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The emergence of COVID-19 has drawn the attention of health researchers sharply back to the role that food systems
can play in generating human disease burden. But emerging pandemic threats are just one dimension of the complex
relationship between agriculture and infectious disease, which is evolving rapidly, particularly in low-income and
middle-income countries (LMICs) that are undergoing rapid food system transformation. We examine this changing
relationship through four current disease issues. The first is that greater investment in irrigation to improve national
food security raises risks of vector-borne disease, which we illustrate with the case of malaria and rice in Africa.
The second is that the intensification of livestock production in LMICs brings risks of zoonotic diseases like
cysticercosis, which need to be managed as consumer demand grows. The third is that the nutritional benefits of
increasing supply of fresh vegetables, fruit, and animal-sourced foods in markets in LMICs pose new food-borne
disease risks, which might undermine supply. The fourth issue is that the potential human health risks of antimicrobial
resistance from agriculture are intensified by changing livestock production. For each disease issue, we explore how
food system transition is creating unintentional infectious disease risks, and what solutions might exist for these
problems. We show that successfully addressing all of these challenges requires a coordinated approach between
public health and agricultural sectors, recognising the costs and benefits of disease-reducing interventions to both,
and seeking win-win solutions that are most likely to attract broad policy support and uptake by food systems.

Introduction
Food systems are broadly defined as the “production,
marketing, transformation and purchase of food, and the
consumer practices, resources and institutions involved in
these processes”.! In low-income and middle-income
countries (LMICs), the focus of this Review, food systems
are changing rapidly. These changes are largely demand
driven, and linked to rising incomes, growing populations,
and urbanisation. Although there are unique features of
food system transition in each country, general patterns
can be observed as countries move from low to middle and
then to high incomes. The table characterises agricultural
production and food supply changes as countries move
from agrarian (usually low income), to transitioning
(middle income), and modern (high income) stages,
following broadly the approach used by the World Bank.”*
Food system transitions have many positive benefits:
increasing and diversifying food supply to growing cities
and large towns, and offering opportunities for jobs and
increasing incomes for many people. One general
challenge is inclusion—ensuring that women, individuals
from low-income households, and marginalised groups
also benefit. From a public health perspective, there are
also big challenges as food systems transform. Best known
is the global pandemic of obesity and non-communicable
diseases, associated with dietary transitions and the
increased consumption of fats, sugar, salt, and calorie-
dense foods.’ This Review will focus on another challenge:
how the intensification of agricultural production and
increasing complexity of food supply chains, particularly
in transitioning African and Asian countries, change the
risks and relative burdens of infectious diseases.

In transitioning food systems, intensification of
irrigation for crop production and denser, more intensive
livestock production are affecting vector-borne and
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zoonotic disease risk, while the increasing complexity of
food supply systems, particularly for perishable foods—
fish, meat, milk, eggs, vegetables, and fruits—is affecting
food-borne disease risks and burdens.®’

In this Review, we propose that food systems in
transition are likely to create unintentional infectious
disease risks for rural and urban populations, associated
with agricultural intensification and diversification
aimed to meet changing consumer demand. We propose
that many of these problems can be avoided or at least
reduced, but this requires recognition and resolution of
conflicts between agricultural and public health policy
and practice. We explore this hypothesis using four case
studies: vector-borne disease in irrigated agriculture,
zoonotic diseases in livestock value chains, food safety,
and antimicrobial resistance associated with food
systems. For each study, we ask three questions. What
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aspects of food system transition are creating
Agrarian Transitioning Modern
Priority outcomes Food security Diet diversification, Diet quality
food safety
Agricultural Minimal Varied, coping Systematically managed
management
Crop production Minimal: land, labour,  Increased: fertiliser, seeds, Packages of inputs,

local water catchments irrigation schemes

Livestock production Small herds, dispersed,

local breeds, and food

Growing densities, elite
breeds, feed, and drugs

Markets Mixed, informal and formal,

urbanising

Informal, short food

chain
Regulations of Almost non-existent

production and inputs

Restricted capacity

Created using data from the World Bank.**

mechanisation

Systematically managed
production units

Formal, urbanised,
long food chain

Aligned and managed

Table: Agricultural development, changes in production, and food systems
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unintentional infectious disease risks? What solutions
might exist for these problems? How would they require
better coordination of agricultural and public health
policy and practice?

Case studies are drawn from a research collaboration
under the Agriculture for Nutrition and Health
programme, a collaboration between public health and
agriculture research in LMICs, coordinated by the
Consultative Group on International Agricultural
Research.

