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Abstract. Zoonoses are infectious diseases that are spread
between animals and people. These diseases are transmitted to
humans in many ways, such as direct contacts, indirect contacts,
vector-borne, foodborne, and inhalation. Translocation and
introduction of animals to new geographic regions correspond
to increased human global travel and commerce as underlying
factors for infectious disease emergence. In this review, we
examined some potential notable driving mechanism of zoonosis
in Nigeria. The population explodes, and demand for animal
products has resulted in the expansion of animal trade, both
local and international, animal and human movements, and
intensification of livestock production systems. The above
mentioned have an indirect role in zoonotic disease distribution.
Animal husbandry, wildlife hunting, and hunting with dogs are
potential routes of parasite translocation, most notably when
infected animals are killed. Zoonotic diseases cause severe
economic loss in the pathogenic spoilage of milk, contaminated
animal products, carcass quality, weight loss, infertility, and loss
of animal population. The cost of disease control decreases in
household income due to a reduction in livestock/product sales.
Also, consumption impacts due to reduced food availability,
increased household vulnerability where livestock is used as a
risk-coping mechanism, and effects on household finance, which
influences household savings. Our suggestions for future
effective zoonoses control include, an improved surveillance
system, well-structured quarantine services, institutionalized
one health approach, public enlightenment, interdisciplinary
research, and ultimately a strict conservation rules and
regulation may be turned into law to avoid transmission of
Zoonosis through the consumption of wild animal which is most
reservoir of causative pathogen.
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Introduction

Zoonotic diseases account for about 75% of emerging infectious diseases and can
be devastating to both human and animal health globally. Zoonoses with a wildlife
reservoir represent a broad spectrum of transmission modes. Many zoonotic agents can be
directly transmitted from wildlife to humans (Kruse et al., 2004). Zoonotic diseases are
infectious diseases caused by a variety of pathogenic agents, including bacteria, parasites,
fungi, viruses, and prions that are naturally transmitted from vertebrate mammals to
humans and vice versa (Wang and Crameri, 2014).

Zoonotic diseases are transmitted to humans in many ways such as direct contacts
(animal bites, infected saliva, and scratches), inhalation (breathing in airborne spores or
organisms), food animals, drinking unpasteurized dairy product, vectors like mosquitoes,
tick, fleas, and lice's (Rojan Dahal, 2014; Olival et al., 2017). Indirect contacts with items in
areas where animals live and roam or with objects or surfaces contaminated with germs.
Most susceptible populations are people who have close contact with large numbers of
animals such as farmers, hunters, abattoir or slaughterhouse workers, shearers, knackery
workers, para veterinarians, veterinarians, and consumers who are therefore advised to
take precautions (WHO, 1999; Belay et al., 2004).

Zoonotic agents can also be disseminated from wildlife to humans indirectly by
contaminated food and water, for instance, Salmonella spp and Leptospiral spp. Zoonoses
are also spread through insect vectors. For example, a mosquito is a well-known vector of
rift valley fever, equine encephalitis, and Japanese encephalitis. Fleas can spread Y. pestes,
Bacillus anthracis spores by flies and Leishmania by sand-flies, whereas, ticks are essential
of Borrelia burgdorferi and Ehrlichia/Anaplasma.

Domestic carnivores (dogs and cats), livestock, or birds may also bring wildlife
pathogens into closer proximity to humans (Spickler, 1955). Animals can be infected
directly with the zoonotic agent, either clinically or sub-clinically, it may act as a transfer
host for infected arthropods such as ticks. Non-traditional pets have a reasonably high
probability of being infected with diseases causing organisms, particularly when captured
from the wild. For example, during an outbreak of monkeypox in the United States of
America, the virus spread from exotic African rodents (source infection), imported as pets,
to pet prairie dogs, and then to humans (Mark and Buller, 2010). Agricultural activities
such as hunting and fishing, bring people into closer contact with wildlife. These activities
can result in exposure to organisms carried in wild animals (e.g., Francisella tularensis,
Yersinia pestis, and Leptospira spp) or transmitted by arthropod vectors (e.g., Borrelia
burgdorferi and West Nile virus). Hunters, in particular, may contact pathogens in animal
tissues during butchering (Fiant et al., 2015).

