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Simple Summary: Rabies, a deadly viral disease transmitted mainly through the saliva of infected
animals like bats, dogs, and other wildlife, poses significant risks to both livestock and human health,
particularly in Brazil. The virus predominantly spreads to herbivores, such as cattle, horses, and goats,
through bites from vampire bats. Despite efforts to control the disease through vaccination programs,
recent cases in Brazil highlight ongoing challenges. These include sporadic vaccination failures, the
presence of vampire bats in some regions, and deforestation, which affects bat habitats and increases
disease spread. The economic impact on Brazil’s livestock sector is considerable, resulting in losses in
meat and milk production and posing public health risks. Effective management strategies involve
not only maintaining robust vaccination schedules but also addressing environmental factors that
facilitate rabies transmission. Increasing awareness and improving control measures are crucial
to reducing the disease’s impact. By integrating vaccination efforts with habitat management and
ongoing surveillance, Brazil can better protect its livestock and prevent the spread of rabies to humans,
ensuring both animal welfare and public health.

Abstract: Rabies, a zoonotic viral disease, poses a significant threat due to its adaptability to diverse
environments. Herbivore rabies, predominantly affecting cattle, horses, and goats in Brazil, remains
a concern, results in substantial losses in the livestock industry, and poses risks to public health.
Rabies virus transmission, primarily through hematophagous bats in Latin America, underscores the
need for effective strategies, and vaccination plays a crucial role in controlling herbivorous rabies,
with systematic vaccination beingly the primary method. Efforts to control rabies in herbivores
include vaccination campaigns, public awareness programs, and the enhancement of surveillance
systems. Despite these initiatives, rabies persists and imposes an economic burden and a significant
health risk. Economic impacts include losses in the livestock industry, trade restrictions on livestock
products, and financial burdens on governments and farmers owing to control measures. Despite
the considerable costs of campaigns, surveillance, and control, investing in rabies vaccination and
control not only safeguards livestock, but also preserves public health, reduces human cases, and
strengthens the sustainability of the livestock industry. Mitigating the impact of herbivorous rabies in
Brazil requires integrated approaches and continuous investments in vaccination, surveillance, and
control measures to protect public health and ensure the sustainability of the livestock industry, thus
contributing to food and economic security.

Keywords: bovine rabies; zoonotic disease; vaccination strategies; Brazil

Animals 2024, 14, 2305. https:/ /doi.org/10.3390/ani14162305

https:/ /www.mdpi.com/journal /animals


https://doi.org/10.3390/ani14162305
https://doi.org/10.3390/ani14162305
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0009-0004-4338-6967
https://orcid.org/0000-0001-9140-9079
https://orcid.org/0009-0003-1916-9658
https://doi.org/10.3390/ani14162305
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani14162305?type=check_update&version=2

Animals 2024, 14, 2305

20f 8

1. Introduction

Rabies, a viral pathology that originated from a virus belonging to the genus Lyssavirus,
is a zoonotic disease that has a notable impact on mammals, including humans, and is
nearly invariably fatal upon the onset of symptoms [1]. Transmission of the rabies virus
predominantly occurs through the saliva of infected animals, such as bats, dogs, raccoons,
skunks, and foxes, via bites or scratches [2]. Although human-to-human transmission is
exceptionally rare, it has been documented in cases of organ transplantation and, theoreti-
cally, through bites and saliva contact. The clinical outcomes of rabies are inevitable after
the appearance of symptoms [3]. Immediate medical intervention, including post-exposure
prophylaxis (PEP) with rabies vaccines and immunoglobulins, is effective in preventing the
development of symptoms if administered promptly after exposure [4]. Although human
rabies cases are relatively rare in developed nations with effective vaccination programs,
the disease still poses significant concern in regions with limited access to healthcare and
preventive measures [5].

Because of its ability to develop in various ecological niches, rabies poses a threat to
both animals and humans, which highlights the importance of controlling its transmission
in livestock populations. Rabies is a severe viral disease that predominantly affects herbiv-
orous animals, such as cattle, horses, and goats [6]. In Brazil, it is a constant concern for the
livestock industry, as the disease results in substantial losses in meat and milk production,
in addition to posing a risk to public health, given that the infection can be transmitted to
humans through contact with diseased animals [7]. Symptoms often observed in infected
animals include aggressiveness, excessive salivation, dysphagia, and paralysis [8]. The
transmission of the rabies virus to herbivores predominantly occurs through bites from
hematophagous bats, notably vampire bats, which are the main reservoirs of the virus in
rural environments. Although rabies control in herbivores in Brazil is largely achieved
through the systematic vaccination of animals, particularly cattle and horses, the sporadic
occurrence of cases suggests persistent challenges [9,10]. Recent disease reports may be
attributed to various factors, including vaccination failures, the presence of hematophagous
bats in certain regions, and the introduction of the virus into previously disease-free areas,
which often results from ecological disturbances, such as deforestation [11].

