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Background and Objectives: Central line–associated bloodstream infections (CLABSIs) are a common, preventable
healthcare–associated infection. In our 3-hospital health system, CLABSI rates in non-intensive care unit (ICU) set-
tings were above the internal target rate of zero. A robust quality improvement (QI) project to reduce non-ICU
CLABSIs was undertaken by a team of Doctor of Nursing Practice (DNP)-prepared nurse leaders enrolled in a post-
DNP Quality Implementation Scholars program and 2 QI experts. Based on a review of the literature and local root
cause analyses, the QI team implemented the evidence-based practice of using 2% chlorhexidine gluconate (CHG)
cloths for daily bathing for non-ICU patients with a central line. Methods: A pre-post-design was used for this QI
study. CHG bathing was implemented using multifaceted educational strategies that included an e-learning module,
printed educational materials, educational outreach, engagement of unit-based CLABSI champions, and an electronic
reminder in the electronic health record. Generalized linear mixed-effects models were used to assess the change
in CLABSI rates before and after implementation of CHG bathing. CLABSI rates were also tracked using statistical
process control (SPC) charts to monitor stability over time. CHG bathing documentation compliance was audited
as a process measure. These audit data were provided to unit-based leadership (nurse managers and clinical team
leaders) on a monthly basis. A Qualtrics survey was also disseminated to nursing leadership to evaluate their sat-
isfaction with the CHG bathing implementation processes. Results: Thirty-four non-ICU settings participated in the
QI study, including general medical/surgical units and specialty areas (oncology, neurosciences, cardiac, orthopedic,
and pediatrics). While the change in CLABSI rates after the intervention was not statistically significant (b = −0.35,
P = .15), there was a clinically significant CLABSI rate reduction of 22.8%. Monitoring the SPC charts demonstrated
that CLABSI rates remained stable after the intervention at all 3 hospitals as well as the health system. CHG bathing
documentation compliance increased system-wide from 77% (January 2020) to 94% (February 2021). Overall, nurse
leaders were satisfied with the CHG bathing implementation process. Conclusions: To sustain this practice change
in non-ICU settings, booster sessions will be completed at least on an annual basis. This study provides further
support for using CHG cloths for daily patient bathing in the non-ICU setting.
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C entral line–associated bloodstream infections
(CLABSIs) are one of the most common

healthcare–associated infections. These preventable
infections are a source of morbidity and mortality in
the hospital setting, adding approximately $48 000 in
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additional costs per event and contributing an extra
10.4 days in the hospital.1-3 Further, CLABSIs are a pub-
licly reportable quality metric that impacts reputation
rankings and can lead to financial penalties.4,5

Our 3-hospital health system in the southeastern
United States consists of a large university hospital
and 2 community hospitals. CLABSI rates in non-
intensive care unit (ICU) settings were 0.70 CLABSIs
per 1000 central line days for the system (CLABSI
rates for university hospital: 0.74; Community Hospi-
tal A: 0.44; Community Hospital B: 0.60). Our health
system had recently instituted a “Commit to Zero”
campaign for preventable harms—the system rate
failed to achieve the internal CLABSI target rate of
0. A root cause analysis was completed on each
non-ICU CLABSI event to identify potential opportu-
nities for improvement. Minimal opportunities were
found as standard CLABSI prevention insertion and
maintenance bundle compliance was high. A robust
quality improvement (QI) study was launched to ad-
dress the cause(s) of the important issue of non-ICU
CLABSIs.
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The QI team, which included 4 Doctor of Nurs-
ing Practice (DNP)-prepared nurse leaders and 2 QI
mentors, led this study as part of a post-DNP Quality
Implementation Scholars program. Details of this pro-
gram, including the curriculum and program evaluation
data, have been previously described by Reynolds and
colleagues.6

The QI team began by searching the literature to
identify additional evidence-based CLABSI prevention
practices. Articles were critiqued with the level and
quality of evidence assessed by the QI team. A recent
level 1, high-quality cluster randomized trial by Huang
and colleagues7 found that daily bathing with pre-
packaged 2% chlorhexidine gluconate (CHG) cloths
reduced CLABSIs in non-ICU settings in patients with
a central line. This study enrolled 53 hospitals and 194
non-ICU areas, of which 27 hospitals and 104 units,
including over 183 000 patients, were enrolled in the
intervention group with patients receiving daily CHG
bathing. Post hoc analyses found that patients in the in-
tervention group who had indwelling medical devices
had a 32% greater reduction in all-cause bacteremia
and a 37% reduction in methicillin-resistant Staphylo-
coccus aureus and vancomycin-resistant enterococcus
compared with those in the control group.7 Whereas
the post hoc analyses showed significant improve-
ments for patients with a medical device, the authors
noted that the trial was not designed or powered for
this evaluation. However, similar findings have been
replicated in other high-quality studies, with other ar-
ticles consistently noting an improvement in CLABSI
rates after implementing CHG bathing.8,9 Additionally,
CHG cloths for daily bathing were already instituted
in our health system’s ICU settings, and showed sig-
nificant reductions in ICU CLABSI rates.10 Given the
evidence supporting use of CHG cloths, as well as

support from hospital leadership, the purpose of this
QI study was to implement daily 2% CHG bathing in
non-ICU patients with a central line.

METHODS

A pre-/post-design was used to evaluate the impact of
daily 2% CHG bathing on non-ICU CLABSI rates. Base-
line CLABSI rates were collected from January 2018 to
December 2019. Daily 2% CHG bathing in non-ICU set-
tings began on January 6, 2020; post-implementation
data were measured from January 2020 to February
2021. A total of 34 non-ICUs, with a baseline average
of 182 central line days per month per unit, partici-
pated in the study. See Table 1 for an overview of each
hospital’s number of non-ICU settings, beds, and aver-
age central line days. Patient populations varied among
the non-ICUs, including medical, surgical, cardiac, neu-
roscience, oncology, and pediatric specialties. Due to
the variation in unit type, some non-ICUs (ie, cardiac
and oncology) had patient populations at higher risk
for CLABSI, including those who were immunocom-
promised and with higher utilization of central lines.

The Promoting Action on Research Implementation
in Health Services (PARIHS) framework was used as a
guide for this study.11 This framework postulates that
successful implementation of evidence-based prac-
tices is a function of the relationship and strength of
the evidence, context, and facilitation.11 As such, we
attempted to account for each of these constructs
prior to implementation by ensuring appropriate mea-
sures were in place. For this QI study, we had evidence
for the practice change, a context that had robust
leadership support, and a comprehensive plan to fa-
cilitate implementation of the practice change. This QI

Table 1. Number of Non-ICU Settings and Beds, and Average Number of Central Line Days Per Month for Each
Hospital and the System

Average Central Line Days/Month, n (SD)

Type of Hospital
Non-ICU

Settings, n Type of Non-ICUs: n
Non-ICU Beds, n

(Range/Unit)
Baseline (January 2018

to December 2019)

Post-implementation
(January 2020

to February 2021)

University 23 General medical/surgical: 9
Cardiac: 6
Pediatric: 3
Oncology: 3
Neuroscience: 2
Orthopedic: 1

623 (12-32) 5031 (353) 4878 (498)

Community A 6 General medical: 2
General surgical: 1
Cardiac: 1
Neuro/ortho: 1
Oncology: 1

197 (26-36) 558 (79) 543 (89)

Community B 5 General medical/ surgical: 4
Neuroscience: 1

163 (9-45) 603 (143) 713 (164)

System (total) 34 983 (9-45) 6192 (434) 6134 (501)

Abbreviation: ICU, intensive care unit.
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study was deemed exempt as QI by the university’s
institutional review board.

Measures

Outcome measure: CLABSI rates

CLABSI rates, defined as the number of CLABSIs
per 1000 central line days, were measured on a
monthly basis per standard National Healthcare Safety
Network12 criteria and provided by the hospital’s in-
fection prevention departments. Generalized linear
mixed-effects (GLME) models were used to evalu-
ate the change in pre- (January 2018 to December
2019) to post-CLABSI (January 2020 to February 2021)
rates. Per the hospital’s quality management depart-
ment, CLABSI rates were also tracked using statistical
process control (SPC) charts to monitor stability.

Process measure: CHG bathing treatment

documentation compliance

To measure compliance with daily 2% CHG bath
treatments, documentation from the electronic health
record (EHR) was audited for those patients meet-
ing criteria for receiving a CHG bath. Several times
each month, a sample of patient charts was audited
on each unit by the unit-based CLABSI champion and
members of the QI team. Unit-based CLABSI cham-
pions are staff nurses who have attended additional
training to learn about CLABSI prevention, and serve
as local resources, change agents, and role models
for nursing staff. Data were entered into The Joint
Commission (TJC) Resources Portal, an online data
repository. Documentation compliance from this au-
dit data was regularly disseminated to unit leadership
and champions via email and during daily huddles, and
through various leadership meetings.

Satisfaction With implementation

We further sought to evaluate nursing leadership satis-
faction with the CHG bathing implementation process.
An 11-item Qualtrics survey was developed by the
authors, with guidance taken from Proctor and col-
league’s implementation outcomes.13 The survey was
sent to nursing leaders from the 34 non-ICU settings
3 months after implementation. Eight questions asked
participants to rate their satisfaction with various as-
pects of the implementation plan on a 5-point Likert
scale (1 = extremely dissatisfied, 5 = extremely satis-
fied). They were also asked to rate their agreement
with the adoption, value, and long-term sustainabil-
ity of the CHG bathing treatment initiative. Three
open-ended, free-text questions asked leaders to dis-
cuss the strengths, weaknesses, and opportunities of
the QI implementation process. The survey remained
open for 2 weeks at the beginning of March 2020.

Procedures

In collaboration with infection prevention, a compre-
hensive informational presentation was created by the
QI team that outlined the study rationale, patient bene-
fits, and frequently asked questions about the 2% CHG
bathing treatment protocol. Using a standardized ap-

proach, the QI team presented the proposed study to
stakeholder groups across the system, including clini-
cal and operational leaders, and nursing staff. The QI
team also developed a multifaceted education plan,
which included: (1) an e-learning module with an as-
sessment test, (2) printed educational materials, (3)
educational outreach, (4) engagement of unit-based
CLABSI champions, and (5) an EHR reminder. Educa-
tion for the daily 2% CHG bathing process followed
the protocol published by the Agency for Healthcare
Research and Quality (AHRQ), which includes clean-
ing over transparent central line dressings and up to 6
inches of the catheter and tubing in addition to bathing
the full body below the jawline.14

The e-learning module included background on the
evidence supporting 2% CHG bathing and a short
video; nurses and nursing assistants (NAs) completed
the module before the study began. The term “CHG
bath treatment” was adopted to raise awareness of
the importance of the protocol.15,16 Upon completion
of the module, a knowledge assessment was provided
utilizing a case study with a required passing score of
80%. This module was added to nursing and NA’s ori-
entation pathways to hardwire the protocol for new
hires. Automated reports were disseminated to local
leaders to track staff completion.

Printed educational materials provided an overview
of the evidence and rationale for CHG bathing treat-
ments, and a diagram of the appropriate bathing
process as found in the AHRQ protocol.14 The QI
team attended local unit huddles across the system
for bidirectional information sharing and gathering.
Additionally, the QI team partnered with the infec-
tion prevention teams to provide logistical support for
product allocation and warming devices.

