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Abstract
Objective To analyze the infection outbreaks, control measures and outcomes of the outbreak in the NICU of a tertiary care centre
in the year 2018.
Methods This study was conducted in a 30 bedded tertiary care NICU from January 2018 through December 2018. The study
design was an Outbreak investigation, based on a program of prospective surveillance for nosocomial infection. All neonates
admitted to the NICU formed part of the the study. An Infection Control Quality Improvement (QI) teamwas available to analyze
the infection and initiate response action to outbreaks.
Results Three outbreaks were reported in the year 2018. The first was in May 2018 and comprised of colonization with rectal
Multi-drug resistant gram negative bacilli (MDR GNB). The outbreak was controlled by using Aseptic non-touch technique
(ANTT) for fortification of milk and using distilled water for cleaning of diaper area. The second outbreak in August 2018 was
Methicillin resistant Staphylococcus aureus (MRSA) whose source was a maternal Lower segment cesarean section (LSCS)
wound. The third outbreak in October 2018 was MDR Acinetobacter. The source was from an outborn having the same
organism. All infants were in close proximity to the index case. This outbreak was controlled with cohorting, hand hygiene
and strengthening of bundle care.
Conclusions Surveillance aids in early detection and successful control of outbreaks. A systematic search for the source and
meticulous containment of spread can successfully control an outbreak.
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Introduction

Infection outbreaks can have disastrous consequences in the
Neonatal intensive care unit (NICU). An outbreak results in
the death of an average of 1.5 neonates [1]. It is also found that
survivors, after an outbreak, have a longer duration of hospital
stay and higher risk of neurodevelopmental sequelae [2]. The
cost of treatment also increases with infection. Infection out-
breaks contribute to reduction in the morale of healthcare per-
sonnel due to maintenance of cohorting and overtime related
to care [2].

The definition of an outbreak includes 2 or more isolates of
the same species with the same antibiogram within a span of 2
wk. In NICU which screen for colonization, 3 or more infants
screened positive for the sameGram negative bacilli (GNB) or
a rare GNB that is Extended spectrum beta lactamase (ESBL)
should trigger an alert [3].

NICU outbreaks represent one-third of all ICU related out-
breaks. The commonest organism reported in recent years
include ESBL producing Klebsiella pneumoniae, methicillin
resistant Staphylococcus aureus and vancomycin-resistant en-
terococci. The sources and environmental reservoirs include
patients (24.6%), environments (11.7%), personnel (10%),
medical equipment devices (9.2%), drugs (5%) and unknown
(39.7%) [1].

In India, the Delhi neonatal infection study (DeNIS) reports
an alarmingly high prevalence of Acinetobacter. Almost one-
third are due to multi-drug resistance (MDR) [4]. It is found
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that only 26% of NICU outbreaks are investigated [1].
Analysis of the outbreak is important in rapid identification
of source and containment of the outbreak. It also aids in
strengthening existing preventive measures.

The Outbreak Database provides a large collection of rele-
vant updated information with respect to outbreaks [5].

The objective of this study was to analyze the infection
outbreaks, control measures and outcomes of the outbreak in
a tertiary care center in the year 2018.

Material and Methods

This study was conducted in a 30 bedded tertiary care
NICU from January 2018 through December 2018. The
study design was an Outbreak investigation, based on a
program of prospective surveillance for nosocomial infec-
tion. All neonates admitted to the NICU formed part of the
denominator data for the study. There were a total of 40
staff nurses and team of 5 doctors posted in the NICU. An
infection control QI team comprising of 3 doctors and 4
nurses were responsible for collection of data and outbreak
response investigation. There was a continuous surveil-
lance of infection that had been established as part of a
Quality Improvement project in Jan-Sept 2016. The activ-
ities of the infection team were:

Collection of data The data included was the total number
of babies admitted to NICU, the number of babies on invasive
mechanical ventilation, non-invasive ventilation, with central
line, intravenous fluid (IV) administration, total parenteral nu-
trition (TPN) administration, peripheral IV line, IVantibiotics,
infants who are nil per oral (NPO).

The data was collected by the NICU staff nurse every
morning based on the unit census details. The data was com-
piled at the end of the month into computer and analyzed once
every month. Accuracy of the data was cross-checked on pe-
riodic basis and errors were documented along with training of
the staff. The details were presented to the nurses and doctors
in monthly ward meetings.

