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Abstract. Given its importance in veterinary medicine and its impact on human health,
bovine tuberculosis demands attention on animal health programs in several countries. New
ante- and post-mortem diagnosis protocols are available and facilitate disease detection and
control. However, besides the known advantages and disadvantages of each protocol, there
is little mention of their costs. This study intends to provide an overview of the economic
aspects of diagnostic tests for the control and eradication of bovine tuberculosis.
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Aspectos econdmicos do controle e erradicacao da tuberculose bovina
e 0S custos gerenciais associados: Revisao

Resumo. Dada sua importancia na medicina veterinaria e seu impacto na salde humana, a
tuberculose bovina exige atencdo em programas de satde animal em varios paises. Novos
protocolos de diagnostico ante e post mortem estdo disponiveis e facilitam a detecgdo e
controle de doencas. No entanto, além das vantagens e desvantagens conhecidas de cada
protocolo, ha pouca mencao sobre seus custos. Este estudo pretende fornecer uma viséo
geral sobre os aspectos econdmicos dos testes de diagnostico para controle e erradicagdo
da tuberculose bovina.

Palavras chave: diagndstico, programas, tuberculose

Aspectos econdmicos del control y la erradicacion de la tuberculosis
bovina y los costos de gestion asociados: Revision

Resumen. Dada su importancia en la medicina veterinaria y su impacto en la salud humana,
la tuberculosis bovina requiere la atencion de los programas de salud animal en varios
paises. Los nuevos protocolos de diagndstico antes y después de la muerte estan disponibles
y facilitan la deteccion y el control de enfermedades. Sin embargo, aparte de las ventajas y
desventajas de cada protocolo, hay poca mencion de sus costos. Este estudio tiene como
objetivo proporcionar una vision general de los aspectos econdémicos de las pruebas de
diagndstico para controlar y erradicar la tuberculosis bovina.

Palabras clave: diagnostico, programas, tuberculosis
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Introduction

Bovine tuberculosis affects several animal species, and it's considered a zoonosis. Its causal agent is
Mycobacterium bovis, an acid-fast resistant bacillus (Eisenstadt & Hall, 1995; Olea-Popelka et al.,
2017). The disease frequently attacks the lungs, but an intestinal form may occur in calves after the
ingestion of contaminated milk (Biffa et al., 2012). Human contamination may occur via airborne,
ingestion of infected milk or, less frequently, by contact with mucous membranes and damaged skin
(Thoen et al., 2009; Vordermeier et al., 2012). Although in humans tuberculosis caused by M.
tuberculosis or by M. bovis are indistinguishable (Allix-Beguec et al., 2010), bovine tuberculosis can
produce extrapulmonary symptoms due to oral infection associated with raw dairy products ingestion,
a common situation in less developed countries (Katale et al., 2012).

Given its importance in veterinary medicine and its impact on human health, bovine tuberculosis
demands attention from animal health programs in several countries. However, limitations of the current
diagnosis methods contribute to unsuccessful agendas for bovine tuberculosis prevention and control in
several places around the world (Waters et al., 2011). To solve the problem, governmental agencies or
research institutes have developed alternative approaches and diagnostic protocols. These protocols may
include the dosage of interferon-gamma (IFN) (Clegg et al., 2017; Rangen et al., 2009; Wood et al.,
1990), ELISA for the detection of anti-M. bovis antibodies (Casal et al., 2017; Marassi et al., 2011;
Waters et al., 2006), use of polymerase chain reaction (PCR) technology (Diallo et al., 2016; Wards,
1995; Yahyaoui-Azami et al., 2017; Zumarraga et al., 2012), histopathology (Palmer et al., 2006; Piercy
et al., 2007; Silva, 2001) and culturing procedures (Corner et al., 2012; Yates et al., 2017), more often
used in a multidisciplinary diagnostic strategy (Marassi et al., 2013).

Considering all the aspects related to bovine tuberculosis’s control and eradication, it is important to
discuss the financial aspects (if they exist) of the available protocols. This study presents an extensive
literature review on how countries succeed or not in combating bovine tuberculosis, our focus is on the
economic aspects.

