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ABSTRACT ARTICLE HISTORY
Antimicrobial resistance (AMR) is one of today’s greatest public health Received 15 January 2021
threats and reducing antimicrobial use in livestock is essential to Revised 13 May 2021
prevent its spread, requiring rapid diagnostic tests (RDTs) to ensure that Accepted 23 June 2021
the drug prescribed matches the sensitivity of the disease organism.
However, despite decades of research on RDTs and a relatively KEYWORDS =

NSt > > ¢ . Antimicrobial resistance;
permissive regulatory environment in the UK, few devices are in livestock; rapid diagnostics;
commercial use. Challenges discussed by RDT developers included point-of-care diagnostics
identifying commercially-viable targets, and management of the
innovation ecosystem, e.g. to create clear pathways to market
supporting positive interactions between farmers, vets, and other actors
along the value chain. Future support for RDT development could be
provided through incorporation in: assured food systems; business
service packages provided by centralised laboratories; or animal health
monitoring packages related to the spread of AMR. Breeding stock sales
could require an accompanying health package including RDTs,
vaccines and/or antibiotics, linking to precision agriculture approaches.
Unlike the example of RDT development for COVID-19, it seems that the
urgency of the issue and the clarity of links between animal and human
health outcomes are not yet sufficient to support a fast-tracking
programme for the development of RDTs to combat AMR.

Introduction

Antimicrobial resistance (AMR) has been identified as one of the greatest public health threats of our
time (O ‘Neill 2015). Reducing antimicrobial use in livestock has been proposed as an essential strat-
egy to combat AMR in animals and humans (World Health Organisation 2017). However, antibiotic
use is sometimes necessary, leading to challenging decisions that balance the immediate health and
welfare of animals against the longer-term risk of AMR (Rushton 2015). The COVID-19 outbreak,
although viral, has led to increasing use of antibiotics in treatments and has strengthened this
focus on AMR (Hsu 2020).

Although policy initiatives and information campaigns have led to large reductions in antibiotic
use by the UK livestock industry (UK-VARSS 2020), further reductions are likely to require new
approaches. The use of rapid diagnostics to enable more discriminating use of antibiotics is one
such approach (O ‘Neill 2015). Although this is an attractive prospect, there are few products
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within the veterinary sector on the market at present, despite many attempts at developing such
devices. Our research sought to understand why this is the case and what barriers are faced by
those developing rapid veterinary diagnostics. We argue from our findings that lack of commercia-
lisation has been at least partly due to the lack of a coherent innovation ecosystem and therefore
propose such an approach to enable the emergence of future value chains targeting viable markets.

A clear vision for the role of rapid veterinary diagnostics (Borup et al. 2006) was first applied to
outbreaks of livestock diseases such as Foot and Mouth Disease in 2001 (King et al. 2010), and re-
visited during concerns around antibiotic resistance (O ‘Neill 2015). It was reinforced by the avail-
ability of data from precision agriculture (Neethirajan et al. 2017), and is now emphasised in the
field of human medicine by the need for a rapid, easy-to-use diagnostic for COVID-19. There is
however an important distinction between rapid tests for a viral target (such as Foot and Mouth
disease or COVID-19), which detect the presence or absence of a pathogen, and tests to inform
decisions about antibiotic use, which need to answer several questions as follows (Okeke et al.
2011). Is this a bacterial infection? What type of bacterium is involved? What existing resistance
might be present? Which antibiotics will be most effective for treatment? It is this latter use in inform-
ing future antibiotic use that is of interest in this paper.

Several different terms are used for such devices, including rapid, point-of-care or penside tests.
For clarity, in this paper we will refer to rapid diagnostic tests (RDTs) for livestock and more specifi-
cally for our focus on diagnostics to help with antibiotic use, as Rapid Diagnostic Tests for Antibiotic
Use in Livestock (RDT-ABL).

