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Abstract

Background: Hospitalized neonates are at high risk for hospital-associated bloodstream infections (HA-BSI) and require locally contextualized
interventions to prevent HA-BSI.

Methods: The Preventing Infections in Neonates (PIN) collaborative aimed to reach a 50% decrease in neonatal HA-BSI rates for a 27-bed Level
IV neonatal intensive care unit (NICU). Using quality improvement (QI) methodologies, a multidisciplinary cross-cultural collaborative
implemented phased and bundled interventions from July 2017 to September 2019. Descriptive statistics and statistical process control charts
were used to analyze infection rates.

Results: There were 916 admissions, 19,812 patient-days, and 4264 central line days in the NICU during the project period. Monthly baseline
preintervention HA-BSI median rate was 3.95/1000 patient-days and decreased to 1.73/1000 patient-days (56% change) during the bundled
interventions. Quarterly HA-BSI rates also decreased from the preintervention median of 4.5/1000 patient-days to 3.3/1000 patient-days
during the intervention period (IRR 0.73; 95%CI 0.39, 1.36). Staff were highly compliant with hand hygiene and environmental cleaning.
Through project efforts, compliance with bundle elements increased from 25% at baseline to a peak of 97% for central line (CL) insertion
checklists and from 13% to a peak of 56% for CL maintenance checklists.

Conclusions: Unit-based bundled interventions can reduce neonatal HA-BSI in limited resource settings. Future studies can assess similar
practices in other units and the impact of the pandemic on interventions to reduce HA-BSIs.

(Received 25 January 2023; accepted 22 June 2023)

Introduction

Bloodstream infections (BSI) cause significant neonatal morbidity
and mortality especially for neonates hospitalized in low- and
middle-income countries (LMIC).1 Globally, there are increasing
reports of hospital-associated infections (HAIs) with multidrug-
resistant organisms (MDROs) which negatively impact neonatal

outcomes.2–4 HAI rates are higher in LMIC settings and account
for a large proportion of reported neonatal mortality in Southeast
Asia and sub-Saharan Africa.5 In particular, the estimated HAI
prevalence in Malaysia is 13.9% among all age groups with
neonatal sepsis rates as high as 25%.6 Neonatal HAI leads to
prolonged hospital stays, increased MDROs prevalence, mortality
risk, and financial burdens.7

Hospitalized neonates are a high-risk population for infections
and associated complications. With earlier viability, broad
antibiotic exposure, and device utilization, neonatal HAI rates
are expected to increase if prevention measures are not
prioritized.8,9 Multipronged strategies targeting hospital-onset
bacteremia and central line-associated bloodstream infections
(CLABSIs) are needed. Based on reports of successful infection
prevention models focused on neonatal HAI reduction, we
proposed that a multidisciplinary collaborative implementing
bundled interventions can decrease neonatal HAIs in LMIC.10
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In a single Malaysian neonatal unit, the Preventing Infections in
Neonates (PIN) collaborative implemented phased interventions to
reach a goal of decreasing neonatal HA-BSI by 50% within 12
months. Here, we describe a 26-month multidisciplinary cross-
cultural collaborative to create a data-driven, locally contextualized
intervention bundle to decrease the incidence of hospital-
associated bloodstream infections (HA-BSI) among hospitalized
neonates.

Methods

Study setting and overview

University of Malaya Medical Center (UMMC), a 1600 bed
academic medical center located in Kuala Lumpur, Malaysia,
includes a 27-bed Level IV neonatal intensive care unit (NICU)
that admits nearly 350 infants per year. UMMC is a regional
referral center with an annual cesarean section rate of up to 25%.
Inborn infants make up 90% of admissions, and the most
commonly reported cause of neonatal mortality is prematurity.

The PIN collaborative was centered on a pre-existing relation-
ship between Johns Hopkins Hospital (JHH), an academic medical
center located in Baltimore, Maryland, US, and UMMC infection
prevention partners. Support was provided by a JHH Hospital
Epidemiology team—Pediatric Infectious Diseases fellow and
faculty participating primarily remotely as well as an on-site
Infection Preventionist (IP). The study was authorized by the
Johns Hopkins Institutional Review Board and separately by
UMMC Review Board with a waiver of consent (JHH IRB #
IRB00137448).

