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Lessons from COVID-19s
Promoting Sustainapility
1n Food. Production

to Limit Zoonotic
Transmissions

Preeti Kapuria
Abstract

COVID-19, which is a highly infectious disease of zoonotic origin, serves as a serious
reminder that human-nature interactions need to be based on sustainable development
pathways. The recent surge in zoonotic infections in different parts of the world—
among them, HINI, Nipah virus, Zika virus, and Lyme disease—can be -attributed
to the intensification of human-animal contact through wildlife trade and livestock
production. Reducing the rates of zoonoses has become an imperative, and one that
requires modifications to global food production systems. This brief makes a case
for adopting a social-ecological framework for the intensification of sustainable food
production systems across the world. Such systems must build resilience and adaptive
capacity to environmental «change, and account for the heightened risk of disease
outbreaks.
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Transmissions,” ORF Issue Brief No. 452, March 2021, Observer Research Foundation.
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hroughout contemporary history, it is when an environmental

crisis of a massive scale emerges that the world is reminded of the

unsustainable nature of human economy. As the crisis develops,

the focus usually shifts from its origins, to mitigating its worst

effects through mostly proximal measures. Biodiversity loss and
climate change, for example, are world-wide calamities that have elicited global
reaction and yet, for decades, have not been arrested, lacking responses to the
key drivers of such changes.! Analysts have traced a wide range of environmental
impacts—including heat waves and dust storms, droughts and extreme rainfall,
landslides and soil loss, pest attacks and disease outbreaks—to the degradation
of ecosystems and anthropogenic influence on the atmosphere and oceans.***>%
Yet, the world is nowhere near redirecting economic and developmental
activities to a sustainable path.”®

No event in recent decades has been as hugely disruptive of almost every single
human activity as COVID-19 has, and its economic, social, and humanitarian
consequences will be felt for years to come. As a health hazard measured in
morbidity and mortality rates, the impact of COVID-19 varies hugely among
nations.%!0:11:12

Although the origin of this novel
coronavirus is not yet established,

what is known is that wet markets The WOor ld iS nOWhel" e

and animal farms .have .been the near redir‘ecting
source of most viral diseases of i
pandemic  potential in  recent economic and

decades.”® Zoonosis—or the natural

t > . natu developmental
ransmission of a disease or infection Cr
from animals to humans—will only activities to a

intensify as industrial-scale animal Sustainable path

farming and contact with live animals
in farms and markets increases.' It is
expected that infectious diseases will spread easily in large and dense human
populations, which includes most of the world’s urban centres. The expansion
and intensification of the modern food production systems of agriculture and
animal farming has reciprocal feedbacks with technology-driven intensification
of economies and urbanisation.” Agriculture and livestock production are
historically the predominant cause of land transformation, which is a significant
driver of biodiversity loss and climate change.'® Conversion of natural ecosystems
to food production systems remains a primary cause of natural habitat loss in
many developing regions in the tropics.!” Scholars link these crises to increasing
human exploitation of natural resources driven by population growth, shifts in
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dietary preferences towards higher consumption of animal products, and rising
demand for energy.'®"?

As agriculture usually comes with poultry or meat production systems, there
is a combined effect on environmental change and human health via the
emergence of infectious diseases. With the world population likely to reach 9-10
billion by 2050, global food production is expected to grow between 60 and 110
percent.” Despite agriculture being crucial to achieving the UN Sustainable
Development Goals (SDGs)*!' of eradicating hunger and securing food for the
rising world population,* the interactions between agriculture, environmental
change and human health is not adequately explored in planning for sustainable
development. The emergence of novel infectious diseases of pandemic potential
merits particular attention, as the impact of COVID-19 shows.

These insights provide a sound scientific basis for shifting the focus of
agriculture development from improving productivity (with limited concern
for sustainability or environmental impacts), to putting sustainability at the
core.” The world should integrate sustainable practices to meet rising human
needs and improve livelihoods, while minimising environmental impacts and
containing the emergence of novel infectious diseases. The entire notion of
“sustainable intensification” is based on increasing agricultural output without
compromising ecological resilience and the functional integrity of ecosystems.
Sustainability is about setting absolute biophysical limits; achieving higher
productivity while remaining within planetary boundaries.*

