Factors of Prescribing Phage Therapy among UK Healthcare
Professionals: Evidence from Conjoint Experiment and
Interviews

12 September 2023

Sophie McCammon®?, Kirils Makarovs?, Susan Banducci?®, Vicki Gold*?

! Living Systems Institute, University of Exeter, Exeter, UK

2 Biosciences, Faculty of Health and Life Sciences, University of Exeter, Exeter, UK

3 Faculty of Social and Behavioural Sciences, University of Amsterdam, Amsterdam, The Netherlands

4 Social and Political Sciences, Philosophy, and Anthropology, University of Exeter, Exeter, UK

Abstract

With the global challenge of antimicrobial resistance (AMR), interest in the development of antibiotic
alternatives has surged worldwide. While phage therapy is not a new phenomenon, technological and
socio-economic factors have limited its implementation in the Western world. There is now a resurged
effort, especially in the UK, to address these challenges. In this study, we collect survey data on UK
general practitioners (n=131) and other healthcare professionals (n=103), as well as interviews with
medical professionals (n=4) and a focus group with medical students (n=6) to explore factors associated
with their willingness to prescribe phage therapy to patients. The interviews with medical professionals
show support for the expansion of bacteriophage clinical trials and highlight their role as a viable
alternative to antibiotics. A conjoint experiment reveals that success rate, side effect rate, and patient

attitude to treatment are the decisive factors when it comes to phage therapy prescription; in contrast,



the effects of administration route, type of treatment, and severity of infection were not statistically
significant. Moreover, we show that general practitioners overall are more likely to recommend phage
treatment to patients, compared to other healthcare professionals. The results of the study suggest that

phage therapy has a potential to be widely accepted and used by healthcare workers in the UK.
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Introduction

Bacteriophages (or phages) are viruses that infect specific target bacteria (1). Phage therapy is the
administration of phages into a patient to kill the bacterial pathogen, without infecting human cells (1).
Whilst phage therapy was first explored over a century ago, its use in the Western world has been
limited (2,3). This can be attributed to many factors including the discovery of antibiotics shortly
following bacteriophage discovery and socio-political climate (4,5). Together, this resulted in phage-
related research being isolated in Eastern Europe and India (4,5). Current factors restricting phage
therapy implementation in the UK include phage classification as a medicinal product. This means phage
therapy manufacturing and clinical studies have to comply with both good manufacturing and clinical
practices (6,7). However, phages are biologically dynamic entities and thus do not lend themselves easily
to current development regulations imposed on other medicines such as antibiotics (8,9). Additionally,
the complexities in patenting laws for biological products have resulted in minimal commercial interest

in bacteriophage research (9).

However, the antimicrobial resistance (AMR) crisis has revitalised interest in phage therapy research;
there is now a focus on addressing the regulatory and technological issues in the UK. For example, the
government’s Science and Technology Select Committee currently has an open inquiry: “The

antimicrobial potential of bacteriophages”

. This has multiple lines of inquiry, both on exploring the
technological advances in this area of research as well as how policy changes could facilitate successful
phage therapy implementation. Much of this has involved investigating how phage therapy has been
successfully implemented internationally to anticipate challenges which may be faced and how to

address these.

Investigation and anticipation of the potential socio-political factors which may hinder phage therapy
implementation is vital. While there has been recent investigation into the UK public’s awareness,
acceptance, preferences and opinions regarding phage therapy, with an aim to provide insights into how
phage treatment could be effectively integrated into society with the highest level of acceptance (10),
the opinions of other integral groups remain elusive. A recent study conducted in Australia revealed
most physicians surveyed (n = 92) believed phage therapy may be an effective solution to AMR,

however, concerns surrounding ease of bacteriophage procurement was noted (11). Phage therapy use

! https://committees.parliament.uk/work/7045/the-antimicrobial-potential-of-bacteriophages/




in Australia is more established than the UK due to amended regulatory laws to encourage
bacteriophage research and development. Thus, how the opinions of Australian physicians compare to
the UK, where phage therapy is in a much earlier stage of development and implementation, will be

insightful.

Considering this, the aim of this study is to evaluate UK medical professionals’ acceptance and concerns
surrounding phage therapy implementation, and their prescribing preferences, which could help guide
the development of phage products to maximise uptake rate. Our method of measurement is fielding a
survey with an embedded conjoint experiment, also known as a discrete choice experiment (DCE). This
was conducted with medical professionals with various healthcare backgrounds. This allows large-scale
assessment of medical professional’s acceptance of phage therapy and preferences regarding its
implementation. One-to-one interviews with prescribing medical professionals also facilitated in depth
discussion about their opinions surrounding AMR, phage therapy and other antibiotic-alternative

treatments.
Data and methods

This research consists of preliminary data gathering in the form of interviews, in addition to a survey
fielded to two samples of UK medical professionals: general healthcare staff and general practitioners
(GPs). From the survey, the main data reported is from an embedded DCE. Details of method design and

data collection are provided in the following sections.