Study period

The study period, divided into preintervention and postinterven-
tion periods, spanned July 2017 to September 2019. The
preintervention period was defined as the 7 months of prospective
data collection from July 2017 to January 2018. Due to delays in
project setup and unit preference, the postintervention period was
extended past the planned 12 months and consisted of 19 months
between March 2018 and September 2019. To account for the
bundle rollout in February 2018, the month of February was not
included in the analyses.

Baseline assessments

During the preintervention period, baseline assessments of HA-
BSI incidence and local prevention practices were collected to
inform the HA-BSI prevention bundle and achievable improve-
ment targets.

HA-BSI incidence
As there was no ongoing HA-BSI surveillance and a global lack of
standardized BSI definitions uniquely designed for the NICU,
standardized case definitions were established. These standardized
case definitions were used to review UMMC NICU’s historic
bacteremia data (January–June 2017) to estimate typical base-
line rates.

Study definitions
We defined a BSI event as one or more blood culture(s) growing at
least one recognized pathogen or common commensal and defined
events as HA-BSI if collected on or after hospital day 3 (where the
day of NICU admission was day 1). Rates were calculated as
HA-BSI per 1000 patient-days.11 Prior to the study, routine

CLABSI surveillance was not conducted at UMMC. Therefore,
during the study, we alsomonitored “BSI with a central line” events
defined as microbial growth from a blood culture collected while
the central catheter was in place, on the day the line was removed
or the day after line removal. Detailed definitions are included in
Box 1. During the preintervention phase, IPC nurses were trained
to apply CDC NHSN 2014 CLABSI definitions suitable for this
LMIC setting to remain consistent with the required Malaysia
Ministry of Health’s (MoH) CLASBI criteria at the time.12

CLABSIs were adjudicated if there was no infection at another
site after detailed chart reviews by UMMC IP, IPC Hospital
Epidemiologist with support from the PIN collaboration Infection

Preventionist. UMMC IP department was also familiarized with
updated CDC CLABSI definitions.13

Site visits

Two comprehensive site visits were conducted by the JHH team
with bi-directional goals established prior to each visit and detailed
summary reports developed after the visits. Goals for the initial
visit in July 2017 were to review retrospective data, establish data
collection methods, and begin bi-directional learning via pre-
sentations or webinars. Goals for the subsequent visit in February
2018 included technical input for initiating data-driven HA-BSI
prevention bundle, data collection, and management review, as
well as infection prevention and control (IPC) and NICU capacity
building to manage denominator data collection, surveillance, and
reporting. Ongoing support from an in-country JHH IP was
provided with targeted monthly NICU visits, multidisciplinary
team meetings, and conference calls.

Box 1. PIN-BSI Collaborative Definitions of Events in the Neonatal Intensive Care
Unit (NICU)

Bloodstream Infections (BSI) =
Infant with one or more blood cultures growing at least one recognized
pathogen or commensal.
Hospital-associated BSI (HA-BSI) =
BSI (see above)
and
positive blood culture is collected on or after hospital day 3 (where the day of
admission to NICU is day 1, that is, collected day 3 of admission or later)
Report as BSI per 1000 patient-days
BSI with central line =
BSI (see above)
and
positive culture is collected on or after day 3 of insertion of a central line or
umbilical catheter (where the day of line placement is day 1)
and
the positive culture was collected while the central line was still in place
or
the positive culture was collected on the day the line was removed or
next day
CLABSI for UMMC NICU =
BSI with central line (see above)
and
there is no infection at another site* determined by Infection Control
Department chart review using Ministry of Health/NHSN 2014 definitions11,12

Report as CLABSI per 1000 central line days
* defined as meeting the NHSN Secondary BSI criteria and an NHSN site-
specific definition for infection at another site
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Table 1. Bundled elements to prevent neonatal hospital-associated bloodstream infections in a single Malaysian Neonatal Intensive Care Unit (NICU)

Bundle element Baseline assessment Goal

Hand hygiene compliance with focus on:
Before touching patient; before touching IV
line

94% Support the existing hand hygiene compliance program to maintain
compliance >90%.

