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Introduction: The globalisation of infectious diseases

The World Health Organization (WHO) calls antibiotic resistance one of the top
10 public health threats. In the six years since the publication of WHO’s Global
Action Plan (2015) to mitigate antimicrobial resistance, progress has been mixed,
resulting in a steady increase in infection and death rates globally. According
to Global Antibiotic Research and Development Partnership (GARDP), 700,000
people die of drug-resistant infections annually.
An infectious disease present in a
population anywhere in the world
is a global threat to populations
everywhere. The world witnessed how
quickly a small outbreak can escalate
to a global pandemic with the most
recent spread of SARS-CoV-2, the
infectious agent of COVID-19 disease,
as it disrupted healthcare systems
across countries, dismantled supply
chains across regions and devastated
economies across the globe. As the
world raced to address the spread of
the COVID-19 pandemic, resources in
the healthcare industry and infectious
diseases research pivoted to focus
on treating patients, finding new
medicines and developing vaccines.1

700,000

While these developments dominated
the media, an immediate by-product
of the COVID-19 pandemic was
an increase in the administration
of antibiotics to COVID-19 patients
during the pandemic. More than
70% of COVID-19 patients received
antibiotic treatment, despite only 10%
of those patients being diagnosed with
microbial co-infections.2
As the pandemic progressed and more
was learned about how to effectively
treat SARS-CoV-2 infection, antibiotic
prescriptions fell dramatically. Despite
the relatively low rate of co-infection,
antimicrobial-resistant infections are
seen to account for a statistically
significant portion of COVID-19
patients with infectious comorbidities.3
Antimicrobial resistant infections are
caused by microorganisms
— including bacteria, viruses,
protozoans and fungi — resistant to
currently available treatments.

While there is now a decrease in the
use of antibiotics to treat COVID-19
patients, antimicrobial-resistant
infection in people with COVID-19 has
left a number of patients with chronic
symptoms and lowered immune
systems. More importantly, long-term
healthcare facilities have become
breeding grounds for multidrugresistant pathogens, which can quickly
and easily spread, especially among
vulnerable bed-bound patients who
often require invasive devices such as
catheters, tracheostomy tubes and
percutaneous endoscopic gastrostomy
tubes. In fact, the U.S. Centers for
Disease Control and Prevention (CDC)
infectious disease experts recently
noted a trend in the re-emergence of
carbapenem-resistant Acinetobacter
that can cause pneumonia, in addition
to blood borne and urinary tract
infections (UTIs), which tend to occur in
patients in intensive care units.4,5

people die of drug-resistant infections
annually according to GARDP
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Additionally, it has been found that the
frequent overuse of antibiotics and
other drugs can cause an emergence
of multidrug-resistant pathogens,
adding to the global death toll from
antibiotic-resistant infections. As
of 2019, in the United States (US),
alone, more than 2.8 million antibioticresistant infections occur each year,
resulting in approximately 35,000
deaths, according to the CDC’s 2019
Antibiotic Resistance Threats in the
US Report.6

India 58,000
US 35,000
EU 25,000
Annual number of deaths
caused by antibiotic resistance 7

More importantly, the financial
implications are staggering. According
to WHO, there is an estimated 13.5
billion dollars in annual financial losses
due to hospital infections in the US
and Europe alone.

In essence, growing antimicrobial
resistance is — in and of itself —
a pandemic that’s been lurking in
the shadows with the potential of
being far more devastating than
COVID-19. If Disease X — the next
infectious pathogen to emerge
and cause a global pandemic —
is novel and resistant to our current
antimicrobial tools, or is a known
resistant pathogen that mutates into
a highly transmissible strain, the global
community may find itself unable to
treat patients or control the resulting
spread of the disease.
On the other hand, Disease X could
well turn out to be a well-known
pathogen, if the right combination of
opportunism and evolution were to be
present. Pathogens such as cholera,
diphtheria and tuberculosis (TB) often
crop up in environments where people
gather or live in crowded spaces —
such as nursing homes, hospitals and
prisons, and afflict those with poor
health, or with chronic conditions.
The problem has been recognised
by WHO as requiring an integrated
response that spans human, animal
and environmental health, with drugresistant infections often being a larger
problem in lower-income countries.

By 2050, GARDP predicts more than
28.3 million people could be pushed
into extreme poverty by drug
resistance, while the UN predicts
up to 10M deaths a year from drugresistant infections, also by 2050.8,9
By contrast, WHO recorded just over
700,000 deaths from drug-resistant
infections in 2019.

10m
Annual deaths by 2050 predicted by the UN

This paper will provide an
overview of rising antibiotic
resistance, explore opportunities
to strengthen public health
defences and discuss the current
regulatory landscape for research
to develop the post-antibiotic
era. Finally, we will outline
considerations for infectious
diseases trials, including the
basics of study design, planning
and operations.

28.3 million people could be
pushed into extreme poverty
by drug resistance
4
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Understanding the development of antibiotic resistance

History of infectious disease outbreaks
and medical breakthroughs
Cholera pandemic
spreads across every
country in Asia. A wave of
seven cholera pandemics
will occur: 1817-23,
1826-37, 1846-63, 186575, 1881-96, and 190223, and 1961-present.

1817

1885

Asiatic or Russian
influenza first strikes St
Petersburg, Russia and
quickly spreads across
Europe, Asia, the Middle
East and United States.
It eventually kills about
1m people worldwide.

1889

1898

Spanish physician Jaime
Ferrán becomes the first to
develop a cholera vaccine.
Today, several oral cholera
vaccines are available globally
and are prequalified by the
World Health Organization.

Polio
outbreak
peaked from
1916 – 1955.

1916

Sir Ronald Ross
demonstrates that
mosquitoes transmit
malaria. He wins
the 1902 Nobel
Prize for this work.

H1N1 influenza
(Spanish flu)
emerges, eventually
killing about 50m
people worldwide.

1918

1921

1928

Albert Calmette
and JeanMarie Camille
Guerin develop
the Bacille
CalmetteGuérin) (BCG
vaccine to fight
tuberculosis.

1934

Sir Alexander
Fleming
discovers
penicillin,
ultimately
leading to
the “era of
antibiotics”
greatly reducing
the number of
deaths from
infection.
Penicillin
resistance was
documented
in 1942 in four
Staphylococcus
aureus strains
in hospitalised
patients.

In 1928, the discovery of penicillin
ushered in the “golden age of
antibiotics.” Yet, less than a century
later, we are running out of options
to treat bacterial infections primarily
due to the evolution of antibioticresistant pathogens. Methicillin was
considered to be a very effective
antibiotic, especially for use in serious
infections caused by Staphlyococcus
aureus, such as sepsis.

However, studies reported that sepsis
cases increased from 621,000 to
1,141,000 between 2000 and 2008,
attributed to the emergence of
methicillin resistant Staphylococcus
aureus (MRSA). MRSA marked
the beginning of multi-antibiotic
resistant microbes, with some
strains of Acinetobacter baumannii,
Pseudomonas aeruginosa and
Klebsiella pneumoniae developing
resistance to antimicrobial drugs.10

1938

Hans
Andersag
discovers the
antimalarial
drug
Chloroquine.
The first
documented
case of
resistance
occurs in
1957.

1942

Max Theiler
develops the
yellow fever
vaccine,
receiving
the Nobel
Prize for his
discovery in
1951. This
is the first
and only
Nobel Prize
given for the
development
of a viral
vaccine.

1955

The isolation
of influenza
virus in
the 1930s
led to the
development
of the first
generation
of liveattenuated
vaccines.
In 1942,
a bivalent
vaccine was
produced
after the
discovery of
influenza B.

