VOLUME 41 QUARTER 1

Guarding the Herd: Innovations and Challenges in Global

Animal Health Systems

Tais C. de Menezes

JEL Classifications: Q17, Q18, Q58, 118

DOI: 10.22004/ag.econ.370412

Keywords: Animal health, Disease surveillance, Trade policy

Animal health surveillance is an essential pillar of
livestock and wildlife management, influencing food
security, global trade, and the livelihoods of rural
communities around the world. Recent disease
incursions such as foot-and-mouth disease (FMD),
highly pathogenic avian influenza (HPAI), African swine
fever (ASF), and emerging zoonoses demonstrate the
economic and public health consequences of inadequate
prevention, detection, and response. This Choices
special issue brings together five articles that highlight
successes, obstacles, and innovations in the animal
health systems of the United States, Australia, Brazil,
and Ethiopia, with an added focus on the unique
challenges posed by wildlife disease surveillance.

Recent international experiences highlight that
comprehensive strategies (spanning federal, state, local,
and private actors) remain critical for preventing and
mitigating highly contagious diseases. Trade policies
and consumer demand can shift rapidly in response to
new or reemerging diseases, with devastating
consequences for producers in low- and high-income
economies. Furthermore, the reliance on surveillance
systems for “proof of disease freedom” (or minimal
disease risk) remains a defining factor in bilateral and
multilateral market access. From the U.S. evolution of
disease monitoring after outbreaks of bovine spongiform
encephalopathy (BSE) and HPAI to Australia’s emphasis
on cost-sharing arrangements for emergency response
and private-public partnerships in Brazil and fledgling
systems in Ethiopia, policymakers worldwide face similar
pressures to innovate within funding constraints.

The articles in this special issue collectively illustrate that
animal health and disease surveillance extend far
beyond technical processes, reaching into the core of
trade integration, household food security, and rural
development. In the United States, Hagerman and co-
authors describe how past experiences with FMD and
HPAI have driven policy evolution at federal and state
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levels, highlighting how both commercial and
smallholder operations respond differently to outbreaks
and trade constraints. Seitzinger and Hester then
illustrate Australia’s public-private cost-sharing model,
which enhances accountability and incentivizes
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preventive measures, including promising new
diagnostic technologies the move beyond reactive
outbreak response. Menezes and Miranda explore how
Brazil's robust meat export market emerged through
decades of eradication campaigns, notably for FMD,
transitioning toward broader agricultural development
policies while also highlighting the funding and
coordination challenges that persist. Shakil and co-
authors examine Ethiopia’s limited-resource context,
emphasizing how deficient public expenditures relative
to livestock’s economic importance reduce disease
control capacity and slow agricultural development,
especially for small-scale producers. Finally, Shwiff and
co-authors remind us that wildlife disease surveillance is
equally crucial, as invasive wild pigs in the United States
can harbor pathogens like pseudorabies and classical
swine fever, demanding coordinated management to
prevent spillover into domestic herds.

This special issue shows that nations at different stages
of economic development face similarly complex threats
in both livestock and wildlife, underscoring the global
interconnectedness of animal health. Whether
eradicating an endemic disease, building robust
surveillance systems, or guarding against future
outbreaks, animal health efforts must increasingly
consider the wildlife-livestock interface and sustain
momentum beyond immediate crisis responses. An
outbreak in one country can reverberate across
continents, requiring coordinated strategies, funding
models, and continuous innovations in surveillance to
effectively safeguard the herd. Each of the five articles
offers important lessons for economists, veterinarians,
policymakers, and industry stakeholders, demonstrating
how disease control strategies require balancing
enforcement, financial incentives, and collaborative
governance and ultimately fostering a transition from
narrow eradication campaigns to sustainable, long-term
animal health and agricultural development.
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Livestock diseases in the United States followed the first
introduction of cattle, horses, and small ruminants
(Steele, 2008). The first recorded diseases included
Texas Cattle Fever in the 1860s (USDA-NAL, n.d.a) and
nine outbreaks of foot-and-mouth disease (FMD)
between 1870 and 1929 (Peffer, 1962). The first
zoonosis recorded in the United States was rabies in
1753 (Steele, 1975), which likely transferred from dogs
to pigs, other domesticated livestock, and to humans
(Baer, 2007). To combat diseases, a veterinary division
of USDA was initiated and became the Bureau of Animal
Industry in 1884 (USDA-NAL, n.d.b). In 1897, state,
federal, and industry collaborators formed the United
States Animal Health Association to ensure the
interstate shipment of healthy animals and to develop
plans to prevent and eradicate animal disease (Steele,
2008). Historically, eradication programs were carried
out for specific diseases, including FMD, hog cholera,
tuberculosis, brucellosis, and screw worm (NRC, 2005).

Today, the federal agency charged with the primary
responsibility for overseeing disease initiatives for
livestock and poultry is the U.S. Department of
Agriculture Animal and Plant Health Inspection Service
(USDA-APHIS). USDA-APHIS works with state animal
health agencies, animal health professionals, and a
network of laboratories to establish effective diagnostic
systems, to carry out continual inspection and
surveillance, and to respond to unforeseen emergencies
from disease incursions (NRC, 2005). Ports of entry,
inspection, quarantine, and surveillance systems have
been established to prevent the introduction and spread
of unwanted livestock diseases.

In 2023, agriculture, food, and related industries
contributed roughly $1.53 trillion, or 5.6% of U.S. gross
domestic product (GDP), and provided about 10.4% of
U.S. employment (USDA-FAS, 2023a). The output value

of farms contributed $222.3 billion or about 0.8% of U.S.
GDP in 2023 (USDA-ERS, 2024). The United States
exported nearly $175 billion in agricultural products in
2023, down from 2022, with animals and animal
products accounting for 18% (USDA-FAS, 2024). Given
the economic value of animals, a key question is
whether sufficient resources have been allocated to
efficiently utilize and to safeguard a changing animal
health system. To put this in perspective, in 2017 the
U.S. public expenditure on agriculture—including animal
agriculture—was about 1% of total public expenditure, or
about 0.13% of GDP.

Changes in U.S. Trade Shares and the
Importance of Trade for U.S. Animal
Agriculture

The United States is a primary protein producer and
supplier in the global market (Figure 1). Chicken
production, the largest by volume, increased steadily,
from nearly 16.8 million metric tons (MMT) in 2010 to
21.4 MMT in 2023, where it has outpaced beef and pork
production. U.S. beef production slightly increased from
12 MMT to 12.4 MMT, while pork production moderately
increased on average from 10.2 MMT to 12.5 MMT in
2023.

U.S. meat export patterns follow domestic production but
also include geopolitical and disease responses.
Chicken export quantities (Figure 2) were nearly three
times as large as beef exports in most years considered.
Chicken exports fell to a low of 2.9 MMT in 2015 during
the HPAI outbreak, then recovered and have held at
around 3.3 MMT since 2020 despite the HPAI event
starting in 2022. Pork exports have generally grown over
time. Beef exports have varied from approximately 1
MMT to 1.6 MMT with a general upward trend from 2010
to 2023.
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Figure 1. U.S. Meat Production (1,000 MT)
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Exports relative to domestic production vary by protein
(Figure 3). Pork has the highest and the largest
difference in export shares, ranging from 19% in 2010 to
a high of 26% in 2020. The top five export destinations
for U.S. pork are consistently Mexico, Japan, China,
Canada, and South Korea. Mexico and Japan were the
top importers until China increased pork imports to
account for losses related to ASF detected in China in
2018.

Exports also comprise a relatively large share of U.S.
chicken production, with export shares ranging from 16%
to 20%, despite the drop following the 2015 HPAI event.
Mexico is the dominant importer of U.S. chicken,
outranking imports by the next largest trade partner by
more than double in most years from 2010 to present.
Other important importers of U.S. chicken are Cuba,
Taiwan, China and Hong Kong, the Philippines, Canada,
and Angola. Export shares for beef have remained
relatively consistent, at 9% to 12% of domestic
production from 2010 to present. The top importers of
U.S. beef have been Japan, South Korea, Mexico,
Canada, China, and Hong Kong.

Evolution of the International Response to
Animal Disease Threats and the Role of

Surveillance in Proof of Disease Freedom:
The World Organization for Animal Health (WOAH,
https://www.woah.org/en/what-we-do/animal-health-and-
welfare/official-disease-status/) makes official freedom-
from-disease declarations for six diseases: African horse
sickness, bovine spongiform encephalopathy (BSE),
classical swine fever (CSF), contagious bovine
pleuropneumonia, FMD, and peste des petits ruminants
(PPR). For all other diseases, freedom-from-disease
declarations can be made at the country level, lifting
movement restrictions and quarantines. However, trade
partners make individual decisions to reopen trade,
potentially requiring additional negotiations or
documentation. This makes surveillance for proof of
disease freedom more complicated in practice because
each bilateral trading partner must recognize that
declaration.

Generally, surveillance includes both active and passive
elements. Active surveillance involves purposefully
sampling at-risk species using scientifically determined
sampling procedures (Gates, Earl and Enticott, 2021).
Passive surveillance uses secondary sources of
information, such as veterinarian records and packer
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Figure 2. U.S. Meat Exports (1,000 MT)
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inspections, or producers or veterinarians reporting
abnormal death losses, triggering additional diagnostics
depending on the species and any visible signs of
disease. Producer reporting can be challenging due to
uncertainty regarding disease symptoms, fear of
consequences, mistrust of authority, lack of incentives
for reporting, or uncertainty about what will happen after
reporting (Gates, Earl, and Enticott, 2021).

Wildlife plays an important role in disease surveillance
efforts. For reporting purposes, wildlife surveillance is
considered passive. Wildlife populations may be
sampled through hunter-kill sampling or catching and
releasing healthy animals. In addition, wildlife mortality
or morbidity events should be reported and samples may
be submitted for animal disease testing. USDA-APHIS
Wildlife Services began a national surveillance effort for
highly pathogenic avian influenza (HPAI) among wild
birds in 2006 in response to the involvement of wild birds
in HPAI spread in Asia (Bevins et al., 2014). This risk-
based approach to large-scale wild bird surveillance was
implemented using standardized protocols and
customized to the risks in a particular area. Bevins et al.
(2014) reported that over the 5-year program, 283,434
samples were collected, primarily from hunter harvest or
wildlife agency harvest birds or live birds (98%). The
national wild bird surveillance program was discontinued
in 2011 (Bevins et al., 2014); however, the U.S. National
Surveillance Plan for Highly Pathogenic Avian Influenza
in Wild Birds initiated in response to HPAI is an ongoing
part of response surveillance (CEAH, 2023). The

lessons learned from prior wildlife surveillance programs
were instrumental in increasing HPAI awareness during
HPAI outbreaks in 2016, 2017, and 2022-2024.

Robust surveillance systems reduce disease spread and
identify areas of heightened risk as well as provide
assurance and transparency of disease control to
international trading partners. The introduction or
reemergence of a disease can lead to international trade
disruptions through the application of sanitary (animal
health or food safety related) trade bans. The World
Trade Organization (WTO) Agreement on the
Application of Sanitary and Phytosanitary Measures set
out guidelines and procedures for food, plant, and
animal safety both during an event and on recovery.
During a disease event, a country may restrict trade to
prevent domestic disease infection of animals, plants,
and people. However, these decisions are complicated
by trade flow reliance, risk perceptions, and price
sensitivities. Historically, these were national trade
restrictions, which led to greater market and trade flow
disruptions, often at a price disadvantage. However,
starting in the mid 2000s, regionalized trade restrictions
have been used to combat the negative effects of a
pathogenic disease. For example, during the 2014-2015
U.S. HPAI event, importers that had greater confidence
in the strict protocols in monitoring and surveillance were
able to minimize market disruptions compared to those
implementing stronger restrictions (Thompson, 2018).
This confidence is built on trust in unified procedures
and relationships between countries. The impact of
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Figure 3. U.S. Meat Export Shares of Production (%)
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regionalized trade bans will be discussed further in the
section on HPAI. With increasing globalization,
countrywide bans may be limited in the future, but this
can only be true with continued vigilance and confidence
in the exporter’s surveillance and monitoring abilities.