Much of the research on antimicrobial prescribing and administration in livestock production has
focussed on the behaviour of vets and farmers (e.g. Coyne et al. 2016; Bourély et al. 2018; Buller et al.
2020; Chan et al. 2020). Comparatively little attention has been paid to technologies that could
change the basis of future decision making on disease diagnosis and antimicrobial treatment (excep-
tions are Evers, Aerts, and De Tavernier 2008, an ethical evaluation of RDTs, and Mohr et al. 2020
focusing on sheep scab). This paper considers the potential role of RDT-ABLs in supporting these
decisions and explores how the innovation ecosystem could be tailored to facilitate their future
development.

Background
Antimicrobial use in the veterinary sector

Veterinarians and farmers will make precautionary decisions about antimicrobial use in the animals
under their care if the risks to the health and welfare of the animal(s) of withholding treatment out-
weigh for them the longer term societal threat of AMR (Adam 2019). RDT-ABLs may therefore help to
reduce the use of antibiotics where animals are free from pathogenic bacteria, provide reassurance
to vets and livestock keepers in decisions to withhold preventive treatment, and in some cases
ensure that the most appropriate antibiotic is described. In certain clinical scenarios, rapid initiation
of antibiotic treatment is essential for health, welfare and production reasons, e.g. a life-or-death
scenario such as sepsis in cattle requires the use of broad-spectrum, critically important antibiotics
(Pardon and Deprez 2018) and RDT-ABL could help to speed up diagnosis and initiation of treatment
in these situations.

Studies from the UK (Chan et al. 2020), other European countries (De Briyne et al. 2013) and New
Zealand (McDougall, Compton, and Botha 2017) have found that veterinarians make limited use of
diagnostic testing to support antimicrobial prescribing, indicating that this is an issue of inter-
national concern. The cost and time required to deliver a result from currently available laboratory
tests are major barriers to their use. Antimicrobial prescription on the basis of clinical observations
rather than microbiological testing is the norm. This reliance upon clinical observation might lead to
inadvertent overuse or, in some case, erroneous use of antibiotics. The availability of RDT-ABLs could
create an opportunity to revolutionise farmer and veterinary decision making about antibiotic use.
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Innovation in RDT-ABLs is taking advantage of developments in biology, physics and information
technology, adopting a number of different approaches to detect diseases for a range of different
livestock species. However, the innovation ecosystem within which these diagnostics are being
developed is complex, involving a range of different players and relationships in the value chain,
an unclear regulatory environment, with no current regulation of rapid veterinary diagnostics in
the UK, unclear paths to market and potentially poor returns on investment (Boon and van
Merkerk 2009). This paper examines whether these relationships and the nature of the innovation
ecosystem for RDT-ABLs can explain why so few devices have become commercially available.

Networks and social relationships, both formal and informal, are key components of an inno-
vation ecosystem, often embracing trust and tacit knowledge (Scaringella and Radziwan 2018),
and Adner (2006) advocates taking a strategic approach to developing an innovation ecosystem.
Papaioannou, Wield, and Chataway (2009, 319) refer to innovation ecosystems as ‘a complex
network of interdependent relationships’ that allow collaborating firms to create value in ways
that no single firm could undertake (Durst and Poutanen 2013). For RDT-ABLs, the most salient
feature seems to be to address ‘integration risk’ (Adner 2006, 4), understanding which intermediary
actors in the value chain have to adopt, and if necessary adapt, the technology before it reaches the
end user. For some researchers, it is critical to examine the structure of the innovation ecosystem and
how this system creates and delivers value (Walgrave et al. 2018; Wield et al. 2017). As well as appro-
priate artefacts and key partners, a suitable socio-technical environment involves the habits and
rules that govern ecosystem relationships (Walgrave et al. 2018). It is these relational aspects of
the innovation ecosystem, that we suggest are either absent or nascent in the RDT-ABL innovation
ecosystem leading to a lack of shared norms and cultures.

RDT-ABLs seem unlikely to be able to create value in a market as individual artefacts or to fit
immediately into existing laboratory and veterinarian processes of diagnosis. They have the poten-
tial to complement current practices but also to compete with them, and indeed they could be
viewed as transformative technologies, opening up path-breaking opportunities (Tait and Wield
2019) for more systemic farm animal health management, but this would require network relation-
ships and ways of working to be restructured.

