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Abstract

Background: Brucellosis is an endemic zoonotic disease in most of the developing world that causes devastating
losses to the livestock industry and small-scale livestock holders. Infected animals exhibit clinical signs that are of
economic significance to stakeholders and include reduced fertility, abortion, poor weight gain, lost draught power,
and a substantial decline in milk production. In humans, brucellosis typically manifests as a variety of non-specific
clinical signs. Chronicity and recurring febrile conditions, as well as devastating complications in pregnant women
are common sequelae.

Discussion: In regions where the disease is endemic, brucellosis has far-reaching and deleterious effects on humans and
animals alike. Deeply entrenched social misconceptions and fear of government intervention contribute to this disease
continuing to smolder unchecked in most of the developing world, thereby limiting economic growth and inhibiting
access to international markets. The losses in livestock productivity compromise food security and lead to shifts in the
cognitive competency of the working generation, influence the propagation of gender inequality, and cause profound
emotional suffering in farmers whose herds are affected. The acute and chronic symptoms of the disease in humans can
result in a significant loss of workdays and a decline in the socioeconomic status of infected persons and their families
from the associated loss of income. The burden of the disease to society includes significant human healthcare costs
for diagnosis and treatment, and non-healthcare costs such as public education efforts to reduce disease transmission.

Conclusion: Brucellosis places significant burdens on the human healthcare system and limits the economic growth of
individuals, communities, and nations where such development is especially important to diminish the prevalence of
poverty. The implementation of public policy focused on mitigating the socioeconomic effects of brucellosis in human
and animal populations is desperately needed. When developing a plan to mitigate the associated consequences, it is
vital to consider both the abstract and quantifiable effects. This requires an interdisciplinary and collaborative, or One
Health, approach that consists of public education, the development of an infrastructure for disease surveillance and
reporting in both veterinary and medical fields, and campaigns for control in livestock and wildlife species.
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Background
Brucellosis is a zoonotic disease that severely hinders
livestock productivity and human health worldwide. The
burden that the disease places specifically on low-income
countries has led the World Health Organization (WHO)
to classify it as one of the world’s leading ‘neglected

zoonotic diseases’ [1]. Brucellosis is caused by bacteria of
the genus Brucella, with Brucella abortus, Brucella meliten-
sis, and Brucella suis; infecting cattle, small ruminants, and
swine, respectively, being species of particular importance
in human and livestock infections worldwide. Other species
of concern include Brucella canis, infecting dogs, and
Brucella ovis, infecting sheep [2].
In animals, brucellosis is highly contagious and cross-

species transmission of certain Brucella spp. can occur
[2]. Mucosal contact with aborted fetuses and fetal
membranes, which contain large amounts of the bacteria,
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is an important means of transmission in livestock [3].
Infected livestock exhibit clinical signs of great economic
significance to stakeholders (i.e., small scale livestock
farmers, meat and milk industry, human communities,
etc.), including reduced fertility, abortion, and a substan-
tial decline in milk production over an animal’s lifespan
[4]. In humans, brucellosis typically manifests as a range
of non-specific clinical signs including malaise, fatigue,
arthritis, and fever. Chronicity and recurring febrile condi-
tions with joint pain are common sequelae [5]. The acute
and chronic symptoms of the disease can result in a
significant loss of work days and consequential disparity
in the socioeconomic status of infected persons and their
families. Human-to-human transmission can occur trans-
placentally, via breastfeeding, and rarely through sexual
intercourse, organ transplantation and blood transfusions
[6]. Transmission can also occur through direct contact
with infected animals, their tissues (e.g. placenta or
aborted tissues), or their products (e.g. dairy) [5]. While
pasteurizing milk is an effective means to kill Brucella and
prevent infection in humans, this precaution is not
routinely practiced in some resource limited communities
because of long- standing cultural practices and a general-
ized lack of understanding by the public about the dangers
of consuming raw milk [7]. In Egypt, for example, social
misconceptions about the nutritive quality of pasteurized
milk has led to a reduction in consumption of commercial
milk products, leaving raw milk from small-scale dairy
producers to account for up to 80% of the total milk in-
dustry (up to 4 billion liters per year), according to the
chairman of the Egyptian Chamber of Food Industries [8].
Exacerbating the problem are the food products from
informal markets that predominate in low and middle
income countries and often escape meeting the appropri-
ate health and safety standards before reaching the
consumer [9].
In low and middle-income countries, misconceptions

about Brucella’s true incidence often arise from underre-
porting and insufficient monitoring data, a lack of financial
resources and capacity, and efforts between veterinarians
and human medics. All contribute to the continued
prevalence of brucellosis [10]. Paired with the presence of
rampant social stigmas and mistrust regarding government
intervention, this has allowed Brucella to increase unchal-
lenged in the marginalized human and animal populations
of the world. For example, in India, religious beliefs
denounce practices that include the test and slaughter of
livestock for infectious diseases, and small scale livestock
keepers have been known to avoid diagnostics for fear of
consequences (e.g., slaughter of their entire herd) if a single
animal were to test positive for brucellosis [9, 11]. Zinsstag
et al., 2006 [12] discusses nomadic pastoralists who live in
many areas of the world and their vulnerability to brucel-
losis because of close contact during animal husbandry and

