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Summary

The expression One Health refers to the unified human and veterinary approach to zoonoses,
an approach that used to be identified with Medicine throughout the 20®" Century. Zoonotic
tuberculosis (TB), a disease due to bacteria of the Mycobacterium tuberculosis complex, is
a recognized global public veterinary health problem. The significance of the health and
economic threats posed by zoonotic TB has been recognized by several global health
agencies, which have called for control and eradication programs for zoonotic TB. The
interplay between humans, livestock, wildlife, and ecology in the epidemiology of zoonotic
TB make arduous the control of the disease, as such zoonotic TB is the ideal target for the
application of the One Health approach. This article argues that a successful One Health
response to TB will consider the effects of disease on socio-economic well-being, and
allow for addressing the social, cultural and economic conditions that facilitate spread and
maintenance of this disease. The One Health approach will also enable the development
of disease control programs involving both animal and human populations, fostering the
participation of various stakeholders. One Health approach will also allow for expanding
scientific knowledge, improve medical education and clinical care, and develop effective
disease control programs for both human and animal populations.

L'approccio One Health per la prevenzione e il controllo della tubercolosi

Parole chiave
Animale selvatico,
Bestiame,

One Health,
Popolazione umana,

Programma di Controllo,

Programma di
Sorveglianza,
Salute Pubblica,
Tubercolosi,
Zoonosi.

Riassunto

L'espressione One Health si riferisce a un approccio che coinvolge sia la medicina umana sia
quella veterinaria nel controllo e nella cura delle zoonosi e di altre patologie. Approccio alungo
identificato con la “Medicina” nel corso del XX secolo. La tubercolosi & una zoonosi dovuta a
batteri del complesso Mycobacterium tuberculosis ed & considerata un problema globale per
la Salute Pubblica Veterinaria. Diverse organizzazioni mondiali per la Salute Pubblica hanno
riconosciuto la rilevanza dei rischi e dei danni economici che essa puo causare. Le stesse
organizzazioni hanno sottolineato la necessita di definire programmi di eradicazione della
malattia. Le interazioni tra esseri umani, bestiame e animali selvatici ne hanno reso difficile
il controllo, queste stesse cause fanno della tubercolosi l'obiettivo ideale per implementare
I'approccio One Health. Larticolo sostiene che I'approccio One Health alla tubercolosi si
dimostrera efficace se prendera in considerazione gli effetti socio-economici della patologia
e le condizioni socio-culturali ed economiche che ne facilitano la diffusione. Lapproccio One
Health sostiene lo sviluppo di programmi di controllo che includano sia la popolazione animale
sia quella umana, favorendo in tal modo la partecipazione di rappresentanti di interessi diversi
nella definizione dei programmi di cura e controllo della malattia.




Preventing and controlling zoonotic tuberculosis: a One Health approach

Introduction

Zoonotic tuberculosis (TB), disease due to bacteria
of the Mycobacterium tuberculosis (MTB) complex,
is a recognized public veterinary health problem in
developing countries (Ayele et al. 2004, Cleaveland
etal. 2007, Cosivi et al. 1998, Kleeberg 1984, Nastasee
2009, Nawaz et al. 2012, Thoen et al. 2009). The
disease is also recognized as a public health issue in
such countries, although at lower levels due to the
effectiveness of Bovine TB control (BTB) programs
in livestock and mandated pasteurization of milk
(Cosivi et al. 1998, Cotter et al. 1996, Kleeberg 1984,
Lari et al. 2011). Disease caused by Mycobacterium
tuberculosis, Mycobacterium bovis (BTB), and other
spp of the MTB complex, including Mycobacterium
africanum (Cadmus et al. 2006), Mycobacterium
caprae (Bayraktaretal. 2011, Cunhaetal. 2011, Cunha
et al. 2012, Garcia-Jimenez et al. 2012, Gutierrez et
al. 1997, Rodriguez et al. 2009) and Mycobacterium
orygis (Dawson 2012), appear in humans, livestock
and wildlife (Thoen et al. 2009). Other atypical
mycobacteria (not members of the MTB complex)
have been found in humans and small mammals
from farms with BTB-infected cattle in Tanzania
(Durnezetal. 2011).

The significance of the public health threats from
zoonotic TB resulted in the adoption of a resolution
by the World Organization for Animal Health (Office
International des Epizooties; OIE) in 1983, calling
for the eradication of M. bovis for public health
and economic reasons, adoption of stringent meat
inspection and pasteurization or boiling of milk for
human consumption, and continued research into
BTB, particularly in the improvement of diagnostic
tests (Kleeberg 1984). Other forms of BTB include:

« recrudescent cases in the elderly, who acquired
infection before BTB control was completed,

- cases in developed countries that were
imported from other regions of the world
where BTB control is absent or ineffective,

.+ cases associated with consumption of
contaminated foods of animal origin, or
exposure to tuberculous animals and their
carcasses (Awah-Ndukum et al. 2011, Cosivi
et al. 1998, Cotter et al. 1996, de la Rua-
Domenech 2006, Doran et al. 2009, Kankya et
al. 2010, Majoor et al. 2011, Rodriguez et al.
2009, Rodwell et al. 2008, Rodwell et al. 2010,
Shrikirishna et al. 2009, Wilkins et al. 2008,
Winthrop et al. 2005).

At the same time, workplace exposure to BTB
can occur in veterinarians, livestock workers, and
slaughterhouse workers (de la Rua-Domenech 2006,
Rodriguez et al. 2009, Sunder et al. 2009, Winthrop et
al.2005).While the majority of BTB cases are zoonotic,
there are documented cases of human-to-human
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transmission of pulmonary BTB (LoBue et al. 2004,
Sunder et al. 2009). Rates of BTB in HIV-AIDS patients
are higher than those in the general population, and
the majority of BTB in developed countries are cases
of BTB-HIV/AIDS co-infection (Cosivi et al. 1998,
Humblet et al. 2009). Co-infections of BTB with HIV
and other diseases are increasing across the globe,
and many diseases involved in these complexes are
at high risk for zoonosis in humans (Ayele et al. 2004,
Cosivietal. 1998, Hlavsa et al. 2008, Katale etal. 2012,
Park et al. 2010).

In the developing world, non-pulmonary human
TB is under-reported, and often is not a reportable
disease (Katale et al. 2012). Rates of human M. bovis
infection are higher in populations that own or live
in areas with higher cattle populations (Katale et al.
2012). In this respect, it worthwhile noticing that
living in close proximity to livestock with BTB has
been associated with human BTB infection (Cosivi
et al. 1998, Kankya et al. 2010). Studies have also
found herds in households with human cases of TB
were more likely to have BTB skin-test positive cattle
than herds in households without TB, as it was the
case in Ethiopia (Fetene et al. 2010, Regassa et al.
2008), Niger (Boukary et al. 2010), Zambia (Cook et
al. 1966), Sweden (Sjogren I. and Sutherland 1974)
and Denmark (Magnus 1966).

Traditional livestock management practices in
developing countries, such as transhumance,
communal grazing, or keeping livestock longer
due to economic constraints, are associated with
increasing risks for BTB in cattle (Katale et al. 2012,
Mbugi et al. 2012b, Munyeme et al. 2008, Omer et al.
2001). Control of BTB in livestock can reduce risks for
human infection by decreasing human exposure to
M. bovis through livestock (Milian-Suazo et al. 2010,
World Bank 2010a, World Bank 2010b), underlining
the importance of controlling the disease from both
veterinary and human medical perspectives.

The One Health Approach

History of the One Health approach

Associations between animal and human diseases
have been observed from ancient civilizations to the
presentday (Steele 2008). Parallelsin the progression
of disease between humans and domestic animals
as well as the historic use of animals as sentinels
for human disease (Rabinowitz et al. 2009) support
these associations. The evidence of ‘shared risk’ in
humans and animals in recent history include:

« Minamata disease (mercury poisoning in
humans and cats),

- anthrax in livestock and humans,
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. West Nile virus in humans and animals
(Rabinowitz et al. 2009).

Further, studies of human and animal
ethnopharmacology have found commonality in the
descriptions, symptoms, and treatments for humans
and animals in traditional medicine, and that many
remedies were used to treat both humans and
animals (Nyamanga et al. 2006, Souto et al. 2011).

Some of the earliest applications of the concept of
associations between human and animal disease
were prompted by veterinarians in the United
States, for example J. Law, a professor of veterinary
medicine at Cornell University, advised the US Board
of Health on the effects of zoonoses on public health
in 1880 (Steele 2008). Early analyses of the impact
of veterinary public health on human public health
were developed in the second part of the 19%
century and focused on hazards of milk obtained
from unhealthy cows suffering from tuberculosis
(TB), typhoid fever, diphtheria, and brucellosis.
Actions to control milk-borne diseases included
pasteurization after production, and control of
bovine TB and brucellosis in cattle through Grade
A milk requirements for cattle herd health status
(Steele 2008). The success of this program resulted in
the near eradication of these diseases as foodborne
hazards in the United States.

Acceptance of the One Health approach

In the first decade of the 21 Century, the One
Health concept was promoted by the veterinary
medical community through the American
Veterinary Medical Association (American Veterinary
Medical Association 2008, King et al. 2008, Steele
2008), which established a unique One Health
collaborative liaison with the American Medical
Association (AMA) in 2006. In 2007, the AMA passed
a landmark One Health resolution, and the AVMA
officially established the One Health Initiative Task
Force (OHITF) to develop strategies to enhance
collaboration between human and veterinary
medical professionals. The OHITF produced a
strategic framework for reducing risks of infectious
diseases at the human-animal-ecosystem interface,
and developed the recommendations that formed
the bases of the current One Health Initiative (Food
and Animal Organisation et al. 2008). As a result,
in 2009 the One Health Commission (OHC) was
officially chartered for the wide spectrum purpose
of promoting One Health both in the United States
and worldwide (One Health Commission 2012).

The One Health concept has been subsequently
supported by the AVMA, AMA, US. Centers for
Disease Control and Prevention (CDC) and the
American Society for Microbiology. The World Health
Organization (WHO), the OIE, the United Nations
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(UN) Food and Agriculture Organization (FAO),
UNICEF, the UN System Influenza Coordination,
and the World Bank all embrace now the One
Health approach. The World Bank has specifically
recognized the importance of One Health and its
economic benefits (World Bank 2010a and 2010b).
Other major organizations promoting One Health
include the U.S. Department of Agriculture (USDA),
the U.S. National Environmental Health Association
(NEHA), the European Union, the American
Academy of Pediatrics, and many others (One Health
Initiative 2012a). Recognition of the importance
of One Health has also expanded beyond the
medical and economic sciences, e.g. in the U.S,, The
National League of Cities has formally recognized
and supported the work of the OHITF, and it has
acknowledged how the success of the One Health
Initiative will rely on leadership, communication
skills and cooperation (Riedner 2012).

Several countries now endorse the One Health
approach to address different zoonotic diseases
(Komba et al. 2012, Marcoti¢ et al. 2009, One Health
Initiative 2012b), and these days One Health
principles are an important part of global health
training for medical professionals and development
programs (Conrad et al. 2009, One Health Global
Network 2012).

It is noteworthy that a trend to foster integrated
human-animal surveillance systems was observed
in surveillance programs for emerging zoonoses
(Vrbova et al. 2010). However, despite the diffused
awareness of the advantages of the One Health
paradigm, barriers to its implementation in some
industrialized countries include absence of evidence,
governmental structures, and “relatively low degree
of suffering” (Meisser et al. 2011).

