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SAVING LIVES IN REAL-TIME  
DOES GENOMICS HAVE THE POWER TO REVOLUTIONISE INFECTIOUS DISEASE CONTROL? WE HAVE 

BROUGHT TOGETHER A PANEL OF EXPERTS TO ANSWER JUST THAT.

ROUNDTABLE

R ecent high profile epidemics have shown the devastating 
effects infectious diseases can have. They have also 
forcibly demonstrated the potential of emerging 

genomic technologies to control future outbreaks and develop 
treatments swiftly.

FLG: In what ways is genomics being used to help revolutionise our 
understanding of infectious disease?

Jonathan Green: The potential benefits of whole genome sequencing 
(WGS) include helping us to understand how some strains can cause 
more serious disease than others, improving our understanding 
of patterns of antibiotic resistance, understanding how bacteria 
and viruses evolve and therefore how new pathogens or strains of 
pathogens emerge.  In the future we hope to gain insight into why 
some people are more susceptible to infections than others but this 
currently is aspirational. Ultimately, our objective is to improve our 
ability to reduce the burden of infectious disease through improved 
interventions and I think the early detection of outbreaks is probably 
the greatest actual benefit to date.  

Peter Myler: The ability to sequence pathogen genomes and apply 
genome-wide techniques to interrogate their gene expression has 
revolutionised our understanding of their unique biology, resulting in 
a vast increase in the number of new targets for rational drug design.  
Concurrently, this information has greatly approved our ability to 
diagnose and track both old and new infections on a timely basis.

Kristian Andersen: Sequencing is used during outbreaks, which 
is revolutionising infectious disease research. This allows us to 
understand how pathogens spread, where they come from and how 
they transmit between individuals. Essentially, it allows us to get much 
deeper insights into the epidemiology of diseases. For example, during 
the Ebola outbreak we were able to show how infections happen late 
in an outbreak from survivors. In addition, during the Zika outbreak we 
were able to show how the virus spread before it was initially detected. 
Without sequencing none of this would be made possible.

Jack Regan: Pathogens, particularly RNA viruses, have high mutation 
rates that provide them the genetic diversity to quickly evolve 
to evade host immune responses and prescribed therapeutics.  
Next generation sequencing has given us a tool to rapidly identify 
novel advantage-conferring mutations.  Understanding how these 
mutations improve a pathogen’s ability to survive is a critical step in 
the process of developing new drugs to replace the ones that have 
lost effectiveness.  Beyond therapeutic development, sequencing 
is critical to identify the unique regions of variant genomes so that 
companies can develop rapid diagnostic tests to detect these new 
pathogens. 

Elaine Mardis: Several impacts of genomics are becoming quite 
clear in this regard.  First, the notion of strains is becoming better 
defined at the genomic level, as is the transmission of characteristics 
like antibiotic resistance.  A second aspect is tracking the global 
emergence and spread of epidemics.

FLG: With the recent high profile infectious disease epidemics, e.g. 
ebola, zika, swine flu, how are sequencing technologies enabling 
clinicians to provide a more accurate diagnosis and monitor 
treatment? 

PM: New point-of-care sequencing technologies are beginning 
to make it possible to identify new and re-emerging infectious 
diseases, allowing clinicians and epidemiologists to diagnose the 
infections, choose the most appropriate treatment and to monitor its 
effectiveness in almost real-time. 

KA: We have, for example, applied sequencing to Ebola and Zika, 
which has enabled us to understand the outbreak itself, rather than 
just what’s going on with the individual patients.

JR: NGS is critical for identifying newly emergent pathogens and their 
unique sequences. However, sequencing is currently too slow and 
costly to be effective in curtailing the spread of a novel pathogen that 
has the potential to cause a pandemic.  There is a tremendous need 
for automated instrumentation placed in emergency rooms that 
can return results in just one hour.  This technology must be able to 
simultaneously screen for multiple common pathogens, but also be 
‘open-access’ so that end-users can load newly received qPCR assays 
onto the instrument for customised genetic screens to detect the new 
or evolving pathogens in addition to the common ones. 

“AS IN MOST SUCH ENDEAVOURS, I AM MOST 
ENTHUSIASTIC ABOUT RAPID ANALYTICS 
THAT ENABLE PRECISION DIAGNOSES, BUT 
ALSO THAT FEED FORWARD TO BIG DATA 
ANALYTICS. HERE, WE WILL BE MUCH 
BETTER ABLE TO PREDICT EPIDEMIC SPREAD 
PATTERNS AND, AS I MENTIONED EARLIER, 
BETTER ABLE TO PREDICT OUTBREAKS BEFORE 
THEY IMPACT SO MANY PEOPLE.”
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EM: The relatively small size and simplicity of viral genomes enables 
large-scale genotyping during outbreaks. Indeed, we have even 
seen point-of-care diagnosis in remote areas of the world where 
many outbreaks tend to occur. In the Zika virus outbreak, due to its 
effects on fetal brain development during pregnancy, it becomes 
especially important to have rapid turn-around diagnosis which has 
been enabled by NGS. Blood-based monitoring may also become 
important in understanding therapy-related response or resistance.