Rapid diagnostic devices

There are a number of variables: (i) different rapid diagnostics (e.g. lateral flow devices, portable poly-
merase chain reaction, microarrays, linking data to mobile phone apps) (ii) different samples (e.g.
saliva, blood, milk, urine); (iii) different diseases with diverse characteristics (e.g. contagious bacterial
diseases or diseases caused by parasites); (iv) different species (e.g. dairy cattle to poultry); (v)
different production systems (e.g. indoor pig production to hill sheep), as well as different stake-
holder perspectives. Diagnostics could target single diseases or be multiplexed to allow testing
for several diseases at the same time. Some devices (such as lateral flow devices) are self-contained
while others require the addition of specific reagents. Both the diagnostic device sector and the live-
stock sector they could serve are therefore very heterogeneous, and identifying a suitable target
product profile is challenging (Belkum et al. 2019).

Materials and methods
Data collection

Identifying companies developing RDT-ABLs was challenging, reflecting the fragmented nature of
the industry and lack of a central contact point for diagnostic developers working in this area. Par-
ticipants were identified and approached via four major channels; internet searches, networking at
relevant meetings and conferences, snowballing through contacts, and word of mouth. Data collec-
tion took place from April 2018 to October 2019.
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Telephone interviews were conducted with representatives of fifteen diagnostic developers and
four industry organisations, veterinary laboratories and government. Interviews were all conducted
by author KA with author AB additionally present at three interviews. Fifteen of the nineteen inter-
views were recorded and transcribed for analysis. Recording failed for technical reasons in one inter-
view and three participants declined consent to be recorded, but agreed to an informal discussion to
support the research. No further interviews were conducted when the research team was satisfied
that data saturation had been achieved. The research gained ethical approval from the University
of Edinburgh.

Participants thus represent a convenience sample of diagnostic developers, with substantial
diversity among the individuals, businesses and technologies included. The fifteen developers com-
prised eleven individuals working in academia, spin-out or start-up companies related to veterinary
diagnostics, and four from multinational animal health companies. Twelve different types of RDTs
were represented, including phenotypic tests to detect bacterial growth, genotypic tests to detect
genetic material from pathogenic bacteria and viruses, and biomarker tests to detect immune
responses to infection. The end product in development by all companies was either a reader-car-
tridge model, where a disposable cartridge containing a sample would be analysed by a multiple-
use reader to provide a result, or a single-use, disposable test. One company was developing a
sample preparation product to be used in conjunction with other diagnostic tests.

Finally, a stakeholder workshop was held in October 2019. Nineteen participants attended the
workshop, of which eight were interviewees or another representative of companies included in
the interviews. Ketso kits (www.ketso.com), a hands-on workshop facilitation tool that utilises reusa-
ble, coloured shapes to structure the discussion, capture ideas and allow all stakeholders to contrib-
ute, were used for small group discussion to identify key points around the pathways to market for
RDT-ABLs.

Data analysis

Data were analysed using the Strategic Analysis of Advanced Technology Innovation Systems
(STRATIS) framework (Wield et al. 2017), developed for assessment of innovation ecosystems. The
framework pays particular attention to the extent to which an innovation is disruptive or incremental
for the business models of companies in the value chain and the resulting policy, regulatory and
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Figure 1. Summary diagram of pathway for development of market for AMR-RDT-Ls.



http://www.ketso.com

TECHNOLOGY ANALYSIS & STRATEGIC MANAGEMENT . 1253

innovation support needs of the companies involved. Banxia Decision Explorer software,’ a software
package that allows causal connections to be made among activities, was used to create a map of
each company’s development process from the interview data. All of the maps were then consoli-
dated, and are summarised to create an overview of the innovation ecosystem for RDT-ABLs (Figure
1). This shows the steps required to take a device from academic research to market, and indicates
some of the relationships required in the value chain. Figure 2 shows more detail of the requirements
from manufacturing to achieving the goals of innovation. The following sections will discuss the
content of these figures in more detail. Quotes from interviews are used to exemplify and expand
the analysis, and are indicated in italics.