As the One Health concept has emerged as an
approach to deal with public and veterinary health,
the scope of One Health has been expanding to
encompass other concepts. Ecosystem Health is an
approach that links ecosystem change with human
health (Rapport et al. 1999), and Ecohealth expands
on Ecosystem Health to include sociology (Leung
et al. 2012), all of which can be viewed as logical
extensions of One Health. The One Health-One
Medicine concept, while historically incorporating
conservation medicine under its umbrella (Kahn et
al. 2012), has also been viewed as an expansion of
conservation medicine, whose goal is the pursuit of
the health of ecosystems and the species that live
within them (Osofsky et al. 2005).

Advantages of the One Health approach

The report provided by the American Veterinary
Medical Association (AVMA) on One Health Task
Force offersa comprehensive outline of the following
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advantages to be gained through a One Health
approach (American Veterinary Medical Association
2008, King et al. 2008). By coupling human health,
animal health, ecology, sociology, and economics,
the One Health approach can:

a. Improve animal and human health globally
through collaboration among all the health
sciences, especially between the veterinary
and human medical professions, to address
critical needs:

b. Meet new global challenges head-on through
collaboration among multiple professions
- veterinary medicine, human medicine,
environmental, wildlife and public health;

c. Develop centers of excellence for education
and training in specific areas through
enhanced collaboration among colleges
and schools of veterinary medicine, human
medicine, and public health;

d. Expand the body of scientific knowledge to
create innovative programs to improve health.

The One Health approach is considered by many
professionals to be a critical necessity to address
zoonotic diseases, would they be existing,
emerging, or re-emerging diseases. One Health
does so by addressing the very nature of zoonoses
- the transmission of disease between human and
animal species must be addressed at multiple levels,
rather than focusing solely on humans or animals
for disease prevention and control (Holveck et al.
2007, Khan et al. 2012, Mbugi et al. 2012a, Nara et al.
2008, Siembieda et al. 2011). Recognizing synergistic
relationships in human and animal populations
can be used for prevention-oriented planning and
research will support One Health goals (Rock et al.
2009, Singer 2009). The emergence of new or old
diseases have been linked to changing ecological
conditions: deforestation, urbanization, population
growth, and climate change create situations where
humans are exposed to new ecosystems with novel
pathogens, creating opportunities for zoonotic
disease transmission (Coker et al. 2011, Siembieda
et al. 2011). The One Health approach includes
consideration of environmental and ecological
factors in the development of effective disease
control programs (Beasley 2009, Coker et al. 2011,
Leung et al. 2012, Rweyemamu et al. 2012, Zinnstag
etal 2011).

Coordinating human and veterinary medical
professionals and institutions through One Health
is critical in regions where resources are scarce.
Surveillance programs for humans and livestock
are often absent or lacking, making it difficult to
identify zoonotic disease outbreaks and conduct the
risk assessments necessary to formulate effective
control programs (Merianos 2007).
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In areas where human health services are poor, there
has been recognition that zoonoses typically affect
populations where veterinary medical services are
poor and animals harbor more zoonotic diseases
(rural livestock-keeping communities, urban slums)
(World Health Organisation 2006), and regional
disease surveillance may be more advanced in
animals than humans due to efforts by the FAO and
OIE (Shears 2000).

Combined public health and veterinary ministries
and integrated surveillance programs under a One
Health approach will result in efficiency gains that
will help reduce costs, improve access to health
services, and allow for more cost-effective disease
control in regions with limited resources and where
diagnostic and surveillance programs are scanty
(Coker et al. 2011, Mbugi et al. 2012b, Rass 2006,
Schelling et. al 2005, Shears 2000, World Bank
2010b). As it was highlighted by the World Bank
include, examples of efficiency gains followed from
the endorsement of the One Health approach can
be found in the joint animal-human vaccination
campaigns in Chad (Shears 2000, Zinsstag et al.
2005); dog vaccination and sterilization reducing
human rabies in India; joint public health and
veterinary worker farm visits to reduce costs
in Kyrgyzstan; and integration of human and
animal health facilities lowering operation costs
in Canada (World Bank 2010b). At the same time,
it is noteworthy that wildlife conservation and
ecosystem preservation also benefit from a One
Health approach. By including these components
in more ‘holistic’ approaches to disease control and
prevention, stakeholders will be more aware of the
negative impacts of potential interventions and,
consequently, more favorable approaches may be
used (Osofsky et al. 2005).

The One Health approach can have a positive impact
on the economic costs related to the management
of zoonotic diseases. These economic burdens
fall more heavily on emerging countries than on
the developed world (Merianos 2007). Epizootics
of disease that can be controlled by vaccination
have serious consequences for livestock industries,
both upstream (inputs, genetic resources) and
downstream (slaughter, processing, marketing),
jobs, income, or market access, and also have
serious consequences for food security and food
safety (Nara et al. 2008). Zoonotic diseases also have
negative consequences for livestock production:

- decreased milk production;
« reduced fertility, slower growth
+ animal mortality,

« losses when the presence of disease restricts
the markets for animal products (Lamy et al.
2012, Zinsstag et al. 2008).
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The indirect costs of zoonoses are often overlooked
(Narrod et al. 2012). The impact of zoonoses in
terms of disability-adjusted life-years (DALYs) can be
quantified by using a One Health approach (Grace
et al. 2012): a cost-benefit analysis of vaccinating
livestock in Mongolia for brucellosis found that the
estimated costs for vaccination (US$ 8.3 million) were
exceeded by the overall benefit (US$ 26.6 million),
with an average benefit-cost ratio of 3.2 (Roth et
al. 2003). Economic losses from outbreaks of Nipah
virus, West Nile Fever, SARS, HPAI, BSE, and RVF from
1997-2009 were at least of $80 billion: prevention
would have avoided losses of $6.7 B/year (World
Bank 2010b). Cost-benefit analyses have determined
that interventions in animal populations to reduce
levels of zoonotic diseases were cost effective:
control of the animal diseases was less expensive
than the costs of disease in humans (World Bank
2010b, Zinsstag et al. 2008).

Interdisciplinary One Health research efforts can be
directed to enhance and address gaps in existing
information for use in the development of control
programs to promote the health and well-being of
humans, animals, and ecosystems. In addition to
advances in laboratory sciences, a common ‘toolbox’
of protocols for integrated disease surveillance,
joint animal/human epidemiological studies,
and health services should be developed, using
expertise from human and veterinary medicine,
social sciences, ecology, economics, and other
fields (Zinsstag et al 2009). Systems theory can be
used to study these complex systems and identify
properties and determinants of health from micro-
to macro-scales (Zinsstag et al. 2011). Examples of
systems biology models include one of persistent
tuberculosis in humans (Young et al. 2008), which
could be expanded to include livestock, wildlife, and
ecological and sociological drivers as part of a TB
control (Zinsstag et al. 2011).

Using a One Health approach for the
control of zoonotic tuberculosis

The interplay between humans, livestock, wildlife,
and ecology in the epidemiology of zoonotic
diseases, including TB, makes control of the diseases
complex (Nishi et al. 2006, Palmer et al. 2012a,
Siembieda et al. 2011) and an ideal target for the
application of the One Health approach.

The Wildlife Conservation Society includes
tuberculosis among its ‘deadly dozen’ - potentially
lethal zoonoses that could spread around the world
due to behavioral changes to compensate for the
effects of global warming (Singer 2009). Overall
reductionsinhealth (@andimmunesystems)inhumans
and livestock due to water and food insecurity can
contribute to the spread of zoonotic disease (Lamy

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08

Preventing and controlling zoonotic tuberculosis: a One Health approach

etal. 2012, Singer 2009). The geographic distribution
of different clonal complexes of BTB (e.g. Africa2,
Af2) that infect both livestock and humans suggests
that geographically distributed factors (e.g. wildlife
habitats, climate, water availability) are integral to
the transmission of these clones (Berg et al. 2011).
Environmental/ecological conditions can promote
contact between wildlife and livestock, which can
increase transmission of TB at livestock — wildlife
interfaces (Gortazar et al. 2012, Miller et al. 2007,
Munyeme et al. 2008, Palmer et al. 2012a, Siembieda
et al. 2011). Ecological change, both natural and
anthropogenic, can increase or concentrate wildlife
populations, which can promote the spread of
BTB or increase competition between wildlife and
livestock for water and food (Cunha et al. 2011, Miller
et al. 2007, Okafor et al. 2011, Siembieda et al. 2011,
Singer 2009). Finally, associations may exist between
climate/weather and the ability of mycobacteria to
survive outside the host, which would make indirect
transmission of tuberculosis between species
possible (Fine et al. 2011, Humblet et al. 2010, Young
etal. 2008).

Control of livestock BTB in developed countries
relies on test-and-cull policies for affected animals.
The socio-economic costs of this approach can
be economically impossible for livestock owners
in developing countries, and result in refusals to
participate in BTB control programs (Cosivi et al.
1998, Katale et al. 2012). In addition, this approach
is not effective when wildlife reservoirs of disease
are present and capable of re-infecting livestock
(Coleman et al. 2011, Cosivi et al. 1998, Cunha et
al. 2012, Mbugi et al. 2012b, Munyeme et al. 2008,
Okafor et al. 2011, Palmere et al. 2012a). However,
when levels of BTB in wildlife reservoirs are reduced,
or the wildlife reservoir populations are decreased,
levels of BTB in livestock (Coleman et al. 2011) or
wildlife spillover species (Nugent et al. 2012) are also
seen to decline.

Control of BTB in wildlife reservoirs has relied
on population reduction through increased
hunting, trapping, or poisoning (Nugent et al.
2012, O'Brien et al. 2006) and vaccination (Buddle
et al. 2011b, Chambers et al. 2011, Lesellier et al.
2006, Palmer et al. 2012b, Wedlock et al. 2005),
and these strategies have met with mixed success.
Efforts to reduce wildlife populations for disease
control can be difficult and are often met with
public criticism (Carstensen et al. 2011, Corner
2006, de la Rua-Domenech et al. 2006, Nishi et
al. 2006, O'Brien et al. 2006, Okafor et al. 2011).
Vaccination of either the wildlife reservoir or the
livestock population is an anticipated alternative to
culling (Buddle et al. 2011b, Chambers et al. 2011,
Lesellier et al. 2006, Palmer 2007, Wedlock et al.
2005). Development of novel approaches to control
diseases in livestock and wildlife, including BTB,
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which are both biologically relevant and acceptable
to livestock owners is an important goal of One
Health (Zinsstag et al. 2005). Ultimately, successful
control of BTB in wildlife and livestock will reduce
human infection, reduce losses to productivity and
reduce market restrictions from countries where
eradication programs are in place (Ayele et al. 2004).

Culturally appropriate education and active
participation of livestock owners and other
stakeholders is critical for the success of zoonotic
disease control programs (Munyeme et al. 2010,
Nastasee 2008, Nishi et al. 2006, Shirima et al. 2003,
Zinsstag et al. 2005). Studies in sub-Saharan Africa
found that knowledge about BTB in cattle owners
was low: few were aware of the disease and how it
was spread, fewer were aware of wildlife reservoirs
in the area, and awareness was associated with
personal history with BTB and geographic regions
(Amenu et al. 2010, Kankya et al. 2010, Munyeme
et al. 2010). In these instances, the One Health
multidisciplinary/interdisciplinary approach,
incorporating veterinary medical, ecological, public
health, and sociological expertise, can provide
useful disease control strategies.