Cleaning and equipment

Frequently touched surface cleaning
compliance

62% Increase daily cleaning compliance for frequently touched surfaces in the
NICU to >90%.

Syringe drivers Shared between infants. Individual patient use throughout NICU stay.

Retinopathy of prematurity speculum At best, intermediate-level
disinfection at beside between
patient use.

Sterilize between patient use.

Blood culture technique Using 0.05% chlorhexidine. Achieve effective skin antisepsis using an evidence-based skin cleansing
product.

Drip from IV cannula into vial and
transfer to blood culture bottle.

Utilize a closed system to obtain blood culture.

Central line (CL) maintenance

CL maintenance checklist Presence of checklist 38% 100% compliance with the use of and completion of checklist.

Fully completed 13%

Aseptic central line access Residents infuse medications and
draw labs.
No regular competency for nurses
or physicians.

Aseptic line entry:
• Scrub the hub.
• Standard line entry, tubing change, and dressing maintenance techniques

Insertion and dressing technique Using 0.05% chlorhexidine. Achieve effective skin antisepsis using an evidence-based skin cleansing
product.

Use of multi-dose vials/containers Utilizing a centrally located
shared common IV bag for
flushes.

Decreased use of multi-dose vials and where not possible use smallest
sized vial, avoid multi-patient use, and develop a standard operating
procedure.

Figure 1. Monthly hospital-associated bloodstream infection rates in a Malaysian Neonatal Intensive Care Unit with bundled interventions to reduce HA-BSI. The monthly HA-BSI
rates are calculated as events per 1000 patient-days. HA-BSI were defined as infections in infants with one or more blood cultures growing at least one recognized pathogen or
commensal positive if blood culture was collected on or after hospital day 3 (where the day of admission to NICU is day 1). HA-BSI, Hospital-Associated Bloodstream Infections;
NICU, Neonatal Intensive Care Unit.
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Bundled interventions to prevent HA-BSI

Using the baseline assessment data, the PIN collaborative created
bundled interventions and targets as detailed in Table 1.
Subsequently, the PIN collaborative implemented phased inter-
ventions to reduce HA-BSI in NICU and improve infection
prevention processes. Unit feedback and multidisciplinary reviews
informed changes to bundle elements optimized to fit the local
context. During the ensuing intervention phase, bundle elements
were incrementally adopted, specifically: hand hygiene prioritiza-
tion, environmental cleaning, equipment reprocessing, injection
safety, central line (CL) insertion and care, skin antisepsis, and BSI/
HA-BSI/CLABSI case reviews with staff feedback. Unit leaders
provided resources, specifically allotted education time, auditors,
and cleaning supplies, to facilitate bundle adoption by staff.
UMMC Department of Quality provided support for meetings
while UMMC Infection Control Department provided auditors,
surveillance expertise and developed process checklists. Unit
reminders, pictorial guides, and simple tools were developed to
support bundle adoption by staff (Example included in
Supplementary Figure 1). Sustainable and electronic methods
for collecting NICU BSI data were also established using Microsoft
Excel 2017.

Outcomes

The primary outcome was calculated as HA-BSI rate per 1000
patient-days during study period. As this was an iterative process
with multiple interventions implemented, secondary outcomes
included process measures assessing bundle compliance rates for
hand hygiene, environmental cleaning, and central line checklists
completion. These process measures were determined prior to
project initiation.

Statistical analyses

We performed descriptive analyses of infections and processed
audit data. HAI per 1000 patient-days, HA-BSI per 1000 patient-
days, and CLABSI rates per 1000 CL days were separately
calculated monthly as well as for the preintervention and
postintervention periods. To account for monthly rate variations,
the quarterly incidence of HAI, HA-BSI, and CLABSI was
calculated by dividing the number of events by the number of
patient-days at risk in that quarter. The incidence of HAI, HA-BSI,
and CLABSI were compared before and after the intervention
using a non-parametric Mann-Whitney test, where the observa-
tional unit is the monthly incidence of infection. Themonthly HA-
BSI rates were plotted over time. Statistical process control (SPC)
analyses, an X-bar chart, and a moving range (mR) chart were
produced to further assess HA-BSI rates. Data analyses were
conducted on SAS software version 14 (SAS Institute, Inc., Cary,
NC USA) and Quality Improvement Macros on Microsoft
Excel 2017.

