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Humans and Cattle:
A Review of Bovine Zoonoses
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Abstract

Infectious disease prevention and control has been among the top public health objectives during the last
century. However, controlling disease due to pathogens that move between animals and humans has been
challenging. Such zoonotic pathogens have been responsible for the majority of new human disease threats and a
number of recent international epidemics. Currently, our surveillance systems often lack the ability to monitor
the human–animal interface for emergent pathogens. Identifying and ultimately addressing emergent cross-
species infections will require a ‘‘One Health’’ approach in which resources from public veterinary, environ-
mental, and human health function as part of an integrative system. Here we review the epidemiology of bovine
zoonoses from a public health perspective.
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Introduction

Over the past three decades, emerging and re-emerging
infectious diseases have been recognized as one of the

most significant public health problems. Infectious diseases
are the leading cause of death worldwide and, despite mod-
ern healthcare, infectious diseases remain a leading cause of
death in the United States (Board on International Health
1997, Armstrong et al. 1999). Emerging infectious diseases
(EIDs) have been described as outbreaks of previously un-
known diseases or previously recognized diseases whose in-
cidence has expanded significantly in the past two decades
(National Institute of Allergy and Infectious Diseases 2010).
Diseases that have resurfaced after a decline in incidence are
classified as re-emerging. As diagnostic and research cap-
abilities have advanced, pathogens able to infect both humans
and animals have increasingly been recognized as a major
source of emergent human diseases ( Jones et al. 2008).

The incidence of EID events has grown since the 1940s,
despite controlling for increased reporting effort, thus pro-
viding the first analytical support that the threat of EIDs to
global health is increasing ( Jones et al. 2008). Further analysis
revealed these EID events are dominated by zoonotic patho-
gens (60.3%). Similar findings have been published elsewhere
(Taylor et al. 2001;Woolhouse et al. 2005a) and have been used
in a 2006 World Health Organization (WHO) report high-
lighting the need for increased research and control efforts for

neglected zoonotic diseases in poverty alleviation efforts
(World Health Organization 2006). Zoonotic pathogens can
substantially impact public health both in terms of disease
morbidity as well as in socioeconomic factors such as live-
stock productivity. The consequences of subsequent disease
in humans and animals are particularly profound among
people living in developing nations.

With the emerging nature of zoonotic pathogens, it seems
prudent that we consider the current and future role domestic
animals may play as potential sources of novel diseases. An
analysis by Woolhouse et al. found ungulates to be the most
important nonhuman host, both in terms of the number of
zoonotic pathogen species supported as well as among
emerging and re-emerging zoonotic species (Woolhouse
2005a). In this review, we discuss emerging zoonotic pathogens
of cattle, because they are one of the most important domestic
livestock animals to human society (United States Depart-
ment of Agriculture: Interagency Agricultural Projections
Committee 2011). Unlike previous zoonotic reports involving
cattle zoonoses (Hoar et al. 2001, McQuiston and Childs 2002,
Abalos and Retamal 2004, Bradley and Liberski 2004, Arricau-
Bouvery and Rodolakis 2005, Collins 2006, Davies 2006,
O’Handley and Olson 2006, O’Handley 2007, Mattison et al.
2007, Cavirani 2008, Indra et al. 2009, Rodolakis 2009, Ingram
et al. 2010, Seleem et al. 2010, Torgerson and Togerson 2010),
this review will not focus on one or a select group of patho-
gens, but rather on the epidemiology of cattle zoonotic
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diseases due to their potentially substantial role in global
public health. Previous reports have documented the char-
acteristics of zoonotic pathogens, such as life cycle, geo-
graphic location, method of infection, and symptoms.
However, other epidemiologic data, such as transmission,
risk factors, prevalence, incidence rates, genetic evolution,
and environmental risk factors, are often not available. Fur-
thermore, few case reports are available documenting or
discussing zoonotic transmission events of bovine pathogens.
It is our belief that transmission events between cattle and
humans occur predominantly through the bridging popula-
tion of agricultural workers. Studying and educating these
workers presents a unique opportunity to intervene in a
number of disease transmission cycles. The recognition of the
need for a comprehensive public health system has given rise
to ‘‘One Health,’’ an integrative effort of multiple disciplines
at the local, national, and global health levels to attain optimal
health for people, animals, and the environment (American
Veterinary Medical Association 2008). Hence, in this report
we sought to not only summarize cattle zoonotic disease data
to assist public health, veterinary health, and research pro-
fessionals to identify areas that merit further study, but also to
elucidate how such diseases may occur in a practical setting.

The Human–Cattle Nexus

Domestic cattle have played a central role in human society
for centuries. They provide essential sources of meat, milk,
other dairy products, fertilizer for crops, clothing, and animal
traction. This role continues to be vital in the lives of the most
economically challenged people as cattle are often an impor-
tant source of food security and revenue. For many in the
developing world, cattle represent the most valuable property
they own—often being reserved only for the wealthiest in a
society (Coleman 2002). In many developing countries, recent
urbanization, population growth, and rising incomes have
resulted in rapid growth and transformation of livestock
production in the absence of a public health framework, thus
creating an increased opportunity for zoonotic diseases to
threaten human health.