Control programs for zoonotic TB
require action at all levels of its
epidemiology

The epidemiology of zoonotic TB varies throughout
the world, depending on the human, livestock,
and wildlife populations, and on existing TB
control programs, environmental conditions, and
the socio-economic status of countries or regions
(developing versus industrial countries) (Humblet
et al. 2009). Isolation of both M. bovis and M.
tuberculosis from livestock (Awah-Ndukum et al.
2011, Cadmus et al. 2006, Cadmus et al. 2011, Chen
et al. 2009, Fatene et al. 2010, Gumi et al. 2012,
Jenkins et al. 2011, Kassa et al. 2012, Kazwala et al.
2001, Romero et al. 2011, Thakur et al. 2012) and
humans (Awah-Ndukum et al. 2011, Cadmus et al.
2006, Chen et al. 2009, Fetene et al. 2010, Gumi et al.
2012, Milian-Suazo et al. 2010, Romero et al. 2011),
M. caprae (Garcia-Jiménez et al. 2012, Gutiérrez et al.
1997, Rodriguez et al. 2009) and M. orygis (Dawson
etal 2012) in livestock and humans indicates cycling
of M. tuberculosis-complex organisms between
livestock and humans. In addition, finding cattle
and goats with M. tuberculosis infection (Awah-
Ndukum et al. 2011, Cadmus et al. 2006, Chet et al.
2009, Fetene et al. 2010, Gumi et al. 2012, Jenkins
et al. 2011, Kassa et al. 2012, Romero et al. 2011)
demonstrates that the traditional paradigm of MTB
being strictly transmitted from human-to-human
is incorrect, and animal reservoirs must also be
included in MTB control and prevention programs.

Kaneene et al.

Milk from infected cattle is one of the most common
sources of BTB infection for humans, and many
regional cultures and customs (consumption of
undercooked animal products, direct contact)
support transmission of BTB from animals to
humans (Ayele et al. 2004, Ben Kahla et al. 2011,
Cosivi et al. 1998, Fetene et al. 2010, Hlavsa et al.
2008, Katale et al. 2012, Kazwala et al. 2001, Park et
al. 2010, Regassa et al. 2008, Shirima et al. 2003). In
abattoirs in Tanzania, the most common cause for
carcass condemnation was BTB (1.2% of all carcasses
in one year), highlighting the public health risks
to consumers of foods from these animals and
to abattoir workers (Komba et al. 2012). Other
atypical mycobacteria (mycobacteria not in the MTB
complex) have been recovered from milk, which
poses a significant danger to immunocompromised
consumers of raw or unprocessed milk (e.g., HIV
sufferers) (Durnez et al. 2009, Katale et al. 2012).

The ability of BTB, and other MTB, to infect a wide
diversity of animals beyond cattle indicates that
more than one host species should be taken
into consideration when developing BTB control
programs (Allepuz et al. 2011, Corner 2006, Cunha
et al. 2012, Garcia-Bocanegra et al. 2012, Humblet
et al. 2009). Outbreaks of BTB have been reported in
different livestock species when BTB was transmitted
from cattle to small ruminants and swine (Di Marco
et al. 2012, Kassa et al. 2012). Once infection is
present, it may become self-sustaining in some
cases (Di Marco et al. 2012). Presence of wildlife
reservoirs has made BTB eradication difficult in
countries where conventional BTB control programs
had effectively eliminated the disease from livestock
(Allepuz et al. 2011, Coleman et al. 2011, Cunha et al.
2011, Doran et al. 2009, Palmer et al.2012a, Palmer
et al.2012b, Santos et al. 2012), and makes control of
BTB in livestock difficult when complete segregation
of livestock and wildlife is difficult (Cunha et al. 2012,
Gortdzar et al. 2012, Katale et al. 2012, Mbugi et al.
2012).

Animportantroute of infection, particularly between
wildlife and domestic animals, is the indirect
transmission of mycobacteria by environmental
substrates. Studies have demonstrated that wildlife
reservoirs are capable of excreting M. bovis capable
of serving as a source of infection for other animals
(Courtenay et al. 2006, Palmer et al. 2004), and
M. bovis can exist in environmental samples for an
extended period of time (Fine et al. 2011, Humblet
et al. 2010, Young et al. 2008). Experimental studies
have showed that M. bovis can be transmitted
between white-tailed deer (Palmer et al. 2001), from
white-tailed deer to dairy calves (Palmer et al. 2004),
and studies have found evidence for environmental
contamination as a source of infection for cattle
(Green etal. 2012, Okafor et al. 2011).
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Wildlife disease detection and surveillance
programs are rare (Siembieda et al. 2011) due to
difficulties in enumerating and testing free-ranging
wildlife populations. In instances where wildlife
reservoirs are commonly hunted, surveillance
programs have relied on post-mortem testing
of hunter-harvested wildlife (O’'Brien et al. 2006).
However, when harvesting wildlife for surveillance
is not feasible (e.g. rare or endangered species)
programs involve trapping, sampling, and releasing
animals to collect samples for immunological tests
(Chambers 2009). Once detected, control programs
for wildlife disease, including BTB, can be difficult to
implement and maintain, and are often unpopular
(O'Brien et al. 2010, Santos et al. 2012). While culling
infected wildlife is a useful strategy for reducing
BTB risk for livestock in many situations (O'Brien et
al. 2010), there have been instances where culling
has had mixed impacts on livestock BTB (Chambers
et al. 2011, Griffin et al. 2005). In fact, some critics
have suggested that, given the economic costs and
unpopularity of BTB control in wildlife reservoirs and
the successes of pasteurization and food hygiene,
the costs far outweigh the benefits of control
programs, and BTB should not be considered a
public health issue (Torgerson and Torgerson 2009).

Sharing human and veterinary
resources

Sharing resources between public health and
veterinary medical scientists takes advantage of
existing infrastructure and reduces unnecessary
duplication. It also has the shared benefit of
increasing interaction between professionals in
these disciplines (Kazwala et al. 2006, Young et al.
2008). These interactions will raise awareness in all
areas, from medical professionals, to governmental
agencies, and other stakeholders. Combined public
health and veterinary laboratory resources will
result in efficiency gains that will help reduce costs
and improve access to health services, particularly
in developing countries where zoonotic TB is an
important issue and resources are limited (Coker et
al. 2011, World Bank 2010b).

Training for current and future health sciences
workers requires a paradigm shift to the
perspective of ‘shared risk’ between humans
and animals (Zinsstag et al. 2005, Zinsstag et al.
2009). Communications between medical and
veterinary medical students are critical and must
include crossover education and opportunities for
communication and exploration of local priorities
and perceived needs (Nara et al. 2008, Schelling et al.
2005, Tibbo et al. 2008). An example of one training
program designed to meet these needs is the
analytical epidemiology curricula being developed
under a One Health approach to address regional

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08

Preventing and controlling zoonotic tuberculosis: a One Health approach

zoonoses, including BTB, in Zambia (Monath et al.
2010). Educational efforts should also be expanded
to span different disciplines (e.g., ecology,
sociology, etc.) to create a cadre of multidisciplinary
professionals for One Health programs (Merianos
2007), and curricula at academic institutions should
be designed with the One Health approach in mind
(Zinsstag et al. 2005).

In addition to formal education programs,
development of virtual Centers of Expertise for
One Health approaches to TB control and research
have been proposed (Brownlie et al. 2012, Dockrell
2012). Using these resources, new researchers will
be able to contribute to trans-disciplinary research
on zoonotic TB in a holistic approach, where these
researcherswill work jointly, using shared conceptual
frameworks that integrate the disciplinary-specific
concepts, theories, and approaches from their areas
of expertise (Zinsstag et al.2008).

Sharing research between disciplines

Research that integrates human and animal health
across different disciplines is critical for the success
of One Health approaches to disease control (Tibbo
etal 2008).

Several programs that can provide important
information to One Health-based TB control are
being conducted in sub-Saharan Africa. The Health
for Animals and Livelihood Improvement (HALI)
program in Tanzania (Conrad et al. 2009) is currently
involved in detection of M. bovis in cattle that
provide milk for human consumption, and from
wildlife sharing water and habitat with infected
cattle; sampling water for the presence of M. bovis
and other waterborne pathogens and parasites;
and identifying possible animal sentinel species for
human TB (rats). Another program is the Federation
of American Scientists’ Animal Health Emerging
Animal Diseases (AHEAD) International Lookout for
Infectious Animal Disease (ILIAD) program in South
Africa (102). ILIAD has been designed to develop
regional programs to detect and document the
extent of infectious diseases shared by wildlife
and livestock, and provide disease treatment,
prevention and control programs to increase
livestock production, protect the health of wildlife,
develop physical and professional resources to
sustain the programs, and bring communications
and epidemiology information technologies to
rural areas. Additionally, the Southern Center
for Infectious Disease Surveillance (SACIDS) is
conducting research using a One Health approach in
the Serengeti National Park, to describe interactions
at the human-livestock-wildlife interface to
determine how TB is transmitted between these
groups (Mbugi et al. 2012b, Rweyemamu et al. 2012).
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Current diagnostics for human TB are focused on
pulmonary disease associated with M. tuberculosis
(sputum smears, very few extrapulmonary lesions
tested) and requirements for mycobacterial culture
for diagnostics are often skipped, resulting in
missed diagnosis of M. bovis (Cotter et al. 1996).
Differentiation of mycobacterial species responsible
for pulmonary TB is often not pursued. Use of
inappropriate diagnostic protocols or laboratory
techniques (e.g. using culture media that inhibits
M. bovis) or lack of additional testing to identify
the species MTB, contributes to under-reporting
of human BTB (Bayraktar et al. 2011, De Kantor
et al. 2008). Such a shortcoming has significant
implications forthe treatment of zoonotic TB: M. bovis
is resistant to pyrazinamide, a drug often used for
the treatment of M. tuberculosis infection (Bilal et al.
2010, Cosivi et al. 1998, de la Rua-Domenech 2006),
and the proportion of deaths amongst BTB patients
is higher than among patients with MTB (Majoor
et al. 2011, Rodwell et al. 2008). Determination of
species also adds important information needed
by epidemiological studies to identify sources of
infection and routes of transmission (Bayraktar et al.
2011, Cadmus et al. 2011, Cunha et al. 2012, Duarte
et al. 2010, Garcia-Jiménez et al. 2012, Jenkins et al.
2011, Rodriguez et al. 2009).

UsingOneHealthapproaches, particularlyinsharing
resources, training, and knowledge of laboratory
and health care workers, should decrease this form
of misdiagnosis. Refinement of currently-used
tests for BTB to improve sensitivity and specificity,
particularly those that can be readily used in the
field in developing countries and the development
of new tests, are goals for TB research. Serological
diagnostic tests for human and animal tuberculosis,
which measure cell-mediated and humoral
immune responses [gamma-interferon assay,
ELISA, Multi-Antigen Print Immuno-Assay (MAPIA),
immunochromatographic rapid test (ICT or RT),
lab-on-a-chip (LOC) devices] are being developed,
refined, and tested under field conditions (Buddle
etal. 2011a, Chambers 2009, Chambers et al. 2011,
de la Rua-Domenech 2006, Garcia-Bocanegra et al.
2012, Lyaschenko et al. 2008, Wadhwa et al. 2012,
Zinsstag et al. 2008). Microarray analysis to identify
specific genetic markers that identify cattle more
likely to be false positives on screening tests is
being conducted to improve the effectiveness of
the screening protocol (Lim et al. 2012). Researchers
also continue to make improvements to traditional
TB tests, including skin testing in cattle (Buddle et
al. 2011a).