The study was approved by and adheres to the regulations of the University of Exeter's College of Life
and Environmental Sciences Research Ethics Committee. Consent to participate in this research was
informed by the provision of an approved participant information sheet and completion of an online or

written consent form.
Interviews and focus group

The interviews and focus group were intended to provide preliminary data to be used to guide the
creation of the survey, as well as independent insight into medical professionals’ views on the potential
of phage therapy in the UK. Potential interviewees were initially identified through local contacts of
members of the research group, and thereafter by snowball sampling. Initial contact with potential
participants was by email, where an expression of interest led to the provision of a participant

information sheet and written consent form. Four medical professionals who prescribe, or have



prescribed, were recruited and interviewed between 12" October 2022 — 17" November 2022. The
focus group with six participants recruited via an email invitation was conducted on 2"¢ November 2022

and participants were given Amazon vouchers as a thank you for their time.

Topic guides (see Supplementary Information 1 and 2) were used to guide the interviews and focus
group to help us identify a set of salient considerations about what does, did, or would, influence
participants’ prescribing choices; this included regulatory factors and medicine attributes. Participants’
views on AMR and how it could be addressed were also evaluated, along with their acceptance and

views on phage therapy.

Interviews were conducted using Microsoft Teams, all led by one researcher (SM). Using the Microsoft
Teams functions’, the interviews were audio-recorded and transcribed. Transcripts were edited to
correct errors and remove identifying information. Responses were thematically analysed, with a focus
on identifying attributes of medical treatments which were influential on participants’ prescription

preferences; this information was used to guide creation of the survey.
Survey

Qualtrics was used to design an online survey. The first section consisted of socio-demographic
questions, including age, gender, and educational level. The participants’ trust of various regulatory
bodies, such as NICE and local formularies, was also assessed. The second section contained the DCE,
which is described below. The final section evaluated what participants believed the main barriers to
phage therapy implementation were and the degree of their support for phage therapy development.
An open-response question asking for any further thoughts on the potential of phage therapy was also
included. The order of the questions in each section was randomised to minimise any influence the

ordering had on the respondent's answers.
Discrete Choice Experiment

Discrete Choice Experiments (DCEs) are valuable tools in the healthcare sector for assessing how
different attributes of medicines influence treatment preferences of patients and medical professionals
(12, 13, 14). The key advantage of employing the DCE experimental design, in contrast to traditional
survey experiments, lies in its capacity to account for multiple attributes and discern their causal effects.
Our strategy for determining the attributes and levels for the DCE drew on both the information

gathered from the expert interviews, a focus group and a literature review. Together, these methods



identified six attributes which were identified as being influential on medical professional’s prescribing

preferences and relevant to our research. Table 1 defines the attributes selected to be included in the

survey’s DCE, along with their associated levels.

Table 1. List of selected attributes and levels, with definitions.

Attribute

Definition

Levels

Side effects

Success rate of
therapy

Administration
route

Type of
Treatment

All medicines may have side
effects, including nausea, headache
and tiredness. Here, it is measured
how many patients will get mild
side-effects from the treatment.

A medical treatment can fail to
resolve an infection for many
reasons, meaning the patient
would have to receive another
course. Success rate measures how
many people will need no further
treatment after the original course.

Medicines can be administered to
the patient in various ways, using
different devices.

Combinations of various phage-
types along with other treatments
can be taken. In this case, all the
options are administered in an
identical manner.

1% (1 in 100) people using this
therapy get side effects.

5% (5 in 100) people using this
therapy get side effects.

10% (10 in 100) people using this
therapy get side effects.

20% (20 in 100) people using this
therapy get side effects.

20% (20 in 100) people need no
further treatment.
50% (50 in 100) people need no
further treatment.
80% (80 in 100) people need no
further treatment.

Oral
Intravenous
Inhalation

One phage only

Combination of different phages
Phage plus antibiotic
combination

Antibiotics only



Patient attitude = Ultimately it is the patient’s choice = No hesitance

to treatment on whether they take a prescribed = Some hesitance
medicine. Their hesitance s Extreme hesitance
represents their resistance to
taking the treatment during the
consultation.

Severity of Patients can have infections of o Chronic
infection different severity, over different o Acute
time periods. Chronic infections
persist for a long time, while acute
infections have a rapid onset and
can clear quickly.

Table 1 provided the basis for generating two theoretical treatments, which were presented as sets of
attributes (Fig. 1). By soliciting responses from participants to express their preferences, we assessed
the impact of each attribute on their prescribing decisions. Once participants made a discrete choice
regarding which treatment they would be more inclined to recommend to a patient, they were then
asked to rate, on a scale from 1 to 10, their likelihood of using each treatment (1 = "Not at all likely" and
10 = "Very likely"). Considering these two sections together, we should capture both participants’
"discrete preferences" and "attitudes" towards the treatments (15). Each participant encountered five
hypothetical choice sets, each consisting of a random selection of five out of the six attributes presented

in Table 1.



