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Antimicrobial and diagnostic stewardship initiatives have become increasingly important in paediatric settings.
The value of qualitative approaches to conduct stewardship work in paediatric patients is being increasingly re-
cognized. This article seeks to provide an introduction to basic elements of qualitative study designs and provide
an overview of how these methods have successfully been applied to both antimicrobial and diagnostic stew-
ardship work in paediatric patients. A multidisciplinary team of experts in paediatric infectious diseases, paedia-
tric critical care and qualitative methods has written a perspective piece introducing readers to qualitative
stewardship work in children, intended as an overview to highlight the importance of such methods and as
a starting point for further work. We describe key differences between qualitative and quantitative methods,
and the potential benefits of qualitative approaches. We present examples of qualitative research in five dis-
crete topic areas of high relevance for paediatric stewardship work: provider attitudes; provider prescribing be-
haviours; stewardship in low-resource settings; parents’ perspectives on stewardship; and stewardship work
focusing on select high-risk patients. Finally, we explore the opportunities for multidisciplinary academic collab-
oration, incorporation of innovative scientific disciplines and young investigator growth through the use of qua-
litative research in paediatric stewardship. Qualitative approaches can bring rich insights and critically needed
new information to antimicrobial and diagnostic stewardship efforts in children. Such methods are an import-
ant tool in the armamentarium against worsening antimicrobial resistance, and a major opportunity for inves-
tigators interested in moving the needle forward for stewardship in paediatric patients.

Introduction
Antimicrobial stewardship (AS) is the coordinated effort tomeasure
and improve how antimicrobials are prescribed by clinicians and
used by patients in order to effectively treat infections, eliminate
harms caused by unnecessary antibiotic use and combat antibiotic
resistance.1 Antimicrobial resistance (AMR) is a growing threat with
dire consequences for the world’s population: excess morbidity,
mortality and cost.2–6 AS, including the growing subset of AS re-
search focused on the concept of diagnostic stewardship, has
been recognized as a key strategy to combat antibiotic resistance
by optimizing antimicrobial selection and reducing antibiotic over
use, but antibiotic overuse is still prevalent.7,8

Antibiotics are among the most commonly prescribed medica-
tions to both infants and children in the outpatient and inpatient
setting. One-third of hospitalized children receive antibiotics for pro-
phylactic use, many of which are broad-spectrum agents, and over
half of children in the ICU receive antibiotics.9–13 While they can be
life-saving, antibiotics can also cause significant harm to children,
such as allergic reactions, Clostridioides difficile-associated diar-
rhoea, dangerous interactions with existing medications and renal
injury; and overuse of antibiotics acts as a major driver of antibiotic
resistance.14–18 While there have been notable reductions in anti-
biotic prescribing in children in the last few decades, up to 25%–

50% of antibiotic prescriptions are inappropriate in dose, duration
or drug choice, or not indicated.10,19–22

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

1 of 10

JAC Antimicrob Resist
https://doi.org/10.1093/jacamr/dlab195

JAC-
Antimicrobial
Resistance

mailto:Woodshillc@chop.edu
https://orcid.org/0000-0002-3230-8670
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/jacamr/dlab195
https://academic.oup.com/


Combating AMR is an issue of global importance, considering
both the harm that unnecessary antibiotics can cause patients
and the complexities of the diagnostic and treatment decisions
encountered in hospitalized children. Clinicians and researchers
must use every tool possible to facilitate successful antimicrobial
and diagnostic stewardship efforts in this population. This in-
cludes integrating an array of methodological approaches to
generate knowledge about what works in stewardship, how
and why. While the field has traditionally relied on quantitative
methods to answer research questions, there is a growing recog-
nition of the value of qualitative methods of inquiry. Qualitative
methods generate different kinds of knowledge than that gener-
ated by quantitativemethods.23,24 Through close examination of
detailed narratives, observations of people interacting and cul-
tural artifacts, researchers using qualitative methods strive to
understand human behaviour and decision-making in context.
When thesemethods are applied to research aimed at improving
healthcare delivery, they can identify mechanisms underlying
statistical correlations, inform the development of interventions
and show how interventions work to produce observed
outcomes.25

This article will describe the value of using qualitative methods
to conduct research on antimicrobial and diagnostic stewardship
in paediatrics.Wewill briefly review the key features of qualitative
methods and describe the advantages of using them in steward-
ship research through the examination of qualitative studies on
important topics in paediatric stewardship. We conclude by high-
lighting the role of qualitative methods in the multidisciplinary so-
cial and behavioural science approaches that are now recognized
as fundamental to the success of antimicrobial and diagnostic
stewardship.26,27 Young investigators seeking to make an impact
in the science of paediatric stewardship can advance their re-
search by embracing multiple approaches to knowledge gener-
ation and multidisciplinary collaborations.