Results
Company business models

Innovation in most of the companies we interviewed was initially driven by the technology they are
developing rather than by user demand. We identified three main types of organisation developing
RDTs; university spin-outs who have developed novel technologies; companies in other areas (e.g.
chemicals) looking for alternative uses for their products; and animal health companies, often
working internationally and already selling laboratory-based diagnostics. The animal health compa-
nies were seeking new products developed in universities and smaller companies. The former two
types of company have limited experience of the livestock sector. However, the livestock sector is
perceived as attractive due to fewer regulatory requirements and hence quicker access to market
than applications to human health. Several of the developers therefore envisage using the veterinary
market as a prelude to developing devices for the more lucrative human market, with the livestock
sector providing an income stream and experience with the diagnostic that will enable them to
remain in business while seeking to access the human market:

“The reason we’re interested in the veterinary side is because of its lower regulatory barriers at the moment it
does offer a route towards getting a product more rapidly, certainly getting instruments into trials and begin-
ning to see how well it works much more easily than it is with human clinical labs.” (interview G, diagnostic
developer)

As noted earlier, livestock production is a very heterogeneous industry sector, making identifying the
target market and its overall size challenging, exacerbated by the lack of (i) accessible data on the
number of relevant veterinarians or veterinary practices, and (ii) data on key diseases. There is con-
siderable uncertainty about treatment decisions where a rapid diagnostic test would be advan-
tageous. Securing the funding to bring a product to market has the usual ‘valley of death’

Value chain
Major animal health companies
S Manufacturing gy © Looking for new products

* Limited in-house early stage R&D
?
Marketing /

-~

* Need tosee a clear value proposition

Goals: DR )
Funding - Improve animal health and welfare 7 ,:;Z:;:::,
J - Support responsible antibiotic use e

R - Make a profit =

Figure 2. Anticipated next steps in RDT-ABL development and commercialisation.
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challenges (Omidvar et al. 2014), as reflected by our interviewees. However, making the case for
further funding is complicated by this lack of obvious target markets.

The route to market envisaged by our respondents often involved engaging with other
businesses in the value chain, such as veterinarians and farmers, as they recognised the importance
of creating these links. The value chain represents the organisations required to bring the product
successfully to market.

Value chain

Business interactions

None of the companies interviewed had processed beyond the validation stage at the time of the
interviews (Figure 1). Anticipated next steps would be to market and manufacture the product,
either following acquisition or in partnership with a major animal health company (Figure 2). Our
data suggested that animal health companies were indeed being approached by developers,
although RDTs also presented numerous challenges to them too. Most of the technologies they
were being asked to consider still required considerable development. The financial risk associated
with bringing a product to market is considerable, and companies needed to be confident that the
product would be profitable. Furthermore, a company’s incentive to invest in the diagnostic will be
influenced by their existing product profile and distribution channels, along with manufacturing
costs. This dilemma for animal health companies is reflected in the following quote:

“ ... we always ask ourselves, should we invest right now in this early stage or not, and most of the time it’s a no
because we cannot see any kind of positive return on investment” (interview L, animal health company)

A further feature in the diagnostics ecosystem is the apparent unwillingness of human healthcare
companies to be involved in the veterinary world for fear of risking their brand by being implicated
in a potentially controversial but much smaller market sector:

“So just for context, in Europe the veterinary medicines industry, just medicines now, is worth 2.5% of the human
medicines industry. UK is a little bit more, it’s 4% in the UK but in the EU as a whole it’s 2.5%. I’'m sure diagnostics
is probably going to, the market share in size is going to be very similar or not going to differ radically” (interview
N, animal health industry organisation)

Some of our respondents were investigating alternative business models including a focus on pro-
viding a sample preparation service or integrating rapid diagnostics with the growing set of pre-
cision agriculture technologies (e.g with robotic milking or automatic monitoring of housed
livestock).

We conclude that despite the large number of innovative developments in RDT-ABLs, a clear
pathway to market is lacking. Finding the right partners to bring these devices to market, and
indeed ascertaining the potential size of the market are ongoing challenges within the innovation
ecosystem.

