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Abstract
Background: Antimicrobial resistance (AMR) is increasingly pervasive due to multiple, complex
prescribing and consuming behaviours. Accordingly, behaviour change is an important component of
response to AMR. Little is known about the best approaches to change antibiotic use practices and
behaviours. This project aims to develop a context-speci�c behaviour change strategy focusing on
promoting appropriate prescription practices following the World Health Organization recommendations
for surgical prophylaxis in an orthopaedic surgery unit in Egypt.

Methods: The project included a formative qualitative research study was based on the Theoretical
Domains Framework (TDF) to explore the determinants for inappropriate prescription of surgical
antibiotic prophylaxis at an orthopaedic unit. The intervention was developed to following the Behaviour
Change Wheel (BCW) in a knowledge co-production workshop with infection prevention and control
experts that ensured that the theory based intervention was  a culturally acceptable, practical and
implementable intervention.  

Results: The prescription of surgical prophylaxis was in�uenced by �ve TDF domains including,
knowledge, belief in consequences (mistrust towards infection prevention and control measures),
environmental factors (lack of prescription guidelines) , professional role and reinforcement (a lack of
appropriate follow up actions in�uenced prescription of surgical prophylaxis). The appropriate set of
behaviour change functions of BCW and related activities to improve the current practices included
education, enablement, persuasion, environmental restructuring and restriction.

Conclusions The study showed that a theory based and context speci�c intervention can be created by
using the TDF and BCW together with knowledge-co creation to improve the prescription of surgical
prophylaxis in and Egyptian orthopaedic unit. The intervention need to piloted and scaled up.  

Contributions To The Literature
The knowledge-practice gap is well reported in the literature on antibiotic misuse indicating the need
for theory-based behavior change interventions. Misuse of antibiotics major contributing factor for
the growing problem of antibiotic resistance that threatens the achievements of the entire modern
medicine.

The �ndings of this study show evidence about factors that in�uence the prescription of surgical
prophylaxis in an Egyptian healthcare facility, highlighting the usability of TDF and BCW tools and
change theories to develop a context-speci�c intervention to address antibiotic prescription.

The knowledge co-creation methodology used in this study ensures that the intervention is culturally
acceptable, practical, and scalable in similar settings nationally and in the region. Large-scale
interventions that address the speci�c triggers of behavior are needed to reduce antimicrobial
resistance.
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Introduction
The misuse and overuse of antibiotics are major driving forces of AMR worldwide [1–4]. New AMR
mechanisms are emerging and spreading globally, threatening our ability to treat common infectious
diseases, resulting in prolonged illness, disability, and death. The COVID-19 pandemic has increased the
use of antibiotics in the treatment of infected patients and is likely to increase AMR further worldwide [5].
About 50% of all antimicrobials prescribed globally are unnecessary [6], where antibiotic use has
increased by 65% between 2000 and 2015, which is a key concern for public health [7]. The WHO AMR
Global Action Plan calls for countries to improve the awareness and understanding of AMR through
effective communication, education, and training. Changing behaviours of prescribers is an important
piece of this puzzle. Many social and cultural factors in�uence antibiotic prescribing practices in acute
care settings. These need to be understood in their given context in order to promote behaviour change
[14–16]. Behaviour change interventions that only rely on education or policy change often have limited
impact on changing behaviours [21, 22], and should be supplemented by addressing the cultural factors
in�uencing prescribing practices.

The WHO Eastern Mediterranean regional o�ce (EMRO) conducted a series of behavior change pilots in
Egypt, Jordan ([15] and Sudan) between 2017 and 2019 to advance in the behaviour change
programming to reduce the spread of antibiotic resistance in the region. Accordingly a theory-based
behaviour change model called “Tailoring Antimicrobial Resistance Programme (TAP)” was adapted from
earlier behaviour change guides (TIP; (TAP EURO) ([14]. The TAP aligns with. A regional TAP protocol was
developed by the EMRO and was piloted in three countries in the region (Egypt, Jordan([15] and Sudan)
between 2017 and 2019. The model focused on addressing the underlying contextual factors of
behaviours related to a speci�c problem of antibiotic prescription identi�ed by each country. These pilots
aimed to assist WHO to implement behaviour change intervention locally and to frame generic
approaches that feed into regional guidance on to use context speci�c and behavioural insights oriented
methods to improve antibiotic prescribing related behaviours. The TAP methodology draws on the
Theoretical Domains Framework (TDF) [16] to identify behaviour change domains and uses the
Behaviour Change Wheel (BCW) as a theory of change [17]. TDF has proven to be a practical framework
for public health professionals who are not necessarily experts in complex psychological behaviour
change theories to develop an in-depth understanding of behaviours [16]. BCW represents an ideal match
to TDF as the latter’s results can be merged with the BCW behaviour change functions [17]. Inappropriate
antibiotic prescribing before and after surgery is widely reported worldwide [18–20], including in Egypt
where prolonged post discharge treatment in particular has shown to be a major problem [21–23].

This paper describes the TAP methodology development process in Egypt that was initiated in 2018 as a
collaborative activity between the Ain Shams University Hospitals (ASUH) and the WHO. The TAP aimed
to modify surgical prophylaxis prescription practices in the orthopaedic surgery department of the ASUH
in alignment with the WHO Guidance for surgical prophylaxis [24] The orthopaedic department was
selected based on an prioritization exercise conducted by the infection prevention and control (IPC) unit
of the hospital, clinical pharmacy unit and the WHO public health experts. The prescription of surgical
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prophylaxis was selected as the malpractices were prevalent and multifaceted including longer courses
of antibiotics and inappropriate starting time, as well as inappropriate use of antibiotic types for
prophylaxis.

Methodology
This project is based on two distinct methods that comprise the TAP methodology: (1) qualitative
research to explore the factors in�uencing the prescription for surgical prophylaxis among orthopaedic
surgeons at ASUH; and (2) a workshop with select ASUH staff to develop a context speci�c behaviour
change intervention utilizing data from global best practices drawn from the literature and local data
from the qualitative study .