The prevalence of other zoonotic diseases may be linked to cultural practices such
as eating raw fish, gastropods, or mollusks. Knowledge of a person's leisure and vocational
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activities, travel, and pet ownership can sometimes raise the index of suspicion for
zoonoses that are uncommon in urban populations (Spickler, 1955). Zoonoses may also
result from an increased prevalence of the agent in domesticated or wild animals or
vectors. Many currently emerging and reemerging diseases have reservoirs in wildlife and
are foodborne (Spickler, 1955).

Translocation and introduction of animals to new geographic regions correspond
to increased human global travel and commerce as underlying factors for infectious
disease emergence (Hughes and Montagne, 1994; Greger, 2007). Animals, both livestock
and wildlife, have long been identified as reservoir hosts of specific zoonotic pathogens.
During migration, there is a high probability of infection risk with zoonotic pathogens.
Conversely, an uninfected animal may be infected during translocation, most notably
when they have contact with the migrating herd, which will invariably transmit to human.
Eradicating zoonoses among wildlife population become unattainable, which is a
significant concern and threat to conservation, diseases prevention, and control.

The historical aspect of zoonoses in Nigeria

Zoonoses have affected human health throughout times; a combination of climatic,
ecological, agricultural, and socio-ecological factors has led to a hazardous situation in
Nigeria. For example, rabies was first reported in Nigeria in 1912, and about 10,000
animal and human cases are published in the country, making the disease a persistent
endemic problem (Ogunkoya et al., 2012). The rabies viral antigen has been detected in
the brain tissue of apparently healthy dogs slaughtered for human consumption in almost
all geopolitical zones of the country and poses a significant public health risk to dog meat
processors and handlers (Hambolu et al., 2013). Rabies has also been diagnosed in bats,
horses, monkeys, cats, and cows (NASPHV, 2007; NCDC, 2017).

Brucellosis is an endemic disease and has been reported sporadically from various
areas of the country since 1927, mostly from established government herds. Fewer
reports originated from nomadic and semi-nomadic herds, which comprise over 95% of
the livestock population managed mainly by the Fulani pastoralists (Ocholi et al., 1993).
Lassa fever virus (LFV) was first described in 1969 from a case in the town of Lassa in
Borno State, Nigeria. Lassa fever, an acute viral zoonotic illness caused by Lassa virus, an
arenavirus known to be responsible for a severe hemorrhagic fever characterized by fever,
muscle aches, sore throat, nausea, vomiting and, chest and abdominal pain.

The virus exhibits persistent, asymptomatic infection with excessive urinary virus
excretion in the ubiquitous rodent vector, Mastomys natalensis. Lassa fever is endemic in
Nigeria. Distribution of Confirmed Lassa Fever cases in Nigeria as at 28th April, 2019
reveals that Twenty-one (21) States (Edo, Ondo, Bauchi, Nasarawa, Ebonyi, Plateau,
Taraba, FCT, Adamawa, Gombe, Kaduna, Kwara, Benue, Rivers, Kogi, Enugu, Imo, Delta,
Oyo, Kebbi and Cross River) have recorded at least one confirmed case across 82 Local
Government Areas (NCDC, 2019; Dan-Nwafor et al, 2019). In Nigeria, Mycobacterium
tuberculosis is majorly considered to be the only cause of tuberculosis in humans (Dan-
Nwafor et al., 2019). As very little is known about zoonotic tuberculosis caused by M. bovis
and other members of the M. tuberculosis complex (MTC), little attention is given to the
reality that most Nigerians live in settings that enhance the transmission of zoonotic
bovine tuberculosis (BTB) at the human-animal interface (Cadmus et al, 2004). Our
preference for the diseases mentioned above was due to their occurrence in the country as
reported on OIE (2019) and WHO Online databases.