consumption of livestock products. He further discusses
that though they are socially marginalized, they make
significant contributions to national gross domestic prod-
ucts (GDPs) by making marginal lands more productive.
This paper aims to synthesize both the well and poorly

understood factors that account for the wide-ranging
socioeconomic impact of brucellosis in regions of the
world where it is endemic. We address dimensions of
the Brucella discussion that have to date been neglected,
largely because their abstract nature makes them
difficult to assess quantitatively. We also aimed at assist-
ing researchers in their prioritization and decision-
making processes by comprehensively assessing the
complexities associated with reducing the global impact
of brucellosis. To accomplish this, we used economic
frameworks, published by Rushton et al. 1999 [13], and
Jo in 2014 [14], to explore the impact that brucellosis
has in regions of the world where it currently exists. Fol-
lowing this, we offer an assessment of the collaboration
required to address this issue, along with a call for ac-
tion; that is developing a One Health approach through
the collaboration of human, animal and public healths
to demonstrate an added value of cost savings and/or
improved health by working in concert rather than
alone.

Discussion
Worldwide distribution of brucellosis
We use published case studies and reviews to highlight
the estimated prevalence of brucellosis in regions where
it is endemic. However, it should be noted that because
many areas with endemic brucellosis have poor medical
and veterinary infrastructures, the true incidence of
disease is likely to be markedly under-reported [15].

Middle East
A review paper published by Musallam et al., 2015 [16]
compiled the available prevalence data sets for the
region of the Middle East and screened them for quality
of reporting. The screening process included reviewing
retrieved abstracts by the primary author based on the
following inclusion of four criteria. First, the research
was original and studied a human or animal population
in a Middle Eastern country; second, the article was
published in a peer-reviewed section of a journal; and,
third, that the research was written in Arabic, English,
French or Persian. The fourth criterion was to determine
if the research provided estimates of the frequency of
Brucella spp. infection in domestic ruminants and/or
humans, or estimates of the strength of the association
between Brucella spp. (sero)-positivity in humans and
potential risk factors. If required for clarification, the full
text was retrieved and the article subjected to quality
assessment and data extraction. Per their data, B. melitensis
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and B. abortus have been confirmed in most countries of
the Middle East [16]. The seroprevalence results from small
ruminant populations in these regions is remarkable. For
example, studies from Egypt in 2008 suggest a brucellosis
true seroprevalence rate of: 12.2% prevalence in sheep,
11.3% prevalence in goats, 41.3% true prevalence of sheep
and 32.2% of goats in infected villages [17]. Published data
from other countries in the Middle East reinforce that bru-
cellosis is a significant problem in the region. In Saudi Ara-
bia, for example, consumption of raw milk by people
resulted in a 3.0 to 3.8 times greater probability that an in-
dividual would be seropositive for Brucella antibodies on
serology [18]. This is consistent with reports from Jordan,
where sheep seroprevalence of brucellosis was estimated to
be 2.2% at the individual animal level and 45% at the herd
level [19].

Africa and Asia
In 2013, a study by McDermott et al. [4] was conducted
to estimate the economic impact of brucellosis in the
developing nations of Africa and South/ Southeast Asia.
In all, 259 studies on brucellosis from these regions were
analyzed and encompassed observations from 500,000
animals, 30,000 people, and 600 food samples. While the
sensitivity and specificity of surveillance and diagnostic
tests can over- or underestimate the true prevalence of
disease, the compiled information from this work
provides a valuable estimate. The data revealed an
average prevalence range of 0–88.8% in sheep and goats,
0–68.8% in cattle, 0.4–20% in camels, and 0–12.9% in
other species (pigs and dogs). In high risk human
populations, such as veterinarians, livestock handlers,
and abattoir workers, the average prevalence was 11%.
Among hospital patients in which brucellosis was
consistent with the clinical picture, the prevalence was
7% [4]. These data suggest that brucellosis is endemic
across the African and Asian continents and is a major
cause of disease in humans and livestock [4].

Central and South America
A retrospective analysis of brucellosis in Latin America
was published by Lucero et al. in 2008 [20]. Overall, the
study reports that in Latin American countries, the
prevalence of brucellosis in cattle ranges from 0.5% -
10%. However, the prevalence of the disease in suids is
currently unknown. There is also a lack of significant
data about Brucella in small ruminants from the region.
In Argentina, official data reports note that the
estimated prevalence of brucellosis in cattle is 10–15%
among herds and 4–5% among individual animals, the
species also composing the largest sector of the livestock
industry [20]. In Central America, B. abortus and B. suis
have been identified in every country and B. melitensis
in Guatemala, with the prevalence rate of brucellosis

in Central American cattle estimated to be between 4
and 8% [21].