This brief emphasises the need to adopt a social-ecological framework based
on the core ideas of sustainability science for the intensification of world food
production systems. Some simple remedies include dismantling the wildlife
trade, which was already an important focus to prevent species extinctions but has
assumed further urgency due to the link with zoonosis. Making food production
systems both adaptive and resilient to future environmental changes would
require efficient use of energy and land resources while ensuring the sustainable
cycling of nutrients and other materials. Without developing alternatives to
large-scale intensive animal farming for animal protein production, it is unclear
how the problem of zoonosis can be kept in check. Laboratory-grown meat, and
plant-based or vegan substitutes, while showing great promise are still far from
the scale and cost considerations that would make them a practical alternative.
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he world is more vulnerable today than ever before to

novel infectious diseases.*® Advances in medical science and

improvements in disaster management notwithstanding, almost

all of the changes to the economy, environment, and societies

seem to favour the microbe in the co-evolutionary arms race
between microbial pathogens and human beings. In theory, the world has better
mechanisms for global cooperation today. However, a wide range of conflicts and
hostile geopolitical alliances persist, while numerous countries across different
regions suffer from corruption, poor governance, and collapsing economies.
These problems can in themselves accentuate a public health crisis when a
novel pathogen emerges. When governance fails, the most immediate casualty
is usually the environment.

Today, the greatest threat in the emergence of novel pathogens may be the
transformation of natural ecosystems and the loss of biodiversity, which increases
contact between humans and wild animal species. Wild animals are reservoirs
of major groups of pathogens such as coronaviruses, influenza viruses, and
immunodeficiency viruses, which have serious pathogenic potential for humans.
Recent studies point to multiple pathways for a heightened risk of human
disease caused by deforestation and degradation. Defaunation, resulting from
the loss or departure of large animal species following habitat destruction or
degradation, leaves a void that may be filled by small animals. These are often
rodents that take swift advantage of the resources and attain high population
densities, while their range seamlessly encompass human habitation. Rodents
are common reservoir hosts for a wide range of zoonotic pathogens, and many
recent outbreaks of known and novel pathogens may be traced to increased
contact with rodents.* The flea vectors borne by rodents are seldom associated
with large mammals. When livestock is bred and raised in proximity to degraded
forest-fringe sites, the transmission from small animals to human via the livestock
becomes a highly probable pathway.?® Another link between loss of biodiversity
and human disease comes from a rather unexpected source.

Along with plants and animals, a large component of the biodiversity lies in
microorganisms — mainly bacteria, viruses and fungi. These microorganisms
are necessary not only for the healthy functioning of ecosystems through their
influence on biogeochemical cycling and biotic interactions, but they constitute
the second genome and the inner ecosystem within individual organisms. The
microbiome within plants and animals are critical for numerous metabolic and
physiological functions including immunity and stress tolerance. The microbe-
higher organism symbiotic associations have co-evolved from the earliest
stages of life on earth, forming an enduring partnership. This partnership has
become so ubiquitous and successful, that the bacterium is perhaps the only

a  Examples include the Hantavirus Pulmonary Syndrome (HPS), Lymphocytic Choriomeningitis (LCM),
both viral diseases and even the Bubonic Plague, a bacterial disease, which killed millions of people.
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organism that can survive entirely on its own. All higher organisms depend on
microbiota for the performance of vital metabolic functions. The human gut
alone hosts over a 100 trillion microbes, which vastly outnumbers human cells.
The microflora contributes to a wide range of biological functions, including
bolstering the immune system. The loss of microbial biodiversity from human-
dominated environments will deprive humans of ‘old friend’ microbes that
provide protection from a whole range of diseases.?’

The linkages among biodiversity, environmental change, and infectious
disease burden illustrate the connectedness of nature and human societies.
What the world faces today at an increasing scale and rate are the consequences
of humans’ own success as a species—** consequences brought upon by a
disregard of boundaries set by the finite earth, and regulated and maintained by
intricate biotic relationships. Restoring and maintaining the natural capital and
processes will require fundamental transformations in the way human beings
produce food, generate energy, consume resources, and transfer goods and
services across the globe. While humans seek to understand the fundamental
character of interactions between nature and societies, the imperative is for a
remodelling of human economies to follow sustainable development pathways.