Improving diagnostic tools for MTB infections
is an ongoing goal for research in both human
and veterinary medical sciences. For example,
molecular techniques (spoligotyping, MIRU-VNTR,
IS6110 RFLP, deletion typing, nested PCR) are being
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developed and refined for use with isolates from
both humans and animals. Molecular approaches
for detection of mycobacteria are more sensitive,
specific, and rapid than traditional mycobacterial
culture (Allix et al. 2006, Awah-Ndukum et al. 2011,
Berg et al. 2011, Cadmus et al. 2006, Duarte et al.
2010, Durnez et al. 2009, Grant et al. 2012, Gumi
etal. 2012, Gutiérrez et al. 1997, Hlavsa et al. 2008,
Nawaz et al. 2012, Van Soolingen et al. 1994). These
tools are being used to identify circulating strains
and species of mycobacteria in given regions
and populations, which is needed to describe
the transmission and molecular diversity of
mycobacteria and are gaining acceptance as tools
for use in outbreak investigations (Allix et al. 2006,
Awah-Ndukum et al. 2011, Bayraktar et al. 2011,
Berg et al. 2011, Cadmus et al. 2006, Cadmus et al.
2011, Cunhaetal. 2011, Cunha etal. 2012, Di Marco
et al. 2012, Duarte et al. 2010, Garcia-Bocanegra et
al. 2012, Garcia-Jiménez et al. 2012, Humblet et al.
2010, Jenkins et al. 2011, Kazwala et al. 2006, Lari
et al. 2011, Mbugi 2012b, Rodriguez et al. 2009,
Rodwell et al. 2010, Romero et al. 2011, Shrikirishna
et al. 2009, Van Soolingen et al. 1994).

Research into novel approaches to the prevention
of tuberculosis can be used not only for animal but
human disease control and prevention. Current
studies into the immunology, diagnostics, and
treatment (Dooley et al. 2012) of TB involve research
using information gleaned from both humans
and animals. For example, experimental trials to
determine if drug-assisted protective immunity
against M. bovis infection is present in calves (Dean
et al. 2008) may have applications for human BTB
control.

The development of effective TB vaccines has
been identified as an important goal by the STOP
TB partnership and other international TB control
agencies (Gutiérrez et al. 2012, Kaufmann et al.
2010). Even though the bulk of vaccine research is
directed towards the development of human MTB
vaccines, discoveries in human vaccine research
can be applied to the development of novel animal
vaccines (Waters et al. 2012). The TBVAC Consortium
has been funded by the EU (Dockrell 2012), with
the goal of development of new vaccines against
TB. These efforts include interdisciplinary research
involving identification of new antigens, testing in
animal models, new delivery systems and adjuvants.
Recently, efforts to develop DNA vaccines for TB
that induce cellular immunity against TB have been
successfully tested in animal models (Okada and
Kita 2010). The Gates Foundation has funded a study
of biomarkers for TB in Africa through their Grand
Challenges (Dockrell 2012): the goal of this study is
to longitudinally follow cohorts at seven different
sites to identify biomarkers for the development of
TB or protection from TB. To date, investigators have
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detected differences in human immune responsesin
different populations (Malawi vs. UK), demonstrating
the impact of environment on immune response,
and are currently studying the effects of helminthes
co-infection on immunity against TB and other
diseases.

Vaccination of livestock and wildlife for BTB control
is been investigated in developing countries and in
countries with wildlife reservoirs of BTB (Chambers et
al. 2011, Cosivi et al. 1998, Gortazar et al. 2008, Katale
et al. 2012, Lesellier et al. 2006, Mbugi et al. 2012b,
Palmer et al. 2012b, Wedlock et al. 2005, Zinsstag et
al. 2008). In some instances, vaccination does not
prevent infection, but reduces the burden of disease
in the vaccinated wildlife (Chambers et al. 2011). With
ongoing research to develop better vaccines and
delivery methods, vaccination has been recognized
as a future option for control of BTB transmission
between wildlife and livestock (Palmer et al. 2012a).
In addition to efficacy studies, there are concerns that
vaccination may confound screening tests for BTB.
Cattle exposed to BCG (Bacillus Calmette-Guérin,
an attenuated strain of M. tuberculosis used for
vaccination), will give false positives through skin
testing. Concerns have been raised that vaccinated
wildlife may transmit BCG to livestock (Palmer et al.
2010), and hunters may be exposed to BCG from
vaccinated deer (Palmer et al. 2012b). However,
current studies have demonstrated that, while BCG is
shed from vaccinated wildlife (Chambers et al. 2011,
Lesellier et al. 2006, Palmer et al. 2010, Wedlock et
al. 2005), the risk of transmitting BCG from wildlife
to livestock or humans is considered to be low
(Chambers et al. 2011, Palmer et al. 2012b).

Research is also ongoing in the development of
vaccines and vaccine delivery systems for use
in cattle and wildlife reservoirs of BTB, which
will be critical in situations where conventional
test-and-slaughter control programs are not
practical, and where it is impossible to segregate
wildlife reservoirs from livestock or when slaughter
of infected wildlife is socially controversial (Buddle et
al. 2001b, Carstensen etal. 2011, Gortazar et al. 2012,
O'Brien et al. 2006, Waters et al. 2012). Vaccination
can reduce theimpact of BTB on wildlife populations,
particularly where threatened or endangered
species [e.g., lions and cheetahs in South Africa (de
Vos et al. 2001); Iberian lynx in Spain (Gortazar et al.
2012)] are threatened (Buddle et al. 2011b, Lesellier
etal. 2006, Waters et al. 2012).

Improved efficiency of TB surveillance,
diagnosis, and control programs

The following have all proved to be necessary
to develop comprehensive zoonotic TB control
programs:
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« improved diagnostic tests,
- better wildlife,
« transboundary surveillance programs,

- application of control measures to livestock
and wildlife,

- additional research into the role of different
wildlife species,

+ the role of ecosystem environments on the
transmission of BTB (Garcia-Bocanegra et al.
2012, Humblet et al. 2009, Mbugi et al. 2012a).

The transboundary nature of zoonotic TB
automatically expands the scope of surveillance
and control programs: in sub-Saharan Africa, wildlife
reservoirs, livestock, and pastoralists constantly
traverse large geographic areas, providing
opportunities to both acquire and transportzoonotic
diseases as they move across borders (Capobianco
Dondona et al. 2010, Rass 2006, Schwabe 1984).

Early detection of BTB in both human and animal
populations, a cornerstone of the One Health
approach to zoonoses control, is critical to control
the disease in all populations (Meisser et al. 2011).
Simultaneous surveillance of human and animal
populations, which would reduce detection time
(Narrod et al. 2012, Schelling et al. 2003, Zinsstag
et al. 2005, Zinsstag et al. 2009), is an emerging
strategy in zoonotic disease surveillance (Vrbova et
al. 2010) and the integration of human and animal
surveillance and prevention programs has been
strongly recommended for BTB (Ayele et al. 2004,
Boukary et al. 2010, Chen et al. 2009, Cleaveland et
al. 2007, Cosivi et al. 1998).

Collaborative efforts between public health,
agriculture, and wildlife professionals, with
support from the public, are critical to the control
of BTB (Cunha et al. 2012, Okafor et al. 2011). Lack
of stakeholder support can seriously reduce the
effectiveness of BTB control programs, as seen
in the control of BTB in wild white tailed-deer in
Michigan and Minnesota (Carstensen et al. 2011).
Control programs have successfully reduced
BTB levels in wild deer in Minnesota with public
acceptance and support (Carstensen et al. 2011),
while lack of cooperation with farmers and hunters
in Michigan have made control programs more
difficult to maintain (Carstensen et al. 2011, O'Brien
etal. 2006).

Conclusions

The One Health approach offers many advantages
in controlling disease. These include: 1) efficiency as
a result of shared surveillance programs, laboratory
facilities, training of personnel, and research; 2)
potentially positive impacts on the disease in
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livestock, wildlife, and humans; 3) opportunity to
involve trans-disciplinary teams of professionals
in biomedical sciences, social sciences, and
ecological sciences. Given the complex nature of the
epidemiology of zoonotic TB, and the influences of
sociological, economic, and ecological factors, One
Health provides an excellent economical approach
for conducting research, and the development of
effective disease control and prevention programs
for zoonotic tuberculosis.

References

Kaneene et al.

Conflict of interest/Competing
interests

Dr Kaneene is the most recent former chairperson
of the Zoonotic TB Sub-Section of the International
Union Against Tuberculosis and Lung Disease
(IUATLD). Dr Kaplan is a member of the One Health
Initiative Team  (http://www.onehealthinitiative.
com/index.php). Dr Steele is a current member of
the One Health Initiative Website Advisory Board.

Allepuz A., Casal J., Napp S., Saez M., Alba A., Vilar M.,
Domingo M., Gonzalez M.A., Duran-Ferrer M., Vicente
J., Alvarez J.,, Mufioz M. & Saez J.L. 2011. Analysis of the
spatial variation of bovine tuberculosis disease risk in
Spain (2006-2009). Prev Vet Med, 100, 44-52.

Allix C., Walravens K., Saegerman C., Godfroid J., Supply
P. & Fauville-Dufaux M. 2006. Evaluation of the
epidemiological relevance of Variable-Number
Tandem-Repeat genotyping of  Mycobacterium
bovis and comparison of the method with 1S6770
restriction fragment length polymorphism analysis and
spoligotyping. J Clin Microbiol, 44, 1951-1962.

AmenuK., ThysE., Regassa A.&Marcotty T.2010. Brucellosis
and tuberculosis in Arsi-Negele District, Ethiopia:
prevalence in ruminants and people’s behaviour
towards zoonoses. Tropicultura, 28(4), 205-210.

American Veterinary Medical Association (AVMA). 2008.
One Health: a new professional imperative. One Health
Initiative Task Force: Final Report (www.avma.org/
onehealth/default.asp accessed on 5 October 2012).

Awah-Ndukum J., Kudi C., Bradley G. & Ane-Anyangwe I.N.
2011. Preliminary report of the zoonotic significance of
tuberculosis in cattle in the highlands of Cameroon. In
Animal hygiene and sustainable livestock production:
Proc XV Int Congress, Int Soc Animal Hygiene, Vienna,
Austria, 3-7 July, 1, 193-195.

Ayele W.Y., Neill S.D., Zinsstag J., Weiss M.G. & Pavlik |. 2004.
Bovine tuberculosis: an old disease but a new threat to
Africa. Int J Tuberc Lung Dis, 8, 924-937.

Bayraktar B. Bulut E. Baris A.B. Toksoy B., Dalgic N.,
Celikkan C. & Sevgi D. 2011. Species Distribution of the
Mycobacterium tuberculosis Complex in Clinical Isolates
from 2007 to 2010 in Turkey: a Prospective Study. J Clin
Microbiol, 49, 3837-3841.