Overview of brucellosis impact in livestock where it is
endemic
In this section, we adapt the framework proposed by
Rushton et al. 1999 [13] to assess the impact of
brucellosis infection in livestock in regions where it is
endemic. This framework is outlined in Fig. 1. It consists
of determining the direct and indirect economic losses
attributable to brucellosis and highlights the wide
breadth of consequences that brucellosis has on the
livelihood of livestock stakeholders in low-resource
communities. Direct effects include those that are
visible, or directly evident to the stakeholder, and those
that are invisible, or that include forgone production
potential [13]. In the case of brucellosis, visible losses
include livestock abortion, reduced milk production, lost
draught power, reduced weight gain from chronic
infections and ill-thrift, premature death or culling of
unproductive stock, veterinary costs associated with
treating clinically ill animals and diminished animal wel-
fare. In endemic areas, Brucella spp. can cause a signifi-
cant reduction in herd productivity that compromises
food security and the livelihood of farmers who depend
on the sale or trade of surplus meat, dairy, and offspring
from their animals. For example, a 6-year brucellosis
control plan implemented on a Mexican dairy farm with
300 cows revealed an increase in average milk produc-
tion by 6 L per day by the conclusion of the study [22].
Multiple studies have also found a correlation between
seropositivity for Brucella spp. and history of abortion
[4]. In Ethiopia, seropositive livestock were found to be
4.7 (cattle) and 6.9 (goats) times more likely to have
aborted in their lifetime when compared to seronegative
animals [23]. This demonstrates that while the decreases
in livestock productivity caused by brucellosis induced
abortion and reduced milk production are multifactorial,
severe production losses can occur as a result. In 2002,
the Food and Agriculture Organization (FAO) released a
study that estimated the effects of eliminating bovine
brucellosis in sub-Saharan Africa. The modelling
estimates predicted that eradicating the disease from this
region would generate between USD $0.497– USD $1
billion in additional income potential for stakeholders
on an annual basis [24]. Furthermore, a study conducted
in India in 2015 attributed a median loss of USD $3.4
billion of revenue to the livestock sector from the
production losses, reduction in fecundity, and premature
deaths of animals infected with brucellosis [25].
Additional visible losses involve the negative effects of
the disease specifically in draught animals. Carpal hygro-
mas are common clinical signs of chronic brucellosis in
cattle [26] and can result in joint pain, inflammation,
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and a reduction in mobility that can be particularly
disabling for them. This has the potential to severely
limit their usefulness as a means of transportation or
draught power and can compromise the income of
farmers or community members who depend on them
for these purposes.
The direct but invisible losses include reduced herd

fertility and the costs associated with changing the herd
structure to compensate for the overall reduction in
productivity and fertility (Fig. 1). In cattle, infertility due
to brucellosis is caused by post-abortion metritis and
retained placentas [27]. Additional invisible losses are
associated with the transmission of Brucella spp. from
infected livestock to wildlife or feral animals that can
then transmit the disease to surrounding herds.
Brucellosis has been successfully eradicated in several
high- income countries through the implementation of
multi-faceted control strategies that include vaccination
and test-and-slaughter of infected livestock [28, 29]. The
World Organisation for Animal Health (OIE) declares
that several countries in Western and Northern Europe,
Canada, Japan, Australia, and New Zealand are free of
Brucella. However, eradication of brucellosis proves
difficult even for developed countries, such as the
United States, because of the ability of some Brucella
spp. to infect multiple species and to reside in feral
populations of ruminants and swine [30, 31]. Once a
reservoir host for brucellosis becomes established in a

region due to this type of transmission event, it is much
more difficult to eradicate and requires a substantial
increase in resources for effective control [32]. For
example, in the United States, USD $3.5 billion was
invested in a brucellosis eradication program that
successfully decreased the prevalence of bovine brucellosis
from 11.5% to 0.0001%. However, despite this investment,
elk and bison in the Greater Yellowstone Ecosystem of
Wyoming, Idaho, and Montana remain reservoirs for the
disease – signifying the difficulties of eradication when
wildlife reservoirs for Brucella spp. exist. Because nomadic
styles of livestock rearing are common in the developing
world, the transmission of brucellosis from infected to
naïve herds of livestock via feral animals or wildlife species
that act as reservoirs is a major concern. A study
conducted in 2015 in the Katavi-Rukwa ecosystem of
Tanzania detected anti-Brucella antibodies in humans,
cattle, goats, and buffalo residing in the region. This is
significant because farmers in this area practice agro-
pastoral livestock rearing and the co-mingling of wildlife
and domestic species is common. In other words, it
suggests that brucellosis has cyclic transmission capabil-
ities that involve humans, livestock, and wildlife species
who live in close proximity to each other [33].
Apart from losses due to disease, which are one source

of economic cost, brucellosis also causes indirect finan-
cial expenditures for disease management and forgone
revenue when a disease is present in a region. Costs for

Fig. 1 Framework to assess the effects of livestock brucellosis in regions where the disease is endemic, adapted from Rushton et al., 1999
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veterinary services, vaccination, diagnostics, farmer
indemnification, and a system for animal identification
and maintenance of surveillance records are incurred
when a disease management plan is implemented on a
regional or national level. However, before a control plan
can be pursued, a stable veterinary infrastructure and
system for animal identification must be in place. While
the resources allocated to developing this infrastructure
can be greater than the capital of product preserved
after an effective Brucella control plan is established, it
is important to note that this is essential for decreasing
the incidence of all livestock and zoonotic diseases.
Therefore, this cost can be distributed and analyzed
alongside all diseases that affect livestock productivity in
a region of interest.
Furthermore, forgone revenue related to brucellosis

includes trade restrictions from areas endemic with B.
melitensis, B. abortus, and B. suis. These Brucella spp.
are listed as notifiable diseases by the OIE – a list made
in compliance with the Sanitary and Phytosanitary
Agreement of the World Trade Organization that helps
to guide policy development concerning the inter-
national trade of products contaminated with specific
biological agents [34].

