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Abstract: It is vital that there are coordinated, collaborative efforts to address the threat of an-
timicrobial resistance (AMR) and to prevent and control the spread of hospital-onset infections,
particularly those due to multidrug-resistant (MDR) pathogens. The butterfly effect is a concept in
which metaphorically speaking, small, seemingly trivial events ultimately cascade into something of
far greater consequence, more specifically by having a non-linear impact on very complex systems.
In this regard, antimicrobial stewardship programs (ASP), when implemented alongside infection
prevention control (IPC) interventions in hospitals, particularly hand hygiene (HH), are significantly
more effective in reducing the development and spread of AMR bacteria than implementation of ASP
alone. In this perspective, we briefly review the evidence for the combined effect, and call for closer
collaboration between institutional IPC and ASP leadership, and for well-functioning IPC programs
to ensure the effectiveness of ASP.

Keywords: antimicrobial resistance; antimicrobial stewardship; infection prevention control; synergy;
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1. Introduction

The prevalence of infections caused by antimicrobial-resistant (AMR) bacteria is
rapidly increasing and this, along with the constantly evolving global epidemiology, rep-
resents a major challenge [1]. Recently, a systematic analysis provided the first compre-
hensive assessment of the global burden of AMR and reaffirmed that it is a leading cause
of death around the world, with the highest burdens in low-resource settings [2]. There
were an estimated 4·95 million deaths associated with bacterial AMR in 2019, including
1·27 million attributable deaths. The six leading pathogens associated with resistance and
mortality were Escherichia coli, followed by Staphylococcus aureus, Klebsiella pneumoniae,
Streptococcus pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa.

In this regard, increasing numbers of Gram-negative bacteria (GNB), such as the
carbapenemase-producing Enterobacterales (CPE), carbapenem-resistant P. aeruginosa
(CRPA), and carbapenem-resistant A. baumannii (CRAB), which are resistant to all routinely
available antibiotics, are being reported [1,3]. As such, these pathogens are now referred to
as difficult-to-treat resistant (DTR) GNB, practically defined as treatment-limiting resistance
to all first-line agents, specifically all β-lactams, including carbapenems and β-lactamase
inhibitor combinations, and fluoroquinolones [4]. Notably, DTR GNB have been associated
with increased mortality compared with phenotypes where at least one first-line agent is
active [4].
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In response, there have been numerous calls for awareness and for strategies designed
to attenuate these poor outcomes and to prevent the further development and spread of
AMR. Major strides have been made in recent years, including the World Health Organiza-
tion (WHO) approval of the Global Action Plan on Antimicrobial Resistance in 2015, and in
2019 AMR was declared one of the top 10 public health threats facing humanity [5]. Despite
the momentum gained, the AMR crisis still persists, as it is a formidable and multi-faceted
problem that has not been fully addressed in terms of effective antibiotic stewardship
programs (ASP) across the “one-health” spectrum [5].

Compounding this challenge, is that whatever positive traction had been gained in
combatting AMR during recent years, the SARS-CoV-2 pandemic has resulted in significant
setbacks that have adversely affected progress [3,6,7]. This has also resulted in a major shift
in healthcare resources towards controlling the virus that resulted in decreased funding,
staff allocation and surveillance for AMR [6], as well as an increase in inappropriate
antibiotic use in hospitalized patients prior to and after the development of bacterial co-
and superinfections.

Whereas SARS-CoV-2 infection prevention and control (IPC) initiatives may have
contributed to a reduction in AMR rates in some institutions, paradoxically, despite the
adoption of strict COVID-19 IPC protocols, this did not occur in most hospitals and net-
works globally [3]. Multiple hospital outbreaks of infections due to MDR organisms during
the pandemic have been described [8]. The factors that predominantly may have con-
tributed included non-adherence to personal protective equipment (PPE) or hand hygiene
protocols and to PPE shortages. Environmental contamination due to staff shortages and
patient over-crowding were probably also major contributing factors [8].