Changing agricultural landscapes and vector-
borne disease
Transitioning food systems also involve the intensification
of production systems, which entails the conversion of
natural habitats to agricultural landscapes, to maximise
yield per input. This intensification can have both
positive and negative effects on the distribution and
abundance of disease vectors, but frequently, such
agricultural development has led to increased risk of
vector-borne diseases.’® Farming communities are
exposed to disease from wildlife and their disease vectors,
in adjacent natural habitats, with livestock creating a
zoonotic pathway for transmission, whereas cultivation
and irrigation expose communities to a range of soil-
borne and vector-borne diseases. A meta-analysis in
southeast Asia has shown that people who live or work in
agriculture are 1-7 times more likely to be infected with a
pathogen than those in non-farming professions.” In
Kenya, rural farming communities have been found to
have high burdens of infectious disease, which are
mainly zoonotic in origin." Agricultural intensification
can lead to an increase in human and animal population
densities and movement as migrant labour becomes
more important, thus increasing spread of disease. Our
case study focuses on the intensification of irrigation
systems and unintended increase in malaria in Africa.
Over the past few decades, irrigation has played an
important role in improving global crop yield in
transitioning economies, especially in Africa, which has
long been beset with food insecurity.” The creation of
dams and irrigation systems has frequently been linked
to change in the risk of vector-borne diseases such as
schistosomiasis,” leishmaniasis,” and malaria.” The
nature of this change depends on the specific ecology of
the local vectors. For instance, in sub-Saharan Africa, the
main vectors of malaria breed abundantly in irrigated
rice fields, whereas in parts of southeast Asia they breed
in small puddles within the forest and stream pools in
the forest fringe. Expansion of rice production and
reduction of forests in the Greater Mekong Subregion
has contributed to reduced malaria prevalence,” whereas
in Africa, rice field expansion has increased the local
population of malaria vectors. Our case study concerns
current intensification of African rice production,
a pan-African priority driven by concerns for food
security and changing food demands of an urbanising

population.® This activity poses unintended disease
risks, particularly as plans are made for elimination of
malaria in this region.””

The historical relationship between rice and malaria in
Africa is complex. A series of studies in the 1990s and
early 2000s compared malaria indicators in rice-growing
and nearby non-rice-growing communities.”” Although
rice-growing villages had much larger populations of the
vector, Anopheles gambiae sensu lato, malaria prevalence
was generally the same as, or slightly lower than, that in
non-rice-growing villages. This observation, often called
the paddies paradox, is thought to arise from interacting
human and biological factors.” In particular, new rice
schemes often bring improvements to farmer income
and community infrastructure, including better housing
and access to mosquito nets and health services. These
changes could enable farming communities to defend
themselves more effectively against both mosquitoes and
parasites. In this scenario, the social benefits of
agricultural development tend to suppress transmission,
counter-balancing the transmission-increasing effects of
the additional mosquitoes.

However, an updated analysis of comparisons between
rice-growing and non-rice-growing villages suggests that
rice-growing areas are now becoming malaria hotspots.”
What has changed? One possibility is that advances in
malaria control have revealed the true effects of this
agricultural driver on the disease. In the 1990s, malaria
transmission was so intense in many parts of rural
Africa that most people were infected most of the time,
and for this reason, indices of prevalence were relatively
insensitive to variations in transmission intensity.” In
the past two decades, with a massive scaling-up of anti-
malaria interventions, malaria prevalence has declined
dramatically.”® As a result, malaria indices are now more
sensitive to variations in transmission. In addition,
access to insecticide-treated bednets and effective drugs
has now become more equitable and less dependent on
the presence of a development project. Figure 1
illustrates how this relationship between rice growing
and malaria prevalence has changed over recent decades.
This trend looks set to continue—ie, as malaria
continues to decline in Africa, its association with
irrigated rice is likely to become a stronger and more
conspicuous obstacle to elimination.