Please read the descriptions of two potential treatments for an infection.

Which of the two treatments would you personally prefer to recommend to treat an
infection, presuming they are both a suitable option for the patient?

Treatment 1 Treatment 2

Severity of
Acute Chronic
infection

Administration
oral oral
route

80% (80 out of 100 people need no further 50% (50 out of 100 people need no further
Success rate
treatment) treatment)

Type of treatment Phage cocktail (mixture of different phages) Phage plus antibiotic combination

10% (10 in 100) people using this therapy get side 10% (10in 100) people using this therapy get side
Side effect rate
effects effects

| prefer Treatment 1

| prefer Treatment 2

On a scale from 1 to 10, where 1 indicates 'not at all likely' and 10 indicates 'very likely', what
is your likelihood of recommending Treatment 1?

Not at all likely Very likely
0 1 2 3 4 5 6 7 8 10
Treatment 1

Using the same scale, what is your likelihood of recommending Treatment 2?

Not at all likely Very likely
0 1 2 3 4 5 6 7 8 10

Treatment 2

Figure 1. Conjoint Experiment: Example of screen seen by study participants. Attribute levels were randomly
assigned to create two hypothetical treatments. Participants were asked to express a preference for Treatment 1
or Treatment 2 and rank the likelihood of use of each treatment on a scale of 1 (Not at all likely) to 10 (Very likely).

Study participants and period of the study

We fielded the online survey using two panels of participants: the first was a sample of participants
identified as “Healthcare Professionals” (doctors?, nurses, paramedics, pharmacists, psychologists,
veterinarians) from the Prolific Research Platform and the second was general practitioners (GPs) from
Panelbase. The Prolific survey was fielded from the 1st to 25th of February 2022, with the sample size of
103. The Panelbase survey was fielded to the GPs on the 21st-24th of March 2022, with the total sample
size of 131.

2 The sample of Medical Professionals included four doctors; however, due to the international classification of
occupations used by Prolific, it is not possible to tell whether they are general practitioners or not.



In the subsample of general practitioners, 60.8% of the respondents identify as White British; 22.5% as
Asian British, and 10.8% as Black British. Almost half of the general practitioners (41.2%) report residing
in London and four-fifths are working full-time. The average age of GPs is 35.7; 63% of surveyed GPs are
men and 37% are women. With regards to the qualification, 42% of GPs have undergone postgraduate
specialty and general practice training; 40.5% of them are registered with the General Medicine Council,

and 30.5% with the Health and Care Professions Council.

In contrast to the subsample of GPs, the Prolific subsample of health professionals is predominantly
comprised of white British (86.1%); geographically, they tend to be distributed across various regions of
the United Kingdom. The overwhelming majority of surveyed Prolific health professionals are women
(91%); the average age (44.5 years) tends to be somewhat higher than that of the GP subsample. Slightly
more than half of health professionals report working full-time (55.4%); two-thirds (61.2%) report

obtaining a university degree or higher; and 28.2% are not registered with any of the councils.

To maximise the power of this research, the two samples were combined to give an overall sample size
of 234. Respondents who failed the attention test within the survey were discarded (n = 39) to preserve
data integrity. This left an effective sample size of 195. For further sociodemographic information, refer

to the data in Supplementary Information 3.
Statistical analysis

In our DCE analysis, we utilised the cregg package developed by Leeper (16). This allowed us to compute
both the average marginal component effects (AMCE) and the marginal means. The AMCE can be seen
as coefficients representing the "causal effect," while the marginal means indicate the overall
favourability of an attribute with the mean support ranging from 0 to 1. By examining marginal means,
we gain descriptive insights into the attributes within our sample and understand the average outcome
of each attribute. A mean above the midpoint indicates a positive effect on infection treatment
preference, whereas a mean below the midpoint suggests a negative effect. Notably, marginal means
are the preferred method for comparing subgroup differences given AMCE's sensitivity to baseline

selection.



Results

Interviews & Focus Groups

A dentist, two former GPs who still worked in the medical sector and an active consultant in respiratory
medicine were interviewed. All participants highlighted the importance of the NICE and local formulary
guidelines in influencing their prescribing decisions. Of the attributes of the medicine itself, the medical
professionals agreed that potential side effects, success rate and ease of administration all influenced
their prescribing decisions, along with the cost of the treatment and any accompanying care. One
participant stated that they considered the potential environmental impact of the medicine or

administrative devices when prescribing.