Concurrent bacterial and fungal infections have played an important role in hospital
outcomes during the COVID-19 pandemic [9]. Recently, Bassetti et al. provided a global
overview of the prevalence of S. aureus and methicillin-resistant S. aureus (MRSA) in this
population and confirmed that MRSA was a common causative agent of pneumonia in
patients with COVID-19 [10]. In terms of GNB, the evidence suggests that the COVID-19
pandemic had a substantial negative impact on the global epidemiology of pathogenic
organisms and on AMR due to and accompanied by an increase in hospital-onset infections
(HOI) [3]. This was most evident for carbapenemase-producing K. pneumoniae (bloodstream
infections), CRPA (ventilator-associated pneumonia), and CRAB (all infections). Significant
heterogeneity was however apparent, mostly in the large, system-wide, regional, or national
comparative assessments relative to single-centre studies [3]. The impact is, however, likely
to be substantial and renewed efforts to limit any further increase in AMR rates is urgently
warranted [3].

In this regard, Timsit et al. recently summarized the available evidence, emerging
options, and unsolved controversies for the sequential optimization of antibiotic therapy in
the intensive care unit (ICU), the site where collateral damage is most apparent [11]. This
narrative review also provided compelling arguments for the elaboration and implementa-
tion of hospital-wide effective interventions to improve patient outcomes by a reduction
in antibiotic-related selection pressure to control the dissemination of AMR in healthcare
settings. To achieve this, a critical enabler would be the leveraging of synergy between ASP,
diagnostic stewardship, and IPC in our hospitals globally, irrespective of resources, which
is the focus of this perspective [12].

2. Leveraging the “Butterfly Effect” of Hand Hygiene

In chaos theory, the butterfly effect describes the often-unintended consequence of
small changes in the initial conditions of the state of a deterministic nonlinear system,
which subsequently manifests as large differences. Conceptually, this small, seemingly
trivial event may ultimately result in a non-linear impact on very complex systems [13].
Mathematician and meteorologist Edward Norton Lorenz noted that the concept of the
butterfly effect was derived from the metaphorical example of the potential for a minor
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perturbation such as a distant butterfly flapping its wings several weeks earlier, to influence
the exact time of the formation of a tornado and the path it takes [13].

In this regard, a number of reviews, which included publications from both high and
low-income settings, have clearly demonstrated that ASPs, when implemented alongside
IPC measures, and in particular measures to improve hand hygiene (HH) compliance, are
significantly more effective in hospitals than the implementation of an ASP alone [14–17].
This implies that a small, seemingly insignificant intervention, such as the administration of
an alcohol hand-rub during the five evidence-based key moments for HH, could lead to a
dramatic difference within a larger context, such as a reduction in AMR bacteria and HOIs.

As an example, Baur et al. reported that studies that co-implemented a HH inter-
vention along with an ASP reduced AMR bacteria by 66% versus 17% in those that did
not [14]. The diverse HH measures that were implemented in the studies included in this
meta-analysis, varied from education to replacement of soap-based handwashing with
alcohol-based hand rubs and the substitution of hand-operated with elbow-operated soap
dispensers. Moreover, in a systematic review and meta-analysis focusing on the impact of
ASP in Asia, the rate of HOIs was significantly decreased in those studies that included
a HH programme [15]. Lee et al. reported a reduction of 48% in the rate of HOIs with
HH interventions, whereas ASPs without did not protect against HOIs at all [15]. It is also
important to emphasise that the effect of HH was observed not only for infections due to
MRSA but also for those due to resistant GNB.

However, data describing the impact of bespoke IPC and ASP interventions on colo-
nization pressure and resistance rates of specific highly resistant bacteria such as extended-
spectrum β-lactamase (ESBL)-producing Enterobacterales, CPE, CRPA, or CRAB, are scarce,
and if performed may be more useful to direct and inform specific collaborative ASP and
IPC interventions.

In this regard, a systematic review and network meta-analysis of the relative efficacy
of strategies for the prevention of AMR-GNB in the ICU provided some insights [16]. In
this analysis, types of interventions were grouped into five categories: standard care (STD)
(i.e., hand hygiene and/or contact precautions), source control (SCT) (i.e., daily bathing or
showering or whole-body washing with chlorhexidine), environmental cleaning (ENV),
decolonization (DCL) (i.e., selective oropharyngeal decontamination, selective digestive
decontamination) and ASP.

