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ABSTRACT
To evaluate changes in Clostridioides difficile incidence
rates for Maryland hospitals that participated in the
Statewide Prevention and Reduction of C. difficile
(SPARC) collaborative. Pre-post, difference-in-
difference analysis of non-randomised intervention
using four quarters of preintervention and six quarters
of postintervention National Healthcare Safety
Network data for SPARC hospitals (April 2017 to
March 2020) and 10 quarters for control hospitals
(October 2017 to March 2020). Mixed-effects negative
binomial models were used to assess changes over
time. Process evaluation using hospital intervention
implementation plans, assessments and interviews
with staff at eight SPARC hospitals. Maryland, USA.
All Maryland acute care hospitals; 12 intervention and
36 control hospitals. Participation in SPARC, a public
health–academic collaborative made available to
Maryland hospitals, with staggered enrolment between
June 2018 and August 2019. Hospitals with higher
C. difficile rates were recruited via email and phone.
SPARC included assessments, feedback reports and
ongoing technical assistance. Primary outcomes were
C. difficile incidence rate measured as the quarterly
number of C. difficile infections per 10 000 patient-days
(outcome measure) and SPARC intervention hospitals’
experiences participating in the collaborative (process
measures). SPARC invited 13 hospitals to participate in
the intervention, with 92% (n=12) participating. The
36 hospitals that did not participate served as control
hospitals. SPARC hospitals were associated with 45%
greater C. difficile reduction as compared with control
hospitals (incidence rate ratio=0.55, 95% CI 0.35
to 0.88, p=0.012). Key SPARC activities, including
access to trusted external experts, technical assistance,
multidisciplinary collaboration, an accountability
structure, peer-to-peer learning opportunities and

educational resources, were associated with hospitals
reporting positive experiences with SPARC. SPARC
intervention hospitals experienced 45% greater reduction
in C. difficile rates than control hospitals. A public health–
academic collaborative might help reduce C. difficile and
other hospital-acquired infections in individual hospitals
and at state or regional levels.

INTRODUCTION
Clostridioides difficile infection, the most
common hospital-
acquired infection,
results in approximately 12 000 deaths
and $1 billion in attributable healthcare
costs in the USA annually.1 In October
2016, the US Department of Health and
Human Services announced a target 30%
reduction of C. difficile rates in acute care
hospitals nationwide by the end of 2020.2
By January 2018, Maryland’s state-wide
C. difficile rate had only achieved an 8%
reduction.3
The Maryland Department of Health
leveraged Centers for Disease Control
and Prevention (CDC) Epidemiology
and Laboratory Capacity funding (5
NU50CK000506-02-00), developing a
partnership with two academic institutions: the University of Maryland, Baltimore, and Johns Hopkins University, both
designated CDC Prevention Epicenters for
infection prevention research.4 Together,
they created the Statewide Prevention
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and Reduction of C. difficile (SPARC) collaborative
as a novel state public health–academic partnership
to enhance hospital-based quality improvement (QI)
efforts towards C. difficile reduction.5–10
The objectives of this QI report are to: describe
SPARC; conduct a pre-post quantitative assessment of
changes in C. difficile incidence rates for SPARC intervention versus control hospitals (outcome measure);
and qualitatively assess hospital perspectives of the
collaborative (process measures). This paper follows
the Standards for Quality Improvement Reporting
Excellence reporting guidelines for QI interventions.11

to address those gaps’.12 Thus, identification of high-
burden facilities and tailoring interventions to facility-
specific gaps are defining attributes of this targeted
SPARC strategy. Because CDC TAP assessment tools
and implementation guides for C. difficile prevention
were still in development when SPARC launched,
the SPARC team created its own tools de novo.13–22
SPARC developed assessment tools and resources to
support QI efforts focused on four domains: infection
prevention, environmental cleaning, antimicrobial
stewardship and diagnostic stewardship.
Collaborative structure

METHODS
Intervention description
SPARC team

SPARC included public health experts from the Maryland Department of Health and C. difficile prevention
subject matter experts from the University of Maryland, Baltimore, and Johns Hopkins University. NORC
at the University of Chicago provided implementation
support.
Development

The SPARC team conducted a literature review to
understand the structure and frameworks of other
successful hospital-
acquired infection collaboratives,
basing their SPARC approach on the CDC’s Targeted
Assessment for Prevention (TAP) strategy for QI.12 The
TAP strategy consists of three components: (1) ‘utilizing
National Healthcare Safety Network (NHSN) reports
to identify and target health care facilities with excess
hospital-acquired C. difficile infections; (2) administering facility assessment tools to identify gaps in infection prevention; and (3) accessing infection prevention resources within TAP Implementation Guides