The QI team engaged the CLABSI champions at
their monthly meetings. They provided demonstra-
tions of the bathing protocol, scripting for staff,
patients, and families about the bathing process, and
further assessed barriers and facilitators to the stan-
dard work. Electronic reminders for the daily CHG
bath treatment were also built into the EHR creating
a worklist task for nurses and NAs.

Continuous improvement

Standardized education was provided to all 34 units.
Each unit has a unique culture and they were encour-
aged to operationalize the intervention based on their
unit’s context and patient population. For example, to
integrate and sustain the practice change, many units
tailored their daily huddle boards, nursing and NA re-
port sheets, and charge nurse-rounding processes to
include CHG bathing. Following implementation, and in
conjunction with the Commit to Zero campaign, CHG
bathing treatments were a regular agenda item pre-
sented at entity-specific leadership meetings, CLABSI
champion meetings, and during daily huddles. Monthly
CLABSI rates and CHG bathing documentation com-
pliance were shared at these venues and feedback
was sought to improve the process. Minor modifica-
tions were made to the printed educational materials,

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



192 July–September 2023 � Volume 32 � Number 3 www.qmhcjournal.com

EHR options, and information shared during educa-
tional outreach and huddles based on suggestions or
clarification needed from leadership and direct care
nurses. For example, an update was made to the
printed educational materials providing staff with di-
rection and scripting for what to do if a patient refused
their CHG bath treatment. Also, the timing of when the
EHR worklist task was changed after implementation
to better fit with the nurse’s workflow.

RESULTS

Daily 2% CHG bathing treatments in non-ICU settings
for patients with a central line went live on January 6,
2020. The university hospital had the largest number
of non-ICU areas (n = 23 units) and average central
line days per month (4878) in the post-implementation
period (January 2020 to February 2021). The 2 com-
munity hospitals had 5 to 6 non-ICU areas, with an
average of 543 and 713 non-ICU central line days per
month (Table 1).

Outcome measure: CLABSI rates

A GLME model was used to assess the effect of the
intervention on CLABSI rates. In this, CLABSI rates
in the various hospital units were regressed on the
fixed effect of intervention, defined as 0 during the
pre-implementation period (January 2018 to Decem-
ber 2019) and 1 during the post-implementation period
(January 2020 to February 2021). Because this inter-
vention is confounded by time, we also included the
fixed effect of time, in months. To account for clus-
tering within hospital units, a random intercept was
included. Among all hospital units, time (in months)
was not significant (b = 0.009, P = .37), and the
change in CLABSI rates before and after the interven-
tion was not statistically significant (b = −0.35, P =
.15).

Additionally, SPC charts were used to monitor sta-
bility of CLABSI rates over time. Consistent with QI
methodology,17 baseline data (January 2018 to Decem-
ber 2019) contained at least 20 data points prior to
the intervention. The mean CLABSI rate in this base-
line period for the health system was 0.70. After CHG
bathing was implemented, the mean and control lim-
its were revised using January 2020 to February 2021
data. The mean system-wide CLABSI rate decreased
to 0.54, a 22.8% reduction (Figure 1A). Community
Hospital A and the university hospital saw reduc-
tions in their mean CLABSI rate from the baseline
to post-implementation period (41% and 28% reduc-
tions, respectively) (Figures 1B and 1C). Hospital B saw
a 29% increase in CLABSI rates after implementation
(Figure 1D). In review of the SPC charts, CLABSI rates
remained stable for all hospitals after the intervention.

Process measure: CHG bathing treatment

documentation compliance

CHG bathing treatment documentation compliance
was measured beginning in January 2020. Over the
course of 14 months, a total of 6798 patient records

were audited. In January 2020, system-wide CHG
bathing documentation compliance was 77%; compli-
ance increased by 17.1 points to 94.1% in February
2021 (Figure 2). For the first year post-implementation
(January to December 2020), the compliance goal was
set by the hospital at 90%, similar to other infection
prevention compliance measures. As the overall health
system consistently met this goal from September to
December 2020, the compliance goal was increased
to 95% starting in January 2021.

Satisfaction with implementation

A total of 68 nurse leaders completed the Qualtrics
survey. Most were from the university hospital (n =
33). Participants had a variety of leadership roles, in-
cluding clinical team leaders (n = 31), nurse managers
(n = 21), Clinical Operations Director (n = 2), Asso-
ciate Vice President (n = 1), and other roles (n = 5).
Results of the survey can be found in Table 2. Most
leaders were satisfied with the overall implementation
of CHG bathing treatments. The highest rated com-
ponent was the education provided during the rollout,
as it included the rationale (or “why”) for the impor-
tance of daily CHG bathing treatments. Nurse leaders
also highly ranked their agreement with the adoption,
value, and long-term sustainability of the CHG bathing
initiative. Narrative strengths included the benefits to
patient outcomes, feedback provided on CHG docu-
mentation compliance, and the logistical assistance
provided by the QI team with acquiring warmers and
CHG cloths. One nurse leader stated, “[A strength was
that] education included the ‘why’ behind the initiative,
so that staff better understood the importance of daily
CHG bathing. Also, the QI team took the workload off
of the local teams.” Weaknesses included the quick
implementation plan and lack of staff buy-in of the new
process. One leader commented, “I feel we did not
have enough time to provide training/education to staff
before go-live, which can reduce staff’s buy-in of the
practice change.”

DISCUSSION

Outcome measure: CLABSI rates

An overall 22.8% reduction in system-wide CLABSI
rates after implementing the CHG bathing treatment
protocol in non-ICU settings was achieved, with Com-
munity Hospital A and the university hospital seeing
the largest reductions. The university hospital had the
largest number of non-ICU settings (23 units), the high-
est number of central lines, and therefore had the
greatest opportunity for reduction. Other studies have
shown similar results, with reductions in CLABSIs after
implementation of CHG bathing.7,18,19 Whereas most
studies have found a reduction in CLABSIs in the ICU
setting,10,19,20 this QI study adds to the body of knowl-
edge supporting the use of CHG bathing to decrease
CLABSI rates specifically in the non-ICU population for
patients with central lines.

Community Hospital B unfortunately saw an in-
crease in CLABSI rates after implementation of CHG
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Figure 1. Statistical process control charts of CLABSI rates. (A) System-wide CLABSI rates. (B) University Hospital
CLABSI rates. (C) Community Hospital A CLABSI rates. (D) Community Hospital B CLABSI rates. CLABSI indicates central
line–associated bloodstream infection; UCL, upper control limit.
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Figure 2. Non-ICU CHG bathing documentation compliance. CHG indicates chlorhexidine gluconate; ICU, intensive care unit.

bathing from March to June 2020, at the height of
the COVID-19 pandemic. The community hospital may
have admitted patients with higher acuity. Fakih and
colleagues21 found that the COVID-19 pandemic was
associated with substantial increases in CLABSI rates
in hospitals. It is important to note that, whereas this
hospital saw an overall increase in CLABSI rates post-
implementation, they did have a 5-month stretch (July
to November 2020) with zero CLABSIs, as noted in
Figure 1D.

In addition to the important clinical outcomes
achieved in this QI study, there are sizeable finan-
cial implications of implementing CHG bathing. The
average cost of a CLABSI event is $48 000.2 The
reduction in CLABSIs noted throughout our health
system was associated with an annual cost aver-
sion of approximately $768 000. However, CHG cloths
cost approximately $5.25 more than nonmedicated
pre-packaged cloths, adding an approximate annual
additional cost of $387 600 to hospital expenses. Ac-
counting for the increased cost of CHG cloths, the
health system still realized a cost aversion of $380 400.

Even though CHG cloths are more expensive than
nonmedicated cloths, the ultimate benefits to patient
safety and CLABSI cost aversion are substantial. With
an estimated increase in length of stay associated with
CLABSI of 10.4 days per event, the impact for the
health system on bed days was approximately 166.4
days.3 Similar to the savings realized in our study,
Huang and colleagues22 also noted that implement-
ing daily CHG bathing treatments may save hospitals
an estimated $171 000. Reagan and colleagues23 also
found that improving daily CHG compliance could save
over $800 000 from infection reduction.

Process measure: CHG bathing treatment

documentation compliance

CHG bath treatment documentation compliance im-
proved over the course of the 14 months following
implementation of the intervention. Many other stud-
ies have also evaluated CHG bathing compliance
through EHR documentation audits and have found
similar improvements after education.18,24,25 In ad-
dition to conducting documentation audits, leaders

Table 2. Nursing Leadership Satisfaction and Agreement With CHG Bathing Implementation

Question
Mean (SD)

n = 60

Two-Top-Box
Responses

n = 60

Education provided (e-learning module, printed educational materials) 4.02 (0.76) 85%

Logistics (warmer acquisition, cloth ordering) 3.98 (0.96) 78%

EHR worklist task 3.71 (0.94) 62%

Audit and feedback provided on CHG documentation compliance 3.75 (0.99) 73%

Overall CHG bathing rollout 3.62 (1.07) 67%

CHG bathing has been well adopted on my unit/area 3.98 (0.85) 82%

This initiative is valuable to my unit/area 4.27 (0.75) 85%

This initiative will be sustainable long term 4.12 (0.86) 78%

Abbreviations: CHG, chlorhexidine gluconate; EHR, electronic health record.
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were provided feedback on a regular basis on their
unit’s documentation compliance. Literature shows
that this type of audit and feedback strategy is
helpful in improving compliance with evidence-based
practices.26-29

Documentation audits provide a relatively simple
process metric to measure compliance with CHG
bathing; however, documentation may not always re-
flect nursing practice. Community Hospital B had the
highest CHG bathing documentation compliance, yet
saw an increase in CLABSI rates. In contrast, Commu-
nity Hospital A had lower CHG bathing documentation
compliance (average of 79.2% after implementation)
than the other hospitals, but showed the largest
hospital-wide reduction of CLABSIs.

Documentation audits may not provide the most
accurate measure of compliance with the practice
change. Other process metrics may be helpful to fur-
ther capture CHG bathing treatment compliance, such
as observation of the bathing process or measuring the
usage of CHG bath cloth packages.24 Through mathe-
matical modeling, Reagan and colleagues23 completed
an analysis noting that improving compliance with daily
CHG bathing can result in 20 averted infections. Future
CHG bathing treatment studies should consider moni-
toring compliance with other types of process metrics,
not just documentation audits. They should also pro-
vide feedback on compliance to individual units and
leaders.

Satisfaction with implementation

Most nurse leaders were satisfied with the overall im-
plementation plan and processes. Previous evaluation
research has reported on bedside nurses’ experience
with implementation process.30 However, there is a
paucity of evidence on nurse leaders’ experience and
satisfaction with implementation processes of CHG
bathing at a system level. Reynolds and colleagues31

conducted a qualitative study evaluating the impact
of a CHG bathing implementation science study on
nurse leaders’ competencies. Findings showed that
being a part of an implementation science study and
associated processes was a positive experience and
allowed leaders to promote the use of evidence-based
infection prevention practices.31 In a review of the
literature, we did not find other studies evaluating
nurse leaders’ experience and satisfaction with
implementation of other evidence-based practices.