Compared with the STD arm, a multifaceted strategy comprising STD, ENV, SCT, and
ASP was the most effective intervention to prevent MDR-GNB acquisition in the overall
analysis, and for each specific type of bacteria [16]. Notably, the synergy of the various
interventions was evident in that the addition of ENV to STD and ASP or SCT to STD
and ENV, significantly reduced the acquisition of CRAB by 72% and 52%, respectively. In
addition, the findings also elucidated a “dose-response” relationship between the number
of intervention components and outcomes [16]. A limitation of this study is that the majority
of studies included reported on ESBL-producing Enterobacterales and CRAB and were
from high-income and upper-middle income countries.

In contrast, Rizk et al., utilizing existing resources in a low-income setting, recently
demonstrated how a multi-disciplinary approach and combined interventions by both
ASP and IPC teams led to an overall decrease in A. baumannii resistance and a sustained
reduction in CRAB rates in a tertiary ICU in Beirut, Lebanon [18]. This involved the
concurrent introduction of a carbapenem-sparing initiative and bespoke IPC interventions
such as the screening, monitoring, and tracking of CRAB, as well as a focus on compliance
with multimodal measures. Of interest, the substantial impact of this collaborative initiative
also exemplified how different organisms respond to differing strategies and equally
important, that such joint interventions can be implemented successfully in low- and
middle-income countries (LMICs).

A scoping review recently assessed ASP and IPC interventions targeting healthcare-
associated Clostridioides difficile and carbapenem-resistant Klebsiella pneumoniae (CRKP)
infections [17]. Notably, interventions that targeted C. difficile appeared to focus more on
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stewardship, while those targeting CRKP focused more on screening, isolation precautions,
or environmental disinfection as core strategies. Whilst some studies that incorporated
multifaceted interventions, including HH or other IPC programs and ASP interventions
concurrently, were shown to reduce HOIs, improve the rational use of antibiotics, and
reduce mortality, there was limited evidence as to how the interventions influenced compli-
ance with any of the interventions. In this regard, a commitment, and a call to strengthen
and expand qualitative research efforts to improve the impact on compliance by ASP and
IPC programmes, and the impact on AMR, is vital [19]. In addition, to improve collab-
orative outcomes and progress the impact of ASP and IPC concertedly, how to perform
conjoint ASP and IPC interventions, is equally of paramount importance.

3. Coordinating and Integrating Infection Prevention Control and Antimicrobial
Stewardship

The data presented provide overall support for the integration of IPC practitioners
into the ASP teams and the necessity of promoting adherence to IPC measures, including
the level of HH compliance, prior to the development of an ASP that mostly relies solely
on antibiotic processes and outcome measures. [12,14]. The cardinal role of the IPC expert
(and the epidemiologist) in the development, justification, and measurement of the impact
of an ASP, has been supported by a position statement in 2012 from the Association for
Professionals in Infection Control and Epidemiology (APIC) and the Society for Healthcare
Epidemiology of America (SHEA), which were updated and re-affirmed in 2018 [12,20,21].
While the key supporting role of IPC programs in synergistically enhancing ASP strategies,
and diagnostic stewardship has gained momentum in high- and upper-middle-income
countries, this is not necessarily the case in LMICs, where considerable challenges to
implementation persist [22]. Renewed efforts at a high-level to address this disparity is
paramount to stem the tide of AMR globally.

Successful implementation of organizational IPC strategies to support ASP and fa-
cilitate AMR mitigation and management, irrespective of resource setting, would require
decisive organizational change management and integration of the ancient African philoso-
phy of Ubuntu, meaning: ‘I am what I am because of who we all are’ [23]:

• Firstly, to ensure a hospital-wide culture that promotes behavioral change through
recognition that by reducing AMR bacteria together, patient safety is improved.