There are potential technical solutions to address this
problem, which involve reducing vector production in rice.
Intermittent drying of paddies where mosquitoes breed
can dramatically reduce vector populations.”” However,
varying irrigation in this way has potential impacts on
labour and yield. A study in Benin, for instance, indicates
that intermittent irrigation can reduce mosquito
production by 80%, but at the expense of a 10% loss in rice
yield.* By adding mosquito production as a factor (along
with water use, labour, and yield) in designing and
evaluating new rice intensification systems, this conflict
between agricultural and public health policies might be
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resolved. Support for such an intervention could come
from environmental considerations, as research has
shown that a form of intermittent irrigation (called
alternate wetting and drying) can also address national
commitments to reduce water use and greenhouse gas
production from irrigated rice.**

The importance of demonstrating cross-sectoral policy
cobenefits has been shown in a successful programme to
reduce malaria and water use in rice-producing areas of
Peru.” Similar success in Africa might remove an
important obstacle to malaria elimination there, but this
agriculture and public health trade-off might emerge in
various forms elsewhere, as rapid global spread of a
number of vector-borne diseases occurs,”* and as climate
change impacts rain-fed agriculture, which will drive a
growing reliance on irrigation to meet food security needs.

Zoonotic diseases in changing food systems
Emergence of zoonotic disease has been occurring at
greater frequency over the past century than ever
observed before.* The drivers causing these pathogens to
spill over from animals into humans include features of
countries in agricultural transition, including land use
change, agricultural intensification, increasing trade,
changes in human demography, and urbanisation.”
SARS-CoV-2, which has since spread globally, might
have emerged from the food system, and complex, global
food systems will no doubt continue to be routes of
pathogen emergence with far reaching impacts.

Unlike the vector-borne diseases mentioned earlier,
directly transmitted zoonoses have considerable potential
to spread beyond rural farming environments. Intensifi-
cation of livestock production in peri-urban areas to meet
increased urban demand often results in more animals
being kept within a limited space and therefore at a higher
density. Such conditions lead to increased contact rates
between animals, which can promote amplification of
zoonotic pathogens in close proximity to humans. Where
wildlife frequent peri-urban farms, livestock can also act
as intermediate and amplifying hosts for wildlife-borne
zoonoses, such as infections caused by Escherichia coli
O157:H7,* Leptospira spp,®® Nipah virus,” influenza A
virus in southeast Asia,” and potentially Ebola viruses in
east Africa.” As small-scale farmers adapt to more market-
orientated production, while remaining relatively small
scale in terms of production methods, the risk of
transmission of zoonotic diseases, through the products
produced on farms, extends to a much broader consumer
group. Similar principles apply to the trade in wild meat,
for which growing demand from urban centres could
expose consumers living in major cities to zoonotic
pathogen risks associated with wildlife that are harvested
in rural and peri-urban areas.**

The international public health community has for some
years had its attention focused on emerging zoonotic
diseases that have the potential to become pandemic,
particularly in LMICs. The investment that has
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Figure 1: The relationship between rice growing and malaria prevalence, by
year of study

Data are from Chan and colleagues’ systematic review and meta-analysis.* Each
lollipop refers to a study comparing infection prevalence of malaria between
rice-growing and non-rice-growing communities. Risk ratios less than 1 (green
lollipops) indicate a lower prevalence of malaria in the rice-growing villages

(ie, the paddies paradox); risk ratios higher than 1 (blue lollipops) indicate a
higher malaria prevalence in the rice-growing villages. Studies conducted before
2003 in settings with relatively intense malaria transmission, generally observed
less malaria in the irrigated rice villages; conversely, studies conducted since
2003 in settings with relatively low malaria transmission mostly found a higher
prevalence of malaria in the rice field villages. This finding suggests that in the
future, if malaria continues to decline in Africa, rice fields might become more
prominent as hotspots of transmission.

accompanied this attention predicted a COVID-19-type
event, but was not sufficient to prevent its global spread
when it came. Although this attention might now be
expected to intensify in years to come, the principle and
continuing burden of zoonotic disease in transitioning
food systems in LMICs is nonetheless dominated by a
group of quite different, endemic zoonotic diseases.”
These include echinococcosis, cysticercosis, brucellosis,
Q-fever, leptospirosis, bovine tuberculosis, and several
bacterial infections due to E coli, Staphylococcus aureus,
Salmonella spp, and Campylobacter spp. In LMICs, an
estimated 26% of the burden of infectious disease is
contributed by these and other zoonoses.”

Focusing on cysticercosis infection with the pork
tapeworm Taenia solium in Africa, as an illustration,
highlights the complex interaction between food value
chains and infectious disease. Figure 2 outlines its
dynamics across pork food value chains in Africa,
where small-scale pig farming in extensive rural or
peri-urban settings can lead to infection rates of 30-40%
in pigs at slaughter,®* and growing urban demand®
means that many of these animals are slaughtered
in central national abattoirs in peri-urban and
urban areas,”? exposing non-farming populations.
Occupational exposure associated with operating in the
food chain® can lead to livestock-associated disease
outbreaks far from farms.* Disease surveillance
approaches need to capture such market-based patterns
in risks, including both farmers and consumers and
rural and urban communities.