Methodology

We survey the scientific literature on bovine tuberculosis, the associated eradication programs and
the costs for its diagnose. Classical bibliographies were also consulted to establish concepts of the
subject along with the text. We used online databases (PubMed, Lilacs, SCIELO, and Periédico CAPES)
to find proper papers published between 1990 and 2014. The search terms were ‘cost-effectiveness AND
tuberculosis’, ‘cost-benefit AND animal’, ‘cost-benefit AND tuberculosis’, ‘veterinary AND
economics’, and ‘tuberculosis AND costs’. The survey was performed between January 2018 and July
2018 and only papers or books in Portuguese or English were considered.

Systematic review: main data

A total of 69 articles were retrieved from online sources, of which 40 articles were selected for data
extraction based on the specified inclusion criteria. From these selected published articles, we could find
that the majority of papers regarding economical aspects of bovine tuberculosis were published in Brazil
(40%) and United Kingdom (27,5%) (Figure 1). Not surprisal the bovine Th continuous to be an
important burden to animal health and agribusiness in these countries (Bennett & Cooke, 2006; Bernués
etal., 1997; Broughan et al., 2016; Conlan et al., 2018; Marassi et al., 2010, 2013; Medeiros et al., 2012).

From all of those papers, we could identify four main issues: Aspects of general economic analysis,
Cost-benefit analysis, Cost-effectiveness analysis, and Bovine Tb diagnosis. In this sense, the majority
were related to the aspects of general economic analysis (32.5%) and Bovine Th diagnosis (45%) (Eigure
2). These results show a lack of specialized literature concerning cost-effectiveness and cost-benefit
analysis of bovine Th control.
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Figure 1. Number of papers by country published between 1990 and 2014.
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Figure 2. Number of papers by issue published between 1990 and 2014.

Bovine tuberculosis: current strategies and their problems

Diagnostic tests for the control and eradication of bovine tuberculosis should consider both ante- and
post-mortem procedures to (i) detect the disease in the herd, (ii) eliminate infected animals, (iii) confirm
and identify the etiologic agent, and (iv) contribute to their epidemiological knowledge. Tests fall into
two categories: indirect tests (which measure the animal immune response to a known antigenic
stimulus) and direct tests (which detect etiologic agents). The association between direct and indirect
tests make it possible to detect infected animals and to identify M. bovis strains. Countries that
successfully eradicated bovine tuberculosis created programs that combined at least two diagnostic tests
(as intradermal tests and IFN), rather than individual diagnosis (Rua-Domenech et al., 2006; Schiller et
al., 2010). Many authors agree that no diagnostic method alone can diagnose all animals infected with
M. bovis (Lilenbaum et al., 2001; Lilenbaum & Fonseca, 2006; Marassi et al., 2010, 2013; Medeiros et
al., 2012; Medeiros et al., 2010).

Eradication strategies with high accuracy at the individual level have been proposed (Schiller et al.
2010), such as targeted control systems and ancillary tests. New strategies and the development of better
diagnostic techniques also help the control of human tuberculosis (Walzl et al., 2018). Examples are:
(a) vaccination with an attenuated strain of M. bovis Bacillus Calmette Guerin, (b) use of tuberculin for
in vivo diagnosis, and (c) measurement of IFN in vitro as a biomarker of infection. Bovine tuberculosis
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eradication supposes the incorporation of new technologies into traditional eradication campaigns and
consideration of different epidemiological disease aspects (Schiller et al., 2010).

The diagnosis of bovine tuberculosis is badly understood, thus further studies are necessary on the
microbiology and immunology of M. bovis (Marassi et al., 2013; Pollock et al., 2005; Pollock & Neill,
2002; Waters et al., 2011; Yates et al., 2017). Additionally, some authors suggest that diagnostic
methods or techniques used to monitor bovine tuberculosis need a multidisciplinary approach often in
multiple steps, given the differences in immune responses between animals (Marassi et al., 2013,;
Medeiros et al., 2010).

Costs and benefits of bovine tuberculosis elimination

A strong factor in the economic effectiveness of eradication programs is the prevalence of the disease,
through the financial burden of compensation for infected animals slaughtered. More often, whether the
prevalence of a disease increase, the costs of its eradication rise accordingly (Bennett & Cooke, 2006;
Bernués et al., 1997).

By 2015, more than 35,000 animals were identified and slaughtered in Britain following the same
policy practiced in the United States. The main goal, besides the eradication of the disease in the herds,
is the clinical certificate of TB free zone, which is economically more advantageous (Broughan et al.,
2016; Conlan et al., 2018).