Scant empirical evidence exists on this topic. Johnson et
al. (2015) report that the likelihood and degree of an
embargo on the home country is conditional on WOAH-
listings and WTO trade rules, as well as trade
agreements, current stocks of the good, market
structure, political climate, and other factors. In all,
importing countries tend not to relax trade embargoes in
the same way as one another or uniformly over time;
rather, trade embargoes vary according to bilateral or
multilateral trade agreements, risk, characteristics of the
disease, and political agendas (Morgan and Prakash,
2006; Park, Jin, and Bessler, 2008; Johnson et al.,
2015). The interplay between surveillance and economic
impacts of disease, especially trade, will be explored in a
series of disease specific cases. These case
descriptions are not intended to be all-inclusive, but
rather to highlight the way animal diseases have
challenged and changed the U.S. animal industry in
various ways.

Domestic and Global Events That Have
Refined the U.S. Animal Health
Surveillance System in the Twenty-First
Century

Since the turn of the century, several disease events
have resulted in rapid advances in U.S. animal health
prevention and management. BSE in 2003 not only
resulted in large and long-lasting trade losses but also in
permanent changes to processor practices. HPAI spread
by wild bird populations to domestic poultry has occurred
periodically, but large outbreaks occurred in 2014—-2015
and 2022-2024. These outbreaks have tested and
refined commercial, smallholder, and wild bird
surveillance procedures and tested the capacity of the
National Animal Health Laboratory Network (NAHLN).
Virulent Newcastle disease (VNDV) spread largely in
smallholder and exhibition bird flocks in 2018—2020,
posing different surveillance challenges compared to
HPAI. Porcine epidemic diarrhea virus (PEDv) was an
emerging disease not on the WOAH notifiable disease
list. The swine industry and private veterinarians led the
on-farm response to PEDv with the federal government
supporting response through diagnostics, analytics,
epidemiologic studies, and data management (Scott et
al., 2016).
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These U.S. animal disease events are contrasted with
influential FMD outbreaks elsewhere in the world.
Although FMD has not been found in the United States
since 1929, high-profile outbreaks in the UK, Brazil, and
Japan have furthered unified global guidelines on foreign
animal disease response. From 2005 to 2020, WOAH
data indicated that FMD accounted for 94% of animal
disease-related cattle deaths globally, African swine
fever (ASF) accounted for 75% of swine deaths, and
HPAI accounted for 97% of poultry deaths due to highly
contagious animal diseases (Lwin, Schaefer, and
Hagerman, 2024).

Bovine Spongiform Encephalopathy (classical
2003) Changed Packer Surveillance and Animal
Feeding Rules

BSE is a fatal disease of the central nervous system in
cattle, which has had significant impacts on international
trade (Coffey et al., 2005). There are two forms of BSE:
classical and atypical. Classical BSE has been found to
spread through the feeding of meat and bone meal from
inflected animals, as the standard treatment processes
do not fully inactivate the prion (USDA-APHIS, 2024).
Classical BSE was first detected in the UK in 1986 and
has since been detected in 25 countries. This WOAH-
listed disease has been linked to the variant Creutzfeldt-
Jakob disease (vCJD) in humans since 1996 (Alarcon et
al., 2023). According to Alarcon et al. (2023), there have
been 183,325 BSE cases (including atypical cases) in
cattle in the UK. In a report by National CJD Research
and Surveillance Unit (2020), 178 human cases of vCJD
were reported in the UK through 2020, with an annual
human mortality of 1.98 cases/million in 2020. Atypical
BSE can occur naturally in aging cows. Incidences of
both forms of BSE in cattle and vCJD in humans
continue to trend downward.

BSE resulted in permanent process changes for cow
slaughter and surveillance at the packing plant. In
response to the emergence of classical BSE cases in
1989 (WOAH, n.d.), the United States banned the
importation of live ruminants and most ruminant products
from BSE-infected countries in that year. Beginning in
1990, the United States initiated a BSE surveillance
program by examining brain tissue from cattle showing
clinical signs of a degenerative neurological disorder—
commonly called “downer cows” in the instance of
significant mobility issues—and samples from high-risk
cattle (USDA-APHIS, 2024). The Food and Drug
Administration (FDA) banned protein derived from
mammalian tissue in feed for cattle in 1997 (USDA-
APHIS, 2024).

Although the United States proactively tried to prevent
the introduction of BSE, a single case was identified
through ongoing surveillance in December 2003 in
Washington State; the event is commonly called “the
cow who stole Christmas.” Mathews, Vandeveer, and
Gustafson (2006) describe the economic consequences

from the 2003 BSE detection, including the immediate
trade losses. The authors particularly note the
importance of the current cattle markets and low beef
inventories in allowing the cattle industry to absorb much
of the trade loss without excessive impacts on
consumers. In 2009, the FDA established an enhanced
feed ban for high-risk tissue materials in all animal feeds
and harmonized feed control measures in the United
States with Canada (CDC, 2021). Since 2003, six
additional atypical cases of BSE have been identified,
with the last case announced in 2023. It took more than
a decade to negotiate the release of the last of the BSE-
related trade bans.

Returning to Figure 3, China and Hong Kong varied
purchasing behavior after the U.S. BSE discovery in
2003. China banned U.S. beef imports until 2017, when
imports were permitted with age limits. During the 14-
year period of China’s restrictions, the United States was
able to continue exporting beef to Hong Kong, which
was likely destined largely for reexport to China despite
the trade restrictions. The longtime trade restrictions
imposed on U.S. beef by China contrasted with the
regionalized restrictions imposed on U.S. poultry during
recent HPAI events (Padilla, Baker, and MacLachlan,
2024) illustrate the importance of the severity of the
disease, the shift in global trade policy response, and the
response mechanisms in place to mitigate disease
impacts when considering the effects on international
trade.

Today, the USDA continues a monthly BSE surveillance
program, sampling approximately 25,000 head of cattle
annually (USDA-APHIS, 2024). The United States is
recognized by WOAH as a negligible risk for BSE
(WOAH, n.d.). The 2003 classical BSE case remains the
only classical case in the United States to date, but
enhanced surveillance and risk management are needed
on an ongoing basis to quickly identify atypical BSE
cases and protect U.S. export markets.

Porcine Epidemic Diarrhea Virus (emerged 2013)
Showcased Partnerships between Industry and
Federal Animal Health Agencies for Surveillance

and Control

Porcine epidemic diarrhea virus is a coronavirus that
causes high morbidity and mortality in piglets; it is highly
contagious, spreading quickly through the fecal-oral
route (Schulz and Tonsor, 2015). PEDv has been
detected in countries across Europe and Asia dating
back to 1971; however, it was first confirmed in the
United States in 2013 and subsequently spread to
Canada and Mexico in 2014. Although the pathway into
the U.S. will likely never be known (Scott et al., 2016),
the U.S. strains were found to be genetically similar to
that of strains in China (Vlasova et al., 2014). PEDv was
primarily spread by a direct or indirect fecal-oral route
and entered farms through infected pigs, trailers (i.e.,
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transporting pigs, feed, or manure), people (via
contaminated clothing), and wild animals/birds. The
symptoms of PEDv in swine include diarrhea, vomiting,
dehydration, and death in 50%-100% of infected piglets
(WOAH, 2014). Although mortality in older swine (e.g.,
feeders, sows) was low, almost all swine, regardless of
age, experienced morbidity. During the approximate 1-
year epidemic, it was estimated that 8 million newborn
piglets died (Lee, 2015) and 50% of U.S. breeding herds
were infected (Niederwerder and Hesse, 2018).

Schulz and Tonsor (2015) noted this PEDv outbreak was
a supply-impacting disease with limited demand-driven
loss, as PEDv is not zoonotic and is not a WOAH
notifiable disease. U.S. pork exports were not subject to
trade restrictions. With only reductions in the supply of
hogs and no change in demand (domestic or foreign),
the price of market hogs and pork would increase. These
price increases would lead to higher returns to producers
that were not directly impacted by PEDv (Schulz and
Tonsor, 2015). Paarlberg (2014) estimated that hog
producers gained $1.2 billion to $2.3 billion annually with
a reduction of 3%—6% in the annual U.S. pig supply,
respectively, while slaughter plants/processors returns
would fall by $481 million to $929 million. Consumers
would also experience economic welfare losses of
between $300 million to $600 million from higher pork
prices. PEDv is an instance where public investment in
surveillance supported industry response. Producers
were able to identify the prevalence of the disease and
take appropriate risk management actions.

Highly Pathogenic Avian Influenza (2008, 2014-
2015, 2016, 2017, 2022-2024) Surveillance for

Risk Identification and Regionalized Trade Bans
Avian influenza (Al) viruses are grouped by their H and
N proteins and are further divided into HPAI and low
pathogenic Al (LPAI). HPAI is highly contagious and
often fatal to poultry and wild birds. LPAI occurs naturally
in wild waterfowl without causing illness. HPAI was first
documented in Italy in 1878 (Alexander and Brown,
2009). HPAI has also been found to cross over into
mammalian species, namely 1,080 confirmed dairy cattle
in 18 U.S. states since March 2024 (CDC, 2025). In
addition to being highly contagious, HPAI has been
known to cause cases of human infection (e.g., H7N9
and H5N1). Most recently, 70 people contracted H5
HPAI since 2024, with one human death (CDC, 2025).

The U.S. government has invested significant resources
into preventing, managing, and eradicating HPAI from
U.S. flocks, including developing the HPAI Response
Plan—The Red Book. Mitigation and response plans
have been implemented in almost every state, as have
the Secure Egg/Turkey/Broiler Supply plans. One of the
major challenges associated with HPAI is that the
viruses circulate in migratory wild bird populations,
creating opportunities for spillover into domestic poultry.
Extensive wild bird surveillance systems have been

implemented across all U.S. wild bird flyways, as
discussed previously.

After the 2014-2015 HPAI event, highlighted in a 2016
Choices theme
(https://www.choicesmagazine.org/choices-
magazine/theme-articles/economic-consequences-of-
highly-pathogenic-avian-influenza/theme-overview-
economic-consequences-of-highly-pathogenic-avian-
influenza), the USDA was able to address post-outbreak
response improvements in control activities, indemnity
and virus elimination payments, and the repopulation
processes and timelines (USDA-APHIS, 2016). In
addition, industries adapted practices in response to
current outbreaks; for example, rapidly restocking layers
rather than the gradual restocking process initially
expected (Ramos, MacLachlan, and Melton, 2017). The
experiences gained by producers created a capacity for
response in future outbreaks; for example, increasing
the number of depopulation and composting experts
approved for use as government contractors. These
updates to the response plan have not only resulted in
differences in government response costs but have led
to smaller international trade impacts and fewer supply
chain effects on the poultry and egg industries (USDA-
APHIS, 2022).

Regionalization terms under bilateral trade agreements
and extensive surveillance to ensure that birds and eggs
entering the food supply chain are HPAI-free have
helped reduce economic damage. This is reflected in
Figure 1 for exports of eggs and egg products and of
broiler meat using Global Agricultural Trade System
(GATS) data (USDA-FAS, 2023b). The vertical dashed
lines from 2014 to 2015 show the sharp decline in egg
exports, but especially in broiler meat exports. The
2014-2015 HPAI outbreak had very limited cases on
broiler operations, yet international trade bans
contributed to sharp declines in exports in 2015. While
Russia had already banned U.S. poultry products for
geopolitical reasons earlier in 2014, 18 foreign importing
countries, including major poultry importers China and
South Korea, imposed persistent national bans shortly
after HPAI was first detected in December 2014
(MacLachlan, Boussios, and Hagerman, 2022).