Qualitative Research Study:

The study used the theoretical domains framework to explore the underlying causes of the inappropriate
antibiotic prescription for surgical prophylaxis amongst orthopedic surgeons at ASUH. TDF consists of
14 domains: knowledge, skills, social environment, professional role, memory and decision-making
process, environmental factors, goals, intentions to change, optimism, reinforcement, behaviour
regulation, beliefs in capabilities, beliefs in consequences, and emotions [25–26]. The domains were
de�ned for the topic and context of the study. A semi-structured question guide was developed to explore
which domains were relevant for the prescription of antibiotics for surgery and how they in�uence
behaviour. The domains can be found in the Table 1.
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Table 1
Behaviour domains of BCW, TDF and matching intervention functions (Mitchie et al 2013)

BCW TDF Intervention Function

Capability Physical skills Training

Knowledge Education

Interpersonal skills Training

Memory, attention and decision process Training

Environmental restructuring

Enablement

Behavioural regulation  

Motivation Professional/ social role and identity Education

Persuasion

Modelling

Beliefs about capabilities Education

Persuasion

Modelling

Enablement

Optimism Education

Persuasion

Modelling

Enablement

Beliefs about consequences Education

Persuasion

Modelling

Intentions Education

Persuasion

Incentivisation

Coercion

Modelling
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BCW TDF Intervention Function

Goals Education

Persuasion

Incentivisation

Coercion

Modelling

Enablement

Reinforcement Training

Incentivisation

Coercion

Environmental restructuring

Emotions Persuasion

Incentivisation

Coercion

Modelling

Enablement

Opportunity Environmental context and resources Training

Restriction

Environmental restructuring

Enablement

Social in�uences Restriction

Environmental restructuring

Modelling

Enablement

 

A �eld team of a cultural anthropologist and two IPC professionals trained in qualitative data collection
conducted 35 in-depth interviews (IDI) during a period of two months in 2018. IDIs were conducted with
orthopedic surgeons at ASUH. The team members conducted a maximum of two interviews per day and
each interview lasted for 25–40 minutes. The study sample included one female and 30 male
orthopaedic surgeons who were staff members in the ASUH. Half of the surgeons were residents whose
working experience ranged from one year to three years and the other half were consultants whose work
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experience ranged from 10 years to 22 years. A purposive sample was selected to gain diversity by
including senior and junior surgeons representing different orthopedic subspecialties. Data saturation
was the principle for obtaining an adequate sample size [27].

Informed verbal consent was obtained from participants. Interviews were recorded and conducted in a
private space in the hospital selected by the participant, and no identi�ers were obtained to ensure
con�dentiality. Audio recordings of the interviews were transcribed verbatim and translated from Arabic
to English by the team members. Debrie�ng sessions were conducted weekly for the team to share key
�ndings and to discuss modi�cation of interview techniques and questions as necessary.

The �rst author of this paper (AL) conducted thematic data analysis according to the TDF domains [16].
Thematic analysis included familiarization of the data by reading the transcripts several times to gain an
initial understanding of the data followed by manual coding that lead to the development of a code book
that was shared by other �eld team members to get a consensus of the �nal set of codes. AL developed a
chart where the codes were organized based on TDF domains and continued the analysis process by
identifying categories and patterned meanings across the dataset [28]. The �nal interpretation of the data
included a set of overarching themes used as a base for developing a behaviour change intervention [16].

Knowledge co-production workshop
A three-day knowledge co-production workshop was held with 10 public health experts from ASUH and
the WHO to design an intervention that is acceptable, practical and implementable utilizing the �ndings
from both the qualitative study and literature on global best practices to improve antibiotic prescription
practices [29–32].

The workshop used the Behaviour Change Wheel as a framework to develop the behaviour change
intervention. The BCW is based on three domains which interact to explain behaviour: capability,
opportunity, and motivation. They further link with the domains of TDF. Capability includes the TDF
domains of knowledge, skills, memory and habits, and behavioural regulations. Opportunity incudes the
TDF domains of social and environmental factors, whereas motivation will include the remaining TDF
domains. Each BCW domain is matched with a set of intervention functions and policy that are expected
to be effective for bringing about desired changes in behaviour. The BCW and TDF domains as well as
the matching intervention functions can be found in Table 1 below.

The workshop resulted in development of a behaviour change strategy including selected behaviour
domains and linked intervention functions and activities to be piloted. This strategy aimed to promote
prescription practices for surgical prophylaxis in the orthopaedic surgery department at ASUH.

Results
In this section we describe the �ndings of (1) the qualitative research study and (2) the multi-disciplinary
knowledge co-production workshop .
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Qualitative study results

Behavioural domains of TDF

The factors identi�ed during the interviews that in�uence the prescription of surgical prophylaxis were
linked to eight out of fourteen domains of the TDF framework, including knowledge, beliefs in
consequences, communication skills, professional role, psychological reactions, environmental context,
optimism, and reinforcement.

Domain: Knowledge

Respondents discussed how their limited knowledge in�uenced the prescription of antibiotics for surgical
prophylaxis. Most respondents discussed having learned how to prescribe antibiotics for surgical
prophylaxis from senior physicians during their residency, “This is what I learned during my residency by
observing others and my superiors. This is what we all do”- Orthopaedic surgeon, resident.

Several respondents highlighted that they did not know enough about appropriate antibiotic prescribing.
Likewise, several respondents mentioned that they were not clear about how to prescribe antibiotics
appropriately, “I was not trained to prescribe antibiotics. I do what I have to do, but it is not based on any
knowledge. I would need to Google if I want to prescribe correctly. I don’t have time for it.” - Orthopaedic
surgeon, consultant.

Domain: Belief in consequences of prescribing antibiotics without following guidelines

Respondents discussed AMR as a consequence of improper prescription of antibiotics for surgical
prophylaxis. All respondents were aware of antibiotic resistance as a global phenomenon. Many of them
were also convinced that AMR was more common in Egypt. However, respondents had given little thought
to their own antibiotic prescription practices as a contributing factor to AMR. Instead they blamed
community pharmacists and patients for the overuse. For example, one Orthopaedic surgeon, consultant
said “All I can say is that this is a big problem in Egypt. People and pharmacists use antibiotics without
any control whatsoever.”

Domain: Belief in the consequences of prescribing antibiotics by following international guidelines

Many respondents were aware about the international guidelines for antibiotic prescription ; however, they
did not believe that these guidelines were applicable in the Egyptian context because they believed that
international guidelines were developed in the context of western countries where AMR was less of a
problem than in Egypt.

“In Egypt AMR is a big problem. For that reason we have to prescribe more stronger antibiotics and for
longer periods of time than elsewhere.” (Orthopaedic consultant)

Domain: Communication skills
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Respondents discussed the critical role communication skills could play when answering patient demand
for receiving antibiotics following hospital discharge. They acknowledged that the practice was
unnecessary nor supported by any evidence, but also thought that halting the prescription of antibiotics
after hospital discharge would not be readily accepted by patients. An orthopaedic surgeon consultant
said “Patients tell me what they want. Yes, I discuss with them, but they don’t always listen to me. They
may not consider my advice about antibiotics.”

