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Candesic

It’s life, but not as
we’ve known it
Candesic doctors Michelle Tempest, Michal Wlodarski and Joe Taylor
consider the impact of the inexorable rise in antimicrobial resistance

T

he diminishing arsenal of antibiotics
available to clinicians is now a widely
recognised global problem. Antimicrobial
resistance (AMR) will continue to have
significant impacts on the pharmaceutical
industry, diagnostic technologies and clinical
care provision.
Antibiotics revolutionised medicine by

providing accessible, non-invasive means of
combating previously untreatable and often
highly contagious infectious diseases; these
agents have been in use for more than 70 years
and modern medicine has come to depend on
their efficacy.
Today, many antibiotics do not work for as
many people or as effectively as they once did

– 25,000 people die every year in the EU as a
result of multi-drug antibiotic resistant bacteria,
and many more struggle to regain health in the
context of AMR. In England and Wales alone,
1,660 people died in 2006 due to MRSA (figure 1).
The key impacts of the growth in AMR will
include the following:

FIGURE 1: MRSA DEATHS IN ENGLAND AND WALES
Deaths associated with Staphylococcus aureus more than doubled between 1996 and 2006 –
a phenomenon attributed to the emergence of methicillin resistance
MRSA cases as a proportion of all Staphylococcus aureus-related deaths
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FIGURE 2: DISTRIBUTION OF ANTIBIOTIC CONSUMPTION
In aggregate, antibiotic consumption rose between 2005 and 2014 in OECD countries, despite
growing awareness of the AMR threat
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1. There will be growth in the demand for point
of care (PoC) microbial diagnostic platforms,
enabling more targeted deployment of
antibiotics
2. Generic antimicrobial agent demand will
decline, challenging the revenue streams of
generic CMOs
3. Next generation antimicrobial therapies will
be increasingly pursued by big pharma and
small biotechs alike
4. Bacterial infectious disease will re-emerge as a
significant global health challenge, disrupting
existing and emerging models of care.

Fighting AMR is a war without
end in sight
There are various classes of antibiotics with
specific modes of action that kill or inhibit the
growth of bacterial populations. Antibiotics
continue to be overused (figure 2) and the spread
of AMR cannot be avoided. In human medicine
there are key ways in which AMR is accelerated.
• Antibiotics are often prescribed for illnesses
where they are not the causative agents
• The ‘wrong’ antibiotic is prescribed, which
doesn’t target the problematic bacteria
• Patients do not complete their antibiotic course
• More people are getting clinically useful
antibiotics than in previously generations,
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especially in emerging healthcare economies.
There is also likely to be a poorly quantified
impact of the widespread use of antibiotics
used to increase yields in animal husbandry,
associated with development of AMR in livestock
and environmental pollution as the antibiotics
are excreted.

PoC microbial identification could
stem the tide of AMR
Antibiotics are often prescribed empirically –
without prior identification of the bug to blame.
Empirical diagnosis ensures a patient receives
treatment quickly. However, it is based on clinical
symptoms, past practices and local context; it
cannot ensure optimal drug and dosing selection.
There are two important functions of PoC
diagnosis in relation to antibiotic use; failure or
delay in addressing either heightens the risk of
inappropriate prescription.
• Are a patient’s symptoms a result of
bacterial infection or another process, for
example viral infection?
• In the case of bacterial infection, which is
the bacteria to blame and which antibiotics
is it sensitive to?
Conventional diagnosis of bacterial infections
can be long and typically requires culturing the

organism for at least 48 hours in a lab. Quick
and accurate PoC represents a foundation of an
effective antimicrobial therapy and promises
improved treatment outcomes as well as minimal
resistance risks.
The market for PoC diagnostics for infectious
disease is circa $500 million and is growing at
nearly 7% a year. Although rapid diagnostics are
more expensive – in excess of 50 times in some
instances – they can generate system-wide cost
savings as well as improved clinical outcomes.
Currently, a small number of rapid PoC
microbiological tests exist to aid diagnosis of
respiratory bacterial infections, inflammatory
disorders, HIV and malaria. It is not clear however
whether more tests of similar or better sensitivity
and selectivity, and of more comprehensive
pathogen profiling, are necessary to win the
race against AMR.
Many believe next generation DNA sequencing
(NGS) will bring the much needed leap in
microbial diagnostics – it’s a cheaper, quicker
and more comprehensive means of identifying
bacteria and their antibiotic susceptibility. The
wealth of data NGS provides and the ability
to compare individual patient’s microbiome
with standard databases open doors to more
personalised and targeted antimicrobial
therapies. Beyond improving treatments and
reducing AMR spread, NGS could vastly

▶

69

ANALYSIS – CANDESIC

▶ reduce number of undiagnosed cases as well

as enable more efficient and accurate infection
control surveillance programs and community
outbreak investigations.
Although NGS could revolutionise infectious
disease control and treatment, so far its
implementation of clinical practices has been
slow; a huge need for basic research is necessary
to translate NGS into a reliable clinical aid and
to adapt the technology to care environments.
Like in many other biotechnology subfields,
private companies and academia are driving the
innovation of PoC diagnostic tests. Currently,
51% of all patents protecting PoC diagnostic
inventions are held by private companies, the
majority (71%) of which are small and medium
enterprises. Universities follow closely with 36%
of patent families. Other entities (13%) include
government agencies, hospitals, public-private
collaborations, and individual inventors.
There are attractive investment opportunities
in emerging PoC technologies in the context of
an appetite for improved antibiotic prescription
practice to stem the tide of resistance and give us
the time needed to develop alternative approaches.