Indeed, the notion of “sustainable development”—which first became popular
in the 1980s—emerged from the broad global environmental crises at that
time; since then it has become the leading aspiration of humankind in the
21st century. Development indicates growth, not only in quantity, but primarily
in quality; and sustainable refers to something that can or should last. With
a finite earth and the expanding human population that uses it as a source
of resources and a sink for waste, humanity’s shared goals and global vision
should converge towards a sustainable development path. Although the origin
of sustainability thinking may be located in the natural sciences, prompted by
observations of human-induced changes at the planetary scale, a sustainable
development trajectory cannot be codified purely on ecological-environmental
criteria. Rather, economic and social aspects are integral components and infuse
welfare economics and societal cost-benefit analyses into the comprehension of
sustainability.* Among the first definitions of sustainable development was given
in the UN’s World Commission on Environment and Development report, Our
Common Future:** “Sustainable development is development that meets the
needs of the present generation without compromising the ability of future
generations to meet their own needs.” This definition has endured the test
of time and remains the favoured rationale today. It emphasises sustainability
while leaving open the specifics of development itself to the subjective needs of
societies—needs which may evolve with time.
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n analytical and management framework to achieve sustainable

development lies in the concept of the coupled social-ecological

system (SES).?! There are synergies to be exploited and trade-offs

to be minimised in the achievement of SDGs which can be done

by considering the interconnectedness between human societies
and nature. Figure 1 presents an overview of the framework for analysing
social-ecological systems. It shows the relationships among four first-level core
subsystems of an SES that affect each other, as well as linked social, economic,
and political settings and related ecosystems.

Figure 1:
Framework for analysing social-
ecological systems
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The key notion is that SES is defined as an integrated human-nature system
with reciprocal feedbacks and interdependencies. Such a definition of SES
lends itself to modelling and analyses based on well-developed systems theory
and complex systems science. Today, it forms the basis of a formal transdisciplinary
framework for scientific investigation. The framework acknowledges that
the world is a more integrated and complex entity than what is suggested by
analyses using individual disciplines. It provides the foundations for, and the

Sustainable Development as a
Complex Social-Ecological System
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essential concepts and methods for sustainability science, which is the basis to
aspire for and realise sustainable development through scientific knowledge.
Although sustainability science is problem-driven, the key goal is to develop
a fundamental understanding of the interactions between the resource system
(earth/life sciences), and its users—the governance system (social sciences). It
provides the processes and mechanisms to manage complex SES and make
the systems deliver what people value. It allows human beings to choose the
trajectory, the time-path and the target with reference to some ecological,
environmental, and socio-economic desires.*?

In a complex social-ecological system like the one studied in this brief,
transmission of zoonotic (which represents connectedness of nature and human
societies) subsystems are relatively separable but interact to produce outcomes
at the SES level: resource system (e.g., food production system comprising
agriculture and natural systems); resource units (livestock, wildlife); users
(mainly for human consumption); and governance systems (organisations and
rules, norms that govern the extraction of natural resources, conservation
of endangered species, biodiversity, habitat loss). This in turn gives feedback
and affects these subsystems and their components, as well as other larger or
smaller SESs. The framework helps to identify relevant variables and their
subcomponents for studying an SES.

Systems theory and complex systems science is the favoured approach
for modelling, analyses, and management of SES.** A system is simply an
interconnected set of elements that is coherently organised around a certain
purpose. Therefore, the three key components of a system are: elements;
(inter)connections; and purpose, given a defined system boundary. Armed with
a system where the constituent elements are linked by interconnections or
relationships, one can potentially study the dynamics and response concerning
any particular purpose or goal. Inanimate systems in physics or chemistry
typically do not include a purpose or goal, but natural systems, particularly those
that involve decisions by societies are always goal-driven. The interconnections
capture the processes and fluxes that govern the dynamics of the system, while
the rates of the processes and fluxes are the parameters that can be optimised to
achieve defined goals.

It is only when such complexity is harnessed and diagnosed that efforts to
sustain SESs can be enhanced. The identification and analysis of relationships
among multiple levels of these complex systems are likely to ensure sustainable
social-ecological systems.
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he emergence of SARS-CoV-2, the novel coronavirus that causes

COVID-19, is pinned to the unabated trade and consumption

of wild animals.”> Exotic wild meat is not considered part of the

conventional food production system, is illegal in most countries,

and is restricted as a trade item by international laws and treaties.
Yet wet markets for wildlife meat thrive in many parts of East Asia, Africa, and
Latin America. Recent zoonotic viral infections such as Ebola, SARS, MERS,
Nipah, Zika, and Lyme disease, and even HIV-AIDS* exemplify the problem
caused by increased direct or indirect human contact with wild animal reservoir
host species such as bats, civets, pangolins, and rodents, at both the supply
side and demand side of the trade. Domesticated animals—mainly pigs and
poultry—may share the same space and serve as intermediate hosts, but direct
transmission through multiple wild species (bat to pangolin/civet to human) is a
probable route. While only a handful of domesticated mammal and bird species
are reared for food, the global wildlife trade for luxury foods, medicine, and
amusement, involves thousands of species.