Overview of brucellosis impact in humans where it is
endemic
We used the framework proposed by Jo (2014) [14] to
assess the impact of endemic brucellosis in human
populations. A thorough compilation of the intangible,
direct and indirect costs as presented in the literature is
discussed as they relate to the cost of illness (COI), or
burden of disease, when brucellosis is present in a
population (Fig. 2). According to the framework, intan-
gible costs include those that diminish a patient’s quality
of life but that cannot be easily standardized between
individuals and therefore typically lack a predictable
monetary value. Direct costs include healthcare costs, or
medical expenditures for the diagnosis, treatment and
management of clinically-ill patients, and non-healthcare
costs, or those that provide a patient with access to care
[14]. Indirect costs include those associated with the
morbidity and mortality of a disease that specifically affect
the patient and society in which the patient lives [14].
In regions where brucellosis is endemic, intangible

costs contributing to the overall burden of disease
include physical pain and emotional suffering. In about
half of all cases, the disease presents as an acute febrile
condition with patients commonly reporting joint and
back pain, fatigue, headaches, and a loss of appetite [35].
However, infection can cause complications in any organ
system, and a delayed onset of symptoms and chronic
form of the disease are common [35]. Emotional suffer-
ing results directly from the decrease in quality of life of

persons experiencing clinical symptoms and from the
effects that the disease has on the livelihood of small
scale livestock stakeholders. In general, farmers with
small holdings of livestock, the typical production
scheme in low-income regions, suffer from increased
stress and a lack of access to support or mental health
services [36]. In 2016, a study conducted in India
revealed that farmers were more likely to commit suicide
because of socioeconomic factors like indebtedness
rather than mental disease [37]. Extrapolate these
findings to a disease like brucellosis, which has consider-
able negative implications on livestock productivity, and
it is evident that farmers’ feelings of grief, hopelessness,
depression, and suicide are likely amplified in regions
where the disease is perpetuated.
Direct effects of brucellosis in human populations

include the associated healthcare and non-healthcare
costs of the disease. Healthcare costs include the
expenses related to laboratory diagnostics, physician
services, hospitalization, treatment, and medications for
the clinically-ill.
Depending on the existing healthcare system where

the patient lives, the responsibility for paying these costs
can fall on the patient, patient’s family, insurer, hospital,
taxpayers, or government. Human brucellosis is a
disease that results in significantly higher healthcare
costs compared to the average patient seeking medical
care [38]. A study conducted in southern Israel revealed
that healthcare utilization costs for brucellosis patients
was USD $57 (p < 0.05) greater before diagnosis and
USD $947 (p < 0.001) greater one year post diagnosis
when compared to non-brucellosis cases that were
matched by age, sex, hospital, and primary care
physician [38]. The higher costs of patients post diagno-
sis stem from higher utilization of medications, spinal/
skeletal diagnostic procedures, emergency room visits,
and laboratory tests [38].
Non-healthcare costs include expenses related to a

patient’s access to care and the prevention of disease.
Transport to and from medical facilities, housing accom-
modations while care is being received, and a loss of
work days or leisure time when seeking medical
attention can amount to significant expenses that the
patient or their families are responsible for paying out-
of-pocket. It should also be noted that while individuals
in low-resource settings have an increased prevalence of
health complications and shorter life expectancy, access
to health services in these areas is significantly lacking
[39]. Thus, it is evident that the costs for acquiring
medical care are amplified for persons affected by
brucellosis because it is a disease predominantly
affecting the poor. Preventative measures to control
brucellosis in the human population are other important
non-healthcare costs to consider. Risk factors for Brucella
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infection include occupations that involve contact with
livestock or their products and the human consumption
of raw milk products such as ghee and un-boiled milk
[40]. The risk factors of brucellosis may vary from country
to country and region to region, but most risk factors are
similar. Consumption of unpasteurized milk and milk
products plays a very important role in the transmission
of this infection from animals to humans, in addition to
direct contact with infected animals and their secretions.
The best way to control this ubiquitous infection is
through the One Health approach which involves hu-
man health, animal health, and environmental health
[41]. The dissemination of educational information
about disease prevention to regions where Brucella is
endemic is therefore essential for controlling the
disease [40]. Furthermore, because infected animals
and their products are the primary source of human
infections, control of brucellosis in livestock and the
development of an effective veterinary infrastructure
is an important step to mitigating the disease in
humans [42].