The 2022 HPAI incursion differed from previous events
in several ways. First, in 2015 the virus moved from west
to east following migratory bird flyways. In 2022, the
virus moved east to west and back across all major
flyways, continuing through 2024. Second, investments
in biosecurity and disease awareness campaigns among
commercial poultry producers paid dividends. The 2015
event spread mechanism was predominantly laterally
based (farm-to-farm), spreading from poultry house to
poultry house. The 2022 event was driven by wild bird
migrations resulting in independent introductions with
limited lateral spread. By March 2023, HPAI had crossed
47 states driven primarily by wild bird migration (CEAH,
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Figure 4. Egg and Egg Product and Broiler Meat Aggregate Export Volume (metric tons), 2013-2023
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2023). This resulted in 499 infected commercial flocks
from the start of the outbreak in 2022 to June 2024
(versus 211 in the 2014-2015 outbreak). However, the
backyard poultry industry was more heavily involved in
the 2022-2024 outbreaks; while HPAI was detected in
just 21 backyard farms in 2014—-2015, there were
detections in 655 backyard flocks from 2022 to June
2024. Information is readily available to backyard
growers to encourage reporting which could account for
some of this increase. Third, both outbreaks were H5
viruses, but the genetic differences allowed it to remain
viable even in hot, dry conditions through the summer.
Fourth and finally, as our understanding of HPAI and
surveillance capabilities evolves, so has the geographic
magnitude of trade embargoes. Several countries that
implemented multistate or national trade embargoes in
2015 (Thompson, 2018) instead imposed county- or
even zone-based trade embargoes in 2022 (Padilla,
Baker, and MacLachlan, 2024).! This is reflected in the
differences in export changes shown in Figure 4
between the two outbreaks.

Virulent Newcastle Disease (2018-2020)
Highlighted the Challenges of Surveillance in
Small, Backyard Flocks

Virulent Newcastle disease (VNDV) is a highly
contagious and fatal viral poultry disease, with clinical
signs that can be respiratory, reproductive, intestinal, or
neurological, and is a WOAH reportable disease (USDA-
APHIS, 2021a). vNDV is spread through direct contact
with a sick bird, and markets or exhibitions that result in
mixing birds from many different premises such as live

1 Zone-based trade embargoes are restrictions on trade from
facilities designated as being within infected, control, or

bird markets or poultry fairs create a high risk of spread,
as highlighted in the most recent U.S. vNDV outbreak. It
was initially detected in Southern California in May 2018
and was not fully under control until May 2020, impacting
476 confirmed premises in California, of which four were
commercial, and two premises in Utah and Arizona
(USDA-APHIS, 2021a). This outbreak led to movement
restrictions and permitting for movement in and out of
the quarantine area (USDA-APHIS, 2021a).

This event is unique in that it predominantly impacted
backyard or noncommercial flocks. This led to greater
demands by surveillance to identify infected premises
when there may be competing incentives to report
disease, requiring more personnel hours to identify,
contact, and sample many different premises. An
additional complication came from the possible role of
illegal fighting birds in disease spread. If a person were
to keep fighting cocks that were infected, they would
have negative incentives to report the disease,
increasing the viral load and potential for disease
spread. State and federal surveillance teams had to
assure responders they were not there for purposes
other than animal health. In addition, the indemnification
process does not value illegal activities, so fair market
value would undervalue the potential losses for
depopulation of an infected premises engaging in
fighting exhibitions. The surveillance system can only
work if there are the appropriate incentives to report a
disease but not over incentivize and lead to increased
disease occurrence from bad actors.

Another complicating aspect of this event was the
mobility of backyard birds. The movement for legal and

surveillance zones by USDA, as outlined in the Highly
Pathogenic Avian Influenza Response Plan (HPAI Red Book).
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illegal purposes leads to increased infection spread and
ultimately increase control and eradication costs. A
USDA-APHIS epidemiological report highlighted the
dangers of long-distance spread by movement of
infected poultry or fomites and found that longer-
distance transmission—such as the spread of vNDV to
Utah and Arizona—were likely due to either undetected
poultry or violations of the fallow period after detection
(USDA-APHIS, 2021a). This emphasizes the value of
the quarantine zones in minimizing disease spread. It
also speaks to the vigilance of border states in
surveilling for introduction of a disease.

Foot-and-Mouth Disease (international, various
years) Has Driven New Trade Ban Response

Policies and Animal Health Investments Globally
FMD is a highly contagious viral disease of cloven-
hoofed animals—such as bison, cattle, deer, goats, pigs,
and sheep—that has a very high morbidity rate in most
susceptible species with varying degrees of severity in
clinical signs but a low mortality rate especially among
adult animals (WOAH, 2023). FMD has significant
economic impacts due to production losses and
disruption to international trade (Paarlberg, Seitzinger,
and Lee, 2007). Clinical signs that are consistent with
FMD have been described since the 1500s, and the
disease was first formally diagnosed in 1898 (Rahman et
al., 2025). There are seven serotypes of FMD virus, with
many more subtypes. According to WOAH (2010), over
100 countries are not considered FMD-free. FMD is
endemic (or persistently recurring) in the susceptible
livestock population in a large part of Africa and the
Middle East and in parts of Asia. In the Western
Hemisphere, FMD is endemic in parts of South America,
with most countries recognized as FMD-free, with or
without regionalization or vaccination (WOAH, 2010).
Because the FMD virus is hardy and able to spread
through multiple modes, the disease typically has
stringent disease controls and can cause significant
economic impacts. This is particularly true of trade
impacts; when WOAH established the official disease-
free territories list, FMD was the first disease on this list.

Due to the severity of FMD and the fact the United
States, Canada, and Mexico have been FMD-free since
1929, 1952, and 1954, respectively, the United States
has spent significant time, energy, and resources in
undertaking preventative measures, developing and
implementing surveillance strategies, planning and
preparing for an outbreak, and creating a response plan
(i.e., Foot-and-Mouth Disease Response Plan—The Red
Book). The economic importance of maintaining
disease-free status, and the ability to respond quickly
and efficiently if FMD is detected, drives the United

States to continue prioritizing efforts to safeguard the
U.S. and North American livestock sectors from the
disease. Prominent outbreaks in the UK (2001 and
2003), Brazil (2001 and 2005), Taiwan (1997), and
Japan (2009) have highlighted lessons that influence
U.S. FMD prevention, response, and surveillance plans.

The threat of FMD spurred a major public investment in
foreign animal disease preparedness in 2018. The
Agriculture Improvement Act of 2018 (commonly called
the 2018 Farm Bill) invested in a National Animal
Vaccine and Veterinary Countermeasures Bank, a new
U.S.-only vaccine bank that allows stockpiling of
vaccines in the event of an FMD outbreak or other
foreign animal disease threat. The same bill invested in
the capacity of the NAHLN, a network of federal, state,
and university laboratories that provide detection
capacity for major foreign animal disease threats.
Finally, research and Extension efforts by universities,
tribal governments, and nonprofit organizations were
supported through the National Animal Health
Preparedness and Response Program. In total, the U.S.
Congress invested $120 million from 2019 through 2022,
with $30 million available each year thereafter (P.L. 115-
334, Section 12101). The continued investment in both
preparedness against high-consequence foreign animal
disease threats and response to active threats is driven
both by the reliance on our own robust, safe food
production system in the United States and also on the
economic benefits of open access to international
markets. The next sections will more fully explore U.S.
meat production and exports, and how that has led to
varying levels of risk exposure due to sanitary trade
bans.

Conclusions and Future Challenges

The rise and resurgence of important transboundary and
zoonotic diseases will continue to drive efforts to
improve monitoring and surveillance in U.S. animal
production. A notable current example is the emergence
of HPAI strains in dairy cattle in the United States. Over
the past decade, improvements have enabled business
continuity through regionalization and trust in the
disease eradication and control process. Increased
funding and targeted surveillance programs have led to
earlier identification of disease threats, with policies in
place for rapid response. Future challenges to these
systems include increased globalization, urbanization,
and budget allocation decisions. Diseases are dynamic
threats, requiring adaptable and quickly deployable
surveillance and eradication programs. While the United
States has made progress since past events, these
efforts must remain at the forefront to ensure a safe,
healthy food supply for domestic and international
markets.
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Brazil is one of the largest agricultural producers in the
world and contributes substantially to international food
markets. Agriculture and agriculture-related
manufacturing and service sectors represent 23.8% of
the Brazilian gross domestic product (GDP) and 26.8%
of the employed population in 2023 (Cepea, 20244, b).
Globally, Brazil has the largest commercial cattle herd
(234.4 million head), the fourth largest swine herd (44.4
million head), and the fourth largest chicken flock (1.5
billion head) (FAO, 2024). Figure 1 shows the livestock
distribution in Brazil.

Brazil's livestock sector contributes 6.7% to the country’s
gross domestic product (GDP) (Cepea, 2024a). In 2023,
Brazilian beef production reached 9 million tons, with
exports valued at US$9.5 billion. Pork production totaled
approximately 5.3 million tons, with exports worth
US$2.6 billion, while poultry production amounted to
13.3 million tons, with exports valued at US$9 billion
(IBGE, 2024; MDIC, 2024). Over the past two decades,
Brazil has emerged as the leading global exporter of
beef and poultry, capturing 28.7% and 25.4% of the
world market, respectively, and the seventh largest
exporter of pork, with a 7.1% share (United Nations,
2024).

Brazilian meat exports increased 27% in volume
between 2019 and 2023, driven by enhanced
productivity, competitiveness, and improved animal
health (Pessda and Simdes, 2020; Giehl, 2022; MDIC,
2024). Private sector initiatives, compliance with
international requirements, and a strengthened animal
health defense system played pivotal roles. Rising
consumer concerns about food safety, sustainability, and
animal welfare have elevated the importance of animal
health in international trade (Ferreira Filho et al., 2006;
Silva Neto and Bacchi, 2014, Elias et al., 2018; Pessba
and Simdes, 2020). Currently, Brazil's animal health
systems face challenges related to funding,
infrastructure, and coordination among stakeholders.

However, since the early 1990s, Brazil has implemented
policies and national programs to control and eradicate a
variety of animal diseases, aiming to boost product
quality and establish a positive image in the international
market.

Animal Health Defense and the Official
Veterinary Service in Brazil

In Brazil, agricultural defense is the protection of
agriculture in general, including promotion of the quality
and safety of inputs, animal disease and plant pest
control, and product inspection. Agricultural defense
integrates public and private systems, with the
engagement of rural producers, agricultural input sector,
and agro-industrial sector, playing a fundamental role in
the diversification and growth of Brazilian agricultural
exports. This joint effort also enhances safety in
domestic input and product supply, protecting
consumers from foodborne diseases listed in the Codex
Alimentarius and benefiting the overall economy.

Agricultural defense in Brazil is divided into four pillars:

i) epidemiological surveillance, which
comprises risk analysis, border control,
domestic animal transit control, and active
and passive surveillance

ii) disease control programs, including planning
and guidance on animal vaccination and use
of fertilizers and pesticides for plant health

iii) product inspection to assess quality for
consumers, analyzing residues and
contaminants.

iv) emergency action plans with teams to act in
biological disasters

This article focuses on animal health defense
specifically. The first record of animal health defense in
Brazil dates to 1860, when guidelines were created
aiming at the introduction and improvement of animal
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Figure 1. Livestock Distribution in Brazil (in Head)
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breeds and the establishment of veterinary schools. The
process of structuring an official animal health system
began after the first cases of foot-and-mouth disease
(FMD) in Brazil in 1895, and the Ministry of Agriculture
was founded in 1909. The Brazilian Animal Health
Defense Service was officially created in 1934 and
incorporated by the Ministry of Agriculture and Livestock
in 1977, with the creation of the National Agricultural
Defense Secretariat. At the same time, federal
agriculture departments were institutionalized in each
Brazilian state under the administration of the National
Agricultural Defense Secretariat (Lyra, 2018). The
current organization of the Agricultural Defense
Secretariat (SDA) was defined by Decree 11.332 in 2023
and responds to the Ministry of Agriculture and Livestock
(MAPA).

In 1998, the Unified System of Attention to Agricultural
Health (SUASA) was established to coordinate disease
surveillance and control for animals and plants. SUASA
collaborates with the Unified Health System and involves
official institutions, rural stakeholders, inspection
departments, and private sector fund management
entities. The creation of SUASA aimed to regionalize
plant and animal health efforts to address specific
regional needs (MAPA, 2023a).

The Brazilian public agricultural defense system is
divided between the federal government, 27 federal unit
governments (26 states plus the federal district), and
municipal governments, comprising approximately
13,600 employees (Brazil, 2023a). Every municipality in
Brazil has a state-official veterinarian responsible for
animal health defense activities, usually under the scope
of a secretariat of agriculture.