Groups with greater exposure to cattle and cattle products
have increased risk of contracting bovine zoonotic infections.
These groups include livestock handlers, veterinarians, abattoir
workers, meat inspectors, laboratory staff handling biological
samples from infected cattle, and persons consuming unpas-
teurized milk or other diary products and improperly prepared
meats. As with many other infectious diseases, infants, the el-
derly, the immunocompromised, and those with other under-
lying health conditions are at increased risk of contracting
bovine zoonotic infections (McMichael et al. 2002).

The role of cattle in modern societies is equally significant.
For example, in 2010 almost half (935,000) of the 2.2 million
farms in the United States used cattle for beef and dairy
production, an estimated $68.5 billion industry (United States
Department of Agriculture: Animal and Plant Health In-
spection Service 2011). The US Department of Agriculture has
projected an increase in the cattle industry over the next de-
cade, largely as a result of increased demand in meat exports
(United States Department of Agriculture: Interagency Agri-
cultural Projections Committee 2011). Cattle are not equally
distributed among the nations of the world, with the top five
countries in terms of numbers of cattle, as well as dairy and

meat production, comprising more than half of the world’s
cattle commodity (Table 1). Enhanced public health aware-
ness and surveillance in these locations will be particularly
important in decreasing morbidity and mortality associated
with bovine zoonotic diseases. With 1.4 billion cattle globally
(Food and Agriculture Organization of the United Nations
2010), the interface between humans and cattle continues to be
a vital component to our public health system.

Materials and Methods

Literature review

A review of literature was conducted using the PubMed
electronic database to identify clinical and epidemiological
reports using key search words that included ‘‘bovine’’ and
‘‘zoonoses’’ and one or more of the following terms—’’sero-
prevalence,’’ ‘‘epidemiology,’’ ‘‘case report,’’ and ‘‘occupa-
tional exposure.’’

Species database construction

A collection of pathogens was compiled from previously
published literature as well as online resources including the
Centers for Disease Control and Prevention (CDC), the WHO,
ProMED, National Institute of Allergy and Infectious Diseases
(NIAID), and PubMed (Fields et al. 2001, Krauss et al. and
Association American Public Health 2003, Heymann 2008,
Centers for Disease Control and Prevention 2011b, World
Health Organization 2011a, World Health Organization
2011b, International Society for Infectious Diseases 2011h,
National Center for Biotechnology Information 2011, Na-
tional Institute of Allergy Infectious Diseases 2011).

Results

Forty-five bovine zoonotic pathogens were identified in
our review. Pathogens known to be capable of infecting hu-
mans and domestic cattle are organized in two tables, one
table comparing fundamental characteristics (Table 2) and a
second table examining the human epidemiology of each
pathogen (Table 3). Geographically, bovine zoonoses are
evenly dispersed around the world, with the majority (69%)
having a worldwide distribution (Fig. 1C, Table 2). Bacterial
pathogens represent the largest taxonomic group (42%) of the
pathogens, followed by parasitic pathogens (29%), viruses
(22%), fungi (5%), and prions (2%). The breakdown of bovine
zoonoses by taxonomy is shown in Figure 2. This is consistent
with previously reported analyses of zoonotic diseases
(Cleaveland et al. 2001, Taylor et al. 2001) and global EID
trends ( Jones et al. 2008).

Further categorical analysis was conducted on bacterial and
viral species. Among bacteria, 10 (53%) were Gram-negative,
seven (37%) were Gram-positive, and two (10%) had no Gram
classification. Morphologically, 13 (68%) of the species were
rod-shaped bacilli, three (16%) were round cocci, and three
(16%) displayed alternate morphologies (spirochetes and
corkscrew). Likewise, viruses were classified based on the type
of genome and method of replication used (Baltimore classifi-
cation). Two (20%) were double-stranded DNA viruses (Group
I), four (40%) were positive-sense RNA viruses (Group IV), and
four (40%) were negative-sense RNA viruses (Group V).

Bovine zoonoses are among pathogens listed as EIDs.
Currently the NIAID recognizes 25 (56%) bovine zoonoses as
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emerging or re-emerging diseases of interest (National In-
stitute of Allergy Infectious Diseases 2011). Of the emerging
bovine zoonotic pathogens, 13 (52%) are bacteria, six (24%)
are viruses, four (16%) are parasites, one (4%) is fungal, and
one (4%) is a prion (Table 2). Pathogens recognized in this list
often pose ongoing health problems and have the potential to
create a significant impact on the overall health of the com-
munity. Similarly, the CDC pays particular attention to dis-
eases that have the ability to be used as biological weapons
based on their ability to create human disease and public fear
(Centers for Disease Control and Prevention 2011a). Given the
importance of cattle, not only in terms of human health but
also to the food supply, a number of bovine zoonoses have
been classified as potential bioterrorism agents. Twenty-four
(53%) of the recognized cattle zoonotic pathogens are on
CDC’s bioterrorism list. Category A pathogens are high-
priority pathogens that pose the greatest risk to national
security. Similarly, category B pathogens pose a moderate risk
to national security. A third group, category C, is composed of
pathogens that are emerging and could be engineered to be
used as biological weapons. Of the 24 cattle zoonotic patho-
gens, two (8%) are category A, 16 (67%) are category B agents,
and six (25%) are category C agents (Table 2).