Dr. Jonas
Salk’s Polio
vaccine was
approved. It
was quickly
adopted
throughout
the world.

At the same time, multidrug-resistant
tuberculosis (MDR-TB) remains
a public health crisis worldwide as
more than 200,000 people with
multidrug or rifampicin-resistant TB,
which is an indicator of MDR-TB, were
detected and notified in 2019, a 10
percent increase from 2018.11 MDRTB and extensively drug-resistant
TB (XDR-TB) are difficult to cure, and
even with long, burdensome treatment
with second line drug regimens high
mortality rates are encountered.
5
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H2N2 flu
outbreak, which
originated in
birds, was
first reported
in Singapore.
The estimated
number of deaths
was 1.1M.

1957

1963

Ebola
outbreak in
the Democratic
Republic of the
Congo. Since
it was first
detected, the
disease has killed
15,258 people
and caused
29 epidemics,
emerging at
unprecedented
levels in 2014.

1976

Human
immunodeficiency
virus (HIV) that
causes AIDS is
identified and is
considered
an ongoing
pandemic.

1981

Severe acute
respiratory
syndrome (SARS)
is reported in China
and quickly spreads
to 28 countries.

2002

Influenza A
(H1N1) virus
(swine flu) is
first detected
in the US
and spreads
quickly around
the world.

2009

Middle East
Respiratory
Syndrome
Coronavirus
(MERS-CoV)
outbreak
occurs,
cases linking
to residents
or travelers in
the Arabian
Peninsula.

2012

Chikungunya,
a mosquitoborne virus,
was first
identified in
1952 and
became a
pandemic in
2014.

2014

Zika, a mosquito-borne
virus, first surfaces
in South America,
spreading throughout
the Americas. About
half a million suspected
cases and more than
3,700 congenital birth
defects are associated
with the outbreak.

2015

The FDA approves
the first two
measles vaccines
for use in the
United States.

2020

The FDA
announces
the approval
of Ervebo for
the prevention
of Ebola virus
disease.

Zoonotic origin

Overprescribing of antibiotics has
been identified as a leading cause
of the growing problem of antibiotic
resistance for many common infections.
A recent study found that physicians
prescribed the wrong antibiotics
to nearly half of 670,400 women
diagnosed with a UTI.12 In addition, more
than three-quarters of those women
received antibiotic prescriptions for
longer than medically necessary.

2019

Medical breakthroughs

Despite the need for new classes of
antibiotics and other antimicrobial
treatments, therapeutic areas associated
with new indication approvals are
shifting away from infectious diseases.
At one time considered the most
common therapeutic area for new
indication approvals (comprising about
33% of all new indication approvals
from 1995 to 1997), infectious diseases
have now been replaced by oncology

FDA and
EMA provide
emergency use
authorisation
for novel mRNA
vaccines for
COVID-19.

Disease outbreaks

as the most common therapeutic
area, with oncology seeing an increase
in new indication approvals from 2015
to 2017 (making up about 27% of new
indication approvals for this period).13
During that same period, infectious
diseases only made up about 14%
of total approved new indications.
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No. (%)
Characteristics

1995 - 1997 (n=107)

Indications, median (IQR) [range], No.

2005 - 2007 (n=57)

2015 - 2017 (n=109)

1 (1-1) [1-14]

1 (1-1) [1-6]

1 (1-1) [1-2]

104 (97.2)

49 (86.0)

79 (72.5)

3 (2.8)

8 (14.0)

30 (27.5)

Any

37 (34.6)

33 (57.9)

70 (64.2)

Priority review

36 (33.6)

31 (54.4)

67 (61.5)

Accelerated approval

12 (11.2)

12 (21.1)

18 (16.5)

Agent type
Drug
Biologic
Special regulatory program

Fast track

NA

14 (24.6)

39 (35.8)

Breakthrough therapy

NA

NA

34 (31.2)

FDA-approved indications, No.

157

64

118

Infectious disease

53 (33.8)

16 (25.0)

17 (14.4)

Cancer

17 (10.8)

11 (17.2)

32 (27.1)

Therapeutic area

Cardiovascular, diabetes, and/or lipids

26 (16.6)

10 (15.6)

17 (14.4)

Other

61 (38.9)

27 (42.2)

52 (44.1)

Orphan status

20 (12.7)

17 (26.6)

45 (38.1)

Further, there are trends showing declining interest in infectious
diseases from the scientific community. In 2017 and 2018,
SARS and MERS were considered to be priority diseases in
WHO’s R&D Blueprint, but the rate of investment into their
research did not grow relative to that of other diseases.14 Many
of the trends observed in investment into the research of
infectious diseases are related to the pattern of the diseases.
For example, emerging viral infections, such as SARS and
Ebola, had academic outputs that increased by 1,250%
and 1,300% respectively after each epidemic, but then
subsided.15 In other instances, viral infections with high
burdens, such as hepatitis B and HIV, have seen a more
or less constant trend in investment in research.
Without financial incentives, pharmaceutical companies
are not very likely to embark on the development of new
antimicrobial drugs, in particular antibiotics.

Thousands of organisms that secrete novel antibiotic
compounds, or bacteriophages (phages) which attack
particular bacteria, must be identified, screened, categorised
and tested. The process can take years, because, while it is
easy to find substances that kill bacteria, it is difficult to find
ones that will not also harm humans. The development cycle
can take as long as 10 to 15 years and cost more than one
billion dollars to develop a single new antibiotic.
In the current commercial research environment, without
incentives from governments and philanthropic organisations,
industry is unlikely to take on such a burden to R&D pipelines.16
This is exacerbated by the fact that, once developed, you
don’t want your new antibiotic product to be used too often,
or else you increase the risk of the target microbe developing
resistance to the new compound. It’s a conundrum of a very
expensive drug competing against its own economic needs.17
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The public health challenge
From a public health perspective,
infectious diseases often act as a
barometer for other issues such
as poverty and social inequities.
An example of this is TB, the spread
of which is exacerbated by social
conditions such as overcrowding,
malnutrition and poverty, as well as,
to date, lack of an effective vaccine.18
In addition, infectious diseases
that were previously manageable
and under control, such as cholera
and diphtheria, are again causing
considerable burdens on health
systems because of the conditions
fostered by conflicts and by
overburdened and under-resourced
health systems in developing
countries.19
The incomplete adoption of
containment strategies during an
outbreak further exacerbates the
spread of antibiotic-resistant infections,
particularly in healthcare environments.
In these situations, more preventive
measures need to be established
to better contain the spread of
diseases in hospitals and long-term
care facilities.

Changing climate and environmental concerns
Another factor, climate change, is driving the increase in infectious diseases.
In fact, a recent study published in Nature correlates trends in human development
and biodiversity loss to disease outbreaks.20
Climate change exacerbates the deleterious effects of these trends, as well
as the incidence of infectious diseases, as habitats change and expand. For
instance, warmer temperatures may allow mosquitoes, and the diseases they
transmit, to expand to new regions. As an example, in 2015, the warming effect
of El Niño facilitated the spread of Zika from Brazil to the rest of South America.
By 2080, extreme global warming could expose one billion people to mosquitoborne diseases in previously unaffected regions, such as Europe and East Africa,
according to the World Economic Forum Global Risks Report 2020.21,22 Further,
deforestation and wildlife trade, which involves the sale and consumption of wild
animals that can host dangerous pathogens, are linked to virus emergence.23

In 2015 the warming effect
of El Nino helped to spread
Zika from Brazil to the
whole of South America.