Key attributes of the SPARC collaborative were as
follows (figure 1):
►► Selection and recruitment of the worst performing

Maryland hospitals identified on the basis of trends in
risk-adjusted NHSN C. difficile data over 2016–2017
(eight quarters).23
►► Hospital self-
led and SPARC expert-
led assessments:
facilities first completed written self-evaluations followed
by SPARC on-site, daylong assessments conducted by a
total of 10–15 experts (~2–4 per domain).
►► Intervention selection: a smaller group of five to six
experts worked with hospital leads on tailored intervention implementation plans based on assessment findings.
The intervention implementation plans detailed each
hospital’s intervention selection, areas of focus and who
would lead each effort.
►► Technical assistance: the SPARC team provided support
via regular check-ins (eg, monthly calls during the first
months of implementation); hosting seven webinars
on topics including environmental cleaning processes
and tools, contact precautions and executive leadership engagement; an in-person meeting on best practices related to infection prevention and environment

Figure 1 Description of Statewide Prevention and Reduction of C. difficile (SPARC) intervention and evaluation approach. CDC, Centers for Disease
Control and Prevention.

2

Rock C, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-014014

BMJ Qual Saf: first published as 10.1136/bmjqs-2021-014014 on 9 December 2021. Downloaded from http://qualitysafety.bmj.com/ on January 24, 2022 by guest. Protected by copyright.

Quality improvement report

Analysis

Figure 2 Clostridioides difficile standardised infection ratios for
Statewide Prevention and Reduction of C. difficile (SPARC) intervention
and control acute care hospitals.

cleaning, an antimicrobial stewardship course training;
and access to root cause analyses tools.
►► Evaluation, which is described further in the Evaluation
of QI intervention section.

Twelve hospitals participated in SPARC, with staggered enrolment between June 2018 and August 2019.
Evaluation of QI intervention

This is a mixed-methods process and outcome evaluation using a pre-post, non-randomised design with
control group to quantitatively assess changes in C.
difficile rate and qualitative data to assess participants’
experiences (figure 1).
Measures

The primary outcome measure was C. difficile incidence rate measured as quarterly number of hospital-
onset infections per 10 000 patient-days. We also generated a run chart17 to show the standardised infection
ratio (SIR),24 which compares the actual number of
hospital-acquired infections to the predicted number
for both intervention and control hospitals (figure 2).
State-wide and hospital-specific C. difficile incidence
and SIRs were obtained from NHSN. NHSN produces
a risk-adjusted SIR based on laboratory-identified C.
difficile infections (positive C. difficile test results).23 25
The process evaluation was based on Steckler and
Linnan’s framework, a methodology often used for
public health interventions and research.26 Using
a semistructured interview guide, we assessed the
following process measures: (1) reach; extent of
providers and frontline staff participation in intervention activities; (2) dose received; participation in
any of the SPARC activities or resources; (3) fidelity;
implementation progression as planned; (4) context;
organisational and broader factors influencing implementation; and (5) implementation; experiences with,
and extent of intervention, implementation.
Rock C, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-014014

We included all Maryland acute care hospitals (12
interventions, 36 control hospitals) in the quantitative
analysis. Fisher’s exact tests or Wilcoxon rank-
sum
tests were used to describe hospitals’ baseline characteristics. To assess the impact on C. difficile incidence,
we used a difference-in-difference analytical approach
comparing change from baseline to any time point
between SPARC intervention and control hospitals.
The unit of analysis was the hospital quarter. Intervention hospitals used four quarters of preintervention
and six quarters of postintervention data from NHSN;
specific preperiods and postperiods varied based on
hospital enrolment date but ranged from April 2017
to March 2020. For control hospitals, we included
10 quarters of data from October 2017 to March
effects negative bino2020. We constructed mixed-
mial models regressing quarterly C. difficile counts on
a dichotomous variable indicating intervention versus
control group; dummy variables for time periods;
interactions of the intervention group and time period
dummy variables, and hospital-
level random intercepts to account for the clustering of repeated measures from the same hospital, with an offset of patient-
days. The regression model included the predicted C.
difficile counts as a covariate, a measure generated by
NHSN using negative binomial regression models that
adjust for C. difficile test type, hospital type, hospital
bed number, intensive care unit bed number, teaching
status and C. difficile community-onset cases across
hospitals.8 24 Incidence rate ratios (IRR) and 95% CIs
are reported, and p<0.05 defined as statistical significance. Analyses were conducted using Stata V.15.1
(StataCorp, College Station, Texas, USA).
For qualitative analysis, we conducted content analysis of intervention implementation plans and site
visit feedback reports from the self-led and expert-led
assessments to inform interview guides. We conducted
phone interviews from May 2019 to March 2020: at
4–6 months (round 1) and again at 12 months (round
2) after hospitals’ intervention implementation plan
submission. We used purposive sampling to identify
domain leads and a snowball technique, using participating domain leads’ suggestions, to recruit executive
leadership and frontline staff (online supplemental
appendix table 1). Outreach was conducted to 50 individuals in round 1 and 40 in round 2, sending at least
two follow-up requests. Frontline staff were offered
the option of a written response and small incentive.
Semistructured interview guides, developed from site
visit reports and intervention implementation plans,
guided discussions. We interviewed all responsive individuals, and stopped recruiting additional participants
when thematic saturation was reached. Interviews were
recorded, transcribed and coded using NVivo (QSR
International, Melbourne, Australia). The codebook
was derived deductively from evaluation goals and the
Steckler and Linnan process evaluation framework,
3
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Table 1

