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Abstract

Background: Despite the availability of straightforward and economic interventions to prevent HAIs, these unintentional adverse events still
pose a significant challenge to public health globally. We aimed to evaluate the outcomes of a nationwide project designed to mitigate HAI
incidence in intensive care units (ICUs) using the Model of Improvement framework.

Methods: A Quality Improvement (QI) study assessing the outcomes of a two-year initiative in Brazilian ICUs from September 2021. A
customized Collaborative methodology was applied to mentor and enhance the capabilities of healthcare workers, equipping them with
evidence-based, structured, systematic, and auditable QI strategies (prevention bundles) to improve patient care outcomes. A one-year
preintervention baseline incidence was established for the three critical HAIs: central line-associated bloodstream infections (CLABSI),
ventilator-associated pneumonia (VAP), and catheter-associated urinary tract infections (CAUTI), to compare with the intervention period.

Results: The initiative encompassed 188 ICUs (169 adults, 11 pediatric,
and eight neonatal), recording substantial reductions in HAI incidence
density: by 43% for CLABSI (from 5.5 to 3.2 per 1,000 catheter-day), by
51% forVAP (from13.6 to 6.7 per 1,000 ventilator-day), and by 55% for
CAUTI (from 3.2 to 1.4 per 1,000 catheter-day), irrespective of age.
Implementing this QI strategy prevented an estimated 7,342 infections.

Conclusion: Our initiative has been demonstrated to be a feasible and
valuable strategy for preventing HAIs in critical care settings. The
success of this approach emphasizes the potential for its broader
application and reinforces the need for systematic, evidence-based
interventions in healthcare settings.

(Received 14 November 2025; accepted 22 February 2026; elec-
tronically published 18 May 2026)

Background

HAIs remain a significant unintended adverse outcome in patient
care, posing a challenge to public health due to their substantial
impact on patient morbidity, mortality, quality of life, and the
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economic burden on healthcare services.1 The ongoing presence of
HAIs indicates systemic deficiencies within healthcare delivery
systems, despite the availability of simple, cost-effective prevention
and control measures.2 These deficiencies may be caused by a need
for improved care quality and a gap in healthcare professionals”
knowledge of HAI management.2,3

The Breakthrough Series Collaborative (BTS) model is a well-
known, widely used approach to drive improvement.4 The BTS is
defined by its short-term, collaborative learning system that
encourages institutional growth through interactions with
experienced teams and professionals. By employing structured,
systematic, and auditable methods, the BTS model bridges the gap
between the finest scientific evidence and everyday clinical prac-
tice, aiming to achieve significant improvements in patient care.4

In 2017, the Brazilian Ministry of Health launched the quality
improvement (QI) initiative called ‘Saúde emNossasMãos’ (SNM),
aimed at reducing HAIs in intensive care units (ICUs). In the first
three-years of activities (2018–2020), the SNM showed a signifi-
cant decrease in the baseline incidence density of three critical
HAIs: central line-associated bloodstream infections (CLABSI),
ventilator-associated pneumonia (VAP), and catheter-associated
urinary tract infections (CAUTI) by 43.5%, 52.1%, and 65.8%
respectively,5 and confirmed as a value-based strategy for pre-
venting HAIs.6 During the following three-years of activities
(2021–2023), innovative Lean Healthcare tools were integrated
into the BTS framework to enhance effectiveness and sustain-
ability. We aimed to report the measured outcomes of this SNM
scale-up phase,7 expanding the number of units studied across the
Brazilian territory and including pediatric and neonatal ICUs.

Methods

Context

Brazil has implemented several health policies to improve the
quality and safety of healthcare services, among which the National
Healthcare-associated Infection Prevention and Control Program
(Programa Nacional de Prevenção e Controle de Infecções
Relacionadas à Assistência à Saúde)8 and the National Patient
Safety Policy (Política Nacional de Segurança do Paciente)9 are the
most representative. Both policies are integral to Brazil’s broader
strategy to enhance the quality of healthcare services and patient
outcomes. The SNM is embedded within these policies.