Domain: Professional role
Junior doctors highlighted that senior physicians were always the decision makers if they were involved
in the prescription for surgical prophylaxis, as indicated by a resident orthopaedic surgeon. “We follow
what senior doctors are recommending.” It was also highlighted that clinical pharmacists had no role to
play in the prescription of antibiotics unless there was a patient with resistant infections. “We do not
bene�t from the pharmacological knowledge of clinical pharmacists. We don’t have them.”- Orthopaedic
surgeon, consultant.

However, many residents cited that communication between senior and junior doctors was often limited
and, as such, they were left with limited guidance on how to prescribe antibiotics. “Sometimes we don’t
see our consultant at all. He may not follow the case much. I can go back to him if I have a problem” -
Orthopaedic surgeon, resident. Respondents also highlighted that different orthopaedic surgery
specialties had different undocumented group rules for surgical prophylaxis, however, there is no group
pressure to follow them. “There is nobody checking if we follow the rules or not, but most do what we all
do” - Orthopaedic surgeon, resident. The undocumented rules mentioned included the type of antibiotic
and the duration of the antibiotic course.

Domain: Psychological reactions
Respondents discussed the fear of patient acquisition of infection due to ineffective IPC programmes as
a factor that in�uenced their prescription of antibiotics for surgical prophylaxis. This fear of infections
encouraged prescribers to prolong the duration of antibiotics and to use broad spectrum antibiotics
which are not recommended by international guidelines. The limited con�dence in the effectiveness of
the hospital’s IPC programme contributed to the practice of antibiotic prescribing. “Here in the hospital
there are no IPC measures implemented. Doctors and nurses practice as they wish. There is no follow up.
Where is the IPC team?”-Orthopaedic surgeon, consultant. Some of the respondents referred to breaches
of IPC practices they witnessed, such as entering the operating theatre multiple times with the same
personal protective equipment, not using masks or gloves as per guidelines, insu�cient sterilization of
surgical equipment, breaches in environmental cleaning, as well as overall crowdness in the wards,
construction work, and a lack of nursing staff.

The patients were another source of fear of infection as most are from low socio-economic backgrounds
and respondents believe they tend to be prone to infection due to poor general health conditions,
nutritional status, and unhygienic living conditions. One resident orthopaedic surgeon explained, “Our
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patients are so fragile. It is easy for them to acquire an infection. That’s why we cannot comply with any
international guidelines. We are different.”

Many respondents noted that inadequate hospital infrastructure might be a contributing factor to the
acquisition of hospital-acquired infections. Examples are: overcrowded wards with lots of visitors who
stayed for extended periods of time at bedsides, continuous construction work, and limited air
conditioning in different areas of the hospital. Another orthopaedic surgeon, resident noted, “In a private
hospital we have one patient per room, and we have nice furniture and surroundings. But here in the
government hospital we have to use antibiotics to kill any germs in the environment.”

Domain: Environmental context
Respondents also explained that their selection of certain types of antibiotics is in�uenced by availability
within the hospital. On many occasions, certain types of antibiotics are out of stock and sometimes
broad-spectrum antibiotics are also unavailable.

Respondents explained that they did not have guidelines for surgical prophylaxis based on their Egyptian
context, “We don’t follow any guidelines as we don’t have guidelines”- Orthopaedic surgeon, consultant.

Domain: Optimism
Responses regarding the belief in changes to prescribing practices varied signi�cantly, but most
respondents did not believe that change in prescribing behaviour can happen, “This is our practice.
Changes are not possible.”- Orthopaedic surgeon, consultant. Many explained that senior staff and
eminent surgeons in particular will not change their current prescribing practices. Some believed that over
time change could be introduced but that would require everyone in the department to follow a speci�c
policy. Others cited that changes could be introduced when IPC practices were improved, “Sure, sometime
later when our hospital is in better shape and infection control practices are well institutionalized”-
Orthopaedic surgeon, consultant.

Domain: Reinforcement
All respondents agreed that there was no follow up or feedback on their antibiotic prescribing practices
including surgical prophylaxis. There is no follow up or peer control, “Nobody follows how we prescribe
antibiotics. There is no positive or negative feedback”- Orthopaedic surgeon, consultant.

Workshop of knowledge co-production

The workshop resulted in the selection of �ve behavioural domains to be addressed in the behaviour
change intervention based on the qualitative research study, followed by selecting �ve intervention
functions which correspond with the BCW framework and are in line with global best practices. Workshop
participants selected the interventions which were evaluated based on their acceptability, practicality and
how well they can be implemented on a large-scale basis. The intervention functions and activities can be
found in Table 2.
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Table 2
Suggested behaviour change functions and activities

Behavioural
Domain

BCW intervention
function

Activities

Knowledge Education • Educational sessions

• Advocacy meetings

Beliefs in
capabilities

Enablement Infection Prevention and Control improvements and
training

Professional role Persuasion • Advocacy to engage senior physicians

• Promotion of positive self-images of physicians

Environmental
factors

Environmental
restructuring

Guidelines for surgical prophylaxis

Reinforcement Restriction Feedback system with restrictions

 

Domain: Knowledge

The qualitative research study indicated that there is lack of knowledge about antibiotic prescription
among orthopaedic surgeons, thus highlighting the relevant TDF theme of ‘knowledge’. The BCW
intervention which corresponds with ‘knowledge’ is ‘education’. The rapid literature review indicated that
educational interventions alone have little impact on behaviour change [33–35].However, many
interventions that use several elements including an educational component provided evidence that
education together with other interventions can have a positive impact on behaviour change [ 36–40].

The workshop participants discussed how educational sessions in general are perceived as culturally
acceptable interventions, but also how inviting senior staff to an education session is believed to be a
sensitive issue because it could be interpreted by senior staff as undermining their knowledge and skills.
This was not believed to be a problem among junior staff who may �nd educational opportunities
appealing. The workshop participants highlighted that the composition of educational session
participants must be planned carefully and introduced in a way that follows the hierarchies of Egyptian
hospitals.