Based on the leaders’ feedback, they appreciated
the hands-on approach of the QI team in assisting
with education and the necessary logistics with im-
plementing a large, system-wide study. However, as
CLABSI prevention was a major focus for the hospi-
tal, the CHG bath treatment practice was implemented
quickly. Several nursing leaders identified this as a
weakness of the study, which could have contributed
to suboptimal staff buy-in of the practice change. Fur-
ther, CLABSI champions were used as local change
agents to engage staff, yet lack of staff buy-in was
a noted weakness. Per the PARIHS framework, we
attempted to have a strong facilitation plan prior to

the rollout of the initiative. The CLABSI champions
were provided with resources; however, it may have
been helpful for the QI team to provide additional
tools and/or superusers to better support the practice
change from a facilitation standpoint. For future imple-
mentation initiatives, it may be beneficial for studies
to consider evaluating implementation processes from
a leadership perspective to identify strengths and
opportunities.

Limitations

This QI study has several limitations. First, this study
was initially implemented on October 1, 2019. Two
days after implementation, the CHG bath cloth man-
ufacturer announced a nation-wide backorder of the
cloths, forcing the QI study to suddenly stop. This
abrupt pause may have negatively affected the robust
implementation plan, as education was completed
in September/October 2019, yet CHG bathing treat-
ments were not officially (re)implemented until Jan-
uary 2020. Further, much of the post-implementation
period coincided with the COVID-19 pandemic. With
many competing priorities, CHG bathing treatments
may have had lower priority for the staff and this
could have affected compliance with the CHG bath
treatment protocol. Finally, this study was conducted
across a single health system in the southeastern
United States, which may limit generalizability.

CONCLUSIONS

Findings of this QI study support daily bathing with
pre-packaged 2% CHG bath cloths in non-ICU set-
tings to reduce CLABSI, although the finding was not
statistically significant. Booster sessions will be imple-
mented during annual skills revalidation and as needed
to sustain this practice change. CLABSI champions, as
well as nurses participating in a new health system
evidence-based practice fellowship, will be mentored
by QI experts to maintain the gains made from this QI
study.

CHG bathing, a nurse-led intervention, can reduce
CLABSIs in the non-ICU setting. Other health care
systems may seek to implement CHG bathing in this
patient population. In addition to the main outcome
of CLABSI rate reduction, other measures, such a
CHG bathing documentation compliance and staff or
leadership satisfaction, should be measured.
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The average healthcare-associated central line-associated
bloodstream infection (CLABSI) costs $48,108.1 A CLABSI increases
patient mortality by 12%- 25%.2 Additionally, with the COVID-19
pandemic beginning in 2020, there was shown to be a significant
increase in many hospital-associated infections, including
CLABSIs.3

One strategy to reduce CLABSI is to increase staff, but this can be
financially and operationally burdensome. While there are multiple
other strategies for reducing CLABSI,4 one alternative is to strategi-
cally place smart cards and standards-based signage near patient
beds. The goal of these external memory aids is to reduce the burden
on the caregivers’ brains.

The present intervention, using training to introduce or reinforce
concepts and procedures that support safe and effective central line
placement and maintenance, was designed to strengthen those
caregiver’s brains. The training was delivered by an online e-learning
platform designed to accommodate how people learn, remember,
and forget.5 The system presents questions and collects responses,
then algorithmically determines whether and when to provide
corrective feedback. Other algorithms in the training determine
whether, when, and how to revisit material; learning is not complete
until the platform has determined that all content has been
mastered.

The purpose of this investigation was to determine the extent to
which cognitive science-based online training can affect CLABSI rates.
METHODS

The participants were 541 registered nurses (RNs) at one hospital
in the mountain west region of the United States of America. The par-
ticipants included RNs that worked in various units, including the
Emergency Department, Critical Care, Medical-Surgical, and Behav-
ioral Health.

On July 5, 2020, the participants were assigned one CLABSI
prevention training module containing 27 learning objectives.
The assignment was delivered via the hospital’s learner manage-
ment system (LMS), which is the source of all online training that
the participants receive. The training included important CLABSI
prevention tactics with a focus on optimal maintenance of the
central line.

The training module was announced via message in the LMS sys-
tem, which was accompanied by a direct email from the Chief Nurs-
ing Officer that conveyed the importance of the training. The study
participation window closed on September 3, 2020. A total of 536
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Fig 1. CLABSI per 1,000 line-days at the trained and control locations in the pre-train-
ing and post-training periods.
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participants (99%) completed the training. The median training dura-
tion was 22.82 minutes (IQR: 16.56-33.85).

CLABSI incidences and line-days were evaluated using a pre-test
post-test design with the seven other hospitals in the same health
care system, where no training had been conducted, serving as a con-
trol group. The pre-training period was defined as November 2019
through June 2020. The training was conducted from July 2020
through September 2020, with the post-training period as of October
2020 through July 2021.

RESULTS

At the trained location, the pre-training period comprised 6,642
line-days. During that period, there were 9 CLABSI, yielding a rate of
1.36 CLABSI per 1,000 line-days. The post-training period comprised
7,180 line-days. During that period, there were 2 CLABSI, yielding a
rate of 0.28 CLABSI per 1,000 line-days. Fig 1 depicts this 79% reduc-
tion in the CLABSI rate. A chi-squared test (with Yates’s continuity
correction) indicated that the pre-versus-post-training difference in
CLABSI rates was statistically significant: x2 = 3.76, P = .05.

At the control locations, the pre-training period comprised 23,306
line-days. During that period, there were 29 CLABSI, yielding a rate of
1.24 CLABSI per 1,000 line-days. The post-training period comprised
29,906 line-days. During that period, there were 43 CLABSI, yielding
a rate of 1.44 CLABSI per 1,000 line-days. As expected, a chi-squared
test indicated that there was no effect of training at the untrained
control locations: x2 = 0.36, P = .55.

Finally, a chi-squared test (with Yates’s continuity correction)
indicated that CLABSI rates in the trained and control groups were
statistically significantly different in the post-training period:
x2 = 5.49, P = .02.

DISCUSSION

These data indicate that cognitive-science-based training can
measurably impact CLABSI rates. The adaptive learning platform we
used was able to modify and improve caregiver behavior in a way
that substantially reduced the CLABSI rate.
Downloaded for Anonymous User (n/a) at JOHNS HOPKINS UNI
2025. For personal use only. No other uses without permissio
The influence of training was durable, with a sustained absence of
CLABSI for the first eight months post-training; the first CLABSI did
not occur until June 2021. In contrast, in the pre-training period, the
trained location never experienced a 3-month period without at least
one CLABSI.

This finding is yet more notable given the dates during which
these data were collected. Throughout this health system, several
post-training months had proportional and substantial spikes in
COVID hospitalizations. The increase in CLABSIs can be seen in the
control group in Fig 1, and mirrors a nationwide trend, specifically a
46%-47% increase in CLABSI during Q3 and Q4 of 2020.3

More generally, the pandemic and the significant increase in
COVID patients resulted in a greater proportion of high-acuity
patients, with concomitantly higher risks of infection and other nega-
tive outcomes, including increased mortality risk in some cases. This
COVID hospitalization increase was seen in all hospitals in this
healthcare system, both the trained locations and the control groups.
This change in patient population also increased the burden on the
health care system’s staff; compared to typical patients, COVID
patients require significantly more attention over a longer period of
time.6 Multiple staff members faced burn-out and the changes in
staffing related to increased patient load and new nurses that were
unfamiliar with hospital protocols may have also led to these
increases in CLABSI rates around the country.6

Nevertheless, the beneficial effects of the present intervention
continued to manifest. Despite the burden felt by the health care
workers, there was a high completion rate of the program. This can
be attributed to the continued support and promotion of the training
from Senior Leadership, indicating that the nursing staff understood
and supported this initiative towards patient safety.

Without the training, we would have expected approximately ten
CLABSI during the post-training period at the trained location − eight
more than were observed. With a CLABSI mortality rate of 12%- 25%,2

the training in this pilot program is estimated to have saved one to
two lives. This illustrates the benefits of this cognitive-science-based
training program on patient safety and infection prevention.
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Introduction

Central line-associated bloodstream infection (CLABSI) is 
a preventable medical condition that results in increased 
patient morbidity and mortality as well as increased medi-
cal costs. Among all types of healthcare-associated infec-
tions, CLABSIs have the highest mortality rate ranging 
from 12 to 25% (CDC, 2011). The cost per CLABSI aver-
ages US$70,696 with a range of US$40,412 to US$100,980 
(AHRQ, 2012).

Reduction of central line-associated 
bloodstream infections in a large 
acute care hospital in Midwest United 
States following implementation of a 
comprehensive central line insertion 
and maintenance bundle

Abraham E Wei1 , Ronald J Markert1, Christopher Connelly2 
and Hari Polenakovik3

Abstract

Background: Central line-associated bloodstream infection (CLABSI) is a preventable medical condition that results in 
increased patient morbidity and mortality. We describe the impact of various quality improvement interventions on the 
incidence of CLABSI in an 848-bed community teaching hospital from 1 January 2013 to 31 December 2017.

Aim: To reduce CLABSI rates after implementation of a comprehensive central line insertion and maintenance bundle.

Methods: A comprehensive bundle of interventions was implemented incorporating the standard US Centers for 
Disease Control and Prevention bundle with additional measures such as root-cause analysis of all CLABSI cases, use of 
passive disinfection caps on vascular access ports, standardisation of weekly central venous catheter (CVC) site dressing 
changes, and use of antithrombotic and antimicrobial-coated CVCs with fewer lumens. A retrospective study evaluated 
CLABSI rates and time of CLABSI onset after CVC placement in both intensive care unit (ICU) and non-ICU settings.

Results: The annual number of CLABSI cases declined 68% (34 to 11 patients) from 2013 to 2017. There was a 30% 
decline in CVC days from years 2014 to 2017. Over the same period, CLABSI cases per 1000 CVC days decreased from 
0.624 to 0.362: a 42% decline.

Conclusion: Following the implementation of a comprehensive bundle of interventions for CVC insertion and 
maintenance, we found a reduction in rates of CLABSI.
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Background

Research on handwashing continued to draw researchers’ 
interest owing to its public health importance and signifi-
cance in the reduction of infectious diseases, including the 
current COVID-19 pandemic. Handwashing is the act of 
cleaning one’s hands to remove microorganisms or other 
unwanted substances, and has health benefits such as mini-
mising the spread of coronavirus, influenza and other infec-
tious diseases (Cowling et al., 2009; World Health 
Organization [WHO], 2020a), preventing infectious causes 
of diarrhoea (Luby et al., 2006), decreasing respiratory 
infections (Scott et al., 2003), averting child stunting 
(Saxton et al., 2016) and reducing infant mortality rate at 

home birth deliveries (Rhee et al., 2008). Handwashing 
also prevents diarrheal diseases, which limit the body’s 
ability to absorb nutrition from food (Gilmartin and Petri, 

Pattern, predictors and clustering  
of handwashing practices in India

Manas Ranjan Pradhan1  and Sourav Mondal2

Abstract

Background: Research on handwashing continues to draw researchers’ interest owing to its public health importance 
and significance in the reduction of infectious diseases. The aims of this study are to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods: Data of households where the place for handwashing was observed by the research investigators (n = 
582,064), gathered through the National Family Health Survey-4 (2015–2016), were used for this analysis. The availability 
of soap/detergent and water at the usual place of handwashing was assumed to be used for handwashing. Binary logistic 
regression was carried out to examine the adjusted effect of socioeconomic characteristics on the use of soap/detergent 
and water for handwashing. The univariate local indicator of spatial association (LISA) cluster map and Moran’s I statistics 
were applied for assessing spatial autocorrelations at the district level. Analyses were carried out with IBM-SPSS Software.