An important service to animal health defense in Brazil is
provided by the six Federal Laboratories of Agricultural
Defense, overseen by the General Coordination of the
Agricultural Laboratories. The six laboratories are spread
in each of the five Brazilian macro-regions and develop
activities to support animal and plant health and food
safety in Brazil, such as integrated biosecurity
management, monitoring and diagnosis of animal
diseases and plant pests, quality management of
agricultural products, and accreditation and monitoring of
private laboratories (MAPA, 2022a).

Brazilian national programs focused on controlling and
eradicating animal diseases are based on the World
Organization for Animal Health (WOAH)
recommendations. The Ministry of Agriculture and
Livestock has created nine animal health programs, in
addition to actions related to the health of aquatic
animals and surveillance of contaminants in bivalve
mollusks:

¢ National Surveillance Program for FMD

e National Program for the Control and

Eradication of Brucellosis and Animal
Tuberculosis

e National Program for Herbivore Rabies Control

¢ National Program for the Prevention and
Surveillance of Bovine Spongiform
Encephalopathy
National Program for Poultry Health
National Program for Bee Health
National Program for Equidae Health
National Program for Goat and Sheep Health
National Program for Suidae Health
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Figure 2. Vigiagro Agricultural Surveillance Stations

Funding

The FMD program played a fundamental role in shaping
the funding structure for national and state animal health
services in Brazil. In the early 1990s, private funds
emerged, particularly focused on FMD prevention and
emergencies, aiming to complement public actions and
expedite surveillance and eradication measures during
disease outbreaks. Some emergency funds are privately
financed, while others combine public and private
resources. As of 2018, 13 states had established
emergency funds, predominantly managed and financed
privately (Miranda et al., 2019).

Brazilian agricultural defense heavily relies on
constrained federal budgets and lacks diverse funding
streams. Currently, animal health services do not charge
fees, with few exceptions for export certification.
Strategically implementing service fees could provide
critical resources as budgets shrink (Brazil, 2023b).
Programs like the Program to Modernize and Strengthen
Agricultural Health and Food Safety Services
(ProDefesa), a 5-year initiative launched in 2019 and
supported by the Inter-American Development Bank, aim
to maximize limited funds by modernizing management
and technology within Brazilian agricultural defense
agencies. Successful optimization could stretch budgets
further and accelerate service turnaround for
stakeholders.

The main challenge for Brazilian agricultural defense is
meeting the growing demands of a thriving agricultural

sector amid tight and shrinking budgets (Brazil, 2023b).
Federal funding has decreased in real terms over the
past decade, being insufficient to cover the routine
activities of SDA and maintain the infrastructure of
SUASA nationwide. Supplemental state and municipal
resources provide some relief, but critical animal health
programs, such as the FMD program, rely heavily on
federal transfers. While substantial private sector
investment supports biosecurity for vertically integrated
industries like poultry and pork, smaller livestock sectors,
such as goats and sheep, face significant budget
constraints and receive less frequent funding from the
private sector. Overall, static or diminishing public funds
fail to adequately address the expansion and
modernization needs of Brazilian agriculture.

Without policy changes, strains on animal health funding
may persist. Declining federal and state support
necessitates increased biosafety financing from livestock
industries. Government agencies may need to
implement fees to sustain service levels. Diverse hybrid
funding models are essential to meet growing demands
on agricultural defense. Sustainable funding from both
public and private sources is critical for the future of
Brazilian agriculture. Service fees and private
investments can help bridge resource gaps as federal
budgets shrink.

International Border

The International Agricultural Surveillance System
(Vigiagro) was created in 1998 and regulated by Decree
5741 in 2006 to coordinate the control of imports and
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exports, promote international agricultural surveillance,
and prevent the introduction and dissemination of plant
pests and animal diseases that may put the Brazilian
agriculture at risk. Vigiagro operates 102 technical units
spread over 17 customs offices, 24 airports, 28
international border posts, 33 ports, and 47 regional
specialized units (Figure 2). Around 800 employees of
the Ministry of Agriculture work at Vigiagro, conducting
risk analysis and inspections to protect domestic
agriculture. In addition, the Strategic Border Plan was
created in 2011 and updated in 2016, renamed as the
Integrated Border Protection Program. This program
aims to strengthen the prevention, control, and
inspection of cross-border activities, including illegal
plant and animal movements into Brazil (Lyra, 2018).

Animal health defense at the international border is
highly complex since Brazil borders ten countries
(Uruguay, Argentina, Paraguay, Bolivia, Peru, Colombia,
Venezuela, Guyana, Suriname, and French Guiana)
over approximately 9,320 miles. Brazil has collaboration
agreements with neighboring countries to reinforce
animal disease surveillance. There has been a specific
agreement for intensive FMD surveillance on the border
of Brazil with Argentina, Paraguay, and Bolivia since
2007 (Lyra, 2018). Nevertheless, controlling animal

movement across the international border is challenging,
given that there is an extensive dry border (which
facilitates animal movement) and several farms are
divided between two countries, such as Brazil and
Paraguay.

Major Animal Disease Threats to Brazil’s

Livestock Industry
Foot-and-Mouth Disease (FMD)

Brazil’s animal health infrastructure emerged from FMD
control efforts initiated in the 1950s (Lyra and Silva,
2004). Early recognition of regional coordination needs
led to the establishment of multilateral organizations,
such as the Pan American Center for FMD in 1951 and
the South American Commission for the Fight against
FMD in 1972. The first Hemispheric Plan for the
Eradication of FMD in South America was approved in
1987, with Brazil formalizing the National Program for
the Prevention and Eradication of FMD (PNEFA) in
1992. PNEFA introduced policies based on the
regionalization of animal health actions (with the creation
of livestock circuits), involvement of the private sector,
and massive, systematic vaccination against FMD
(MAPA, 2018).
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The last FMD outbreak in Brazil occurred in Mato
Grosso do Sul in 2006. Santa Catarina was recognized
as the first Brazilian FMD-free zone without vaccination
by WOAH in 2007, with the entire country achieving
FMD-free status with vaccination in 2018. Starting in
2019, Brazilian policies related to FMD control and
surveillance were modified to achieve a different FMD
status, following the PNEFA 2017-2026 Strategic Plan
(MAPA, 2021, 2022b). The whole country suspended
FMD vaccination between 2020 and 2024, gaining
WOAH recognition as FMD-free country without
vaccination in 2025 (Figure 3). . The successful FMD
eradication and recent vaccination suspension
demonstrate improvements and increased efficiency in

the Brazilian animal health system over recent decades.

Classical Swine Fever (CSF) and African Swine Fever
(ASF)

CSF has been eradicated in Brazil's primary hog and
pork-producing regions but persists in northern and

northeast areas (Figure 4). The Strategic Plan Brazil
Free of CSF aims to maintain CSF-free status in
currently free zones while eradicating the disease in
others, with the ultimate goal of Brazil being certified as
CSF-free. However, the challenge lies in the disease’s
presence across 50% of Brazilian territory, particularly in
regions with over 300,000 family-owned rural
establishments practicing extensive hog farming, with
different productive, social, economic, and
environmental characteristics. This farming system
makes animal health control substantially complex due
to the movement of animals and mixed species
management (MAPA, 2019).

Beyond CSF, Brazil’'s hog and pork production faces
heightened risks from diseases ASF. Although the last
ASF outbreak in Brazil occurred in 1984, recent cases
reported in the Dominican Republic and Haiti in 2021
prompted the Brazilian Ministry of Agriculture and
Livestock to launch the Contingency Plan for African
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Swine Fever in September 2022 (MAPA, 2022c). Given
Brazil's significant role as a pork producer and supplier,
prioritizing biosecurity measures is imperative to prevent
ASF transmission across international borders through
the movement of animals, people, vehicles, equipment,
contaminated feed, and contaminated meat.

Avian Influenza (Al)

Despite the eradication of Newcastle disease in 2006,
Brazilian poultry production remains vulnerable to Al.
The first Al cases were detected in 2023, with 148 cases
in wild birds and three cases on subsistence farms.
Because these did not involve commercial operations,
Brazil retained its Al-free status under WOAH
regulations. Nonetheless, the detections raised concerns
over zoonotic risks, and Japan temporarily suspended
poultry and egg imports from three Brazilian states—
Espirito Santo, Santa Catarina, and Mato Grosso do Sul
(MAPA, 2023b).

On May 15, 2025, Brazil confirmed its first highly
pathogenic avian influenza (HPAI) outbreak in a
commercial breeder flock in Montenegro, Rio Grande do
Sul. The outbreak was eliminated within 32 days through
rapid veterinary intervention (Cardenas et al., 2025).
Additional HPAI cases were reported in wild birds in the
same state. The event triggered trade restrictions by
more than 60 countries (UOL, 2025). Several markets—
including China, the European Union, Canada, South
Korea, Chile, the Philippines, and Malaysia—suspended
all Brazilian poultry imports, while others—such as
Russia, Saudi Arabia, the United Arab Emirates,
Belarus, Armenia, and Japan—imposed regional bans
limited to Rio Grande do Sul or affected zones. By the
end of August, 19 bans remained in place (Reuters,
2025). On September 4, 2025, the European Union
recognized Brazil as HPAI-free and reopened its market
(MAPA, 2025), with expectations that other markets will
follow.

Brazil's continental territory poses challenges for animal
health. Enforcing strict control over extensive
international borders, particularly in monitoring animal
movement, is complex. Wildlife poses an additional
challenge, especially the uncontrolled populations of wild
pigs and wild birds. The combination of expansive
geography, diverse ecosystems, and the inherent
adaptability of wild animals amplifies the difficulty in
implementing effective measures for animal health and
disease control in Brazil.

Modernization Process of the Brazilian
Animal Health System

Since the early 2000s, Brazil’s animal health defense
shifted from an exclusively government-funded and
organized model to a system where control and
inspection measures are implemented by the private
sector. This approach places responsibility for food
guality and safety on the private sector, with the public

sector overseeing legislative compliance. The Federal
Inspection Service has applied rigorous requirements to
all animal-related facilities and industries since the early
2000s, aiming at consumer protection and facilitating
exports to several countries due to improved quality of
the Brazilian inspection service (Leal, 2020).

The Industrial and Sanitary Inspection of Animal
Products regulation was established in 2017. Law
14,515, enacted in December 2022, mandates self-
control programs in the Brazilian agricultural sector. This
law requires agricultural producers and the food industry
to develop, implement, and monitor self-control systems
in production processes. The government remains with
full supervision responsibilities, enhancing inspection
and regulatory activities while reducing bureaucratic
burdens for the productive sector. The final goal of the
law is to create industry-generated information within the
self-control program that will be shared with the Ministry
of Agriculture and Livestock through an electronic
platform, expediting bureaucratic processes, such as
issuing animal health certificates (MAPA, 2022d). The
proposal of self-control programs follows the growing
trend toward the use of voluntary quality certification
systems that several countries in the European Union
have already implemented.

The self-control programs implemented by the private
sector must contain six types of measures:
e preventive actions: what will actually be done to
avoid deviations in the processes
e compliance standards: critical temperature,
humidity, microbiological limits, etc.
e monitoring: planned sequence of parameter
observation
e corrective actions: actions to adjust errors in
processes
o verification: checking the efficiency of corrective
actions
e records: documentary evidence that programs
operate within legal standards
These measures are evaluated during inspection by the
official animal health service, which includes facility
maintenance, water supply, pest control, hygiene,
measures to prevent cross-contamination, control of raw
materials, ingredients and packaging, temperature
control, laboratory analyses, fraud prevention,
traceability, evidence to support official certification,
animal welfare, and handling of high-risk materials.

The Agricultural Defense Surveillance Program for
International Borders was also officially established in
2022 and aims to reduce the irregular transit of
agricultural products, discourage unfair trade practices,
protect agriculture, and reduce animal health and
phytosanitary risks related to irregular international
transit in the border areas (MAPA, 2022¢).
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Traceability

The Brazilian Individual Identification System for Cattle
and Buffalo (SISBOV) was created in 2002 by the
Ministry of Agriculture and Livestock through Normative
Instruction 01/2002 and modified in 2006 and 2018.
SISBOV is the official system of individual identification
of cattle and buffalo, with voluntary adherence by rural
producers, unless specified in a normative act or
required by official health controls. SISBOV serves as a
health control tool for monitoring properties producing
meat for the global market. Producers usually adopt the
animal traceability system for access to the European
Union market, which mandates control and risk
management systems, such as animal identification,
registration, and specific meat labeling for traceability
(MAPA, 2023c).