Beasley V. 2009. ‘One Toxicology;, ‘Ecosystem Health, and
‘One Health' Vet Ital, 45, 97-110.

Ben Kahla I., Boschiroli M.L., Souissi F., Cherif N., Benzarti
M., Boukadida. & Hammami S. 2011. Isolation and
molecular characterisation of Mycobacterium bovis
from raw milk in Tunisia. African Health Sci, 11, S2-S5.

Berg S., Garcia-Pelayo M.C., Muller B., Hailu E., Asiimwe
B., Kremer K., Dale J., Boniotti M.B., Rodriquez S., Hilty
M., Rigouts L., Firdessa R., Machado A., Mucavele C,

Ngandolo B.N.R., Bruchfeld J., Boschiroli L., Muiller A.,
Sahraoui N., Pacciarini M., Cadmus S., Joloba M., van
Soolingen D., Michel AL, Djgnne B., Aranaz A., Zinsstag
J., van Helden P, Portaels F., Kazwala R., Kallenius G.,
Hewinson R.G., Aseffa A, Gordon S.V. & Smith N.H.
2011. African 2, a clonal complex of Mycobacterium
bovis epidemiologically important in East Africa. J
Bacteriol, 193, 670-678.

Bilal S., Igbal M., Murphy P. & Power J. 2010. Human
bovine tuberculosis — Remains in the differential. J Med
Microbiol, 59, 1379-1382.

Boukary AR, Thys E., Rigouts L., Matthys F., Berkvens D.,
Mahamadou ., Yenikoye A. & Saegerman C. 2010.
Risk factors associated with bovine tuberculosis and
molecular characterization of Mycobacterium bovis
strains in urban settings in Niger. Transbound Emerg Dis,
59(6), 490-502.

Brownlie J.2012. Aforesightvision forinfectious diseases in
Africa. Onderstepoort J Vet Res, 79(2), 459, doi:10.4102/
0jvr.v79i2.459.

Buddle B.M., Livingstone P.G. & de Lisle GW. 2011a.
Advances in ante-mortem diagnosis of tuberculosis in
cattle. NZ Vet J, 57, 173-180.

Buddle B.M., Wedlock D.N., Denis M., Vordermeier H.M. &
Hewinson R.G. 2011b. Update on vaccination of cattle
and wildlife populations against tuberculosis. Vet
Microbiol, 151, 14-22.

Cadmus S., Palmer S., Okker M., Dale J., Gover K., Smith N.,
Jahans K., Hewinson R.G. & Gordon S.V. 2006. Molecular
analysis of human and bovine tubercule bacilli from a
local setting in Nigeria. J Clin Microbiol, 44, 29-34.

Cadmus S.I.B., Gordon S.V., Hewinson R.G. & Smith N.H.
2011. Exploring the use of molecular epidemiology to
track bovine tuberculosis in Nigeria: an overview from
2002 to 2004. Vet Microbiol, 151, 133-138.

Capobianco Dondona A., Jago M, Lelli R, Marais A. &
Scacchia M. 2010. Preliminary report of transfrontier
disease surveillance in free-ranging buffalo in the
Caprivi Strip, Namibia. Vet Ital, 46, 267-275.

Carstensen M., O'Brien D.J. & Schmitt S.M. 2011. Public
acceptance as adeterminant of management strategies
for bovine tuberculosis in free-ranging U.S. wildlife. Vet
Microbiol, 151, 200-204.

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08




Kaneene et al.

Chambers M.A. 2009. Review of the diagnosis and study
of tuberculosis in non-bovine wildlife species using
immunological methods. Transbound Emerg Dis, 56,
215-227.

Chambers M.A., Rogers F., Delahay R.J., Lesellier S., Ashford
R., Dalley D., Gowtage S., Davé D., Palmer S., Brewer J.,
Crawshaw T.,, Clifton-Hadley R., Carter S., Cheeseman
C., Hanks C., Murray A., Palphramand K., Pietravalle S.,
Smith G.C., Tomlinson A., Walker N.J., Wilson G.J., Corner
L.A.L., Rushton S.P, Shirley M.D.F,, Gettinby G., McDonald
R.A. & Hewinson R.G. 2011. Bacillus Calmette-Guérin
vaccination reduces the severity and progression of
tuberculosis in badgers. Proc R Soc B, 278, 1913-1920.

Chen Y., Chao Y., Deng Q, Liu T., Ziang J., Chen J., Zhou
J., Zhan Z, Kuang Y., Cai H.,, Chen H. & Guo A. 2009.
Potential challenges to the Stop TB Plan for humans
in China; cattle maintain M. bovis and M. tuberculosis.
Tuberculosis, 89, 95-100.

CleavelandS., Shaw D.J., Mfinanga S.G., Shirima G., Kazwala
R.R., Eblate E. & Sharp M. 2007. Mycobacterium bovis in
rural Tanzania: risk factors for infection in human and
cattle populations. Tuberculosis, 87, 30-43.

Coker R.J., Hunter B.M., Rudge JW., Liverani M. &
Hanvoravongchai P.2011. Emerging infectious diseases
in southeast Asia: regional challenges to control.
Lancet, 377, 599-609.

Coleman J.D., Coleman M.C. & Warburton B.2011.Trends in
the incidence of tuberculosis in possums and livestock,
associated with differing control intensities applied to
possum populations. N Z Vet J, 54, 52-60.

Conrad PA., Mazet J.A, Clifford D., Scott C. & Wilkes M.
2009. Evolution of a transdisciplinary “One Medicine-
One Health” approach to global health education at
the University of California, Davis. Prev Vet Med, 92,
268-274.

Cook A.J.C,, Tuchili LM., Buve A., Foster S.D. Godfrey-
Faussett P, Pandey G.S. & McAdam KPW.J. 1966.
Human and bovine tuberculosis in the Monze district
of Zambia - a cross-sectional study. Br Vet J, 152, 37-46.

Corner L.A.L. 2006. The role of wild animal populations in
the epidemiology of tuberculosis in domestic animals:
How to assess the risk. Vet Microbiol, 112, 303-312.

CosiviO.,Grange J.M., Daborn C.J., Raviglione M.C,, Fujikura
T., Cousins D., Robinson R.A., Huchzermeyer H.F, de
Kantor |. & Meslin F.X. 1998. Zoonotic tuberculosis due
to Mycobacterium bovis in developing countries. Emerg
Infect Dis, 4, 59-70.

Cotter T.P, Sheehan S, Cryan B. O’Shaughnessy E.,
Cummins H. & Bredin C.P. 1996. Tuberculosis due to
Mycobacterium bovis in humans in the south-west
region of Ireland: is there a relationship with infection
prevalence in cattle? Tuberc Lung Dis, 77, 545-548.

Courtenay O., Reilly L.A.,, Sweeney F.P, Hibberd V., Bryan S.,
Ul-Hassan A, Newman C., Macdonald D.W., Delahay R.J.,
Wilson G.J. & Wellington E.M.H. 2006. Is Mycobacterium
bovis in the environment important for the persistence
of bovine tuberculosis? Biol Lett, 2, 460-462.

Cunha M.V, Monteiro M., Carvalho P, Mendonca
P, Albuquerque T. & Botelho A. 2011. Multihost
tuberculosis: insights from the Portuguese Control

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08

Preventing and controlling zoonotic tuberculosis: a One Health approach

Program.VetMedInt,795165,doi:10.4061/2011/795165.

Cunha M.V, Matos F, Canto A., Albuquerque T., Alberto
JR., Aranha J.M,, Vieira-Pinto M. & Botelho A. 2012.
Implications and challenges of tuberculosis in wildlife
ungulates in Portugal: a molecular epidemiology
perspective. Res Vet Sci, 92, 225-235.

Dawson K.L., Bell A, Kawakami P, Coley K., Yates G. &
Collins D.M.2012.Transmission of Mycobacterium orygis
(M. tuberculosis Complex Species) from a tuberculosis
patient to a dairy cow in New Zealand. J Clin Microbiol,
50,3136-3138.

De Kantor I.N., Ambroggi M., Poggi S., Morcillo N., Da Silva
Telles M.A., Ribeiro M.O., Garzon Torres M., Llerena Polo
C., Ribon W., Garcia V., Kuffo D., Asencios L., Vasquez
Campos L.M,, Rivas C. & de Waard J.H. 2008. Human
Mycobacterium bovis infection in ten Latin American
countries. Tuberculosis, 88, 358-365.

de la Rua-Domenech R. 2006. Human Mycobacterium
bovis infection in the United Kingdom: incidence, risks,
control measures and review of the zoonotic aspects of
bovine tuberculosis. Tuberculosis, 86, 77-109.

de la Rua-Domenech R., Goodchild A.T., Vordermeier H.M.,
Hewinson R.G., Christiansen K.H. & Clifton-Hadley R.S.
2006. Ante mortem diagnosis of tuberculosis in cattle:
A review of the tuberculin tests, gamma-interferon
assay and other ancillary diagnostic techniques. Res Vet
Sci, 81, 190-210.

deVos V., Bengis R.G., Kriek N.P,, Michel A.L., Keet D.F., Raath
J.P & Huchzermeyer H.F.K.A. 2001. The epidemiology of
tuberculosis in free-ranging African buffalo (Syncerus
caffer) in the Kruger National Park, South Africa.
Onderstepoort J Vet Res, 68, 119-130.

Dean G.S., Rhodes S.G., Coad M., Whelan A.O., Wheeler
P, Villareal-Ramos B., Mead E., Johnson L., Clifford D.J.,
Hewinson R.G. & Vordermeier H.M. 2008. Isoniazid
treatment of Mycobacterium bovis in cattle as a model
for human tuberculosis. Tuberculosis, 88, 586-594.

Di Marco V., Mazzone P, Capuccio M.T.,, Boniotti M.B.,
Aronica V., Russo M., Fiasconaro M., Cifani N., Corneli
S., Biasibetti E., Biagetti M., Pacciarini M.L., Cagiola
M., Basquali P. & Marianelli C. 2012. Epidemiological
significance of the domestic black pig (Sus scrofa) in
maintenance of bovine tuberculosis in Sicily. J Clin
Microbiol, 40, 1209-1218.

Dockrell H.M. 2012. One Health - ‘joining the dots.
Onderstepoort J Vet Res, 79(2), 458, doi:10.4102/ojvr.
v79i2.458.

Domenech J., Lubroth J., Eddi C., Martin V. & Roger F. 2006.
Regional and international approaches on prevention
and control of animal transbound and emerging
diseases. Ann N'Y Acad Sci, 1081, 90-107.

Dooley K.E., Obuku E.A., Durakovic N., Belitsky V., Mitnick
C. & Nuremberger E.L. 2013. World Health Organization
Group 5 drugs for the treatment of drug-resistant
tuberculosis: unclear efficacy or untapped potential? J
Infect Dis, 207(9), 1352-1358.

Doran P, Carson J., Costello E. & More S.J. 2009. An
outbreak of tuberculosis affecting cattle and people on
an Irish dairy farm, following the consumption of raw
milk. Irish Vet J, 62, 390-397.

17




Preventing and controlling zoonotic tuberculosis: a One Health approach

18

Duarte E.L., Domingos M., Amado A., Cunha M.V. & Botelho
A. 2010. MIRU-VNTR typing adds discriminatory value
to groups of Mycobacterium bovis and Mycobacterium
caprae strains defined by spoligotyping. Vet Microbiol,
143, 299-306.