In regions where brucellosis is endemic, indirect
effects include adverse obstetric events in pregnant
women, delays in treatment due to misdiagnosis, lost
leisure time and productive years due to illness or
premature death, and a loss of work days for both the
patient and caregiver. Furthermore, misdiagnosis is
common when patients present with brucellosis because
the symptoms can be vague, non-specific and mimic
other diseases that persist in low-resource settings such
as malaria and typhoid [43]. This misdiagnosis often
leads to a delay in treatment and can result in long term
complications from the disease [44], as well as create
discrepancies between the reported and actual number
of human cases in a region. Pregnant women infected
with brucellosis can develop devastating complications
such as preterm labor and delivery, congenital
malformations, low birth weight, abortion, and fetal,
neonatal and maternal death [45]. The severity of clinical
signs if a woman becomes infected does not correlate to
the likelihood that she will suffer a miscarriage [46]. In
other words, she may miscarry or suffer other severe

Fig. 2 Framework to assess the effects of human brucellosis in regions where the disease is endemic, adapted from Jo, 2014
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complications without ever recognizing a need to seek
treatment until after it is too late for medical interven-
tion to be effective.
The population effect of brucellosis in regions where

the disease is endemic includes a decrease in food
security, a reduction in the size of the workforce which
is physically able, and the propagation of gender inequal-
ity. In these settings, the reduction in milk production
and fertility caused by Brucella infections in livestock
drastically compromises food security and increases
malnutrition in already severely nutrition poor commu-
nities. For example, in 2002 the FAO estimated that an
average of 371,000 tons of additional meat and 616,000
tons of additional milk would have been generated
during that year if brucellosis was eradicated in sub-
Saharan Africa alone [24]. This is particularly important
because it is well accepted that adequate nutrition is
essential in early childhood for cognitive development
and that the propagation of malnutrition in a population
can have serious consequences for society as a whole
[47]. It is also important to note that in some cases,
increased livestock production allows women to increase
their control over personal income and assets, which is
an important mechanism to reduce gender inequalities
in patriarchal societies [48]. Controlling brucellosis in
livestock populations increases production and in turn
aids women, the primary livestock caretakers in most low-
income communities [48], to overcome social oppression
and dependency.

Interdisciplinary call to action
One of the most effective means to reduce the burden of
any disease is to reduce its prevalence in regions where it
is endemic. Vaccine campaigns, community outreach and
education, and conducting accurate disease surveillance
estimates are the cornerstones of these efforts. However,
there are currently no Brucella vaccines available for use
in humans that are considered to be safe and effective
[49]. Furthermore, the vaccines available for use in
animals do not allow for differentiation between naturally
infected and vaccinated animals on serological diagnostic
tests [50], a distinction that is imperative for assessing the
success of any vaccination program and for estimating
true disease prevalence after vaccines have been adminis-
tered in a respective region. Hence, research funding that
is focused on developing improved vaccines and diagnos-
tic tools for brucellosis is an essential first step of the ever-
evolving strategy to solve the Brucella puzzle.
The implications of brucellosis that are synthesized in

this paper suggest that to reduce or eradicate it, an inter-
disciplinary, or “Global One Health”, approach is essential.
One Health encompasses the methodology that human,
animal and environmental health are closely intertwined,
and that improvement in one of these areas is contingent

on the interdependence of all three. Thus, collaboration
between professionals across multiple disciplines and
sectors is imperative to reaching solutions that lead to the
mitigation of infectious diseases such as brucellosis
ultimately adding economic value. In 2003, an economic
model for brucellosis was simulated in Mongolia to assess
the success and financial return of livestock vaccination
on the incidence of the disease in humans. The study
demonstrated that an investment of USD $8.3 million for
mass vaccination of cattle and small ruminants using
commercially available vaccines would result in a
USD $26.6 million return (or net present value of
USD $18.3 million).
This is an example of increased livestock production

and profitability, while at the same time reducing human
healthcare costs, income loss, and coping costs in the
target region [51]. This demonstrates the importance of
implementing a holistic and multi-disciplinary approach
to the mitigation of brucellosis by incorporating
strategies that break the cycle of transmission from
animals to humans and can be applied to other zoonotic
diseases. Similarly, in 2009, the United States Agency for
International Development (USAID) created an initiative
called PREDICT. PREDICT successfully began a move-
ment of collaboration between government ministries,
scientific institutions, local organizations and stake-
holders to promote human and animal health, effective
resource management, and economic development in
twenty countries [52]. With the success of the Mongolia
and PREDICT models in mind, and considering the
unique pathology of brucellosis and its far-reaching
socioeconomic effects in the resource-poor countries of
the world where livestock of small holder farmers is
their livelihood and “bank account,” it is evident that
partnerships between veterinary, medical, environmental,
economic, cultural, policy, and societal experts are
essential to reducing the burden of this disease across
the globe.

Conclusions
Brucellosis is an endemic zoonotic disease in low, middle,
and high-income countries that causes devastating losses
to the livestock industry including small-scale livestock
holders. It places significant burdens on human healthcare
systems and limits the economic potential of individuals,
communities, and nations where such development is
especially important to diminish the prevalence of poverty.
The implementation of public policy focused on mitigat-
ing the socioeconomic effects of brucellosis in human and
animal populations is desperately needed. The interdiscip-
linary “One Health” nature of the effects that brucellosis
has indicate that collaboration of veterinary, medical,
public health, cultural, economic and social experts is
needed to effect a change in disease burden.
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Important topics for future studies include generating
assessments about the impact of brucellosis as it relates
to the exponential growth of the human population and
the increasing intensification of livestock production
systems worldwide. This, coupled with projections that
address the cost-effectiveness of mitigation measures,
will be vitally important for policy-makers to make
informed decisions to manage this disease. While there
are still many questions to be answered regarding the
true burden of brucellosis worldwide, control and
mitigation in regions where it is endemic will help to
improve food security, household income, and human
and animal health in low-resource communities. Allocat-
ing resources towards the research and development of
improved Brucella vaccines and diagnostic tools is an
important facet of addressing the problem. It is essential
to engage community leaders in developing tools and
resources which are effective in building outreach and
education campaigns at the local level. It is especially
critical to apply initiatives that teach people how to
protect themselves, their families, and their communities
from the disease through sustainable improvements and
education. Some possible focus areas are sanitation and
hygiene, food safety, biosecurity, and livestock manage-
ment techniques that are culturally and financially
feasible given the location of interest. This approach will
inevitably lead to healthier populations of humans and
animals at the community level and result in a ripple
effect that builds more stable economies and improves
the health and productivity of multiple species on a
global scale.