Although SISBOV was created to meet requirements
from the European Union, it has also modernized
Brazilian livestock production, addressing consumer
market demands for food safety. At the farm level,
animal traceability serves as a herd management tool,
offering individual control and enabling precise
monitoring for increased farming efficiency. Traceability
also facilitates the implementation of genetic
improvement programs, promoting herd evolution. At the
industry level, animal traceability enhances product
standardization and the transmission of information
about meat quality to the final consumer.

In 2023, the Ministry of Agriculture and Livestock
initiated discussions on modernizing SISBOV, aiming to
establish a robust individual animal traceability system
using ear tags and electronic chips with unique numbers
for each calf immediately after birth (MAPA, 2023d).
These efforts culminated in the December 2024 launch
of the National Plan for Individual Identification of Cattle
and Buffalo (PNIB), which seeks to enhance animal
traceability and monitor animal movements,
strengthening transparency across the supply chain
(MAPA, 2024).

Animal traceability is essential to promote faster and
more effective responses in controlling and eradicating
livestock infectious diseases, making it a key component
of animal health and food safety policies. It is also vital
for monitoring environmental issues related to the meat
chain, such as deforestation. While countries such as
Australia, Argentina, Uruguay, Chile, Canada, and
members of the European Union already operate full
traceability systems, Brazil is only now advancing toward
large-scale implementation.

Conclusion

Biological threats and evolving requirements constantly
challenge the Brazilian Animal Health Defense System.
Preventing the entry of diseases such as African swine
fever, controlling avian influenza, and keeping areas free
of classical swine fever require both active and passive
surveillance systems. The upcoming years pose
challenges for the Brazilian Animal Health Defense
System, emphasizing the need for investments in
information technology, enhancements to the animal
health structure and performance, and widespread
education on animal health for producers and society.
Ensuring Brazil’s position as a leading global meat
supplier relies on a robust animal health defense, crucial
for advancing food security amid a rapidly growing world
population.

The maintenance and strengthening of the Brazilian
Animal Health Defense System will depend on strategies
to address fiscal constraints limiting budgets and
government personnel hiring. It is fundamental to
consolidate the government’s regulatory role while
increasing the private sector’s responsibility for
production processes, product quality, and food safety.
Although the recently issued self-control regulation
presents an opportunity to require an effective
commitment from farmers and industry, its outcomes
have not yet been evaluated in the literature.

In a country of continental dimensions such as Brazil,
with substantial economic and social differences, the
standardization of the animal health defense system and
implementation of education programs for producers is
essential to the success of animal health programs. An
efficient platform with a consolidated database on
livestock and animal health information, including
detailed epidemiological data, production indicators, and
information on production systems, costs, and prices,
forms an essential part of an intelligence system
supporting economic and epidemiological decisions.

Brazil’s animal health defense system (a collaboration
between official veterinary service and the private
sector) plays a vital role in ensuring robust animal health
security through effective inspection, monitoring, and the
implementation of an intelligence system based on risk
assessment. This system monitors the quality of
Brazilian products and enables rapid responses during
animal health emergencies.
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As an island nation and exporter known for shipping
large percentages of its high-quality animal products
internationally, Australia is very conscious of its
biosecurity status, with a long-standing history of
protecting livestock populations from outside pests and
diseases at the national borders. More recent efforts
combine border vigilance with collaborative management
of prevention and response activities within Australia. An
attempt to split the bills between biosecurity
“beneficiaries,” such as producers and consuming
taxpayers, and biosecurity “risk creators,” such as
importers and travelers, via different flat-rate levies
targeted to each group, has had mixed success. Cost-
sharing agreements covering emergency response,
producer loss payments, and surveillance provide
indirect incentives to follow safer practices with guidance
from the government-industry-research partnerships
created by Animal Health Australia (AHA). As is true for
the United States, Brazil, and in the wildlife arena,
challenges remain in creating more direct incentives for
preventing pests and diseases compatible with policy
objectives and biosecurity participants’ motivations. The
search for market mechanisms leading to speedier
adoption of advanced surveillance methods, particularly
those capitalizing on technology, continues.

Production Systems Aim for Quality, Seek
Trade

Australia’s farmed livestock population is spread across
two areas (Figure 1). One wraps from the upper thirds of
Western Australia (WA) and the Northern Territory (NT)
around to the east, covering the middle and eastern
parts of Queensland (QLD) and New South Wales
(NSW), all of Victoria (VIC) in the south, and the
southern part of South Australia (SA). Extensive beef
operations dominate the northern, tropical areas, while
intensive beef operations in the eastern midsection are
joined by intensive lamb production, extensive wool and
lamb production, and very small vertically integrated pig

and poultry production sectors. Moving into southeastern
Australia adds intensive dairy production to the mix. A
second much smaller livestock production area is found
in the southwestern part of the state of Western
Australia, with intensive beef and extensive sheep
operations along with another very small segment of
intensive pig production. A vast arid region occupies
central and central western Australia (Harper et al.,
2021).

Australian producers face the challenges of intense
weather variations as they develop their largest markets
among consumers abroad seeking higher quality goods.
Figure 1 shows the values of production by commodity
across the Australian states. Almost three-quarters of
the values of production for wool, sheep and lamb meat,
and cattle and beef are exported, along with 39% of
dairy production. This contrasts with the Brazilian and
United States livestock sectors, which export up to one-
third and one-quarter of production, respectively
(ABARES, 2023).

Cost Sharing Brings Greater Collaboration
to Australian Animal Health Systems

During the 1990s, concerns about Australia’s ability to
organize and fund timely responses should a highly
infectious disease outbreak occur in commercial
livestock, transitioned the animal health systems to more
formal, on-going interactions among its many parties.
Legislated responsibilities are divided between the
national government focusing on international
commitments safeguarding trade, and individual state
and territory governments tasked with surveillance,
disease preparedness and response, and livestock
identification systems within their respective borders.
National consultative committees bring government
entities including the Chief Veterinary Officer and
laboratory personnel together with AHA to develop and
implement harmonized plans protecting animal health as
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well as their funding mechanisms. Unique to the system
is the role of AHA, which functions as an independent,
public nonprofit company funded by governments and
industry to facilitate implementation of animal health
programs.! Greater participation in these agreements is
motivated by the expectations of groups sharing the
costs for biosecurity activities and wanting a say in
developing the approaches laid down. Getting to
agreement on the approaches is attributed to AHA
facilitation of the processes and determination to come
to workable agreements (AHA, 2021).

Cost-sharing arrangements—which are now part of the
animal health systems under a “beneficiary pays”
principle—are illustrated by funding of AHA and work
through it in developing and funding outbreak response
plans and producer loss payments. For AHA, 2023-2024
core funding of 4.8 million AUD comes in set equal thirds
from (1) the Australian government, (2) state and
territory governments, and (3) livestock industry groups.
Just over 1% of core funding comes from associate
memberships. These funds are used for administering
programs working across multiple livestock industries
such as the Emergency Animal Disease Response
Agreement (EADRA) and working toward better on-farm
biosecurity and surveillance databases supporting
international market access. The above organizations
also provided another 6.8 million AUD of noncore
funding to AHA for 2023—-2024, with the Australian
government giving 1.2 million AUD, states and territories
0.7 million AUD, industry members 3.7 million AUD,

1 The livestock segments represented among AHA members
are alpacas, chickens, beef cattle, dairy cattle, ducks, eggs,
goats, horses, lambs, pigs, and wool.

associate members 0.2 million AUD, and external
stakeholders 1.0 million AUD. The noncore funding is
typically targeted to projects of interest to individual
segments of the livestock industry (AHA, 2023).

Similarly, EADRA is a contractual agreement between
23 government agencies and livestock industry groups
that details the sharing of eligible costs that would be
incurred in an approved emergency response to
outbreaks of 66 Emergency Animal Diseases (EADS).
The eligible costs are salaries and wages, operating
expenses, capital costs, and producer loss payments
associated with the outbreak response. The 66 diseases
are divided into four categories based on potential public
health, environmental, and livestock industry
consequences, as indicated in Table 1. Cost sharing
between government agencies and the affected
industries ranges from Category 1 diseases, where the
government covers all outbreak-related expenses, to
Category 4 diseases, where affected industries cover
80% (Black, 2012).

The producer loss payment paid under the EADRA is
limited to the “value of livestock and other property
damaged or destroyed in the response effort” (AHA,
2022). Once the property can restock, they may receive
a second payment if livestock replacement costs exceed
the initial calculated animal value. Business continuity
losses are not covered under EADRA producer loss
payments, although they may be partially addressed by
other disaster relief agencies.
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Table 1. Emergency Animal Disease (EAD) Categories Determine Cost-Sharing Split
Potential Potential Percent Cost Split
Public Health Livestock
or . : State and | Affected Example Diseases
Environmental Industries National Territories | Industries
Consequences
Impacts
1 serious minimal 50 50 0 Nipah virus, rabies
Foot-and-mouth disease,
- . highly pathogenic avian
2 significant serious 40 40 20 influenza (HPAI), subtypes
H5 and H7
African swine fever,
3 minimal significant 25 25 50 bluetongue,
lumpy skin disease
Bovine tuberculosis,
equine influenza,
4 production loss 10 10 80 porcine reproductive and
respiratory syndrome
(PRRS)

The National, state, and territory governments cover the
outbreak costs as it unfolds. Within 6 months of the end
of an outbreak, the state or territory government leading
the response must provide documentation of the
expenses to AHA, which then coordinates
reimbursement of the industry cost share through levies
which may be spread out over a period of time, rather
than subject to immediate full payment. If outbreak
expenses exceed 1% of the affected livestock sector’s
gross value product (GVP), all parties must agree to
further funding before the response continues (AHA,
2020).

Levies for Risk Creators and Biosecurity
Beneficiaries

As Australia’s international trade position for both
livestock and plant goods strengthened through the
2010s and into the 2020s, a series of reviews called for
increased and more sustainable, animal, plant, seafood,
and forestry biosecurity funding, with attention drawn to
widening the pool of risk creators’ and beneficiaries’
contributions.? One review indicates over half of state
and territory funds are spent on managing established
pests and diseases, while the Australian government
directs about half of its funds toward disease prevention
and emergency planning. There is argument for a larger
share of funds to be directed away from response and
toward cost-effective prevention measures.

2 See Stoneham et al. (2021), CSIRO (2020), Schneider et al.
(2020), Australian Government, Inspector-General of
Biosecurity (2021), and DAFF (2022a,b).

National, state, and territory governments sporadically
increased their biosecurity outlays in 2021/22 and
2022/23 while longer term solutions based on the
reviews took shape. Notably, the Australian national
government made two unsuccessful attempts to
introduce (flat-rate) levies in a bid to improve funding
sustainability—a first in 2019 targeting importers as risk
creators (DAFF, 2024) and a second in 2024 expanding
the scope to include a levy on domestic producers as
biosecurity beneficiaries (DAFF, 2025). Instead, from
2024/25 forward, border-biosecurity activities will largely
continue to be funded but at increased levels by
taxpayers via increased budget appropriations and by
increasing existing cost recovery charges on importers.
Table 2 illustrates recent increases in charges on
importers, passengers, and mail. These funds are
expected to slow the recent trend of Australia relying
more on short-term government and external industry
contributions with some additional targeting of disease
prevention incursions with longer term investment in
surveillance.