Durnez L. Sadiki H., Katakweba A., Machang'u RR,
Kazwala R.R., Leirs H. & Portaels F. 2009. The prevalence
of  Mycobacterium  bovis-infection and typical
mycobacterioses in cattle in and around Morogoro,
Tanzania. Trop Anim Health Prod, 41, 1653-1659.

DurnezL., Katakweba A., SadikiH.,KatholiC.R., KazwalaR.R.,
Machang'u R.R., Portaels F. & Leirs H. 201 1. Mycobacteria
in terrestrial small mammals on cattle farms in Tanzania.
Vet Med Int, 495074, doi: 10.4061/2011/495074.

Food and Animal Organization (FAO), Office International
des Epizooties (OIE), World Health Organization
(WHO). 2008. Contributing to One World, One Health:
A strategic framework for reducing risks of infectious
diseases at the Animal-Human-Ecosystems Interface
(consultation document). 14 October 2008 (www.fao.
org/docrep/011/aj137e/aj137e00.htm accessed on 11
September 2012).

FeteneT., Kebede N. & Alem G. 2010. Tuberculosis infection
in animal and human populations in three districts of
Western Gojam, Ethiopia. Zoonoses Public Health, 58,
47-53.

Fine A.E, Bolin CA. Gardiner J.C. & Kaneene J.B.
2011. A study of the persistence of Mycobacterium
bovis in the environment under natural weather
conditions in Michigan, USA. Vet Med Int, 765430,
doi:10.4061/2011/765430.

Garcia-Bocanegra |., Pérez de Val B., Arenas-Montes A.,
Paniagua J.,, Boadella M., Gortdzar C. & Arenas A.
2012. Seroprevalence and risk factors associated to
Mycobacterium bovis in wild artiodactyl species from
southern Spain, 2006-2010. PLoS ONE, 7(4), 34908,
doi:10.1371/journal.pone.0034908.

Garcia-Jiménez W.L, Benitez-Medina J.M., Fernandez-
Llario P, Abecia J.A., Garcia-Sanchez A., Martinez R,
Risco D., Ortiz-Peldez A. Salguero F.J., Smith N.H.,
Gomez L. & Hermoso de Mendoza J. 2012. Comparative
pathology of the natural infections by Mycobacterium
bovis and by Mycobacterium caprae in wild boar (Sus
scrofa). Transbound Emerg Dis, 60(2), 102-1009.

Gortézar C,, Torres M.J., Vicente J., Acevedo P, Reglero M.,
de la Fuente J., Negro J.J. & Aznar-Martin J. 2008. Bovine
tuberculosis in Donana Biosphere Reserve: the role of
wild ungulates as disease reservoirs in the last Iberian
lynx strongholds. PLoS ONE, 3, 1-8.

Gortazar C., Delahay R.J., McDonald R.A., Boadella M.,
Wilson G.J., Gavier-Widen D. & Acevedo P. 2012. The
status of tuberculosis in European wild mammals.
Mammal Rev, 42, 193-206.

Grace D., Gilbert J., Randolph T. & Kang'ethe E. 2012. The
multiple burdens of zoonotic disease and an ecohealth
approach to their assessment. Trop Anim Health Prod,
doi: 10.1007/511250-012-0209-y.

Grant J., Kammerer S., Baker B. & Kim L. 2012. Tuberculosis
Genotyping — United States, 2004-2010. MMWR, 61,
723-725.

Kaneene et al.

Green L.E., Carrique-Mas J.J., Mason S.A. & Medley G.F.
2012. Patterns of delayed detection and persistence
of bovine tuberculosis in confirmed and unconfirmed
herd breakdowns in cattle and cattle herds in Great
Britain. Prev Vet Med, 106, 266-274.

Griffin J.M., Williams D.H., Kelly G.E., Clegg T.A., O'Boyle
I, Collins J.D. & More S.J. 2005. The impact of badger
removal on the control of tuberculosis in cattle herds in
Ireland. Prev Vet Med, 67, 237-266.

Gumi B., Schelling E., Berg S., Firdessa R. Erenso G.,
Mekonnen W., Hailu E., Melese E., Hussein J., Aseffa A. &
Zinsstag J. 2012. Zoonotic transmission of tuberculosis
between pastoralists and their livestock in South-East
Ethiopia. EcoHealth, 9, 139-149.

Gutiérrez M., Samper S., Jiménez M.S. van Embden
J.D., Marin JF. & Martin C. 1997. Identification by
spoligotyping of a caprine genotype in Mycobacterium
bovis strains causing human tuberculosis. J Clin
Microbiol, 35, 3328-3330.

Gutiérrez A.H., Spero D., Gay C,, Zimic M. & De Groot A.S.
2012. New vaccines needed for pathogens infecting
animals and humans: One Health. Hum Vaccin
Immunother, 8, 971-978.

Hlavsa M., Moonan PK., Cowan L.S., Navin T.R., Kammerer
J.S., Morlock G.P, Crawford J.T. & LoBue PA. 2008.
Human tuberculosis due to Mycobacterium bovis in the
United States, 1995-2005. Clin Infect Dis, 47, 168-175.

Holveck J.C., Ehrenberg J.P, Ault SK., Rojas R., Vasquez J.,
Cequeira M.T., Ippolito-Shepherd J., Genovese M.A. &
Periago M.R. 2007. Prevention, control, and elimination
of neglected diseases in the Americas: pathways to
integrated, inter-programmatic, inter-sectoral action
for health and development. BMC Public Health, 7, 6.
doi:10.1186/1471-2458-7-6.

Humblet M.F, Boschiroli M.L. & Saegerman C. 2009.
Classification of worldwide bovine tuberculosis risk
factors in cattle: a stratified approach. Vet Res, 40, 50.
doi: 10.1051/vetres/2009033.

Humblet M.F,, Gilbert M., Govaerts M., Fauville-Dufaux M.,
Walravens K. & Saegerman C. 2010. New assessment of
bovine tuberculosis risk factors in Belgium based on
nationwide molecular epidemiology. J Clin Microbiol,
48, 2802-2808.

Jenkins A.O., Cadmus S..B., Venter E.H. Pourcel C,
Hauk Y, Vergnaud G. & Godfroid J. 2011. Molecular
epidemiology of human and animal tuberculosis in
Ibadan, Southwestern Nigeria. Vet Microbiol, 151, 139-
147.

Kahn LH. Kaplan B. & Steele JH. 2007. Confronting
zoonoses through closer collaboration between
medicine and veterinary medicine (as ‘one medicine’).
Vet Ital, 43, 5-19.

Kahn L.H., Monath T.P, Bokma B.H., Gibbs E.P. & Aguirre
A.A.2012.Chapter 3: One Health, One Medicine. In New
directions in conservation medicine: applied cases of
ecological health. (A.A. Aguirre, R. Ostfeld, P. Dasza,
eds). New York, NY, Oxford University Press, USA, 33-44.

Kankya C., Muwonge A., Olet S., Munyeme M., Biffa D.,
Opuda-Asibo J., SKjerve E. & Oloya J. 2010. Factors
associated with pastoral community knowledge

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08




Kaneene et al.

and occurrence of mycobacterial infections in
Human-Animal Interface areas of Nakasongola and
Mubende districts, Uganda. BMC Publ Health, 10, 471.
doi:10.1186/1471-2458-10-471.

Kaplan B. & Echols M. 2009.’One Health'- the Rosetta stone
for 215 century health and health providers. Vet Ital, 45,
377-382.

Kaplan B. & Scott C. 2011. Who coined the term
“One  Medicine”?  (www.onehealthinitiative.com/
publications/Who%20coined%20the%20term%20
One%20Medicine%20by%20B%20%20Kaplan%20
and%20C%20%20Scott%20May19%202011-C.S.pdf
accessed on 20 August 2012).

Kassa G.M., Abebe F., Worku Y., Legesse M., Medhin G,
Bjune G. & Ameni G. 2012. Tuberculosis in goats and
sheep in Afar Pastoral Region of Ethiopia and isolation
of Mycobacterium tuberculosis from goat. Vet Med Int,
869146. doi:10.1155/2012/869146.

Katale B.Z., Mbugi E.V., Kendal S., Fyumagwa R.D., Kibiki
G.S., Godfrey-Faussett P, Keyyu J.D., van Helden P. &
Matee M.l. 2012. Bovine tuberculosis at the human-
livestock-wildlife interface: is it a public health problem
in Tanzania? A review. Onderstepoort J Vet Res, 79, 463.
doi: 10.4102/0jvr.v79i2.463.

Kaufmann S.H. Hussey G. & Lambert PH. 2070.
Tuberculosis 6: new vaccines for tuberculosis. Lancet,
375,2110-2119.

Kayunze K.A., Kiwara A.D., Lyamuya E., Kambarage D.M.,
Rushton J., Coker R., Kock R. & Rweyemamu M.M. 2012.
A socio-economic approach to One Health policy
research in southern Africa. Onderstepoort J Vet Res, 79,
460. doi:10.4102 /ojvr.v79i2.460.

KazwalaR.R., Daborn C.J., Sharp J.M., Kambarage D.M., Jiwa
S.FH.&MbembatiN.A.2001.Isolation of Mycobacterium
bovis from human cases of cervical adenitis in Tanzania:
a cause for concern? Int J Tuberc Lung Dis, 5, 87-91.

Kazwala R.R., Kusiluka L.J.M., Sinclair K., Sharp JM. &
Daborn C.J. 2006. The molecular epidemiology of
Mycobacterium bovis infections in Tanzania. Vet
Microbiol, 112, 201-210.

King L.J., Anderson L.R., Blackmore C.G., Blackwell M.J.,
Lautner E.A., Marcus L.C., Meyer T.E., Monath T.P, Nave
J.E., Ohle J,, Pappaioanou M., Sobota J., Stokes W.S.,
Davis R.M., Glasser J.H. & Mahr RK. 2008. Executive
summary of the AVMA One Health Initiative Task Force
Report. JAm Vet Med Assoc, 233, 259-261.

Kleeberg H.H. 1984. Human tuberculosis of bovine origin in
relation to public health. Rev Sci Tech Off Int Epiz, 3, 11-32.

Klement E., Shpigel N., Balicer R.D., Baneth G., Grotto |.
& Davidovitch N. 2009. ‘One Health, from science to
policy: examples from the Israeli experience. Vet Ital,
45, 45-53.

Komba EV.G., Komba E.V., Mkupasi E.M., Mbyuzi A.O.
Mshamu S., Mzula A. & Luwumba D. 2012. Sanitary
practices and occurrence of zoonotic conditions in
cattle at slaughter in Morogoro Municipality, Tanzania:
implications for public health. Tanzania J Health Res, 14.
doi:/10.4314/thrb.v14i2.6.

Lamy E., van Harten S., Sales-Baptista E.,, Guerra M.M.M. &
Almeida A.M.2012.Chapter 2:Factorsinfluencing livestock

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08

Preventing and controlling zoonotic tuberculosis: a One Health approach

productivity. In Environmental stress and amelioration
in livestock production (V. Seijan, S.M.K. Naqvi, T. Ezeji, J.
Lakritz, & R. Lal, eds). Springer-Verlag, Berlin Heidelberg,
19-51.doi:10.1007/978-3-642-29205-7_2.