Abbreviations
FAO: Food and Agriculture Organization; Health COI: Cost of Illness;
OIE: World Organisation for Animal Health; USAID: United States Agency for
International Development; USD: United States Dollar; WHO: World Health
Organization

Acknowledgements
The Institute for Infectious Animal Diseases and the Neglected Zoonotic
Disease Laboratory at Texas A&M University are recognized for providing a
unique and valuable learning opportunity for veterinary students interested
in research and development of complex global human and animal health
issues. The open access publishing fees for this article have been covered by
the Texas A&M University Open Access to Knowledge Fund (OAKFund),
supported by the University Libraries and the Office of the Vice President for
Research.

Funding
This material is based upon work supported by the U.S. Department of
Homeland Security under Cooperative Agreement Number DHS 2010-ST-
061-AG0002–06. The views and conclusions contained in this document are
those of the authors and should not be interpreted as necessarily represent-
ing the official polices, either expressed or implied, of the U.S. Department of
Homeland Security.
Additional funding for the composition of this manuscript was provided via
National Institutes of Health (NIH) grant numbers K01TW009981 (P.I. Arenas)
and R21AI107135 (P.I. Arenas).

Availability of data and materials
Not applicable.

Authors’ contributions
KF wrote the manuscript, performed the literature review, applied the
frameworks used, and developed the concepts presented. RCK participated
in the design, coordination and editing of the manuscript. BH provided
knowledge about the frameworks used and provided editing. AA
participated in its design, coordination, and editing. All authors helped
conceive of the manuscript’s overall message, and read and approved the
final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1The University of Georgia, College of Veterinary Medicine, Athens, GA 30602,
USA. 2Global One Health, Office of the Dean, College of Veterinary Medicine
& Biomedical Sciences, Texas A&M Veterinary Medical Center, Texas A&M
University, 4461 TAMU, College Station, TX 77843-4461, USA. 3Department of
Veterinary Pathobiology, College of Veterinary Medicine & Biomedical
Sciences, Texas A&M University, 4467 TAMU, College Station, TX 77843-4467,
USA. 4Department of Zoology, University of Johannesburg, P.O. Box 524,
Auckland Park, Johannesburg 2006, South Africa. 5Royal Veterinary College,
Hawkshead Lane, North Mymms, Hatfield AL9 7TA, UK.

Received: 8 August 2017 Accepted: 21 December 2017

References
1. Neglected Zoonotic Diseases. http://www.who.int/neglected_diseases/

zoonoses/infections_more/en/. Accessed 24 May 2016.
2. Olsen SC, Palmer MV. Advancement of knowledge of Brucella over the past

50 years. Vet Pathol. 2014;51(6):1076–89.
3. Poester FP, Samartino LE, Santos RL. Pathogenesis and pathobiology of

brucellosis in livestock. Rev Sci Tech. 2013;32(1):105–15.
4. McDermott J, Grace D, Zinsstag J. Economics of brucellosis impact and

control in low-income countries. Rev Sci Tech. 2013;32(1):249–61.
5. Kose S, Serin Senger S, Akkoclu G, Kuzucu L, Ulu Y, Ersan G, Oguz F. Clinical

manifestations, complications, and treatment of brucellosis: evaluation of 72
cases. Turk J Med Sci. 2014;44(2):220–3.

6. Tuon FF, Gondolfo RB, Cerchiari N. Human-to-human transmission of
Brucella - asystematic review. Tropical Med Int Health. 2017;22(5):539–46.

7. Welburn SC, Beange I, Ducrotoy MJ, Okello AL. The neglected
zoonoses—the case for integrated control and advocacy. Clin Microbiol
Infect. 2015;21(5):433–43.

8. El-Kharbotly I. Milk in Egypt: Spotlight on a dilemma. In: perspectives. J
Global Health. 2014. http://www.ghjournal.org/milk-in-egypt-spotlight-on-a-
dilemma/. Accessed 22 Dec 2016.

9. Grace D. Food safety in low and middle income countries. Int J Environ Res
Public Health. 2015;12(9):10490–507.

10. Fournier A, Young I, Rajic A, Greig J, LeJeune J. Social and economic aspects
of the transmission of pathogenic bacteria between wildlife and food
animals: a thematic analysis of published research knowledge. Zoonoses
Public Health. 2015;62(6):417–28.

11. Chand P, Chhabra R. Herd and individual animal prevalence of bovine
brucellosis with associated risk factors on dairy farms in Haryana and Punjab
in India. Trop Anim Health Prod. 2013;45(6):1313–9.