In this report, we summarize the clinical presentation of
known bovine zoonotic agents by the human organ system
affected. We have also included 135 case reports of human

zoonotic disease known or highly suspected to be a result of
exposure to cattle identified in the literature (Table 2). Many
zoonoses, however, may be undetected or underreported,
preventing an accurate assessment of the impact of human–
cattle interactions on public health. Readers are encouraged to
refer to Tables 2 and 3 for details on the characteristics and
epidemiology of these pathogens.

Pulmonary

Several bovine zoonoses of serious public health concern
cause pulmonary infections in humans, perhaps the most
important being zoonotic tuberculosis caused by Mycobacter-
ium bovis (Abalos and Retamal 2004, Fritsche et al. 2004, Da-
vies 2006, De la Rua-Domenech 2006, de Kantor et al. 2008,
Shrikrishna et al. 2009, Ingram et al. 2010, Torgerson and
Torgerson 2010) or rarely M. tuberculosis (Ocepek et al. 2005,
Bayraktar et al. 2011a). We also identified reports involving
both human and bovine cases confirmed or highly suspected
to be a result of zoonotic transmission of M. caprae (Prodinger
et al. 2002, Cvetnic et al. 2007, Tar et al. 2009, Bayraktar et al.
2011b). Bovine tuberculosis has largely been eliminated from
developed countries with strong animal disease control pro-
grams, but is still a serious zoonotic threat in other areas of the
world. Most human M. bovis infections occur after drinking
or handling unpasteurized milk that is contaminated, but

Table 1. Global Cattle Statistics for the Year 2009–2010: Statistics from Food

and Agricultural Organization of the United Nations 2010a

Country Total Percentage Global total
Percentage of
global total

2009 Cattle population (head) India 206,400,000 14.54% 1,419,528,556 50.34%
Brazil 205,260,000 14.46%

Europe (total) 125,797,753 8.86%
United States 94,521,000 6.66%

China 82,624,751 5.82%
Cattle meat (tons) United States 11,891,100 19.26% 61,730,630 63.02%

Europe (total) 10,907,885 17.67%
Brazil 6,661,630 10.79%
China 6,060,569 9.82%

Argentina 3,378,460 5.47%
Cattle milk (tons) Europe (total) 207,114,043 35.33% 586,239,893 69.71%

United States 85,880,500 14.65%
India 47,825,000 8.16%
China 35,509,831 6.06%
Russia 32,325,800 5.51%

2010 Cattle population (head) India 210,200,000 14.71% 1,428,701,438 50.51%
Brazil 209,541,000 14.67%

Europe (total) 124,248,533 8.70%
United States 93,881,200 6.57%

China 83,797,300 5.87%
Cattle meat (tons) United States 12,047,200 19.34% 62,304,124 62.48%

Europe (total) 11,034,176 17.71%
Brazil 6,977,480 11.20%
China 6,235,900 10.01%

Argentina 2,630,160 4.22%
Cattle milk (tons) Europe (total) 207,370,015 34.58% 599,615,097 68.89%

United States 87,461,300 14.59%
India 50,300,000 8.39%
China 36,022,650 6.01%
Russia 31,895,100 5.32%

aFood and Agriculture Organization of the United Nations 2010.
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agricultural workers may also become infected by inhaling
bacteria that are aerosolized via coughing of infected cattle
(Moda et al. 1996). Humans can also present with urogenital
infections of M. bovis (Ocepek et al. 2005). In addition to in-
fected respiratory secretions, M. bovis shedding in the urine
may serve as a potential reverse zoonosis from humans to
cattle. This may be particularly important for closed herds
that do not have wildlife exposure or otherwise exposure to
potential sources of infection. Bovine tuberculosis is likely
underdiagnosed in regions of the world where it has not been
controlled, because it is clinically indistinguishable from
nonzoonotic tuberculosis and requires specialized laboratory
expertise and equipment for diagnosis.

Similarly, Q fever caused by the rickettsial parasite Cox-
iella burnetii, primarily causes an influenza-like illness in
humans. Among the less common complications of Q fever
that have been documented are atypical pneumonia, hepa-
titis, and endocarditis (Arricau-Bouvery and Rodolakis
2005). C. burnetii is shed in very high numbers in birth fluids
and the placenta of infected animals as well as in the milk

(Loftis et al. 2010) and is extremely hardy in the environ-
ment; people are most often infected by direct contact with
infected fluids or by inhalation of contaminated dust. People
at increased risk of Q fever include livestock handlers,
especially veterinarians or persons providing obstetrical
assistance to cows, those who live near or visit live-
stock facilities, those who consume unpasteurized milk, and
those who have preexisting heart disease or are immuno-
comprimised (Abe et al. 2001, McQuiston and Childs 2002,
Kobbe et al. 2007, Whitney et al. 2009, Bosnjak et al. 2010).