That being said, the value chain for rapid diagnostics also involves veterinarians and farmers, and
many diagnostic developers are already working with vets/farmers attempting a co-innovation
approach, including engaging with them in field trials.

Veterinarians
Veterinarians are not just potential end users for rapid tests, but also an active part of the develop-
ment process (Figure 2). Most of the smaller diagnostic companies have limited experience of the
animal health sector and have worked with veterinary companies to obtain relevant information.
Veterinarians have also provided samples for test validation and feedback on prototypes of novel
tests.

The process of running field trials with veterinary companies is complicated by the need to work
with veterinary and farming businesses and to integrate the validation of rapid diagnostics into their



TECHNOLOGY ANALYSIS & STRATEGIC MANAGEMENT . 1255

processes. Several companies reported they had found it difficult to connect with veterinarians and
farmers for test validation.

The potentially ‘path-breaking’ nature of rapid diagnostics challenges the currently dominant
practice of using laboratory standards of accuracy. Buller et al. (2020) found that veterinarians
expressed doubts about the way in which rapid diagnostics would be used in practice and the
interpretation of the resulting data. The current comparator tests, laboratory-based diagnostics,
raise a high-quality barrier for any competing technology, and there is not yet a strong market
demand for the additional advantage of speed in delivery of results from RDT-ABLs. Even if the
devices were appropriately sensitive, specific and robust, there would still be the potential for
users to draw wrong conclusions from the test and to devalue veterinarians’ expert clinical
judgement:

“I think convincing some but not all vets and farmers that the test is valid, even after you’ve gone through trials,
these types of diagnostics have always been lab done and people tend to trust labs and | can sort of foresee this
trust being problematic” (interview E, diagnostic developer)

Encouraging use of RDT-ABLs may require veterinarians and central testing laboratories to redefine
their business models to generating income from diagnostic tests alongside reduced antibiotic sales.
It is clear, however, that RDTs, and particularly RDT-ABLs will not completely replace laboratory
testing. The traditional gold standard test to support decisions on antibiotic use is microbiological
antibiotic sensitivity testing, where bacteria are grown in a laboratory and then tested against
various antibiotics (OIE 2018). This approach offers highly accurate information for treatment
decisions around antibiotics, but is time consuming and relatively expensive. On-farm culture is
one approach to reduce the time and cost of this type of testing and has been used successfully
for diagnosis of mastitis on dairy farms (Viora et al. 2014), but whether this is sufficiently simple
and rapid to fulfil the criteria of an RDT-ABL is debatable.

A further question was raised regarding the legal responsibility and professional role that veter-
inarians have for the welfare of animals in their care. RDT-ABLs used by farmers may provide a chal-
lenge to veterinarian’s ability to control the use made of the information from the diagnostics.
Similar concerns were expressed by doctors in making lateral flow device pregnancy tests for
humans available to the public (Green 1991). However, in the case of RDT-ABLs more control is
likely to be retained by veterinarians given they will have control over what antibiotics are prescribed
as antibiotics are only available by veterinary prescription. Diagnosis of disease in animals, including
diagnostic testing, is defined as an act of veterinary surgery and in the UK can only be performed
legally by a registered veterinary surgeon (Veterinary Surgeons Act 1966). Although in practice,
many treatment decisions on farms are made in the absence of a veterinary diagnosis (Rees et al.
2019). An official veterinary diagnosis confers legitimacy on the results of a diagnostic test by pro-
viding certification, which has important implications for disease control programmes. A rapid
test performed in the absence of a veterinarian lacks this official status.

Viewing veterinarians as direct customers of new diagnostic test technologies is unlikely to create
a large successful market unless there are more systematic changes in the nature of the market. Thus,
RDTs and RDT-ABLs specifically, will need to provide benefits for the value chain and for the farmers
at the application end of the chain, potentially requiring re-thinking aspects of veterinary practice:

“That’s a huge challenge here for veterinary practitioners, how to be considered ... as a value provider and not
as a mandatory pain.” (interview L, animal health company)

RDT-ABLs could be of interest to farmers due to their portability and ease-of-use. Furthermore,
farmers potentially represent a far larger market than veterinarians.