Refining Who Pays What for Animal Health
Systems

Australia introduces indirect economic incentives for
improved animal health through its cost-sharing
approaches. But efforts remain at a collective level
rather than more directly targeting preventative
biosecurity actions by individual farmers, trading
companies, and governments. Internationally, farmers,
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Table 2. Levies and Charges Increasing to Support Biosecurity Efforts, 2023-2024
Shipment Type January 2023 June 2023 July 2024
pruy +18% to 58 AUD
oo per declaration +28% to
1534 AUD
+13% to 43 AUD | per vessel
per declaration
+0.4 AUD per
ATUDN0 parcel,
N> 0.25% per
. ’ ATUD150 parcel
and 0.04% per
AUD999 parcel
2 +27% to 70 AUD
per passenger
Source: DAFF (n.d., 2025).

governments, and researchers continue to face
challenges in designing and implementing efficient tools
in the face of uncertainty about the risks of disease, the
costs of recommended interventions, and the payback
from them (Biesheuvel et al., 2021). Two examples
raised in submissions responding to the Australian
Department of Agriculture, Fisheries and Forestry
(DAFF) November 2022 request for “what long-term,
sustainable funding and resourcing for Australia’s
biosecurity system might look like” illustrate possibilities
for further targeting biosecurity incentives in the
Australian context: importer insurance and investment in
point of care testing (DAFF, 2022b).

Stoneham et al. (2021,2024) explore biosecurity risk
insurance (actuarial levies) as an efficient alternative to
flat-rate levies on risk creators who import. The study
analyses the insurance characteristics needed for
importers to face signals that lead them to lower risk in
their importing patterns in terms of product origin or
modes of transportation. Higher risk importing faces
higher insurance premiums. Although the policies could
be sold by either the private or the public sector,
government would need to mandate importers to
purchase the insurance. The proceeds from insurance
premiums would be used to fund government risk-
reducing measures such as inspections taken prior to
entry of the products into the country as well as the costs
of any resulting outbreaks. International trade and
production losses would not be covered. Information
gained from such an insurance market also provides
price estimates for taking on biosecurity risks across
sectors. Further research work to determine the
feasibility of biosecurity risk insurance is recommended
in these responses.

The second example, increased investment in point-of-
care (POC) testing, appears in multiple responses. The
reviews of Australian biosecurity funding and the
national government’s new funding initiatives also
emphasize the need for easier adoption of new
technologies with an emphasis on improving government
inspection systems and diagnostics. With results
available more quickly and on-site, POC tests able to
diagnose multiple diseases could help provide the
disease information needed to better focus response
and surveillance measures, particularly for EADs.
Economic modeling studies repeatedly report the value
of early detection in reducing Australian outbreak
response costs and international trade losses. This
dependence on international trade and the remote
locations of livestock operations provides market
incentives for developing well-validated POC testing for
detection and surveillance, even if individual test costs
may seem higher.

However, successful implementation of POC tests
requires more than just test development and validation
in the lab. They must be validated under the resource
and personnel conditions in the field and in the context
of government agencies’ capacities to implement
confirmatory testing protocols. Validation approaches
have been developed by the World Organization for
Animal Health (WOAH) as well as a few countries, but
their application is not always mandatory. Targeted
market incentives for POC test implementation falter as
variations in location characteristics increase costs of
field validation, and the economic benefits of this field
validation are spread so widely across livestock
producers, consumers, and government biosecurity
departments (Sims, 2012; Hobbs, 2020; Railey, 2024).
As a result, marshalling private investment for field
validation of POC test implementation is difficult, and
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government departments struggle to obtain the quicker, on-site tests, uncertainty continues to blur the
additional funding needed for implementing new incentives for a better balance toward preventive rather
technologies. Without the information provided by than reactive biosecurity.
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Livestock and livestock products are crucial for nutrition
and food security worldwide. In Ethiopia, high incidences
of infectious diseases, exacerbated by the dry climate
and tropical weather, pose a significant constraint on
livestock productivity (Ayele et al., 2021; Hooper, 2016).
Livestock diseases significantly reduce household
income, with livestock contributing 25%—-80% of income
across Ethiopian districts (Mekuriaw and Harris-Coble,
2021). Livestock diseases also jeopardize primary
animal protein sources to households, adversely affect
human health, and distort labor markets (Rushton et al.
2018, 2021; Hennessy and Marsh, 2021). Inefficient
public expenditure allocation in the animal health
subsector has resulted in suboptimal infrastructure and
compromised healthcare for livestock (Desta, 2015;
Kebede, Melaku, and Kebede, 2014), which leads to
constrained markets and inefficient outcomes (Hennessy
and Marsh, 2021).

Public expenditure in Ethiopian agriculture has the
potential to improve animal health outcomes and
generate significant returns. Globally, despite high
returns, developing economies typically allocate only
3%—-5% of total public expenditure to the aggregated
agricultural sector (animal, crop, fishery, and forestry)
(Goyal and Nash, 2017). In Ethiopia, this allocation is
incongruent with the sector’s contribution to gross
domestic product (GDP), which was nearly one-third of
GDP in 2020. Ethiopia only allocated approximately
3.26% of its overall public expenditure to the agriculture,
fisheries, and forestry sector (FAO, 2024), with each
subsector, including forestry, fish, crops, and livestock,
receiving even smaller fractions. Since 2018, Ethiopia
has faced challenges affecting nearly all its households,
with 91% of the population affected by some
combination of persistent droughts, floods, locust
infestations, and conflict (World Bank).

Ethiopian Economy

Despite recent challenges, the Ethiopian economy has

shown steady growth over the past decade. Real GDP in
constant 2020 USD has increased from $52.17 billion in
2012 to more than $99.9 billion in 2020 (see Figure 1).
The agriculture, forestry, and fishery sector, a vital
component of the national economy, has seen growth in
real dollars but a decline in its percentage contribution to
GDP, decreasing from 40% ($21 billion) in 2012 to 30%
($31 billion) in 2020. Total public expenditures averaged
13.11% of GDP from 2012 to 2020. Figure 1 displays the
total public expenditure and the expenditure specifically
for the agricultural, forestry, and fishery sector in
Ethiopia from 2012 to 2020. Despite the sector
contributing 35% of GDP during this period, its public
expenditure averaged 0.91% of GDP and 7.1% of total
public expenditures.

Public accounting and reporting on specific subsectors
of agricultural expenditure, including animal health, is
limited, leading to data gaps. Ex ante government
expenditures to support the animal health subsector may
include investments in biosecurity/surveillance,
laboratory diagnosis and infrastructure, and preparations
for disease events. Ex post expenditures to address
disease outbreaks include appraisal, cleaning and
disinfection, disposal, euthanasia, indemnification,
guarantine, inspections, and vaccination. Unfortunately,
accurate estimates of private or public costs for livestock
farming are not systematically collected or reported
across countries (Rushton et al., 2018, 2021). Partial
exceptions include studies like Seeger et al. (2021),
which report government ex post costs for the 2014—
2015 highly pathogenic avian influenza (HPAI) outbreak
in the United States, and the OutCost spreadsheet
model, used to collect ex post costs for African swine
fever (ASF) and classical swine fever (CSF) outbreaks in
Colombia, the Philippines, and Vietnam (Casal et al.,
2022).
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Figure 1. Gross Domestic Product and Public Expenditure: Ethiopia, 2012-2020
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Source: Authors’ elaboration based on data from FAOSTAT (FAO, 2024).

To put this in a broader perspective, in Ethiopia, public
expenditures fluctuated between 12% and 28% of GDP
from 1980 to 2021 (IMF, 2022). In comparison, U.S.
expenditures ranged from approximately 50% to above
60% over the same period. Empirically, public spending
of countries with optimal public sector performance and
outcomes typically falls within 30% to 40% of GDP or
lower (Schuknecht, 2020). In 2021, Ethiopia allocated
13.8% of its GDP to total public expenditure, amounting
to $114 per capita, covering various sectors including
agriculture, health, education, defense, social protection,
transportation, and others. While the United States may
overspend relative to optimal levels, Ethiopia likely
underspends.

Ethiopian Livestock Sector and Trade
Supply

The Ethiopian livestock sector significantly contributes to
the national economy, accounting for nearly 20% of GDP
and 40% of agricultural GDP (Dessie, 2022). Ethiopia
has the largest cattle population in Africa (65 million
head) and is a top regional producer of sheep (40 million
head) and goats (51 million head) (Mekuriaw and Harris-
Coble, 2021). Outputs include milk, meat, draft power,
manure, and hides. Inputs into Ethiopian livestock
production comprise capital, feed, labor, and animal
health. However, there are significant data gaps, with
limited or no systematic, publicly available data on
livestock inputs across countries and over time (Rushton

et al., 2018, 2021), including Ethiopia. Prices for feed
can be estimated using crop prices from sources like the
Food and Agriculture Organization of the United Nations
(FAO), but data on capital, labor, and animal health are
largely nonexistent. A recent estimate suggests that the
cost shares of health, feed, and labor in the small
ruminant livestock subsector are 3%, 7%, and 90%,
respectively, based on 2021 estimates (GBADS, 2024a).

Demand

With a population of 120 million, Ethiopia holds the
second-highest human population in Africa, following
Nigeria. Despite its large population, Ethiopia has
experienced notable economic growth over the past 2
decades. Per capita GDP has increased consistently
since 2000, reflecting the country’s economic
development efforts. In 2020, Ethiopia’s GDP per capita
reached $918.65 (Global Change Data Lab, 2024),
indicating progress in improving the standard of living for
its citizens. One significant aspect of Ethiopia’s
agricultural landscape is its domestic consumption of
ruminant meat, including meat from cattle, sheep, and
goats. Unlike some countries that rely heavily on meat
exports, Ethiopia primarily produces ruminant meat for
its domestic market. In 2020, per capita consumption of
cattle, sheep, and goat meat in Ethiopia averaged 13.29
pounds per person (Global Change Data Lab, 2024).
The focus on domestic consumption underscores the
importance of the livestock sector in meeting the dietary
needs and food security of the Ethiopian population.
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Figure 2. Recent Trends in Aggregate Meat Production and Trade Including Bovine, Small Ruminant, Pig,
Poultry, and Other Meat in Ethiopia
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Trade

In 2020, beef exports accounted for only 0.04% of
domestic production, while live cattle exports were
1.01% of total slaughtered cattle. For small ruminants,
goat meat exports were 7.40% of domestic production,
with live goat exports at 0.01%. Similarly, sheep meat
exports were 0.33% of domestic production, and live
sheep exports were 1.41%. Overall, small ruminant meat
exports accounted for 4.10% of domestic production,
and live animal exports were 0.61% (FAO, 2024).
Several factors such as inadequate facilities meeting
international standards, low livestock genetic potential,
and a comparative advantage in prioritizing domestic
demand over stringent export requirements hinder
export growth (Eshetie et al., 2018). Moreover, the
prevalence of transboundary diseases results in
repeated trade bans that constrain the export market
(MoA and ILRI, 2013; Hennessy and Marsh 2021).
Figure 2 illustrates recent trade patterns, highlighting the
small fraction of domestically produced meat that is
exported.

In 2020, the primary importing countries of animal meat
from Ethiopia were Saudi Arabia and United Arab
Emirates (FAO, 2024). Improving animal health
standards for domestic production and to export is
challenging, underscoring the need for more public
expenditure and enhanced strategic planning for the
animal health system of Ethiopia. In 2020, Ethiopia
imported only 22.22 tons ruminant meat, mainly from
South Africa, United Arab Emirates, and Australia (FAO,
2024) due to the unavailability of higher-quality meat in
domestic market (Gadisa Muleta, 2022).

Ethiopian Animal Health System

Ethiopia’s animal health system consists of contributions
from public, private, and nongovernmental development
organizations. The public sector includes the federal
Ministry of Agriculture (MoA) and regional livestock
bureaus (MoA and ILRI, 2013; Gizaw et al., 2021). The
MoA collaborates with local and international research
organizations, such as the International Livestock
Research Institute (ILRI), to enhance the livestock
subsector (Mekuriaw and Harris-Coble, 2021). The MoA
also oversees quality veterinary services and safe
trading, supports the National Veterinary Institute (NVI)
for the production and supply of veterinary drugs and
vaccines, and ensures safe marketing and trading of
veterinary drugs and animal feed through the Veterinary
Drug and Feed Administration and Control Authority.
The MoA’s quarantine division supervises
slaughterhouse inspection to ensure public health safety
and facilitate expanded export markets (Biffa, Bogale,
and Skjerve, 2010; Beyi and Dahl, 2016). Ethiopia’s
regional animal health system includes woreda (local
government) offices and small veterinary clinics (posts).
Senior staff at woreda offices oversee rural veterinary
clinics and manage the distribution of vaccines, drugs,
and instruments. Posts operate in rural and remote
areas under the supervision of woreda offices. In 2017,
Ethiopia had 710 public veterinarians in operation
(WOAH, personal communication, January 15, 2024).