Given the increase in case numbers of bovine tuberculosis along years, despite an eradication
program, the department for environment, food and rural affairs of England (DEFRA) requested in 2004
an evaluation of the economic impact of the disease on the country’s economy (Bennett & Cooke, 2006).
The conclusion was that four main costs were associated with an outbreak of bovine tuberculosis and
its control: test, isolation, movement restrictions, and animal slaughter (Bennett, 2009; Bennett &
Cooke, 2006).

In the United States, an eradication campaign based on ‘test and slaughter’ began in 1917. In
economic and health terms, the campaign was a success (Gilsdorf et al., 2006). Since its beginning, the
country has had an estimated benefit of approximately two million dollars per year, even ignoring falling
export rates caused by bovine tuberculosis, which rise the program costs because of losses in
productivity. Productivity loss represents a direct large financial burden on farmers and international
trade of products as meal and milk. In the American scenario, bovine tuberculosis rose production costs
proportionally to its prevalence. Thus, the economic success of the program refers only to decreasing
bovine tuberculosis prevalence among domestic and wild animals and low cost for its control (Gilsdorf
et al., 2006).

In Australia, the control program of brucellosis and tuberculosis began in the 1930s, initially based
on surveillance mechanisms in slaughterhouses. From the 1940s, milk pasteurization and tuberculin tests
for diagnosing bovine tuberculosis were routine. However, the Australian national eradication program
(‘test and slaughter’ based) started only in 1970. The country was declared free of bovine tuberculosis
in 2006, with a consequent increase in cattle management efficiency and farm productivity. Such a
situation benefitted the Northern countryside with great financial rewards (Turner, 2011).

Despite the positive results in the United States and Australia, control programs of brucellosis and
tuberculosis showed a negative cost-benefit ratio in Spain (Bernués et al., 1997). There, the brucellosis
program was economically efficient over a long time, but the bovine tuberculosis program did not.
Despite economic problems, the analysis did not consider the prevention of zoonosis and costs
associated with the diagnosis and treatment of tuberculosis in humans, what is common for many
eradication programs of animal diseases (Bernués et al., 1997; Smith & Clifton-Hadley, 2008; Torgerson
& Torgerson, 2009). Yet Torgerson & Torgerson (2008) cast doubts on economic terms related to the
control of bovine tuberculosis, because bovine tuberculosis prevalence increased in recent years, while
zoonotic tuberculosis did not. Other authors argue that the implemented eradication strategies are the
reason for low bovine tuberculosis prevalence in humans Tuberculosis: a re-emerging disease in animals
and humans (Gordon, 2008; Smith & Clifton-Hadley, 2008; Thoen et al., 2009).
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Van Asseldonk et al. (2005) constructed a stochastic cost-efficiency bioeconomic model to determine
the best program for surveillance of bovine tuberculosis in Holland. The authors concluded that
compared with the other five models the surveillance of injury carcasses model was the best. Although
inspections at slaughterhouses showed better results in this model, testing and slaughter costs depend
on the disease prevalence and the chosen method depends on the objectives of the control and eradication
program.

Regardless numerous studies on the validity and effectiveness of bovine tuberculosis diagnosis
(Marassi et al., 2013; Monaghan et al., 1994; Schiller et al., 2010; Waters et al., 2011), few data are
available for estimating bovine tuberculosis diagnosis costs (Moraes et al., 2006; Vanni et al., 2009). In
addition, there is only one literature about the Brazilian analysis of cost-effectiveness for bovine
tuberculosis, even after more than one decade of implementation of the National Program for Control
and Eradication of Brucellosis and Tuberculosis (PNCEBT) (Medeiros et al., 2016). In that study, the
authors evaluated the cost-effectiveness of bovine tuberculosis diagnostic protocols on a
multidisciplinary approach, applied in a naturally infected herd. Regarding the cost-effectiveness
analysis of antemortem diagnostic protocols, the Cervical Comparative Test, when used alone, is the
diagnostic protocol most cost-effective for a naturally infected herd. For post-mortem confirmatory
diagnostic, the histopathology associated with the Cervical Simple Test and Cervical Comparative Test
was the most cost-effective choice for the animals studied in this herd. However, the only diagnostic
protocol that was able to identify 100% of the infected animals was the ELISA associated with the IFN
test (Medeiros et al., 2016). However, despite these valuable new results on the economic analysis of
diagnostic costs, it is necessary that this evaluation be expanded considering different productive and
economic models. Thus, we consider necessary to perform an economic evaluation of the impacts of
bovine tuberculosis outbreak in more farms, including costs associated with diagnosis of naturally
infected animals. Unfortunately, there is not a standardized process to determine current costs of
tuberculosis outbreaks and its diagnosis. Unfortunately, sometimes costs are calculated using only
published data together with information provided by farmers or experts (Bennett & Cooke, 2006). This
fact may underestimate the costs of the diagnostic processes, affecting the whole program of control and
eradication of bovine tuberculosis.