Farmers
The perception of the diagnostic developers was that the first challenge to adopting rapid diagnos-
tics is for farmers to recognise there is a problem that such devices can address. Farmers can become
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used to a specific level of on-farm disease and not perceive it as a problem. Using an antibiotic can in
many cases be a lot simpler than requiring an additional diagnostic test step:

“Because it’s easy for him to inject an intermammary tube with antimicrobials. If this is not critical antimicrobials
he won’t have any problem from [two retailers] with the specifications, why should it change?” (interview L,
animal health company)

Diagnostic developers recognised that decision support will be required by farmers when using
rapid diagnostics. The questions for which farmers require answers may be different from those
asked by researchers. Farmers are likely to focus on how the diagnostic informs decision making,
rather than the specific disease organism and its antibiotic sensitivity. The implication here is that
the accuracy from RDT-ABLs may not need to be at laboratory gold standard level but that improving
decision making compared to current practice may be enough.

Many developers recognised that on-farm diagnostic use also requires attention to the context in
which the device is to be used, for example, tests on milk have to fit into the routines and timings
around milking. Developers also understood the need for robustness in devices intended for on-farm
use, but the overwhelming consideration was to ensure financial benefits to farmers from using
RDTs.

Financial costs and benefits

Financial benefit will depend on whose perspective is taken. Unless there are appropriate (and trans-
parent) profits across any new RDT-based value chain, it is likely to fail. There are particular chal-
lenges with ascertaining the financial benefits to veterinarians (in a novel context) and farmers:

“It depends who you would think of. If it’s a company, the industrial partner let’s say, then it would have to be
the profit, that they would sell the test and get good margin on that. If it’s the farmer, for them the cost of the
test is a big thing but it would be the side of prevention or the reduction in the use of the drugs. And for the vets,
maybe more involvement within the farm, if they have a point-of-care test they would be able to go and advise
and follow the whole process. So | think for that it depends which perspective you’re looking at, if it’s the com-
mercial partner or the vets or the farmer” (interview F, diagnostic developer)

The economic case will depend on a number of factors, including the species being considered; for
example, an individual chicken is likely to be worth less than the diagnostic test, in which case the
test would need to inform decisions at the group level.

A final perspective was questioning who pays for whose benefit. Most visions for the role of RDT-
ABLs focus on the benefits to society (reduced, more focussed antibiotic usage) but expect farmers
to pay for this benefit. Recognising the public good value of RDT-ABLs could lead to provision of
financial or policy incentives for their adoption in practice, facilitated, for example, by retailer pro-
grammes for discouraging antibiotic use and encouraging use of RDT-ABLs.

Regulatory environment

As indicated earlier, an appropriate socio-technical environment is needed for a successful inno-
vation ecosystem (Walgrave et al. 2018; Wield et al. 2017) and regulation, as a critical component
of this environment, can dramatically influence innovation trajectories (Tait, Banda, and Watkins
2017).

The regulatory environment for rapid veterinary diagnostics is complex, fragmented and in many
cases unclear (with the exception of diagnostics for notifiable diseases, such as Foot and Mouth
Disease that are controlled globally by OIE regulations (Howson et al. 2017)). There is no harmonised
regulation for putting veterinary diagnostics on the market across the EU, with different countries
having different requirements, often associated with the route that products are required take to
get to market (e.g. direct to vets, to veterinary distributors or to human pharmacies). Currently,
there appears to be no specific regulation in the UK for bringing rapid diagnostics to the veterinary
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market. The standard process for indicating efficiency is to validate the device against gold standard
laboratory practice and publish the results (e.g. Ferris et al. 2012).