Results: Two-fifths of Indian households do not use both soap/detergent and water for handwashing. Households using 
both the cleansing elements vary considerably by socioeconomic characteristics— worse for the socioeconomically 
disadvantaged groups. There is spatial clustering in the use of soap/detergent and water for handwashing: lower in a 
cluster of districts in eastern India.

Conclusion: Results suggest the need to generate awareness, particularly among the socioeconomically weaker 
populations, about advantages of hand hygiene, which will reduce the prevalence of infectious diseases like COVID-19 
and be helpful to achieve many Sustainable Development Goals.
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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The US Centers for Disease Control and Prevention 
(CDC) estimated that an average of 30,100 cases of 
CLABSI occurred annually from 2008 to 2013 in intensive 
care units (ICUs) and non-ICUs of acute care facilities in 
the USA. CLABSI rates decreased 46% during that five-
year period (CDC, 2020), and the latest national study 
found a 9% decrease from 2017 to 2018 (CDC, 2018). 
While significant improvements in reducing CLABSIs 
have been achieved over the years, there remains thousands 
of CLABSI cases each year.

Some of the reduction in CLABSI rates can be attributed 
to the application of central line bundles (CDC, 2011), 
which are a set of interventions that should be implemented 
to prevent infection. Common components of bundles 
include hand hygiene (HH), skin antisepsis, use of maximal 
sterile barriers during central venous catheter (CVC) inser-
tion and prompt removal of unnecessary lines. The CDC 
has recommended its bundle of interventions, and medical 
facilities have implemented their own modified CLABSI 
bundles. In our 848-bed hospital we instituted additions to 
our CLABSI bundle from January 2013 to December 2017. 
Our multidisciplinary approach involved collaboration 
among medical providers (physicians and physician extend-
ers), nurses and infection prevention staff. Retrospective 
analysis evaluated the impact of these quality improvement 
interventions on CLABSI rates.

Methods

Both ICU and non-ICU CLABSI cases in our hospital’s 
adult patient population from 1 January 2013 to 31 
December 2017 were included in the study. Positive blood 
cultures with organisms on the CDC’s National Healthcare 
Safety Network blood stream infection eligible organism 
list (CDC, 2020) that occurred in patients with a CVC were 
flagged and sent to infection prevention staff for investiga-
tion. Cases in the study met the CDC definition of CLABSI 
if the following criteria were met: (a) presence of a central 
line that intravascularly terminates at or close to the heart or 
in one of the great vessels; (b) central line in place for 
greater than two consecutive days following first access 
and in an inpatient location during current admission up 
until the day after removal from the body or patient dis-
charge, whichever comes first; (c) no reported site-specific 
infection at another body site that has seeded the blood-
stream. Cases were excluded if the patient was less than 18 
years of age or a consulted infectious disease specialist 
deemed the source of infection to be definitely from some-
where other than a central line. Equivocal cases were 
included as CLABSI cases. The study protocol was 
approved by the Institutional Review Board at our institu-
tion (IRB No.: 06549).

Our CLABSI bundle included the main interventions 
listed in the CDC bundle checklist and additional measures 
listed in Table 1. Various methods were implemented to 

minimise the use of CVCs. To decrease the use of CVCs for 
venous access in difficult venepuncture cases, nurses were 
trained to put in peripheral venous lines via use of a vein 
finder. In addition, there was ongoing education of the 
medical staff on limiting the use of CVCs for routine blood 
draws. Medical providers ordering peripherally inserted 
central catheters (PICCs) were prompted with an order 
menu to specify a reason for ordering a CVC and to con-
sider ordering a midline instead.

When a CLABSI event was identified, root-cause analy-
sis (RCA) was completed promptly. If appropriate, re-edu-
cation on CLABSI prevention was provided for medical 
staff involved in the event. An RCA established that triple 
lumen PICCs led to more venous thrombus formation and 
CLABSIs. Therefore, we started using Best Practice 
Advisory alerts within our electronic medical record sys-
tem to encourage providers to order a catheter with fewer 
lumens when ordering a PICC. At around the same time, we 
advised the hospital logistics service to purchase and medi-
cal providers to use antithrombotic and antimicrobial-
coated CVCs instead of standard poly-urethane CVCs as 
the former were shown to decrease CLABSI rates 
(Hockenhull et al, 2009; Long and Coulthard, 2006). PICC 
team feedback revealed antimicrobial-coated catheters 
were more slippery and difficult to handle compared to 
antithrombotic catheters (Angiodynamics BioFlo cathe-
ters); consequently, the latter was used. All non-PICC 
CVCs had antimicrobial coating; chlorhexidine-silver sul-
fadiazine-impregnated catheters (Arrowg+ard Blue Plus 
CVC) were used.

Curos™ port protectors were utilised to eliminate the 
need for nurses to scrub access ports for disinfection prior 
to use. This intervention was implemented after several 
RCAs showed that nursing staff were unable to consistently 
adhere to scrubbing of the catheter hub with isopropyl alco-
hol for the full 15 s in the setting of CLABSI cases that 
occurred > 7 days after insertion. RCA also showed that a 
CLABSI was more likely to occur if the CVC site dressing 
had not been changed timely (by 7 days). Therefore, weekly 
CVC site dressing changes were implemented. They were 
scheduled for the same day of the week to increase stand-
ardisation and quality.

To reduce the incidence of blood culture contamination, 
nurses and phlebotomists were regularly educated not to 
draw blood cultures from CVCs unless explicitly stated. 
Computer screensavers were also implemented reminding 
the medical staff not to draw blood cultures from CVCs, as 
well as encouraging removal of CVCs when no longer 
needed. Data on the HH compliance rates and product-use 
metrics showed no significant change during the study 
period. Specifically, no intervention was done to improve 
the HH compliance rates during this study period.

Figure 1 shows the time periods when various inter-
ventions were put in place and then continued indefinitely. 
Weekly unit-based RCA and medical staff education 
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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Table 1. Components of the CLABSI bundle.

Insertion

•  Hand hygiene before CVC insertion
•  Adhere to aseptic technique
•  Use maximal sterile barrier precautions
•  Avoid femoral site in obese patients
•  Use of antimicrobial-coated non-PICC CVCs
•  Antithrombotic PICCs
•  Use of CVCs with fewer lumens
•  Reduced use of CVCs (Use midline catheters, if feasible)

Maintenance

•  Hand hygiene when handling CVCs
•  Use only sterile devices to access CVCs
•  Immediately replace dressings that are wet, soiled, or dislodged
•  Standardised weekly CVC site dressing changes
•  Daily chlorhexidine bath for all patients with CVCs (including non-ICU patients)
•  Addition of Curos™ passive disinfection caps on vascular access ports

Other

•  Daily audits assessing need for CVCs
•  Educating healthcare personnel on proper insertion and maintenance of CVCs
•  Root-cause analysis and re-education for each CLABSI case
•  Avoidance of blood culture draws from CVCs

Italicised components are additional interventions not part of the CDC’s CLABSI bundle.
CLABSI, central line-associated blood stream infection; CVC: central venous catheter; ICU, intensive care unit; PICC: peripherally inserted central 
catheter.

Figure 1. Monthly CLABSI cases and time periods for full implementation of various interventions. Interventions include: (1) 
using lower lumen PICCs, antithrombotic PICCs and antimicrobial-coated non-PICC CVCs; (2) weekly CVC site dressing change 
and peripheral venous line insertion training; (3) using CurosTM passive disinfection caps on CVC access sites; (4) using midlines 
instead of CVCs if feasible; (5) all patients with CVCs receive daily chlorhexidine gluconate baths.

CLABSI, central line-associated blood stream infection; CVC: central venous catheter; PICC: peripherally inserted central catheter.
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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(including use of screensavers) were implemented around 
2013 and continued indefinitely. However, the content of 
the screensavers changed periodically and reflected the 
outcomes of RCA.

Yearly CLABSI rates per 1000 CVC days were exam-
ined using MedCalc® comparison of two rates (Sahai and 
Khurshid, 1996). Time of CLABSI onset after catheter 
placement was analysed according to year, ICU v. non-ICU 
settings, and catheters with different number of lumens. 
Time to CLABSI onset was investigated with the Mann–
Whitney Test using IBM SPSS Statistics 25.0 (IBM, 
Armonk, NY). We also analysed the microbial aetiologies 
of CLABSI cases. A tally of each microbial aetiology was 
completed according to year of infection and whether it 
occurred in an ICU or non-ICU setting.

Results

During the study period 126 CLABSI cases were identi-
fied. Infectious disease specialists excluded two cases in 
2013, five annually from 2014 to 2016 and three in 2017. 
The number of CLABSI cases per year in both ICU and 
non-ICU settings is shown in Figure 2. There was a 67.6% 
decline in number of CLABSI cases from 34 to 11 patients 
between 2013 and 2017.

CVC days decreased from 43,240 in 2014 to 30,361 in 
2017, a decline of 4293 CVC days per year and a total 
reduction of 29.8% (Figure 2). Data for 2013 were not 
available in the medical records system. The decrease in 
CVC days was likely due to lower utilisation of CVCs after 
training nursing staff to insert peripheral venous lines via a 
vein finder and encouraging medical providers to order 
midlines instead of CVCs when feasible. CLABSI cases 
per 1000 CVC days decreased 42% from 0.624 to 0.362 
from 2014 to 2017 (p = 0.12) (Figure 2). There was a 59% 

decline from 2015 to 2017, from 0.889 CLABSI cases per 
1000 CVC days to 0.362 per 1000 CVC days (p = 0.007). 
Device utilisation ratio (i.e. number of central line days 
divided by number of patient days) from 2014 to 2017 was 
0.210, 0.179, 0.172 and 0.162, respectively.

The number of cases by time of CLABSI onset after 
catheter placement is shown in Figure 3. When separating 
cases by time of CLABSI onset (< 7 days v. ⩾ 7 days), the 
yearly results were: 5 v. 29 (2013); 10 v. 17 (2014); 14 v. 21 
(2015); 8 v. 11 (2016); and 3 v. 8 (2017). The mean time of 
CLABSI onset in the ICU and non-ICU setting was 9.04 
(SD 6.98) days and 55.27 (SD 144.31) days (p < 0.001). 
When excluding cases with time of CLABSI onset > 60 
days, the mean time of CLABSI onset for ICU cases 
remained the same while non-ICU cases decreased to 14.05 
(SD 9.09) days (p = 0.006).