Results

During the 7 preintervention months (July 2017–January 2018)
and 19 months of bundled interventions (March 2018–September
2019), there were 916 admissions, 19,812 patient-days, and 4264
central line days in the UMMC NICU. HA-BSI counts, including
historic data collected prior to study, were routinely as high as 5 per
month prior to PIN-BSI bundle rollout but reached a nadir of zero
for 3 consecutive months during the intervention period. With the
exclusion of February 2018 to allow for bundle rollout, monthly

incidence of HA-BSI reduced from a preintervention median of
3.95/1000 patient-days to a median of 1.73/1000 patient-days
during the intervention achieving a 56% reduction (Fig. 1).
Quarterly HA-BSI rates also decreased from the preintervention
median of 4.5/1000 patient-days to 3.3/1000 patient-days during
the intervention period (IRR 0.73; 95%CI 0.39, 1.36). A concurrent
decrease in median rate of all BSI was observed (Table 2). Notably,
CLABSI rates reached a median of 8.95/1000 central line days
during the intervention period. Due to missing data on central line
days and limited application of NHSN definitions, preintervention
CLABSI rates were unable to be correctly calculated. SPC analyses
of HA-BSI rates showed a decline but did not identify process
shifts (Fig. 2).

Hand hygiene compliance and environmental cleaning audits
were >90% for consecutive months in the postintervention period.
Compliance with CL insertion checklist improved from preinter-
vention baseline of 25% to an average of 94% and CL maintenance
checklist compliance improved from 13% to an average of 53%
during the intervention period (Supplementary Figure 3). Monthly
compliance rates for bundled interventions are summarized in
Supplementary Table 1.

Discussion

Our study describes a successful cross-cultural collaborative to
reduce neonatal bloodstream infections in a tertiary Malaysian
NICU. In a critical care environment consistently following
standardized regulatory guidelines and using a locally adapted
bundle, multidisciplinary unit-focused efforts led to a 56%
reduction in neonatal HA-BSIs measured as discrete events per
1000 patient-days. Bundle compliance audits reached >90%
during the intervention.

With bundled interventions focusing on standardizing HAI
definitions, environmental and equipment cleaning, and device (ie,
central catheters) maintenance, we report a 26% reduction in
median rates for all types of BSI. Of note, SPC analyses did not
identify a shift in monthly HA-BSI rates despite a decrease in the
monthly incidence of HAIs and HA-BSIs. In contrast, CLABSI
rates increased during the bundled intervention period. Minimal
reduction in median monthly central line days (129 preinterven-
tion to 124 postintervention) may account for rate changes.
However, a key reason for increase in CLABSI rates may be the use

Table 2. Infection rates among hospitalized neonates in a Malaysian Neonatal
Intensive Care Unit (2017–2019)

Period Quarter BSI CLABSI* HA-BSI

Preintervention 1 5.39 0.00 4.19

Preintervention 2 3.47 4.76 2.97

Postintervention# 4 3.25 7.22 2.17

Postintervention 5 4.77 14.89 3.58

Postintervention 6 3.86 12.11 3.31

Postintervention 7 0.53 0.00 0.00

Postintervention 8 4.01 10.66 3.00

Postintervention 9 2.41 4.33 1.45

BSI, Bloodstream infections; CLABSI, Central line-Associated Bloodstream Infection; HA-BSI,
Hospital-Associated Bloodstream Infections;
#Quarter 3 was excluded in the analyses to account for bundle rollout in February 2018
*CLABSIs were determined by the Infection Control Department chart review using Malaysia’s
Ministry of Health and Centers for Disease Control and Prevention National Healthcare Safety
Network 2014 definitions11,12
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of more stringent chart review criteria by the IPC team to
adjudicate CLABSI events during the intervention. Other studies
have reported near elimination of CLABSIs in critical care units
with bundled interventions confirming the need for sustainable
interventions targeting BSIs and in tandem, CLABSIs.14–16