Key features of qualitative methods
Qualitative methods are used across academic disciplines (an-
thropology, sociology, psychology, communications) and for dif-
ferent purposes (basic research, applied and evaluation research,
market research, user-centred design). Methods are informed by
disciplinary norms, values and philosophies of knowledge.28

Researchers bring a set of assumptions about the basic entities
that make up reality (ontology) and the nature of knowledge
(epistemology) to the work of scholarly inquiry. There are differ-
ent approaches to conducting qualitative research depending on
discipline and objective. Common features, however, set it apart
from the dominant approach to knowledge generation in bio-
medicine—quantitative methodology.29

Qualitative methods aim to generate knowledge about the
world by understanding a phenomenon or topic in context and
explore what or how something happens or is experienced by
people through the systematic analysis of text or images.30

Qualitative research is oriented to understanding human experi-
ence and behaviour from the perspective of those who are the
subject of study. Qualitative methods elicit information from
people in an open-ended manner without imposing pre-
determined measures. It stands in contrast to quantitative
methods, which use standardized measurements deemed

meaningful by the scientific community to obtain information
about a phenomenon. Qualitative research uses interpretive ap-
proaches to data analysis, where patterns of meaning are iden-
tified and used to generate theory and hypotheses. Quantitative
research uses statistical analysis of numerical data to test the-
ories and hypotheses.31

Investigators should consider using qualitative methods in
their work to investigate complex social and behavioural phenom-
ena that are difficult tomeasure or count.32 Paediatric AS research
has often used quantitative methods: for example, to assess the
effectiveness of stewardship programmes in improving antibiotic
use and patient outcomes.33 While this research is essential, it is
insufficient to address many critical questions related to the de-
sign (e.g. what social, behavioural and contextual factors influ-
ence antibiotic prescribing); implementation (e.g. how an AS
programme can be adapted to individual healthcare settings);
and evaluation [e.g. why an AS programme is (not) effective in im-
proving antibiotic prescribing practices] of AS interventions.
Ultimately, stewardship is oriented towards changing the behav-
iour of people with different perspectives, motivations and con-
straints within complex organizations characterized by
uncertainty.34 When researchers using qualitative methods they
seek to ‘describe, decode, translate, and otherwise come to terms
with themeaning, not the frequency, of certain more or less natu-
rally occurring phenomena in the social world.’35 These methods
are essential and powerful tools that can be used to answer crit-
ical research questions in stewardship (Table 1).

Perhaps themost powerful approach for investigators in paedia-
tric stewardship, who may have more familiarity with quantitative
methods, is to consider employing a mixed methods approach to
research. The integration of qualitative and quantitative methods
is growing in popularity in the health sciences and is increasingly ac-
cepted as a way to achieve both breadth and depth of inquiry.36–38

The ‘mix’ of quantitative and qualitative approaches can maximize
the strengths and minimize the weaknesses of each approach, in-
crease the validity of research results and contribute to theory de-
velopment.39 There are several specific advantages to mixed
methods studies. For example, they can help researchers to illus-
trate and then understand contradictions between quantitative re-
sults and qualitative findings. They have the potential to facilitate
research that is informed not only by the interests of the scientific
community, but also the people who have lived experiencewith the
topic of study. The methodological flexibility inherent in mixed
methods designs can allow for multiple questions to be answered
within one study. Ultimately, mixedmethods designs can generate
richer and more comprehensive data than qualitative or quantita-
tive designs alone.40

Mixedmethods approaches can be complex to achieve in prac-
tice, and require careful attention to timing, weighting and the
nature of interface between the methods.41 Table 2 shows exam-
ples of AS research using different mixed methods designs.42

Qualitative research on key issues in
paediatric AS
Paediatric clinician attitudes toward AS
Qualitative methods such as interviews and focus groups have
been used to better understand paediatric clinician attitudes
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towards antibiotic use and AMR in both the inpatient and outpa-
tient settings. Several studies have identified insight to inform fu-
ture stewardship work: the role of parental pressure in
prescribing antibiotics, clinician mistrust and skepticism towards
stewardship guidelines, clinician concerns about medico-legal
difficulties if failing to prescribe antibiotics, and clinician dissatis-
faction with loss of autonomy from restrictions placed on their
decision-making by stewardship interventions.43–46 Collectively,
these findings highlight the value of building clinician trust prior
to implementing interventions, and the importance in educating
both prescribers and parents during AS efforts.

