being isolated with increasing
frequency™. Enterococci may colonize the mouth, bile
ducts, or genital and urinary systems, and is a component
of the normal gastrointestinal flora. Although enterococci
normally have low capacity to develop resistance, prolonged
hospitalization, antibiotic use, and immunosuppression may
lead to resistancel'*15],

Antibiotic resistance in enterococci is an important problem.
Resistance to glycopeptide in particular has made the treatment

of enterococcus infections difficult!'®. In this analysis of a NICU
outbreak, VRE was found in the blood cultures of three patients
and VSE was found in one; rectal swab samples also revealed
cases of VRE colonization.

Penicillin and aminoglycoside antibiotic groups are also used
against enterococci. However, high-level gentamicin resistance
(HLGR) and high-level streptomycin resistance (HLSR) must
also be considered. In a study by El-Kersh et al.l'!, HLGR and
HLSR were detected in enterococci at rates of 25% and 11%,
respectively. In a study by Ertiirk et al.'¥), these rates were found
to be 25% and 500%, respectively. In yet another study, 67.9%
of enterococci showed HLGR and 67.9% showed HLSR!. In
the present study, three patients exhibited both gentamicin
and streptomycin resistance, but one was not analyzed for
aminoglycoside sensitivity.

Risk factors for enterococcus-related bacteremia in newborns
include extended hospital stays and the associated prolonged
use of the 3rd generation cephalosporin and/or vancomycin,
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surgical interventions, intrahospital or interhospital transfers,
enteral nutrition, urinary and central venous catheterization,
and necrotizing enterocolitis?*?". Hospital outbreaks occur
more frequently in the NICU, pediatric ICU, and hematology/
oncology wards??. The present study analysed a VRE outbreak
in the NICU.

Enterococci are responsible for approximately 10% of neonatal
sepsis and bacteremia, and this figure is steadily increasing.
This is thought to result from increased survival in preterm
neonates and dissemination within the hospital. For this reason,
all patients are screened for VRE at the time of admission.
Cases of VRE are reported by the microbiology department to
the ICC. The ICC takes measures such as patient monitoring,
isolation, cohorting, environmental monitoring, disinfection,
sterilization, personal protective equipment, hand hygiene,
healthcare personnel training and monitoring, antibiotic
changes, inspection of equipment and protective- and care-
related materials, surveillance, and reducing workloads®?*?4.

Figure 2A. Former floor plan of the neonatal intensive care unit
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Similar actions were used in our hospital to control the outbreak
and minimize the number of colonized patients.

The hands of hospital workers are important in the dissemination
of nosocomial infections, and attention to hand hygiene is
therefore crucial in preventing hospital outbreaks®. Studies
have shown that increased hand hygiene compliance may
decrease hospital infections by about 30-50%. Kosucu et
al.?® reported 58% adherence to hand hygiene among health
care personnel in their study. In another study conducted in
Switzerland, a 3-year monitoring of adherence to hand hygiene
resulted in an increase in adherence from 48% to 66% (p<0.001)
@7 The rate of adherence to hand hygiene in our hospital
increased between assessments conducted before and after
the NICU outbreak (from 60.2% in 2015 to 85.6% in 2016 and
89.8% in 2017). These hand hygiene compliance rates are much
higher than the figures reported in the literature. This may be
attributed to increased training frequency, conducting bedside
practice, and a 100% participation in educational activities.
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Figure 2B. New floor plan of the neonatal intensive care unit
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The recurrence of VRE cases an outbreak despite the high rate
of hand hygiene adherence may be related to the temporary
lack of hand hygiene monitoring for night shift workers and
reduced adherence to hand hygiene and isolation in the absence

of observers.

It is important to employ qualified nurses in ICUs to ensure
higher quality healthcare service®. Needleman et al.®
determined that better educated and qualified nurses caring for
the same number of patients resulted in reduced hospital stays,
preventable deaths, adverse events, and costs. In other studies,
higher nurse education level was associated with greater job
satisfaction and higher moralel, Fesci et al.*" reported that
a low nurse-patient ratio resulted in nurses having difficulty
fulfilling their duties, even if they are knowledgeable and
experienced. Infection rates in our NICU were reduced after
improving the nurses' education level and reducing their
workload.

Limitations of our study are that the similarity of the four VRE
cases was not investigated via molecular methods, colonized
patients were not evaluated by antibiotic susceptibility tests,
and environmental cultures and personnel colonization were
not assessed during the outbreak.

In conclusion, proper isolation measures should be taken for
colonized patients, and patients at-risk should be discharged
when their treatment is complete. Unnecessary antibiotic use
and unnecessarily prolonged hospital stays should be avoided.
Surveillance and regular training provided by the ICC will help
reduce rates of nosocomial infection and minimize the likelihood
of outbreaks.
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