The lack of an obvious regulatory regime in the UK is perceived to be both a benefit and a chal-
lenge. Its attraction is that it could enable products to reach the market quickly and at low cost.
However, it can also result in nervousness on the part of developers potentially concerned
whether they have identified the relevant regulatory regime or not or that a new regulatory
regime could be introduced in the future, affecting their business model:

“One of the things that sort of slightly unnerving about the regulatory situation in the UK is that it’s like the black
swan problem, you look to see if there are regulations that you need to abide by and can’t find any but that
doesn’t mean they’re not there so there’s that kind of fear that something may pop out of the woodwork at
the last minute, if there were more formalisation of the procedure that is required, even in its simplest form
that would be helpful” (interview A, diagnostic developer)

The current regulatory landscape could also allow poor quality products without good test perform-
ance to emerge on to the market, acting as a disincentive for animal health companies to invest in
diagnostics, as it can make them vulnerable to competition from inferior products:

“When you are working in the pharmaceutical company and you are so used to all the guidelines, all the good
laboratory practice, everything which is framed and regulated and so on, you take good care in demonstrating
that what you are doing is good, safe, effective, good performance and so on. But you are competing with a lot
of competitors which are launching things without proving anything and just good marketing, ... . innovating in
a market which is unregulated is sometimes difficult ... So yes some more regulation could decrease the com-
petition from people who don’t have all the means to invest in respecting all the regulations, but on the other
way it will push the ones who have the means to invest more because they will have less competitors on the
market” (interview L, animal health company)

There are other pertinent standards indicating the quality of the devices being produced, and the
processes whereby tests are carried out. These include quality assurance of laboratory practice
and the use of kite marks (CE certification) on products that are marketed.

Further relevant regulations (often in the form of standards) are related to the reagents or pro-
cesses used in the devices (such as products from synthetic biology or nanotechnology), and dispo-
sal of wastes, such as plastics involved in devices. One respondent gave evidence of their impact on
competitivity:

“Also, along with everything here there’s also a waste component, Europeans tend to be very sensitive envir-
onmentally compared to those of us in the States and so the type of plastic that’s used or how environmentally
friendly might enter into the conversation. For instance, our [x] devices, those are all plastic and those get
thrown away, we have competitors that have less of a plastic footprint and so in some areas they’re winning
where we’re losing because of the environmental factor” (interview O, animal health company)

Regulation could act as an enabler for some types of tests, for example if farmers were required to
use a diagnostic test or antibiotic sensitivity before a specific antibiotic could be used as part of
assurance scheme rules. This kind of regulation already exists in some places, such as pig production
in Denmark (Dupont et al. 2017). A possible regulatory environment for encouraging use of RDT-
ABLs consists of both regulation of antibiotic use and developing appropriate standards for
safety, quality and efficiency for the development, manufacturing, distribution and use of RDT-ABLs.

Discussion

The rapid diagnostics sector is full of creative ideas, drawing on recent developments in biology,
physics and information technology, mostly embedded in small spin out companies from univer-
sities. By ensuring that antibiotic use appropriately matches the antibiotic sensitivity of the target
disease organism RDT-ABLs could reduce the potential for AMR to emerge as a result of on-farm
animal treatments.

Many of the current developers of RDTs are unfamiliar with the livestock industry and therefore
lack appropriate links within the sector and an understanding of relevant pathways to market. Our
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research has shown that, even for those who are familiar with the sector, it is not clear what relation-
ships need to be developed, what the needs and interests of different actors are, and how future
pathways to market can be created. As few RDT-ABLs exist in commercial practice, there is scope
for misunderstanding or misrepresenting the needs of different actors, and also a potential for
different visions of the role of RDT-ABLs to create further uncertainty in developing value chains.
Technical challenges include identifying a target for the diagnostic that will provide tangible
benefits in reducing AMR and hence a viable market for the device. There is perhaps a need for a
centralised organisation to provide a point of contact and connection for all businesses and individ-
uals working in this area, such as the Longitude Prize for RDT-ABL development for human
applications.