Lari L., Bimbi N., Rindi L., Tortoli E. & Garzelli C. 201 1. Genetic
diversity of human isolates of Mycobacterium bovis
assessed by spoligotyping and Variable Number Tandem
Repeat genotyping. Infect Genet Evol, 11, 175-180.

Lesellier S., Palmer S., Dalley D.J., Davé D., Johnson L.,
Hewinson R.G. & Chambers M.A. 2006. The safety and
immunogenicity of Bacillus Calmette-Guérin (BCG)
vaccine in European badgers (Meles meles). Vet Immunol
Immunopathol, 112, 24-37.

Leung Z., Middleton D. & Morrison K. 2012. One Health
and EcoHealth in Ontario: a qualitative study exploring
how holistic and integrative approaches are shaping
public health practice in Ontario. BMC Public Health, 12,
358.doi:10.1186/1471-2458-12-358.

Lim A., Steibel J.P, Coussens PM., Grooms D.L. & Bolin
S.R. 2012. Differential gene expression segregates
cattle confirmed positive for bovine tuberculosis from
antemortem tuberculosis test-false Positive cattle
originating from herds free of bovine tuberculosis. Vet
Med Int, 192926. doi: 10.1155/2012/192926.

LoBue PA., Betancourt W., Cowan L., Seli L., Peter C. &
Moser K.S. 2004. Identification of a familial cluster of
pulmonary Mycobacterium bovis disease. Int J Tuberc
Lung Dis, 8, 1142-1146.

Lyaschenko K.P, Greenwald R., Esvandiari J., Chambers
M.A., Vicente J., Gortazar C., Santos N., Correia-Neves M.,
Buddle B.M., Jackson R., O'Brien D.J., Schmitt S., Palmer
M.V., Delahay R.J. & Waters W.R. 2008. Animal-side
serologic assay for rapid detection of Mycobacterium
bovis infection in multiple species of free-ranging
wildlife. Vet Microbiol, 132, 283-292.

Magnus K. 1966. Epidemiological basis of tuberculosis
eradication 3. Risk of pulmonary tuberculosis after
human and bovine infection. Bull World Health Org, 35,
483-508.

Majoor C.J., Magis-Escurra C., van Ingen J., Boeree M.J. &
van Soolingen D.2011. Epidemiology of Mycobacterium
bovis disease in humans, the Netherlands, 1993-2007.
Emerg Infect Dis, 17, 457-463.

Marcoti¢ A., Krajinovi¢ L.C., Margaleti¢ J., Turk N., Miteli¢-
Medved M., Zmak L., Jankovi¢ M., Kurolt 1.C., Soprek
S., Dakovi¢ Rode O., Milas Z., Pujiz I., Ledina D., Huki¢
M. & Kuzman I. 2009. Zoonoses and vector-borne
diseases in Croatia — a multidisciplinary approach.
Vet Ital, 45, 55-66.

Mbugi E.V., Kayunze K.A., Katale B.Z., Kendall S., Good L.,
Kibik G.S., Keyyu J.D., Godfrey-Faussett P, van Helden
P. & Matee M.I. 2012a. ‘One Health’ infectious diseases
surveillance in Tanzania: are we all on board the same
flight? Onderstepoort J Vet Res, 79, 500. doi: 10.4102/
0jvr.v79i2.500.

Mbugi E.V., Katale B.Z., Kendall S., Good L., Kibiki G.S.,
Keyyu J.D., Godfrey-Faussett P, van Helden P. & Matee
M.I. 2012b. Tuberculosis cross-species transmission in
Tanzania: towards a One-Health concept. Onderstepoort
J Vet Res, 79, 501. doi: 10.4102/0jvr.v79i2.501.

19




Preventing and controlling zoonotic tuberculosis: a One Health approach

20

Meisser A., Schelling E. & Zinsstag J. 2011. One Health in
Switzerland: a visionary concept at a crossroads? Swiss
Med Wkly, 141, w13201.

Merianos A. 2007. Surveillance and response to disease
emergence. Curr Topics Microbiol Immunol, 315, 477-
509. doi:10.1007/978-3-540-70962-6_19.

Milian-Suazo F, Pérez-Guerrero L. Arriaga-Diaz C. &
Escartin-Chavez M. 2010. Molecular epidemiology of
human cases of tuberculosis by Mycobacterium bovis in
Mexico. Prev Vet Med, 97, 37-44.

Miller R., Kaneene J.B., Schmitt S.M., Lusch D.P. & Fitzgerald
S.D. 2007. Spatial analysis of Mycobacterium bovis
infection in white-tailed deer (Odocoileus virginianus)
in Michigan, USA. Prev Vet Med, 82, 111-122.

Monath T.P, Kahn L.H. & Kaplan B. 2010. Introduction: One
health perspective. ILARJ, 51, 193-198.

Muma J.B., Simuunza M., Mwachalimba K., Munyeme
M., Namangala B., Hankanga C,, Sijumbila G., Ndonyo
R.L. Sinkala Y, Mwanza A. & Mweene AS. 2012.
Development of a curriculum for training in One Health
analytical epidemiology at the University of Zambia.
Onderstepoort J Vet Res, 79(2), 475. doi: /10.4102/ojvr.
v79i2.475.

Munyeme M., Muma J.B., Skjerve E., Nambota A.M., Phiri
I.G.K,, SamuiK.L.,, Dorny P.&Tryland M. 2008. Risk factors
associated with bovine tuberculosis in traditional cattle
of the livestock/wildlife interface areas in the Kafue
basin of Zambia. Prev Vet Med, 85, 317-328.

Munyeme M., Muma J.B., Munang’andu H., Kankya
C., Skjerve E. & Tryland M. 2010. Cattle owner’s
awareness of bovine tuberculosis in high and
low prevalence settings of the wildlife-livestock
interface areas in Zambia. BMC Vet Res, 6, 21. doi:
10.1186/1746-6148-6-21.

Nara PL., Nara D., Chaudhuri R, Lin G. & Tobin G. 2008.
Perspectives on advancing preventative medicine
through vaccinology at the comparative veterinary,
human and conservation medicine interface: Not
missing the opportunities. Vaccine, 26, 6200-6211.

Narrod C., Zinsstag J. & Tiongco M. 2012. A One Health
framework for estimating the economic costs of
zoonotic diseases on society. EcoHealth, 9, 150-162.

Nastasee S. 2008. Zoonotic tuberculosis in Africa. Med J
Ther Africa, 2, 53-58.

Nawaz A. Chaudhry Z.lI., Shahid M., Gul S., Khan FA.
& Hussain M. 2012. Detection of Mycobacterium
tuberculosis and Mycobacterium bovis in sputum and
blood samples of human. JAnim Plant Sci, 22, 117-120.

Nishi J.S., Shury T. & Elkin B.T. 2006. Wildlife reservoirs for
bovine tuberculosis (Mycobacterium bovis) in Canada:
Strategies for management and research. Vet Microbiol,
112,325-338.

Nugent G., Whitford J., Yockney I.J. & Cross M.L. 2012.
Reduced spillover transmission of Mycobacterium bovis
to feral pigs (Sus scofa) following population control of
brushtail possums (Trichosurus vulpecula). Epidemiol
Infect, 140, 1036-1047.

Nyamanga P.A., Suda C. & Aagaard-Hansen J. 2006.
Similarities between human and livestock illnesses

Kaneene et al.

among the Luo in Western Kenya. Anthropol Med,
13, 13-24.

O’Brien D.J., Schmitt S.M., Fitzgerald S.D., Berry D.E. &
Hickling G.J. 2006. Managing the wildlife reservoir of
Mpycobacterium bovis: The Michigan, USA, experience.
Vet Microbiol, 112, 313-323.

O’Brien D.J., Schmitt S.M,, Fitzgerald S.D. & Berry DE. 2011.
Management of bovine tuberculosis in Michigan
wildlife: current status and near term prospects. Vet
Microbiol, 151, 179-187.

Okada M. &KitaY.2010.Tuberculosis vaccine development:
the development of novel (preclinical) DNA vaccine.
Human Vaccines, 64, 297-308.

Okafor C.C., Grooms D.L., Bruning-Fann C.S., Averill J.J. &
Kaneene J.B. 2011. Descriptive epidemiology of bovine
tuberculosis in Michigan (1975-2010): lessons learned.
Vet Med Int, 11, 874924. d0i:10.4061/2011/874924.

Omer MK., Skjerve E., Woldehiwet Z. & Holstad G. 2001.
A cross-sectional study of bovine tuberculosis in dairy
farms in Asmara, Eritrea. Trop Anim Health Prod, 33,
295-303.

One Health  Commission (OHC). 2012. One
Health Commission: About us: History (www.
onehealthcommission.org/en/why_one_health/
about_us/history/ accessed on 16 October 2012).

One Health Global Network. 2012. One Health Global
Network Webportal: Training (www.onehealthglobal.
net/?page_id=43 accessed on 16 October 2012).

One Health Initiative (OHI). 2012a. One Health Initiative
Supporters (www.onehealthinitiative.com/supporters.
php accessed on 16 October 2012).

One Health Initiative (OHI). 2012b. One Health Initiative
Contact  (www.onehealthinitiative.com/contact.php
accessed on 16 October 2012).

Osofsky S.A., Kock R.A., Kock M.D., Kalema-Zikusoka G.,
Grahn R, Leyland T. & Karesh W. 2005. Chapter 5.
Building support for protected areas using a “One
Health” perspective. In Friends for life: new partners
in support of protected areas. (J.A. McNeely, ed).
International Union for Conservation of Nature (IUCN),
Gland and Cambridge, 65-79.

Palmer M. 2007. Tuberculosis: a reemerging disease at the
interface of domestic animals and wildlife. Curr Topics
Microbiol Inmunol, 315, 195-215.

Palmer M.V, Whipple D.L. & Waters W.R. 2001. Experimental
deer-to-deer transmission of Mycobacterium bovis. Am
J Vet Res, 62, 692-696.

Palmer M.V., Waters W.R. & Whipple D.L. 2004. Investigation
of the transmission of Mycobacterium bovis from deer
to cattle through indirect contact. Am J Vet Res, 65,
1483-1489.

Palmer M.V., Thacker T.C., Waters W.R., Robbe-Austerman
S. & Harris B.N. 2010. Investigations on deer to
deer and deer to cattle transmission of the vaccine
Mycobacterium bovis Bacillus Calmette-Guérin (BCG). J
of Vaccines & Vaccination, 1 (2), 104. doi:10.4172/2157-
7560.1000104.

Palmer M.V., Thacker T.C., Waters W.R., Gortazar C. & Corner
L.A.L. 2012a. Mycobacterium bovis: a model pathogen

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08




Kaneene et al.

at the interface of livestock, wildlife, and humans. Vet
Med Int, 12, 236205. doi:10.1155/2012/236205.

Palmer M.V,, Thacker T.C., Waters W.R., Robbe-Austerman
S. & Aldwell FE. 2012b. Persistence of Mycobacterium
bovis bacillus Calmette-Guerin (BCG) Danish in white-
tailed deer (Odocoileus virginianus) vaccinated with a
lipid-formulated oral vaccine. Transbound Emerg Dis,
doi:10.1111/tbed.12032.

Park D., Qin H., Jain S., Preziosi M., Minuto J.J.,, Mathews
W.C., Moser K.S. & Benson C.A. 2010. Tuberculosis due
to Mycobacterium bovis in patients coinfected with
Human Immunodeficiency Virus. Clin Infect Dis, 51,
1343-1346.