JG: The portability of MinION technology has meant that genomics 
can be applied ‘in the field’,  i.e. close to the affected patient or 
population and also under the direct control of the clinicians 
and epidemiologists.  This is particularly useful for identifying 
transmission patterns and therefore interrupting transmission cycles.  

Another example would be in the swine influenza pandemic where 
WGS identified multiple introduction of strains which informed 
control policies (i.e. whether to try to contain the infection or not). 
Also use of WGS during the pandemic highlighted that assumed 
transmissions or introductions (e.g into schools) were not always 
reliable based only on epi data. WGS provided forensic evidence of 
the links between cases or, more accurately, where transmission 
hadn’t occurred. Use of genome sequencing to identify and 
characterise the causative agent is becoming part of a standard 
approach for almost any significant outbreak. 

FLG: Although technological advancements are beginning to help 
drive change, the threat of drug-resistant infections still remains a 
problem. In your opinion, how can this be lessened, and what are 
the potential benefits of doing so? 

KA: Sequencing is able to reveal how a virus is evolving. Let’s use HIV 
as an example, it will develop drug resistance over time, but if you 
sequence a virus continuously from the same patient you will be able 
to detect potential drug mutations much earlier and switch medicines 
before drug resistance becomes a problem.

JR: Clinicians and veterinarians over-prescribe antibiotics, and many 
farmers routinely add antibiotics to cattle, swine and poultry feed.  
These practices constantly put selective pressure on all the microbiota 
present, which increases the chances of the microbiota acquire drug 
resistance.  Such events improve the chances that pathogenic strains, 
through genetic recombination, acquire these drug resistance genes.  
We need to stop prophylactically prescribing antibiotics and we also 
need better POC diagnostics to provide physicians the molecular 
information they need to prescribe with confidence rather than 
prescribing based on only signs and symptoms while they wait a day or 
more for the laboratory to return results.

EM: It is likely that monitoring and more rapid identification of 
outbreaks, including tracing to the source, will become increasingly 
important in identifying outbreaks of drug-resistant infections. 
Although unrelated to sequencing, it also is quite clear that we need 
new antibiotic and antiviral therapies to be developed.

JG: Unfortunately genomic techniques can only describe changes 
in the emergence and spread of antimicrobial resistance, not 
prevent its emergence. However, good molecular surveillance 
is essential to inform interventions for example identifying 
environmental sources of resistant organisms. Eventually we may 
understand emergence mechanisms adequately to predict new 
problems and develop alternative antimicrobial agents but now 
the effort needs to go into global control of antibiotic use both in 
humans and animals.

PM: More careful husbandry of our existing and future antibiotics 
is needed to prevent (or more realistically, delay) the emergence 
of more antibiotic-resistant pathogens.  This will need to go hand-
in-hand with continued investment in the development of novel 
antibiotics and vaccines. More basic research is needed to provide 
the understanding necessary to allow new approaches to emerge.

FLG: The promise of genomics research could have monumental 
results when it comes to treating infected patients at a much 
quicker rate. In an epidemic, how vital is the ability of producing 
real-time results, and how close are we to achieving this? 

JR: By late 2018, LexaGene anticipates commercialising the first 
automated pathogen detection instrument that is open-access.  Open-
access technologies allow end-users to load newly received qPCR assays 
onto the instrument for customised genetic screens.  This critical feature 
is required to help clinicians avert a pandemic.  After the sequence 
of a novel pathogen is determined, TaqMan assays can be designed, 
synthesised, and delivered to facilities with open-access instruments 
within 2 weeks of an outbreak.  Such open-access technologies will 
give physicians the ability to quickly triage the patients that need to be 
quarantined to prevent the spread of the disease.   

EM: Real-time results for diagnosis and interpretation of therapy 
response potential are quite real, depending on which pathogen 
is being focused upon. The emergence of pan-viral hybrid capture 
reagents also is quite powerful, as one can be somewhat agnostic to 
what is being diagnosed (depending upon the reagent, of course). 
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Such diagnostic approaches may also tell us about co-infection with 
other pathogens that may ultimately better inform those who will 
respond best, but this Awaits proper testing.