These complex chains also point to potential
interventions, for which efficacy needs to be assessed:
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Figure 2: The relationship between cysticercosis caused by the tapeworm Taenia solium, and the farm and
food chain environment
With increasing urbanisation, small-scale livestock production is connected to ever increasing numbers of
consumers, creating disease risks distant from the farm environment.
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tools for cysticercosis control, such as the pig-targeted
vaccine designed to prevent infection and new dewormers
that are effective at clearing existing infections,” hold
great promise for protecting consumers. Such inter-
ventions are agriculture sector focused with public health
benefits potentially accruing to large populations. Work
is urgently required to best understand how to deploy
such interventions in a variety of epidemiological
circumstances.

Much research to date on livestock-borne zoonoses has
not addressed these local impacts of changing food
systems. Rather, attention has been focused on low
resolution, big data studies conducted at a global and
regional scale, which enable epidemiologists to map the
distribution of livestock-borne zoonoses and predict their
response to immediate and long-term global change.”™
Although valuable in predicting large-scale changes in the
risk envelope from zoonotic disease, such studies now
need to be complemented by research that informs policy
and practice at the level of local systems in which social,
biological, and environmental factors will determine
disease risk in food systems across farming and non-
farming households.®** As food system change gathers
pace, epidemiological research into livestock-borne
zoonoses in LMICs must focus on establishing efficient
local surveillance for zoonotic disease risks, to inform
integrated agricultural and public health policy and
interventions that are sensitive to capturing the dynamic
nature of social and environmental factors. Examples of
this approach include studies of zoonotic diseases in
urban meat value chains in Nairobi,*% and of zoonotic
malaria in plantation farming in Malaysia.* Integrating

local-scale and broad-scale approaches described here into
a systems approach’®* will inform the deployment of in-
situ surveillance systems and epidemiological studies
targeting the most susceptible food systems.

Food safety in informal markets

Infectious diseases originating in farming communities
in LMICs encounter a broader, increasingly urban,
population, through food products and through contact
with waste generated by agricultural production.

Until recently, food-borne diseases were not seen as key
health burdens in LMICs, relative to other infectious
diseases. This perspective changed in 2016, when the first
study on the global burden of food-borne diseases showed
that the burden was too similar to those generated by
malaria, HIV/AIDs, or tuberculosis.® This landmark
review also revealed that almost all the documented
health burden (98%) fell on LMICs. Further, most of this
burden (97%) was due to biological hazards, distinct
from, for instance, chemical hazards in food such as
toxins and pesticides. Unlike some other infectious
diseases with a declining burden in LMICs, the burden of
food-borne diseases appears to be increasing,” consistent
with the concept of a food safety life cycle that tracks
economic development.’ As systems shift from traditional
to transitioning, food risks increase, only to decrease
again with transformation to modern systems.*

The major sources of food-borne diseases in LMICs are
fresh livestock and fish products, and fruits and vegetables
sold mainly in traditional or wet markets.”® Hence, foods
associated with the greatest potential to improve nutrition
in people living in low-income households in LMICs® are
also those associated with the greatest disease risks.
Transitioning food systems combine increasing provision
of these foods through traditional market systems,
creating a particular challenge for food safety.

High-income countries have been relatively successful
at managing food safety, using risk-based approaches that
address food safety from the farm level to the consumer.
Many LMICs successfully export safe food, but, to date,
there are no examples of food safety approaches that work
in mass domestic markets in LMICs that are both
sustainable and scalable.” This absence of workable food
safety approaches is partly because there has been
relatively little investment in food safety in domestic
markets, and investments have not focused on hazards
that have the highest burden on health,” and partly
because approaches tried to date might have limited
potential to radically improve food safety.

Many initiatives have focused on modernisation of the
food system, such as through promoting milk collection
facilities, large abattoirs, or supermarkets. However, in
many LMICs, these business models might not be
competitive with the successful informal food sector.
Indeed, modernised facilities do not always improve
food safety indicators™” and can paradoxically result in
less safe food as they offer more opportunities for
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cross-contamination.™ Food safety interventions at farm
level, in the form of good agricultural practices, have been
promoted, but uptake has been low, and evidence for
health outcomes is absent” A meta-analysis suggested
some success in targeting households with food safety
recommendations.” However, the sustainability, scal-
ability, and practicality of these remain uninvestigated.”
Moreover, mitigation at household level would require
major behavioural and dietary change, which would be
difficult to achieve across billions of households.