Characteristics of SPARC intervention and control hospitals
SPARC hospitals
(n=12)
n

Hospital type
 General, acute care
Medical school affiliated
 No
 Yes
SPARC start time
 2018 Quarter 2
 2018 Quarter 4
 2019 Quarter 1
 2019 Quarter 3

Control hospitals
(n=36)
%

n

RESULTS
Hospital characteristics

Overall, 25% (12 of 48) of Maryland acute care hospitals and 92% (12 of 13) of invited hospitals participated in SPARC. The remaining 36 hospitals served
as controls in this analysis. Compared with control
hospitals, SPARC intervention hospitals had higher
bed number, intensive care unit bed number, number
time equivalents and
of infection preventionist full-
fewer surveillance hours per 100 beds (table 1). We
interviewed 52 individuals from 8 of the 12 SPARC
intervention hospitals. Response rates were 74% in
round 1 and 38% in round 2 (see online supplemental
appendix table 1).

P value*

12

100

35

97

1.000

3
9

25
75

17
19

47
53

0.196

1
7
3
1
Median
274
25
1.1
12
14
26

8
59
25
8
IQR
(232–339)
(21–64)
(0.7–1.2)
(8–16)
(4–34)
(15–45)

Median
Number of beds
146
Number of intensive care unit beds
14
Number of infection control practitioners per 100 beds
1.0
Hours for HAI surveillance per 100 beds per week
20
Hours for other infection control activities per 100 beds per week
24
Hours for IC activities per 100 beds
42
(sum of the hours for both surveillance and other IC activities)
*From Fisher’s exact tests or Wilcoxon rank-sum tests.
HAI, hospital-acquired infection; IC, infection control; SPARC, Statewide Prevention and Reduction of C. difficile.;

and updated inductively based on emergent themes.
Coders’ training was considered complete when inter-
rater reliability met Cohen’s target of κ=0.7.27 Only
salient and cross-cutting themes that were reported
across multiple interviewee types and locations are
reported.

%

IQR
(88–259)
(8–42)
(0.8–1.6)
(16–32)
(13–34)
(30–63)

P value*
0.015
0.054
0.505
0.005
0.239
0.030

control hospitals. For the subsequent four post-SPARC
quarters, intervention hospitals had similar or lower
SIRs than control hospitals, which did not experience
any further SIR reductions.
Adjusting for predicted C. difficile counts (based
on NHSN C. difficile risk models) from the second
quarter post-
SPARC onwards, intervention hospitals had statistically greater IRR reduction compared
with control hospitals (online supplemental appendix
table 2). The IRR for the sixth quarter post-SPARC
for intervention and control hospitals was 0.55 (95%
CI 0.35 to 0.88, p=0.012), indicating intervention
hospitals were associated with a 45% greater Clostridioides difficile Infection (CDI) reduction compared
with control hospitals during the same period (online
supplemental appendix table 2).
Maryland state-wide SIR for hospital-onset C. difficile decreased from 0.92 in 2017 to 0.8 in 2018 during
initiation of SPARC, and to 0.61 in 2019 while SPARC
was ongoing.

Impact on C. difficile rates (outcome)

Process measures
Intervention implementation

Pre-SPARC and post-SPARC incidence rates were 7.6
and 3.1 per 10 000 patient-days, respectively, while
rates for control hospitals were 5.0 and 3.7 per 10 000
patient-days, respectively. Pre-SPARC, both intervention and control hospital SIRs were decreasing with
similar slopes (figure 2). However, in the first two
quarters post-
SPARC, intervention hospitals were
associated with a greater SIR reduction compared with

Hospitals implemented a range of CDI improvement
interventions aligning with SPARC CDI prevention
domains. These interventions varied by hospital. While
some hospitals identified existing infection prevention and environmental cleaning efforts, an infectious
disease-
trained pharmacist and/or dedicated antimicrobial stewardship staff, and good compliance with
electronic health record testing guidelines as strengths,