JG: Clearly, rapid identification and characterisation of a pathogen 
is essential as part of the response in the event of an epidemic.  We 
need to understand what the pathogen is and its pathogenic payload 
and also the relationship between isolates to understand its likely 
origin and risk factors for transmission e.g point source or human to 
human transmission.  This requires access to high quality clinical and 
epidemiological information in addition to genomic data. Genomic 
analysis can also inform for example the antimicrobial sensitivity of 
the pathogen and therefore inform patient treatment. Delivery of 
this information in as near to ‘real time’ as possible is essential and 
certainly the nanopore sequencing technologies have improved the 
situation drastically with identification and antimicrobial susceptibility 
potentially in a few hours.  Full real time detection however requires 
the ability to identify and characterise the pathogen directly from the 
sample which currently is a challenge but progress is being made.

PM: We are still in the early stages of deploying new real-time 
diagnostic methods for infectious diseases.  For instance, a test 
that can predict whether someone will develop tuberculosis (TB) by 
analysing biomarkers in blood after exposure but before appearance 
of active disease is being developed at CID Research.  While progress 
is rapid, we are likely still some years away from being able to rely 
on these techniques in most normal situations.  Obviously, cost will 
be an issue, especially to allow access in developing countries which 
bear most of the burden of these diseases.

KA: This is critical for the purpose of understanding outbreaks 
and epidemics. In terms of real-time, it is already here. We 
ourselves did it during the Zika outbreak, we took our first 
sample and two weeks later we had published the data and 
findings on the internet. Sequencing was also critical in 
understanding that sexual transmission of Ebola can be a 
big problem during outbreaks - which is something that had 
previously been hypothesised, but with sequencing it could be 
proven. Therefore, sequencing, together with real-time open 
sharing of data and analyses, is critical in understanding and 
mitigating outbreaks.

FLG: Combining spatial modelling with genetic data provides new 
methods for tracking epidemics as they progress. How feasible 
are these methods for predicting how diseases spread through 
the population?   

EM: Early studies indicate these modelling-based approaches 
are quite feasible and effective in most cases.  Their accuracy is 
somewhat complicated by international travel, to be clear, but 
they provide a reasonable proxy for the spread of an epidemic. 
Ideally, as these become more predictive with retrospective 
analyses, we may be able to predict outbreaks in advance and be 
better prepared to act quickly, even proactively, to quell emerging 
outbreaks.  This is yet one more aspect of big data analytics that 
may emerge from genomic studies.

JG: Again, currently there is a limit on how we can predict spread 
of infectious disease in that spatial modelling describes what has 
already happened. Good epidemiological data (which is essential in 
almost all outbreak situations) can identify risk factors that explain 
spread while temporal analysis gives insight into speed of spread and 
the genetic data could give insight into molecular evolution rates, 
vaccine escape etc.

PM: Considerable progress is being made in developing and 
deploying new algorithms that provide  accurate modelling of disease 
epidemics.  However, these predictions will need to be validated and 
the algorithms refined before they can be completely trustworthy 
and effective.

KA: At present we are very good at figuring out how something 
happened once we have all the data. However, in terms of looking 
at what we know of the past and attempting to predict what’s going 
to happen in the future, we aren’t quite there yet. During the Ebola 
outbreak, there was a lot of modelling, as well as predictions, but 
none were very good. I think going forward as we obtain more data 
and develop data models, we will get much better at it.

JR: Disease spread can occur very rapidly, and hours matter.  
The Laboratory Response Network (LRN) collects data on newly 
diagnosed diseases so they can help spatially track the spread of 
disease.  However, more work needs to be done such that these data 
are automatically reported by the instrument performing the testing 
– to avoid human caused lapses in reporting that can have significant 
consequences.  This supports the need for near-patient diagnostics 
that are electronically networked to the hospital’s medical records 
system and the LRN.

FLG: How accepted is the practice of GWAS-style association studies 
within infectious disease? In 5 years from now, how would you like 
to see the relationship progress? 
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JG: I think that GWAS is going to continue to grow 
in the coming years as we are still in the early 
days of exploring this approach.  With traditional 
microbiological methods for example serotyping, 
PFGE, MLST the assay used only answered the fairly 
straightforward question being asked and currently we 
seem to be in a process of asking the same questions 
from whole genome data.  In human genomics, 
GWAS is applied to investigate the correlation of 
genetic variants with phenotypic traits across different 
individuals. A particular challenge currently for 
applying GWAS to microbial datasets is the availability 
of experimentally consistent phenotypes or other 
annotations, such as environmental parameters 
(metadata). We will however as the global datasets 
strengthen be able to ask more complex questions 
and, hopefully, also be able to build in human data as well. 