• Secondly, to neutralize and amalgamate the clinical, microbiology, and IPC operational
‘silos’ within institutions.

• Thirdly, to facilitate system-wide, interdependent, and coordinated interventions

Although the responsibilities of ASP and IPC programs are different, collaboration
between these groups is essential to promote optimal outcomes. According to Manning et al,
the vital work of IPC and ASP cannot be performed independently, and deliberate strategic
relationship-building is essential [12]. Furthermore, multiple enablers to leverage synergy
between IPC and ASP should be considered and exploited if we are to further the effectivity
of amalgamated IPC and ASP interventions (Table 1). In addition, ideally a de novo
combined IPC-ASP bundle, represented by a small set of evidence-based interventions for a
defined AMR pathogen (e.g., CRAB, CRPA, CPE, and MRSA), patient segment/population,
resource, or care setting should be designed and substantiated such that, when implemented
together, will result in significantly better outcomes than if implemented individually.

Table 1. Enablers to leverage synergy between infection prevention control and antibiotic stewardship.

Identifying, defining, and clarifying the synergistic role of IPC

Developing effective teams and imbedding multi-disciplinary collaboration

Developing synergistic goals and strategies

Developing robust data-driven institutional action plans

Defining optimal evidence-based strategies for cooperative management of patients
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Table 1. Cont.

Defining optimal outcome metrics of these combined efforts

Tailoring educational strategies to suit all disciplines simultaneously

Utilizing advanced IT tools to support ASP and IPC monitoring and implementation. e.g.,
multi-dimensional dashboards

Providing system-wide performance and outcome feedback utilizing IT tools

Translation of generated outcomes via enhanced communication strategies to sustain awareness
and engagement

Studying the benefits and costs of different combined interventional strategies to provide
scientific data that support allocation of increased resources

Establishing universal quantitative end points for IPC and ASP control efforts for AMR organisms
IPC: infection prevention control, IT: information technology, AMR: antimicrobial resistant, and ASP: antibiotic
stewardship programme.

4. Conclusions

Multifaceted IPC interventions have been shown to be instrumental in reducing HOI
rates, improving the rational use of antibiotics, increasing HH compliance, and reducing
mortality in both developed and developing countries. Therefore, leveraging the butterfly
effect of effective HH and IPC programs, can accelerate progress towards preventing the
emergence and cross transmission of AMR bacteria, and can verify that an effective IPC
program is fundamental to successful ASP in any organization.

Author Contributions: Conceptualization, A.J.B. and G.A.R.; writing—original draft preparation,
A.J.B. and G.A.R.; writing—review and editing, A.J.B. and G.A.R. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Brink, A.J.; Richards, G.A. Best practice: Antibiotic decision-making in ICUs. Curr. Opin Crit Care 2020, 26, 478–488. [CrossRef]

[PubMed]
2. Murray, C.J.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al. Global

burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [CrossRef]
3. Brink, A.J.; Richards, G.A.; Tootla, H.; Prentice, E. Epidemiology of gram-negative bacteria during COVID-19. What is the real

pandemic? Curr. Opin. Infect. Dis. 2022. (In print)
4. Kadri, S.S.; Lai, Y.L.E.; Ricotta, E.E.; Strich, J.R.; Babiker, A.; Rhee, C.; Klompas, M.L.; Dekker, J.P.; Powers, J.H.; Danner, R.; et al.

External validation of difficult-to-treat resistance prevalence and mortality risk in gram-negative bloodstream infection using
electronic health record data from 140 US hospitals. Open Forum Infect. Dis. 2019, 6, ofz110. [CrossRef]

5. Global Antimicrobial Resistance and Use Surveillance System (GLASS) Report 2021; World Health Organization: Geneva, Switzerland,
2021; Available online: https://apps.who.int/iris/handle/10665/341666 (accessed on 15 September 2022).