The Program for Institutional Development of the Unified
Health System (Programa de Apoio ao Desenvolvimento
Institucional do Sistema Único de Saúde – PROADI –SUS)10 is a
strategic initiative that establishes a partnership between public
health institutions and six private, nonprofit hospitals of excellence
to share knowledge, technology, and best practices to foster a more
equitable, comprehensive, and high-quality public health system.
PROADI-SUS resources fund the SNM.

Study design

A QI report presenting a retrospective analysis based on a quasi-
experimental timeseries design of the SNM project. It involved a
thorough one-year preintervention period from September 2020 to
establish a baseline for the monthly incidence density of the
analyzed HAIs. The intervention phase included rigorous monthly
data collection to build a comprehensive database for scholarly
analysis from September 2021 to December 2023. We adhered
to the Standards for QI Reporting Excellence – SQUIRE 2.0
(Supplementary Material – Table 1S).13

Settings and locations

The SNM invited all public adult, pediatric, and neonatal ICUs
across Brazil, emphasizing voluntary participation without
financial inducements. The 26 Brazilian states and the Federal
District were represented by at least one participating ICU.

Participant selection and engagement strategy

Inclusion criteria focused on public or nonprofit hospitals with
over 100 beds, including at least ten ICU beds, identified as high-
complexity reference centers within their regions. Exclusion cri-
teria aimed to omit institutions that required a structured quality
department, an infection control committee, or leadership consent
for participation, as these were considered essential for the effective
implementation of the proposed QI activities. Following the
nationwide open call, a thorough selection process engaged the
first 204 qualifying ICUs, as determined by the project’s budget,
prioritizing support and development for public institutions in
accordance with the PROADI-SUS mission.

These participating ICU teams were combined with the fol-
lowing interdisciplinary members: intensive care physicians,
nurses, respiratory therapists, nurse technicians, and at least one
member of the infection control committee.

Intervention

Before launching, the SNM governance team convened a meeting
of implementers, clinical experts, and hospital leaders to build
consensus around the initiative’s aim, clinical intervention, and
implementation strategy. The outputs of the meeting included (i)
an aim to reduce HAIs by 50% from the baseline, with a focus on
the three most prevalent HAIs, (ii) the clinical intervention
(prevention bundles for each HAI), and (iii) the implementation
approach addressing a set of system enablers, using QI methods
and personalized clinical staff training delivered by a BTS.

The six QI teams, belonging to the six private hospitals of
PROADI-SUS, consisted of interdisciplinary members repre-
senting key disciplines: infectious disease and intensive care
physicians, nursing, respiratory therapists, technical nursing, and
at least one member certified in improvement science.

The prevention bundles were based on the concept that a small
set of clinical interventions applied together and directed at a
specific clinical problem is a more effective clinical strategy than a
piecemeal application.11 The SNM infectious diseases experts’
team, including well-known Brazilian clinical and research
infectiologists, established diagnostic criteria and treatment bun-
dles for these three HAIs guided by national and international
recommendations.12–14

QI teams implemented engagement and empowerment strat-
egies throughout the initiative, cultivating a multidisciplinary
approach within ICU teams. These activities were performed
equally in all the participating ICUs and included the following: (1)
eight in-person learning sessions (one nationally and seven
regionally) with the participation of 1,200 health professionals; (2)
14 virtual learning sessions with the participation of 4,385 and
2,314 participants respectively, (3) virtual immerse sessions (eight
meetings) with the attendance of 15,815 professionals; and (4)
reunions (550 visits including leadership huddles, technical
encounters, and gatherings to commemorate good results), where
more than 17,000 hours dedicated. The time line of these
activities is described in the Supplementary Material – Table 2S.
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The interventions were based on a dual-component approach,
integrating technical issues (i.e., standardization of bundle ele-
ments and training all clinical staff on correct execution) and the
socioadaptive component, including emphasized leadership
engagement, multidisciplinary huddles, feedback loops using real-
time visual management tools, and communication strategies to
strengthen safety culture. An online platform was also established
to facilitate ongoing professional support and the dissemination of
educational materials and guidelines.