The major strength of this study is the real-world implementa-
tion of a collaborative project focused on reducing neonatal BSIs.
Limitations include the use of data from a single LMIC setting
hospital with resource allocation that might not be replicable in
other settings, lack of consistent data collection methodology prior
to the study which limited historical comparisons and non-
standardized local public health guidance for determining HAI
events. Future efforts will focus on improving mechanisms already
in place to reduce infections specifically, increased compliance
with contact precautions, hand hygiene, maintenance of medical
devices, and developing antibiotic stewardship programs to
achieve sustainability.

Conclusion

A well-defined, locally contextualized bundle of interventions was
successfully implemented in a limited resource setting to reduce
HA-BSI. Identification of factors promoting sustainability and
implementation in other settings are urgently needed.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2023.415

Data availability statement.All data generated or analyzed during this study
are included in this published article and its supplementary information files.

Acknowledgements. The authors specifically thank Elsha Liew Shu Ying,
Rosliza Zhazali, Nurul Huda Sulaiman, Faizah Zulkifli, Yus Nurul Fadhlina,
MasturaMohdMusa, Emily Singeltary, TaylorMcIlquham, Jasreena Kaur, Julia
Johnson, Lee Peng Kuah, Mohd Idzwan Zakaria, James Liew Yen Yee, Yip Ke
Xin, Chan Kok Joo, Choo Yao Mun, and the Universiti Malaya Medical Center
NICU & Quality staff for their support.

Authors’ contributions. The project was conceptualized, designed, con-
ducted, and analyzed by the authors. ICK drafted original manuscript. All

authors participated in data collection, management, data interpretation,
manuscript review/edits, and decision to submit for publication.

Financial support. Site visits, data collection, and analyses were supported by
Baurenschmidt Fellow award for ICK. The views and conclusions contained in
this document are those of the authors and do not represent the official policies,
either expressed or implied, of the funder.

Competing interests. ICK reports grant support unrelated to this work from
Center for Disease Control and Prevention (CDC) Epicenter, National
Institutes of Health (NIH), and is a recipient of the Robert A. Winn
Diversity in Clinical Trials Career Development Award, funded by Bristol
Myers Squibb Foundation. ICK also receives consultancy fees from IPEC
Experts and Wayfair unrelated to this work. AMM reports grant support from
NIH, CDC, and Agency for Healthcare Research and Quality (AHRQ)
unrelated to this work, received prior grant support from Sage Products, Inc.,
and received consulting fees from BD both unrelated to this work.

References

1. Rosenthal VD et al. International Nosocomial Infection Control
Consortium report, data summary of 50 countries for 2010-2015:
Device-associated module. Am J Infect Control 2016;44:1495–1504.

2. Piening BC, Geffers C, Gastmeier P, Schwab F. Pathogen-specific mortality
in very low birth weight infants with primary bloodstream infection. PLoS
One 2017;12:e0180134.

3. Meng X et al. Antimicrobial susceptibility patterns of clinical isolates of
gram-negative bacteria obtained from intensive care units in a tertiary
hospital in Beijing, China. J Chemother 2011;23:207–210.

4. Agarwal R, Sankar J, Health N, Centre K. Characterisation and
antimicrobial resistance of sepsis pathogens in neonates born in tertiary
care centres in Delhi, India: a cohort study. Lancet Glob Health 2016;4:
e752–e760.

5. Omar A et al. Cause-specific mortality estimates for Malaysia in 2013:
Results from a national sample verification study using medical record
review and verbal autopsy. BMC Public Health 2019;19:110.

6. Malaysia National Health and Morbidity Survey. [Internet], 2016. http://ghdx.
healthdata.org/record/malaysia-national-health-and-morbidity-survey-
2016. Accessed October 29, 2020.

7. World Health Organization W. The Burden of Health Care-Associated
Infection Worldwide. A Summary; 2010. http://www.who.int/gpsc/
country_work/summary_20100430_en.pdf. Accessed October 26, 2020.