One area in which success has been achieved is in the
targeting of informal sector actors. Research in Kenya to
improve smallholder dairy production revealed that
market access of farmers was under threat from the
public health sector’s belief that all milk should be
pasteurised. Most milk was sold unpasteurised through
informal sector traders and was cheaper and more
accessible than milk provided by the formal dairy sector.
Formal sector claims of the lack of a level playing field
added to concerns about food safety.” An innovative
project focused on training and certifying informal
market traders succeeded in showing that trained
vendors produced acceptably safe milk, leading to a
licensing and certification scheme that legitimised the
traders.” This secured livelihoods, provided markets for
smallholder farmers, and ensured cheap milk was still
available to consumers. An economic assessment found
benefits of US$26 million a year.””

This landmark work on improving food safety and
nutrition in LMICs has been followed by initiatives in
several LMICs.*® This emerging body of research
suggests that three factors are crucial for success: an
enabling regulatory environment with authorities on
board; improvement in the capacity of value chain actors
through training and simple technology; and imple-
mentation of incentives for behaviour change such as
consumer demand, peer pressure, or changing power
relations.

Antimicrobial resistance
Antimicrobial use in human health and agriculture is
thought to be a key driver for the emergence of
antimicrobial resistance, with the extensive use of such
drugs leading to biological selection pressures favouring
resistance.* Agricultural and aquacultural use of
antimicrobials prophylactically, for growth promotion, or
disease prevention, and for treatment of disease, is
widespread and increasing in transitioning food systems.*
As production inputs, antimicrobials are often unregulated
or subject to poorly enforced regulations.® This lack of
regulation can lead to contamination of animal-source
food chains with antimicrobial residues and antibiotic-
resistant bacteria. Food crops are another agricultural
source of these contaminants, particularly where manure
and wastewater are used in crop production.®

Studies have suggested that widespread antimicrobial
use in food animals might contribute to the development
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of resistance to antimicrobials commonly used in human
medicine,”* although evidence of the extent and
frequency of this contribution remains scarce.*

However, antimicrobial susceptibility across both
sectors needs to be regarded as a public good that needs
safeguarding. A precautionary approach should therefore
drive actions to reduce the use of antimicrobials in
agricultural production. In high-income countries, where
actions have been tied to regulation, levels of resistance
have been shown to decrease in the absence of selective
pressure,” although this effect is not always found.””
Therefore, viewing antimicrobial resistance as an
agricultural or medical problem alone is unlikely to
tackle the issue.

LMICs could face a greater proportion of the emerging
human antimicrobial resistance burden than high-
income countries,”” and levels of national economic
development are negatively correlated with a number of
antimicrobial resistance risk factors.™ Additional
contributions from agriculture might arise because
LMICs in food system transition will be where the most
intensification of livestock production occurs in coming
years.” In some LMIC settings, veterinary services are
often scarce, limiting resources for surveillance and
empirical drug choices.

Patterns of use of antimicrobials in livestock in LMICs
depend very much on the production system. For
extensive smallholder livestock systems, much use is
therapeutic and aimed at protecting health of small herds
on which households depend.” In more intensive
systems, such as those associated with dairy, poultry, and
pig keeping, larger quantities of drugs will often be used
prophylactically, sometimes to compensate for poor
hygiene and animal husbandry, to prevent disease and
promote growth in order to protect profit margins,
ensure reliability of supply, and meet export standards."
Although inappropriate use of antibiotics occurs in all
kinds of production, the rapid growth of intensive
production in transitioning food systems deserves
particular attention.

Targeting potential agricultural sources of antimicrobial
resistance in LMICs can involve a range of interventions
in livestock systems.”” Antimicrobial resistance inter-
ventions could be considered to be specific (ie, those
directly targeting antimicrobial resistance) or sensitive
(ie, those indirectly affecting antimicrobial resistance,
such as biosecurity interventions). We illustrate in
figure 3 how interventions can relate to antimicrobial use
and antimicrobial resistance generation or transmission
through farm antimicrobial use.