A register was maintained for all infants on IV lines and
central lines. Hospital acquired Blood stream infection
(BSI) and Central line associated blood stream infection
(CLABSI) were regarded as sentinel events. They were
recorded in a register and a Root cause analysis is done
by Hospital Infection Control Committee (HICC) team
members and sent to the central HICC. At the end of the
month culture data of all infants were collected and ana-
lyzed and were presented at the Ward meeting which was
attended by all doctors and nurses.

Surveillance of skin and rectal swabsWeekly routine active
surveillance for skin (surface culture) and gastrointestinal col-
onization (stool culture or rectal swab) of Multi-drug resistant
organisms (MDROs) [Methicillin resistant Staphylococcus

aureus (MRSA) / Vancomycin resistant enterococcus
(VRE)/Meropenem resistant GNB] was done for all NICU
babies from July 2015. MDRO colonized neonates were iso-
lated and cohorted till their discharge.

MDRO on surface and rectal swabs was defined as any of
the following (a) Methicillin resistant Staphylococcus aureus
(MRSA) (b) Vancomycin resistant enterococcus (VRE) (c)
Gram negative bacillus (GNB) resistant Meropenem.

Infants (3 or more) colonised with the same MDR organ-
ism comprised an outbreak. A blood culure with a single
MDR was considered an outbreak. The infection control QI
team had a meeting once a month to discuss all problems and
action that needs to be planned. In case an epidemic was
identified, an immediate meeting was called for. All action
points that were planned were recorded and executed by the
core groupmembers. The action points were communicated to
all. Outbreak response measures were recorded. Outbreak-
database.com was referenced to aid in identification of
source of the epidemic. The outbreak was summarised and
presented to all NICU healthcare personnel after it was
successfully contained.

The following principles were followed: Rapid identifica-
tion of cases through surveillance; Cohorting and isolation of
cases; Literature search on Outbreak-database.com;
Identification of source – Health care personnel (HCP)/
Environment (Depending on organism); Strengthening of
hand hygiene, bundle care and environmental process;
Communication and education of family members;
Determine an antibiotic policy; Follow-up.

Blood cultures were collected prior to antibiotic use in
BACTEC bottles. Standard techniques were used. Empirical
reports were available by 48 h for necessary action.
Environmental samples were collected using standard
techniques.

Results

The time periods of the three reported outbreaks and the caus-
ative organisms are described in (Table 1). The infants affect-
ed in the three outbreaks along with the actions taken and
possible source are described in Tables 2, 3 and 4. For the
MDR Gram negative bacilli outbreak, 3 or more infants
colonised with the same organism was considered an out-
break. During theMRSA outbreak, 3 or infants colonised with
MRSA or a single blood culture positive infant with MRSA
constituted the outbreak. During the MDR Acinetobacter, the
infants were labelled as suspect (with only symptoms), prob-
able [symptoms & C-reactive protein (CRP) positive] and
definite (blood culture positive). Out of 3 probable cases, 2
were definite culture positive. Only 1 infant had received co-
listin without culture positivity.
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Discussion

In the NICU, there are multiple risk factors for outbreaks.
Prematurity, low birth weight, invasive devices and environmen-
tal colonisation are some of the contributing factors. Delayed
initiation of enteral nutrition is also a common cause [6, 7].

The outbreak of colonization withMDRGram negative bacilli
was the first of the outbreak described (Table1). A study by
Cassetari et al. described breastfeeding was associated with re-
duced risk for colonisation (OR: 0.22; 95% CI: 0.05–0.99; P=
0.049) [8]. They also isolated the same organism in the hand of a
nursing personnel. In authors’ unit, they have a stringent exclusive

breastfeeding policy. All efforts are directed to giving every infant
mother’s ownmilk. In the cohort of 11 infants colonized, all were
on mother’s own milk. The second factor described by Cassetari
et al. is increased use of antibiotics [8]. There was an ongoing
antibiotic stewardship QI at that point and all efforts were being
made to reduce antibiotic use in the NICU. The outbreak though
involved only colonization, required overtime of staff especially
to maintain cohorting and isolation. The outbreak was successful-
ly overcome by reinforcing the existing infection control practices
and use of aspetic non-touch technique for fortification of milk
and use of distilled water to clean the diaper area. However, the
cause-effect of the same cannot be proven.