Mean time of CLABSI onset for CVCs with two lumens 
v. CVCs with three lumens was 31.47 (SD 67.48) days and 
11.88 (SD 12.49) days (p = 0.11). Excluding cases with 
CLABSI onset after 60 days of CVC insertion, time to 
CLABSI onset was 13.97 (SD 11.90) days and 9.84 (SD 
7.02) days (p = 0.17). For the 78 two-lumen CVCs, 55 
(71%) were PICCs and 52 (67%) were in the ICU. For the 
26 three-lumen CVCs, two (8%) were PICCs and 12 (46%) 
were in the ICU. Only three cases utilised four-lumen CVCs, 
and all were non-PICC CVCs and in the ICU. Their time of 
CLABSI onset after catheter insertion was 4 (SD 2) days.

Supplementary appendix 1 lists the CLABSI cases by 
microbial aetiology. Some CLABSI cases had more than 
one pathogen. The percent of cases caused by Staphylococcus 
epidermidis from 2013 to 2017 were 15, 27, 35, 9 and 8%, 
respectively; for Enterococcus spp.: 20, 8, 8, 3, 0; for 
Klebsiella spp.: 15, 10, 8, 5, 0%; and for Candida and other 
yeast: 10, 13, 13, 5, 3%. ICU and non-ICU did not differ 
significantly in incidence of specific pathogens.

Figure 2. CLABSI cases and CVC days from 2013 to 2017.

CLABSI, central line-associated blood stream infection; CVC: central venous catheter; ICU, intensive care unit.
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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Discussion

CLABSI cases decreased after our bundle of interventions 
was instituted. Much of the reduction may have been due to 
CVC management, that is minimising unneeded CVC 
insertions and promptly removing unnecessary CVCs. Our 
addition of interventions beyond those recommended by 
the CDC may have led to one of the lowest CLABSI rates 
(0.36 per 1000 CVC days) reported in the literature to date. 
Salm et al (2018) and Ong et al (2011) reported modestly 
lower CLABSI rates, 0.2 and 0.3 per 1000 CVC days, 
respectively. Others have reported CLABSI rates ranging 
from 0.50 to 10 per 1000 CVC days (Han et al, 2010; Patel 
et al, 2018; Son et al, 2012). The CDC reported the average 
US rate to be 1.65 and 1.14 CLABSI per 1000 CVC days in 
the ICU and inpatient wards, respectively (CDC, 2011). 
However, most recent data showed substantial progress in 

Figure 3. Central line-associated blood stream infection time of onset after central venous catheter placement for (a) 2013–
2014 and (b) 2015–2017.

reduction of CLABSI rates has been achieved across the 
US hospital over the past decade with the incidence decreas-
ing from 1.6 cases per 1000 CVC days in 2009 to 0.9 cases 
per 1000 CVC days in 2018 (Nkwata et al, 2020).

In our study, CLABSI cases decreased as years advanced 
except for 2015. The increase in CLABSI cases in 2015 
cannot be explained by greater CVC utilisation since CVC 
days decreased from the year prior. Chart review of provid-
ers who inserted CVCs leading to a CLABSI event that 
year did not find any repeat cases. RCA revealed that a pos-
sible explanation is that chlorhexidine gluconate (CHG) 
biopatch protective disks were replaced by Tegaderm CHG 
intravenous securement dressings in early 2015 due to cost 
concerns. Nursing staff reported having initial difficulty 
removing the old Tegaderm CHG dressing because the gel 
pad would stick to the CVCs and partially pull the catheter 
out of the insertion site. RCA revealed that at times the 
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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nursing staff would try to push the CVCs back into their 
original position, likely introducing infection into the CVC 
insertion site. In response, the nursing staff were re-edu-
cated and two-person dressing change teams were deployed 
to better handle the CVC site dressing changes. Fewer com-
plications were reported afterwards.

Many of our interventions were rolled out simultane-
ously over an extended period in an effort to further 
decrease CLABSI rates; therefore, it was difficult to associ-
ate specific interventions with a change in CLABSI rate for 
a yearly time period. Review of the CLABSI cases occur-
ring soon after CVC insertion and seven days or later sug-
gests both insertion and maintenance aspects of the bundle 
of interventions played a role in decreasing CLABSI cases. 
Usually, development of CLABSI soon after catheter inser-
tion suggests an extraluminal source of infection due to 
inadequate skin antisepsis, whereas delayed CLABSI 
development is a failure of maintenance interventions such 
as intraluminal colonisation from access port contamina-
tion (Chopra, 2020; Ryder, 2006).

The use of antithrombotic and antimicrobial-coated 
CVCs may have contributed to the decrease in CLABSI 
rates. After full implementation of these interventions by 
February 2014, CLABSI cases decreased from 34 in 2013 
to 27 in 2014. Further analysis showed that CLABSI cases 
with onset ⩾ 7 days declined notably from 29 to 17 during 
this period, suggesting that the use of antithrombotic and 
antimicrobial-coated CVCs may have decreased intralumi-
nal colonisation. We used Angiodynamics BioFlo 
antithrombotic PICCs, which yield low thrombosis and 
infection rates (McDiarmid et al, 2017). Other antithrom-
botic CVCs, such as those with heparin-coating, also reduce 
the incidence of catheter-related thrombosis and infection, 
problems that can interact synergistically (Long and 
Coulthard, 2006). It is likely that thrombus and fibrin 
sheath development provide a nidus for growth of bacteria, 
and, in turn, infection can cause an inflammatory response 
activating the local coagulation system (Ibeas-Lopez, 
2015). Antimicrobial-coated CVCs are also effective in 
preventing bloodstream infections, especially amongst 
patients in ICUs and with specific comorbidities such as 
burns or neutropenia (Hockenhull et al, 2009; Ibeas-Lopez, 
2005; Lai et al, 2016). These studies and our current inves-
tigation suggest that antithrombotic and/or antimicrobial-
coated CVCs be included as part of the standard CLABSI 
bundle of interventions. Chlorhexidine-silver sulfadiazine, 
rifampin–minocycline, silver–platinum–carbon are some 
of the more commonly used antimicrobial coating options.

We found an increase in time to CLABSI onset when 
using CVCs with fewer lumens. This finding held even 
when excluding cases where the time to onset of CLABSI 
was greater than 60 days, in a group that included tunnelled 
catheters. Thus, our use of CVCs with fewer lumens may 
have helped to reduce the number of CLABSI cases by 
delaying onset of infection before CVCs were removed at 

the end of usage. Although the difference in time to 
CLABSI onset between the groups was not statistically sig-
nificant, had the sample size been larger, we may have been 
able to claim otherwise. Chopra et al also found that CVCs 
with fewer lumens were associated with decreased rates of 
infection and later onset (Chopra et al, 2014). Others have 
shown that larger CVCs with more lumens risk intimal ves-
sel injury with activation of coagulation cascade leading to 
increased incidence of thrombosis (Evans et al, 2010; Wall 
et al, 2016) and associated infection (Dezfulian et al, 2003; 
Templeton et al, 2008). However, in our study this relation-
ship may not be clear-cut since many of our CLABSI cases 
with two-lumen CVCs also had greater utilisation of PICCs 
when compared to CLABSI cases with three- and four-
lumen CVCs.

Similar to previous studies, our use of alcohol-impreg-
nated port protectors (e.g. Curos™ caps) likely helped 
decrease our CLABSI rates (Danielson et al, 2014; Merrill 
et al, 2014; Sumner et al, 2013; Sweet et al, 2012). After 
this intervention was implemented, CLABSI cases 
decreased decidedly in 2016. The considerable drop for 
CLABSI cases with onset ⩾ 7 days suggests decreased 
intraluminal colonisation with the use of Curos™ caps. 
Traditional disinfection of intravenous access ports entails 
scrubbing the top and sides of catheter hubs with chlorhex-
idine and alcohol for 15 s and then waiting for the hub to 
dry before port access. The technical demands and time 
requirements of traditional disinfection make it difficult to 
obtain completely successful implementation in the long 
term. The passive disinfection of Curos™ caps eliminates 
the “scrub the hub” requirement and decreases the chance 
of operator error.

After institution of daily CHG baths for patients with 
CVCs in early 2017, rates of CLABSI declined from 19 in 
2016 to 11 in 2017. The number of CLABSI cases with 
onset <7 days suggests decreased extraluminal colonisa-
tion attributable to the daily CHG baths. Prior studies found 
significant decreases in CLABSI rates with this interven-
tion (Climo et al, 2013; Bleasdale et al, 2007).

In 2017 there continued to be a handful of CLABSI 
cases from CVCs in place greater than 39 days (Figure 
3(b)). RCA showed one case to be due to a PICC left in 
place unnecessarily for 40 days. The other four cases were 
due to a tunnelled haemodialysis (HD) catheter and three 
port-a-catheters; three of these cases grew Staphylococcus 
aureus. RCAs of these cases disclosed irregularity in the 
routine CVC dressing changes. Typically, the port-a-cathe-
ters and HD catheter dressing changes were not done by the 
unit nursing staff, but by a specialised IV therapy team and 
HD/plasmapheresis staff, respectively. Subsequently, an 
improved communication plan was developed between 
these services and the unit nursing staff to ensure timely 
dressing changes for these types of CVCs.

This study has several limitations. First, this investiga-
tion was conducted at a single institution. Thus, our 
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Structured observation has been found to be the best indicator 
to assess handwashing practices in Indian households (Biran 
et al., 2008).

Outcome variable

The outcome variable considered for the analysis was ‘the 
use of soap/detergent and water for handwashing’. It is 
defined as the presence of soap/detergent along with water 
in the usual place of handwashing among the households, 
where the place of handwashing was observed.

Predictor variables

The predictor variables used in the analysis were chosen 
based on the extensive literature review and available infor-
mation in the NFHS-4. Specifically, the predictor variables 
used were the schooling of the household head (< 5 years 
including the illiterates, 5–9 years, 10–11 years, ⩾ 12 
years), sex of the household head (male, female), religion 
of the household head (Hindu, Muslim, Christian and 
Others), caste/tribe of the household head (scheduled caste 
[SC], scheduled tribe [ST], other backward classes [OBC] 
or non-SC/ST/OBC), household size (< 5 members, ⩾ 5 
members), house type (kuccha, semi-pucca, pucca), loca-
tion of water source (in own dwelling, elsewhere), owner-
ship of the house (not own house, own house), wealth index 
(poorest, poorer, middle, richer, richest), place of residence 
(urban, rural) and region (north, central, east, northeast, 
west, south).

Statistical analysis

In the present study, cross-tabulations between the outcome 
and predictor variables were done using the appropriate 
sample weights. The binary logistic regression was carried 
out to understand the predictors of handwashing practices. 
For this regression analysis, the dependent variable ‘Soap/

detergent and water used for handwashing’ was categorised 
into two, i.e. 1 = yes, 0 = no. The variables ‘house type’ 
and ‘ownership of house’ were dropped from the regression 
analysis to avoid multicollinearity. The Statistical Package 
for Social Sciences (SPSS-25, IBM Corp., Armonk, NY, 
USA) was used for analysis. The choropleth map was pre-
pared at the district level using the ArcMap (version 10.4) 
to assess the regional scenario. The local indicators of spa-
tial association (LISA) cluster map and Moran’s I scatter 
plot were calculated through GeoDa (version 1.14) to 
understand the spatial clustering in the use of soap/deter-
gent and water for handwashing.

