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Agtech infrastructure for pandemic 
preparedness
To the Editor — The world has witnessed 
multiple outbreaks of epidemic and 
pandemic disease over the past 20 years, 
including four outbreaks of Ebola virus in 
Africa, an outbreak of Zika virus in South 
America, and three outbreaks of respiratory 
infections caused by novel β-coronavirus 
strains, including the latest (SARS-CoV-2) 
being responsible for the current COVID-19 
pandemic1–3. At the time of writing, more 
than 17 million confirmed SARS-CoV-2 
infections have been reported worldwide 
and nearly 700,000 people have died from 
the disease3. Some of the common themes 
emerging from these outbreaks include the 
lack of preparedness of the regional, national 
and global health authorities, insufficient 
supplies of personal protective equipment 
(PPE), and insufficient hospital capacity 
to address the sudden influx of patients 
with acute disease. This was exacerbated 
by the scarcity of reagents, personnel and 
infrastructure for population-wide testing, 
diagnosis, and essential track-and-trace 
strategies to reduce R, the effective 
reproduction number4. Here, we note how 
approaches used in agtech to genotype 
germplasm could be adapted to testing in 
the context of a pandemic.

Strategies to stretch and conserve 
resources
For localized outbreaks and epidemics, 
health authorities with sufficient financial 
resources can turn to outside providers for 
help to address local shortages of personnel, 
equipment and reagents. However, the 
current COVID-19 pandemic has resulted in 
a concurrent demand for the same resources 
across the planet. Stockpiles were rapidly 
exhausted in many places, as predicted by 
earlier studies of actual and hypothetical 
outbreaks of novel influenza virus strains5,6, 
leaving governments scrambling to replenish 
essential items. In some cases, there has 
been effective resource allocation and 
sharing according to need, but there have 
also been examples of countries attempting 
to ring-fence supplies or resources at the 
expense of others, especially for medical 
apparatus, PPE and reagents such as  
testing kits7.

The pandemic has also shown how 
flexibility can help to relieve supply 
bottlenecks. A sudden outbreak of disease 
leads to the rapid depletion of stockpiles 
of available equipment and reagents, 

particularly single-use items such as PPE 
and testing kits8,9. As stocks run down, 
approved suppliers attempt to scale up 
production but soon reach capacity, and 
other avenues are pursued to meet demand10. 

In some cases, stockpiles of equipment that 
have reached their expiry date are pressed 
into service once performance has been 
validated11. Another valuable approach 
is the adaption of manufacturers with 
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Fig. 1 | agtech infrastructure and pandemic preparedness. a, Scheme, as exemplified by the GIFS OpAL, 
routinely used for the genotypic and phenotypic analysis of plants for crop breeding and surveillance 
for crop diseases. b, Adaptation of agtech process for diagnostics and tracing in a human pandemic. 
the response would be carried out under the leadership of a peacetime QA/QC coordinator with a 
dual role as pandemic coordinator in times of national or international emergency. (1) Image capture 
(remote or in-field sensors) would be replaced by the acquisition of patient samples (here shown as 
nasopharyngeal swab or blood). (2) Samples for molecular analysis (DNA, rNA or proteins). (3) Data 
capture and high-throughput analysis. (4) Automated analysis of new cultivars would be replaced by the 
automated detection of viral rNA or proteins (or detection of neutralizing antibodies). (5) Selection of 
fittest cultivars for breeding would be replaced by the confirmation of patient diagnoses.
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suitable infrastructure, switching from 
normal ‘peacetime’ production lines to 
emergency manufacturing in response to a 
pandemic. Examples we have seen during 
COVID-19 include cosmetic companies 
and distilleries switching to the production 
of hand sanitizers rather than perfume and 
alcoholic beverages12, textile companies 
making medical gowns and face masks13, 
and automotive, electronics or appliance 
manufactures making ventilators14. Similarly, 
the scale of testing could be increased if 
infrastructure were available that could be 
redeployed from peacetime applications to 
emergency protocols at a time of need. A 
similar approach was proposed by Nobel 
laureate Paul Nurse (Francis Crick Institute, 
London, UK), who used the Dunkirk troop 
evacuation metaphor to suggest marshalling 
the resources of many small laboratories 
(small boats) to meet testing needs15. 
One drawback is that the many different 
laboratories would require a huge effort in 
coordination and standardization. Instead of 
many small boats, we suggest a mobilization 
of large ships — specifically, by exploiting 
the capacity of high-throughput agtech 
laboratories.