6. Tomczyk, S.; Taylor, A.; Brown, A.; de Kraker, M.E.A.; El-Saed, A.; Alshamrani, M.; Hendriksen, R.S.; Jacob, M.; Löfmark, S.;
Perovic, O.; et al. Impact of the Covid-19 pandemic on the surveillance, prevention and control of antimicrobial resistance: A
global survey. J. Antimicrobial. Chemother. 2021, 76, 3045–3058. [CrossRef] [PubMed]

7. Langford, B.J.; So, M.; Raybardhan, S.; Leung, V.; Soucy, J.R.; Westwood, D.; Daneman, N.; MacFadden, D.R. Antibiotic prescribing
in patients with Covid-19: Rapid review and meta-analysis. Clin. Microbiol. Infect. 2021, 27, 520–531. [CrossRef]

8. Thoma, R.; Seneghini, M.; Seiffert, S.N.; Gysin, D.V.; Scanferla, G.; Haller, S.; Flury, D.; Boggian, K.; Kleger, G.; Filipovicet, M.;
et al. The challenge of preventing and containing outbreaks of multidrug-resistant organisms and Candida auris during the
Coronavirus disease 2019 pandemic: Report of a carbapenem-resistant Acinetobacter baumannii outbreak and a systematic
review of the literature. Antimicrobial. Res. Infect. Control. 2022, 11, 12.

9. Puzniak, L.; Bauer, K.A.; Yu, K.C.; Moise, P.; Finelli, L.; Ye, G.; De Anda, C.; Vankeepuram, L.; Gupta, V. Effect of inadequate
empiric antibacterial therapy on hospital outcomes in SARS-CoV-2-positive and -negative US patients with a positive bacterial
culture: A multicenter evaluation from March to November 2020. Open Forum Infect. Dis. 2021, 8, ofab232. [CrossRef]

10. Bassetti, M.; Magnasco, L.; Vena, A.; Portunato, F.; Giacobbe, D.R. Methicillin-resistant Staphylococcus aureus lung infection in
Coronavirus disease 2019: How common? Curr. Opin. Infect. Dis. 2022, 35, 149–162. [CrossRef]

http://doi.org/10.1097/MCC.0000000000000752
http://www.ncbi.nlm.nih.gov/pubmed/32739968
http://doi.org/10.1016/S0140-6736(21)02724-0
http://doi.org/10.1093/ofid/ofz110
https://apps.who.int/iris/handle/10665/341666
http://doi.org/10.1093/jac/dkab300
http://www.ncbi.nlm.nih.gov/pubmed/34473285
http://doi.org/10.1016/j.cmi.2020.12.018
http://doi.org/10.1093/ofid/ofab232
http://doi.org/10.1097/QCO.0000000000000813


Antibiotics 2022, 11, 1348 6 of 6

11. Timsit, J.F.; Bassetti, M.; Cremer, O.; Daikos, G.; de Waele, J.; Kallil, A.; Kipnis, E.; Kollef, M.; Laupland, K.; Paiva, J.; et al.
Rationalizing antimicrobial therapy in the ICU: A narrative review. Intensive Care Med. 2019, 45, 172–189. [CrossRef]

12. Manning, M.L.; Septimus, E.J.; Dodds Ashley, E.S.; Cosgrove, S.E.; Fakih, M.G.; Schweon, S.J.; Myers, F.E.; Moody, J.A.
Antimicrobial stewardship and infection prevention—Leveraging the synergy: A position paper update. Am. J. Infect. Control.
2018, 46, 364–368. [CrossRef] [PubMed]

13. Lorenz, E.D. Deterministic nonperiodic flow. J. Atmos. Sci. 1963, 20, 130–141. [CrossRef]
14. Baur, D.; Gladstone, B.P.; Burkert, F.; Carrara, E.; Foschi, F.; Döbele, S.; Tacconelli, E. Effect of antibiotic stewardship on the

incidence of infection and colonisation with antibiotic-resistant bacteria and Clostridium difficile infection: A systematic review
and meta-analysis. Lancet Infect. Dis. 2017, 17, 990–1001. [CrossRef]

15. Lee, C.F.; Cowling, B.J.; Feng, S.; Aso, H.; Wu, P.; Fukuda, K.; Seto, W.H. Impact of antibiotic stewardship programmes in Asia: A
systematic review and meta-analysis. J. Antimicrob. Chemother. 2018, 73, 844–851. [CrossRef]