Results

Type of handwashing elements observed  
at the usual place of handwashing

Soap/detergent and water were observed in the usual place 
of handwashing in three-fifths (60%) of the households 
(Figure 1). In 16% of the households, only water was 
observed in the usual place of handwashing. Seven out of 
every ten households were observed to have water and any 
cleansing element in their regular handwashing place. Nine 
percent of the households were found to have no water, no 
soap or any other cleansing agent at their usual place for 
handwashing.

Handwashing through soap and water 
by background characteristics of the 
households

Table 1 presents the bivariate analyses to understand the 
individual association between the predictors and outcome 
variable. Of the male-headed households, 61% use soap 
and water for handwashing compared with 55% of the 
female-headed households. Use of soap and water for hand-
washing was found to increase with increasing education of 

Figure 1. Type of cleansing element for handwashing observed at the usual place of handwashing, among households in which the 
place for hand washing was observed, India, 2015–2016.
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findings may not be generalisable to other hospitals. 
Nevertheless, we believe that hospital practice philoso-
phies are similar, and implementation of interventions can 
be applied successfully in diverse medical systems. 
Second, many of our interventions were implemented 
simultaneously, making it difficult to attribute improve-
ment in CLABSI rates to any single intervention. However, 
the goal of our study was to evaluate the effectiveness of 
our bundle of interventions in changing CLABSI rates.

Conclusions

After implementation of a comprehensive bundle of inter-
ventions for CVC insertion and maintenance, CLABSI rates 
decreased. A multidisciplinary approach with additional 
measures such as the use of antithrombotic or antimicrobial-
coated CVCs with fewer lumens resulted in CLABSI rates 
lower than or comparable to earlier reports. Our findings 
support the use of a comprehensive bundle of interventions 
to reduce the incidence of this preventable hospital-acquired 
infection that has high morbidity and mortality.
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2015). Globally, only 19% of people wash their hands after 
contact with excreta (Freeman et al., 2014).

Handwashing is practised by washing hands using the 
several combinations of water, solid or liquid soap, sani-
tiser, alcohol-based components, sand, ash and mud. 
Although mostly water is used for handwashing, water 
alone is an inefficient skin cleanser because fats and pro-
teins are not readily dissolved in water. People in low-
income countries such as India, Bangladesh and sub-Saharan 
Africa use ash, mud or sand for handwashing as zero-cost 
alternatives to soap (Bloomfield and Nath, 2009). Although 
there is potential for infection transmission by using con-
taminated soil/mud/ash for handwashing, ash or mud is 
perceived to clean hands as effectively as soap (Nizame 
et al., 2015). Handwashing with soap can dramatically 
reduce the rates of common diseases, including pneumonia 
and diarrhoea, two of the leading causes of deaths in chil-
dren. Handwashing with soap and water is a simple and 
efficient method for reducing the risk of infectious diseases 
(Burton et al., 2011). Handwashing with soap can reduce 
childhood mortality rates related to respiratory and diar-
rheal diseases by almost 50% in developing countries 
(Curtis and Cairncross, 2003). Handwashing with soap pre-
vents the two clinical syndromes that cause the most sig-
nificant number of childhood deaths globally; namely, 
diarrhoea and acute lower respiratory infections (Luby 
et al., 2005).

Effective national programs for changes in handwashing 
behaviour can be expected to reduce diarrhoea and pneu-
monia caused by lack of handwashing by 25% (Townsend 
et al., 2017). A large number of people do not wash their 
hands regularly or do not know how to wash their hands 
properly (Ali et al., 2014). Education, socioeconomic sta-
tus, availability of a water source in the house, ownership 
of the house and rural residence are associated with hand-
washing (Al-Khatib et al., 2015; Halder et al., 2010; Kumar 
et al., 2017; Ray et al., 2010; Schmidt et al., 2009; 
Ssemugabo et al., 2020). Handwashing is also related to 
knowledge of hand hygiene and non-availability of hand-
washing spaces or soap among school children (Mane 
et al., 2016).

India, with a cumulative number of 2,905,823 cases of 
COVID-19, is the third-worst affected country after the 
USA and Brazil as of 21 August 2020 (WHO, 2020b). 
Experts differ on the future trend of the COVID-19 in the 
country, amid rapidly growing cases across the states 
(Application Programming Interface, 2020), and the disease 
transmission stage being classified as ‘cluster of cases’ 
(WHO, 2020b). Appropriate handwashing (handwashing 
with alcohol-based agent or soap and water for a minimum 
of 20 s) is recommended as one of the most important ways 
to prevent person-to-person transmission of COVID 19. 
Nevertheless, evidence suggests poor hand hygiene in hos-
pitals /healthcare providers (Mani et al., 2010; Sureshkumar 
et al., 2011; Tyagi et al., 2018) and the role of hands in 

spreading infections in the country (Taneja et al., 2003). 
Handwashing through alcohol-based agent/soap and water 
at the household level again seems not universal, as millions 
of Indians do not have access to basic amenities (Kumar, 
2015). With several parts of India being water-stressed, and 
as much as 70% of the surface water resources being con-
taminated (Niti Aayog, 2019), is further perceived to worsen 
the recommended handwashing practices. Empirical evi-
dence on existing handwashing practices is crucial to com-
bat infectious diseases like COVID-19. There is, however, 
no scientific study exploring handwashing practices, spatial 
clustering and its determinants at the household level using 
the nationally representative sample in India. The aims of 
the present study were to: (1) understand the pattern and 
predictors of handwashing using soap/detergent and water; 
and (2) assess the spatial clustering of handwashing through 
soap/detergent and water at the district level in India.

Methods

Data

The study used data from the fourth round of the National 
Family Health Survey (NFHS), 2015–2016. The NFHS-4 is 
a nationally representative survey of 601,509 households 
that provides information for a wide range of monitoring 
and impact evaluation indicators of health, nutrition and 
women’s empowerment. The sampling design of the 
NFHS-4 is a stratified two-stage sample with an overall 
response rate of 98%. The Primary Sampling Unit (PSUs), 
i.e. the survey villages in rural areas and Census Enumeration 
Blocks (CEBs) in urban areas, were selected using probabil-
ity proportional to size (PPS) sampling. Data collection was 
conducted in two phases from January 2015 to December 
2016. The data were gathered using computer-assisted per-
sonal interviewing (CAPI) by trained research investigators. 
Only those respondents who gave oral/written consent were 
interviewed in the survey. A more detailed description of 
survey design, questionnaire and quality control measures 
can be obtained elsewhere (Paswan et al., 2017).

The NFHS-4 asked a specific question: ‘Please show me 
where members of your household most often wash their 
hands’. In the households where the place of handwashing 
was observed, research investigators were instructed to 
observe the presence of water, soap/detergent (bar, liquid, 
powder, paste) or other cleansing agents (ash, mud, sand) or 
absence of any cleansing agent. The present analysis is 
restricted to 582,064 households where the usual place for 
handwashing was observed. The availability of specific hand-
washing materials at the usual place of handwashing is 
assumed to be used by the household for handwashing. There 
is no consensus on a gold standard for identifying handwash-
ing behaviour (Manun’Ebo et al., 1997), though handwashing 
behaviour can be assessed using questionnaires, by hand-
washing demonstration and by direct/indirect observation. 
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Background: Prompted by the high number of central line–associated bloodstream infections (CLABSIs),
our institution joined the national On the CUSP: Stop BSI initiative. We not only report the significant
impact that the Comprehensive Unit-based Safety Program (CUSP) had in reducing CLABSI, but also report
catheter-associated urinary tract infections (CAUTIs) and ventilator-associated pneumonia (VAP) in 2 in-
tensive care units (ICUs).
Methods: At our community-based academic health care system, 2 ICUs implemented CUSP tools and
developed local interventions to reduce CLABSI and other safety problems. We measured CLABSI, CAUTI,
and VAP during baseline, the CUSP period, and a post-CUSP period.
Results: CLABSIs decreased from 3.9 per 1,000 catheter days at baseline to 1.2 during the CUSP period
to 0.6 during the post-CUSP period (rate ratio, 0.16; 95% confidence interval [CI], 0.07-0.35). CAUTIs de-
creased from 2.4 per 1,000 patient days to 1.2 during the post-CUSP period (rate ratio, 0.4; 95% CI, 0.24-
0.65). VAP rate decreased from 2.7 per 1,000 ventilator days to 1.6 during the CUSP and post-CUSP periods
(rate ratio, 0.58; 95% CI, 0.30-1.10). Device utilization decreased significantly in both ICUs.
Conclusions: Implementation of CUSP was associated with significant decreases in CLABSI, CAUTI, and
VAP. The CUSP model, allowing for implementation of evidence-based practices and engagement of front-
line staff, creates sustainable improvements that reach far beyond the initial targeted problem.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

For over a decade, the ComprehensiveUnit-based Safety Program
(CUSP) model, a multifaceted approach to patient safety, has em-
powered units to take action by aligning culture change and quality
improvement models.1 Implementation of this model has resulted
in adramatic and sustaineddecrease in central line–associatedblood-
stream infection (CLABSI) rates, with sustained improvements.2,3

Amonghealthcare–associated infections,CLABSIwas initially themajor
focusof CUSPbecauseof highmorbidity andmortality,4,5 excess cost,6-8

and a greater understanding of evidence-based prevention mea-
sures compared with other types of infections. However, the CUSP
model can, and is intended to, be applied to any patient safety issue.
CUSP is sufficiently structured to provide a strategy for health care
organizations to improve culture and learn frommistakes, but is flex-
ible enough for units to focus on risks that they perceive as most
important, given their context. Subsequent evaluations of CUSPdem-
onstrate improved safety and teamwork climate,9 decreased nursing
turnover, anddecreases inotherhealth care–associated infections.10-12

Since the initial project describing CUSP successwith CLABSI, the
CUSPmodel has been applied in intensive care units (ICUs) to reduce
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infections nationwide, initially focusing on CLABSI but then expand-
ing to develop and implement interventions to reduce catheter-
associated urinary tract infection (CAUTI)13 and, most recently,
ventilator-associated pneumonia (VAP) and other complications of
mechanical ventilation.14 In each of these initiatives, there is a
well-described distinction between the technicalwork (ie, evidence-
based practices to decrease infections) and adaptive work (ie,
change in culture, communication, teamwork, and other practices
necessary to sustain behavior change and infection reduction). Im-
plementationof CUSPdemonstrated thatmostCLABSI arepreventable
through consistent applicationof evidence-basedpractices, and these
reductions can be sustained over extended periods of time.3

Based on the prior success of CUSP implementation, the Agency
of Healthcare Research and Quality funded the On the CUSP: Stop
BSI initiative and challenged state hospital associations nationally
to reduce CLABSI rates to <1 per 1,000 central line days, and in 2009,
the U.S. Department of Health and Human Services set a national
goal for a 50% reduction in CLABSI by 2013.3 The On the CUSP: Stop
BSI initiative was implemented in sequential groups of state hospital
associations who were tasked with enrolling at least 15 hospitals
in their state to participate in the collaborative. In 2010, cohort 4
of CUSP was launched statewide in Delaware, with full participa-
tion in 100% of acute care hospitals (n = 8) and a total of 14 CUSP
unit teams.15

Christiana Care Health System (CCHS) joined the On the CUSP:
Stop BSI initiative, prompted in part by high CLABSI rates in one ICU
in particular, in addition to implementing other complementary
systemwide initiatives. Despite significant improvement com-
paredwith 2004-2005, CLABSI rates at CCHS had increased beginning
in mid-2009. This study describes the impact of CUSP implemen-
tation in 2 CCHS ICUs, the Wilmington intensive care unit (WICU)
and the Christiana Hospital medical intensive care unit (MICU), that
participated in the On the CUSP: Stop BSI initiative.