Interventions can add costs to food production—eg,
through the construction of biosecure production
facilities. When demand and price can absorb these costs,
such as in highly regulated export markets for meat and
seafood, production in LMICs is capable of reducing
antimicrobial resistance risks. But for local markets,
higher costs will limit adoption of effective interventions.
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Figure 3: Potential measures of the effect of antimicrobial resistance-related interventions within agriculture
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If the ultimate aim of interventions is to protect both
agricultural production and human health, development
of interventions should comprise measurement of process
indicators for their effect on antimicrobial resistance
reduction in livestock systems, as well as outcome
indicators that relate to effects on both agricultural
productivity and human health (figure 3). Health
economic consequences of antimicrobial resistance risk
from agriculture can be measured, and a cost-benefit
approach, based on integrating agricultural and health
economic models, might provide useful tools for bringing
together stakeholders with different goals, and identifying
the most promising interventions.”

Discussion

Food systems in transition are characterised by
intensification and diversification of food production, as
an increasingly urban and more wealthy population
demands different diets. As our case studies have shown,
these changes can generate unintentional infectious
disease problems along the entire agricultural food
chain. In principle, the disease risks in each case study
can be reduced by public health interventions in
agricultural systems to remove their causes: for instance,
reducing vector populations by changing irrigation, de-
intensifying livestock food production from urban
communities, tightly regulating food safety, and
removing antibiotics from animal production systems.
But such unilateral action faces two challenges.

First, in transitioning agricultural systems, the
regulatory capability necessary to reduce disease risk in
food systems can be weak, as informal mechanisms
often dominate the system organisation. In food safety,
for instance, although well resourced private export
sectors can meet international standards, requiring and

enforcing safety regulations in local food systems with
state resources is more challenging. Second, unilateral
health-focused approaches can be counterproductive.
Many countries in food system transition are historically
agricultural economies. In these countries, agricultural
growth has been shown to be the most effective at
reducing poverty among the poorest communities
compared with growth in other sectors."

Agricultural development can bring low-income
farming households into a better position to reduce
disease risks and afford health care. The paddies paradox
exemplifies these health benefits. An intensified and well
functioning agriculture sector can also bring health
benefits by reducing the costs and increasing the
availability of highly nutritious foods, such as eggs, milk,
meat, vegetables, and fruit. Increasing this capacity for
nutrition-sensitive agriculture improves health.””

Controlling disease risks by restricting agriculture in
countries in food system transition can expose complex
trade-offs. Public health interventions that undermine
food security and nutrition might face low policy support
or uptake. An integrated, cross-sectoral approach could
have greater overall human welfare benefits than one
based solely on addressing disease risks. This approach
might begin, as we have indicated in some case studies
earlier, with an assessment of the economic costs and
benefits of food system interventions to the agricultural
and public health sectors.

The COVID-19 pandemic has provided a dramatic
example of the need for this intersectoral approach,
magnifying the inter-relationships between health, food
systems, and economics. Food systems and economies
cannot function properly without control of SARS-CoV-2
transmission, but lockdowns and other public health
measures can have dramatic impacts on food supply,
nutrition, and livelihoods, particularly for people from
low-income households involved in labour-intensive
activities that cannot be done from home."**"*

Finally, food system transformation exposes a range of
poverty-related and gender-related issues that affect food
security and nutritional outcomes."™ We note that
similar issues exist with respect to agriculturally related
diseases. For instance, deeply rooted gender inequalities
can exist within households with respect to livestock and
animal-source food handling, creating very different
risks for men and women." Zoonotic disease risks are
already higher in marginalised farming populations than
in the general population™'" as a result of poor access to
health services, poor or non-existent veterinary service
provision, and inadequate estimates of disease impact
that limit lobbying power for resources. While offering
opportunities to address income and gender inequity
through systems change, intensification of agriculture
also has the potential to exacerbate differences in
infectious disease risks from agriculture.

To conclude, resolving unanticipated infectious disease
consequences of food system transition requires
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constructive dialogue between agricultural and health
sectors, and indeed within the health sector between the
different groups responsible for reducing infectious
disease risk and improving nutrition. As we have seen in
our case studies, taking a cross-sectoral approach can
even identify win-win solutions for health and food
systems, such as new water management technologies
that can lead to more sustainable rice intensification with
less malaria risk, or programmes to inform food chain
actors about food safety without undermining the
important function of informal food markets by
implementing stringent regulation. For areas, such as
antimicrobial resistance, for which health risks from
agriculture are still poorly understood, it is important to
identify the potential agricultural and health outcomes of
agricultural interventions to reduce health risks.
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