Identifying influences on paediatric clinicians’
antimicrobial prescribing behaviours
The Antibiotic Mapping of Prescribing (ABMAP) study used multi-
ple methods to understand the barriers to judicious antibiotic
prescribing.47 Three methods (survey, focus groups/interviews,
follow-up survey) were used to gather information from paedia-
tric clinicians in the UK’s Birmingham Children’s Hospital. The in-
itial survey identified that the most significant barriers to
appropriate antibiotic prescribing were pressure from patient
families or senior colleagues, issues related to the laboratory

such as delayed results, and lack of appropriate
antibiotic-related training. During the subsequent focus groups
and interviews, clinicians expressed concern for AMR but felt
that individual patient treatment does not significantly impact
the societal risk of AMR. Additionally, most clinicians expressed
desire for mechanisms to be put in place to aid in changing pre-
scribing practices. The final phase consisted of an online survey
to elicit possible solutions to change prescribing behaviours.
Participating clinicians had a strong preference for direct instruc-
tion rather than being provided data to guide decision-making
and preferred instruction come from subject experts over elec-
tronic tools.

Paediatric AS in low-resource settings
AS efforts in low-resource settings are of critical importance in
combating the global burden of AMR given that the prevalence
of antibiotic-resistant pathogens is inversely proportion to a
country’s gross national income.48 What may appear to be a lo-
cal problem in fact has wide-ranging consequences: increasing
antimicrobial utilization, high rates of self-medication with
antimicrobials, extensive use of antimicrobials to prevent and
treat diseases in animals, lack of hand hygiene and high

Table 1. Types of qualitative methods and examples of their use in stewardship

Qualitative method Description
Examples of AS research questions

answerable by the method Impact/contribution

Semi-structured
interview

Asking a research participant a series of
pre-planned open-ended questions
around a common idea or set of ideas
to learn more about opinions, beliefs,
and experiences, incorporating
follow-up questions to generatemore
nuanced understanding.112

How do prescribers think about the role
of the ASP team in themanagement of
their patients? How do these
perceptions influence willingness to
accept ASP recommendations?

Allows for a more complex
understanding of how people think
about or make meaning around a
certain topic. Interviews can also
be useful for understanding more
about a topic that might be
considered sensitive.

Focus groups Facilitated group discussion using a
series of pre-planned, open-ended
questions to stimulate conversation
amongst participants. Groups usually
consist of individuals with shared
experience or other similarities.113

How does the practice culture of
outpatient paediatrics influence the
management of parent demand for
antibiotics?

Like interviews, focusgroups result in a
deeper understanding of meaning
and meaning-making amongst
participants. Focus groups are used
when the collective experiences of a
group, and the interactions of group
participants with each other, is of
empirical interest.

Ethnography Data are gathered by a trained observer
who seeks to understand the social
and cultural norms of group
behaviour through observations of
naturally occurring interaction.114

How do ASP teams approach other
professions during hospital rounds?

Provides insight into influences on
interactions that might not be
articulated by research participants
using other methods.

Thematic content
analysis of
documents or
artifacts

Examining documents, imagery and
other artifacts to understand how
events unfold and how groups of
people communicate social norms
and express what matters.

How is responsibility communicated
through a hospital’s protocols and
policies towards antibiotic
stewardship? What has changed over
time? How?

Can help triangulate information
when used in conjunction with
other sources. Provides information
about what is occurring in an
environment, helps with historical
knowledge, or helps with
background information.

ASP, AS programme.
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frequency of travelling between countries in low-resource set-
tings all contribute significantly to the global rise in AMR.49

While a detailed exploration of the myriad challenges of AS
work in such settings is beyond the scope of this paper, we will
highlight an example of qualitative stewardship efforts underta-
ken to date, which offers both important initial insights and direc-
tions for future study.