METHODS

Setting

CCHS, headquartered inWilmington,Delaware, is oneof the coun-
try’s largest health care providers, ranking 22nd in the nation for
hospital admissionswith >53,000 annually. A not-for-profit, nonsec-
tarian community-based academic health system, CCHS includes 2
major teaching hospitals with >1,100 patient beds and 5 adult ICUs.
CCHS is the major health care provider in Delaware, with approxi-
mately 50% of the hospitalizations statewide and 90% of the adult
non–Veterans Affairs hospitalizations in the county. CCHS is 1 of 8
Delaware hospitals that participated in the On the CUSP: Stop BSI
initiative.

The WICU, a 9-bed closed unit at the smaller Wilmington Hos-
pital, provides services to a diversemix of adultmedical and surgical
patients. The WICU is unique as the only ICU on the Wilmington
Hospital campus. TheMICU, a 22-bed closedunit located at Christiana
Hospital, cares for medical critical care patients. Case mix data for
2015 (MICU: 2.698, WICU: 2.389) and top diagnoses (eg, septice-
mia or severe sepsis; respiratory system diagnosis with ventilator
support) indicate the 2 units are similar in patient acuity. The health
care provider team for both units consists of intensivists on site, res-
ident coverage, and critical care physician assistants, along with a
tele-ICUmodel allowing remote critical care nursing and physician
supervision. The WICU and MICU share intensivists that rotate on
a weekly basis, 2 of which are medical directors for the units, and
physician assistants that rotate on a regular basis. There is no cross-
over for nursing management and staff. In addition to the delivery
of expert patient care, critical care coverage extends outside the
boundaries of these units, including response to code blues and rapid

responses throughout the campus. The units participate in amedical
critical care leadership groupwhich is a collaborative of the 2 units
to work on major goals that would be the same for each unit.

CUSP development

Leadership and physician engagement were key components in
CUSP development. Enrollment in the On the CUSP: Stop BSI ini-
tiative required CCHS leadership support and stakeholder
engagement, including support from the chief executive officer. The
infection prevention department oversaw program participation and
worked with senior leadership to identify an executive champion
for each participating ICU. At the onset of the project, each unit
formed their CUSP team, including a team leader, physician cham-
pion, executive champion, nurse manager, infection preventionist,
and a multidisciplinary team of nurses, nurse educators, respira-
tory therapists, and vascular access nurses. As needed, teammembers
from other departments (eg, emergency department, hemodialy-
sis, respiratory) were invited to be members. To take full advantage
of the transdisciplinary nature of CUSP, CCHS engaged a variety of
stakeholders to implement evidence-based practices, including in-
formation technology, the virtual education and simulation training
center, clinical engineering, logistics, and environmental services.

CCHS participated in the On the CUSP: Stop BSI initiative from
July 2010-June 2012. The CUSP framework is comprised of 5 steps:
train staff in the science of safety; engage staff to identify defects;
senior executive partnership and patient safety rounds; continue
to learn from defects; and implement tools to improve teamwork
and communication. The specific goals of CUSP implementation at
CCHS were to work toward eliminating CLABSI, aiming for a target
of zero CLABSI per 1,000 central line days, to improve the culture
of safety by 50% based on the Agency of Healthcare Research and
Quality Hospital Survey on Patient Safety Culture, and to learn from
all defects. The CUSP teams underwent the initial On the CUSP: Stop
BSI Web-based immersion program to learn the science of safety,
CUSP principles and tools, and CLABSI prevention and conducted
a baseline culture of safety survey and staff safety assessment.

Interventions

The CUSP teams implemented many efforts to help set the ex-
pectation of zero CLABSI, including but not limited to, CUSP training
and the technical strategies endorsed by On the CUSP: Stop BSI. These
initiatives may be grouped into distinct categories: culture change,
learning from experience, observation, evidence-based practice, and
education (Fig 1). Units participated in monthly meetings to review
current practice, discuss evidence-based practice for infection pre-
vention and strategies for implementation, and perform gap analysis
at a unit level. This interdisciplinary gathering provided opportu-
nities to investigate each defect using an internally developed CLABSI
investigation tool to conduct a root cause analysis of any identi-
fied CLABSI. All infections were reported at CUSPmonthly meetings,
and each defect was thoroughly investigated. The resulting actions
were foundational (actions that depend on staff to remember their
training or remember what is written in policy), including educa-
tion, training, and demonstration; intermediate (actions somewhat
dependent on staff remembering to do the right thing, but they
provide tools to help staff to remember or to promote clear com-
munication), including electronic checklists; and strong (actions that
do not depend on staff to remember to do the right thing; the action
may not totally eliminate the vulnerability but provide very strong
controls), including a central line cart and nurse in room for every
line insertion and executive unit rounding. Unit-level gap analysis
and investigations of any CLABSIs revealed line maintenance as the
primary opportunity for eliminating CLABSI. The team undertook
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standard of care and culture modifications to adopt evidence-
based practices related to insertion and maintenance.

Two systemwide initiatives, in particular, required multidisci-
plinary efforts that were facilitated via the CUSP teams: a central
line checklist and inclusion of nurses in the placement process. All
teams put forth major effort to implement a central line insertion
checklist to require an independent observer to ensure that all
nonemergent central lines were placed under full sterile condi-
tions (and to empower the observer to halt the procedure if
necessary). The CCHS’s infection prevention department had pre-
viously developed a paper-based central line insertion checklist that
was fairly detailed but infrequently completed. Given On the CUSP:
Stop BSI’s focus, the device and procedure-related infection task force
(a subcommittee of the infection prevention committee) worked
with the CUSP teams and information technology to rapidly develop
a simpler electronic version (implemented in October 2010). More
importantly, the CUSP teams worked together to ensure that nurses
were notified when central lines were about to be placed so they
could be present; and nurses were empowered to stop the proce-
dure if any aspect of the checklist was overlooked. Based on another
On the CUSP: Stop BSI recommendation, task force members, ICU
staff, and logistics staff sought to improve the central line place-
ment process by developing standardized carts specific to the
insertion needs. An iterative process was used with staff in each unit
to determine the optimal supplies needed.

Several other technology solutions were piloted and ultimately
adopted by CCHS systemwide during the CUSP period, via the ICU
CUSPteams.ThefirstwasBioPatch (Ethicon, Johnson&Johnson,Somer-
ville, NJ), a chlorhexidine gluconate–impregnateddisk that surrounds
the central line exit site, limiting bacterial growth and reducing

infections.16,17 Because the CUSP teams noted that many infections
were occurring later, therefore suggesting maintenance issues, Site-
Scrub (CRBard,MurrayHill, NJ)was adopted to improvenurses’ ability
to effectively scrub the hubprior to accessing every central line.18 The
successful implementation of each of these technologieswas heavily
dependent on the CUSP teams’ input and feedback.

In addition to these 2 initiatives, the units focused on improv-
ing culture. In our experience, CLABSI reduction requires a change
in culture among interprofessional staff. We educated staff regard-
ing current evidence-based recommendations for CLABSI prevention
and engaged them in efforts to adapt CUSP based on local needs
and to develop sustainable interventions. For example, units de-
veloped a multidisciplinary daily rounding tool to identify central
line utilization andmanagement practices. Between 2009 and 2010,
the units introduced a performance improvementmonitoring process
that helped track progress of actionable items identified as impact-
ing patient safety. Examples of actionable items include assessing
central lines for dressing change information and intactness, label-
ing of intravenous catheters and intravenous tubing, and hand
hygiene. Every staff member assumed responsibility for monitor-
ing adherence with an evidence-based recommendation, shared
responsibility and authority to coach colleagues if they identified
opportunities to improve. This approach led to a unit-level culture
of accountability and ownership of outcomes (both positive and neg-
ative). Although the units’ initial focus was on CLABSI prevention,
over time the CUSP teams evolved a CUSP-like approach to other
infection types, including CAUTI, and other safety issues in their units.

Similar to discussions of each CLABSI, the teams held discus-
sions regarding CAUTI incidents at monthly meetings, and with the
help of the infection prevention team, investigated each infection

Fig 1. Initiatives implemented during the CUSP period. CDC, Centers for Disease Control and Prevention; CHG, chlorhexidine gluconate; CUSP, Comprehensive Unit-based
Safety Program; IHI, Institute for Healthcare Improvement; IV, intravenous.
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and developed interventions to assist with barriers. Every nurse was
provided education on cleaning the patient prior to catheter inser-
tion and every 8-hours. Additionally, the team reinforced the
use of leg straps and early removal and assessed the need when
the order was written. These specific project items became part
of the performance improvement monitoring process. VAP has been
addressed consistently in the critical care setting, including data col-
lection, monitoring, and daily round discussion. The units ensured
that specific project items, such as elevation, teeth brushing, and
oral suctioning, were included in the same discussion as other harm
prevention measures.

Data collection

CCHS has been a participant in the Centers for Disease Control
and Prevention’s National Healthcare Safety Network (NHSN) since
1995, and each ICU had a certified infection preventionist who de-
terminedCLABSI or CAUTI infection rates usingNHSNdefinitions and
began reporting back to the units in real time (or at least weekly) of
any potential or confirmed infections in the unit. In addition to in-
fection investigations, trends of the weekly monitoring (including
central line checklist completion, weekly Clave cap changes (ICU
Medical Inc, San Clemente, CA), proper BioPatch placement, and
occlusiveness of dressing) were visually presented on a unit surveil-
lanceboardat theCUSPmonthlymeetings.Thedatacollectionsnapshot
provided opportunities for education and improvement. Specific to
On the CUSP: Stop BSI data collection, infection preventionists col-
lected central linedays, patient days, andnumberof CLABSIs observed
and submitted to the On the CUSP: Stop BSI National Database.

For the current report, we combined the MICU andWICU patient
days, device days, and infections for CLABSI, CAUTI, and VAP from
January 2009-December 2014 based on unit similarity and for sim-
plicity of data visualization. Rates were calculated by dividing the
total number of device-associated infections by the total number
of device days and then multiplying the result by 1,000. We calcu-
lated device utilization ratios for devices by dividing the number
of days of device use by the number of patient days. We calcu-
lated quarterly rates for each infection type both by device days (as
per NHSN definitions19) and by patient days. The reason for the latter
calculation is that one of the main strategies to reduce any device-
related infection is avoidance or prompt removal of the device, which
decreases the denominator (device days) and therefore the rate may
not fully represent the improvement in reducing infections.20

We also calculated quarterly device utilization ratios (device days/
patient days) for the combined units. Data were assigned to 1 of 3
categories on the basis of implementation of the CUSP interven-
tions: a 1.5-year baseline (pre-CUSP) period (January 2009-June
2010), two 1-year CUSP periods (year 1: July 2010-June 2011; year
2: July 2011-June 2012), and 2 post-CUSP periods (year 3: July 2012-
June 2013; year 4: July 2013-December 2014).