The learning sessions provided structured peer exchange, while
hubs offered targeted one-on-one mentorship to address context-
specific barriers. This combined approach ensured that ICUs could
concurrently build technical skills and the behavioral conditions
needed for sustained adoption. As an innovation, this initiative also
incorporated educational games to enhance healthcare workers’
learning.15

Complementary approach

Lean Healthcare has been used to streamline processes, facilitate
the identification and elimination of non-value-added activities,
and improve the efficiency and effectiveness of HAI prevention
practices.16 Similarly, Training within Industry (TWI) is a struc-
tured methodology that focuses on job instruction, providing a
systematic approach to enhancing healthcare professionals” skills
and ensuring they are adequately trained.17

To sustain improvements, we used (i) the Kamishibai board, a
visual management tool, which was essential for tracking com-
pliance and quickly identifying areas for improvement, ensuring
adherence to HAI prevention bundles,18 and (ii) the TWI’s job
instruction method was employed to enhance the skills of
healthcare workers in the latest HAI prevention techniques,
including each item of the prevention bundles.19

Outcomes

The summative assessment of the SNM interventions was based on
HAI incidence densities. Diagnostic criteria adhered to the defi-
nitions of the National Health Surveillance Agency (Anvisa).20

Each item of the prevention bundle and hand hygiene compliance
was also followed up on, and they serve to formative assess the
implementation.

Before implementing changes, support was provided to
standardize clinical data entry and ensure the uniform reporting of
quality metrics. ICU teams reported the monthly-aggregated data.
The estimation of infections prevented was calculated as
previously.5

Analytical approach

Shewhart U charts were used to monitor the incidence densities
over the intervention period using the SimpleQI® platform. This
strategy visualizes the continuous progress of key indicators and
facilitates feedback and discussion between the QI and ICU teams.
All incidence densities were reported per 1,000 devices-days, fol-
lowed by the lower and upper control lines of the process
monitoring.

Complementarily, for this report, graphical and decomposition
analyzes of the time series were performed to identify trends and
seasonality. The Cox-Stuart test and Fisher’s g were used to verify
the significance of the trends and their seasonality, respectively.
The Augmented Dickey-Fuller tests were used to verify the series”
stationarity and graphical analyzes of autocorrelation and partial

autocorrelation. Breakpoints of the time series were verified using
the F statistic.

The time series between the two SNM phases was compared
using the procedure described by Costa.21 The residuals were
analyzed using the Ljung-Box test. The cross-correlation function
(CCF) was used to assess the correlation between time series at
different time lags.22 The double prewhitening technique proposed
by Haugh and Box was used to address the problems listed above.23

The significance level adopted for these analyzes was 5%. The
analyzes were performed in the R statistical programing language,
version 4.1.1 (USA).

Results

Of the 204 ICUs initially selected, 16 withdrawals were reported by
December 2023, leaving 188 ICUs included in this study: 169
adults, 11 pediatric, and 8 neonatal.

Impact on healthcare-associated infections globally

The enrolled ICUs’HAI incidence density baseline was 5.68 (4.60–
6.77), 13.68 (11.73–15.63), and 3.23 (2.35–4.12) per 1,000 device-
days for CLABSI, VAP, and CAUTI, respectively. After the
intervention period, the incidence density of all HAIs decreased
substantially, to 3.22, 6.76, and 1.42 cases per 1,000 device-days for
CLABSI (Figure 1A), VAP (Figure 1B), and CAUTI (Figure 1C),
respectively, by December 2023. The decrease in incidence density
ranged from 43% for CLABSI to 51% for VAP and 56% for CAUTI
across all ages.

The project’s strategies prevented approximately 7,342
infections.

Compliance to hand hygiene and healthcare-associated
infection prevention

Overall, the compliance with hand hygiene increased from 60% to
75% (Figure 2).