Big ships with big guns
Dual-purpose infrastructure is an attractive 
option because it avoids several drawbacks 
of constant pandemic preparedness, 
such as the need for a huge stockpile of 
equipment and reagents with finite shelf 
lives and associated storage costs, the need 
for infrastructure that stands idle most of 
the time, the need to retain and train staff, 
and the need for regular ‘war games’ to test 
response capability. Agtech infrastructure 
for crop and animal breeding, crop disease 
management and seed testing provides 
not only the equivalent of peacetime 
infrastructure that can be redeployed to 
emergency biomedical use in a pandemic 
situation, but also the capacity to handle 
future outbreaks more effectively. We 
should develop contingency protocols for 
such facilities allowing them to switch to 
pandemic response mode.

High-throughput laboratory-based 
screening first emerged with plant breeders 
like Downey and Stefansson, who screened 
tens of thousands of seed samples in the 
1960s to produce modern canola varieties. 
In the modern era, high-throughput 
screening has become a routine breeding 
approach, as seen with Monsanto’s strategy 
to separate diploid and haploid maize seeds 
based on their differing oil content16. Agtech 
entered the digital era of high-throughput 
screening more than a decade ago, with the 
realization that a combination of remote 
and in-field sensing, high-throughput data 

analysis and confirmatory molecular testing 
(PCR, DNA sequencing, antibody-based 
detection and liquid chromatography–mass 
spectrometry) could be used for in-field 
plant phenotyping and input allocation, 
disease management, molecular breeding 
and the development of new cultivars17. 
Advances in medical applications have seen 
parallel advances in agriculture, such as the 
rapid adoption of genomics, transcriptomics, 
proteomics, metabolomics, gene editing, 
bioinformatics, cell-based assays and 
high-content image analysis18.

It is paramount that we recognize that 
pandemics and epidemics are not limited to 
humans, but can also affect other animals 
and plants19,20. There is often a severe impact 
on food security and human health, as 
historically seen in the famines caused by 
potato blight (Phytophthora infestans)21 in 
the 1840s and the epizootic rinderpest virus22 
in the 1890s. The Great Famine caused by 
potato blight in Ireland (1845–1849) led 
to one million deaths and caused another 
million people to emigrate, and the spread 
of potato blight in Europe claimed another 
100,000 lives. The introduction of rinderpest 
virus to sub-Saharan Africa was even more 
devastating, killing ~90% of infected cattle as 
well as many sheep, goats and the oxen used 
by farmers for ploughing, and also killing 
off swathes of wild buffalo and wildebeest, 
leaving no animals to farm, herd or hunt. The 
resulting famine killed millions, including 
one-third of the population of Ethiopia and 
two-thirds of the Maasai. The loss of grazing 
animals also changed the grasslands into 
thickets that allowed the tsetse fly to breed, 
resulting in a more human deaths caused by 
sleeping sickness23. A more recent example of 
epizootic disease was an outbreak consisting 
of more than 2,000 cases of foot and mouth 
disease in the United Kingdom in 2001, 
which prompted the slaughter of more than 
six million cattle and sheep at a cost of over 
$11 billion24.

Agtech infrastructure used to facilitate 
plant breeding and biosecurity surveillance 
could easily be adapted for medical 
screening (Fig. 1). However, the scale 
of routine agtech is much larger than 
standard healthcare screening because plant 
breeding involves hundreds of thousands of 
samples that must be processed rapidly to 
accommodate at least two and up to three 
cycles of selection based on genotyping and 
phenotyping per year, following approaches 
such as Borlaug’s shuttle breeding strategy25. 
Furthermore, the use of agtech as part 
of an integrated biosecurity program to 
monitor pests and diseases in the field 
provides a high degree of overlap in terms 
of equipment, reagents and expertise with 
the resources needed to manage human 

epidemics and pandemics. For example, 
surveillance programs are in place and 
constantly active to monitor animal diseases 
such as African swine fever. This disease 
has broken out in China and devastated 
their domestic pork production industry26, 
and entry into North America would have 
devastating consequences27. The testing 
capacity built into these programs could be 
switched over to monitor human diseases 
in the event of an epidemic or pandemic 
outbreak. This would be one way to bring 
big ships rather than small boats to the 
international effort against pandemic human 
diseases.