Ethiopia’s private animal health sector consists mainly of
veterinary pharmacies, drug importers, and distributors
(MoA and ILRI, 2013). Private clinicians are restricted
from administering vaccines, so their role is limited to
operating retail drug shops, often providing clinical
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Table 1. Disease Prevalence with Top Priority for Cattle, Sheep, Goats, Poultry and Camels and Reported
Impacts in Ethiopia
Prevalence Economic Per Capita Annual
Affected (animal Loss in Economic Losses
Disease Species level, %) Impact Ethiopia (in 2020 USD)
Foot and mouth b Milk loss, mortality, USD 0.93¢ —
disease (FMD) Cattle 56-42.7 draft power loss 38.86¢ million USD0.01-0.49
L Morbidity and milk,
Lumpy skin disease Cattle 27° beef, traction power USD 0'? - 361 USD 0.01 - 0.05
(LSD) loss million®"9
Contagious bovine USD 5.9
pleuropneumonia Cattle 0.4-96° Mortality miIIion*.‘ USD 0.08
(CBPP)
Bovine tuberculosis b Public health, USD 131.7
(BTB) Cattle 0.3-32.3 production loss million’ USD 1.68
Brucellosis Cattle 1-8P Public h_ealth, USD 12.88 USD 0.16
production loss million’
Peste des petits Sheep & b Production loss, USD 80.14
ruminant (PPR) Goat 6.4 mortality milliongX/! USD 1.02
Abortion
loss of milk
Pox Sheep & | 15 3g16 production, USD 32.64 USD 0.42
Goat milliong™n
damage to wool and
hides
Contagious caprine Sheep & b Production loss,
pleuropneumonia Goat 25.7 mortalit
(CCPP) Y
Newcastle disease b Morbidity,
(NCD)? Poultry 5.61-9.78 mortality USD 45.35 USD 0.58
Infectious bursal Poultr 77.48b mortalit million® '
disease (IBD)?2 y ) Y
Notes: Diseases with the top priority for ruminants and poultry according to the Ethiopia Livestock Master Plan (ELMP)
(Shapiro, 2015). Prevalence is measured on the animal level (i.e., taking samples from all herds irrespective of their disease
status). Per capita annual economic losses are calculated based on the population of Ethiopia directly affected by livestock
sector (i.e., 67% of the total 2020 population of Ethiopia). Exchange rate used is the average for the year 2020, which is 1
EBR = 0.0287 USD.
aDubale (2021) studied the overall impact of poultry diseases, including ND and IBD.
Sources: "Mekuriaw and Harris-Coble (2021); “Rasmussen et al. (2024); ¢ Jemberu et al. (2016); *Gumbe (2018); ‘Mesfin
(2019); 9Authors’ elaboration; "Molla et al. (2021); 'Tschopp et al. (2022); IGBADS (2024b); KJemberu, Knight-Jones, et al.
(2022a); 'Jemberu, Li, et al. (2022b); ™ Dubie et al. 2022; "Tadesse et al. (2022); °Dubale (2021).

services without proper licensing (Hooper, 2016). In
2017, there were 162 accredited private veterinarians
and 10,311 paraprofessionals in Ethiopia’s private
animal health sector. Nongovernmental organizations
contribute to Ethiopia’s animal health services by
employing Community Animal Health Workers (CAHWS),
who raise awareness about animal health and can
detect livestock diseases early (Hooper, 2016). In 2017,
Ethiopia had 350 CAHWSs working in the country
(WOAH, personal communication, January 15, 2024).

Livestock Diseases in Ethiopia

Ethiopia is affected by a broad range of animal diseases,
with significant impacts on production and the economy.
Table 1 summarizes prevalence and a range of
economic impacts across selected disease and species.
The reported economic losses attributed to livestock
diseases are not meant to offer a conclusive evaluation
of disease burden or an exhaustive literature review but

to present information from the literature and set the
stage for further discussion. The Ethiopia Livestock
Master Plan (ELMP) (Shapiro et al., 2015) ranks
livestock diseases in Ethiopia based on various factors,
including their impact on household density, market
dynamics, and the intensification of livestock production.

Major economic losses in the cattle sector include
declines in meat and dairy production along with losses
from trade bans. Jemberu et al. (2016) estimated annual
costs of foot and mouth disease (FMD) outbreaks
reaching up to $38.86 million (ETB 1,354 million) without
control measures. A recent study by Rasmussen et al.
(2024) estimates that annual FMD losses in Ethiopia are
$0.93 million (ETB 32 million). Further, a trade ban
imposed by Egypt during the 2005—-2006 FMD outbreak
resulted in an estimated loss of $14 million (ETB 488
million) for Ethiopia (Mekuriaw and Harris-Coble, 2021).
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Lumpy skin disease (LSD) also causes significant
financial losses at both the national and the farm level.
The cost per animal is $6.43 for local breeds and $58 for
crossbreeds (Gumbe, 2018). Over the 5-year period
from 2012 to 2017, 62,176 LSD cases were reported,
resulting in economic losses ranging from $0.4 million
(ETB 14 million) to $3.61 million (ETB 126 million)
(Mesfin, 2019). Additionally, LSD is a trade-limiting
disease, as infected feedlot animals cannot be exported
(Mekuriaw and Harris-Coble, 2021). Other diseases,
such as contagious bovine pleuropneumonia (CBPP),
account for economic losses beyond $5.9 million (ETB
205.6 million) annually (Molla et al., 2021). Bovine
tuberculosis (BTB) and brucellosis also lead to
substantial economic losses. BTB is estimated to cause
losses of $131.7 million from 2015 to 2025 (Tschopp et
al., 2022), while brucellosis results in both production
and trade losses, with estimated losses of $12.88 million
in 2021 (GBADS, 2024b).

Major diseases affecting small ruminants include
contagious caprine pleuropneumonia (CCPP), peste des
petits ruminants (PPR), and sheep and goat pox (SGP).
The estimated yearly cost of CCPP in endemic areas is
$507 million (Igbal Yatoo et al., 2019). During the 2017-
2018 PPR outbreak in northwest Ethiopia, farm-level
losses were calculated at $13.4 per affected sheep and
$12.9 per affected goat (Jemberu, Knight-Jones, et al.,
2022a; Jemberu, Li, et al., 2022b), indicating a potential
economic loss of $80.14 million considering the
country’s small ruminant population and prevalence rate.
SGP has an estimated animal-level prevalence of
15.36% in certain districts, with average herd-level
losses of $3.00 per infected goat and $1.27 per infected
sheep (Dubie et al., 2022; Tadesse et al., 2022),
suggesting a potential economic loss of $32.64 million
(ETB 1137 million).

Major poultry diseases in Ethiopia include Newcastle
disease (ND), infectious bursal disease (IBD), avian
coccidiosis, helminth infestations, ecto-parasite
infestations, and salmonellosis (Shapiro et al., 2015;
Asfaw et al., 2019). These diseases result in significant
production losses due to mortality and morbidity, posing
a substantial threat to public health through zoonoses
given the widespread nature of poultry farming in the
country (Asfaw et al., 2021). Ethiopia experiences an
annual economic loss of $45.35 million (ETB 1,580
million) in village chicken production due to various
poultry diseases, based on data from 2020-2021
(Dubale, 2021).

Are Government Investment and
Intervention Efficient or Effective?

The efficiency and effectiveness of government
investment and intervention in the livestock sector is a
complex issue. Economists usually refer to key metrics
such as efficiency (optimal use of resources) and
effectiveness (maximum realization of policy objectives)

to evaluate the performance and impact of public
spending. Governments typically allocate funds across
broad categories including education, health, and
agriculture, and then further distribute these funds within
each sector. For instance, expenditure in the agricultural
sector is split across crops, livestock, fisheries, and
forestry. In the case of animal diseases, there is
evidence of market failure due to negative externalities
(Rushton et al., 2018, 2021; Hennessy and Marsh,
2021), leading to economic losses in Ethiopia ranging
from $3.86 to $4.38 per capita annually (see Table 1).

To determine whether a government policy is successful
in correcting market failure, we must consider three
factors (Winston, 2006):
1) Is there evidence of a serious market failure that
requires government intervention?
2) Do government policies or allocations improve
market performance and economic efficiency?
3) Are government policies or allocations optimal in
correcting the market failure and maximizing
economic welfare?

Studies show that a disease-free livestock sector in
Ethiopia could lead to significant economic gains. For
example, outcomes from a partial equilibrium model
predict that a disease-free sheep and goat meat value
chain alone could result in gains of $3.58 billion, or
$30.55 per capita (Shakil et al., 2024). In terms of
general economic impact, applying a general equilibrium
model that considers all sectors, Ethiopia’s GDP could
increase to $3.97 billion, or $33.00 per capita
(Countryman et al., 2024). On the other hand, estimates
from the Animal Health Loss Envelope (AHLE), which
are predictions of financial losses at the farm level with
fixed prices, predict that losses due to infectious and
noninfectious diseases in Ethiopia can total up to $16.74
billion or $139.15 per capita (GBADS, 2024b). The
predictions from the former two equilibrium studies are
lower than those from the AHLE estimates because the
equilibrium models incorporate market adjustments,
substitution effects, and other economic interactions,
whereas the AHLE approach assumes fixed prices and
does not account for these relationships. Determining
whether government actions or policies are optimal
requires empirical evidence and can be challenging due
to legal mandates and limited resources. Rushton et al.,
(2018, 2021) offer a systematic approach to assessing
the economic burden of animal disease, including the
disease burden in Ethiopia.

Some argue that optimal public expenditure in the
agricultural sector should be proportional to the marginal
increase in economic welfare from public spending in a
nonagricultural sector (Goyal and Nash, 2017).
However, completely efficient markets are rarely, if ever,
observed in practice (Winston, 2006). A possible
approach would be studying successful nations’
experiences to determine the appropriate level of
agricultural spending. The Maputo Declaration on
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Agriculture and Food Security, for example,
recommended that agricultural spending should be
around 10% of total public spending, based on the
economic analysis of 12 East and South Asian countries
(Goyal and Nash, 2017).

In the livestock sector, optimal public expenditure occurs
when marginal social benefits are equal to marginal
social cost. Without government intervention, private
firms’ efforts to combat disease may result in a
suboptimal equilibrium due to their focus on their own
direct production losses (Hennessy and Marsh, 2021).
Public expenditure on vaccination, veterinary
laboratories, and databases can shift the marginal cost
down and the marginal benefit up, leading to a more
efficient economic equilibrium (Alleweldt et al., 2012;
Johansson et al., 2016). Without sustainable efforts such
as prevention, detection and control of diseases,
marginal cost of these expenses increases in the short-
and intermediate-run equilibria. Continued public
investment in animal health and veterinary infrastructure
is necessary to reach to the efficient equilibrium, which is
often not the case due to limited resources (National
Research Council, 2009). Examples such as the East
Coast fever vaccination in Kenya (Karanja-Lumumba,
Mugambi, and Wesonga, 2015; Marsh et al. 2016), foot-
and-mouth disease control in Botswana (Kabelo et al.,
2023) and Tanzania (Casey-Bryars et al. 2018), and Rift
Valley fever vaccination in East Africa (Kimaniet al.,
2016) illustrate the critical importance of investing in
animal health to improve livelihoods, to enhance food
security, and to drive economic growth.

Ethiopia currently faces challenges in allocating funds
efficiently to the livestock sector due to suboptimal public
infrastructure, various political agendas, and debt
repayment obligations. As a result, government
spending on animal health and veterinary services is
often insufficient and remains suboptimal (National
Research Council, 2009).

Forward Movement of Regulatory Agencies
Ethiopia is implementing various reforms and initiatives
to enhance its food and agricultural trade system. The
Ethiopian government has committed to transforming its
food systems, with a focus on food safety, as part of the
United Nations (UN) Food Systems Summit 2021.
Additionally, Ethiopia signed the African Continental
Free Trade Area (AfCFTA) agreement and resumed
negotiations for accession at the World Trade
Organization. In January 2021, the country launched a
ten-year economic development plan (2021-2030)
aimed at fostering economic growth, productivity, and
competitiveness. These efforts are expected to promote
the development of transparent and predictable trade
policies and regulatory systems, ultimately boosting
international trade.