Impact on healthcare-associated infections in adult ICUs

The enrolled adult ICUs’ HAI incidence density baseline was 5.50
(4.37–6.62), 14.69 (12.53–16.85), and 3.25 (2.35–4.15) per 1,000
device-days for CLABSI, VAP, and CAUTI, respectively. After the
intervention period, CLABSI (Figure 3A), VAP (Figure 3B), and
CAUTI (Figure 3C) decreased by 45%, 49%, and 60%, respectively,
to 3.07 (2.24–3.90), 7.47 (5.89–9.06), and 1.42 (0.85–1.99) cases per
1,000 device-days.

The complementary statistical analysis of the timeseries is
provided in the Supplementary material.

The adhesion to the insertion and maintenance bundles
gradually increased, followed by a progressive reduction in the
incidence density of CLABSI, VAP, and CAUTI (Figure 4).

Impact on healthcare-associated infections in pediatric ICUs

The enrolled ICUs’HAI incidence density baseline was 4.90 (0.34–
9.46), 2.03 (0.00–5.01), and 1.87 (0.00–6.46) per 1,000 device-days
for CLABSI, VAP, and CAUTI, respectively. After the intervention
period, CLABSI (Figure 3D) reduced by 39%, reaching 3.05 (0.00–
8.13) per 1,000 device-days. No reduction was detected for VAP
and CAUTI incidence densities (Figure 3E and 3F, respectively).

The adhesion to the insertion and maintenance bundles
gradually increased, followed by a progressive reduction in the
incidence density of CLABSI (Supplementary Figure 1S).
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Impact on healthcare-associated infections in neonatal ICUs

The enrolled ICUs’ healthcare-associated infection incidence
density baseline was 10.94 (4.18–17.69) and 3.80 (0.00–8.13) per
1,000 device-days for CLABSI and VAP, respectively. After the
intervention period, CLABSI (Figure 3G) and VAP (Figure 3H)
reduced by 56% and 60%, reaching 4.84 (0.12–9.57) and 1.59
(0.00–4.56) cases per 1,000 device-days, respectively. CAUTI is not
monitored in neonatal ICUs.

The adhesion to the insertion and maintenance bundles
gradually increased, followed by a progressive reduction in the
incidence density of CLABSI and VAP (Supplementary Figure 2S).

Discussion

Using a BTS framework to reduce HAI incidence, this nationwide
QI collaborative prevented an estimated 7,342 infections, and it
simultaneously reduced the incidence densities of CLABSI, VAP,
and CAUTI by up to 54% across adult, pediatric, and neonatal

ICUs. These findings demonstrate that a large-scale, structured
collaborative can achieve significant and simultaneous reductions
in multiple device-associated HAIs when evidence-based bundles
are combined with rigorous QI methods.

We highlight two points that require careful interpretation.
First, the CLABSI baseline was unstable and rising during the
preintervention period, consistent with the COVID-19 pan-
demic’s adverse impact on HAIs in Brazilian ICUs.24 These
patterns emphasize the importance of supplementing simple
before-and-after comparisons with comprehensive timeseries
analyzes when interpreting HAI trends amid rapidly changing
epidemiological conditions. Second, the ICU pediatric time-
series analyzes did not show a statistically significant reduction
in VAP or CAUTI; however, point estimates indicated a 66%
decline between the first six months and the last nine months
of the intervention period for VAP, and a 64% decline between
the baseline and intervention periods for CAUTI (data
not shown).

Figure 1. Control U charts of the Saúde em Nossas Mãos initiative from september 2020 to december 2023. A – central line-associated bloodstream infections; B – ventilator-
associated pneumonia; C – catheter-associated urinary tract infections. Dashed green line: project start.
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Our findings are consistent with prior QI collaboratives,
including those using the BTS model, which create learning net-
works and have improved at least one primary outcome in most
settings.25 In low- and middle-income countries, where HAI rates
are 2–20 times higher than in high-income settings,26 programs
that target modifiable risk factors, such as device exposure and
length of stay, are crucial.26,27 Furthermore, parallel reductions in
preventable events, such as HAIs, will likely lead to lower mortality
rates and shorter hospital stays.28