A comprehensive global study reveals that of the more than 31,500 species
of terrestrial bird, mammal, amphibian, and reptile species considered, an
estimated 18 percent (5,579) are traded globally in one form or another.*” The
extraction of animals from wild habitat has become so intense that wildlife
trade is now the prominent driver of global vertebrate species extinction. It
is also a significant interface where pathogens jump across species, combine,
and mutate, with devastating potential for novel diseases in humans. The trade
itself is driven by criminal syndicates, much like the drug trade, and controlling
or eradicating it presents significant challenges. Imposing bans and strict law
enforcement on the demand-side is an important first step; what should follow
are other equally urgent measures such as improving the livelihood options of
forest-fringe communities to resist the temptation to get involved in the wildlife
trade. Wildlife forensics is increasing in sophistication and capabilities and can
assist law enforcement in identifying the sources and trade routes. Dismantling
the wildlife trade should be an important goal for both biodiversity conservation
and for preventing zoonosis.*®

Wildlife trade is a significant
interface where pathogens jump
across species, combine, and
mutate, with potential for novel
diseases in humans.
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The bigger challenge for sustainable development is in organising food
production systems. Climate change-induced changes in temperature, rainfall,
extreme climatic events (droughts, heatwaves, floods), increased incidence of
pest attack, crop and livestock diseases, are among the stress factors that are
increasing in severity. Soil erosion, salinity, diseases, and crop pests are already
significant stressors. What is needed is a system that is both adaptive and resilient
to future environmental changes, prudent in the use of soil resources and water,
comprehensive in terms of the diversity and values of the products generated,
and optimal in the use of energy and materials.* From the social and economic
perspectives, the system should minimally provide meaningful livelihood in
terms of income and quality of life to the communities, and generate wealth
through the production of goods that can contribute to overall development in
other sectors.

To create and manage such a system would first require the definition of system
boundaries. Here the logical starting point is the agroclimatic zone, which is
demarcated by the macroclimatic conditions, soils, topography, and broad
hydrological regimes.*” The agroclimatic zone would determine appropriate
cropping patterns and animal husbandry options. This has to be refined
further, depending on land-use patterns, forest cover, population density, levels
of urbanisation, access to markets, indigenous cultural practices, traditional
rights, and the presence of any stress factors. An SES that is maximally bounded
by physical-climatic zonation and further limited by ecological, environmental,
social and cultural dimensions should be amenable for modelling and analyses
with reference to a negotiated set of goals or purpose. The elements, the
interconnections that embody the links, processes and fluxes among elements,
and the interactions between the resource components and governance
components, can then be modelled and managed to deliver on the purpose.*!

Such models that optimise coupled processes and linkages to achieve
desired goals are known even outside the domain of systems modelling. For
example, Dobson, Bradshaw, and Baker (1997) took a known compartmental
epidemiological model based on coupled differential equations and used it
to understand how ecological restoration and biodiversity conservation can
be realised in a landscape characterised by human population growth and
changing agricultural practices.* The impact on land use, forest cover types, and
landscape configuration and composition could be understood as functions of
human population growth rates, agricultural practices, and restoration efforts.
Coupling of process equations is meant to model interconnections among
components/elements as is the case in systems dynamics models.

10
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The first step in creating sustainable SES out of landscapes that are primarily
devoted to food production is to analyse why they may be on the path of
unsustainable development.*® To identify the climatic, biophysical, and social
stress factors that undermine sustainability, both under present conditions and
future scenarios of environmental and social change. To identify thresholds
beyond which the equilibrium dynamics of systems are radically altered.** To
locate tipping points, which function as points of no return to original conditions,
implying that the old regulating mechanisms would no longer work.* It is likely
that responses of system components are non-linear and difficult to predict.
Time lags and scale dependence further make it difficult to identify trajectories
and changes before it is too late. Biodiversity loss, ecosystem degradation and
the diminishing of ecosystem services, all occur with unknown time lags and
spatial variability.*® Recognising and quantifying these key attributes of SES
would demand extensive research to identify generalisable relationships and
the mechanisms that govern system dynamics.*’

In particular, if the landscape also
hosts areas of ecological importance

such as forests, grasslands, and The flI' St Step n
wetlands, conservation imperatives Creating SOCI1O-
have to be integrated with .