Accurate diagnosis and epidemiologic analysis of bovine
zoonotic respiratory infections causing influenza-like illness
may be hampered due to a lack of specific diagnostics and the
often-indistinguishable clinical presentation from common
human respiratory agents, such as influenza, coronavirus,
parainfluenza virus, respiratory syncytial virus, adenovirus,
enterovirus, and metapneuomovirus (Zhang et al. 2011). With
similarity in clinical symptoms, ascertaining the true inci-
dence and prevalence of bovine zoonotic respiratory infec-
tions will require specifically designed large-cohort studies

FIG. 1. Characteristics of cattle zoonotic pathogens. (A) Host transmission: Percentage of cattle zoonotic pathogens for
which human-to-human transmission occurs. (B) Transmission route: Percentage of cattle zoonotic pathogens able to be
transmitted by various routes of exposure. (C) Geographic region: Percentage of cattle zoonotic pathogens found in each
geographic region. (Data aggregated from Tables 2 and 3.)
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of at-risk populations. If zoonotic respiratory pathogens of
bovine origin develop or have developed the ability to spread
as easily as other known human respiratory pathogens, we
may very well be underestimating the morbidity and mor-
tality associated with these infections. Differential diagnoses
of agricultural workers with a history of cattle exposure
should include the traditional human pathogens as well as
the following bovine zoonotic pathogens: Bacillus anthracis,
Brucella spp., C. burnetti, Listeria monocytogenes, and Myco-
bacterium spp.

Gastrointestinal

Gastrointestinal infections are among the most common
cattle zoonoses, in part because of their ubiquitous nature
(Tables 2 and 3). Outbreaks involving contaminated cattle
products have been well documented for a number of bacte-
rial species, including enterohemorrhagic Escherichia coli
(Renwick et al. 1993, Parry et al. 1995, International Society for
Infectious Diseases 1998, Centers for Disease Control and
Prevention 2002, International Society for Infectious Diseases
2005a, International Society for Infectious Diseases 2005b,
International Society for Infectious Diseases 2006a, Interna-
tional Society for Infectious Diseases 2006b, International
Society for Infectious Diseases 2006c, International Society for
Infectious Diseases 2007g, Waguri et al. 2007, International
Society for Infectious Diseases 2010g, International Society for
Infectious Diseases 2012e, International Society for Infectious
Diseases 2012f, International Society for Infectious Diseases
2012g, International Society for Infectious Diseases 2012h),
Salmonella spp. (International Society for Infectious Diseases
2003, International Society for Infectious Diseases 2007i, In-
ternational Society for Infectious Diseases 2007j, Centers for
Disease Control and Prevention 2008, International Society for
Infectious Diseases 2010h, International Society for Infectious
Diseases 2010i), Listeria spp. (International Society for In-
fectious Diseases 2007h), Streptococcus spp. (Public Health

Laboratory Service 1994), Shigella spp. (International Society
for Infectious Diseases 2005c), Campylobacter spp. (Altekruse
et al. 1999, International Society for Infectious Diseases 2007e,
International Society for Infectious Diseases 2007f, Interna-
tional Society for Infectious Diseases 2008b, International
Society for Infectious Diseases 2009b, International Society for
Infectious Diseases 2009c, International Society for Infectious
Diseases 2007d, International Society for Infectious Diseases
2010d, International Society for Infectious Diseases 2010e,
International Society for Infectious Diseases 2010f, Interna-
tional Society for Infectious Diseases 2011f, International So-
ciety for Infectious Diseases 2012j), B. anthracis (Centers for
Disease Control and Prevention 2000, International Society for
Infectious Diseases 2007a, International Society for Infectious
Diseases 2010a, International Society for Infectious Diseases
2011a, International Society for Infectious Diseases 2011b,
International Society for Infectious Diseases 2011c, Interna-
tional Society for Infectious Diseases 2011d, International
Society for Infectious Diseases 2012a, International Society for
Infectious Diseases 2012b), and Yersinia spp. (Tacket et al.
1984, Greenwood and Hooper 1990, Nowgesic et al. 1999,
International Society for Infectious Diseases 2007l). A food-
borne outbreak involving one of these pathogens is likely to
originate from mishandling or inadequate preparation of
meat or dairy products. Recent studies have shown the
presence of Salmonella, L. monocytogenes, and E. coli O157:H7
in inline filters and bulk tank milk samples across the United
States ( Jayarao and Henning 2001, Jayarao et al. 2006, Van
Kessel et al. 2011) and in fresh cheeses popular in Mexico
(Torres-Vitela et al. 2012). Among these bacterial species,
Listeria and Yersinia spp. are unique in that these bacteria are
cold tolerant and able to grow under cooler temperatures
in milk that has been inadequately pasteurized. Not sur-
prisingly, unpasteurized milk and cheese consumption are
associated with the majority of documented outbreaks (In-
ternational Society for Infectious Diseases 1998, International
Society for Infectious Diseases 2003, International Society for
Infectious Diseases 2005a, International Society for Infectious
Diseases 2005c, International Society for Infectious Diseases
2006a, International Society for Infectious Diseases 2006b,
International Society for Infectious Diseases 2006c, Interna-
tional Society for Infectious Diseases 2007c, International So-
ciety for Infectious Diseases 2007d, International Society for
Infectious Diseases 2007e, International Society for Infectious
Diseases 2007f, International Society for Infectious Diseases
2007g, International Society for Infectious Diseases 2007h,
International Society for Infectious Diseases 2007i, Interna-
tional Society for Infectious Diseases 2007j, International So-
ciety for Infectious Diseases 2007l, International Society for
Infectious Diseases 2008b, International Society for Infectious
Diseases 2009b, International Society for Infectious Diseases
2009c, International Society for Infectious Diseases 2010d,
International Society for Infectious Diseases 2010e, Interna-
tional Society for Infectious Diseases 2010f, International So-
ciety for Infectious Diseases 2010h, International Society for
Infectious Diseases 2010i, International Society for Infectious
Diseases 2011c, International Society for Infectious Diseases
2011f, International Society for Infectious Diseases 2012b, In-
ternational Society for Infectious Diseases 2012c, International
Society for Infectious Diseases 2012d, International Society for
Infectious Diseases 2012e, International Society for Infectious
Diseases 2012f, International Society for Infectious Diseases