The inverse correlation between bundle compliance and HAI
incidence across age groups underscores the central role of care
bundles in infection prevention. Bundles can produce robust
clinical gains when implemented as a package rather than indi-
vidually.11 Multifaceted QI interventions that incorporate stand-
ardized bundles, audit and feedback, and education have

repeatedly reduced HAI rates and are recognized as cost-saving,
high-value strategies across economic contexts.29 In Brazil, such
strategies have been associated with better clinical indicators,
enhanced safety, and substantial financial benefits for the public
health system.5,6 In fact, our initiative estimates savings of
approximately Intl$175.3 million for the Brazilian unified health
system (a return on investment of 890%).30

Several studies have demonstrated reductions in HAIs after
bundle implementation in adult and pediatric ICUs, often within
collaborativeor comprehensive safetyprograms.31–34Comprehensive
Unit-based Safety Programs and large multidimensional initiatives
across hundreds of ICUs have reported sustained decreases in
CLABSI,CAUTI, andVAP.33,34Our results across 188heterogeneous
ICUs extend this evidence to a nationwidemiddle-income setting and
show that robust outcomes can be achieved at scale when technical

Figure 2. Control U charts for hand hygiene compliance since the Saúde em Nossas Mãos starting in september 2021. Dashed green line: project start.

Figure 3. Control U charts of the Saúde em Nossas Mãos initiative from september 2020 to december 2023. For adults (A–C), pediatric (D–F), and neonatal (G–H) intensive care
units for central line-associated bloodstream infections, ventilator-associated pneumonia, and catheter-associated urinary tract infections, respectively. Dashed green line:
project start.
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interventions are embedded within an organized learning and sup-
port structure.

Hand hygiene is a critical factor in HAI prevention. The WHO
SAVE LIVES: Clean Your Hands initiative articulates a multi-
modal strategy that combines system change, training and edu-
cation, evaluation and feedback, reminders in the workplace, and
an institutional safety climate to improve hand hygiene among
healthcare workers.35 In line with these recommendations, SNM
implemented structured training (virtual courses and in-person
workshops), ensured access to essential supplies, standardized
monitoring indicators, and strengthened feedback and inter-
professional communication to foster a culture of shared
responsibility. The increase in hand hygiene compliance observed
over the project period supports the effectiveness of this approach
and likely contributed to the reductions in device-associated HAIs.

Beyond technical interventions, SNM deliberately combined
Lean Healthcare tools, job instruction, and visual management to
address socioadaptive determinants of practice. Lean methods
were used to streamline workflows and eliminate non-value-added
steps in HAIprevention processes, while TWI jobinstruction
techniques provided structured, bedside-focused training to ensure
that staff could reliably execute each bundle element.18,19 The

Kamishibai board functioned as a simple, low-cost visual man-
agement tool that facilitated daily, point-of-care audits and real-
time feedback, supporting sustained adherence to bundles for
CLABSI, VAP, and CAUTI.18 These tools, together with auto-
mated data capture and dashboarding, strengthened local
ownership of data and enabled more timely learning cycles at both
the unit and system levels. Furthermore, these strategies aimed to
sustain the achieved improvement by providing a structured
process embedded in daily care rather than a transitory change,19 a
challenge that remains evident in the reported compliance with
prevention bundles in the last months of our initiative.

Limitations

This nationwide study has significant limitations. As in other
HAIprevention initiatives, adjudication of VAP and the measured
incidence of CLABSI and CAUTI may be influenced by local
diagnostic and surveillance practices, including the frequency of
culture ordering and how definitions are applied; culture stew-
ardship alone can reduce reported CAUTI rates.36 To mitigate
this, the study used a pre–post design in which each ICU served
as its own control, established a complete one-year baseline,

Figure 4. Compliance for each item of the prevention bundle in adult intensive care units: A – central line-associated bloodstream infections: insertion bundle; B – central line-
associated bloodstream infections: maintenance bundle; C – ventilator-associated pneumonia: prevention bundle; D – catheter-associated urinary tract infections: insertion and
maintenance bundle. Dashed blue line: project start.
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and standardized surveillance processes and case definitions
according to Anvisa criteria across all participating units, with
training and audits to minimize documentation and reporting
variation.37,38