Status of livestock and economic importance of zoonoses in Nigeria
Nigeria, the most populous country in Africa continent
(http://esa.un.org/wpp/ASCII-Data/DISK_NAVIGATION_ASCIL.htm), has an estimated
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livestock population of 19.09 million cattle, 37.44 million sheep, 65.65 million goats, 60.40
million pigs, and 101.5 horses (FAO, 2010; Table 1). Globally, Nigeria, India, Ethiopia, and
Bangladesh account for 44% of poor livestock keepers with Nigeria ranking second (Grace
et al,, 2012). Livestock production has always been outstanding in Nigeria, and the rapidly
emerging livestock sector now ranks first among the 20 poorest countries (Grace et al,,
2012). With a vast pastoralist population, the livestock industry has been a significant
focus of government attention since the colonial era. Approximately 70% of the population
lives in rural areas, but there is now considerable rural-urban drift (Aregheore, 2009). An
increase in demand for animal products has resulted in the expansion of animal trade,
animal and human migrations, and intensification of livestock production systems. The
geographic, economic, and social conditions across Nigeria determine the ruminant
livestock production systems (Aregheore, 2009). An estimate suggests that, between 2010
and 2050, beef, poultry meat, and milk consumption will increase by 117%, 253%, and
577%, respectively (FAO, 2018). As a consequence, the livestock sector will grow and
transform, resulting in a new relationship between domestic animals, populations, natural
resources, and wildlife (FAO, 2018).

Table 1. Country census data references.

Animal ASR Year Census FAOSTAT
Sheep 160.0 2011 37,440,022 35,519,759
Goat 158.7 2011 65,652,372 56,524,075
Cattle 163.0 2011 19.095,227 16,577,962
Horse 196.9 2005 101,509 101,509

Pig 153.9 2011 6,040,819 7,471,730

Source: FAO global livestock distribution maps of 2010: extracted from the Gridded Livestock of the
World (GLW, v. 3).

The livestock industry plays an essential role in the economy of Nigeria. It serves
as a significant source of income and livelihood for the majority of Nigerians who are
villagers and contributes about 5.2% of the National Gross Domestic Product (GDP)
(Karshima et al,, 2018). Also, cattle, sheep, and goats contribute over 80% of the total meat
produced in Nigeria (Ugwu, 2007; Adedipe, 2014). Despite these benefits, the outbreaks of
well-known human diseases of zoonotic origin (either contracted through wildlife or
livestock) in recent decades have caused economic losses at the national level.

Zoonotic diseases cause severe economic losses in Nigeria as a result of reductions
in milk production, weight gain, fertility, and carcass quality (Solomon et al., 2018). Two
studies investigate the monetary impact of Brucellosis in Nigeria. Magaji (1984) estimated
the economic losses due to reduced fertility at 19.91 million USD and those due to reduced
milk production at 124.5 million USD, amounting in total to 0.6% of the country's GDP.
Esuruoso (1979) estimated the economic losses due to brucellosis for the Nigerian
livestock industry at 218.57 million USD per annum, which is about 1.3 percent of the
country's GDP. Expert elicitation data generates an estimated monetary loss due to
brucellosis in cattle equals about 0.6% of the country's GDP, which is consistent with the
available literature.

In addition to the negative impacts of Zoonosis on national human health and
economy, zoonotic diseases also adversely affect animal health, jeopardize the diplomatic
relations between countries and can undermine conservation efforts to protect the
world's biodiversity (Karesh, et al., 2005; Olival et al., 2017). The index case of the 2014

Braz. ]. Biol. Sci., 2020, Vol. 7, No. 17, p. 283-295.