From a practical point of view, organizing educational sessions was considered di�cult because doctors
were generally busy. Incorporating educational components into existing hospital staff meetings and
continuous educational trainings was therefore considered more feasible. Workshop participants agreed
that educational sessions are easily approved by the hospital management. Therefore, such sessions
were considered easily implementable even on a larger scale within the hospital. Workshop participants
also agreed that the behaviour change intervention should include educational sessions for residents. In
addition, educational messages in the form of advocacy for AMR could be incorporated into regular unit
meetings where senior staff meet.
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Domain: Beliefs in capabilities

The qualitative research study pointed out that one of the major drivers of current misuse of antibiotics
was a fear of the acquisition of hospital acquired infections, linked to beliefs about insu�cient infection
control measures as well as the poor general health and unhygienic living environments of patients.

Literature shows that multi-faceted antibiotic stewardship programs including structural adjustments to
improve IPC measures showed positive results in changing prescription practices [41–43].

The BCW intervention concerning reducing the fear of patient acquisition of hospital acquired infections
through improvements in IPC corresponds with the TDF theme of ‘enablement,’ which itself refers to
modi�cations in the enabling environment. Accordingly, respondents discussed the need to improve IPC
programmes, which is a concrete, visible and measurable action that is likely to be strongly welcomed by
all healthcare workers. Workshop participants also believed that enhancing IPC measures would provide
an opportunity for the IPC team to become more visible and appreciated. An IPC related intervention was
considered practical as ASUH has a large and well-trained IPC staff that can incorporate additional IPC
measures to support the orthopaedic surgeons. However, the intervention is likely to require some
advocacy as IPC related measures are not prioritized by the hospital administration.

Domain: Professional role

The qualitative research study illustrated that the role of senior doctors was critical in many ways.
Accordingly, the workshop participants highlighted the importance of paying special attention to the
senior staff. They agreed that getting senior staff on board would ensure the intervention’s acceptability
to all staff working in the hospital, and it’s approval by the hospital administration which tends to align
with senior doctors in decision making. Workshop participants also discussed that doctors could be
encouraged to change their prescription practices though promotion of positive professional images as
Egyptian doctors take great pride in being reputable doctors. The BCW intervention function
corresponding with professional role was the TDF theme of ‘persuasion,’ and workshop participants
agreed to include persuasion by developing appropriate activities such as reminders that address senior
staff to emphasize their role in the intervention.

Domain: Environmental factors

The qualitative study revealed that neither the hospital nor the orthopaedic department had guidelines or
policies for antibiotic prescription in general, including surgical prophylaxis. Although the literature on
AMR suggests that introducing antibiotic guidelines and policies alone does not always result in
behaviour change, when including guidelines as a part of an intervention bundle there seems to have
been a positive impact on improving prescription practices [44–49].

The workshop participants indicated that guidelines can be acceptable if the introduction of them takes
place gradually, starting from the senior staff �rst. Ideally, the senior staff should be involved in the
development of the guidelines to ensure they are accepted and applied by all. The workshop participants
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also agreed that training and orientation on the guidelines is important to ensure implementation. The
scaling up of guidelines was also seen as feasible even on a national scale. The workshop participants
therefore agreed to include the TDF theme of ‘environmental restructuring’ as a BCW intervention function
that included developing and disseminating hospital-based guidelines for surgical prophylaxis as a part
of the intervention.

Domain: Reinforcement

The qualitative �ndings showed that, currently, there is no follow up of prescription of surgical
prophylaxis or prescription of antibiotics in general. The surgeons did not receive any feedback from their
peers or the management regarding their antibiotic prescription practices. Yet, the rapid review pointed
out that multi-component interventions that includes follow up, audits, or feedback systems were
generally effective in changing prescription [ 36–39, 40,].

The workshop participants discussed how implementing a feedback or audit system would not be easily
accepted by the doctors who are used to making decisions about antibiotics independently. They believed
that senior staff would be the most di�cult, if not impossible, to convince them on the importance of
such systems – given their view that senior doctors believe they know what works best based on their
vast experience. Therefore, workshop participants suggested that the feedback system include
‘restrictions’ that will require surgeons to comply even if they were not in agreement. Restriction systems
as part of antibiotic stewardship programs were also used successfully in other international settings
[50–52].

Workshop participants also discussed including a clinical pharmacist in the follow up system as the
rapid literature review showed that the involvement of clinical pharmacists is highly bene�cial [53–56].

In addition, the workshop participants highlighted the need to include the hospital management in the
feedback system to make it practical. The workshop participants also highlighted that as university
hospital in general have similar structures and sta�ng, the same system can be easily adjusted for other
settings.

Discussion
TAP is an effective method to understand the underlying factors behind antibiotic prescription practices
and in developing sound evidence-based behaviour change intervention in the Egyptian context. The TDF
used in the qualitative study proved to be a practical framework for collecting qualitative data to
understand the prescription practices for surgical prophylaxis in the Egyptian healthcare setting where
respondents appreciated the structured way of exploring behaviours.

The qualitative study highlighted that there was a lack of knowledge about proper antibiotic prescription.
Number of studies highlights that su�cient knowledge about antibiotics and antimicrobial resistance is a
prerequisite for proper prescription practices [57]. However the qualitative study also identi�ed
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misconceptions that must be taken into consideration when aiming at improving the prescription of
surgical prophylaxis. Firstly prescribers did not think that their prescription practices were contributing to
the AMR problem of the country, which has been found as a misconception also in other countries [58].
Secondly they believed that international guidelines were not applicable to the Egyptian context where
antibiotic consumption was believed to be higher than elsewhere with higher rates of resistant bacteria. It
is not uncommon that international guidelines are seen inappropriate in a local context as the de�nitions
of improper antibiotic use differ across various settings and they are often linked with local
understanding of uncertainties and moral judgments [59].

The qualitative data also highlighted that mistrust towards infection prevention and control (IPC)
programmes were driving fear of infection that made prescribers reluctant to make modi�cations to their
current surgical prophylaxis practices. Breaches in IPC have been commonly identi�ed as a barrier for
improving the prescription for surgical prophylaxis in middle and low income countries where prescribers
tend to prescribe antibiotics for longer periods of time [60]. A study in Egypt indicates that treating
physicians are motivated to prescribe antibiotics to avoid potential secondary bacterial infections caused
by lack of IPC measures or due to unhygienic living conditions of the patients [61].

Interventions that aim to change practices must �t to the organizational culture to be accepted and
sustained [62]. The data also showed that in the Egyptian context, a top bottom approach is appropriate
to drive a change; meaning that engaging senior physicians and department directors is essential for any
change in the practices of younger physicians. Trust in the perceptions of senior practitioners have been
shown to be powerful reasons for the inappropriate prescription of antibiotics in several countries in the
world [8,11, 63–64].