Second, SNM was delivered as a comprehensive package of
technical and socioadaptive changes, which ICUs adapted to the
local context via PDSA cycles, a core feature of the BTS approach;
this supports context-sensitive implementation but limits attri-
bution to individual components. Units differed in resources and
baseline infectionprevention practices, yet all applied common
evidence-based bundles. Unlike earlier large-scale programs such
as Matching Michigan and the national CAUTI-prevention col-
laborative, which achieved limited or non-significant effects,39

SNM explicitly emphasized socioadaptive strategies alongside
technical bundle adherence, drawing on Chopra et al.’s framework
to strengthen engagement, leadership alignment, communication,
and psychological safety.40 Although residual confounding from
secular changes in professional behavior cannot be excluded, we
identified no concurrent policy shifts or stewardship initiatives that
would plausibly explain the magnitude and consistency of the
observed reductions, making measurement artifact from altered
culturing or surveillance less likely.

Further limitations were discussed in our previous report
(2018–2020),5 including the academic limitation that the SNM is a
QI initiative rather than a research project, including the lack of a
control group, comparison with the national trend (contextual
factors), missing key variables (e.g., knowledge acquisition),

representativeness, and potential selection bias, as well as vari-
ability among ICU profiles and patients (e.g., cardiologic, neuro-
logic, etc.).

Future directions

Currently, all implemented strategies (educational materials,
assessment tools, infographics, etc.) are being prepared in part-
nership with the Brazilian Ministry of Health and Anvisa to create
a document outlining a multimodal strategy to prevent the three
HAI analyzed and to make the implementation guidelines publicly
available.

Conclusion

The SNM project has demonstrated a remarkable capacity to
reduce HAIs across multiple ICUs through the integrated use of
the BTS (emphasizing the synergistic effect of Lean Healthcare and
TWI), multidisciplinary team engagement, and adherence to
evidence-based preventive bundles. Decreasing the incidence
density of three critical HAIs simultaneously highlights the
effectiveness of the intervention strategies. It underscores the
essential role of continuous, comprehensive training and adher-
ence to best practices in infection prevention, setting a benchmark
for future projects aimed at combating HAIs.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ice.2026.10434.

Table 1. Prevention bundles for each analyzed healthcare-associated infection

Healthcare-associated infection Type Prevention bundle component

Central line-associated bloodstream
infection

Insertion 3a: Assess the indication for CVC insertion

3b: Select the most appropriate site for CVC insertion

3c: Use maximum barrier precautions

3d: Perform skin antisepsis with chlorhexidine

3e: Apply appropriate dressing after insertion

Maintenance 4a: Assess the indication for CVC maintenance

4b: Adhere to aseptic technique when handling the CVC

4c: Perform maintenance of the infusion system according to current national recommendations

4d: Assess the dressing condition

Ventilator-associated pneumonia Prevention 3a: Perform daily oral hygiene

3b: Keep the head of the bed elevated (35° to 40°) A

3c: Avoid deep sedation B

3d: Check daily for the possibility of extubation

3e: Maintain tracheal tube cuff pressure between 25 and 30 cmH2O C

3f: Ensure the mechanical ventilation system is maintained in accordance with current national
recommendations

Catheter-associated urinary tract
infections

Insertion 3a: Indicate the use of a urinary catheter only if appropriate

3b: Insert the urinary catheter using aseptic technique and secure it correctly

Maintenance 4a: Keep the drainage system closed

4b: Use the correct technique when handling the drainage system

4c: Perform daily hygiene of the urethral meatus

4d: Check daily for the need to maintain the urinary catheter

Legend. CVC, Central Venous Catheter. Adaptation for pediatric and neonatal intensive care units: A Keep proper position according to targeted population; B Reduce sedation, when possible;
C Care of oropharyngeal airway.
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