All interviewees were aware of AMR, with three of the four having encountered AMR in their career.
The dentist highlighted that due to their relatively low prescribing rate, AMR may not be as much of an
issue as in other medical environments, such as hospitals. The interviewees also noted a change in the
attitude towards AMR as time has passed, with increasing emphasis on antibiotic stewardship. However,
they highlighted barriers to antibiotic stewardship that remain when an effective treatment is needed
quickly, so a broad-spectrum antibiotic is usually the only option. All interviewees also noted the
pressure from patients to prescribe antibiotics, some on a daily basis. While some explained their
approach to address this was counselling and educating about AMR, the time pressures of the
appointment often meant this was usually unachievable. Prescriptions of non-antibiotic treatments,
such as antiseptic creams and paracetamol, were also used to alleviate the pressure to prescribe

antibiotics.

Three of the four medical professionals had heard of phage therapy before the interview, with one
being involved in phage research and prescription for the past eight years. All interviewees believed
phage therapy was a viable alternative to antibiotics in the future; however, the potential societal and
technological challenges were noted. All interviewees supported the expansion of bacteriophage clinical
trials and suggested a combination of antibiotics and phages may ease societal hesitance. Preliminary
use of phages to treat chronic infections, opposed to acute, was also suggested. This would alleviate
issues regarding phage specificity as for serious long-term infections the infecting bacteria is often
already known, making it easier to identify which phage would be effective. The interviewees also

believed increased education on phage therapy and AMR was vital for successful implementation.



The focus group conducted with medical students at a university in the UK revealed similar
considerations. Of the focus group participants, most had heard of phage therapy and all were aware of
AMR. However, participants shared that their awareness of phage therapy was limited before the focus
group. Some had encountered the term in their studies but didn't have in-depth knowledge. Some felt
that AMR was a significant issue, while others believed it wasn't yet a critical problem and that other

global issues might be more impactful.

In the discussion on phage therapy, the focus group identified three key attributes that significantly
influence the prescribing decisions of medical professionals. The success rate of phage therapy was
unanimously considered the most influential factor. The magnitude of treatment benefit was
highlighted as a critical factor. The participants recognized that the extent of improvement in a patient's
condition achieved through phage therapy would strongly impact their decision-making. A treatment
that could provide a substantial and clinically significant benefit would be more appealing to doctors
when considering whether to prescribe it to their patients. These three attributes—success rate, time
until treatment benefit, and magnitude of treatment benefit—were collectively recognized as the most
influential factors guiding doctors' decisions regarding phage therapy prescriptions. The time until
treatment benefit was deemed crucial, and the medical students identified the importance of a
treatment's rapid onset of action, as patients often seek quick relief from infections. They suggested
that the faster phage therapy could demonstrate its efficacy compared to conventional antibiotics, the

more likely it would be considered as a treatment option.
Survey

Only six participants indicated they were not aware of AMR; on a scale of 1-5 (1 = "Not concerned at all",
5 ="Extremely concerned") the mean level of concern for AMR was 3.93. Moreover, 83 (43.7%)
individuals in the combined sample indicated they had heard of phage therapy before completing the
survey; however, the proportion of awareness varied drastically between the general health
professional sample and GP sample. For example, 81.7% of the GP sample had previously heard of

phage therapy, whereas this was only 17.5% for the general health professionals’ sample.
Discrete Choice Experiment (DCE)

Figure 2 illustrates the direction and degree of influence the assessed attributes have on the

participant’s prescribing preferences. Success rate was the most influential attribute when deciding



which treatment to recommend to a patient, followed by side effect rate. For example, increasing the
success rate from 20% of people needing no further treatment to 80% increases the participants’ mean
likelihood of recommending the treatment to a patient by 0.29. Additionally, moving from a 20% side
effect rate to a 1% side effect rate increases mean treatment preference by 0.20. Moreover, the level of
patient hesitance towards the treatment also slightly influenced prescribing preferences; unsurprisingly,
extreme patient hesitance had a negative influence on participants' likelihood of prescribing the
treatment. The effects of severity of infection, administration route, and phage combination with
antibiotics on treatment preference were not statistically significant (see Supplementary Information 4).
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Figure 2. AMCE & marginal means for discrete preferences. The left panel shows the AMCE for each attribute
level, while the right panel plots the marginal means. The AMCE represents the average conditional impact on
prescription preference for each attribute compared to the baseline. On the other hand, the marginal mean
reflects the overall favourability of an attribute on a scale from 0 to 1, where values above 0.5 signify a positive
effect on treatment preference, and values below 0.5 suggest a negative effect. Whiskers represent 95%

confidence intervals; significant associations have no overlap.

In addition to indicating which treatment they would prefer to prescribe out of the two hypothetical
choices, medical professionals were asked to evaluate, on a scale from 1 to 10, their likelihood of
recommending each hypothetical treatment to patients (Fig. 3). This continuous analysis validates the

results from the DCE above.
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Figure 3. AMCE and marginal means for preference rankings. The left panel shows the AMCE for each attribute

level, while the right panel plots the marginal means. The AMCE represents the average conditional impact on

prescription preference for each attribute compared to the baseline. On the other hand, the marginal mean

reflects the overall favourability of an attribute on a scale from 0 to 1, where values above 0.5 signify a positive

effect on treatment preference, and values below 0.5 suggest a negative effect. Whiskers represent 95%

confidence intervals; significant associations have no overlap.