The knowledge co- production workshop ensured that the selected intervention functions were context
appropriate. For example, an intervention was suggested to reduce the fear of physicians for patient
acquisition of infection due to limited IPC. This was addressed by enhancing the IPC programme
activities to ensure patient safety. This was supplemented by updating the hospital guidance on surgical
prophylaxis addressing the needs of the orthopaedic surgeons. Knowledge co-production demonstrated
also e�cacy in identifying local solutions for activities. [17]. For example, as a result of co-production, the
intervention activities were merged into existing hospital activities such as incorporating educational
sessions on antibiotics and AMR during the regular department meetings that made the intervention low
cost. Co-production interventions are known to be valuable in behaviour change programming as they
stimulate participation in the design development including co-identi�cation of problems, co-development
of alternatives, and co-implementation of solutions that promote mutual learning and co-realization in all
stages of the process. to participate in the design process [65–67].

The study has some limitations that must be acknowledged. The practices reported in interviews might
have been in�uenced by socially desirable answers given the potentially sensitive nature of subjects
discussed. As the study is based on qualitative data, there is a need to evaluate critically the applicability
of the �ndings in larger scale implementation.
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Conclusions
This project showed that qualitative methods can be used to develop a theory-based behaviour change
intervention that aims to change the prescription of surgical prophylaxis in an Egyptian orthopaedic
surgery unit in Egypt. The impact of the intervention will be piloted, evaluated, and based on the results
the of the evaluation, similar interventions could be rolled out in Egypt and in other socio-culturally similar
settings. In other settings that may differ, use of similar qualitative methods may help designing adapted
behaviour change interventions that may have a different focus towards the same aims. Consolidated
experience from such projects in different setting will ultimately contribute to a WHO regional guidance
for behavioural insights in antibiotic prescription. This would build capacity of public health experts in
social and behavioural change communication to design adapted behaviour change strategies and
reduce the spread of AMR.    

Declarations
Ethics approval and consent to participate

The project and TAP methodology received ethical approval by the Ain Shams University ethical review
board in February 2018, followed by the approval of the WHO Eastern Mediterranean Regional O�ce
ethical board. In addition, the London School of Tropical Medicine and Hygiene (LSTMH) MSc Research
Ethics Committee approved the protocol for MSc in Public Health program. All participants signed
consent to participate.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interest

Funding

The study was funded by a German Fund to the WHO Eastern Mediterranean Regional o�ce.

Author Contributions

1. Conceptualization AL, IH, SA, AO, CA

2.  Formal analysis AL



Page 17/23

3.  Funding acquisition MT

4.  Investigation- AL, IH, SA, SS

5.  Methodology AL, IH, CA

�.  Project administration SA, AK, EH, SS

7.  Resources AL, IH, SS

�. Supervision MT, SA, AK, EH, CA

9. Writing- original draft preparation AL

10.  Writing- review and editing IH, MT, CA

 

Acknowledgements

The authors wish to thank the team of Central Unit of Infection Control, Ain Shams University Hospital for
their support in data collection and planning of a behaviour change interventions. Additionally, we would
like to thank the staff members of the Orthopaedic Surgery Department, Faculty of Medicine, Ain Sham
University Hospital who participated in the interviews, discussions and technical dialogues for their
commitment and generous cooperation.

References
1. Aslam B, Wang W, Arshad MI, Khurshid M, Muzammil S, Rasool MH… Baloch Z et al 2018. Antibiotic

resistance: a rundown of a global crisis, Infect Drug Resist, 11: 1645-1658. Infect Drug Resist. 2018;
11: 1645–1658. doi: 2147/IDR.S173867

2. Joseph H, Agboatwalla M, Hurd J, Jacobs-Slifka K, Pitz A, Bowen A. What Happens When "Germs
Don't Get Killed and They Attack Again and Again": Perceptions of Antimicrobial Resistance in the
Context of Diarrheal Disease Treatment Among Laypersons and Health-Care Providers in Karachi,
Pakistan. American Journal of Tropical Medicine and Hygiene. 2016; 95(1): 221-228 doi:
10.4269/ajtmh.15-0661.

3. Laxminarayan R, Duse A, Wattal C, Zaidi A, Wertheim H, Sumpradit N et al. Antibiotic resistance-the
need for global solutions’. Lancet Infect Dis. 2013;13:1057–98.

4. World Health Organization (WHO) (2015) Worldwide Country Situation Analysis. Response to
antimicrobial resistance. Available: http://www.who.int/antimicrobial-
resistance/publications/situationanalysis/en/

5. ReAct 2020. COVID/19 and AMR/ what do we know so far? https://www.reactgroup.org/news-and-
views/news-and-opinions/year-2020/covid-19-and-amr-what-do-we-know-so-far/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6188119/
https://dx.doi.org/10.2147%2FIDR.S173867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agboatwalla%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs-Slifka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
http://www.who.int/antimicrobial-resistance/publications/situationanalysis/en/
https://www.reactgroup.org/news-and-views/news-and-opinions/year-2020/covid-19-and-amr-what-do-we-know-so-far/


Page 18/23

�. Centres for Disease Control and Prevention (CDC). 2013. Antibiotic resistance threats in the United
States. Available from https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf

7. Klein E, van Boeckel T, Martinez E, Pant S, Gandra S, Levin S et al. Global increase and geographic
convergence in antibiotic consumption between 2000 and 2015. Natl. Acad. Sci. USA. 2018; 115(15):
E3463–E3470. doi: 10.1073/pnas.1717295115

�. Charani E, Edwards R, Sevdalis N, Alexandrou B, Sibley E, Mullet D et al. Behavior change strategies
to in�uence antimicrobial prescribing in acute care: a systematic review. Clinical Infectious Disease.
2011; 53(7): 651–662. doi: 10.1093/cid/cir445

9. Charani E, Castro-Sanchez E, Sevdalis N, Kyratsis Y, Drumright L Shah N & Homes, A
2013,‘Understanding the determinants of antimicrobial prescribing within hospitals: The role of
‘prescribing etiquette. Clinical Infectious Disease. 2013; 57(2): 188–196. doi: 1093/cid/cit212

10. Rawson T, Charan E, Moore L, Hernandez B, Castro-Sanchez E, Herrero P et al. Mapping the decision
pathways of acute infection management in secondary care among UK medicalphysicians: A
qualitative study. BMC Med. 2016; 14(208): doi: 1186/s12916-016-0751-y

11. Salamah S, Hossain M, Ahmed T. Enquiry into the causes of misuse of antibiotic. Saudi Medical
Journal, 2000; 21(10):.996-997.