production goals. Human population eCOlOg ical SyStemS
growth, urbanisation, industry and out of landscapes
infrastructure development, may

also influence land transformation that are devoted to

and the local economy and induce . .
dynamism.® The goals of SES food production is to

cannot be viewed as static and will analyse Why they are
f}\lfolve Wlth changing scenarios of unsustainable.

e environment and the economy,
to be negotiated and renegotiated
by the stakeholders. The systems approach, therefore, provides a framework
to identify all the relevant elements (from resources to governance) and
interconnections in SES defined by clear boundaries.*’

It is in understanding the interactions and dynamics of the systems where new
science is needed. For example, will diversification of the system to produce a
wide range of goods and services lead to greater resilience and adaptive capacity
to climatic changes??® Will the diversity, say from mixed cropping patterns and
less intensive livestock or aquatic production, confer biotic protection from
pests and diseases, while decreasing input costs and health risks to humans?
These questions arise precisely because they have been articulated as goals or
benchmarks to achieve sustainability.”!

11
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There is support for the general idea that diversification of crops and small-
scale animal farming reduce the epidemiological burden and help containment
in the case of outbreaks.’? If the incidence of zoonoses is to be reduced, there is
a need to move away from high-intensity large-scale farming.” When livestock
is raised near forest boundaries or even inside forest patches, as happened
in the case of the Nipah virus outbreak, the chances of pathogens jumping
from wild species to humans through an intermediate domestic animal host
is extremely high.* Numerous outbreaks of bird flu, swine flu, and the recent
swine fever that blazed through the Chinese pig farms is sufficient testimony
to the unsustainability of these farming systems. Millions of birds and pigs had
to be culled within a short time using extreme methods, raising serious moral
and ethical concerns, and putting to question the international community’s
commitment to animal rights.

Meanwhile, the global demand for animal protein continues to increase
with rising incomes across many developing countries. The domestic chicken
population has grown from about 3 billion in 1960 to a staggering 23 billion
today.”® The numbers of chickens processed per year are much greater (66
billion in 2016), as fast-growing breeds birth 6-12 generations in a single year,
and each bird that is raised represents a veritable ‘test-tube’ for the evolution
of new viruses and bacteria. The global pig stock may exceed 800 million," and
hundreds of millions are slaughtered each year for meat.”” Both these species
are in close contact with humans, and share the same breathing and living space
with the people who care for them. Chickens, pigs, and humans have become an
operative mixing bowl for new, unstable, and easily-mutated viruses with great
pathogenic potential. Intensive farming of animals in monocultures requires the
heavy use of antibiotics, which transmit to humans as regular doses in consumed
meat. The resulting antibiotic resistance is only amplified by the indiscriminate
or improper administration of antibiotics to treat human ailments. Although
chicken and pig farming remain the most serious threats, other species like
domesticated cattle and camels have also been sources of novel pathogens.
Thus, a wide range of species with which humans have high levels of contact
act as intermediary hosts for deadly pathogens that emerge from wild animals.

Diversification of crops and small-
scale animal farming can reduce
the epidemiological burden.

b China accounts for half this number.

12
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uman population growth and increasing consumption have

led to the concomitant expansion and intensification of animal

farming systems. The resulting deforestation, biodiversity loss,

and the elevated risk of zoonotic infections must be immediately

addressed, through campaigns to change both consumption
patterns and production systems. Measures that will help include integrating
and diversifying production within SES along with proper regulation of
production and export, the introduction of safeguards like immunisation and
regular screening of animals and people, creating barriers to transmission
between animal populations, and creating buffer zones in forest-fringe sites to
limit contact with wildlife. It is this interface between forest and farms that may
serve as hotspots for the future emergence of highly infectious diseases with
pandemic potential.

Sustainability science and the notion

. Deforestation,
of sustainable development precedes . . )
the recognition of the elevated risk  DlodIver Sity loss, and
of pandemic outbreaks and their the elevated risk of

disruptive influence on the economy

and society. The original motivations ZOOnOtiC infections
remain, but are now strengthened must be addressed
by this emergent biotic challenge

to human life. Global responses by Changes n

need only to build on the already h .
articulated sustainable development bOt COHSU.mptIOn

goals using more rigorous application patterns and

of sustainability science through .

models, analyses, observations, and prOdU-Ctlon SyStemS°
experimentation. There is also a

need to develop indicators of sustainability, tools for translating concepts and
ideas to deliverable outputs, and the democratic mechanisms to negotiate and

renegotiate the diverse and evolving set of goals in multi-use socio-ecological
systems.©RF
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