PM: This technology is rapidly beginning to gain traction in infectious 
research, and I expect that within the next five years, we will have 
a much better understanding of genetic factors (of both host and 
pathogens) related to disease susceptibility, pathogenicity and 
outcome.  This knowledge will greatly improve our ability to more 
effectively treat infections of an individual basis.

KA: I think GWAS studies have underperformed expectations at this 
stage, but they might become more useful in future.

JR: In my opinion, currently GWAS studies are more commonly 
associated with identifying the genes and variants that contribute 
to disease penetrance and severity of genetic disorders and chronic 
infectious diseases.  Much less GWAS work is performed on acute 
transient infections.  Nonetheless, I would like to see more GWAS 
work done on acute transient infections so we better understand 
why there can sometimes be a drastic range of responses to the 
same strain in different people.  This might help drive prophylactic 
therapeutic development that might help some individuals survive a 
potentially deadly highly contagious pandemic strain.

EM: Rather than GWAS, with the ability to sequence human genomes, 
I would predict that evaluating patient-specific severity of infection, 
outcome and response to therapy may be bundled into a predictor 
of those genotypes most at-risk for infection or severe consequences 
of infection. We already have seen evidence of this in persons who 
were exposed to Ebola during recent outbreaks yet did not develop 
the disease. Better characterisation of these individuals’ genomes, 
in large numbers, may point out resistance genotypes, much as we 
learned about years ago in individuals who did not develop HIV in 
spite of multiple exposures to that virus. So, ideally, each patient 
studied should also have their genome sequenced as well as the 
genome of the infectious pathogen.

FLG: What technologies are you excited for in relation to the study 
of infectious diseases?

PM: Real-time single molecule sequencing (such 
as Oxford Nanopore); single-cell analysis of gene 
expression (especially at the protein level); and 
improved software for systems biology.

KA: I’m really excited for portable sequencing and 
analysis, where you will be able to take the sequencer 
anywhere and sequence any sample and analyse it in 
the same location. Although we aren’t quite there yet, 
we are very close. The MinION platform has proven 
very helpful but there are still issues with the quality, 
and analysing the data on site can be tricky. The next 
step is also making it cheap and affordable, as that’s 
not where MinION is right now. This is going to take a 
little while, but there are a lot of budding technologies 
that I’m pretty excited about to see in this space. 

JR: I feel hospitals and medical clinics are woefully underprepared 
to curtail the spread of a contagious pathogen that has the potential 
to cause a pandemic similar to the 1918 Spanish Flu Pandemic that 
killed 20 – 50 million in just 18 months.  However, we don’t yet have 
automated open-access technologies in near-patient settings to 
provide physicians the tools they need to rapidly distinguish a person 
infected with a newly emergent pathogen versus one infected with a 
common pathogen.  I look forward to seeing LexaGene’s technology 
become commercial and adopted so that our defences become 
stronger with every added installation.

EM: I am most excited about technologies that will permit rapid turn-
around diagnosis, across a spectrum of potential pathogens. As in 
most such endeavours, I am most enthusiastic about rapid analytics 
that enable precision diagnoses, but also that feed forward to big 
data analytics. Here, we will be much better able to predict epidemic 
spread patterns and, as I mentioned earlier, better able to predict 
outbreaks before they impact so many people.

JG: We work in an applied environment as well as delivering research 
and one of our preoccupations is how we get from where we are now 
in terms of potential and our early benefits of WGS to implementation 
as a routine.  This throws up challenges in terms of scale both of 
the data storage and compute requirements but also the analytical 
algorithms that have been developed and will change the partnerships 
that are necessary to deliver the routine microbiology (e.g the role of 
organisations such as Google, Amazon etc). 

I believe that we will see fairly rapid deployment of genomic 
technologies near to the patient. A model for this happening is 
probably that of PCR which started as a very limited activity in 
dedicated molecular biology laboratories but then as the technology 
simplified, use of PCR expanded and was devolved to regional and 
then, with the development of kits, to routine diagnostic laboratories.  
This is certain to happen with sequencing (and other) technologies, 
plus increasing amounts of human genome data will also become 
available. The challenges then become how we do we manage, 
protect, share and analyse these data. n

“ULTIMATELY, 
OUR OBJECTIVE IS 
TO IMPROVE OUR 

ABILITY TO REDUCE 
THE BURDEN OF 

INFECTIOUS DISEASE 
THROUGH IMPROVED 

INTERVENTIONS 
AND I THINK THE 

EARLY DETECTION 
OF OUTBREAKS 

IS PROBABLY THE 
GREATEST ACTUAL 

BENEFIT TO DATE.  “