12. 21 Chandler, C, Hutchinson, E & Hutchison, C 2016, ‘Addressing Antimicrobial Resistance Through
Social Theory: An Anthropologically Oriented Report. Technical Report. London School of Hygiene &
Tropical Medicine. https://researchonline.lshtm.ac.uk/id/eprint/3400500, viewed 9 August 2019,
http://researchonline.lshtm.ac.uk/3400500/

13. Tilford S. Edidence-based health promotion. Health Education Research, Volume 15, Issue 6,
December 2000, Pages 659–663, https://doi.org/10.1093/her/15.6.659

14. WHO EURO 2020. Tailoring vacinnations programs (TIP). Available at
https://www.euro.who.int/en/health-topics/disease-prevention/vaccines-and-
immunization/publications/2019/tip-tailoring-immunization-programmes-2019

15. Kaplan NM, Khader YS, Alfaqih MA, Saadeh R, AlSawalha L 2020. Implementation of the WHO
Approved “Tailoring Antimicrobial Resistance Programs (TAP)” Reduces Patients’ Request for
Antibiotics Antibiotics 2020; 9: 507. doi:10.3390/antibiotics9080507

1�. Atkins L, Francis J, Islam R, O’Connor D, Patey A, Ivers N, et al. A guide using the theoretical domains
framework of behavior change to investigate implementation problems. Implementation Science.
2017;12(1): doi: 10.1186/s13012-017-0605-9

17. Michie S, Atkins L,West R. The behaviour change wheel: a guide to designing interventions,
Silverback Publishing, Great Britain, 2014

https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://dx.doi.org/10.1093%2Fcid%2Fcit212
https://dx.doi.org/10.1186%2Fs12916-016-0751-y
https://researchonline.lshtm.ac.uk/id/eprint/3400500
http://researchonline.lshtm.ac.uk/3400500/
https://doi.org/10.1093/her/15.6.659
https://www.euro.who.int/en/health-topics/disease-prevention/vaccines-and-immunization/publications/2019/tip-tailoring-immunization-programmes-2019


Page 19/23

1�. Lerano C, Manski Nankervis James R, Rajkhowa A, Peel T,Thursky K. Surgical Prophylaxis, Asut
Prescr. 2017;40(6):225-229. doi: 18773/austprescr.2017.073

19. Cusini A, Rampinim S,Bansal V, Ledergerber B, Kuster S, Ruef C & Weber R. Different patterns of
inappropriate use in surgical and medical units at a tertiary care hospital in Switzerland; A prevalence
survey. PLoS One. 2009; 5(11): e14011. doi: 10.1371/journal.pone.0014011.

20. Al-Momany N, Al-Bakro A, Mkahleh Z, Wazaify M. Adherence to international antimicrobial
prophylaxis guidelines in cardiac surgery: a Jordanian study demonstrates need for quality
improvement. J Manag Care Pharm. 2009; 15(4): 262-271.

21. Hassan A, Rabie H, Elbanna E. Investigation of current practice on antibiotic prophylaxis for
orthopedic surgeries of closed fractures in Egypt A. J. Pharm. Sci. & Res 2019. 11(4): 1541-1547.

22. Talaat M, Saied T, Kandeel A, El-Ata G, El-Kholy A, Hafez S et al. A Point Prevalence Survey of
Antibiotic Use in 18 Hospitals in Egypt: 2014; 3(3):. 450-460. doi: 10.3390/antibiotics3030450.

23. Saeed T, Hafez S, Kandeel A, El-kholy A, Ismail G, Aboushady M et al. Antimicrobial stewardship to
optimize the use of antimicrobials for surgical prophylaxis in Egypt: A multicenter pilot intervention
study, American Journal of Infection Control: 2015: 43(11): 367-371. doi: 10.1016/j.ajic.2015.07.004.

24. WHO 2016. Global guidelines for prevention of surgical site infections. Available at
https://www.who.int/gpsc/global-guidelines-web.pdf

25. Joseph, H, Agboatwalla, M, Hurd, J, Jacobs-Slifka, K, Pitz, A & Bowen, A 2016, ‘What Happens When
"Germs Don't Get Killed and They Attack Again and Again": Perceptions of Antimicrobial Resistance
in the Context of Diarrheal Disease Treatment Among Laypersons and Health-Care Providers in
Karachi, Pakistan’, American Journal of Tropical Medicine and Hygiene,vol 95, no.1, pp. 221-228, doi:
10.4269/ajtmh.15-0661.

2�. Shahid A, Iftikhar F, Arshad MK, Jayed Z, Sufyan M, Ghuman et al. Knowledge and attitude of
physicians about antimicrobial resistance and their prescribing practices in Services hospital, Lahore,
Pakistan. Journal of Pakistan Medical Association. 2017;67(6): 968.

27. Fleming A, Bradley C, Cullinan S, Bryne S. Antibiotic prescribing in long-term care facilities: a
qualitative, multidisciplinary investigation.BMJ Open. 2014;4(11): e006442
http://dx.doi.org/10.1136/bmjopen-2014-006442.

2�. Phillips C, Marshall A, Chaves N, Jankelowitz, S, Lin I, Loy C, et al. Ress G, et al. Experiences of using
the Theoretical Domains Framework across diverse clinical environments: a qualitative study.
Journal of Multidisciplinary Healthcare. 2015; 8:139–146

29. Francis JJ, Johnston M, Roberstson C, Glidewell L, Entwistle V, Eccles MP et al. What is an adequate
sample size? Operationalizing data saturation for theory based interview studies.Psychol

https://dx.doi.org/10.18773%2Faustprescr.2017.073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Talaat%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saied%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kandeel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Ata%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Kholy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hafez%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27025755
https://www.who.int/gpsc/global-guidelines-web.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agboatwalla%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs-Slifka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pitz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27139438
http://dx.doi.org/10.1136/bmjopen-2014-006442


Page 20/23

Health.2010; (10):1229-45. doi: 10.1080/08870440903194015

30. Clarke V, Braun V. Teaching thematic analysis: Over-coming challenges and developing strategies for
effective learning, The Psychologist. 2013; 26(2): 120-123.