12. Zinsstag J, Taleb MO, Craig PS. Editorial: health of nomadic pastoralists: new
approaches towards equity effectiveness. Tropical Med Int Health. 2006;
11(5):565–8.

13. Rushton J, Thornton PK, Otte MJ. Methods of economic impact assessment.
Rev Sci Tech. 1999;18(2):315–42.

Franc et al. BMC Public Health  (2018) 18:125 Page 8 of 9

http://www.who.int/neglected_diseases/zoonoses/infections_more/en/
http://www.who.int/neglected_diseases/zoonoses/infections_more/en/
http://www.ghjournal.org/milk-in-egypt-spotlight-on-a-dilemma/
http://www.ghjournal.org/milk-in-egypt-spotlight-on-a-dilemma/


14. Jo C. Cost-of-illness studies: concepts, scopes, and methods. Clin Mol
Hepatol. 2014;20(4):327–37.

15. Dean AS, Crump L, Greter H, Schelling E, Zinsstag J. Global burden of
human brucellosis: a systematic review of disease frequency. PLoS Negl
Trop Dis. 2012;6(10):e1865.

16. Musallam II, Abo-Shehada MN, Hegazy YM, Holt HR, Guitian FJ.
Systematic review of brucellosis in the Middle East: disease frequency
in ruminants and humans and risk factors for human infection.
Epidemiol Infect. 2016;144(4):671–85.

17. Hegazy YM, Moawad A, Osman S, Ridler A, Guitian J. Ruminant brucellosis in
the Kafr el sheikh governorate of the Nile Delta, Egypt: prevalence of a
neglected zoonosis. PLoS Negl Trop Dis. 2011;5(1):e944.

18. Cooper CW. Risk factors in transmission of brucellosis from animals to
humans in Saudi Arabia. Trans R Soc Trop Med Hyg. 1992;86(2):206–9.

19. Al-Talafhah AH, Lafi SQ, Al-Tarazi Y. Epidemiology of ovine brucellosis in
Awassi sheep in northern Jordan. Prev Vet Med. 2003;60(4):297–306.

20. Lucero NE, Ayala SM, Escobar GI, Jacob NR. Brucella isolated in humans
and animals in Latin America from 1968 to 2006. Epidemiol Infect.
2008;136(4):496–503.

21. Moreno E. Brucellosis in central America. Vet Microbiol. 2002;90(1–4):31–8.
22. Herrera E, Palomares G, Diaz-Aparicio E. Milk production increase in a dairy

farm under a six-year brucellosis control program. Ann N Y Acad Sci. 2008;
1149:296–9.

23. Megersa B, Biffa D, Abunna F, Regassa A, Godfroid J, Skjerve E.
Seroprevalence of brucellosis and its contribution to abortion in cattle,
camel, and goat kept under pastoral management in Borana, Ethiopia. Trop
Anim Health Prod. 2011;43(3):651–6.

24. Mangen M-J, Otte J, Pfeiffer D, Chilonda P. Bovine brucellosis in sub-Saharan
Africa: estimation of Seroprevalence and impact on meat and milk offtake
potential. In: Livestock policy discussion paper. Vol. No. 8: livestock
information and policy branch, AGAL, food and agriculture organization.
2002. http://www.fao.org/3/a-ag274e.pdf. Accessed 17 Nov 2016.

25. Singh BB, Dhand NK, Gill JP. Economic losses occurring due to brucellosis in
Indian livestock populations. Prev Vet Med. 2015;119(3–4):211–5.

26. McDermott JJ, Arimi SM. Brucellosis in sub-Saharan Africa: epidemiology,
control and impact. Vet Microbiol. 2002;90(1–4):111–34.

27. Zoonoses and Communicable Diseases Common to Man and Animals, 3rd
Edition, Volume I, Bacterioses and Mycoses. Pan American Health
Organization. 2001. http://www.paho.org/hq/index.php?option=com_
docman&task=doc_view&gid=19187&Itemid=270&lang=en. Accessed 5 Jul
2016.

28. Godfroid J, Kasbohrer A. Brucellosis in the European Union and Norway at
the turn of the twenty-first century. Vet Microbiol. 2002;90(1–4):135–45.

29. Brucellosis. In: Technical Factsheet. Edited by The Center for Food Security
and Public Health Iowa State University; 2009: 1-13. http://www.cfsph.
iastate.edu/Factsheets/pdfs/brucellosis.pdf. Accessed 20 Jul 2016.

30. Pedersen K, Quance CR, Robbe-Austerman S, Piaggio AJ, Bevins SN,
Goldstein SM, Gaston WD, DeLiberto TJ. Identification of Brucella suis from
feral swine in selected states in the USA. J Wildl Dis. 2014;50(2):171–9.

31. Schumaker B. Risks of Brucella abortus spillover in the greater Yellowstone
area. Rev Sci Tech. 2013;32(1):71–7.

32. Roberts TW, Peck DE, Ritten JP. Cattle producers’ economic incentives
for preventing bovine brucellosis under uncertainty. Prev Vet Med.
2012;107(3–4):187–203.

33. Assenga JA, Matemba LE, Muller SK, Malakalinga JJ, Kazwala RR. Epidemiology
of Brucella infection in the human, livestock and wildlife interface in the Katavi-
Rukwa ecosystem, Tanzania. BMC Vet Res. 2015;11:189.