Future prospects for veterinary RDT-ABLs might best be served by re-conceptualising them from a
‘black-box’ device that replaces laboratory diagnostics and veterinarian diagnosis, to an integrated
element of a system to optimise antibiotic use in livestock. It is not sufficient to focus just on the
artefact (the diagnostic), consideration also needs to be given to how the overall system creates
and delivers value. The ‘sticking point’ in the development pathway, as identified in Figure 1, is
the commercialisation of innovative RDT-ABLs. So far, the benefit to the individual farmer or veter-
inarian from using a RDT-ABL seems insufficiently clear or understood to create a viable market,
despite the broader public good of a reduction in AMR. In future, different value chains and business
models could be based on different conceptualisations of the benefits of RDT-ABLs, serving different
functions. This would mean extending the concepts for manufacturing and marketing in the value
chain depicted in Figure 2 to include wider ‘products’ than just a diagnostic device. For example, if
implemented in ways that farmers would find acceptable and helpful to their decision making:

o they could form part of an assured food system used in partnership with food processors and
retailers, or as part of a package of measures used to maintain antibiotic use at very low levels;

o they could contribute to new business services by centralised laboratories combining the rapidity
of RDT-ABLs with the quality control expertise of laboratories, able to respond more quickly to
questions about which antibiotic is appropriate to use in particular circumstances;

o they could form part of a package for animal health monitoring, where widespread use of diag-
nostic devices returned to a central location could be used in regional animal health schemes
ascertaining the spread of antibiotic resistance;

e breeding stock could be sold together with a health package of vaccines and RDT-ABLs, or anti-
biotics or vaccines could be sold in conjunction with RDT-ABLs as a total health care package,
potentially in conjunction with precision agriculture technologies;

e an One Health approach could be implemented allowing individual farmers or veterinarians to
monitor development of AMR among the animals they are exposed to, which could be of interest
in managing individual health conditions.

Any new model would require further exploration to establish the drivers and aspirations of rel-
evant actors in the ecosystem.

Regulations, standards and guidelines will play important roles in antibiotic use in livestock and
could promote or inhibit RDT-ABL development and uptake. Some supermarkets already require a
diagnostic test to allow farmers to use certain antibiotics.? However, the impact of this requirement
may be that these antibiotics are simply no longer used at all. Such a response could be effective in
controlling antibiotic use but would negate the need for RDT-ABLs.

Assurance schemes, such as Red Tractor, or specific processor or retailer standards, can also
encourage the use of diagnostics. Whether this is desirable or not is a subject of debate, with
some respondents uncomfortable about a purely negative driver, and preferring an approach of pro-
moting the benefits of diagnostics rather than forcing farmers to use them (Alban et al. 2013; Dupont
et al. 2017).
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The current UK regulations pertaining to livestock RDTs may also change, as wide-ranging regu-
latory reform is being considered by the UK Regulatory Horizons Council.®> A complex and time-con-
suming regulatory system could stifle the creation of markets for RDT-ABLs, but developing
appropriate standards for safety, quality and efficacy could provide industry confidence for future
investment in the area (Tait, Banda, and Watkins 2017). A consensus based on industry and stake-
holders views, developed under the aegis of a body like the British Standards Institution, could
provide a clearer and more level playing field for diagnostic developers.

Considering the market model, currently farmers (perhaps via veterinarians) would be expected
to pay for the use of the RDT-ABLs while the primary benefit of its use would accrue to society as a
whole, perhaps justifying a government financial contribution to this benefit.

Finding a future market for RDT-ABLs in livestock production may appear challenging. However,
the value of rapid diagnostics in the COVID-19 pandemic suggests that finding the appropriate
opportunity can lead to the rapid growth of a market sector. Valuable lessons will have been
learned from the scientific research and regulatory fast-tracking experience gained while developing
RDTs for COVID-19 and many will be transferrable to livestock diagnostics. However, the context of a
pandemic is very different from that of antibiotic stewardship. The urgency of the AMR issue and the
clarity of links between animal and human health outcomes are not yet sufficient to support a fast-
tracking programme for the development of RDT-ABLs.

Notes

1. https://banxia.com/dexplore/ accessed 30/11/20.

2. https://www.fwi.co.uk/livestock/health-welfare/livestock-medicines/tesco-milk-suppliers-to-cut-use-of-critical-
antibiotics accessed 30/11/20.

3. https://www.gov.uk/government/groups/regulatory-horizons-council-rhc accessed 30/11/20.
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