In response to previous studies raising concern for over-
prescription of antibiotics in Tanzania, a 2021 qualitative study
used in-depth interviews to characterize clinician experiences
prescribing antibiotics to children less than 5 years of age.50

Prescribers reported that antibiotics are often prescribed solely
on physical exam and history, and laboratory testing is rarely
available. Prescribers often rely on previous experiences; how-
ever, published guidelines, such as those from WHO, were iden-
tified as useful tools for decision-making. Challenges in
reconciling maternal expectations for antibiotics with maternal
tendencies to alter dosing schedules or discontinue antibiotics
early was identified as a significant barrier to appropriate anti-
biotic use. Among low-income families, additional challenges in-
clude purchasing antibiotics directly from the pharmacy without
being first seen in a healthcare facility, buying only a portion of
an antibiotic course, or buying a more affordable antibiotic in-
stead of what is considered the best treatment option.

Participating prescribers also identified other healthcare ac-
tors, including pharmacies and private facilities, as additional ob-
stacles for AS: citing the quality of drugs, difficulty with drug
availability, sales of antibiotics without a prescription and profit-
driven practices as all potentially contributing to antibiotic mis-
use. However, prescribers did not feel that AMR was a problem
in their daily practice. Overall, they perceived AMR as a conse-
quence for individual patients misusing antibiotics rather than
a public health concern.

From these insights into prescriber experiences, the investiga-
tors outlined specific interventions to improve prescribing prac-
tices. For example, trusted guidelines were updated to
specifically address clinical situations in which symptomatic

patients do not need antibiotics, and the public health impact
of AMR was emphasized as a societal problem.

Parents’ perspectives on antibiotics and antibiotic
stewardship in children
A very commonly reported barrier to judicious prescribing in pae-
diatrics is parent or caregiver pressure for unnecessary antibio-
tics. Consequently, multiple qualitative studies have been
conducted to understand how parents perceive the use of anti-
biotics in the care of their children. Most qualitative research stu-
dies on this topic have focused on the outpatient setting,
specifically around acute respiratory infections (ARTI) and acute
otitis media. For years, the perception by clinicians was that par-
ental demand for antibiotics contributes to overuse.42 Recent
qualitative research suggests that paediatricians may overesti-
mate parent demand for antibiotics, and this perception may
be driving paediatrician overprescribing.51 While parents have
misconceptions about the role of antibiotics in acute lower re-
spiratory infections, recent evidence shows that parents are be-
coming more sophisticated in their knowledge about when
antibiotics are necessary.52,53 For example, Coxeter et al.54 per-
formed 401 phone interviews regarding antibiotic use for com-
mon respiratory infections. While parents overestimated the
benefit of antibiotics on reducing symptom duration and be-
lieved that antibiotics lead to reduced rates of complications,
they did recognize that antibiotics can cause harm. Further, in
a study by Halls and colleagues,55 the parental expectations
for antibiotic prescriptions were differential based on perceptions
of risk, with antibiotics felt to be necessary in younger and se-
verely ill children to a greater extent.

Szymczak et al.56 performed semi-structured interviews with
parents before their appointment with a paediatrician to under-
stand their knowledge and expectations about antibiotic use for
an ARTI. They found that parents have a sense of wariness when
child is prescribed antibiotics, perceive that antibiotic overuse is a
problem that is driven by the demands of other parents, and

Table 2. Types of mixed methods studies and examples in AS research

Core mixed methods
design Description Example in AS research

Convergent design or
concurrent design

Concurrent or parallel collection of qualitative and
quantitative data with mixing of results after analysis
but during interpretation of the findings

Quantitative survey data and qualitative interview data were
collected and triangulated to evaluate the implementation
of AS programmes in Missouri hospitals.115

Explanatory
sequential design

Initial collection and analysis of quantitative data that
informs the subsequent collection, analysis and
interpretation of qualitative data

A cluster-randomized control trial was conducted to
quantitativelyassess theeffect of anoutpatientAS intervention
on broad-spectrum antibiotic prescribing by primary care
paediatricians,116whichwas followedbyaqualitative interview
study to explore the perceptions of participating paediatricians
regarding the outpatient AS intervention.43

Exploratory
sequential design

Initial collection, analysis and interpretation of qualitative
data that is used to inform the collection of quantitative
data

Qualitative data on factors influencing antibiotic prescribing
were collectedbysemi-structured interviews,which informed
the design of instruments used in a discrete choice
experiment to quantify factors influencing antibiotic
prescribing.117

Review

4 of 10



have preference for alternative treatments. Despite these beliefs,
parents did not have concerns about antibiotic resistance devel-
opment due to over-prescription of antibiotics for ARTI, andmost
hesitation about the use of antibiotics pertained to the side ef-
fects of the medications themselves. Van Hecke et al.57 per-
formed semi-structured interviews with parents of children
who were treated for a recent ARTI. Parents considered their
families to be at low risk for developing AMR since they infre-
quently used antibiotics, and few families had concerns about
the development of antibiotic resistance. Similarly, they did not
perceive that their families’ use of antibiotics contributed to
the development of AMR at the societal level.