Figure 2. PIN-BSI Collaborative Aggregate Monthly HA-BSI rates HA-BSI rate. The number of HA-BSIs per 1000 patient-days is plottedmonthly on an X-bar control chart. Key dates
include July 2017—standardized data collection with electronic tools; February 2018—PIN-BSI bundled intervention rollout; and October 2018, Education and data
dissemination. The green line denotes the centerline, the blue line denotes HA-BSI rate, and the orange line denotes the target (50% below preintervention HA-BSI rate). The green
dashed lines denote control limits. Readjustment of the centerline required 8 consecutive points above or below the centerline. PIN-BSI, Preventing Infections in Neonates—
Bloodstream Infections; HA-BSI, Hospital-Associated Bloodstream Infection; UCL, upper control limits; LCL, lower control limit.

Antimicrobial Stewardship & Healthcare Epidemiology 5

https://doi.org/10.1017/ash.2023.415 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2023.415
http://ghdx.healthdata.org/record/malaysia-national-health-and-morbidity-survey-2016
http://ghdx.healthdata.org/record/malaysia-national-health-and-morbidity-survey-2016
http://ghdx.healthdata.org/record/malaysia-national-health-and-morbidity-survey-2016
http://www.who.int/gpsc/country_work/summary_20100430_en.pdf
http://www.who.int/gpsc/country_work/summary_20100430_en.pdf
https://doi.org/10.1017/ash.2023.415


8. Cantey JB, Milstone AM. Bloodstream infections: epidemiology and
resistance. Clin Perinatol 2015;42:1–16, vii.

9. Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD. Early-onset
neonatal sepsis. Clin Microbiol Rev 2014;27:21–47.

10. Johnson J et al. Implementation of the comprehensive unit-based safety
program to improve infection prevention and control practices in four
neonatal intensive care units in Pune, India. Front Pediatr 2022;9:794637.
doi: 10.3389/fped.2021.794637.

11. Centers for Disease Prevention and Control. CDC/NHSN surveillance
definitions for specific types of infections. Surveill Defin 2014;2015:1–24.

12. Ministry of Health Malaysia.Manual for Point Prevalence Survey for Blood
Stream Infection. Medical Care Quality Section, Medical Department
Division [Internet], 2014. https://myohar.moh.gov.my/point-prevalence-
survey-pps-on-healthcare-associated-infection-antibiotics/. Accessed July,
2017.

13. Centers for Disease Control and Prevention. CDC/NHSN Bloodstream
Infection Event (Central Line-Associated Bloodstream Infection and
Non-Central Line-Associated Bloodstream Infection); 2018. https://
www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf. Accessed
August 25. 2018.

14. Hallam C, Jackson T, Rajgopal A, Russell B. Establishing catheter-related
bloodstream infection surveillance to drive improvement. J Infect Prev
2018;19:160–166.

15. Gupta P et al. Bundle approach used to achieve zero central line-associated
bloodstream infections in an adult coronary intensive care unit. BMJ Open
Qual 2021;10:e001200. doi: 10.1136/bmjoq-2020-001200.

16. Nainan Myatra S. Improving hand hygiene practices to reduce CLABSI rates:
nurses education integral for success. Indian J Crit Care Med 2019;23:291–293.

6 Ibukunoluwa C. Kalu et al.

https://doi.org/10.1017/ash.2023.415 Published online by Cambridge University Press

https://doi.org/10.3389/fped.2021.794637
https://myohar.moh.gov.my/point-prevalence-survey-pps-on-healthcare-associated-infection-antibiotics/
https://myohar.moh.gov.my/point-prevalence-survey-pps-on-healthcare-associated-infection-antibiotics/
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://doi.org/10.1136/bmjoq-2020-001200
https://doi.org/10.1017/ash.2023.415

	Strategies to reduce hospital-associated bloodstream infections in a limited resource setting: Preventing Infections in Neonates (PIN) collaborative
	Introduction
	Methods
	Study setting and overview
	Study period
	Baseline assessments
	HA-BSI incidence
	Study definitions

	Site visits
	Bundled interventions to prevent HA-BSI
	Outcomes
	Statistical analyses

	Results
	Discussion
	Conclusion
	References