Future Directions

Addressing institutional inefficiencies is crucial to
optimizing productivity in the livestock production
system, necessitating comprehensive assessment to
determine the optimal level of public investment required
for economic efficiency in a country’s animal health
subsector. Inefficient resource allocation contributes to a
weakened and less effective animal health subsector.
Improved market efficiency and government efficiency
are both necessary to move toward sustainable
pathways and to attain sustainable development goals.

Optimal resource allocation in the animal health
subsector faces greater challenges in the post-COVID
era, compounded by factors such as internal conflicts,
drought, and market disruptions stemming from the
Russia—Ukraine war. For example, inflation in Ethiopia
rose from 26.6% in 2021 to 34% in 2022, whereas the
nonperforming loans ratio surpassed the allowed 5.0% in
2021 (African Development Bank Group, 2023). Further,
international reserves declined in recent years, and the
country defaulted on debt in December 2022 (Reuters,
2023). These emergent macroeconomic issues have
further pushed investment in the animal health subsector
down the priority list. This results in a lack of accurate
accounting of public expenditure and investment in
animal health services, making animal health
management challenging due to limited data and
information (Rushton et al., 2018, 2021).

Future efforts should focus on achieving optimal
investment in the animal health sector, which occurs
when the marginal benefit of animal contributions to
economic welfare equals the marginal cost of diseases.
This requires transparent reporting of expenditure data
to enable accurate estimation of country-specific optimal
public investment in animal health (Kappes et al., 2023;
Marsh et al., 2024). However, it is important to recognize
that what is optimal for individual producers may not
always align with societal goals (Hennessy and Marsh,
2021), as the benefits of improved animal health may not
be evenly distributed across the supply chain (Shakil et
al., 2024).

Therefore, given the limited flexibility in national budget
allocation, financial assistance from international
communities is essential, especially if earmarked
specifically for the animal health sector (National
Research Council, 2009). Nongovernment organizations
(NGOs) play a crucial role in Ethiopia’s animal health
sector by collaborating with the MoA to train and
integrate CAHWSs. Supporting countries in developing
National Agricultural Investment Programs and
improving the efficiency and quality of expenditures is
critical. This approach aligns with broader initiatives such
as the New Partnership for Africa’s Development
(NEPAD) and its Comprehensive African Agricultural
Development Program (CAADP) (Goyal and Nash,
2017), ensuring a more equitable and effective allocation
of resources in the animal health sector.
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Pandemics are increasing in frequency and magnitude
as the human population grows. Three main drivers of
pathogen emergence are wildlife engagement (trade,
hunting, and recreational uses), agricultural
intensification and expansion into previously wild areas,
and destruction of tropical rainforests (Bernstein, 2022).
One common link between these factors is the presence
of wildlife. Many zoonotic diseases, which are caused by
pathogens that can be transmitted between animals and
humans, originate in wildlife. It is estimated that at least
79% of reportable domestic animal diseases have a
wildlife component, and at least 40% are zoonotic (Miller
et al., 2017). Monitoring the health of wildlife populations
can help researchers identify potential sources of
zoonosis, develop strategies to prevent or control their
spread, and provide a means of measuring the
economic efficiency of managing diseases in wildlife to
prevent economic impacts when these diseases are
transmitted to livestock.

The competitiveness of U.S. livestock in domestic and
international markets is constantly threatened by
diseases. With approximately 78 million domestic swine
raised in 2020, approximately 26% of which is exported
(USDA-FAS, 2021), this livestock industry is the second
largest in the United States (Figure 1). Because the
industry is at heightened risk of disease spread due to
their invasive relatives, wild pigs, disease surveillance of
wild pigs has increased sharply in the past 2 decades.

Wild pigs (Keiter, Mayer, and Beasley, 2016), are an
invasive species comprised of escaped domestic swine,
Eurasian wild boar, and hybrids of the two (Smyser et
al., 2020). Millions of wild pigs are distributed across
many states, causing extensive damage to crops,
depredating livestock and native wildlife, property, and
ecosystems (Harper, 2016; Anderson et al., 2019;
McKee et al., 2020; Shwiff et al., 2020; Vercauteren et
al., 2019). U.S. federal, state, and territorial agencies are
involved in operational activities to reduce wild pig
populations where they currently exist and prevent
expansion and establishment into naive areas.

Wild pigs are particularly problematic from a disease
transmission perspective as wild and domestic swine are
equally susceptible to pathogens, including several
foreign animal diseases such as African swine fever,
classical swine fever (CSF), and foot-and-mouth disease
(FMD) (Miller et al., 2017). Additionally, wild pigs are a
highly gregarious and social species, consistently
interacting with livestock, wildlife, and humans (Mclean
et al., 2021), making them a particularly risky reservoir
for disease. The Animal and Plant Health Inspection
Service (USDA-APHIS) Wildlife Services (WS) National
Feral Swine Damage Management Program (NSFP)
conducts surveillance for a variety of diseases in wild
pigs including CSF, pseudorabies (PRV), and swine
brucellosis (SB).

CSF, also known as hog cholera, is a contagious viral
disease in pigs that was eradicated from the United
States in 1978. The severity of the illness varies with the
strain of the virus, the age of the pig, and the immune
status of the herd. This disease is of economic concern
for the United States because its introduction could have
global economic impacts, particularly through trade
restrictions (McKee et al., 2023). PRV is a contagious
herpesvirus, and pigs are the only natural host. The virus
primarily infects the central nervous system and the
respiratory tract and death can reach 100% in piglets.
Pigs can display a fever, anorexia, and weight loss,
causing significant production losses. PRV was
eradicated from the U.S. commercial swine industry in
2004 but is endemic in wild pigs (USDA-APHIS, 2023).
SB is a zoonotic, infectious bacterial disease of swine
that causes chronic inflammatory lesions in the
reproductive organs, leading to abortions, infertility, and
low milk production. The commercial U.S. swine industry
is free of SB; however, wild pigs remain a reservoir for
the disease (Robbins, Almond, and Byers, 2014).

Methods

Wild pigs are lethally removed by USDA-APHIS Wildlife
Services (WS) to protect agriculture, property, natural
resources, and human health and safety. As a part of
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Figure 1. Hog and Pig Inventory Data Captured by the U.S. Department of Agriculture National Agriculture
Statistics Service, 2017
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these operational activities to manage damage, blood
samples are collected from a subset of the wild pigs
removed and samples are tested for antibodies against
CSF, PRV, and SB. Additionally, WS personnel collect
metadata correspondent to each sample, including
collection site and animal age class and sex. The WS
official system of record for feral swine disease
surveillance data, DART (Data And Results
Transmission), maintains wild pig sample data for 40
states and three territories (Puerto Rico, Guam, and the
U.S. Virgin Islands). Wild pig sampling began in 2006.

National disease surveillance in the United States for
wild pigs provides an early detection system for ASF,
CSF, and FMD (Miller et al., 2023). Each county within
the invaded range of wild pigs is assigned a surveillance
priority; 50%, 20%—-30%, and 10%—20% of samples
must come from high, medium, and low priority counties,
respectively. The surveillance prioritization is based on
risk of introduction comprised of (1) the presence of
landfills, seaports, and airports and (2) mail and
passenger cargo interdiction data as well as host risk,
which is determined by (1) the presence of domestic
livestock and (2) wild pig populations. The annual
sample target is 6,000, and samples must be distributed
both spatially and temporally. Upon collection, samples

are sent to the National Wildlife Research Center
(NWRC), where quality control and data integrity are
checked prior to the samples being sent to laboratories
for diagnostics. Diagnostic testing for CSF is conducted
at the Foreign Animal Disease Diagnostic Laboratory
(FADDL) at Plum Island in New York; PRV and SB
samples are sent to the Kentucky Federal Brucellosis
Laboratory for testing. For each disease, the diagnostics
used are antibody based, indicating historical infection,
such that the results are reported as number of positive
samples over the total number of samples tested. Lab
results are then reported through DART 3-6 weeks after
submission.

Results

Between October 1, 2021, and September 30, 2022
(fiscal year 2022), Wildlife Services sampled more than
6,000 wild pigs and tested them for CSF, PRV and SB
antibodies (Table 1). The national seroprevalence for
U.S. wild pigs sampled was 18.7% and 6.8% for PRV
and SB, respectively. This finding aligns with the
seroprevalence findings over the prior 4 years (fiscal
years 2018-2021), in which national seroprevalence for
PRV fell between 18.6%—-24.4% and 5.7%—14.5% for
SB.
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Table 1. Nationwide Wild Pig CSF, PRV, and SB Seroprevalence, Fiscal Year 2022
Disease Number of Samples Tested Number of Positive Perqgnt
Positive
CSF 7,628 0 0.00
PRV 6,100 1,139 18.7
SB 6.085 411 6.8
Specifically, PRV had the highest seroprevalence among Discussion

the three disease types with Hawaii, Florida, and Guam
at 53.3%, 38.6%, and 36.2%, respectively (Figure 2).
Feral swine in Kansas had a 0% positivity for PRV, with
Mississippi, North Carolina, and Missouri also having low
seropositivity at 2.9%, 3.7%, and 4.0%, respectively
(Figure 2). Guam, Hawaii, and Florida were also found to
have the highest seroprevalence of SB in feral swine,
with 19.7%, 17.2%, and 13.5% of samples having
antibodies, respectively; however, Missouri, California,
and Kansas exhibited the lowest SB seroprevalence of
0.5%, 0.8%, and 0.9%, respectively (Figure 3). The
United States is currently free of CSF; no samples were
found to have antibodies against CSF (Table 1).

The United States is the world’s third-largest producer
and consumer of pork and pork products, with hog and
pig inventory spread predominantly across the Midwest
and North Carolina (Figure 3). The U.S. pork industry
exports approximately $7.7 billion annually (USDA-FAS,
2020), with China the primary recipient. Surveillance of
these diseases in wild pigs has the potential to
significantly reduce an economic disturbance caused by
an outbreak, thereby preventing losses in the billions.

While opportunistic sampling in a subset of wild pigs
removed for damage management provides only a
partial assessment of the true landscape risk of spillover
from wild pigs to domestic swine, results from this study
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Figure 2. Apparent Seroprevalence of Pseudorabies Virus in Wild Pigs among U.S. States and Territories,
Fiscal Year 2022
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Figure 3. Apparent Seroprevalence of Swine Brucellosis in Wild Pigs among U.S. States and Territories,
Fiscal Year 2022
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indicate that economically important diseases like SB
and PRV are present in wild pigs in states like North
Carolina, which has significant hog and pig inventory.
Data collected by WS is shared with federal and state
animal health officials, who use these data to
communicate to backyard swine producers and hunters
about the impacts to domestic swine and human safety,
respectively. WS disease data and sound estimates of
the comprehensive costs of collecting these data can be
used to guide and inform management decisions for
agriculture and natural resources. The presence of these
diseases makes continuous disease surveillance vital
focus in the livestock industry.

Bovine spongiform encephalopathy (BSE, more
commonly referred to as mad cow disease) illustrates
the potential economic consequences of a livestock
disease outbreak. In 2003, U.S. beef exports averaged
$325 million per month. Following the discovery of BSE
in a single U.S. cow in late 2003, average monthly
exports plummeted to a monthly average of $59 million

during 2004, an 82% reduction (Fox et al., 2005). In April
2007, beef exports finally recovered to levels seen prior
to the discovery of BSE in the United States (Chen et al.,
2020).

As the human population continues to expand at the
human-wildlife-domestic livestock interface at increasing
rates, the risk of disease transmission is heightened.
Understanding the landscape epidemiology of diseases
endemic in wild pigs but eradicated in domestic swine
(PRV and SB) informs the risk of pathogen spillover.
Further, surveillance for foreign animal diseases in feral
swine (CSF) provides national and international
confidence in detection and reporting ensuring the
access to trade. Disease surveillance in wildlife plays a
crucial role in safeguarding human health, protecting
wildlife, and livestock, as well as promoting a One Health
approach to management that considers the
interconnections between humans, other animals, and
the environment.
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