The economic losses in the livestock industry in Brazil from herbivore rabies, pre-
dominantly affecting cattle, horses, and goats, pose a serious regional problem. The links
between substantial landscape modification, particularly in the Amazon region of Brazil,
show a direct link between environmental changes and disease emergence and the spread
of rabies into new areas. This trend indicates the need for ‘One Health’ thinking to find
solutions to this problem. One Health interventions are crucial in addressing the intercon-
nected health of people, animals, and the environment, as highlighted by studies on the
impact of landscape changes on disease dynamics [12].

It is crucial for veterinary health authorities and rural producers to maintain constant
surveillance of the prevalence of rabies in herbivores, promote the regular vaccination of
animals, and implement control measures aimed at hematophagous bats, such as the use of
physical barriers and capture strategies [13]. In addition, education and awareness among
those involved in the livestock industry are critical for mitigating the risk of disease trans-
mission and ensuring the safety of both animals and people. Despite posing a substantial
threat, the adoption of adequate prevention and control measures can minimize the impact
of rabies on herbivores in Brazil.

1.1. Vaccination

In Brazil, strategies for rabies control in herbivores are diverse and encompass essential
practices for mitigating the disease spread. Bovine vaccination plays a crucial role in
livestock management by preventing the propagation of rabies, safeguarding animal health,
and reducing the risk of transmission to humans and other animals [14]. This practice
is fundamental to responsible cattle management and contributes to the overall well-
being of animals and dependent communities. Bovine vaccination primarily relies on
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inactivated vaccines developed to combat rabies, which induce a robust immune response
and stimulate antibody production [15]. Protocols often involve initial doses followed by
periodic boosters tailored to the local context. Schedule planning considers factors such
as the local prevalence of the disease, type of vaccine, and regional regulations to ensure
protection against rabies and promote health security within the herd [16].

Regarding vaccination costs, both the Brazilian government and cattle producers
have invested significantly in campaigns, surveillance, and rabies control. These include
expenses for vaccines, veterinary supplies, logistics, training, supervision, and monitoring
in rural and urban areas [17]. Producers also face additional costs for biosecurity measures
and the hiring of specialized labor. Despite financial challenges, it is essential to recognize
that investing in rabies vaccination and control not only protects cattle, but also preserves
public health, reduces human cases, and strengthens the sustainability of the livestock
industry, this contributing to the country’s food and economic security [18].

1.2. Herbivore Rabies

Brazil is the fifth largest country in terms of territorial extension and plays an important
role in livestock production at both the national and international levels, boasting the largest
herds in Latin America. However, livestock growth is intricately linked to environmental
challenges, particularly escalating deforestation, which primarily takes place in the Amazon
region of Brazil and leads to substantial landscape modification [19]. The absence of a
consistent strategic plan for agricultural and livestock expansion not only irreversibly alters
the landscape but also increases the risk of infectious diseases, notably rabies, in humans
and other mammals owing to the adaptability of hematophagous bats to environmental
changes [20]. Rabies in herbivores is endemic throughout Brazil, with higher incidences in
the states of Tocantins, Goids, Rio Grande do Sul, Minas Gerais, and Sao Paulo, which have
historically reported more cases of rabies in cattle due to the more significant presence of
reservoirs such as vampire bats. From 1999 to December 2022, 50,944 cases of rabies in
herbivores were recorded nationwide (Figure 1). In 2021, 661 cases were reported, with
Sao Paulo leading (17%), followed by Minas Gerais (14.3%), and Parana (10.1%). In 2022,
776 cases were registered, of which 677 affected cattle [21].

The annual temporal analysis of bovine rabies cases from 1999 to 2022 revealed notable
peaks in 2000 (6088 cases) and 2003 (2795 cases), with significant fluctuations until 2006.
Subsequently, a gradual decrease occurred with minor oscillations until 2019, with a no-
table reduction observed in the subsequent years, reaching the lowest reported case values.
Regarding rabies cases in horses, the blue timeline displayed slight fluctuations through-
out the examined period, with a peak in 2000 that totaled 470 cases (Figure 1). Despite
governmental efforts to establish guidelines for herbivore rabies control, current evidence
consistently points to a global trend of underreporting rabies cases. This underreporting
can compromise the accuracy of analyses and the comprehensive understanding of the
actual incidence of rabies in herbivores, which is influenced by factors such as surveillance
system limitations and insufficient resources for precise diagnostics [22].
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Figure 1. Annual distribution of the number of rabies cases in herbivores in Brazil (1999-2022).
Source: Brazil, Ministry of Agriculture, Livestock, and Supply, Animal Health Information System,
Brasilia, DF: MAPA, 2023 [23].

1.3. Impacts on Human Health

More than 99% of rabies cases in herbivores in Brazil are caused by hematophagous
bats of the species Desmodus rotundus. The ability of these bats to cover distances exceeding
10 km and utilize various types of forests, especially riparian zones, to traverse extensive
agricultural areas allows the virus to spread from an infected animal across state and
national borders. The adaptability of D. rotundus to artificial shelters and its proximity to
cattle on farms and rural populations influences rabies outbreaks in both cattle and humans,
thus contributing to disease transmission in agricultural environments. The preference of
these bats for artificial shelters highlights the need for specific control measures to mitigate
risks associated with virus transmission [23,24].