1,000,000,000
By 2080 1B people could be at risk
to mosquito-borne diseases in previously
unaffected regions including Europe and
East Africa
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Climate change will also affect antibiotic resistance at the global
scale. Yet, research on this topic has been minimal.10 One
study focused on resistance in gram-negative Escherichia coli
and Klebsiella pneumoniae and gram-positive Staphylococcus
aureus. This study found that, at the population level, for every
10°C increase in minimum temperature, there was a significant
increase in the percentage of resistant strains (4.2%, 2.2%, and
2.7%, respectively, for the three pathogens they studied).
Likewise, another study examined temperature effects of
resistance across 28 countries in Europe, from 2000 to 2016,
finding that increases in temperature correlated to increases
in the percentage of antibiotic-resistant bacteria. More
importantly, the rapid rate of resistance was observed even
after controlling for other factors, including overall antibiotic
use and human population density.

Another recent paper hypothesised that the drug-resistant
fungi Candida auris emerged as a new human pathogen
because of increasing temperatures caused by global
climate change.24 It has been suggested that the reason
why mammals currently have relatively few fungal diseases
compared with other organisms, such as ectotherms, is
because of the difference between the ambient environmental
temperature at which fungi can survive and the higher internal
temperature of mammals. However, with rising temperatures
may come an increase in fungal adaptations to heat in
general, potentially contributing to both increased presence
of Candida auris and beneficial mutations, which allow
survival in environments with greater UV exposure and higher
temperatures.

9
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Medical impact of the use of antimicrobial
drugs in livestock
Antimicrobial resistance also commonly occurs in farming
settings. In industrial agriculture and aquaculture, the misuse
and overuse of antibiotics accelerates the accumulation
of antibiotic-resistant bacteria in both animal and plant
hosts.25 Rather than solely being used to treat bacterial
infections, antibiotics are often used as a go-to “band-aid”
solution for staving off disease in livestock living in crowded
and unsanitary spaces, as well as used to promote faster
growth of animals and to enable animals to digest food
more efficiently. This misuse causes an accumulation of
antibiotics in the environment, leading to pathogens coming
in contact with an antibiotic and increasing the evolutionary
opportunities to potentially develop antibiotic resistance.7
Animals farmed for food account for most of the use of
medically important antibiotics, such as tetracyclines,
with scientists estimating that almost three-quarters of
antimicrobials are consumed by farm animals globally.
A 2017 study estimated the global use of antibiotics in
farm animals would increase by 11.5% by 2030.26

The spread of antibiotic-resistant microorganisms to humans
in these settings occurs through the consumption of
contaminated food and drinks, such as contaminated water,
direct contact with animals, or by environmental exposure.7
For example, the use of fluoroquinolones (e.g., enrofloxacin)
in food-producing animals has contributed to the spread
of ciprofloxacin-resistant Salmonella, Campylobacter and
Escherichia coli in humans.
Moreover, the global trade with contaminated animal
products can affect the food supply in new regions. For
instance, the use of a glycopeptide (avoparcin) as an
antibiotic and a growth promoter in animals in Europe
resulted in the expansion of vancomycin-resistant
enterococci in commensal microorganisms in livestock, on
meat from these animals, and in the commensal flora of
healthy humans worldwide.27
As a result, China, the EU and the US have since launched
new regulations that aim to cut antibiotic use. In 2017,
China prohibited the use of the antibiotic colistin in animal
feed after the discovery in 2015 of a gene that could make
bacteria immune to it.28 Taking it a step further, the EU will
ban the routine preventive use of antibiotics in farm animals,
beginning 2022.28

11.5%
increase use of antibiotics on farm animals by 2030
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Necessary innovations and improvements
in the struggle against antibiotic resistance

Clearly, infectious diseases are a tremendous burden on
global economies and public health resources are greatly
exacerbated by the continuing emergence of antimicrobial
resistance. The 2002 to 2003 SARS outbreak, which
identified less than 9,000 active cases and recorded
less than 800 deaths, is estimated to have cost the
global economy $40 billion.29 Broader research on future
pandemics estimated that infectious diseases may cost
the global economy more than $6 trillion (USD) throughout
the 21st century.30 Most recently, researchers from Harvard
University estimated the potential cost of the COVID-19
pandemic at $16 trillion (USD) in cumulative financial costs
due to lost economic output and health reduction.31

SARS outbreak
2002 to 2003
9,000

800

active cases

deaths

Since the year 2000, there have already been 14 infectious
disease outbreaks across the globe that have caused one
thousand or more deaths, including the 2009 Swine Flu
pandemic (151,700—575,400 estimated deaths), the 20132016 West African Ebola outbreak (11,000+ deaths), and the
ongoing COVID-19 pandemic (3.5 million deaths as of 19
May 2021). Outbreaks such as these with massive deathtolls are surprisingly common and provide a stark example
of the clear and present danger that infectious diseases
pose to the global community.
To get ahead of infectious disease trajectories, as a whole,
and increased antimicrobial resistance, in particular, new
innovations and improvements to existing healthcare tools
are required. In addition, the general public needs to be
properly informed and educated as part of a well-planned
and executed public health approach, so that they are
empowered and willing to adhere to, and comply with, any
relevant prevention measures. However, we also need the
collaboration of academia, healthcare and the biopharma
industry and their combined considerable resources
to create new and sustainable novel solutions to rising
threats. Additionally, they can help address pandemics
and antimicrobial resistance in at least four areas:

$40bn
cost to the global economy

Future pandemics

$6trn
is likely to be lost through
economic output and
health reduction.31
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Prevention – accelerating
the development of vaccines,
including artificial intelligence (AI)accelerated vaccine development
and novel vaccine platforms, such
as mRNA vaccines, and legislating
controlled use of antibiotics.

Suppression – assisting in the
development of innovative digital
health technologies (mobile devices,
tracking, etc.) to predict and monitor
disease transmission, and apply
point-of-need mitigation strategies
to contain the spread of pathogens.

Diagnosis – bringing to bear
advances in omics and molecular
medicine, which allow for the rapid
sequencing of novel pathogens, as
well developing better diagnostics
for existing pathogens.

Treatment – beyond new
classes of antibiotics, leveraging
new technologies and discovery
to expand treatments, such as
T-cells, stem cells, siRNA.

		Prevention:
The need for better prevention measures - clean
water, sanitation, complete vaccination programmes
Between 1962 and 2000, no new major classes of antibiotics
were approved to treat common and deadly gram-negative
bacterial infections.32 Since 1990, 78% of major drug
companies have scaled back or cut antibiotic research
due to development challenges. Historical data show that,
generally, only one out of five infectious disease drugs that
reach the initial phase of testing in humans will receive
regulatory approval from groups such as the US Food and
Drug Administration (FDA). It is not feasible to rely solely on the
current trajectory of research into infectious disease therapies
to provide solutions to emerging antimicrobial resistance.

Only 1 in 5
infectious disease
drugs that reach
human testing will
be approved

Simpler and effective strategies for preventing infectious
disease outbreaks will also reduce the opportunities for
infectious disease agents to evolve antimicrobial resistance.
Chief among these is to provide access to clean drinking water
and sanitation systems for underserved communities and
nations. Many communicable infectious diseases — diarrhoea,
malaria, schistosomiasis, hepatitis A, and several others —
are preventable by establishing better water and sanitation
systems. Yet, 780 million people still lack access to clean water
sources, and 2.5 billion lack access to improved sanitation,
or roughly 35% of the world’s population.33 Since 2000, there
have been nine recorded cholera outbreaks on the African
continent, due, in large part, to poor access to safe drinking
water.
Incomplete vaccination schedules are also an issue in some
communities, which, if corrected, have the potential to greatly
mitigate infectious disease events. For example, from 2000
to 2016, many WHO member states increased the use of
the pneumococcal conjugate vaccine, which helped protect
against infection by Streptococcus pneumoniae. This simple
intervention reduced the rate of death in children substantially,
saving the lives of an estimated 250,000 children. Strains of
Streptococcus pneumoniae with antimicrobial resistance
fell sharply after widespread introduction of the vaccines in
children and older adults.
12
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Diagnosis:
New and better diagnostics
Innovation in infectious disease diagnostics has lagged behind
technologies for other indications such as cancer, prenatal
testing or transplant medicine, which make routine use of
newer technologies like next-generation sequencing (NGS)
and AI. However, efforts are being made to close the gap. For
example, the United Kingdom’s National Institute for Health
Research Oxford Biomedical Research Centre (OxBRC)
pursues research into AMR and and the modernisation of
microbiology protocols, including the development of initiatives
to innovate globally scalable high-throughput whole genome
sequencing (WGS)-based diagnostics for AMR analysis. The
platform being developed by OxBRC is based on an opensource informatics-driven platform with the goals of assisting in
outbreak response, infection control and direct patient care.34

Test results can
now be delivered
in hours instead
of weeks.