4
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Table 2

Preintervention strengths and opportunities and selected intervention approaches for SPARC intervention hospitals*

Domain

Strengths (n=12, %)

Opportunities (n=12, %)

Selected interventions (n=11, %)

Infection
prevention

►► Isolation and contact procedures for possible

►► Improve contact precaution communication (5,

►► PPE compliance monitoring and human

and positive Clostridioides difficile cases (9,
75%).
►► Contact precaution communication between
departments (7, 58%).
►► Well-staffed infection prevention department
(7, 58%).
►► Compliance with hand hygiene procedures
(5, 42%).
►► Compliance with PPE procedures (3, 25%).
►► Visitor compliance with PPE and hand hygiene
(1, 8%).

42%).
►► Strengthen contact precaution compliance
monitoring and education (4, 33%).
►► Improve compliance with hand hygiene
guidelines (4, 33%).
►► Improve compliance with PPE guidelines (3,
25%).
►► Understaffed infection control departments (2,
17%).
►► Improve visitor compliance with PPE and hand
hygiene (1, 8%).

factor interventions to improve utilisation
(6, 55%).
►► Hand hygiene compliance monitoring
and human factor interventions (3, 27%).
►► Improve signage and communication of
C. difficile precautions (3, 27%).
►► Post and share C. difficile infection data
with units and leadership (2, 18%).

Environmental
cleaning

►► Environmental cleaning leadership and

►► Cleaning and disinfectant procedures lack

►► Education/training on cleaning and

collaboration with hospital departments and
units (11, 92%).
►► Environmental cleaning monitoring
programme (8, 67%).
►► Environmental cleaning materials easily
accessible, simple to use and use effective
solutions (7, 58%).
►► Use of ultraviolet light after manual cleaning
of C. difficile rooms (6, 50%).

standardisation or completion (10, 83%).
►► Improve cleaning materials’ accessibility,
simplicity of use and efficacy (7, 58%).
►► Improve Environmental cleanliness monitoring
and C. difficile data reporting to environmental
cleaning staff (5, 42%).
►► Involve environmental cleaning leadership and
staff in root cause analysis processes (4, 33%).
►► Issues with unengaged staff and issues
communicating with patients (4, 33%).

disinfection protocols with environmental
cleaning and other frontline staff (5,
46%).
►► Implementation of environmental
cleaning monitoring programme using
fluorescent gel (4, 36%).
►► Updated cleaning guidelines and
protocols (3, 27%).
►► Other tracking and reporting activities
(1, 9%).

Antibiotic
stewardship

►► Infectious disease-trained pharmacist and/or

Diagnostic
stewardship

►► Adherence to Electronic Health Record C.

►► Staffing limitations, not many staff members
dedicated Antimicrobial Stewardship Program
involved in stewardship (9, 75%).
►► Develop institution-specific antimicrobial
staff with experience and knowledge to
stewardship guidelines and standards (6, 50%).
review antibiotic use (11, 92%).
►► High compliance with antibiotic restrictions,
►► Improve antimicrobial stewardship dashboard
hard stops and guidance (9, 75%).
and data reporting (4, 33%).
►► Antibiotic compliance data and reports
►► Improve antimicrobial stewardship collaboration
accessible and shared with unit and providers
with hospital leadership (4, 33%).
(7, 58%).
►► Executive leadership recognises and
collaborates with ASP (7, 58%).

►► Educate healthcare personnel on
antibiotic risks/benefits and resistance
pattern emergence or microbiology result
interpretation (5, 46%).
►► Review antibiotics in electronic health
record order sets; remove or switch to
narrower spectrum where appropriate
(4, 36%).
►► Evaluate antibiotic use in patients with
suspected sepsis (1, 9%).
►► Track and report antibiotic use and
appropriateness data (2, 18%).

►► C. difficile testing does not adhere to two-step
►► Educate on appropriate indications for
difficile testing guidelines (10, 83%).
guidelines or ordering protocols regarding stool,
C. difficile testing or implement best
►► Reduce inappropriate testing through
hard stops or meeting testing criteria (9, 75%).
practice alerts and hard stops (11,
education interventions, hard stops and strict ►► Improper urine culture or urinalysis guidance
100%).
►► Change C. difficile testing type or testing
(7, 58%).
testing criteria (9, 75%).
►► Clinical staff engaged and collaborate with
►► C. difficile rates and feedback not reported to
protocol in microbiology laboratory (5,
microbiology laboratory or within unit on
providers (5, 42%).
46%).
►► Poor ordering protocols and guidance within the ►► Data tracking and reporting (eg, isolation
testing procedures (6, 50%).
►► C. difficile rates tracked, monitored and shared
microbiology lab and nursing staff (5, 42%).
orders, prescriptions, testing frequency
with staff (3, 25%).
or clinical decision support adherence)
(4, 36%).
►► Changes to reporting patient symptoms
or test results (2, 18%).