FIG. 2. Cattle zoonotic agent by microbiological category.
(Data aggregated from Table 2.)
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2012j). While local laws have been adopted in some areas in an
effort to prevent such outbreaks, many people in both the
United States and around the world preferentially consume
these products.

Foodborne disease outbreaks are not confined to develop-
ing countries, because many of the documented cases occur in
the United States or other countries with advanced public
health networks. In fact, the CDC estimates that there are
approximately 48 million cases of domestically acquired
foodborne illness in the United States every year (Centers for
Disease Control and Prevention 2012), the majority of which
go unreported. Even when cases are reported, the source of
the infection is often never determined because foodborne
zoonoses may originate from many animals (e.g., shellfish,
pigs, poultry, cattle). Therefore, the true contribution of bo-
vine pathogens to the burden of foodborne illness is un-
known.

Gastrointestinal illnesses resulting from infection with
bacterial zoonotic pathogens are not isolated to the con-
sumption of cattle products. Parasitic infections resulting
from fecal–oral transmission of Cryptosporidium spp. (Miron
et al. 1991, Lengerich et al. 1993, Hunter et al. 2004, Interna-
tional Society for Infectious Diseases 2010d) and Giardia spp.
(Thompson 2002) from cattle have been confirmed, and
drinking contaminated water or handling infected cattle in-
creases the risk of infection. Because both of these parasitic
organisms may be transmitted through water, their potential
as contaminants in drinking water remains an important
public health issue for water authorities. The role that ani-
mals, both wildlife and livestock, play as a zoonotic reservoir
of infection, however, remains controversial (Hunter and
Thompson 2005).

Our review of the literature revealed a number of unusual
cases of nonfoodborne zoonotic transmission of B. anthracis
(Centers for Disease Control and Prevention 2010), Campy-
lobacter spp. (Gilpin et al. 2008), E. coli (Renwick et al. 1993,
Parry et al. 1995, Waguri et al. 2007), and Salmonella spp.
(Hendriksen et al. 2004, Bemis et al. 2007) that resulted in
gastrointestinal illness in humans. These events, while likely
representing only rare incidents, reveal the increased po-
tential of acquisition of gastrointestinal zoonotic disease by
agricultural workers as a result of their exposure to infected
cattle. This segment of the population is more at risk for
infection with bovine zoonotic agents, and also represents
a bridging population where human and animal patho-
gens can potentially shift and adapt to novel ecological
environments.

Cutaneous

Bovine zoonotic infections affecting the skin and underly-
ing cutaneous tissues may have the longest history of recog-
nition (Koch 1876). Symptoms are generally mild but
distinctive, ranging from itching, redness, and swelling to
more severe rashes (as with the characteristic black ulcers of
anthrax and the ‘‘bull’s eye’’ rash of Lyme disease) and lesions
(characteristic with poxviruses). Not surprisingly, the most
commonly reported agents include cutaneous anthrax (Do-
ganay and Aygen 1997, Lester et al. 1997, Centers for Disease
Control and Prevention 2001, Schwartz 2002, Cinquetti et al.
2009), and poxvirus lesions (cowpoxvirus and parapoxvirus,
such as pseudocowpox and bovine papular stomatitis virus)

(Schnurrenberger et al. 1980, Baxby et al. 1994, Wienecke et al.
2000, Schupp et al. 2001, Pelkonen et al. 2003, de Souza
Trindade et al. 2007, Nitsche and Pauli 2007, International
Society for Infectious Diseases 2007k, Singh et al. 2007, Trin-
dade et al. 2009, Bhanuprakash et al. 2010, Essbauer et al.
2010, International Society for Infectious Diseases 2011g).
Anthrax, caused by B. anthracis, is an important disease of
domestic herbivores, including cattle, and occurs throughout
the world. Human cutaneous infections are usually occupa-
tional in nature and associated with exposure to contaminated
hides, hair, blood, and meat.

Again, during our review of the literature, a number of
unusual bacterial cutaneous infections were discovered in-
volving Listeria spp. (Cain and McCann 1986, McLauchlin and
Low 1994, Regan et al. 2005), Salmonella spp. (Lazarus et al.
2007), Staphylococcus aureus (Grinberg et al. 2004), and Strep-
tococcus spp. (Tappe et al. 2004), as well as potentially
emerging fungal pathogens, such as Trichophyton spp. (Ming
and Bulmer 2006, Silver et al. 2008). As before, in each case the
incident was related to an occupational exposure involving an
infected bovine. We are unable to discern if these cases are
simply rare transmission events, an underreporting of true
incidence, or the possible sign of emerging pathogens. Fo-
cused surveillance activities would allow for a more definitive
conclusion.