Only two studies have explored antibiotic prescribing and AMR
beliefs among hospitalized paediatric populations. Warembourg
et al.58 performed telephone interviews with 63 families after
discharge from hospital regarding adherence to antibiotic usage
after discharge. Sixty percent of families were non-adherent to
antibiotic use and misunderstood the importance of taking anti-
biotics. Diorio et al.59 interviewed parents of children, children
and healthcare workers in a patient population that was either
receiving chemotherapy or haematopoietic stem cell transplant
for cancer. The chance of death and infection were important
drivers in antibiotic prophylaxis for families, patients and health-
care workers. All participants recognized that AMR was an im-
portant issue, however, it did not have an impact on individual
decision-making about infection prophylaxis. Resistance was
felt to be a community issue and was valued differently than
the individual needs of a single patient.

Additional research about parental perspectives on antibiotic
prescribing in various inpatient populations would optimize inpa-
tient stewardship interventions. In particular, future studies ex-
ploring the origins and implications of the perception that
sicker or vulnerable children require antibiotics would be benefi-
cial. This perception has been identified in both the outpatient
ARTI and inpatient oncology context andmay persist across a di-
verse spectrum of inpatient care areas.

Qualitative research on paediatric
stewardship in particular clinical contexts:
ICUs, oncology and congenital heart disease
Qualitative stewardship research in the paediatric ICU
Over 50% of patients in the paediatric ICU (PICU) receive antibio-
tics, which are typically parenteral and many times are combin-
ation regimens of multiple agents.9 While a significant
proportion of this antibiotic use, of course, reflects the high pro-
portion of PICU patients who are ill with either confirmed or sus-
pected bacterial infections, many PICU patients likely receive
antibiotics in the absence of infection.60–62 Infectious and non-
infectious aetiologies of shock and multi-organ failure in
critically ill children often have similar presenting symptoms,
and, in the absence of confirmatory culture data, no single symp-
tom, test or biomarker can reliably distinguish the two.63–66

Compounding this diagnostic challenge, national guidelines
and national collaboratives call for rapid treatment of suspected
sepsis in children with broad-spectrum antibiotics, despite little
data supporting this practice in patients without shock.67,68

Simultaneously, evidence of harm from antibiotic overuse in

paediatric patients continues to grow.69–71 PICU clinicians are
thus faced with competing pressures to ensure rapid antibiotic
administration to critically ill patients with sepsis, while avoiding
antibiotic overuse in uninfected patients—a situation made
particularly challenging given the diagnostic uncertainty that
results from sometimes vague symptoms of sepsis.

This makes the PICU a challenging, but particularly important,
environment for AS work.72 Such work is being done, but data on
the impact of AS programmes in the PICU setting are somewhat
limited compared with impact on non-PICU paediatric pa-
tients.33 In the PICU in particular, diagnostic stewardship work
therefore offers an important complementary strategy that
may facilitate optimal use of antibiotics by working one step up-
stream in the diagnosis-treatment cascade. Qualitative methods
have been used to advance diagnostic stewardship in the PICU
setting with regard to blood culture practices. Blood cultures
are fundamental in the diagnosis and treatment of bacteraemia,
a primary cause of sepsis and associatedmorbidity andmortality
in PICU patients.60 However, blood cultures can be used exces-
sively in PICU patients when the pre-test probability of bacter-
aemia is low, increasing the chance of obtaining a false
positive result.73–76 False positive blood cultures cause patient
harm and strain on healthcare resources: repeat testing, unne-
cessary antibiotics, longer length of stay, exposure to additional
procedures and consultations, and increased cost.77,78 Within
the PICU setting, growing evidence suggests blood cultures can
be safely reduced using a diagnostic stewardship approach,
and qualitative methods have been a critical part of establishing
this evidence.79,80 A modified Delphi approach was used to de-
velop recent national consensus recommendations that describe
clinical scenarios appropriate for targeted blood culture reduc-
tion.81 In addition, part of the work that preceded development
of those guidelines was qualitative exploration of blood culture
ordering practices by PICU clinicians using semi-structured inter-
views and qualitative content analysis.82 Reflexive practices (e.g.
always ordering a blood culture from a patient with fever and a
central venous catheter), the local unit culture and fear of miss-
ing sepsis emerged in that work as potential drivers of blood cul-
ture overuse, and were confirmed in subsequent surveys of
multiple sites.82,83 Targeting these factors may be important to
further reduce excess blood cultures and promote broad imple-
mentation of this diagnostic stewardship approach.