Programme sources: site visit feedback reports for strengths and opportunities; intervention implementation plans for selected interventions.
*One participating hospital was missing an intervention implementation plan.
PPE, personal protective equipment; SPARC, Statewide Prevention and Reduction of C. difficile.

others included need for cleaning and disinfection
process standardisation, staff resources for antimicrobial stewardship and adherence to hospital C. difficile
testing guidance and ordering criteria under improvement opportunities. Table 2 describes the common
strengths and opportunities identified in assessments
by domain area and hospital-
selected interventions
within intervention implementation plans.
Interviewees reported that hospitals selected interventions that augmented existing efforts and resources.
All hospitals reported providing some education or
training activities. These activities were varied and
Rock C, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-014014

included appropriate CDI testing, personal protective equipment protocols, the use of ultraviolet technology for room cleaning, reviewing and reporting
trends in hospital CDI rates and correct utilisation
of biomarkers (eg, procalcitonin) to guide antibiotic
use. Interviewees identified data and leveraging use of
electronic health records as instrumental to successful
C. difficile tracking. They described their hospitals as
implementing computerised clinical decision supports
for C. difficile diagnostics including hard stop alerts,
that is, requiring approval from a clinician before test
processing or restricting certain classes of providers
5
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(eg, nurses) from inputting test orders, or as soft stops,
which triggered best practice advisories that did not
require an approval for the order to continue.
Lack of understanding of difference between colonisation and true C. difficile infection was identified in
many participating hospitals as a common gap. Many
interviewees posited that their high reported C. difficile
rates pre-SPARC were driven by inappropriate testing,
including testing of patients who were on laxatives and
patients who had not had diarrhoea, defined by at least
three loose or watery stools within 24 hours. Interviewees described their hospitals switching to two-step
testing approaches under SPARC, that is, using toxin
detection in combination with antigen tests or PCR.
Many interviewees noted that two-step testing greatly
reduced treatment of colonised patients. Interviewees
posited that education and training on appropriate
testing indications combined with these electronic
health record-based alerts and two-step testing strategies led to early C. difficile reduction. Furthermore,
changes to antibiotic and diagnostic stewardship
guidelines, including changes to order sets, helped
hospitals improve diagnostic practices, reduce unnecessary urine culturing and target inappropriate use of
antibiotics like fluoroquinolones.
Reach

In site visit reports, the SPARC team noted a need for
greater engagement of frontline staff, which many
hospitals approached as part of their implementation
approach. Interviewees noted that their providers and
frontline staff were engaged in their selected intervention efforts, though there were some challenges. As
implementation progressed, interviewees described
education efforts as critical in promoting engagement
and participation of physicians, other providers and
frontline staff. Interviewees noted that active participation and engagement from executive leadership
promoted a culture of CDI prevention and reduction
within the hospitals and helped hospital leads gain
more traction with internal staff. With implementation
of new testing guidelines, some hospital leads described
initial negative responses and pushback among some
physicians, which were primarily resolved using physician champions to conduct peer-to-peer discussions.
Dose received

Twelve hospitals participated in SPARC, nine of which
completed the full SPARC implementation planning
process and developed intervention implementation
plans (see online supplemental appendix table 3). All
participating hospitals had staff representation in at
least one webinar, in-person meeting or training. Interviewees reported positive experiences with SPARC,
highlighting external experts, multidisciplinary collaboration, an accountability and tracking structure,
peer-
to-
peer learning and educational resources as
programme and collaborative structure elements that
6

aided with their implementation of selected interventions (table 3). In addition, real-time evaluation
allowed SPARC to conduct continuous improvements
to collaborative efforts and technical assistance activities, such as integrating additional peer-to-peer and
cross-hospital learning activities through conducting
an in-person meeting, a gap highlighted in early interviews.
Fidelity