34. OIE-Listed diseases, infections and infestations in force in 2017. http://www.
oie.int/en/animal-health-in-the-world/oie-listed-diseases-2017/. Accessed 5
Mar 2017.

35. Corbel MJ. Brucellosis in humans and animals. World Health Organization;
2006. http://www.who.int/csr/resources/publications/Brucellosis.pdf.
Accessed 3 Jan 2017.

36. Gregoire A. The mental health of farmers. Occup Med (Lond). 2002;52(8):471–6.
37. Merriott D. Factors associated with the farmer suicide crisis in India. J

Epidemiol Glob Health. 2016;6(4):217–27.
38. Vered O, Simon-Tuval T, Yagupsky P, Malul M, Cicurel A, Davidovitch N. The

price of a neglected Zoonosis: case-control study to estimate healthcare
utilization costs of human brucellosis. PLoS One. 2015;10(12):e0145086.

39. Strasser R, Kam SM, Regalado SM. Rural health care access and policy in
developing countries. Annu Rev Public Health. 2016;37:395–412.

40. Asiimwe BB, Kansiime C, Rwego IB. Risk factors for human brucellosis in
agro- pastoralist communities of south western Uganda: a case-control
study. BMC Res Notes. 2015;8:405.

41. Bamaiyi PH. Prevalence and risk factors of brucellosis in man and domestic
animals: a review. Int J One Health. 2016;2:29–34.

42. Seleem MN, Boyle SM, Sriranganathan N. Brucellosis: a re-emerging
zoonosis. Vet Microbiol. 2010;140(3–4):392–8.

43. Racloz V, Schelling E, Chitnis N, Roth F, Zinsstag J. Persistence of brucellosis
in pastoral systems. Rev Sci Tech. 2013;32(1):61–70.

44. Dean AS, Crump L, Greter H, Hattendorf J, Schelling E, Zinsstag J. Clinical
manifestations of human brucellosis: a systematic review and meta-analysis.
PLoS Negl Trop Dis. 2012;6(12):e1929.

45. Vilchez G, Espinoza M, D'Onadio G, Saona P, Gotuzzo E. Brucellosis in pregnancy:
clinical aspects and obstetric outcomes. Int J Infect Dis. 2015;38:95–100.

46. Arenas-Gamboa AM, Rossetti CA, Chaki SP, Garcia-Gonzalez DG, Adams LG,
Ficht TA. Human brucellosis and adverse pregnancy outcomes. Current
Tropical Medicine Reports. 2016;3(4):164–72.

47. Prado EL, Dewey KG. Nutrition and brain development in early life. Nutr Rev.
2014;72(4):267–84.

48. Quisumbing AR, Rubin D, Manfre C, Waithanji E, van den Bold M, Olney D,
Johnson N, Meinzen-Dick R. Gender, assets, and market-oriented agriculture:
learning from high-value crop and livestock projects in Africa and Asia.
Agric Hum Values. 2015;32(1). http://hdl.handle.net/10568/56776. DOI:
https://dx.doi.org/10.1007/s10460-015-9587-x.

49. Li T, Tong Z, Huang M, Tang L, Zhang H, Chen C. Brucella melitensis M5-90 big
up tri, openbp26 as a potential live vaccine that allows for the distinction
between natural infection and immunization. Can J Microbiol. 2017;

50. Mandal SS, Duncombe L, Ganesh NV, Sarkar S, Howells L, Hogarth PJ,
Bundle DR, McGiven J. Novel solutions for vaccines and diagnostics to
combat brucellosis. ACS Cent Sci. 2017;3(3):224–31.

51. Roth F, Zinsstag J, Orkhon D, Chimed-Ochir G, Hutton G, Cosivi O, Carrin G,
Otte J. Human health benefits from livestock vaccination for brucellosis:
case study. Bull World Health Organ. 2003;81(12):867–76.

52. Kelly TR, Karesh WB, Johnson CK, Gilardi KV, Anthony SJ, Goldstein T, Olson
SH, Machalaba C, Consortium P, Mazet JA. One health proof of concept:
bringing a transdisciplinary approach to surveillance for zoonotic viruses at
the human-wild animal interface. Prev Vet Med. 2017;137(Pt B):112–8.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Franc et al. BMC Public Health  (2018) 18:125 Page 9 of 9

http://www.fao.org/3/a-ag274e.pdf
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&gid=19187&Itemid=270&lang=en
http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&gid=19187&Itemid=270&lang=en
http://www.cfsph.iastate.edu/Factsheets/pdfs/brucellosis.pdf
http://www.cfsph.iastate.edu/Factsheets/pdfs/brucellosis.pdf
http://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2017/
http://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2017/
http://www.who.int/csr/resources/publications/Brucellosis.pdf
http://hdl.handle.net/10568/56776
https://dx.doi.org/10.1007/s10460-015-9587-x

	Abstract
	Background
	Discussion
	Conclusion

	Background
	Discussion
	Worldwide distribution of brucellosis
	Middle East
	Africa and Asia
	Central and South America
	Overview of brucellosis impact in livestock where it is endemic
	Overview of brucellosis impact in humans where it is endemic
	Interdisciplinary call to action

	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