Paediatric oncology patients
Children with malignancies undergoing chemotherapy have a
high risk ofmorbidity andmortality from infections, and thus pre-
sent unique challenges to AS efforts.84–86 However, the negative
consequences from things like excessive entry into central ve-
nous catheters for frequent blood cultures, adverse effects of un-
necessary antibiotics such as kidney injury and AMR are
significant, and justify efforts to include such patients in steward-
ship work.86 Qualitative methods can offer important insights
into how to best accomplish this; for example, parent/caregiver
perceptions of early discharge during febrile neutropenia via
semi-structured interviews, meta-ethnography and focus groups
suggested it was a safe option under certain circumstances.87–89

Another example is a recent consensus conference that em-
ployed Delphi methods to develop two recommendations
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focused on blood culture reduction for immunocompromised
PICU patients.81 Efforts to include paediatric oncology patients
in diagnostic/antimicrobial stewardship initiatives and research
remain important, and qualitative approaches offer opportu-
nities to more richly characterize how this can be successful.

Paediatric cardiac surgical patients
Children with congenital heart disease hospitalized in the cardiac
ICU also present unique challenges related to AS, including in-
creased risk of infection given frequent use of invasive devices
and possible comorbid immune system abnormalities (e.g. as-
plenia in cases of heterotaxy, T cell dysfunction in patients with
DiGeorge syndrome), as well as the possibility of experiencing
higher severity of illness in the setting of infection in the setting
of complex cardiopulmonary physiology.90 Higher mortality rates
are seen for nosocomial infections in the perioperative period in
these patients, with the use of extracorporeal membrane oxyge-
nation being an independent risk factor for infection.91 As with
paediatric oncology patients, qualitative research on antimicro-
bial or diagnostic stewardship in children in the cardiac ICU set-
ting is limited. However, paediatric cardiac ICU patients have
been successfully included in collaborative qualitative work to re-
duce unnecessary use of blood cultures; and predictors of dis-
agreement with AS programme recommendations to modify
antibiotic therapy in this population have been examined using
qualitative methods.81,92,93 There is a precedent for using quali-
tative methods in stewardship research on the care of paediatric
cardiac ICU patients, with further study needed.

The use of qualitative methods in
multidisciplinary stewardship research:
opportunities for collaboration
Given the urgent need to improve the impact of stewardship and
sustain its effects, there are many opportunities for paediatric
clinical investigators to engage in multidisciplinary collaborative
research efforts. Antibiotic and diagnostic stewardship efforts
are increasingly being informed by disciplines from the behav-
ioural, social, management and engineering disciplines that
have not, until relatively recently, been integrated into clinical
medicine. Traditional clinical research has focused on establish-
ing clinical evidence (i.e. what are the most effective tests, thera-
pies and overall care for a given clinical condition?). Increasingly
researchers are also shifting their attention to the equally im-
portant domains of practice change, decision-making and the im-
pact of care delivery on outcomes and value.94 Key disciplines
emerging as tools for addressing these domains include imple-
mentation science, human factors engineering, quality improve-
ment methods, change leadership/management principles,
patient-centred outcomes research methods and healthcare
economics. These disciplines, which integrate both qualitative
and quantitative methods of inquiry, can contribute to the
science of stewardship in paediatrics. Engagement in multidisci-
plinary collaborative research can equip an investigator with an
expanded skillset and opportunities for academic development.