Host-parasite translocation 287

Ebola virus disease was a Liberian-American who flew from Liberia to Nigeria’s most
populous city of Lagos. In response, the Nigerian government increased surveillance at all
entry points to the country (BBC, 2014). Airlines implemented bans on flights to and from
the country. Also, zoonoses outbreaks will, in turn, leads to a fear of association with
others and reduces labor force participation, closes places of employment, disrupts
transportation, and motivates some government and private decision-makers to close
seaports and airports. The negative impacts of zoonotic diseases on livestock productivity
remain a significant challenge in the livestock industry globally (Wilson, 2011) despite the
projected increased dependence on agriculture in the nearest future (Herrero and
Thornton, 2013). Economic impacts of zoonoses exist beyond the cost of control, but also,
decreases household income due to scale down in livestock/product sales, consumption
impacts due to reduced food availability, increased household susceptibility where
livestock is used as a risk-coping mechanism and effects on household finance which
influences savings and gender equality (Birol et al., 2010).

Host-parasite translocation routes

Traditional or cultural attitude and practices of Nigerians which promotes
zoonotic diseases emergence are highlighted below (Figure 1).

Wildlife
Translocation

Livestock/Domestic Human

animals ..
(Urbanization,

(Extensive system of Tourism. socio-cultural
animal Husbandry, Glulf: -la;::zsl’ and
Pastm‘:ahsm and. Biomedical

Agricultural manipulation)

intensification)

4

Figure 1. Factors driving diseases emergence in wildlife, livestock and Human (Daszak et al., 2000).
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Wild meat hunting and hunting with dog

Wild meats are meats from non-domesticated vertebrate species (mammals,
reptiles, amphibians, and birds) hunted for food in tropical forests. These wild animals
exist in all ecosystems, including deserts, forests, plains, and grasslands (Ijeomah, et al,,
2012). They are also called bush meat or game meat. Wild meat hunting threatens
biodiversity and increases the risk of disease transmission from animals to people.
However, hunting is perceived as a vocation in certain parts of Nigeria, especially in rural
communities, where it might be a traditional family occupation (Ajayi, 1979; Martin, 1983).
The activity takes place both day and night throughout the year, and anything more
substantial than 2 kg is considered fair game meat (NFNBR, 2001).

Poaching is inevitable as the hunter will easily have access to wild animals in
captive. Frequent contact with wildlife through the bushmeat trade puts people at risk of
infection with zoonotic pathogens. Pathogens transmissible to humans through bushmeat
include simian immunodeficiency virus, human T-cell lymphotropic virus, simian foamy
virus, monkeypox virus, Ebola and Marburg filoviruses, anthrax, herpes viruses, hepatitis
viruses, paramyxoviruses and various parasites (Fiant et al, 2015). Among prey bats,
rodents and primates consistently stand out as essential sources of zoonoses. Bats and
rodents have high zoonotic viral richness, and the close genetic similarity between
humans and non-human primates makes exposure particularly risky (Davies and
Pedersen, 2008; Meerburg et al., 2009; Pedersen & Davies, 2009; Luis et al., 2012). For
example, Forest-dwelling and peri-domestic rodents in West Africa host viruses such as
the Lassa virus and monkeypox virus, as well as a range of vector-borne pathogens
(Meerburg et al., 2009). Bats harbor the highest number of zoonotic viruses per host
species and have received a great deal of recently because of outbreaks of zoonotic
corona-, flo-, and paramyxoviruses (Chomel et al, 2007; Plowright et al, 2014). The
repeated human interaction with these and other wildlife taxa determines the routes of
zoonotic disease emergence.