Classification of costs in animal health

Costs are part of production theory, always associated with the idea of losses in resources and so
usually valued. This makes them an important consideration in decision-making and that is why each
manager keeps in mind the question: how much should we produce to keep our costs low and to raise
our profit? (Samuelson & Marks, 2012; Vanni et al., 2009). Here we give an overview of costs we
consider important to animal health rather than an extensive review of cost-utility analysis, which can
be found elsewhere (e.g., Krol et al., 2013; Samuelson & Marks, 2012).

Costs are divided into two groups: fixed and variable. Fixed costs do not vary with the amount of
production, thus they are constant with respect to different courses of action under consideration, being
irrelevant and need not be considered by the managers (Samuelson & Marks, 2012). According to
Samuelson & Marks (2012), the reason is simple enough: If managers compute each alternative’s profit
(or benefit), the same fixed cost is subtracted in each case. Therefore, the fixed cost itself plays no role
in determining the relative merits of the actions. These authors also say that doing so managers focus on
the differential costs that are relevant, but it is known that ignoring fixed costs is easier in principle than
in practice. Variable costs relate to expenditures on variable inputs. Thus, variable costs rise with
increases in the quantity of output. Variable costs are much more variable with time than the quantity of
product produced, as variable costs vary with the level of production and are subject to change on short
notice. In the long run, all costs are variable because all inputs can vary freely; at this point, there is no
difference between the sum of fixed cost and variable cost (total cost) and variable costs itself
(Samuelson & Marks, 2012).

Variable costs can encompass both costs that are directly related to production, benefit, or
intervention proceeds (direct costs — i.e., diagnostic tests, animal slaughter, salary expenses, etc.) and
costs that did not directly relate to intervention proceeds (indirect costs — i.e., productivity lost, infection
risks, etc.). In addition, variable costs can also include costs that cannot be or are badly valued
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(intangible costs). Intangible costs may involve measures of suffering because of the disease (e.g.), and
although some managers find intangible costs implicit in indirect costs calculus (because suffering or
any discomfort contribute to lower productivity), they are not considered in traditional animal health
programs, but they are considered in programs that use cost-effectiveness analysis (see below). Such
programs include concepts of productivity costs, a term not related to costs of production (i.e. the sum
of all possible cost of producing any given level of output). Productivity costs are associated with
production loss and replacement costs due to illness, disability, and death (of productive persons, both
paid and unpaid) (Brouwer et al., 1997). Given its complexity and difficulty to transpose such a concept
into animal production systems, productivity cost usually is excluded from the economic evaluation of
animal health (Sancho, 2008). Even for human health programs, a debate exists on the inclusion or not
of productivity costs in economic evaluations (see definition below). The main problems consist of how
to identify, measure, and value productivity costs. Krol et al. (2013) present a good review of the topic.

Costs involved in animal health

Krol et al. (2013) give us the following definition of economic evaluations: ‘the comparative analysis
of alternative courses of action in terms of both their costs and consequences’. Although at least four
types of economic evaluation can be identified, all of them express costs in monetary units but differ in
the way they express the benefits.

The first type of economic evaluation is the traditional cost-benefit analysis in which costs and effects
are expressed in monetary terms. This analysis is common in animal health programs because of an
established practice in the evaluation of projects involving capital investment, thus it relates directly to
monetary returns or net benefits (Mwacalimba et al., 2013). This analysis may compare various
treatments for clinical indications. After the analysis, the intervention with greater benefit is preferred.

The second type of economic evaluation, cost-utility analysis, is not used in animal health, yet it has
/become popular in human health (Krol et al., 2013). The cost-utility analysis uses a measure expressed
in quality-adjusted life years (QALYS) that consider both lengths of life and quality of life. The third
type, also not used in animal health programs, is cost-minimization analysis (CMA). This analysis
considers only costs, not health effects. Its use is only appropriate when there is no significant difference
in terms of health benefits (Krol et al., 2013).