Another concerning topic for public health—drug-resistant
pathogens—emerged during the literature review of cutane-
ous zoonotic infections. Numerous recent publications (2008–
2011) have documented the presence of livestock-associated
methicillin-resistant S. aureus (LaMRSA), particularly of se-
quence type 398 (ST398) (Nemati et al. 2008, Golding et al.
2010, Meemken et al. 2010, Moodley et al. 2010, Vanderhae-
ghen et al. 2010, Hallin et al. 2011, Moritz and Smith 2011,
Smith and Pearson 2011, van Cleef et al. 2011a, Wassenberg
et al. 2011). The epidemiology of methicillin-resistant S. aureus
(MRSA) has changed dramatically over the last decade
(Layton et al. 1995, Smith and Pearson 2011). Initially a nos-
ocomial pathogen, MRSA has become increasingly common
in the community regardless of contact with hospitals or other
community health care facilities. Strains accounting for a
significant number of infections have origins unrelated to
nosocomial strains (Huang et al. 2006). Nursing home resi-
dents, prisoners, athletes, children, and intravenous drug
users are groups commonly associated with community-
acquired strains of MRSA. In addition to nosocomial and
community-acquired MRSA, a third group has been identi-
fied in association with livestock, including cattle, swine,
horses, and poultry. LaMRSA was first recognized in cattle
(Devriese and Hommez 1975), and a substantial literature
exists documenting the economic losses that can result from
bovine mastitis, a persistent inflammatory infection of the
mammary gland tissue. Prior to the emergence of ST398,
sporadic cases of mastitis and bovine milk contamination
with MRSA were reported (Holmes and Zadoks 2011). Strains
identified were often associated with human lineage, sug-
gesting there is a sustained pathway for transmission of such
pathogens. Current information suggests this trend is con-
tinuing, with the recent recognition of divergent strains of S.
aureus in humans that were previously thought to be bovine-
specific (Holmes and Zadoks 2011). Future implications of
LaMRSA such as ST398 and other potentially emerging cu-
taneous pathogens on the health of agricultural workers and
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on public health overall have yet to be fully considered and
warrant further inquiry.

Neurological

Neurological infection may manifest in a variety of ways,
creating difficult scenarios for diagnosis and study. Symp-
toms overlap with those of noninfectious neurological cases,
including fatigue, headache, dizziness, loss of mental acuity,
photophobia, drowsiness, etc. Cattle are potential carriers of
bacterial zoonotic pathogens that can cause such symptoms.
Among these, B. anthracis, Brucella spp., and rarely en-
terohemorrhagic E. coli (EHEC), Leptospira spp., and Borrelia
burgdorferi can affect the central nervous system in severe
manifestations of neuropathies, meningitis, or encephalitis.
Proper detection and early treatment are vital in these cases.
There have been documented events of bovine-associated
anthrax that have resulted in cases of neurological manifes-
tations, including a common-source outbreak producing two
cases of meningoencephalitis and three cases of cutaneous
anthrax associated with beef consumption (Kim et al. 2001) as
well as an outbreak involving a cluster of cases resulting from
contact or consumption of the carcass of a cow (Leblebicoglu
et al. 2006). In all three neurological anthrax infections, the
patients died.

Alternatively, infectious proteins, known as prions, have
been associated with a degenerative neurological disorder
known as new variant Creutzfeldt–Jakob disease (nvCJD).
There is much that is still unknown surrounding the etiology
of this disease. Possible origins of infection have been identi-
fied—genetic inheritance, the consumption of contaminated
cattle products, or, in some cases, sporadic development.
Contact with infected animals and consumption of cattle
products, particularly components of the central nervous
system, appear to be associated with the development of this
disease (Belay and Schonberger 2005). Occupational cattle
workers and those that consume cattle products of the neu-
rological system are potentially at greater risk for the devel-
opment of nvCJD.

Rabies virus is often considered the most prominent zoo-
notic agent that directly affects the neurological system. De-
spite having one of the longest-known disease histories, the
epidemiology of rabies remains incomplete. Rabies virus varies
worldwide from continent to continent, and even within
countries (urban vs. sylvatic rabies) (Krauss et al. 2003). Host
range is wide in mammals, with bats being a particularly im-
portant vector. Clinical disease in humans is acute and almost
inevitably fatal without proper prophylaxis or postexposure
vaccination. Transmission occurs predominantly via saliva
from the bite of an infected animal, but infective virus is se-
creted in all body fluids including saliva, blood, milk, and ur-
ine. While it appears canine species and bats are the most
important vectors of zoonotic transmission to humans, cattle
are likely the most significant among domesticated livestock
(Odontsetseg et al. 2009, World Health Organization 2004).
Human cases resulting from bovine exposure were difficult to
ascertain from the literature; however, rare events have been
documented (Delpietro et al. 2001, International Society for
Infectious Diseases 2012i). Close contact with infected animals
is therefore the greatest risk factor for infection. After any
suspected exposure, vaccination must be administered within
24 h to prevent disease, and ultimately death.

Infections involving rabies and other zoonotic pathogens
resulting in neurological pathology are often the most severe
cases of the disease with the poorest health outcomes. Treat-
ment options are often limited for these infections once neu-
rological presentation is observed, resulting in high fatality
rates. Early diagnosis and treatment is critical to decreasing
the morbidity and mortality associated with these infections.