31. Burman A. The political ontology of climate change: Moral meteorology, climate justice, and the
colonialist of reality in the Bolivian Andes. Journal of Political Ecology. 2017; 24(1): 921–930.
https://doi.org/2458/v24i1.20974;

32. Cash, D, Clark, W, Alcock, F, Dickson, N, Eckley, N, Guston, D & Mitchell, R 2003, ‘Knowledge systems
for sustainable development, Proceedings of the National Academy of Sciences, vol .100, no 14, pp
8086–8091. https://doi.org/10.1073/pnas.1231332100

33. Dilling L, Lemos Creating usable science: Opportunities and constraints for climate knowledge use
and their implications for science policy. Global Environmental Change. 2011; 21(2): 680–689.
https:// doi.org/10.1016/j.gloenvcha.2010.11.006

34. Mauser W, Klepper G, Ricem M, Schmalzbauer BS, Hackmann H, Leemans R et al.Trans disciplinary
global change research: The co‐creation of knowledge for sustainability. Current Opinion in
Environmental Sustainability. 2013:5(3):.420–431. https://doi.org/10.1016/j.cosust.2013.07.001

35. Fatemeh Soleymani F, Rashidian A, Dinarvand R, Kebriaeezade A, Hosseini A, Mohammad Abdollahi
M. Assessing the effectiveness and cost-effectiveness of audit and feedback on physician’s
prescribing indicators: study protocol of a randomized controlled trial with economic evaluation.
DARU Journal of Pharmaceutical Sciences. 2012; 20(1): doi: 10.1186/2008-2231-20-88

3�. Mohagheghi M, Mosavi-Jarrahi A, Khatemi-Moghaddam M, Afhami S, Khodai S Azemoodeh, O, 2005,
‘Community-based outpatient practice of antibiotics use in Tehran’. Pharmacoepidemiol Drug Saf.
2005; 14(2): 135-138.

37. Esmaily H, Silver I, Shiva S, Gargani A, Maleki-Dizaji N, Al-Maniri et al. Can rational prescribing be
improved by an outcome-based educational approach? A randomized trial completed in Iran. J
Contin Educ Health Prof. 2010;7(944) doi: 1186/1756-0500-7-944

3�. Boyles T, Naicker N, Rawoot P, Raubenheimer J, Eick B, Mendelson M. Sustained reduction in
antibiotic consumption in a South African public sector hospital; Four year outcomes from the
Groote Schuur Hospital antibiotic stewardship program. The South African Medical Journal.
2017;107(2): 115-118. DOI 7196/SAMJ.2017.v107i2.12067

39. Maha MA, Bayan MD. A stepwise introduction of successful antimicrobial stewardship program,
Saudi Med J. 2016;37(12):1350-1358. doi: 15537/smj.2016.12.15739

40. Henry K, McMillan, A. Metronidazole intravenous formulation use in in-patients in Kapkatet District
Hospital, Kenya: a best practice implementation project. JBI Database of Systematic Reviews &

https://doi.org/
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1016/j.cosust.2013.07.001
https://dx.doi.org/10.1186%2F2008-2231-20-88
https://www.ncbi.nlm.nih.gov/pubmed/15630681
https://dx.doi.org/10.1186%2F1756-0500-7-944
https://dx.doi.org/10.15537%2Fsmj.2016.12.15739


Page 21/23

Implementation Reports. 2014; 12(3): 419-432

41. Awad A, Eltayeb I, Baraka O. Changing antibiotics prescribing practices in health centers of Khartoum
State, Sudan. Eur J Clin Pharmacol. 2006; 62(2): 135-142.

42. Eltayeb A, Awad M, Mohamed-Salih M Daffa-Alla M, Ahmed M,Matowe OL.Changing the prescribing
patterns of sexually transmitted infections in the White Nile Region of Sudan. Sex Transm Infect.
2005;81(5): 426-427. doi: 1136/sti.2004.014001

43. APIC/SHEA/SIDC.Antimicrobial Stewardship Position Paper. American Journal of Infection Control.
2018;46(4):364-368 DOI: https://doi.org/10.1016/j.ajic.2018.01.001

44. Maraolo AE, Ong DSY, Cimen C, Howards P, Kofterids DP, Scouten J & ESGAP-EUCIC-TAE Working
Group on AMS/IPC mapping in Europe. Organization and training at the national level of
antimicrobial stewardship and infection control activities in Europe: an ESCMID cross-sectional
survey. Eur J Clin Microbiol Infect Dis. 2019; 38(11):2061-2068. doi: 10.1007/s10096-019-03648-2.
Epub 2019 Aug 8.

45. Zingg W, Storr J, Park BJ, Ahmad R, Tarrant C, Castro-Sanchez E et al & Geneva IPC Think Tank.
Implementation research for the prevention of antimicrobial resistance and healthcare-associated
infections; 2017 Geneva infection prevention and control (IPC)-think tank (part 1).Antimicrob Resist
Infect Control: 2017:28; 8:87.doi: 10.1186/s13756-019-0527-1. eCollection 2019.

4�. Aiken, A, Wanyoro, A, Mwangi, J, Juma, F, Mugoya, I & Scott, J 2013, ‘Changing use of surgical
antibiotic prophylaxis in Thika Hospital, Kenya: a quality improvement intervention with an
interrupted time series design’, PLoS One, vol.8, no.11, e78942, viewed 9 August 2019,
https://doi.org/10.1371/journal.pone.0078942

47. Bao L, Peng R, Wang Y, Ma R, Ren X, Meng W et al. Signi�cant reduction of antibiotic consumption
and patients’ costs after an action plan in China, 2010–2014. PLoS One.2015; 10(3): e0118868
http://dx.doi.org/10.1371/journal.pone.0118868 pmid: 25767891

4�. Shrestha N, Samir K, Baltussen R, Ka�e K, Bishai D, Niessen L. Approach to lung health in Nepal:
better prescribing and reduction of cost. Trop Med Int Health. 2006:11(5):.765-772.
https://doi.org/10.1111/j.1365-3156.2006.01599.x

49. Yang L, Liu C, Ferrier JA, Zhou W, Zhang . The impact of the National Essential Medicines Policy on
prescribing behaviours in primary care facilities in Hubei province of China. Health Policy Plan.
2013:28:750–760.