In terms of methodology, there have been significantly fewer
new breakthroughs in infectious disease diagnostics since the
1980s, compared with other areas of healthcare. Also, while
many current diagnostic technologies are effective, they can
be costly and time-consuming. Moreover, they do not detect
emerging resistance markers, do not yield a live culture of
the infectious agent, and are not able to rapidly discriminate
bacterial or fungal infections from viral ones.
For the most part, technological innovation in this area has
made the most impact in the clinical setting in terms of the
speed at which test results are delivered, and physicians
are now able to get results within hours instead of weeks.
This has a huge impact on treatment and guidance to
patients. But speed to test results has little impact on
monitoring infectious agents, outbreaks or the emergence
of antimicrobial resistance.

Newer technologies can, however, be applied effectively
to infectious disease challenges with appreciable impact.
An example, PCR testing can be used to provide early
diagnosis of infectious diseases — such as TB, HIV and viral
hepatitis — and to monitor response to therapy. Additionally,
rapid identification of bacteria, viruses and fungi can be
accomplished. TB presents a good case study of this. Due
to the speed at which TB test results can be delivered,
using PCR, the presence of Mycobacterium Tuberculosis in
clinical specimens such as sbuta can be confirmed in hours
as opposed to weeks. This rapid diagnosis permits timely
initiation of antimicrobial therapy and monitors the effectiveness
of treatment and infectiousness of the patient. In this way,
physicians can regularly determine the necessary level of
patient isolation, give patients greater freedom, and reduce
the impact of a TB diagnosis on the patient and the broader
community.
Few healthcare organisations have leveraged more powerful
NGS technologies to take advantage of well-characterised
genetic markers of infectious agents such as Escherichia coli.
Yet, innovations in NGS-enabled whole genome sequencing
may hold potential to genetically predict phenotypic antibiotic
resistance.35 The speed of NGS workflows has increased
significantly over the last 10 years, and high-throughput
multiplexing of infectious samples would allow public health
surveillance labs to greatly increase their sample capacity
and expand community surveillance of infections. In addition,
research has demonstrated a high degree of sensitivity
and specificity for microbial identification and antimicrobial
resistance markers using NGS-based workflows.36
Recently the US Centre for Diseases Control (CDC) established
the The Antibiotic Resistance Laboratory Network (AR Lab
Network) to help accelerate not only laboratory and diagnostic
innovation but also infectious disease data sharing.37 Through
the application of distributed lab capacity throughout
the network, technology adoption and sharing, and data
aggregation, the AR Lab Network’s goals are to enable
innovative protocols and technologies to detect, prevent and
respond to infectious diseases in a coordinated fashion.

13
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Other groups, such as the Global Public Health Information
Network (GPHIN), Boston Children’s Hospital’s HealthMap,
and the WHO’s Global Outbreak Alert and Response Network
(GOARN) also act as infectious disease data-sharing networks,
as well as the European Commission’s Medical Intelligence
System (MedISys), which is available only to EU member
states. While these are invaluable resources in infectious
disease and antimicrobial resistance monitoring efforts, unlike
the CDC’s AR Lab Network, they do not play a role in the
broader adoption of innovative technologies.
		Suppression:
The need to improve global surveillance tactics
Despite its devastating impact, COVID-19 has produced one
positive result: it has provided the global community with a
blueprint for how to address the next Disease X pandemic that
affects the world. Innovative vaccines and treatments against
the SARS-CoV-2 virus were successfully developed in record
time, a positive outcome that has potentially rewritten the
protocols for infectious disease research and development.
However, the COVID-19 pandemic has also illuminated glaring
deficits in our ability to combat far-reaching and fast-traveling
infectious agents. Most notably, there is a need to improve our
infectious disease surveillance and suppression tactics, both
globally and within communities. A WHO commissioned review
by the Independent Panel for Pandemic Preparedness and
Response, and published in mid May 2021, outlines steps for
preventing future pandemics and provides recommendations
for reform based on lessons learnt from the COVID-19
pandemic.38
There is growing consensus among the scientific community
that the SARS-CoV-2 virus is a zoonotic agent that leapt from
animals (likely a species of bat) to humans. Groups, such as
GOARN and the World Organization for Animal Health, were
established to monitor such occurrences.39 However, their
efforts are only as effective as the level of global cooperation
that exists.
The global surveillance landscape is complex, with
governmental and private stakeholders.40 Additionally, few
stakeholders are working under the same information
technology regulations — for example, the EU’s General Data

Protection Regulation versus more porous US data regulations
— or the same surveillance frameworks. Achieving higher
levels of global equitability across regulations and frameworks
will greatly enhance our ability to monitor for infectious disease
outbreaks and new antimicrobial-resistant strains. Previously
noted cloud- and AI-based technologies are potentially key
components for improving global equitability of data-sharing
and monitoring resources.
Of particular note, the Global Antimicrobial Resistance
Surveillance System (GLASS) was launched in 2015 by the
WHO to support the standardisation of the collection, analysis
and sharing of AMR data across the globe. GLASS’s efforts
facilitate the establishment of national AMR surveillance
systems in individual nations around the world by providing
surveillance and laboratory guidance, tools and support to
participating countries. To detect and respond to emerging
AMR crises at scale and speed and strengthen the evidence
base for those efforts, GLASS is helping to develop a
harmonisation of individual national surveillance systems to a
global standard for AMR data exchange. As well, their efforts
aim to assess the impact of interventions to combat emerging
AMR and provide data for optimisation of future efforts.41
		Treatment:
Innovative treatments and
non-antimicrobial strategies
We should not rely solely on the development and use
of antimicrobial therapies to combat infectious diseases.
As noted earlier, antiviral strategies have historically suffered
from lengthy development and sometimes ineffective delivery.
Going forward, strategies to combat infectious diseases
and antimicrobial resistance will need to be multifaceted.
Innovations are on the horizon, and COVID-19 offers a
hopeful case study.
Before the COVID-19 pandemic, the previous record for
vaccine development was the roughly four years it took to
create a successful mumps vaccine.42 The COVID-19 vaccines
from Pfizer & BioNTech, Moderna and AstraZeneca were
developed in less than 12 months. These vaccines benefited
from previous work on vaccines for other infectious diseases
such as HIV, SARS and Ebola, as well as research from
immuno-oncology and gene therapy.
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The COVID-19 vaccines were developed in less than 12 months,
the previous record was almost 4 years for the mumps vaccine.