Cardiovascular

Cardiovascular infections resulting from bovine zoonoses
vary from mild to severe. Symptoms may include fever, ma-
laise, shortness of breath, chest pain, and less commonly
edema, cardiovascular shock, myocarditis, endocarditis, he-
molysis, and thrombosis. Bacterial pathogens have included
B. anthracis, B. burgdorferi, Brucella spp., Campylobacter spp., C.
burnetti, Leptospira spp., L. monocytogenes, and Streptoccocus
spp. Generally these infections have resulted in mild, treatable
cases. Such infections may occur in agricultural workers with
occupational exposure to cattle, as evident by a recent case
report of Brucella endocarditis (Park et al. 2009). This report
was unable to identify the source of infection, but the patient’s
past exposure strongly suggests a zoonotic transmission
event.

Again, the most serious cardiovascular presentations, due
to the lack of treatment options, are caused by viral or para-
sitic zoonoses. These pathogens are regionally specific but are
important considerations in endemic areas. Included in this
group are Crimean–Congo hemorrhagic fever (Africa, Middle
East, Asia, most of Europe), Kyasanur Forest disease virus
(Asia), and Ross River virus (Australia, New Zealand, and
other countries of the South Pacific). These pathogens should
be considered in the differential diagnosis of cardiovascular
disease among agricultural workers and people living in en-
demic areas, particularly if there is a history of livestock or
mosquito exposure.

Systemic infections

Some pathogens do not have symptoms related to one
human organ system and are therefore considered systemic
infections. Bacterial pathogens such as Leptospira spp., Brucella
spp., and very rarely Arcanobacterium pyogenes (or Trueperella
pyogenes) and Actinobacillus lignieresii cause a systemic clinical
presentation. Viral pathogens such as Rift Valley Fever virus
and Crimean–Congo hemorrhagic fever are also generally
considered to be systemic zoonotic infections.

Leptospirosis is an acute disease that affects humans and a
wide range of animals. Clinical presentation varies, because
the bacteria are able to invade any organ system, and
asymptomatic infections are known to occur. The bacteria are
spread through urine and other bodily fluids of infected ani-
mals. Human infections from Leptospira spp. generally occur
through direct contact with broken skin during exposures
involving swimming, walking with bare feet, or agricultural
work with infected animals. Ingestion of contaminated water
or unpasteurized milk may also serve as routes of infection.
Cattle have been shown to be among one of the most com-
monly associated animals with zoonotic transmission of lep-
tospirosis (Cacciapuoti et al. 1987, Ashford et al. 2000, Kariv
et al. 2001, Jansen et al. 2005, Storck et al. 2008).

Brucellosis, caused by Brucella abortus or B. melitensis, is also
an important bacterial zoonosis that is usually associated
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with consumption of unpasteurized cheese and milk (Inter-
national Society for Infectious Diseases 2007c). Brucella spp.
can cause an influenza-like illness and sometimes pneumonia
in humans as well as other serious complications, such as
meningitis, septicemia, osteomyelitis of the vertebra, and en-
docarditis. While brucellosis has been controlled in many
countries that have strong animal disease control programs,
outbreaks still occur in many countries in eastern Europe as
well as in Russia (International Society for Infectious Diseases
2007b, International Society for Infectious Diseases 2007c,
International Society for Infectious Diseases 2008a, Interna-
tional Society for Infectious Diseases 2009a, International So-
ciety for Infectious Diseases 2010b, International Society for
Infectious Diseases 2010c, International Society for Infectious
Diseases 2011e). Dairy workers, shepherds, veterinarians,
abattoir workers, and animal husbandry personnel are among
those most at risk for infection.

Viral hemorrhagic fevers (Crimean–Congo hemorrhagic
fever virus and Rift Valley Fever virus) present systemic in-
fections that include backache, nausea, vomiting, and a
characteristic hemorrhagic fever sometimes seen in recurrent
or biphasic courses. Crimean–Congo hemorrhagic fever virus
is transmitted to humans by infected ticks or livestock. Rift
Valley fever virus is similarly acquired through handling of
infected animals or exposure to mosquito vectors in connec-
tion with enzootic or epizootic infections of livestock (Pourrut
et al. 2010). Occupational exposure involving slaughter and
parturition of infected animals along with exposure to envi-
ronments that contain potentially affected vectors of disease
are important risk factors for infection with hemorrhagic fe-
vers. For example, the first cases of Crimean–Congo hemor-
rhagic fever identified were a fatal infection in a child bitten by
a tick and two nonfatal infections in farmers who handled
livestock: One slaughtered a sheep and the other had de-
horned and castrated calves (Gear et al. 1982, Swanepoel 1983,
Swanepoel et al. 1985). The ease of transmission and use of
animal reservoirs and vectors complicate prevention strate-
gies. Animal surveillance should be considered a crucial
component in public health strategies to prevent humans
from being sentinel hosts during Rift Valley fever outbreaks.
Prompt treatment of infections along with public health con-
trol measures that include vector control and animal vacci-
nation are critical in containing outbreaks resulting from these
systemic infections.