50. Wei X, Yin J, Walley JD, Zhangm Z, Hicks, JP, Sun Q, Zeng, J et al.Impact of China’s essential
medicines scheme and zero-mark-up policy on antibiotic prescriptions in county hospitals: a mixed
methods study, Trop Med Int Health. 2017; 22:1166–74

https://dx.doi.org/10.1136%2Fsti.2004.014001
https://doi.org/10.1016/j.ajic.2018.01.001
https://doi.org/10.1371/journal.pone.0078942
http://dx.doi.org/10.1371/journal.pone.0118868
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25767891&dopt=Abstract
https://doi.org/10.1111/j.1365-3156.2006.01599.x


Page 22/23

51. Chandy SJ, Naik GS, Charles R, Jeyaseelan V, Naumova EN, Thomas K, Lundborg C.The impact of
policy guidelines on hospital antibiotic use over a decade: a segmented time series analysis. PLoS
One. 2014;9(7): e102193 http://dx.doi.org/10.1371/journal.pone.0092206 pmid: 24647339

52. Rattanaumpawan P, Sutha P, Thamlikitkul V. Effectiveness of drug use evaluation and antibiotic
authorization on patients' clinical outcomes, antibiotic consumption, and antibiotic expenditures, Am
J Infect Control. 2010;38(1): .38-43. doi: 10.1016/j.ajic.2009.04.288

53. Sun J, Shen X, Li M, He L, Guo S, Skoog G, Grape, M et al. Changes in patterns of antibiotic use in
Chinese public hospitals (2005–2012) and a benchmark comparison with Sweden in 2012. J Glob
Antimicrob Resi. 2015; 3(2) 95-102. 3(2):95–102 http://dx.doi.org/10.1016/j.jgar.2015.03.001 pmid:
27873677

54. Ozkurt Z, Erol S, Kadanali A, Ertek M, Ozden K, Tasyaran M. Changes in antibiotic use, cost and
consumption after an antibiotic restriction policy applied by infectious disease specialists’, Jpn J
Infect Dis. 2005;58(6): 338–343.

55. Messina, AP, van den Bergh, D & Goff, D,A 2015, Antimicrobila stewardship with pharmacist
intervention improves timeliness of antimicrobials across thirty- three hospitals in South Africa,
Infect Dis Ther, vol. 4, so 1, pp. 5-14 doi: 1007/s40121-015-0082-x

5�. Magedanz, L, Silliprandi, E & dos Santos, R 2012, ‘Impact of the pharmacist on a multidisciplinary
team in an antimicrobial stewardship program: a quasi-experimental study’, Int J of Clinical
Pharm,vol.34, no. 2, pp. 290-294. doi: 10.1007/s11096-012-9621-7

57. Li Z, Cheng B, Zhang K, Xie G, Wang Y, Hou J, Chu, L, Zhao, J, Xu,Z, Sun, H, hang, J, Wang , Z, Wu, H &
Fang, X 2017,’Pharmacist-driven antimicrobial stewardship in intensive care units in East China: a
multicenter prospective cohort study’, Am J Infect Control, vol.45, no.9, pp.983-989, viewed 9 August
2019, http://dx.doi.org/10.1016/j.ajic.2017.02.021 pmid: 28596021

5�. Brink, A, Messina, A,Feldman, C, Richards, G, Becker, P, Goff, D, Bauer, K, Nathwani, D, van den Bergh,
D & Netcare Antimicrobial Stewardship Study Alliance 2016,’Antimicrobial stewardship across 47
South African hospitals: an implementation study’, Lancet Infect Dis, vol.16, no.9, pp.1017-1025. doi:
10.1016/S1473-3099(16)30012-3

59. Thakolkaran N, Shetty AV, Neevan DR, D Souza, Shetty AK 2017. Antibiotic prescribing knowledge,
attitudes, and pratices among physicians in teaching hospitals in South India . J Family Med Prim
Care; 6(3): 526-532. doi: 4103/2249-4863.222057

�0. Labricciosa, F.M.; Sartelli, M.; Correia, S.; Abbo, L.M.; Severo, M.; Ansaloni, L.; Coccolini, F.; Alves, C.;
Melo, R.B.; Baiocchi, G.L.; et al. Emergency surgeons’ perceptions and attitudes towards antibiotic
prescribing and resistance: A worldwide cross-sectional survey. World J. Emerg. Surg. 2018, 13, 27.

http://dx.doi.org/10.1371/journal.pone.0092206
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24647339&dopt=Abstract
http://dx.doi.org/10.1016/j.jgar.2015.03.001
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27873677&dopt=Abstract
https://dx.doi.org/10.1007%2Fs40121-015-0082-x
http://dx.doi.org/10.1016/j.ajic.2017.02.021
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=28596021&dopt=Abstract
https://dx.doi.org/10.4103%2F2249-4863.222057


Page 23/23

�1. Tarrant C, Krockow EM, Nakkawita DW, Bolscher M, Colman AM, Chattoe-Brwon , Perera N 2020.
Moral and contextual dimensions of “Inappropriate “ antibiotic prescribing in secondary care: A three-
country Interveiw Study. Sociol, 2. https://doi.org/10.3389/fsoc.2020.00007

�2. Sartelli M, hardcastle TC, Catena F, Chichom-Me�re A, Coccolini F, et al 2020. Antibiotic Use in Low
and Middle-Income Countries and the Challenges of Antimicrobial Resistance in Surgery. Antibiotics
9(497) doi:10.3390/antibiotics9080497

�3. Kandeel A , Palms D, A�� S, Kandeel Y, Etman A, Hicks L, Talaat M. An educational intervention to
promote appropriate antibiotic use for acute respiratory infections in a district in Egypt- pilot study,
BMC Public Health. 2019:19: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-
019-6779-0

�4. Linnander E, McNatt Zahirah, Boehmer K, Cherkin E, Bradley E 2020. Changing hospital
organizational culture for improved patient outcomes: developing and implementing the leadership
saves lives intervention. BMJ Qual, 0:1–9. doi:10.1136/bmjqs-2019-010734

�5. Taylor N, Lawton R, Moore S, Craig J, Slater B, Cracknell A, et al. Collaborating with front-line
healthcare professionals: the clinical and coseffectiveness of a theory based approach to the
implementation of a national guideline. BMC Health Serv Res. 2014;14(1):648.

��. Taylor N, Lawton R, Slater B, Foy R. The demonstration of a theory-based approach to the design of
localized patient safety interventions. ImplementSci. 2013;8(1):123.

�7. Robertson T, Simonsen J. Challenges and opportunities in contemporary participatory design. Design
Issues. 2012;28(3), 3-8.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Additional�le.docx

https://doi.org/10.3389/fsoc.2020.00007
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6779-0
https://assets.researchsquare.com/files/rs-410882/v1/9bc9d52dc000ee67be40ac4d.docx