The fourth analysis (cost-effectiveness analysis) expresses costs in monetary terms, but the effects
are expressed in natural (clinically relevant) units such as avoided injuries or the number of successfully
treated patients. The cost-effectiveness analysis is appropriate to compare strategies with different costs
and effectiveness. The analysis allows identifying interventions with the greatest health impact and
lowest cost. In this sense, a cost-effective test is not necessarily the cheapest one (Sohn et al., 2009).
Overall, cost-effectiveness analysis using at least one alternative procedure as a reference, which
represents a current protocol or standard drug (Secoli et al., 2010). However, cost-effectiveness analysis
may make manager decisions difficult given the incomparability of outcome measures and results (Krol
et al., 2013). Understanding the methodologies of cost-effectiveness, studies are critical to conducting a
proper judgment about total costs and cost-effectiveness of alternative diagnostic tests. Different
methodologies produce distinct total costs and therefore distinct cost-effectiveness, reflecting the way
we collected and interpret data (Sancho, 2008; Sohn et al., 2009). The case of human tuberculosis
diagnostic systems is an example of how different research groups may distinctly evaluate costs (details
in Sohn et al., 2009). Differences we detect comparing methods of cost estimation relate likely to
regional characteristics and data availability for each study (Segala & Silva, 2007).

Nevertheless, some studies consider both cost-benefit and cost-effectiveness analysis in veterinary
medicine (Sohn et al., 2009; Van Asseldonk et al., 2005). Regarding diagnostic methods, both analyses
are crucial for decision-making in programs of prevention and eradication of diseases, as they take into
account both the possibility of animal treatment or slaughter.

Costs can be estimated using different methodologies. In animal health programs generalizations and
secondary data are widely accepted to estimate costs (Bennett & Cooke, 2006). However, these authors
consider it important to use data from farms with animal health problems, so all costs (e.g. testing
procedures costs, isolation costs, and slaughter costs) may be effectively evaluated over time. Such an
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approach may create a debate on the value of statistical methods that generalize results of unlike realities,
as costs vary following geographical location, demographic questions, epidemiological interpretations,
and time (Sancho, 2008; Sohn et al., 2009). Additionally, Sohn et al. (2009) suggest that to avoid or
minimize variation, all considered cost for animal health program/project should be estimated for the
year on which the study was conducted. This might diminish any disagreement among alternative
diagnoses. Costs should be determined at market prices, making possible updates simple.

Costs involved in eradication programs

The economic evaluation of eradication programs resides primarily in the identification of costs to
eradication or control of a particular disease. Any intervention cost (e.g. a diagnostic test) has in its
composition the study perspective and the identification of the intervention effects on changing health
status. This allows managers to identify, include or exclude, assess, and appraise resources (Caminiti et
al., 2017; Sancho, 2008). In quantitative terms, the costs and the consequences of alternative diagnoses
vary depending on the adopted perspective, which may reflect a vision of society or public services
(\Vanni et al., 2009).

The costs of an eradication program include payment of professional service officers and equipment
used in the daily operations, costs of laboratory resources, and compensation to owners of condemned
animals. Additionally, there are farmer costs, such as the use of labor force in handling animals and
losses in meat or milk production through stress management (Gilsdorf et al., 2006). Training and
technical support costs are frequently ignored (Sohn et al., 2009). Recently, a study conducted by
Caminiti et al. (2017) evaluated the costs involved in the tuberculosis eradication program for cattle in
Italy. The above-mentioned costs were not included in the analysis for lack of relevance, except those
related to the slaughter of animals.

It is important to emphasize that in a program to eradicate bovine tuberculosis the costs directly
related to testing procedures, given that testing after animal slaughter contributes greatly to the outbreak
cost formation (Bennett & Cooke, 2006). Farmers argue that the use of employees to manage animals
and help testing procedures sharply increase testing costs (Bennett, 2009). However, test value for each
animal varies according to the number of tested animals, so that the greater the number of tested animals,
the smaller the cost of a diagnostic test (Bennett, 2009; Bennett & Cooke, 2006). The costs associated
with eradication programs may also become lower when the official disease-free zone certificate is
obtained, as the frequency of testing and the population tested may be reduced (Caminiti et al., 2017).

Conclusions

Strategies to establish correlations between good detection of infected animals and cost-suited tests
become relevant. Additionally, considering all the aspects related to bovine tuberculosis’s control and
eradication, it is important to discuss the financial aspects of the available protocols.
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