Discussion

The majority of pathogens that cause disease in humans are
zoonotic (Cleaveland et al. 2001, Taylor et al. 2001, Woolhouse
et al. 2005a). While much is known regarding these pathogens
and the resulting disease, the current and future role zoonotic
disease transmission plays in public health has yet to be fully
explored. Due to the similarity of clinical presentation with
nonzoonotic infections, the potential for undiagnosed cases of
these pathogens exists. Because physicians, nurses, veteri-
narians, and other members of public and veterinary health
are the front line of defense against infectious disease, we have
summarized the known bovine zoonotic agents by clinical
presentation in humans. With this framework, we hope to
highlight the potential of these pathogens to infect humans as
well as to create a useful summary for pubic health profes-
sionals, clinicians treating humans and animals, and re-

searchers that highlight the epidemiology of bovine zoonotic
pathogens.

The projected worldwide increase in cattle populations is
indicative of their substantial role in human life. Interestingly,
despite advanced public health systems in the developed
world, each of the seven geographic regions studied revealed
virtually an equal presence of cattle zoonotic pathogens (Fig.
1C). This is likely a result of a combination of factors. First, the
universal presence of cattle around the world coupled with
their movement between livestock farms, markets, and abat-
toirs presents the opportunity for pathogens to adapt to new
environments and expand geographically. Transportation of
cattle, sometimes millions per year, has not only been shown
to contribute to the spread of infectious diseases (Woolhouse
et al. 2005b), but has also specifically been implicated in the
recent increase in bovine tuberculosis in Great Britain (Gilbert
et al. 2005). Second, a significant percentage (44%) of bovine
zoonotic pathogens have the ability to transmit from human-
to-human (Fig. 1A, Table 3). This number must be interpreted
cautiously given that most zoonoses are not highly trans-
missible within human populations and do not result in major
epidemics.

Biological flexibility in host range can be seen in many of
the most prevalent infectious diseases. Prominent examples
include E. coli, Salmonella, influenza, and rabies virus. Among
bovine zoonotic pathogens, bacterial pathogens represented
the largest taxonomic group both overall (42%) and among
emerging bovine zoonotic pathogens (50%) (Fig. 2, Table 2).
This is not surprising given the larger number of zoonotic
bacterial species relative to other taxonomic groups (Wool-
house 2005a). Interestingly however, 68% of the bacterial
species identified were rod-shaped bacilli. On the basis of our
current understanding, inferring the reasons behind potential
selection factors of bacterial morphology cannot be stated
confidently but warrant further discussion (Mitchell 2002,
Young 2007).

Parasitic and viral pathogens also made up a significant
proportion of bovine zoonotic pathogens, 29% and 22%, re-
spectively. Although parasites are a significant proportion of
zoonotic infections both generally and in terms of bovine
zoonoses, they have been shown to be relatively unlikely
emerging pathogens (Cleaveland et al. 2001). The authors
propose these results may be related to the relative complexity
of their life cycles and longer generation times. Viral patho-
gens, however, were found to be a clear risk factor for disease
emergence in humans and animals. In our study of viral bo-
vine zoonoses, 80% contained an RNA genome and re-
presented all of the emerging viral zoonoses (Table 2). This
may be best explained by the high mutation rate of RNA
viruses, aiding in rapid adaptation to new environments
(Horsburgh 1998, Woolhouse 2005c). Another explanation
may be the subclinical nature of many of these viruses as well
the difficulty in treating them. Few effective antiviral thera-
pies are widely available and used, thus allowing many of
these viruses to easily spread to human and animal popula-
tions unrestrained.

The propensity of some pathogens to evolve with their
rapidly changing environment creates troubling circum-
stances for future treatment and management strategies of
emerging pathogens. The potential high morbidity and mor-
tality rates associated with many cattle zoonotic diseases,
such as Rift Valley fever, Crimean–Congo hemorrhagic fever,
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Q fever, and anthrax, coupled with the negative public impact
that can result from an outbreak of these diseases, has gar-
nered extra interest from both governmental and public
health agencies. Furthermore, to meet the growing demand
for beef and dairy products globally, cattle stocks will likely
continue to increase, providing increased opportunities for
zoonotic transmission. Both the CDC and NIAID have listed
approximately half of all bovine zoonotic pathogens as both
biological weapons (52%) and as potential emerging patho-
gens (50%). Their potential as biological weapons was most
recently highlighted in the anthrax attacks that occurred in the
United States shortly after September 11, 2001 (Warrick 2010,
Federal Bureau of Investigation 2011). The number of cattle is
projected to continue to increase worldwide (United States
Department of Agriculture: Interagency Agricultural Projec-
tions Committee 2011), thus the role and impact cattle play on
the future of public health will likely remain compelling.

The recognition of zoonotic pathogens as a vital component
of a global health system is essential in the study of infectious
diseases. Infectious diseases are not bound by the geograph-
ical or international boundaries recognized by humans; they
are truly a global issue. Arguably, globalization is aiding these
organisms in their quest to find new hosts, both traditional
and exotic, and in the diversification of their genetic repertoire
due to new selective pressures. This has become increasingly
evident in the spread of microbial resistance. It is crucial that
environmental, veterinary, and human health sectors work in
close collaboration to better our understanding of zoonotic
disease ecology and prevention. With the rising rate of contact
between humans and cattle, as well as their global movement,
establishing a strong epidemiological framework with which
to study and monitor these pathogens on a global scale will be
essential.
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