Hunters in Nigeria are accustomed to the use of dogs as a companion in hunting,
except for those who have religion bias having a dog around them. This practice is
predominantly found among the hunters in rural communities, and they do have several
trained dogs to assist them in hunting. The dog engages in a hot chase of wildlife, which
sometimes leads to fighting, which draws the attention of the hunter to the scene. On some
occasions, some untrained or callous dogs tend to prey on small rodents without the
hunter's consent. During these activities, dogs have close contact with the animal even
without knowing the animal health status; such a dog would still find its way to the
hunter's family apartment which becomes more terrible among the illiterate and
impoverished hunters who do not know about zoonotic diseases and could not afford
vaccination from the veterinary hospitals.

Nigerians have a strong preference for bushmeat over domestic meat, which could
be a result of cultural influence. This singular act has made the hunters go far into the
thicket, and protected areas hunting to meet the demand from rural and urban markets
continue to provide incentives through which they meet the need of their family, who
often lack alternative ways to generate income (Fiant et al.,, 2015).

Pastoralism

The majority of Nigerians are dependent on livestock for their livelihood. This
means of livelihood allows close interactions of humans with their animals and even wild
animals due to the nomadic (migratory) nature of the pastoralists and farmers. This
animal husbandry system has a potential exchange of infection between men and animals,
some of which belong to the neglected category. It is estimated that about 30% of the
Nigerian pastoralists are fully settled or sedentarised, 50% are semi-nomadic, and only
about 20% are genuinely nomadic. The semi-nomadic group sends their herd to the area
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of greener pasture during the dry season and return during the set season. On the other
hand, the nomadic groups are continuously on the move according to the state of the
pastorage or food supply. They have no fixed address (Grace et al., 2012; Abdullahi et al,,
2015).

The above estimation reveals that both semi-nomadic and nomadic activities can
lead to a zoonotic disease outbreak. During their seasonal and periodic migration,
arguably, the herd establishes close contact with the wildlife and other domesticated
animals, which may pose a severe health threat to humans, wildlife, and livestock through
spillover and spillback. Pastoralists face a potential double burden of animals and human
diseases as they fend for their livelihoods. Their daily activities (herding) puts them in
close contact with their livestock and wildlife and, therefore, at high transmission risk
(Bengis and Kock, 2002; Shirima et al., 2003; Kock, 2005; Ameni, 2013).

Other sources of infection associated with pastoralism which emanate through
cultural practices are; consumption of raw or undercooked meat, drinking raw dairy milk,
and other zoonotic diseases emergence risky behaviors (Spickler, 1955).

Herders during migration have no potable water; as such, they bath at the nearest
stream and also sharing such water source with their livestock (Kambarage et al., 2003;
Mazet, 2009). The ecological integrity or safety of the water body has not been proved safe
for both livestock and human consumption. The upstream activities of such a water body
are unknown; carcasses of infected animals might have washed down into the stream by
erosion, thereby increasing the risk potential of the water body.

Extensive system of animal husbandry

This system of rearing animals is predominantly prevalent in Southern Nigeria,
whereby the animals are not fended or cared for; they roam aimlessly for survival (Ezeibe,
2010). This system is often referred to as the free-range system. In 2001, Nigerian
livestock farmers were rearing about 15.6 million poultry birds. Other animals also raised
include 1 million horses, camels, and donkeys (PCOL, 2003). Also, in 2009, the Agricultural
production survey (APS) conducted by the federal ministry of Agriculture and rural
development shows that the stock of cattle, goat, sheep, and domestic fowls in Abuja (FCT)
were 263,360; 3,009, 889; 958,443 and 7,406,408 respectively (NPAFS, 2010). The above
estimates livestock reared under intensive, semi-intensive, and extensive systems in Abuja.
Although the information on livestock in each category could not be accessed, the
documented reported that the most common system among the small-scale farmers in
Nigeria is the extensive system (Wilson, 1995; Nwese et al, 2003; Ovwigho et al,, 2009;
Ezeibe, 2010).