While traditional vaccine development relies on the injection
of attenuated or killed viruses to train the immune system
against future infection, several of the COVID-19 vaccines rely
on the delivery of mRNA molecules into the patient's cells to
do the same job. In the case of mRNA vaccines, the protein
manufacturing system of the patient’s own cells is utilised
by the mRNA molecule to make one small fragment of the
infectious agent — in this case the spike protein of SARSCoV-2 — which is then displayed to the patient’s immune cells,
which study the virus and prepare a defence against it.43
The technique creates a highly precise immune response,
as has been evidenced by the greater than 90% efficacy each
of the COVID-19 vaccines has demonstrated for preventing
severe disease.

The technique
has had a
90% efficacy
in preventing
severe disease.

In several vaccines developed against SARS-CoV-2,
immunisation is accomplished using an Adeno-associated
virus (AAV) delivery system that has been reengineered to

include a copy of the SARS-CoV-2 spike protein.44 AAV’s are
viruses that are able to infect humans and primates, though
without causing any known diseases. In recent decades,
they have been reengineered by researchers to help deliver
genetically based therapies and vaccines directly to cells,
without destroying the genetic package. The technique
was first applied by researchers developing gene therapies
that would alter a patient’s native deleterious genes into
reengineered non-deleterious forms. More recently, it has
been used in the development of novel immuno-oncology
treatments. Now, the technique has been co-opted
successfully for the rapid development of vaccines against an
infectious agent.
AAV delivery of the genetic code for the SARS-CoV-2 spike
protein instantly overcame several of the traditional limitations
associated with vaccine development, such as protein
specificity and stability, as well as targeted delivery.45 The
delivery platform will also allow for rapid development and
deployment of booster vaccine shots, should future variants of
SARS-CoV-2 emerge that are resistant to the original vaccine.
In a sense, a rapid response to potential emerging antimicrobial
resistance has been built into the vaccine’s development from
day one.
Another promising alternative to traditional antibiotics and
vaccines is phage therapy, which uses bacterial viruses
(phages) — or natural “predators” of bacteria — to treat
bacterial infections and takes advantage of naturally ccurring
phages to infect and destroy bacteria at the site of infection.46
Novel strategies using bioengineered phages and purified
phage lytic proteins have also emerged. Recent research
suggests phage therapy may be useful as an alternative or
a supplement to antibiotic treatments.
Traditional vaccine development is still ongoing, however. For
example, Entasis and GARDP are co-developing a new class
of antibiotics for the treatment of gonorrhea.47 Their first-inclass antibiotic, zoliflodacin, has shown promising efficacy
against resistant strains of gonorrhea and is set to enter a
global Phase 3 clinical trial to be carried out in countries
including South Africa, the US and Thailand. Another example
is Venatorx Pharmaceuticals’ taniborbactam, an injectable
beta-lactamase inhibitor (BLI) being developed for combination
use with cephalosporin to address resistant strains of
Enterobacterales, Pseudomonas aeruginosa and others.48
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Guidance and innovation in the infectious disease
regulatory landscape

Even prior to the COVID-19 pandemic, the challenges
associated with infectious diseases and emerging
antimicrobial resistance had begun to take on tremendous
importance with global health groups. Methicillin-resistant
Staphylococcus aureus has been a growing threat since it
was first identified in 1961. Moreover, MDR-TB and XDRTB have been of great concern to the global community,
especially in underdeveloped countries with poor healthcare
resources. However, international regulatory bodies have
begun to outline and develop new strategies in response
to infectious disease outbreaks and the growth of resistant
strains across the world.

EU action on antimicrobial resistance
In November of 2020, the European Commission (EC)
adopted the EU Pharmaceutical Strategy, intended to
increase patient access to medicines, spur innovation in
pharmaceutical development and increase EU preparedness
for future Disease X events.49 Among its provisions are key
aspects important to the development of new treatments
against antibiotic-resistant microbes, including:
			Discouraging over-prescription of currently
available antibiotics
			Recognising antimicrobial resistance as an
unmet medical need
			Boosting research and development of novel
antimicrobials through the use of incentive programs
In its direction, the EC recognised that discouraging
the overuse of antibiotics could depress the market
for antimicrobials on the whole and discourage future
development. The addition of incentives to the new
strategy document was a nod to this reality, making
the EU a prime region for pharmaceutical groups looking
to expand their research pipelines into antimicrobial
research.50 As of this writing, the incentives remain
undefined, however, a process involving wide
stakeholder engagement and multidisciplinary
input has begun to refine and tailor the system
of economic incentives.

CDC guidance on resistant
antimicrobial threats
The CDC released two documents in 2019 and 2020,
important to the antimicrobial research landscape. The first,
Antibiotic Resistance Threats in the United States highlights
the ongoing threat of antibiotic resistant microbes in the US
by compiling the most recent national death and infection
estimates. The report raises concerns over the continued
increase in resistant infections, pegging the death toll at
more than 35,000 in 2019, and the economic costs of the six
most resistant strains at more than $4.6 billion (USD) in that
same year.

35,000

$4.6 billion (USD)

US death toll in 2019

economic costs from recent strains

In 2020 the CDC released new guidance to agencies in
an updated National Action Plan for Combating AntibioticResistant Bacteria.51 The plan calls for the continuation
of existing government efforts, as well as highlighting the
need for policies to (1) stimulate the development of new
antimicrobial drugs, (2) increase the country’s capacity to
track antibiotic resistance and use, and (3) improve the use
of antibiotics to treat patients and in livestock management.
Health experts criticised the plan for a lack of details on
exactly how research and development incentives should
be used, and what metrics would track the progress of
antimicrobial development and implementation.
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Global collaboration: Transatlantic Task Force on Antimicrobial Resistance
In response to the growing threat from emerging
antimicrobial-resistant infectious agents, the European
Union and the United States chartered the Transatlantic
Taskforce on Antimicrobial Resistance (TATFAR) in
2009.58 Since then, Canada and Norway have joined
TATFAR’s efforts. As an international collaboration
sharing best practices for domestic and global strategies,
TATFAR members work in concert to combat existing
and emerging AMR threats. In particular, TATFAR’s AMR
experts are focused on three key areas:59
– Appropriate therapeutic use of antimicrobial drugs in
medical and veterinary communities
– Prevention of healthcare- and community-associated,
drug-resistant infections
– Development of strategies for accelerating the
development of new antimicrobial drugs
Recommendations for global action
A major component of TATFAR’s efforts has been a
list of recommendations for global action to strengthen
responses to emerging AMR threats, including:60
– Harmonisation of measurements and reporting
structures for monitoring emerging AMR threats
– Cooperation to improve surveillance of emerging
AMR threats
– Development of a rapid alert system for the
communication of new or novel AMR findings

– Enhanced information sharing between regional
health and regulatory authorities
– Development of an international guidance for
appropriate antibiotic use
– Cooperation on setting international goals for the
reduction in antibiotic use
– Development of guidelines for the risk analysis of
foodborne AMR
– Fostering international research and product
development to address AMR globally
As of this writing, TATFAR members — Canada, EU,
Norway, US — are currently working on a new five-year
implementation plan to extend efforts through 2025,
with a focus on expanding the breadth and depth of
TATFAR’s work. Under the scope of the current working
agreement, TATFAR’s objectives are to:60
– Increase the mutual understanding of TATFAR
partners’ activities and programs relating to the
prevention and control of antimicrobial resistance
– Contribute to an effective global dialogue and uptake
of best practices
– Provide opportunities for shared learning
– Promote information exchange, coordination
and cooperation between the EU, US, Canada
and Norway.
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Facilitated regulatory pathways
Events such as the 2014 West African Ebola outbreak
highlighted the need for regulatory pathways that could
keep pace with emerging biological crises and novel
pharmaceutical responses. The COVID-19 pandemic
has been a major stress test on the facilitated regulatory
pathways (FAP) that have emerged, with positive results
as evidenced by the rapid and successful development of
multiple COVID-19 vaccines.52
Typically only emerging in the face of life-threatening events,
FAPs are generally used only for therapeutic products that
address a critical unmet need with serious or life-threatening
consequences, such as an Ebola outbreak or infectious
disease pandemic. Authorisation of a therapeutic through
one of these pathways requires a risk-benefit evaluation
within the context of a limited set of known risks, often as
they are emerging in real-time. In the midst of an ongoing
event, they are likely to be highly variable. They may shift
depending on:
– 		The biology of the pathogen
– 		 Comorbidities
– 		How the event changes over time
– 		Shifting demographics and geographies of the
affected populations.
FAPs are necessarily very agile, and regulators recognise
the need for higher tolerance for unknown risk during
these events, both from regulatory bodies and the general
public. Depending on the disease being considered, and
the parameters of an ongoing infectious disease event,
FAPs allow for flexibility on the depth of certain routine data
requirements that would otherwise create a very lengthy
regulatory approval process.