Table 1 Causative organisms, time periods and outcomes of outbreaks in the year 2018

Time period Total babies
admitted

Patient
days

Ventilator
days

Organism Isolated in Outcome Possible source

1/5/18–15/5/18 124 575 44 MDR Gram
negative bacilli

Rectal swab/ Stool 0 deaths Nil identified

7/8/18–25/8/18 66 371 116 MRSA Skin swab 0 deaths
1 blood culture
positive

Maternal LSCS wound
infection
HCP – Nasal carrier

8/10/18–24/10/18 58 367 92 MDR
Acinetobacter

Blood 4 deaths Outborn infant with 1st
blood culture positive

HCP Health care personnel; LSCS Lower segment cesarean section; MDR Multi-drug resistant; MRSA Methicillin resistant Staphylococcus aureus

Table 2 Characteristics of infants colonised with Rectal MDR GNB (May 2018)

Infant
no.

Organism Resistance Diagnosis GA Birth
weight

Date of
isolation

Day
of life

Outcome

1 Klebsiella Levofloxacin, Meropenem RDS/ post surfactant 28 1210 2/5/18 28 Discharged

2 Klebsiella Meropenem, Levofloxacin RDS/ SGA/ Hypoglycemia 35+5 1390 2/5/18 6 Discharged

3 Klebsiella Meropenem, Levofloxacin,
Aztreonam, Cefipime

Very preterm/ RDS/ IDM 31+2 1400 2/5/18 8 Discharged

4 Klebsiella Meropenem/ Levofloxacin Anti C, anti E, Post exchange
transfusion

37+5 2420 8/5/18 7 Discharged

5 Klebsiella Meropenem/ Levofloxacin IUGR/ RDS/perforation status
ileostomy

32+2 865 8/5/18 48 Discharged

6 Klebsiella Meropenem/ Levofloxacin HIE 2/ Therapeutic hypothermia 38 3540 8/5/18 5 Discharged

7 Klebsiella Meropenem, Levofloxacin,
Aztreonam, Cefipime

Neonatal seizures 39+3 2800 8/5/18 7 Discharged

8 Klebsiella Meropenem/Levoflox/cefipime Very preterm/ RDS 28+6 1500 8/5/18 6 Discharged

9 Klebsiella Meropenem/Levoflox/cefipime Very preterm/ RDS/ AKI 28+6 1000 8/5/18 6 Discharged

Sources HMF and probiotic sent for culture – no pathogenic organism
Tap water sent for culture – no organism grown
Environmental surveillance – no organism

Action taken • Strengthening of hand hygiene
• Cohorting and isolation of infants
• ANTT for handling of milk, HMF and probiotic
• Use distilled water for cleaning of diaper area
• Environmental cleaning

No MDR GNB was isolated in surveillance culture of 15/5/18

AKIAcute kidney injury; ANTTAseptic non-touch technique;GAGestational age;GNBGram negative bacilli;HIEHypoxic ischemic encephalopathy;
HMF Human milk fortifier; IDM Infant of diabetic mother; IUGR Intrauterine growth restriction; MDR Multi-drug resistant; RDS Respiratory distress
syndrome; SGA Small for gestational age
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The second outbreak described in August 2018 was
the MRSA outbreak (Table 2). The source of the
MRSA was identified to be 2 healthcare personnel who
had nasal colonization and a mother with MRSA in her
LSCS wound swab [She had given Kangaroo mother
care (KMC) to her infant]. It is highly debatable whether
the healthcare personnel caused the MRSA outbreak or
contacted MRSA themselves while taking care of infants
during the outbreak. The infants who were colonized
were cohorted and given surface cleaning with 0.5%
chlorhexidine (bio scrub) for 5 d. The healthcare person-
nel were allotted to other areas and advised nasal
mupirocin for 5 d and chlorhexidine bath. They were
screened negative before re-entry to the NICU.
Lepelletier et al. found that appropriate cohort isolation
of neonates and cohort nursing and improving hand
hygiene reduced MRSA transmission. Use of mupirocin
in staff and patients was not helpful [9]. Parent to child
MRSA transmission has also been reported by other
authors [10]. This raises the question of routine
parental screening. At this point, this requires further
evidence for resource allocation to this intervention.
After this outbreak, authors made it a policy to counsel
all mothers before KMC and inform any of the HCP if
they had a pus discharge of the LSCS wound. All
healthcare personnel undergo a screening prior to entry
to the NICU.