We then compared the responses given by the GP sample and general health professional sample (Fig.

4). While there appears to be no significant difference between the two samples in the discrete choice

analysis, there is an apparent difference in the preference rankings between the two samples. For

almost all of the attributes and their levels, GPs show a higher willingness to hypothetically recommend

treatments to patients, compared to general health professionals.
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Figure 4. Comparison of general health professional vs. GP preference rankings. The left panel shows the
marginal means for the participants’ discrete treatment choices, split by sample; general health professionals
(blue) and GPs (red). The right panel shows the marginal means for the participants’ ranked preferences, again
split by sample. Values above 0.5 signify a positive effect on treatment preference, and values below 0.5 suggest a
negative influence on treatment preference. Whiskers represent 95% confidence intervals; significant associations

have no overlap.

In the survey of health professionals, we also asked an open ended question eliciting any additional
thoughts on phage therapy.® Health professionals' responses regarding phage therapy as a response to
the AMR crisis exhibit a mixture of optimism, curiosity, and concerns. Many participants acknowledged a
lack of in-depth knowledge about phage therapy but expressed a keen interest in learning more about
this emerging alternative to antibiotics. They viewed it as a promising avenue, provided that rigorous
scientific research and extensive clinical trials support its safety and efficacy. However, a recurring
concern among respondents was the potential hesitancy of the general public towards phage therapy,
emphasising the need for educational campaigns to instil confidence. Specific worries revolved around
the possibility of heightened side effects, the practicality of administration methods (e.g. intravenous
therapy), and the need for further evidence to address safety issues. Some respondents stressed the
importance of understanding bacterial resistance to phages and the unpredictability of their interactions
within the human body. Cost considerations were also raised, with suggestions that any initial expenses

might be offset by reducing antibiotic prescriptions in the long run.

% The wording of the question was: “We would be interested in hearing any additional thoughts you have on phage
therapy and whether it could provide an alternative to antibiotics in treating infections.”



The prevailing sentiment was a call for more research and clinical trials to provide the necessary data to
support the widespread implementation of phage therapy. Additionally, some participants highlighted

the need for increased awareness and regulation in this relatively unknown field.
Discussion

The momentum surrounding phage therapy in the early 20th century slowed due to the rapid
development of antibiotics. In nations like the UK, the present clinical application of phage therapy is
primarily limited to specific cases where conventional treatments have proven ineffective. The
involvement of commercial players in this field is limited, and comprehensive large-scale clinical trials
are infrequent. Nevertheless, the escalating issue of AMR has sparked renewed international fascination
with the possibilities offered by phage therapy (17, 18) and there is a renewed effort to address these
challenges. Public acceptance of a treatment greatly influences its success and uptake; our previous
research shows an apparent support and acceptance of phage therapy amongst the UK public (10).
However, to our knowledge, opinions of UK medical professionals, who will be key players in dictating

the success of phage therapy uptake, have yet to be assessed.

Congruent to the UK public, this study suggests there is a high level of support for the development and
expanded use of phage therapy from UK medical professionals. As expected, this medical professionals’
sample showed higher awareness of AMR and phage therapy than the lay UK public sample previously
assessed (10). However, the level of awareness about phage therapy differs drastically between GPs and
other medical professions, with the former having a far greater awareness. This may reflect the
difference in education syllabuses and day-to-day experiences of the two cohorts. Our evidence from
the interviews and focus group also suggests that there is a great deal of interest in investing in both
developing phage therapy as an alternative treatment, raising awareness in the public about the

treatment and destigmatising viruses.

The experimental evidence suggests that, when deciding to prescribe phage therapy to patients,
healthcare professionals consider the success and side effect rates to be the most decisive factors. This
is congruent to how the general public justifies their preference towards phage therapy (10); it also goes

in line with the factors that are commonly related to antibiotic prescription (19). This suggests that the



phage therapy has a potential to be widely adopted as a means of substituting antibiotics and thus

tackling AMR, should it be approved within the existing regulatory frameworks in the UK.

Another noticeable finding from the experiment is the consistently higher willingness of GPs to
recommend phage treatment to patients, compared to general health professionals. The explanation for
this could lie in the fact that GPs tend to have more hands-on experience in diagnosing and treating
various medical conditions; they are also more likely to encounter patients who did not respond well to
traditional antibiotics and thus are willing to try out alternative types of treatment. Further research in
this area should focus on exploring the motivation of GPs to implement phage therapy by considering

such factors as interaction with patients, continuing education, and personal interest.