an agtech contingency
Organizations such as the Global Institute 
for Food Security (GIFS) occupy a particular 
niche in the agtech ecosystem that provides 
an opportunity to capitalize on infrastructure 
and capacity in the event of a human 
pandemic. For example, the GIFS Omics 
and Precision Agriculture Laboratory 
(OPAL) is a state-of-the-art laboratory 
that provides genomics, phenomics and 
bioinformatics services to public and private 
research and commercial organizations in 
North America. The infrastructure at OPAL 
combines remote imaging and in-field 
environmental monitoring with genetic 
information to provide a complete profile 
of plant samples, followed by data analysis 
and decision-tree analytics to monitor 
diseases or identify genetic factors that confer 
beneficial phenotypes. This infrastructure 
can accommodate 3,000 samples per day 
and is largely automated, which provides 
plug-and-play convenience that would allow 
switchover to the analysis of human blood 
samples or swabs if health testing centers 
reached capacity (Fig. 1). In the case of 
virus testing, minimal changes to protocol 
would be required because the OPAL 
routinely screens nucleic acid samples in 
high-throughput assays of plant material, so 
a modified extraction protocol and the use of 
different primers for amplification would be 
sufficient. Routine diagnostics for COVID-19 
only require biosafety level 2 facilities, with 
additional restrictions necessary only when 
the aim is to culture live virus28. For protein 
tests, it would be necessary to access new 
reagents, such as specific detection antibodies, 
but other reagents and components would 
be the same as used to detect plant proteins. 
GIFS has already donated materials and 
supplies to the local health authority, as well 
as lending equipment to enable the expanded 
testing of COVID-19 samples.

We are therefore calling for a national or 
international effort to develop contingency 
plans for human testing based on available 
agtech infrastructure. This would facilitate 
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a much more rapid and coordinated 
response to testing than witnessed in 
response to COVID-19, particularly given 
that stay-at-home orders would otherwise 
require the laboratories to be shut down 
so their capacity would be largely wasted. 
Such an effort would require a clear 
chain of command to determine how the 
surge capacity provided by agtech would 
align with existing healthcare capacity 
and to coordinate their roles in the work 
flow to maximize the shared resources. 
Some countries, such as Australia and 
New Zealand, have proactively built 
their biosecurity programs and clearly 
defined networks across the country. In 
Australia, the Commonwealth Scientific 
and Industrial Research Organisation 
(CSIRO) is responsible for bio-vigilance and 
training through the Australian Centre for 
Disease Preparedness. Countries that focus 
proactively on biosecurity have been some 
of the better responders to the current crisis, 
and a similar model should be followed for 
the coordination of agtech infrastructure 
during a future pandemic response.

Ideally, each agtech institute would 
have a dedicated quality assurance/quality 
control (QA/QC) coordinator who would be 
responsible for International Organization 
for Standardization (ISO) certification, good 
laboratory practice (GLP) accreditation 
and the training of key personnel. This 
role could also double as a pandemic 
coordinator, whose job would be to oversee 
the switchover to pandemic preparedness 
in response to a disease outbreak affecting 
humans, other animals or plants as needs 
arise, to ensure personnel are trained in 
new processes and procedures, and to 
align with regulatory requirements (Fig. 1). 
This individual would have access to the 
institutional contingency plan and would 
know which materials and personnel to 
bring in to run the emergency operations 

while other parts of the institute were 
closed down or reduced to skeleton staff 
and essential needs only. In peacetime, the 
QA/QC coordinator would organize annual 
training for the switchover personnel, ensure 
that new methods are adopted and can be 
scaled up, maintain essential supplies, and 
liaise with local and national government 
bodies to ensure that related issues such as 
GLP-level documentation, data handling, 
privacy and security are adequate for the 
transition to an emergency role.

We must learn the lessons of COVID-19 
and move from a reaction stance to  
one of preparedness. In this respect, the 
concept of an agtech pandemic response 
contingency represents an opportunity for 
the world to respond with alacrity to the 
next pandemic. ❐
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