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Abstract

A paucity of data describing citizen perceptions of novel technologies, including those containing
unsupervised computer-controlled systems is currently available. We explored citizen perceptions of
using a microneedle biosensor and automated dose control system at a university public festival.
Groups of citizens (from 2-6 people per group) attended a short demonstration of a microneedle
biosensor and automated dosing system versus a traditional phlebotomy approach over astwo-day
public festival. Individual groups discussed and reached consensus on a number of short questions
regarding their perceptions on the acceptability of such technology. Over the two.days, 100 groups
participated (56/100 day 1 and 44/100 day 2). The majority of individuals reported high acceptability
of microneedle technology (median Likert score 9/10), but the majority believed that doctors should
decide what dose of antibiotic is delivered (75/100; 75%). Groups.concurred with the acceptability of
microneedles to reduce blood tests and pain associated with them. However, concerns were
reported over unsupervised computer-controlled programmes making decision about antibiotic
dosing. This was driven by concerns over computer error and the inability of systems to
contextualise decision making to the human and social context. Future work must consider the
greater role of citizen engagement in" the development of such technologies, to ensure their

acceptability upon implementation in clinical practice.
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Dear Editor,

We read with interest the article by Pan and colleagues on the role of aptamers in infectious
diseases.’ As well as diagnostic and drug delivery, aptamers have a potential role for facilitating the
real-time monitoring of antimicrobial therapy. Within healthcare there is a strong emphasis on the
development and introduction of novel technologies, including those that make automated,
computer-controlled decisions.” These technologies offer the potential to enhance ‘the ‘precision
with which we practice medicine. However, there are also concerns surrounding.the safety of such
devices, especially when human decision making is removed from their context.>. Whilst there is now
a healthy debate on the subject of automated, intelligent technologies.in the'literature and media,

there remains a paucity of work exploring citizen views on the acteptability of such intervention.*?

Public festivals offer the opportunity to rapidly collect and explore citizen views on focused subjects,
having successfully been used by our group to explore:a.number of infection related topics.®” Within
this study, we explored citizen perceptions of using microneedle-based biosensors and computer-
controlled dose optimisation software for the‘delivery of precision antibiotic dosing. Microneedle-
based technology is rapidly expanding, with in-vivo clinical studies of these devices underway for

monitoring a range of molecdles, including antibiotics.?

This study was performed across two days (28" and 29" April 2018) at a London university public
festival. The festivaliis open to the public and is visited by over 15,000 people annually. A stand was
set up insthe “infection zone” (which is visited by >3,000) of the festival (Figure 1). Two phlebotomy
arms were'set up to demonstrate traditional phlebotomy versus the use of microneedle technology
for continuous antibiotic monitoring.>*® Over the festival, two researchers (TMR and DM) manned
the scenario which was visited by groups of 2-6 people for 10-minute periods. During visits, the
group had a 1-minute demonstration of traditional drug monitoring versus the use of microneedle

technology on the phlebotomy arms. A simulation of a closed-loop control system for computerised
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antibiotic dose optimisation using the microneedle technology was then demonstrated. The groups
then had the remaining time to attempt phlebotomy and use the microneedles on the
demonstration arms and complete a short survey (Appendix 1) providing one set of answers (agreed
as a consensus). This methodology was the same on both days except for the questions asked. On
day two, individual groups were asked to undertake an additional task to facilitate triangulation of
findings from day one. Groups undertook discussion to agree or disagree with the answers obtained
from day one and provided comments. For speed and anonymity, group demographics were not
collected. All data were collected electronically, using a free data entry interface(typeform.com) and
a tablet device. All quantitative responses were analysed in R. Qualitative responses were analysed
using line-by-line coding undertaken independently by two researchers (TMR and DM) to group
responses into common categories and then themes. This“project was reviewed by the regional
ethics committee, who deemed that given the anonymous nature of data collection, ethical approval
was not required. Participants providing anonymous votes and written justifications at the festival

were not required to provide written consent.

In total, the stall was visited by 100/groups (56 /100 day one and 44/100 day two). Median (range)
group size was 4 (2-6) people.”Groups spent a mean (SD) of 7 (3) minutes discussing and responding
to the questionnaire after the short demonstration. Overall, the groups demonstrated good
knowledge regarding thelimportance of antibiotic dose optimisation. On day one, 47/57 (82%) of
groups identified thatrindividuals need differing doses of antibiotics to treat their infections. The
majority’ believed that antibiotic monitoring was beneficial for improving treatment of infections,
stopping the development of drug resistance, and preventing side effects (36/57; 64%). The majority
of individuals believed that their doctor should be the individual who decides what dose of antibiotic
is delivered (35/57; 63%), followed by a decision from a computer-controlled programme (15/57;
27%). This was corroborated by participating groups on day two (34/44; 77%) with a high level of

agreement for the use of microneedles for antibiotic monitoring (40/44; 93%).
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Figure 1 summarises the groups reported agreement with the use of microneedle-based technology
to monitor antibiotic concentrations and automated computer-controlled dosing, respectively.
These responses used a Likert scale from 1 to 10, where 10 was strong agreement with the
statement. These results demonstrated high agreement with use of microneedle technology scoring
a median (IQR) of 9/10 (5-10) with the groups having less confidence in automated dosing systems,

scoring a median (IQR) of 6/10 (4-8).