Under normal regulatory circumstances, product
manufacturing would not begin until all phased trials had
been accomplished successfully in strict order, followed
by lengthy review. In contrast, FAPs embarked upon under
emergency conditions may result in early emergency use
authorisation of products, which may necessitate much
earlier initiation of manufacturing processes in anticipation
of accelerated approval.
In the US FAPs take several forms, including:
– Fast Track — for products demonstrating some initial
evidence of efficacy or improved safety over an available
therapy
– Breakthrough Designation — granted if a new
candidate demonstrates substantial improvement over an
available therapy on a clinically significant endpoint.
– Accelerated Approval — granted when efficacy is
demonstrated against an unvalidated surrogate endpoint
or an intermediate clinical endpoint
– Expanded Access — designed to grant patients with an
immediately life-threatening disease access to a product
with clinical trial data but no authorisation
– Emergency Use Authorization — enabled once the
United States Secretary of Health and Human Services
declares a specific national public health emergency, and
used for COVID-19 vaccines
In the European market, FAPs are represented by the EU’s
Conditional Marketing Authorisation (CMA). This can be
granted in instances of unmet medical need where the
benefit-risk assessment is positive, only if early data is
positive and the sponsor will be able to provide full data
within an agreed upon timeframe. In general, CMA’s are
granted only for a 12-month period.
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How COVID-19 has functioned as a warning for future pandemic diseases
With the exception of the Russian typhus epidemic of
1918, every 20th or 21st century epidemic and pandemic
that has caused in excess of one million deaths has
been viral in nature, from flu to HIV to COVID-19.
COVID-19’s death toll could have been much higher
but was attenuated due to mitigation tactics (masking
and social-distancing), regional economic shutdowns,
healthcare interventions that adapted and improved
in real-time, and record-setting vaccine development.
However, as of 16 June 2021 more than 3.8 million
people, and counting, have lost their lives due
to COVID-19, and the 2020-2021 pandemic has
uncovered glaring discrepancies in our global response
to infectious diseases.
To better prepare for the next pandemic event, the global
community must improve in several key ways:
			Better coordination between global surveillance
resources and public health systems
			Wider and more open data-sharing
across regions
			Increased adoption of next-generation
technologies for infectious disease diagnostics
			Development of coordinated national pandemic
response protocols
			Ready-to-launch, public-private partnerships
to accelerate development and delivery of
diagnostics and vaccines
In certain sectors of the COVID-19 pandemic response,
there have been demonstrated improvements, which
can be a model for others to follow. For example, the
regulatory landscape quickly adapted to accelerated
vaccine development by creating Facilitated Regulatory

Pathways for novel vaccines and diagnostic products,
to quickly bring successful candidates to the population
at large.
However, rollout and delivery of diagnostics and vaccines
were hampered by the lack of established pandemic
protocols to create consistency and coordination across
regions, both within nations and globally. Statisticians
have already begun to calculate the number of deaths
that might be attributed to these delays.
That said, New Zealand stands out for being a pillar
of consistency during the pandemic, having adopted
a strict national protocol of mitigations and a national
test-and-trace system early on and then sticking with it
throughout. As a result, New Zealand has experienced
just over 2,700 cases of COVID-19 infection and only
26 deaths out of a population of more than five million
people. By contrast, other countries, notably across
the EU, which seemed to be winning the battle against
COVID-19, went on to experience significant spikes in
cases and deaths when they diverted from strict early
protocols to relaxed mitigation tactics before effectively
suppressing the rate of infection.

400

emergent disease events
recorded since 1940

More than 400 emergent disease events have been
recorded around the world since 1940, and more will
surely occur. The next pandemic is not a matter of if,
but when. Despite all of its associated loss and grief,
COVID-19 has given us our best opportunity to improve
across all areas of preparedness and prevention,
and it will be up to us as a global community to take
advantage of it.
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The role of the clinical trial and CROs in infectious
disease research

At the time of this writing, there are thousands of infectious disease clinical trials ongoing globally, including in the US alone: 53

600+

1,350+

590+

2,400+

2,200+

bacterial infection trials

hepatitis-related trials

influenza trials

viral infection trials

COVID-19-related trials

Infectious disease trials of any kind are some of the most
challenging to run. Here, we outline key considerations
for clinical trial implementation.
Aggressive, yet fluid timelines – Vaccine studies generally
have a narrow window of time during which study execution
can occur, either due to seasonality of the disease (e.g.,
influenza) or due to unpredictability of occurrence (e.g., ebola
outbreaks). Calendars must be fluid and quickly actionable.
Clinical study design should be prioritised early to ensure
study sites are ready to go when the treatment is available.
There is generally no “wiggle room” in the schedule for site
activation, volunteer recruitment, vaccination and follow up of
hundreds to potentially thousands of subjects.
Additionally, timelines can become extraordinarily
compressed under seasonal and outbreak conditions. Trial
support staff must be ready to expedite protocol writing,
regulatory and institutional review board (IRB) submissions,
site contracting, interactive web response, electronic data
capture, and other systems set up.
Site selection and training – Many infectious disease
studies are executed in the Northern Hemisphere where the
research and regulatory environment is more developed and
predictable and surveillance is good overall. The inclusion
of seronegative and/or seropositive subjects may also drive
geographic decisions and site selection. Study endpoints and
the schedule of events should also be carefully considered in
the context of infectious disease epidemiology. In short, keep
it simple and consider which endpoints are critical versus
“nice-to-haves.” And finally, sites should receive thorough and
consistent training, which can be augmented with systems
such as FIRECREST, ICON’s digital solution for providing
online training.

Rapid, competitive volunteer recruitment – All sites
within a hemisphere should begin competitive enrolment on
or around the same day. In the case of clinical trials initiated
in response to epidemic or pandemic events, competitive
enrolment should be employed with no site caps to complete
enrolment in as short a time as possible with hundreds
to thousands of subjects enrolling every week. The sheer
volume can be challenging.
Phase 1 and 2 studies are generally smaller with rapid
enrolment more easily managed. In Phase 3 efficacy studies,
sample sizes are driven by the anticipated infection rates
and can require 5,000 to 10,000 subjects, sometimes more.
To achieve this, all sites must be ready to open and enrol
subjects simultaneously, so that enrolment is completed in
a short period of time. In the case of an efficacy study, it is
important that the last subject be enrolled and vaccinated
about four weeks before the anticipated start of the infection’s
spread and well in advance of the disease peak.
Complex supply logistics – The study product —
antibiotic, antimicrobial or vaccine (and/or the comparator
product) and ancillary study supplies will be needed quickly
and in sufficient supply. Vaccines may need to be distributed
via a cold chain, and provisions will need to be in place to
replace any product quickly that might be affected by a
temperature excursion. Ancillary supplies typically require
a larger storage area, which many sites may not have and,
therefore, will require careful delivery planning to ensure no
interruption of study recruitment.
Timely and reliable diagnostics at the point of care –
Reliable and timely diagnostics for the infectious disease of
study should be readily available to all study sites. Without
access to sound diagnostics and well-trained site staff at the
point of patient care, sites will struggle with their response.
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Data monitoring and study documentation –
Infectious disease and vaccine studies are well suited to
risk-based monitoring (RBM) as a way to reduce costs and
help study teams focus on subject safety and the integrity
of endpoint data. Options include targeted or randomised
monitoring, reduced source document verification, and/or
data analytics. Infectious disease studies amidst an outbreak
require new approaches to monitoring beyond the standard
RBM and on-site visits. This might include remote monitoring
using technology to conduct visits to verify facilities and
inspect vaccine storage/handling as source data verification.