We calculated rate ratios for years 1-4, all compared with the
baseline period, using OpenEpi version 3.03,21 and standardized in-
fection ratios using NHSN data for each period. The standardized
infection ratio is a ratio of observed and expected infections based
on historical data (2006-2008 for CLABSI; 2009 for CAUTI) from all
hospitals reporting to the NHSN, adjusted for unit type and size and
affiliation with a medical school. Other quality and patient safety
measures included restraints and hand hygiene compliance.

RESULTS

Over a 6-year period, CLABSI rates in the MICU and WICU de-
creased 84%, from a combined average of 3.9 infections per 1,000
central line days at baseline to 0.1 per 1,000 central line days
post-CUSP (Table 1 and Fig 2). CAUTI increased slightly at the Ta
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beginning of the CUSP period, but then began to decrease partic-
ularly during year 2 of the CUSP project. When calculated per
device day, CAUTIs decreased from 3.5 per 1,000 catheter days at
baseline to 2.1 per 1,000 catheter days in year 4, which was not sta-
tistically significant (Table 2 and Fig 3). However, when calculated
per patient day, the decrease from 3.0 per 1,000 patient days at
baseline to 1.0 per 1,000 patient days, indicating a 67% reduction
in infections, was highly significant (Table 2). Accordingly, the device
utilization ratio for Foley catheters decreased by nearly half from
0.87 (indicating 87% of ICU patients had a Foley catheter) to 0.45
(Fig 4). The device utilization for central lines also decreased from
0.68 to 0.52. Combining years 3 and 4 to a single 2.5-year post-
CUSP period demonstrated 0.6 CLABSI per 1,000 device days (84%
reduction) and 1.2 CAUTI per 1,000 patient days (32% reduction).

During the baseline period, the combined VAP rate in the 2 ICUs
was 2.7 per 1,000 ventilator days. This rate decreased to 1.6 per 1,000
ventilator days during CUSP (rate ratio, 0.58; 95% confidence in-
terval [CI], 0.30-1.10). The post-CUSP periodwas abbreviated because
of substantial changes in the NHSN VAP definition in January 2013;
the combined unit rate during this period (July 2012-December 2012)
was also 1.6 per 1,000 ventilator days. The VAP rate ratio of the com-
bined CUSP and post-CUSP periods, compared with baseline, was
0.58 (95% CI, 0.30-1.10). Of note, the device utilization decreased
from 61% at baseline to 57% during CUSP to 49% post-CUSP, indi-
cating decreased ventilator days in both ICUs. The number of VAP
cases per 1,000 patient days decreased from 1.6 at baseline to 0.7
during CUSP, and stabilized at 0.9 during the post-CUSP period (rate
ratio compared with baseline, 0.5; 95% CI, 0.30-0.98).

Quality and safety measures significantly affected by nursing care
are collected through a combination of medical record review and
administrative data. MICU and WICU have been below the Nation-
al Database Nursing Quality Indicator benchmark mean for restraint
use for their units since early 2013. Reported hand hygiene obser-
vations and compliance by electronic survey has also been
consistently above the hospital mean goal of 90%, with at least 100
observations completed per month in both units, with rare excep-
tions. Compliance with the central line insertion checklist increased
in MICU from 80.9% (November-December 2010) to 100% (June
2011). Additionally, subjective feedback from unit staff regarding
the standardized central line cart was uniformly positive, citing avail-
ability of needed supplies, increased staff efficiency, decreased traffic

in and out of patient rooms during central line insertion, and ease
of use.

DISCUSSION

MICU and WICU team members used CUSP principles to create
a process improvement culture in which staff amplified existing re-
sources to improve patient care, learn innovative strategies through
peer monitoring, and enhance organizational developments. The
program allowed for a grassroots, frontline team-based approach
and peer monitoring, allowing individual staff to have a signifi-
cant role in the process and contribute to effective problem-
solving. These efforts not only improved accountability but also
increased teamwork within the units. Subjective and objective mea-
sures during and post-CUSP periods demonstrate significant system
improvements, including discernible process change and reduced
infection rates.

In a comparison of CLABSI rates from baseline to 2.5 years post
the official CUSP period, CLABSI rates in the MICU and WICU de-
creased 84%. CLABSI leads to significant morbidity, mortality,
increased length of stay, and significant costs. With >15 million
catheter days in ICUs annually, the potential impact of CLABSI is sub-
stantial in this population alone.22 Using institutional data, CCHS
determined that each CLABSI increases costs by $18,079 per patient.
The successes experienced during this initiative demonstrate im-
proved patient outcomes in addition to reduced economic burden.

Although the ultimate measure of success for CUSP was the re-
duction of CLABSI rates, the teams achieved significant improvement
in additional quality and patient safety measures, including CAUTI,
VAP, device utilization, falls, pressure ulcers, and restraints. The CUSP
framework became a way of thinking about safety defects because
the principles extended beyond CLABSI and CAUTI prevention mea-
sures to general safety measures. Preventing patient falls and related
injuries, preventing pressure ulcers, and use of restraints in acute
care settings have been elusive goals for many hospitals, and these
incidents affect the quality of care and patient outcomes. The MICU
and WICU have demonstrated improved sustained progressive
metrics for these measures.

Culture change, in large part, is attributed to formal and infor-
mal leadership that believed and communicated continued support
during the program. In a leadership role, the unit-based medical

Fig 2. Combined quarterly CLABSI rate and 12-month moving average for MICU and WICU (combined), 2009-2014. The shaded box represents the period of the On the
CUSP: Stop BSI initiative. CLABSI, central line–associated bloodstream infection; MICU, Christiana Hospital medical intensive care unit; Q, quartile; WICU, Wilmington in-
tensive care unit.

973K. Miller et al. / American Journal of Infection Control 44 (2016) 969-76

Downloaded for Anonymous User (n/a) at JOHNS HOPKINS UNIVERSITY from ClinicalKey.com by Elsevier on March 03, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



director attended monthly meetings, encouraged the team, and in-
formed his peers about improvements in the unit. The engagement
of physicians, including partnership with physicians and physi-
cian assistants, for line insertion was crucial to the units’ success.
Interdisciplinary daily rounding provides active discussion of central
line usage and prompt removal when no longer indicated, mini-
mizing device days and improving compliance with evidence-
based practice. However, best central line management for
appropriate line removal or exchanging a femoral line transcends
all nursing and physician shifts.

Accountability for ensuring the safety of patients contributed to
significant and sustained improvement. Specific to central line in-
sertions, nursing staff were in charge of the room and the procedure.
Conducting a timeout using the checklist provided staff the ability
to not only monitor but also stop the procedure if appropriate to
follow the policy. In essence, they mandated a standardized, flaw-
less approach to ensure patient safety. Nursing became the advocate
for discontinuation of the line when not needed. Ultimately, the units
took full ownership of their infection rates, and the infection pre-
vention staff became partners with them in prevention rather than
being seen as the police or just bearers of bad news when infec-
tions were reported.

The ability to individualize CUSP to each unit’s culture and the
teamwork that ensued contributed to the decreased infection rates.
CCHS has a proven track record of teaching and supports provid-
ers to conduct process improvement. Small tests of change approach
allows providers to test an idea temporarily, trialing a change and
assessing its impact. With the variety of interventions introduced,
team members were able to implement change and use data to
reflect on what was learned before planning the next change cycle
or full implementation. The model, based in scientific method, pro-
vides an iterative process to determine appropriate interventions
at a unit level. An important driver of success is the understand-
ing that educational efforts are never stagnant; there will always
be room for improvements or new initiatives based on trending
data. Benefits secondary to program goals include improved data
availability and timely presentation of data and trends to staff. Ad-
ditionally, the opportunities for units to share via a common CUSP
Web site, CCHS meetings, and statewide meetings and teleconfer-
ences contributed to the vigor of the program. The sustained success
of the program is demonstrated with CUSP-involved staff sharing
and encouraging the next generation of providers and nurses.

In addition to the objective success demonstrated in these units,
subjective feedback from unit staff verified significant culture change
as the foundation of process improvement. Staff conveyed that not
only did infection rates drop below the national average, but also
that the whole thought process of the units changed. During the
CUSP period, the mindset shifted from zero infections is impossi-
ble to the belief that zero is attainable, motivating the team to sustain
the implemented changes. Anecdotally, staff also identified that the
participation of multiple teams in CUSP was a driving factor for
change based on camaraderie and competition, further driving
success. The momentum that changed the units’ mindset came in
part from the minor and major successes occurring throughout the
program. As the infection rates began to drop in each unit, staff were
motivated to achieve the same success, truly believing that zero was
attainable.

There are obvious limitations to the study because the results
represent 2 ICUs from a single health care system. The collabora-
tion of the units has grown over the years because the units share
providers. At times, the process is spelled out specifically for both
units to follow, and other times, units have flexibility that allows
for differences in logistics. Although multiple units participated in
CUSP, these 2 ICUs had the most impactful results, suggesting that
there may be unique characteristics of these units or their unitTa
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leaders that led to continual sustained efforts. Understanding what
these characteristics may assist in obtaining buy-in for future ini-
tiatives. Challenges remain with communication across multiple
individuals and teams, sharing of best practices and lessons learned,
maintaining low infection rates, and sustainability of program efforts.
The primary lesson learned was to establish relationships in order
to guide efforts and be an inspiring stimulus for change.

The national implementation collaborative designed to improve
safety culture provides a structured strategic framework for safety
improvement and draws from frontline providers, those that have
the most knowledge of safety hazards and the means to lessen the
severity of those hazards. The principles of CUSP did not end with
the completion of the official CUSPperiod. Because of CUSP’s success,
the institution adopted CUSP-like value improvement teams for all

Fig 3. Combined quarterly CAUTI rate and 12-month moving average for MICU andWICU (combined), 2009-2014. The shaded box represents the period of the On the CUSP:
Stop BSI, cohort 4, national initiative. CAUTI, catheter-associated urinary tract infection;MICU, Christiana Hospital medical intensive care unit; Q, quartile;WICU, Wilmington
intensive care unit.

Fig 4. Quarterly central line, Foley catheter, and ventilator utilization ratios for MICU and WICU (combined), 2009-2014. MICU, Christiana Hospital medical intensive care
unit; Q, quartile; WICU, Wilmington intensive care unit.
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inpatient care units and additional departmental levels to address
specific quality and safety issues. Larger units, such as the MICU,
have even developed value improvement subteams or task forces;
for example, theMICUCLABSI value improvement teamwas formed
in November 2011 and has evolved to become forefront leaders in
infectionpreventionby improvingcultureand teamworkwithmedical
and ancillary staff hospitalwide. Therefore, CUSP and the lessons
learned from it remain a flexible and effective way to engage front-
line staff to successfully promote continued process improvement.
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