The third outbreak described, was in October 2018 and
was Acinetobacter outbreak (Table 3). The results were
devastating and 4 infants expired due to septic shock.
The source identified was an extra-mural infant whose
blood culture grew Acinetobacter sensitive only to colis-
tin. The key reason for the outbreak was that the blood
culture of this infant who expired within 24 h of admission
was not followed up. The positive culture was seen only
during Root cause analysis of the two deaths of babies no.
2 and 3 (Table 4). Both the deaths occurred before the
culture was reported positive. The spread of infection
was attributed to compromise in CLABSI bundle care
and environmental cleaning practices. This is because the
nurse numbers were reduced from a total of 42 to 27. An
optimal nurse- infant ratio is necessary to ensure patient
safety. All infants were in close proximity to the index
case in present cohort. Although mechanical ventilation
was a common in all 4 of index infants, only 1 of them
was exposed to carbapenem. Acinetobacter is known to
thrive in environmental surfaces. Pillay et al. reported
source of Acinetobater linked to contaminated suction
catheters. De Brito et al. found infected neonates were
more exposed to carbapenem and mechanical ventilation
[11]. The outbreak response was successful as there were
no positive cultures at the institution of the responses.
Chan et al. described successful control of Acinetobacter
infection with no mortality [12].

Table 3 Characteristics of infants colonized with MRSA (7/8/18–12/8/18)

Infant number Organism Diagnosis at admission GA Birth weight Date of
isolation

Day of
life

Outcome

1 MRSA Moderately PT/ SGA 32+5 835 7/8/18 15 • Maternal pus culture – MRSA
• Discharged

2 MRSA Esophageal atresia 34+5 1260 7/8/18 11 • Blood culture positive for
MRSA on 12/8/18.

• Treated with netilmycin.
• Discharged

3 MRSA Extreme preterm, RDS, abandoned infant 25+3 730 7/8/18 41 Discharged

4 MRSA Moderately preterm, Abnormal Doppler 33+5 1250 7/8/18 11 Discharged

5 MRSA Moderately PT/ VLBW 33 1130 12/8/18 17 • Pustule over forehead – MRSA
• Discharged

6 MRSA Very preterm/ RDS 28+4 1320 21/8/18 8 Discharged

Source Maternal wound swab positive – MRSA
Nasal swab of all HCP – 2 HCP found to be positive

Action • Strengthen hand hygiene and infection control practices
• Screening of healthcare personnel
• Parental counseling
• Hand wash is a must in the stable side cohort before exiting
• Separate gown at entry to the stable side cohort
• Disposal of waste inside this cohort
• DO NOT mix these with other waste.
• Isolation and cohort nurses to refrain from preparing IV fluids

GA Gestational age; HCP Health care personnel; IV Intravenous; MRSA Methicillin resistant Staphylococcus aureus; PT Preterm; RDS Respiratory
distress syndrome; SGA Small for gestational age; VLBW Very low birth weight
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Continued surveillance and action plan is needed in order to
successfully control outbreaks. Routine screening (skin and rectal
swabs) identified the outbreaks early. Measures could be taken to
prevent neonatal sepsis and its outcomes. In addition to creating
policies, adherence to the policies has to be continuously moni-
tored. However, a culture of ‘zero tolerance” to infection and
prompt remedial measures are successful in curtailing outbreaks
and saving lives. This is a team effort from the NICU health
personnel – nurses, doctors, aides, helpers, parents and also from
the HICC and microbiology personnel. The preventive measures
to control infection is an ongoing process. The limitation of this
study is that authors were unable to do a case-control approach to
get a specific risk factor for the outbreak.

Conclusions

Surveillance aids in early detection and successful con-
trol of outbreaks. A meticulous search for the source
and containment of spread can successfully control an
outbreak.
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