It is important to acknowledge certain limitations in the conjoint experiment. Firstly, the number of
attributes presented to respondents had to be limited to six or seven, with the number of corresponding
attribute levels being restricted to three or four. Beyond this limit, participants may experience an
increased cognitive burden, leading to shortcuts in their evaluation and decision-making processes (20).
Additionally, including more attributes reduces the power of the study and with the relatively small
sample size, this was something we had to consider. Hence, there are other attributes of medicines (e.g.
the drug development and approval process; peer effect; recommendations from professional
associations) which may be highly influential on the participants’ prescribing decisions which were not
assessed in this study. Another constraint of the DCE experimental design is its can only assess
behaviours and attitudes that can be operationalized through discrete binary choice or ranking
guestions (21). Finally, survey experiments, including DCEs, have been criticised for their artificial
nature, potentially limiting their ability to fully represent real-world behaviours (22). However, research
by Hainmueller et al. suggests that the results obtained from conjoint experiments can closely

approximate real-world behavioural benchmarks (23).



Supplementary Information 1 — Interview Topic Guide

Please briefly describe your role, or what your role was, as a prescriber?

In your experience, what are the factors which underpin prescribing decisions?

When deciding which medical treatment to prescribe a patient, which attributes of the
treatment itself influence your decision the most?

What are your thoughts on antimicrobial resistance (AMR) seriousness?

How does AMR influence you/general practice when prescribing antibiotics? Have you seen a
change in prescribing behaviour?

Have you felt pressure from patients to prescribe antibiotics?

What antibiotics alternative do you suggest to patients?

Are you aware of any potential antibiotic-alternative treatments other than phage therapy?
Had you heard of phage therapy before this interview?

. Is there potential for phage therapy to be a routine treatment in healthcare in the future?
. What challenges do you think implementing routine prescription of phage therapy may face?
. What strategies do you believe are required to encourage public acceptance/uptake of phage

therapy in the future?

. If phage therapy was approved in the future, would you accept it as an alternative to

antibiotics?

. If phage therapy was approved in the future, would you feel comfortable prescribing it as an

alternative to antibiotics?



Supplementary Information 2 — Focus Group Topic Guide

1. Please briefly describe your role as a prescriber

Prompts:
a. How long since you qualified/registered?
b. How long have you been in your current/most recent post?
¢. Do you have a specialism?

2. What do you think are the factors which underpin prescribing decisions in a general practice?

Prompts:
a. Guidelines? e.g. National Institute for Health & Clinical Excellence (NICE), Quality & Outcomes
Framework (QOF), Regional Medicines Optimisation Committee (RMOC) information or advice
b. Local influences? e.g. local/ area prescribing committee, incentive schemes, patient factors
(population, specific patients)
c. Education and feedback? e.g. Local education programmes, informal learning (from colleagues),
electronic data about prescribing, information from pharmaceutical industry

3. What are your thoughts on antimicrobial resistance (AMR) in general?

Prompts:

a. How would AMR influence you when prescribing antibiotics?

b. Do you think prescribing practices have changed over time as a result of antibiotic resistance?

c. Have you ever come across cases where antibiotics have not been effective in treating patients
with probable bacterial infections, practical or through teaching? Any common infection types in
particular?

d. How do you think development of antibiotic resistance can be reduced? (e.g. interventions,
review of national guidelines, limit antibiotic marketing)

4. Are you aware of any potential antibiotic-alternative treatments?

Prompts:
a. Where/how do you find this information?
b. Have you heard of phage therapy before and, if yes, what do you understand it to be?
¢. How do you think the potential of phage therapy compares to other antibiotic alternatives?

5. Do you think phage therapy could be a viable alternative to antibiotics?
Prompts:

a. If any, what are your concerns/hesitations with phage therapy being used as an antibiotic
alternative?



What challenges do you think implementing routine prescription of phage therapy may face?
How do you think phage therapy could be implemented into general practice most successfully?
(e.g. combination use with antibiotics, increase compassionate cases, phage proteins (lysins))
Are there any specific patient groups you believe could benefit from increasing phage therapy
availability/access?

Is there anything else you would like to add that has not been covered?



Supplementary Information 3 — Sample Sociodemographic

Characteristics

Survey Question Answer Categories General Health
Practitioners Professionals
(%) (%)
What is your ethnic Multiple ethnic groups 2.9 2
group? Asian / Asian British 22.5 5.9
(n GP =102; n HP = 101) White / White British 60.8 86.1
Black / African / Caribbean 10.8 3
/ Black British
Other ethnic group 2 2
Prefer not to say 1 1
Where do you live? East of England 9.8 8.9
(n GP =102; n HP = 101) East Midlands 49 11.9
London 41.2 2
North East 2 5.9
North West 2.9 12.9
Northern Ireland 2 3
Scotland 8.8 8.9
South East 9.8 10.9
South West 2.9 5.9
Wales 2.9 9.9
West Midlands 6.9 5.9
Yorkshire & Humberside 5.9 13.9
How would you Man 63 5
describe yourself? Woman 37 91
(n GP =108; n HP = 100) | do not identify as a man 0 1
or woman
| prefer not to say 0 3
Age Min=22 Min=24
(n GP = 103; n HP = 100) Max=68 Max=75
Mean=35.7 Mean=44.5