Qualitative analysis of the group responses demonstrated common themes driving the agreement
with the use of microneedles. These were that the microneedles would be, less.intrusive and less
painful than blood testing. Furthermore, the groups felt that microneedles may also improve the
accuracy and therefore effectiveness of antibiotic treatment. However, concerns were also noted
about potential errors in the sensor technology and its“impact onh day-to-day activities, such as
showering, if worn for prolonged periods of time. In contrast to sensors, there was a broader range
of opinions reported with regards to automated dosing systems. On one hand, citizens believed that
computers may be safer and less prone to 'mistakes compared to humans. However, citizens also
reported concerns over the use offunsupervised systems, stating that they would prefer trained
humans to be the final decision makers. This was because they believe that humans can
contextualise the decisions being made, helping to guide more individualised and humanised

decisions on dosing:

Although this study was limited by its small sample size, lack of demographic data, and potential for
citizens ‘attending to have a favouring view of science; it demonstrates that citizens are willing to
accept’'the use of novel technologies, including those using computer-controlled decisions. However,
there are concerns over the unsupervised nature of such systems, with the need for
recommendations to be contextualised by a human still favoured. Future work must consider the
greater role of citizen engagement in the development of such technologies, to ensure their

acceptability upon implementation in clinical practice.
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Figure 1. Example of demonstration and Likert score summaries of group acceptance of demonstrated technologies at a public festival

Example of demonstration provided during the Likert score distribution for agreement with Likert score distribution for agreement with
open day event wearing microneedle biosensor device automated computer dosing systems
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Legend: Phlebotomy arms were set up to allow demonstration of the
phlebotomy versus microneedle based drug monitoring and dose
optimisation. Researchers presented a short 2 minute demonstration to :
groups attending the station followed by allowing 5 minutes to try blood -« i T
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taking and microneedle sensing for themselves. Groups then complete a
short survey and qualitative evaluation of the session on ipads, which
were provided by the team.
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Supplementary document 1. Questionnaire questions provided to groups at the public festival.

Day 1.

1.

True or false: Jim and John need the same amount of antibiotic to treat their infection
(picture provided of two people with very different body size)

We can monitor antibiotic concentrations to (select one):
a. Improve the treatment of infections
b. Stop drug-resistant infections
c. Prevent side effects
d. All of the above
Antibiotic dosing should be decided by (select one):
a. My doctor
b. A computer programme
c. My pharmacist
d. The drug company

| would wear a microneedle sensor to improve\how much antibiotic | receive (Likert
score. 1 = strongly disagree, 10 = strongly. agree)

| would trust a computer to make-decisions about my treatment (Likert score. 1 = strongly
disagree, 10 = strongly agree)

If I had an infection, to improve the dose of antibiotics | receive | would prefer to use
(select one):

a. A biosenseron therskin and a doctor to decide the dose of antibiotic
b. A biosensoron the skin and a computer to decide the dose of antibiotic
c. Blood tests’and a doctor to decide the dose

d< I would prefer to take the “normal” dose of antibiotic

Day 2!

1.

Yesterday most people (62.5%) told us that the dose of an antibiotic should be decided
by a doctor. Do you agree? (Yes/No)

Please explain your groups answer (free text)

How happy would you be letting a computer decide the dose of antibiotic for you? (Likert
score. 1 = strongly disagree, 10 = strongly agree)

10
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4. Please explain your groups answer (free text)

5. Yesterday, most people said that they would be happy to wear a biosensor patch
(microneedle) to help monitor their treatment. Do you agree? (Yes/No)

6. | would wear a microneedle sensor to improve how much antibiotic | receive (Likert
score. 1 = strongly disagree, 10 = strongly agree)

7. Please explain your groups answer (free text)
8. Which of the following statements do you agree most with? (select one)

a. We should allow computers to support doctors to make decisions about our
treatment

b. We should allow computers to make decisions about our treatment asithe do not
make mistakes

c¢. We should stick with our current approach to decision making,'as it seems to be
working okay
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