In selecting interventions, hospitals identified those
that were feasible given their hospital’s existing infrastructure, timeline, resources and available manpower.
Interviewees reported identifying ‘low-hanging fruit’
for immediate focus, and then working on longer
term approaches that may require time, education
or culture change. Additionally, some interviewees
reported choosing interventions based on which
ones would have the greatest impact on their CDI
rates. Some interviewees noted delays when implementing new interventions that were time intensive.
Time is a valuable resource for hospital staff juggling
multiple priorities. Some interventions like tracking
and sharing data internally took longer to implement,
including developing dashboards and reports on isolation and infection; ‘loose stool’ reports that compile
all instances of patient loose stools that had been documented by clinicians in the electronic health record;
lists of all tests ordered to be reviewed by the infection control team; reports on antibiotic prescriptions
and appropriateness of these prescriptions; reports of
who bypasses pop-ups and alerts; and push alerts for
C. difficile positive cases for root cause analyses. When
implemented, internal tracking and reporting helped
hospitals assess their progress and identify areas of
need for more targeted education efforts. Changes to
electronic health records were longer term goals, in
part because they required more intensive information
technology support.
Context

Interviewees reported that staffing and resource
constraints, combined with staffs’ competing priorities, made engagement difficult. Staff turnover,
particularly in environmental cleaning, made maintaining consistency laborious. Electronic health record
modifications and complex data extraction required
significant expertise, creating administrative burden
or delays. By offering expertise and guidance, SPARC
partially alleviated these constraints, particularly for
smaller hospitals with limited capacity. Optimising
environmental cleaning and personal protective equipment usage required education, culture change and
staff buy-in. Staff resistance to changes often was due
to lack of education on testing guidelines, concerns
about patient safety and desire for autonomy. Environmental cleaning staff also experienced difficulties
following proper hand hygiene, personal protective
Rock C, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-014014
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Table 3

Perspectives on the SPARC collaborative from interviews with eight SPARC intervention hospitals

Interviewees’ perspectives

Quote

SPARC provided
…access to external subject matter experts that lent credibility to and validated
existing efforts, and increased awareness around reduction in Clostridioides
difficile infection.

‘The respect of [Johns Hopkins University, University of Maryland,
Baltimore], the state health department… we’re pulling evidence-
based recommendations from other people, it wasn’t just something
►► Subject matter experts and webinars provided synthesised information on best practices, we were doing to make our numbers look right.’ (Infection control
particularly for hospitals without in-house capacity.
interviewee)
…an organising structure for multidisciplinary collaboration.
‘[SPARC] involved many people and departments: eg, lab,
►► Cross-departmental collaboration improved engagement of staff beyond infection control. environmental cleaning, nursing. It wasn’t just Infection Control… this
became everybody’s problem.’ (Infection control director)
…opportunities for peer-to-peer exchange across hospitals.
‘I think the SPARC-le day* was excellent; super helpful. It was… really
►► Participants were satisfied with in-person meetings, particularly for connecting with other great to have such a strong [environmental cleaning] team do the
hospitals. Providing an in-person meeting for peer-to-peer exchange was a result of
fluorescent gel demonstration.’ (Infection control director)
feedback from the first round of interviews, where hospitals expressed an interest in more
peer-to-peer exchange opportunities.

…a structure for tracking progress and accountability.

►► Development of intervention implementation plans and monthly and ad hoc calls helped
hospitals stay on track.

…preintervention site visits, which renewed momentum for C. difficile reduction
and highlighted unknown issues.

►► Assessments highlighted potential areas for improvements.
►► Additional in-person site visits would have enhanced staff engagement and help assess

‘[SPARC]… keeps us in line to focus on these interventions as a team.
Now that we’re putting it down on paper, in black and white, it holds
us accountable.’ (Infection control director)
‘We thought our staff and providers were doing a good job… when
[SPARC] did observations on the unit, we found that we did have a
little bit of a problem.’ (Nurse)

changes.

Other SPARC resources (ie, webinars, trainings, tools) had mixed utility and limited ‘The webinars were a helpful reinforcement tool for frontline staff who
reach.
participate.’ (Infection control director)

►► Webinars were valuable for learning new information, though attending webinars
was difficult and hospitals had expressed interest in more peer-to-peer exchange
opportunities.
►► Awareness of the SPARC website and resources was low.

Once positive gains were achieved, engagement in SPARC decreased.

‘I don't have time to do this anymore. Big things† have come

►► Attention shifted once C. difficile was ‘under control’.
along and that’s what my focus is going to be.’ (Infection control
►► Need for additional flexibility (ie, no longer attending monthly calls, less frequent updates interviewee)
to intervention implementation plans) to maintain engagement.