Std=8.5 Std=11.3
Which of the following | Working full time 79.4 55.4
best describes your Working part time 14.7 27.7
employment status? Looking for work 2.9 3
(n GP =102; n HP = 101) Student 2.9 1
Retired 0 5.9
Not working nor looking 0 6.9
for work
Other 0 0
Please select from the | No Formal Qualification 0.8 0
below list the options Up to GCE O level, GSCE, School 5.3 3.9
that best describes the | S\ L0 T 31 214
highest level of equivalent qual.
qualification you have | university degree or higher, or 15.3 61.2
attained to date. equivalent qual.
(multiple choice) Postgr. medical training - The 18.3 3.9
foundation programme
Postgr. medical training - 42 49
Specialty and general practice
training
Other 0 0
Don’t know 0.8 0
Prefer not to say 0 1.9
Please select from the | General Medicine Council 40.5 6.8
below list which (GMC)
council you are Health and Care 30.5 12.6
registered to practise | Professions Council (HCPC)
with. Nursing & Midwifery 7.6 34
(multiple choice) Council (NMC)
General Dental Council 5.3 2.9
(GDC)
Other 3.1 9.7
| am not registered 1.5 28.2
Don’t know 0 0
Prefer not to say 0.8 1.9







Supplementary Information 4 — Coefficient Estimates of the

Conjoint Experiment [AMCE Figures 2-4]

Figure 2: Baseline Model:Discrete Choice

AMCE

feature

Administration.route

Administration.route

Administration.route

Patient.attitude.to.treatment

Patient.attitude.to.treatment

Patient.attitude.to.treatment

Severity.of.infection

Severity.of.infection

Side.effect.rate

Side.effect.rate

Side.effect.rate

level

Inhalation

Intravenous

Oral

Extreme
hesitance

No hesitance

Some hesitance

Acute

Chronic

1%

10%

20%

estimate  std.error
0.00 NA
-0.05 0.03
0.00 0.03
0.00 NA
0.05 0.03
0.03 0.03
0.00 NA
0.01 0.02
0.00 NA
-0.07 0.03
-0.20 0.03

z

NA

-1.82

0.03

NA

1.97

0.99

NA

0.25

NA

-2.15

-6.58

NA

0.07

0.98

NA

0.05

0.32

NA

0.80

NA

0.03

0.00

lower

NA

-0.11

-0.05

NA

0.00

-0.03

NA

-0.04

NA

-0.13

-0.26

NA

0.00

0.05

NA

0.11

0.08

NA

0.05

NA

-0.01

-0.14



Side.effect.rate

Success.rate

Success.rate

Success.rate

Type.of.treatment

Type.of.treatment

Type.of.treatment

Type.of.treatment

5%

20%

50%

80%

Antibiotics only

One phage only

Phage cocktail

Phage plus
antibiotic

-0.06

0.00

0.16

0.29

0.00

0.02

0.02

0.01

0.03

NA

0.03

0.03

NA

0.03

0.03

0.03

-1.77

NA

6.24

9.27

NA

0.57

0.60

0.23

0.08

NA

0.00

0.00

NA

0.57

0.55

0.82

-0.12

NA

0.11

0.23

NA

-0.04

-0.04

-0.05

0.01

NA

0.21

0.35

NA

0.08

0.08

0.07

Note: DCE AMCES estimates based on “cj” command in cregg. N=187 after respondents who failed the attention

check or had missing data on the DCE are removed.