Human rabies, although rare in Brazil, remains a relevant concern, with an average
of seven cases per year over the last ten years. Notably, a recent epidemiological shift has
been observed, where the antigenic variant AgV-3, associated with hematophagous bats,
has been detected in the majority of human rabies cases. In 2017, of the six registered rabies
cases, none were related to dog bites, whereas five cases were attributed to bats, and one
to a feline bite. In 2018, all 11 cases were attributed to bats, and in 2019, the only reported
case was caused by a feline bite from an animal infected with an antigenic variant of bat
AgV-3. In 2022, five confirmed rabies cases were associated with the antigenic variant of
the bat. Additionally, in 2023, one human rabies case was linked to the transmission of
bovine rabies [25].

In this context, bats play an increasingly significant role in the spread of rabies, with
the periodic movement of their colonies becoming more pronounced [26]. This increase in
bat movement is related to the deforestation that has resulted from urban expansion and
the conversion of natural ecosystems into areas for intensive livestock farming. Notably,
there has been a loss of natural habitats, such as forests and riparian areas, for these animals,
which reduces the availability of shelter, reproduction sites, and food [27]. These alterations
have a direct impact on the dynamics of bat communities in various regions of Brazil and
leads animals to seek more favorable locations that offer better shelter and food conditions.
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This behavior also results in a closer proximity to humans and an increased susceptibility
of communities to rabies [28]. Figure 2 complements this dynamic by illustrating the
corresponding increase in the number of human rabies cases in regions with significant
alterations in vegetation cover and land use. The direct relationship among bat behavior,
environmental changes, and the increase in rabies cases is visually evident, which empha-
sizes the need for improving our understanding and providing effective intervention for

rabies in these areas.
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Figure 2. Relationship between the number of human rabies cases and changes in vegetation coverage

and land use in Brazilian regions.

1.4. Mitigating the Impact of Rabies

Efforts to mitigate the impact of bovine rabies in Brazil include vaccination campaigns,
public awareness programs, and improvements in surveillance and reporting systems.
The vaccination of animals, particularly herbivores like cattle, is essential for controlling
the disease, especially in endemic areas, and is conducted according to the guidelines
of the Ministry of Agriculture, Livestock, and Supply (MAPA). MAPA organizes annual
vaccination campaigns in high-risk areas, particularly those prone to outbreaks caused by
vampire bats. In some regions, vaccination is mandatory, and farmers must vaccinate their
animals and maintain vaccination records [18].

Control measures also include habitat management and population control of vampire
bats using anticoagulant pastes. Additionally, educational programs are implemented to
inform farmers about the importance of vaccination and best practices for rabies prevention.
Despite these efforts, herbivorous rabies remains a concern, highlighting the need for

ongoing surveillance and control measures [18,23].
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The persistence of herbivorous rabies in Brazil presents significant challenges to public
health and has a substantial economic impact. In addition to losses in the livestock indus-
try, control measures such as quarantine and surveillance impose considerable financial
burdens on farmers and governments. Herbivorous rabies also reduces the productivity of
affected cattle and affects operational efficiency and sector profitability [23].

Additionally, herbivorous rabies outbreaks, especially in cattle, can cause significant
financial losses due to blood spoliation. This phenomenon not only reduces animal pro-
ductivity but also leads to increased veterinary care and management costs, highlighting
public health risks due to the zoonotic nature of the disease. The potential transmission
to humans underscores the urgency for substantial investments in vaccination campaigns,
surveillance, and control, which imposes a significant financial burden on governments
and cattle producers [29]. A thorough understanding of these complexities reinforces the
need for integrated approaches and ongoing investments to mitigate the impact of bovine
rabies on Brazil.

Vaccinating bats is not viable, as such vaccination would require passive and/or active
search campaigns. Given the wide geographical distribution of these animals, this task
would be impractical. It would necessitate the monitoring and counting of nests, roosts,
and bat assemblies, information that is currently unavailable.

2. Conclusions

Rabies represents a complex and multifaceted challenge in Brazil, where the disease
significantly affects public health and the livestock industry. Virus transmission, primarily
by hematophagous bats, underscores the urgency of integrated strategies to control its
spread. Vaccination is a crucial strategy for rabies control in herbivores and plays a central
role in safeguarding livestock to ensure food security and prevent rabies transmission
to humans. The interaction between deforestation and the bat movement emphasizes
the importance of environmental approaches to mitigate the threat of rabies. Beyond the
economic impact on the livestock industry, the risks to human health underscore the need
for substantial investment in awareness campaigns and research. The complexity of this
scenario requires collaboration among health authorities, researchers, and agricultural
communities to implement comprehensive preventive measures. The pursuit of innovative
and sustainable solutions is essential to ensure the safe coexistence of animals and humans
and to effectively mitigate the associated risks of rabies in Brazil.
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