Implementation science is increasingly being applied to re-
search in stewardship.95 Implementation science is the scientific
study of methods to promote the uptake of evidence-based

clinical treatments, practices and interventions into routine
use.96 Implementation science studies often incorporate qualita-
tive and mixed-methods elements into their design, and benefit
considerably from the rich data acquired from these methods,
especially about the impact of context on implementation.97

The importance of implementation science to translate clinical
evidence into real practice change in both adult and paediatric
conditions has been increasingly recognized.98–100 Funding bod-
ies are now prioritizing implementation science proposals, in-
cluding for those investigators in the career-development
phase, representing an emerging path for paediatric clinician-
scientists interested in innovative approaches to stewardship
efforts.101,102

Also crucial to the goal of changing behaviour in healthcare
delivery is greater understanding of the role that work systems
and environments play in influencing decision-making. As a dis-
cipline, human factors and ergonomics (HFE) focuses on how
people interact with their environment. By improving the design
of the work environment and tools that people use to accomplish
their tasks, human factors science aims to enhance safety, effi-
ciency and efficacy. HFE is increasingly applied to healthcare, in
which it strives to achieve two primary goals: to support the
healthcare professionals in both their cognitive and physical
work and to promote high quality and safe care for patients.103

This scientific field has typically been leveraged to better under-
stand causes of medical errors and to improve patient safety, the
‘Swiss Cheese Model’ being one of the most familiar concepts in
understanding how a medical error is triggered and the gaps in
the system that allow it to reach the patient.104 However, HFE
can also be leveraged for paediatric stewardship work, including
new models of HFE have been developed that incorporate the
central role of the patient and his/her family.105

The application of social psychological and behavioural eco-
nomic theories to medical decision-making, including antibiotic
prescribing, has grown in recent years.106 Daniel Kahneman’s oft-
cited cognitivemodel describing system1 and system2modes of
thinking provides a useful example.107 System 1 processes are
faster and often times automatic; they are governed by intuition,
experience and emotion or affect. System 2 processes are analyt-
ical, deliberative and logical, and are thus slower. In the example
of paediatric diagnostic stewardship, a paediatric resident on call
for the first time in a highly resourced PICU on a busy night might
order a blood culture because of a combination of inexperience or
worry about the potential ofmissing a chance to diagnose bacter-
aemia (system 1) but if given enough time to consider the diag-
nostic yield of the blood culture, the clinical likelihood of
bacteraemia and the time to discuss the question with a senior
clinician, they might decide to continue clinical observation with-
out ordering a blood culture (system 2). Behavioural economics
approaches to intervention design, through the application of
‘nudges’ to subtly change the choice architecture of clinical set-
tings, have increasingly been used in AS.106,108

Questions remain about how to best address the core do-
mains of clinical evidence, practice change and decision-making
to optimize patient outcomes and in antimicrobial and diagnos-
tic stewardship. Combining knowledge and understanding from
diverse disciplines such as implementation science, human fac-
tors and ergonomics, behavioural economics, and epidemiology
with evidence from basic science and clinical research forms the
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foundation of translational research, defined by the NIH as: ‘ap-
plying basic science and clinical research findings to more rapid
and timely adoption of best practices to the bedside while opti-
mizing cost-effectiveness and ultimately healthcare value of
our diagnostic and therapeutic modalities.’109 We encourage
paediatric clinicians and researchers to expand their methodolo-
gical toolkit to incorporate qualitative and mixed methods ap-
proaches and collaboration with other disciplines in order to
meaningfully, and sustainably, move the needle for stewardship
in children.

Limitations of qualitative methods
While qualitative methods offer considerable benefits for stew-
ardship research, as with any method, they have limitations.
Qualitative methods do not produce results that are statistically
generalizable. The interpretive nature of qualitative findings are
not easily reproduced.110 Each particular qualitative method
also has its own specific limitations, such as the time-consuming
nature of ethnography and observations, the challenges of navi-
gating group dynamics such that all voices are heard during fo-
cus groups, and the risk of exaggerated or untruthful responses
to sensitive questions during interviews.111 We encourage re-
searchers to examine both the overall strengths and limitations
of a qualitative approach they are considering using. The value
of themethod for answering the research question should be ba-
lanced with its specific weaknesses, and strategies to mitigate
these weaknesses identified in advance.

Conclusions
Combating the growing threat of AMR will require focused efforts
in both adults and children, and a conscious decision to embrace
a variety of research methods to make significant progress. We
believe strongly that this includes qualitative methods, which
can offer a rich understanding of the contextual and human ele-
ments that impact diagnostic and treatment decisions but may
escape capture with quantitative methods. Paediatric patients
will benefit from work that recognizes this important truth, and
paediatric researchers who adopt this perspective have a wealth
of opportunities at their fingertips to conduct rigorous research
that will contribute to our ability to mitigate AMR and help pa-
tients across the globe.
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