*SPARC-le was an in-person event focused on sharing best practices, challenges and lessons learnt in infection prevention and environmental cleaning to
prevent C. difficile.
†Follow-up interviews coincided with the beginning of the COVID-19 pandemic, to which the respondent was referring.
SPARC, Statewide Prevention and Reduction of C. difficile.

equipment and room cleaning protocols when families
and patients were in the room. Active participation and
engagement from executive leadership made C. difficile prevention an institutional priority. This, coupled
with peer-to-peer education (eg, staff champions) and
multidisciplinary collaboration, led to increased staff
awareness, buy-in and compliance with protocols.
DISCUSSION
A state-wide QI collaborative allowed the state to reach
the US Department of Health and Human Services’
30% C. difficile reduction goal. SPARC intervention hospitals had 45% greater C. difficile reduction
compared with control hospitals.28 SPARC enhanced
hospitals’ in-
house capacity and lent credibility to
hospital C. difficile reduction efforts, particularly for
engaging executive leadership. Self-led and expert-led
assessments offered objective data on current practices
and areas for improvement and allowed hospitals to
tailor interventions. While prior efforts targeted more
narrow domains,29 SPARC’s multifaceted interventions based on evidence-based approaches addressed
Rock C, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-014014

multiple contributing factors leading to C. difficile
infection. The collaborative was designed to be flexible and allowed hospitals to select interventions that
they believed would work best within their context.
Site visits prompted a team-based structure across
otherwise siloed staff. SPARC also offered peer-to-peer
opportunities through webinars and in-person meetings. A prior systematic review of 12 QI collaboratives
found that participants value peer-
to-
peer learning
opportunities.8 SPARC also provided a framework
for accountability through intervention implementation plans and monthly follow-up calls. As hospitals
progressed and priorities shifted, continuous reporting
was perceived as burdensome. Future collaboratives
should be flexible in number of needed touchpoints.
Hospitals fostered sustainability by aligning with
existing QI efforts and promoting changes to hospital-
wide protocols, highlighting the importance of C.
difficile reduction. Hospitals approached new efforts
by establishing new norms; intervention efforts were
‘hard wired’ into hospital operations as updated diagnostic guidelines, documentation protocols or policies.
7
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This structure may have impact outside of CDI reduction, for example, general stewardship training for
pharmacists. Furthermore, evaluating hospital efforts
at multiple time points provided opportunities for the
SPARC team to address in real-time cross-cutting challenges noted by the hospitals. SPARC team incorporated this feedback into decision-making on priority
webinar topics and resource structures (eg, developing an in-person meeting to facilitate peer-to-peer
exchange). However, due to the COVID-19 pandemic,
some additional planned events and webinars around
these common challenges did not come to fruition.

their intervention implementation plans, C. difficile
diagnostic stewardship was commonly selected by
participating hospitals and a reduction in testing as
part of diagnostic stewardship interventions may have
contributed to reduced CDI rates among participating
hospitals.

CONCLUSION
The core of the federal antimicrobial resistance
response31 is to support local and regional efforts.
Supported by CDC funding and leveraging a strong
public health–academic partnership,4 32 SPARC is a
successful example of these efforts. SPARC helped
Strengths and limitations of the evaluation
participating hospitals and the state experience signifWhile literature assessing C. difficile reduction uses
5
only quantitative data, this evaluation’s mixed- icant reductions in C. difficile rates. Future collaboratives should consider various key elements: providing
methods approach enabled assessment of changes in
hospitals access to independent, external experts;
hospitals’ C. difficile rates while providing qualitative
conducting preintervention assessments to undercontext around implementation efforts. Multiple data
stand hospitals’ strengths and needs; offering a menu
collection points allowed SPARC to adjust efforts based
of intervention options with flexibility to align with
on feedback to be more responsive to hospital needs.
existing hospitals’ capacity and workflow; serving as
Furthermore, the evaluation included perspectives
an organising structure for multidisciplinary collaborafrom a variety of roles, including those not directly
tion within and across hospitals, allowing peer-to-peer
involved with SPARC.
education
on best practices; encouraging data collecThis evaluation has several limitations. As hospitals
tion,
reporting
and sharing to track progress and target
with the highest C. difficile rates were invited to particeducation
efforts
for real-time process improvements;
ipate, selection bias may impact the extent of reduction
and
maintaining
flexibility
in documentation requireobserved in SPARC intervention hospitals compared
ments
to
minimise
reporting
burden. This collaborawith control hospitals. Unlike other hospital-acquired
tive
is
an
example
of
a
successful
state-wide public
infection collaboratives with mandated participa30
health–academic
partnership
which
could be replition, intervention hospitals may have already been
cated
in
other
states
and
to
other
healthcare-
associated
motivated to reduce C. difficile. However, using the
C.
difficile.
infections
beyond
TAP strategy, by focusing intensive reduction efforts
where most needed, Maryland successfully reached
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Appendix Table 1: Interview Participants, by Stakeholder Type
Respondent Role