Older generic antibiotics will
become less useful
There are significant ramifications for CMOs as
the old antibiotic stalwarts fall out of prescribing
favour. Globally, the market for antibiotics is
estimated at circa $40 billion, with the significant
majority of antibiotic prescriptions being generics.
Generic manufacturers are victims of their
own success in the context of AMR. Slashing of
antibiotic prices has not only made their empirical
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prescription more feasible but has also extended
their use to developing healthcare economies
where microbiology tests are not available and
antibiotic stewardship a low priority.
The fight against AMR is getting harder to
win using our existing battle plan. It seems
that bacteria are getting ‘smarter’; the time it
takes for the emergence of resistance to a novel
antibiotic continues to fall. This phenomenon is
not unexpected in the context of evolutionary
biology; bacteria are adapting to our approaches
to eradicate them not only the specific agents we
have been marshalling in our defence. Daptomycin
was launched in 2003 with resistance to it evident
just a year later in 2004. The shortening clinical
lifecycles of antibiotics undermines the business
model of CMOs in this field, as drugs moving off
patent may now already have seen their clinical
efficacy eroded by AMR.
Pharmaceutical companies are increasingly
recognising the need to invest in R&D both in
the development of new antibiotics, but also in
new approaches to tackling infection. Whether
this new focus will be in time to plug the gap
caused by AMR to our existing arsenal remains
to be seen, but there will be a rocky path ahead
for generics; if we start to retake ground from
resistant bacteria it is likely to be proprietary
agents where antibiotic market growth will
be concentrated.

Next generation antimicrobial
therapies may yet come to the
rescue
The director general of the WHO, Margaret Chan,
has identified that “in terms of new antibiotics,

the pipeline is virtually dry […] the cupboard is
nearly bare” (figure 3). However, antibiotics are
not the only class of agents that can be used to
tackle bacteria, and alternative approaches to
the treatment of infection are gaining renewed
interest in the context of AMR.
Phage therapy involves the therapeutic use
of bacteriophages, which are viruses that infect
and replicate within specific bacteria. Unlike
antibiotics, the specificity of phages for specific
bacteria holds the promise of eliminating harmful
bacteria without the side-effects that result from
interfering with other non-harm causing bacteria.
The Soviet Union began development of
phage therapies in the 1920s, and former SU
nations continue to invest in the technology. A
growing number of western patients are seeking
out phage therapy in Eastern Europe as they
face the prospect of failing traditional antibiotic
therapy at home.
Phages are becoming the increasing foci of
attention globally, although there remains a
long research journey ahead before they become
mainstream alternatives.
Antimicrobial peptides are small proteins
that can destroy bacteria, and they’ve been
isolated from alligators and cobras amongst
other amphibians. There are several such peptides
currently in clinical trials.
Locilex® (pexiganan) is in the process of
undertaking phase III clinical trials for its
antimicrobial peptide of potential use in the
treatment of infected diabetic foot ulcers.
However, whilst such peptides may exist in
great multitude in nature identification of
those with most chance of clinical utility has
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FIGURE 3: PIPELINE OF ANTIMICROBIAL DRUGS AND
ANTIBIOTICS
Fewer new antibiotics are entering the market and the
clinical trial pipeline suggests this trend will continue for the
foreseeable future
Release of new antibacterial drugs in the US
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still not been systematised.
Predatory bacteria can fight harmful bacteria,
and may prove a valuable ally in restoring a
healthy balance between bacterial species in
the body. As an approach to invasive species
in ecology, this strategy has met with mixed
results – there is a natural reticence about
adoption of the ‘my enemies’ enemy is my
enemy’ approach.
The ‘Pathogen Predators’ programme of the US
Defence Advanced Research Project Agency has
pumped millions of dollars into research grants
to support exploration of predatory bacteria’s
potential. We should expect this line of enquiry
to complex and stumble across many dead ends.
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So what would a post-antibiotic era really look
like? Whilst certainly not all medical or surgical
practice depends upon antibiotics, they are vital
tools in the majority of clinical activity. Without
effective antibiotics, surgery will become more
dangerous and medical diseases increasingly
complicated to treat.
We are unlikely to ever see a situation where the
majority of bacteria have pan-resistance – most
antibiotics will continue to work most of the time.
However, the likelihood that during each of our
lifetimes we will be infected with such a strain
will continue to rise.
Asepsis, the exclusion of bacteria and other
microorganisms, will become increasingly
important for vulnerable patients. Whilst we are
currently promoting community-based treatment
of infection, including intravenous antibiotics, we
may be forced to undertake primary treatments
and recovery in more formal clinical environments
in the future. AMR could undermine the trend
to reducing hospital length of stay and place
significant burden on our stretched hospital sector,
or demand a massive expansion in post-acute
hospital beds.

Approved

Get ready for a brave new world
High priority: Potential for activity against at least 90% of carbapenemaseproducing bacteria in the UK
Medium priority: Targets at least one CDC ‘Urgent’ threat (Clostridium difficile,
carbapenem-resistant Enterobacteriaceae or drug-resistant Neisseria gonorrhoea,
but is not classed as a potential break through)
Low priority: Does not meet the criteria for “clinically useful”
Sources: Centre for the Study of International Medical Policies &
Practices, 2012; Pew Charitable Trust; Candesic analysis
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We will continue to wage war against the bacteria
that threaten our health. And, whilst antibiotics
have enabled humans to thrive in a golden age
of clinical efficacy, “Life, uh . . . finds a way”.
The challenge of AMR is theme of growing
importance in healthcare; it’s impact will be felt
across the pharmaceutical industry, clinical
practice and care services. n
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