16. Teerawattanapong, N.; Kengkla, K.; Dilokthornsakul, P.; Saokaew, S.; Apisarnthanarak, A.; Chaiyakunapruk, N. Prevention
and control of multidrug-resistant Gram-negative bacteria in adult intensive care units: A systematic review and network
meta-analysis. Clin Infect. Dis. 2017, 64, S51–S60. [CrossRef]

17. Okeah, B.O.; Morrison, V.; Huws, J.C. Antimicrobial stewardship and infection prevention interventions targeting healthcare-
associated Clostridioides difficile and carbapenem-resistant Klebsiella pneumoniae infections: A scoping review. BMJ Open 2021,
11, e051983. [CrossRef]

18. Rizk, N.A.; Zahreddine, N.; Haddad, N.; Ahmadieh, R.; Hannun, A.; Bou Harb, S.; Haddad, S.F.; Zeenny, R.M.; Kanj, S.S. The
impact of antimicrobial stewardship and infection control interventions on Acinetobacter baumannii resistance rates in the ICU
of a tertiary care center in Lebanon. Antibiotics 2022, 11, 911. [CrossRef]

19. Van den Bergh, D.; Brink, A.J. A commitment and call to strengthen and expand qualitative research efforts to improve the impact
of antimicrobial stewardship. JAC-AMR 2021, 3, dlab151. [CrossRef]

20. Moody, J.; Cosgrove, S.E.; Olmsted, R.; Septimus, E.; Aureden, K.; Oriola, S.; Patel, G.W.; Trivedi, K.K. Antimicrobial stewardship:
A collaborative partnership between infection preventionists and health care epidemiologists. Am. J. Infect. Control. 2012, 40,
94–95. [CrossRef]

21. Zhou, S.; Nagel, J.L.; Kaye, K.S.; LaPlante, K.L.; Albin, O.R.; Pogue, J.M. Antimicrobial stewardship and the infection control
practitioner: A natural alliance. Infect. Dis. Clin. North Am. 2021, 35, 771–787. [CrossRef]

22. Tartari, E.; Tomczyk, S.; Pires, D.; Zayed, B.; Coutinho Rehse, A.P.; Kariyo, P.; Stempliuk, V.; Zingg, W.; Pittet, D.; Allegranzi,
B. Implementation of the infection prevention and control core components at the national level: A globalsituational analysis.
J. Hosp. Infect. 2021, 108, 94–100. [CrossRef] [PubMed]

23. Brink, A.J.; Messina, A.P.; Maslo, C.; Swart, K.; Chunnilall, D.; van den Bergh, D. Implementing a multi-faceted framework for
proprietorship of hand hygiene compliance in a network of South African hospitals: Leveraging the Ubuntu philosophy. J. Hosp.
Infect. 2020, 104, 404–413. [CrossRef] [PubMed]

http://doi.org/10.1007/s00134-019-05520-5
http://doi.org/10.1016/j.ajic.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29592832
http://doi.org/10.1175/1520-0469(1963)020&lt;0130:DNF&gt;2.0.CO;2
http://doi.org/10.1016/S1473-3099(17)30325-0
http://doi.org/10.1093/jac/dkx492
http://doi.org/10.1093/cid/cix112
http://doi.org/10.1136/bmjopen-2021-051983
http://doi.org/10.3390/antibiotics11070911
http://doi.org/10.1093/jacamr/dlab151
http://doi.org/10.1016/j.ajic.2012.01.001
http://doi.org/10.1016/j.idc.2021.04.011
http://doi.org/10.1016/j.jhin.2020.11.025
http://www.ncbi.nlm.nih.gov/pubmed/33271215
http://doi.org/10.1016/j.jhin.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/31738987

	Introduction 
	Leveraging the “Butterfly Effect” of Hand Hygiene 
	Coordinating and Integrating Infection Prevention Control and Antimicrobial Stewardship 
	Conclusions 
	References