Round 1
(4-6 months)*
50

Round 2
(12 months)±
40

Total

Total Identified
90
Total Participating
Implementation Intervention Plan Domain leads (i.e.
Infection Control Directors/Coordinators, Pharmacists,
28
10
38
Nurses, Physicians, Microbiology, Environmental Cleaning,
Quality Improvement)
Hospital Executives (e.g., Chief nursing or medical officers)
4
0
4
Frontline health care providers (nurses, physicians,
5*
5
10
pharmacy staff, program coordinator)
Total
37
15
52
Response Rate
74%
38%
58%
*Note: Two front line healthcare provider staff respondents completed telephone interviews instead of surveys.
±Note: Follow-up interview and survey participants in some cases were the same and in some cases were different
than those who participated in Round 1 interviews and surveys.
Table created by the authors
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Appendix Table 2: Regression Model Demonstrating the Impact of Statewide Prevention and Reduction
of C. difficile (SPARC) Collaborative

Evaluation group
Control
SPARC intervention
Intervention phase
Pre-SPARC Quarter 1
Pre-SPARC Quarter 2
Pre-SPARC Quarter 3
Pre-SPARC Quarter 4
Post-SPARC Quarter 1
Post-SPARC Quarter 2
Post-SPARC Quarter 3
Post-SPARC Quarter 4
Post-SPARC Quarter 5
Post-SPARC Quarter 6
Interactions of evaluation
groups and intervention
phases
Pre-SPARC Quarter 1
Pre-SPARC Quarter 2
Pre-SPARC Quarter 3
Pre-SPARC Quarter 4
Post-SPARC Quarter 1
Post-SPARC Quarter 2
Post-SPARC Quarter 3
Post-SPARC Quarter 4
Post-SPARC Quarter 5
Post-SPARC Quarter 6
Predicted C. difficile count

Incidence rate ratios
(IRR)

95% Confidence
Interval

P value

1
1.64

(1.14 − 2.37)

0.008

1
1.06
0.89
0.73
0.79
0.71
0.80
0.77
0.73
0.73

(0.85 − 1.31)
(0.71 − 1.11)
(0.58 − 0.91)
(0.63 − 0.99)
(0.57 − 0.90)
(0.64 − 1.00)
(0.61 − 0.96)
(0.58 − 0.92)
(0.57 − 0.93)

0.619
0.310
0.007
0.039
0.004
0.054
0.024
0.009
0.011

1
0.90
0.96
1.02
0.73
0.56
0.46
0.51
0.50
0.55
1.02

(0.64 − 1.27)
(0.67 − 1.37)
(0.71 − 1.46)
(0.50 − 1.06)
(0.38 − 0.84)
(0.31 − 0.69)
(0.34 − 0.77)
(0.33 − 0.75)
(0.35 − 0.88)
(1.01 − 1.03)

0.560
0.814
0.930
0.098
0.005
<0.001
0.001
0.001
0.012
<0.001

*Difference-in-difference analytic approach using random intercept negative binomial mixed model that regresses
C. difficile count on a dichotomous variable indicating evaluation group (SPARC vs. control); dummy variables for
the time periods (i.e., 4 pre-SPARC quarters and 6 post-SPARC quarters); and interactions of the evaluation group
and the time period dummy variables, and National Healthcare Safety Network-predicted C. difficile count with an
offset of patient days. The interactions terms represented the impact of the SPARC program.
Table created by the authors
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Appendix Table 3: Interaction of Participating Hospitals with the SPARC Collaborative
Implementation Planning
Site Visit
Feedback
Report
Call

Intervention
Implementation
Plan Complete

1st
Checkin

Technical Assistance Interactions
Provided
Updated
Attended
Plan
In(Date of
Attended
Person
Last)
Webinars* Meeting*

Attended
Training*

X

X

Hospital

Gap
Assessment

Site Visit

Feedback
Report

A

X

6/27/2018

8/21/2018

B

X

9/19/2018

X

X

X

X

10/07/19

X

C

X

10/25/2018

X

X

X

X

7/24/19

X

D

X

11/5/2018

X

X

X

X

10/29/19

X

E

X

11/16/2018

X

X

X

X

10/29/19

X

X

X

X

F

X

12/3/2018

X

X

X

X

2/12/20

X

G

X

1/11/2019

X

X

X

X

6/10/20

X

X

X

H

X

1/23/2019

X

X

X

X

11/21/19

X

X

X

I

X

3/14/2019

X

X

X

X

11/14/19

X

X

X

12/30/19

J

X

3/25/2019

X

10/24/2019

K

X

4/18/2019

X

X

L

X

8/21/2019

X

10/9/2019

X

X
X
X

X

X

*Attendance by participating hospitals at the various Technical Assistance events is likely underrepresented, as
some events only collected participant name and not affiliated hospitals and, in some cases, participants did not
report their hospital even when it was requested.
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