Data management – The sheer number of subjects and
the use of patient reported outcomes for reactogenicity –
either with paper diaries or eDiaries – produce large volumes
of data that should be entered and cleaned quickly and
continuously. Data reviews and laboratory data transfers
should be ongoing and the database lock plan generated well
in advance of last subject, last visit. Ideally, the final database
lock is completed in two stages: safety lock followed by
laboratory lock. Another approach taken by some sponsors
is to lock the safety database and then handle the serology
analysis outside of the safety database.

The electronic trial master file of course, is the documentation
of the study and must be overseen closely with active, realtime filing and periodic quality checks throughout the duration
of the study. Again, due to volume, failure to keep the filing
up to date and reviewed for quality can snowball and prolong
the study close and compromise the study integrity. During
an epidemic or pandemic, this may be approached differently
through remote monitoring. Selecting sites with an FDAcompliant eRegulatory Management System in place would
be optimal.

Closeout site visits should be conducted within four to eight
weeks of the safety database lock to ensure study integrity
and inspection readiness, as sites quickly move on to other
studies. Because the laboratory data may not yet be available
at the time of closeout, sites must be advised that they may
receive additional queries around the lab data. Generally,
once the lab data is in and reconciled, sites will be advised to
notify their IRB of study closure.
Active surveillance – Clinical trials for antimicrobials will
want to capture efficacy data as well (i.e., any respiratory
symptoms +/- laboratory testing for infection). For Phase 3
efficacy studies, it will be critical that the study captures all
symptoms and that subjects be sampled for identification of
infectious agents. Subjects need to be proactively contacted
and reminded to report any protocol-defining symptoms.
The number or type of symptoms required for specimen
collection may vary from study to study. So, sites must be
very aware of the protocol-defining symptoms for the study
they are conducting.

Active surveillance through lab testing
for infection
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COVID-19 vaccine case study - agile, remote management
in an evolving environment

Challenge
ICON was selected to initiate, manage and operate a Phase 1/2/3 randomised, placebo-controlled vaccine clinical trial
for SARS-CoV-2, for one of the top five pharmaceutical companies in the world, with a global team of 1,000 people
supporting the trial with 150 clinical trials sites in the US, Germany, Turkey, South Africa, Brazil and Argentina. Utilising
a complex, adaptive trial design in an evolving healthcare environment, the trial plan included rolling regulatory data
submissions likely to have multiple amendments to ensure data integrity and diversity in the study population. These
multiple amendments would require re-consenting and tight version control.
This was a uniquely challenging trial during a global pandemic with significant travel restrictions, resulting in the
cancellation of investigator meetings, as well as site closures affecting access to sites for study staff and patients. Rising
numbers of COVID-19 cases increased the risk of infection, subsequently increasing the anxiety of patients to visit sites.
On-site logistics were further complicated with the need to balance the use of personal protective equipment and social
distancing measures, while simultaneously delivering a vaccine as quickly as possible.
Solution
ICON planned geographically located resources in target countries and sites selected by the sponsor according to
epidemiology studies for population diversity, with additional hubs to provide regional support and recruitment.
As the geographical spread of the study extended and scaled, ICON leveraged a globally distributed team of
multidisciplinary study professionals, including therapeutic experts, program managers and clinical research associates
for study management, and remote and traditional monitoring across time zones.
Outcome
ICON was able to achieve data delivery within planned population diversity assigned by the sponsor:
Approximately 42 percent of overall participants with diverse backgrounds – 5% Asian, 10% Black,
26% Hispanic/Latinx, 1% Native American.
Several regulatory audits were conducted during the trial with no critical findings. The study resulted in the approval of a
first-of-its-kind mRNA vaccine against a novel virus that went from initiation to emergency use authorisation in the US and
United Kingdom in nine months. This trial has demonstrated the benefits of a strong partnership between sponsor and
CRO, and redefined industry expectations in terms of trial management and speed.

44,000

9 months

Millions

participants enrolled
over 4 months

Study initiation to
emergency use in US & UK

vaccinated globally with
first-of-its-kind vaccine

22

Antimicrobial resistance: How clinical research can combat an ensuing global crisis

Conclusion: The post-antibiotic era

The bubonic plague that swept through Europe in the mid14th century, now labelled by historians as the Black Death,
was caused by a bacteria called Yersinia pestis and travelled
from person to person through airborne transmission, as well
as through the bite of infected fleas and rats.54 In less than
a decade it ravaged through Europe by ship from port city
to port city, killing an estimated 75 to 200 million people, or
30% to 60% of the European population at that time. It took
this plague about two years to travel from Italy
to Scandinavia.

COVID-19

China to 60 countries
2 months

Black Death

Italy to Scandinavia
2 years

1 year

2 years

Today, we are travelling more for work and pleasure than
ever before. In 2019, there were more than 4 billion air
transport passenger journeys – compared to 310 million in
1970.55 This mobility and interconnectivity distributes global
risk to our health and helped propel SARS-CoV-2’s swift
transfer from China to more than 60 countries in just two
months, and to a global footprint in less than a year. SARS
CoV-2 is the latest novel pathogen to emerge, leading to
more than 176 million cases and 3.8 million fatalities globally
as of 16 June 2021.56

Through the adoption of next-generation technologies for
diagnostic capabilities; increased attention to traditional and
therapeutic mitigation and suppression tactics; innovation
in the development of new antimicrobial drugs; and publicprivate partnerships bolstered by facilitated regulatory
pathways, we can be ready for the next global infectious
disease threat in the future, as well as meet the antimicrobial
challenges of today.
In spite of the economic devastation and loss of life caused
by the emergence of SARS-CoV-2, the pharmaceutical
community’s tremendous success in bringing novel
COVID-19 vaccines to market in record time has been a
singular bright spot. Next-generation vaccine platforms and
technologies were adapted at unprecedented speeds.
Rapid vaccine development was quickly followed by recordbreaking clinical trials that were able to enrol and collect
data on tens of thousands of subjects. Using highly adaptive
trial designs that were agile and flexible enough to meet the
constantly changing logistical landscape of the COVID-19
pandemic, globally distributed trial teams were able to
respond and adjust dynamically, ensuring zero interruption in
a critically needed vaccine program.
Hope for an end to the COVID-19 pandemic is on the
horizon. At the same time, however, the need for new
solutions to meet the challenge of antimicrobial resistance
increases each year. New pharmaceutical solutions to
address this challenge will certainly reach the point of need
more quickly, and with better data, if the lessons in clinical
trial design learned from the COVID-19 pandemic are carried
forward and capitalised on.