Rabinowitz P, Scotch M. & Conti L. 2009. Human and animal
sentinels for shared health risks. Vet Ital, 45, 23-34.

RapportD.J.,Bohm G., Buckingham D., Cairns J. Jr, Costanza
R., Karr J.R., De Kruijf H.A.M., Levins R., McMichael AJ.,
Nielsen N.O. & Whitford W.G. 1999. Ecosystem health:
the concept, the ISEH, and the important tasks ahead.
Ecosystem Health, 5, 82-90.

Rass N. 2006. Policies and strategies to address the
vulnerability of pastoralists in sub-Saharan Africa.
(PPLPI Working Paper No. 37). Rome: Food and
Agriculture Organization of the United Nations (www.
fao.org/ag/againfo/projects/en/pplpi/publications.
html accessed on 16 September 2012).

Regassa A., Medhin G. & Ameni G. 2008. Bovine
tuberculosis is more prevalent in cattle owned by
farmers with active tuberculosis in central Ethiopia. Vet
J,78,119-125.

Riedner G.J. 2012. Mayor Nancy Chaney Participates in
National League of Cities Conference (USA) (www.
onehealthinitiative.com/news.php accessed 18
November 2012).

Rock M., Buntain B.J., Hatfield J.M. & Hallgrimsson B.
2009. Animal-human connections, “One Health,” and
the syndemic approach to prevention. Social Sci Med,
68, 991-995.

RodriguezE., Sdnchez L.P, PérezS., Herrera L., JiménezM.S.,
Samper S. & Iglesias M.J. 2009. Human tuberculosis due
to Mycobacterium bovis and M. caprae in Spain, 2004-
2007. Int J Tuberc Lung Dis, 13, 1536-1541.

Rodwell T.C., Moore M., Moser K.S., Brodine S.K. & Strathdee
S.A. 2008. Tuberculosis from Mycobacterium bovis in
binational communities, United States. Emerg Infect Dis,
14, 909-916.

Rodwell T.C., Kapasi A.J., Moore M., Milian-Suazo F., Harris
B., Guerrero L.P, Moser K, Strathdee S.A. & Garfein
R.S. 2010. Tracing the origins of Mycobacterium bovis
tuberculosis in humans in the USA to cattle in Mexico
using spoligotyping. Int J Infect Dis, 145, e129-e135.

Romero B., Rodriguez S., Bezos J., Diaz R., Copano MF,
Merediz I, Minguez O., Marqués S., Palacios J.J., Viedma
D.G,, Séez J.L., Mateos A., Aranaz A, Dominguez L. & Juan
L.2011. Humans as source of Mycobacterium tuberculosis
infection in cattle, Spain. Emerg Infect Dis, 17, 2393-2395.

Roth F, Zinsstag J., Orkhon D., Chimed-Ochir G., Hutton
G., Cosivi O., Carrin G. & Otte J. 2003. Human health
benefits from livestock vaccination for brucellosis: case
study. Bull WHO, 81, 867-876.

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08

Preventing and controlling zoonotic tuberculosis: a One Health approach

Rweyemamu M.M., Paweska J., Kambarage D. & Namube
F. 2012. Towards one Africa, one health: the Southern
African Centre for Infectious Disease Surveillance One
Health focus on infectious diseases. Onderstepoort J Vet
Res, 79, 449-450.

Santos N., Correia-Neves M., Almeida V. & Gortézar C.
2012. Chapter 14. Wildlife tuberculosis: a systematic
review of the epidemiology in Iberian Peninsula.
In Epidemology Insights (Cunha M.LR. ed.) InTech
(www.intechopen.com/books/epidemiology-
insights/wildlife-tuberculosis-a-systematic-review-of-
theepidemiology-in-the-iberian-peninsula accessed
on 16 October 2012).

Schelling E., Diguimbaye C., Daoud S., Nicolet J., Boerlin P,
Tanner M. & Zinsstag J. 2003. Brucellosis and Q.-fever
seroprevalences of nomadic pastoralists and their
livestock in Chad. Prev Vet Med, 61, 279-293.

Schelling E.,, Wyss K., Bechir M., Moto D.D. & Zinsstag J. 2005.
Synergy between public health and veterinary services
to deliver human and animal health interventions in
rural low income settings. Br Med J, 331, 1264-1267.

Schwabe C. 1984. Veterinary medicine and human health,
3 ed. Baltimore: Williams and Wilkins.

Shears P. 2000. Communicable disease surveillance
with limited resources: the scope to link human and
veterinary programmes. Acta Tropica, 76, 3-7.

Shirima G.M,, Fitzpatrick J., Cleaveland S., Kambarage D.M.,
Kazwala R.R., Kunda J. & French N.P. 2003. Participatory
survey on zoonotic diseases affecting livestock keeping
communities in Tanzania. J Anim Vet Adv, 2, 253-258.

Shrikirishna D., de la Rua-Domenech R., Smith N.H., Colloff
A. & Coutts I. 2009. Human and canine pulmonary
Mycobacterium bovis in the same household: re-
emergence of an old zoonotic threat? Thorax, 64, 89-91.

Siembieda J.L., Kock R.A., McCracken T.A. & Newman S.H.
2011. The role of wildlife in transboundary animal
diseases. Animal Health Res Rev, 12, 95-111.

Singer M.C. 2009. Doorways in nature: syndemics,
zoonotics, and public health. A commentary on Rock,
Buntain, Hatfield & Hallgrimsson. Social Sci Med, 68,
996-999.

Sjogren 1. & Sutherland . 1974. Studies of tuberculosis in man
in relation to infection in cattle. Tubercule, 56, 113-127.

Souto W.M.S., Mourao J.S., Barboza R.R.D. & Alves R.R.N.
2011. Parallels between zootherapeutic practices
in ethnoveterinary and human complementary
medicine in northeastern Brazil. J Ethnopharmacology,
134,753-767.

Steele J.H. 2008. Veterinary public health: past success,
new opportunities. Prev Vet Med, 86, 224-243.

SunderS., Lanotte P, Godreuil S., Martin C., Boschiroli M.L.
& Besnier J.M. 2009. Human-to-human transmission
of tuberculosis caused by Mycobacterium bovis in
immunocompetent patients. J Clin Microbiol, 47,
1249-1251.

Thakur A., Sharma M., Katoch V.C., Dhar P. & Katoch
R.C. 2012. Detection of Mycobacterium bovis and
Mpycobacterium tuberculosis from cattle: possible public
health relevance. Indian J Microbiol, 52, 289-291.

21




Preventing and controlling zoonotic tuberculosis: a One Health approach

22

Thoen C.O.,, LoBue PA., Enarson D.A., Kaneene J.B. & de
Kantor I.N. 2009. Tuberculosis: a re-emerging disease in
animals and humans. Vet Ital, 45, 135-181.

Tibbo M., Schelling E., Grace D., Bishop R., Taracha E.,
Kemp S., Ameni G., Dawo F. & Randolph T. 2008. Cross-
disciplinary and participatory livestock and human
health research for successful control of zoonoses in
the developing world. Ethiop J Health Dev, 22, 109-116.

Torgerson PR. & Torgerson D.J. 2009. Public health and
bovine tuberculosis: what’s all the fuss about? Trend
Microbiol, 18, 67-72.

Van Soolingen D., de Haas PEW. Haagsma J., Eger T,
Hermans PW., Ritacco V., Alito A. & van Embden J.D.
1994, Use of various genetic markers in differentiation
of Mycobacterium bovis strains from animals and
humans and for studying epidemiology of bovine
tuberculosis. J Clin Microbiol, 32, 2425-2433.

Vrbova L., Stephen C, Kasman N., Boehnke R., Doyle-
Waters M., Chablitt-Clark A., Gibson B., FitzGerald M.
& Patrick D.M. 2010. Systematic review of surveillance
systems for emerging zoonotic diseases. Transbound
Emerg Dis, 57, 154-161.

Wadhwa A., Hickling G.J. & Eda S. 2012. Opportunities for
improved serodiagnosis of human tuberculosis, bovine
tuberculosis, and paratuberculosis. Vet Med Int, 12,
674238.doi:10.1155/2012/674238.

Waters W.R., Palmer M.V., Buddle B.M. & Vordermeier
H.M. 2012. Bovine tuberculosis vaccine research:
historical perspectives and recent advances. Vaccine,
30, 2611-2622.

Wedlock D.N., Aldwell FE., Keen D., Skinner M.A. & Buddle
B.M. 2005. Oral vaccination of brushtail possums
(Trichosurus vulpecula) with BCG: immune responses,
persistence of BCG in lymphoid organs and excretion
in faeces. NZ Vet J, 53, 301-306.

Wilkins M.J., Meyerson J., Bartlett P.C., Spieldenner S.L.,
Berry D.E., Mosher L.B., Kaneene J.B., Robinson-
Dunn B., Stobierski M.G. & Boulton M.L. 2008.
Human Mpycobacterium bovis infection and bovine
tuberculosis outbreak, Michigan, 1994-2007. Emerg
Infect Dis, 14, 657-660.

Kaneene et al.

Winthrop K.L., Scott J., Brown D., Jay M.T., Rios R., Mase S.,
Richardson D., Edmonson A. MacLean M. & Flood J.
2005. Investigation of human contacts:a Mycobacterium
bovis outbreak among cattle at a California dairy. Int J
Tuberc Lung Dis, 9, 809-813.

World Bank. 2010a. People, Pathogens and Our Planet
- Volume 1: Towards a One Health approach for
controlling zoonotic diseases. The World Bank, Report
50833-GLB.

World Bank. 2010b. People, Pathogens and Our Planet —
Volume 2: The Economics of One Health. World Bank,
Report 69145-GLB.

World Health Organization (WHO). 2006. The control
of neglected zoonotic diseases: a route to poverty
alleviation, Report of a Joint WHO/DFID-AHP
Meeting with the participation of FAO and OIE,
Geneva, 20-21 September 2005 (whqlibdoc.who.int/
publications/2006/9789241594301_eng.pdf accessed
on 28 August 2012).

Young D., Stark J. & Kirschner D. 2008. Systems biology of
persistent infection: tuberculosis as a case study. Nat
Rev Microbiol, 6, 520-528.

Zinsstag J., Schelling E., Wyss K. & Mahamat M.B. 2005.
Potential of cooperation between human and animal
health to strengthen health systems. Lancet, 366,
2142-2145.

Zinsstag J., Schelling E., Roth F. & Kazwala R. 2008. Chapter
9. Economics of Bovine Tuberculosis. In Mycobacterium
bovis infection in animals and humans, 2" ed. (C.O.
Thoen, JH. Steele, M.L. Gilsdorf, eds). Blackwell
Publishing, Ames, lowa, 68-83.

Zinsstag J., Schelling E., Bonfoh B. Fooks AR,
Kasymbekov J., Waltner-Toews D. & Tanner M. 2009.
Towards a ‘One Health’ research and application
toolbox. Vet Ital, 45, 121-133.

Zinnstag J., Schelling E., Waltner-Toews D. & Tanner
M. 2011. From “One Medicine” to “One Health” and
systemic approaches to health and well-being. Prev Vet
Med, 101, 148-156.

Veterinaria Italiana 2014, 50 (1), 7-22. doi: 10.12834/Vetlt.1302.08