Figure 3: Ranked Evaluations of Alternative Treatments

feature

Administration.route

Administration.route

Administration.route

level

Inhalation

Intravenous

Oral

estimate std.error
0.00 NA

0.04 0.12
0.15 0.11

NA

0.30

1.29

NA

0.76

0.20

lower

NA

-0.20

-0.08

NA

0.28

0.37



Patient.attitude.to.treatment

Patient.attitude.to.treatment

Patient.attitude.to.treatment

Severity.of.infection

Severity.of.infection

Side.effect.rate

Side.effect.rate

Side.effect.rate

Side.effect.rate

Success.rate

Success.rate

Success.rate

Type.of.treatment

Type.of.treatment

Extreme
hesitance

No hesitance

Some hesitance

Acute

Chronic

1%

10%

20%

5%

20%

50%

80%

Antibiotics only

One phage only

0.00

0.27

0.11

0.00

0.17

0.00

-0.42

-0.78

-0.20

0.00

0.62

1.16

0.00

-0.12

NA

0.12

0.12

NA

0.10

NA

0.16

0.16

0.16

NA

0.13

0.15

NA

0.16

NA

2.26

0.87

NA

1.66

NA

-2.54

-4.95

-1.23

NA

4.81

7.70

NA

-0.79

NA

0.02

0.38

NA

0.10

NA

0.01

0.00

0.22

NA

0.00

0.00

NA

0.43

NA

0.04

-0.13

NA

-0.03

NA

-0.73

-1.09

-0.52

NA

0.37

0.86

NA

-0.43

NA

0.50

0.34

NA

0.38

NA

-0.10

-0.47

0.12

NA

0.87

1.45

NA

0.18



Type.of.treatment Phage cocktail ~ 0.08 0.14 0.55 0.58 -0.20 0.36

Type.of.treatment Phage plus -0.06 0.14 -0.42 0.68 -0.34 0.22
antibiotic

Note: DCE AMCES estimates based on “cj” command in cregg for evaluation on 10pt scale of alternative

treatments.. N=187 after respondents who failed the attention check or had missing data on the DCE are removed.

Figure 4: AMCE estimates by Subgroups in the Sample:GPs and Health Professionals

feature level estimate std.error 2z P lower upper

Health Professional

Administration.route Inhalation 0.00 NA NA NA NA NA

Administration.route Intraveneous -0.05 0.04 -1.19 0.24 -0.13 0.03

Administration.route Oral 0.07 0.04 1.81 0.07 -0.01 0.14

Patient.attitude.to.treatment Extreme 0.00 NA NA NA NA NA
hesitance

Patient.attitude.to.treatment No hesitance 0.07 0.04 1.80 0.07 -0.01 0.14

Patient.attitude.to.treatment Some 0.04 0.04 1.14 0.26 -0.03 0.11
hesitance

Severity.of.infection Acute 0.00 NA NA NA NA NA

Severity.of.infection Chronic 0.02 0.03 0.80 0.42 -0.03 0.08



Side.effect.rate

Side.effect.rate

Side.effect.rate

Side.effect.rate

Success.rate

Success.rate

Success.rate

Type.of.treatment

Type.of.treatment

Type.of.treatment

Type.of.treatment

GP

Administration.route

Administration.route

Administration.route

1%

10%

20%

5%

20%

50%

80%

Antibiotics only

One phage
only

Phage cocktail

Phage plus
antibiotic

Inhalation

Intraveneous

Oral

0.00

-0.12

-0.28

-0.07

0.00

0.26

0.45

0.00

0.07

0.05

0.01

0.00

-0.07

-0.06

NA

0.04

0.04

0.04

NA

0.03

0.04

NA

0.04

0.04

0.03

NA

0.04

0.04

NA

-2.74

-6.86

-1.64

NA

7.76

11.56

NA

1.62

1.37

0.17

NA

-1.90

-1.42

NA

0.01

0.00

0.10

NA

0.00

0.00

NA

0.11

0.17

0.86

NA

0.06

0.16

NA

-0.20

-0.36

-0.16

NA

0.19

0.38

NA

-0.01

-0.02

-0.06

NA

-0.15

-0.14

NA

-0.03

-0.20

0.01

NA

0.32

0.53

NA

0.15

0.13

0.07

NA

0.00

0.02



Patient.attitude.to.treatment

Patient.attitude.to.treatment

Patient.attitude.to.treatment

Severity.of.infection

Severity.of.infection

Side.effect.rate

Side.effect.rate

Side.effect.rate

Side.effect.rate

Success.rate

Success.rate

Success.rate

Type.of.treatment

Type.of.treatment

Extreme
hesitance

No hesitance

Some
hesitance

Acute

Chronic

1%

10%

20%

5%

20%

50%

80%

Antibiotics only

One phage
only

0.00

0.05

0.04

0.00

-0.01

0.00

0.00

-0.11

-0.05

0.00

0.06

0.16

0.00

-0.04

NA

0.04

0.05

NA

0.04

NA

0.05

0.05

0.05

NA

0.04

0.05

NA

0.05

NA

1.32

0.88

NA

-0.28

NA

-0.09

-2.43

-1.11

NA

1.56

3.54

NA

-0.82

NA

0.19

0.38

NA

0.78

NA

0.93

0.02

0.27

NA

0.12

0.00

NA

0.41

NA

-0.03

-0.05

NA

-0.08

NA

-0.10

-0.20

-0.15

NA

-0.02

0.07

NA

-0.14

NA

0.14

0.13

NA

0.06

NA

0.09

-0.02

0.04

NA

0.13

0.26

NA

0.06



Type.of.treatment Phage cocktail ~ -0.02 0.05 -0.43 0.67 -0.12 0.08

Type.of.treatment Phage plus 0.00 0.05 0.00 1.00 -0.10 0.10
antibiotic

Note: DCE AMCES estimates based on “cj” command in cregg for evaluation on 10pt scale of alternative
treatments.. N=187 after respondents who failed the attention check or had missing data on the DCE are removed.
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