Future infectious diseases will almost definitely emerge
on the global scale and reshape lives and economies.
Economists estimate that, in the coming decades,
flu pandemics will cause average annual losses of 0.7%
of global GDP – or $570 billion.57
The COVID-19 pandemic has provided stark evidence of
the need for action and innovation to address infectious
diseases. Alongside this, it has illuminated a path forward
to deal with the most tenacious challenge in infectious
disease research – antimicrobial-resistant infectious agents.
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Key action items to meet the challenge
of antimicrobial resistance

Detecting, responding to and overcoming antimicrobial resistant and emerging novel infectious diseases requires multifaceted global efforts. Coordination of resources — from governments, international agencies, healthcare and pharmaceutical
industries, and public/private partnerships — will be key to these efforts, with a focus on standardisation of data collection
and reporting structures. Here are ten priority actions that will help to accelerate and strengthen global responses to future
infectious disease threats.

1. C
 reate public and private funding for infectious
disease research
Funding for these initiatives are key to developing an
effective antibiotic-resistance solution. For example,
the Global AMR Innovation Fund (GAMRIF) is a UKbased group with the goal of reducing the threat of
antimicrobial resistance (AMR) in low- and middle-income
countries through the funding of global AMR research
and development. GAMRIF has a goal of funding the
development of two to four novel antibiotics and making
them available to patients by 2030.
Recently, TDR — the Special Programme for Research
and Training in Tropical Diseases — and the World
Health Organization (WHO) regional offices in Africa,
the Americas and South-East Asia announced the
funding of thirteen projects from seven countries under
the Small Grants Scheme for Implementation Research
on Antimicrobial Resistance. The grant is intended to
complement the Structured Operational Research and
Training IniTiative (SORT IT) activities on AMR.
The Centers for Disease Control (CDC) supports various
state and local initiatives across the United States (US)
and globally, including the Antibiotic Resistance (AR)
Solutions Initiative. Future CDC funding emphasis will
be placed on optimising programs at the local, state
and private level, along with small business innovation
research seed funding to support the infrastructure of AR
solutions.

2. Improve antimicrobial-resistance diagnostic
solutions
Improved diagnostic solutions will lead to better
preventative measure strategies by developing faster,
data-driven responses nationwide, including initiatives
such as the CDC’s AR Lab Network, a global support
system for laboratories to enhance detection of AR. The
CDC’s support network aims to enhance diagnostic
solutions utilising cutting-edge technologies, such as DNA
sequencing, to better inform AMR diagnostics.
Established in 2007, with funding from the National
Institute for Health Research (NIHR), the NIHR Oxford
Biomedical Research Centre (OxBRC) pursues research
into AMR and the modernisation of microbiology
protocols, including large diagnostic development
initiatives to innovate high throughput whole genome
sequencing (WGS) analysis. The centre’s efforts include
the development of scalable WGS-based pathogen
diagnostics that can be deployed anywhere across the
globe. The collaboration includes OxBRC, Public Health
England, Public Health Wales, Public Health Scotland,
Animal and Plant Health Agency and the European
Bioinformatics Institute.
3. R
 educe antibiotic use in livestock systems, and
phase out the use of antimicrobials as growth
promoters in agriculture.
Infections within livestock herds, especially at the industrial
level, lead to frequent antibiotic use. The overuse of
antibiotics contributes to the development of AR. The
WHO is recommending an overall reduction in antibiotics
in animal production systems to help mitigate AR
development. Using DNA fingerprinting, researchers
can track drug-resistant bacteria from patients to an
agricultural source.
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4. Implement stronger regulatory systems and
support awareness programs for responsible
antimicrobial use
The WHO Advisory Group on Integrated Surveillance
of Antimicrobial Resistance (AGISAR) was created to
maximise the public health impact of AMR. AGISAR has
started the development of a WHO guideline on the use
of antimicrobials in food production and contributed a
guidance document on integrated surveillance of AMR.
5. D
 evelop new technologies to combat antimicrobial
resistance
As the arms race to combat AMR continues, new
technologies to help win this fight are paramount to public
health and safety. Promising innovations, supported by
private and public fundraising and investments, are being
developed. But more support is necessary to outpace
the AMR crisis. For example, researchers at the University
of Notre Dame are utilising bacteriophages — viruses
that target bacteria — in lieu of traditional antimicrobial
compounds as a means to side step AMR entirely.
6. D
 evelop medical research analytics and
informatics programs
Medical research analytics and informatics programs
will represent data-driven initiatives to better understand
AMR. Informatics will assist researchers in faster
diagnostic capabilities and help delliever crucial data for
enhanced antimicrobial development. For example, the
previously mentioned WGS-based diagnostic system,
being developed by OxBRC, is based on an open-source,
informatics-driven platform with the goals of assisting in
outbreak response, infection control and direct patient
care on a global scale.

7. O
 ptimise international collaboration and capacities
for antibiotic-resistance prevention, surveillance
and control
AMR is a global health crisis, and international
collaboration is necessary for proper prevention,
surveillance and control. International collaborations, such
as the first, second and third tripartite meetings between
the European Medicines Agency, the United States
Food and Drug Administration (FDA) and the Japanese
Pharmaceuticals and Medical Devices Agency are
working toward constructive and convergent proposals,
procedures and regulations for combating AMR globally.
Other collaborations, such as the Global Foodborne
Infections Network (GFN), aim to further international
efforts to detect and prevent foodborne antimicrobialresistant infections. GFN is a collaborative project
with participation from the WHO, the CDC, Reseau
International Des Instituts Pasteur, Public Health Agency of
Canada, the FDA, Animal Sciences Group, Enter-net and
OzFoodNet.
8. E
 ngage the TATFAR recommendations for
international efforts to address global antimicrobial
resistance threats
The Transatlantic Taskforce on Antimicrobial Resistance
(TATFAR) is an international taskforce enacted to
collaborate and share best practices to strengthen
domestic and global efforts to combat the emergence
of AMR. Currently comprised of technical experts from
Canada, the European Union, Norway, and the US,
TATFAR members work in concert to improve appropriate
therapeutic use of antimicrobial drugs, prevent healthcareand community-associated, drug-resistant infections and
create strategies to accelerate the new development of
antimicrobial drugs.
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9. Improve global water, hygiene, and sanitation
systems
The CDC is investing resources to monitor and study
major antimicrobial-resistant outbreaks as a result of water
and sanitation concerns. The agency’s recommendation
is to prioritise the prevention of antimicrobial-resistant
infectious diseases through improvements in water,
sanitation and hygiene.
10. Enhance tracking of antimicrobial-resistant
pathogens and build a vaccine data platform
Preventative strategies will incorporate vaccine data
platforms to accelerate new vaccines and respond to
the rapidly evolving infectious disease environment.
Additionally, enhanced tracking of antimicrobial-resistant
pathogens utilising genetic screening innovations and
informatics will enable local and international prevention
of healthcare and foodborne antimicrobial-resistant
microbes. To this end, the Global Antimicrobial Resistance
Surveillance System (GLASS) was launched in 2015 by
the WHO to support the standardisation of the collection,
analysis and sharing of AMR data across the globe.
GLASS’s efforts facilitate the establishment of national
AMR surveillance systems in individual nations around the
world, and a harmonisation of those systems to a global
data standard, to detect and respond to emerging AMR
at scale and speed.

Further reading
Agile clinical monitoring
Best practices in analysing and
assessing risk in clinical monitoring
and how to remain agile adapting
to environmental conditions and
therapeutic focus.
ICONplc.com/agile
The evolution of HIV treatments
From antiretroviral therapy to
vaccines, where we are today and
what’s next.
ICONplc.com/HIV

Decentralised and hybrid clinical trials
The COVID-19 pandemic outbreak
has increased the demand for
alternative trial models.
ICONplc.com/decentralised

Pandemic respiratory vaccine clinical trials
An exploration of the success
factors that can keep pandemic
respiratory vaccine trials running at
optimal speed and efficiency.
ICONplc.com/pandemic
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