The activities of free-range animals are not monitored; as such, their risky
behavior cannot be measured, some which would lead to the advent of zoonotic diseases.
We highlighted below some risky behavior that is associated with free-range animals viz,
proximity with wildlife during the search for food, mountain climbing, evading and
wandering in the nature reserves and protected areas, movement into the wetlands for
drinking, cooling off the body and relaxation in wetland areas. Man has purposefully
allowed domestic pigs (Sus scrofa domesticus) mated with wild boars (Sus scrofa ferus) for
more piglets, qualitative meats, low-cost maintenance (Matiuti et al., 2010) or for more
distinct piglets having multi-skin coloration. The outcome of this singular act could birth
the emergence of African swine fever, a highly resistant virus, and a potentially
devastating disease.

Other predisposition factors are lack of potable water for rural households and
communities, which make them dependent on the same water source with the livestock.
Also, are agricultural activities such as irrigation and non-wearing of protective wears
during farming operations could lead to the emergence of zoonotic diseases.
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Conclusion

Zoonotic diseases are not well reported in Nigeria, especially among the rural
communities with few or no veterinarian or medico who could notify the authority about
the disease occurrence. Therefore, there is urgent for the government to employ more
veterinarians and para- veterinarians as stipulated in OIE Codex 2019. Also, some culture
still believes certain zoonotic diseases and its symptoms as a consequence or aftermath of
an angry god (e.g., monkeypox), some even consider it as a response from bewitchment by
enemies. Through the joint efforts of the medical officials and the veterinarians, zoonotic
diseases had been fought to a reasonable extent in livestock and human, however, if man
will continue to go hunting, livestock seasonal migration and practice of free-range animal
husbandry and other predisposing activities, there would be re-infection (spill-back)
which will invariably frustrate the effort of the medical practitioners, these were one of
the principal aims of One-health concept. Although prevention and control strategies for
zoonotic diseases in wildlife, livestock, and humans share many common aspects.
However, specific strategies are also needed to address the etiology and epidemiology of
the disease, characteristics of the pathogen involved, disease ecology, and the population
under threat.

A crucial part of managing the spread of the disease is the establishment of a
proper surveillance system that will help develop countermeasures to prevent and control
the disease. Meanwhile, to strengthen the efficiency of the early warning systems,
monitoring trends, and disease prediction, and timely outbreak intervention, therefore, it
is essential that Nigeria, as a nation, should improve its capacity in disease recognition and
laboratory competence. We suggest a holistic one - human - Environmental - Animal
health approach whereby environmentalist, wildlife conservationist, veterinarian, medico,
epidemiologist and social scientists would collectively focus on human, animal (Pets,
wildlife and livestock), and environment to improve public health and animal health
through a practical integrated research approach to zoonotic pathogen biology, ecology,
and epidemiology (spatial distribution and active control measure) (Chen et al., 2016).

The interdisciplinary and integrated research approach is necessary for the rapid
identification and effective management of outbreaks and the prevention of zoonoses.
There is a need to reorganize the nation quarantine service in other to curb trans-
boundary animal diseases. More intensive research effort is required to understand the
epidemiology and pathogenesis of various zoonotic diseases better, to improve diagnostic
methods, and to develop cost-effective vaccines and drugs; it needs for the government,
NGOs to fund research in the area of zoonotic diseases eradication and control. Training
and availability of state-of-the-art facilities would enable the personnel involved at the
various stages to detect zoonoses easily and present them with a novel research idea to
containing zoonoses.

Information, education, and communication are vital components of any
prevention and control strategy. Public education through sensitization and
enlightenment and behavioral change are also essential factors for successful prevention
and intervention. The term "zoonoses" has not been well understood by a high number of
people in rural areas, hence, rural populace should be sensitized through national, state
and local media on several risky behaviors that could predispose them and their animals
(pets and livestock) to zoonoses, specifically targeting hunters, herdsmen, and farmers.
There is a need to enact or re-enact animal conservation activities for the establishment of
National Conservation Centers in all the geopolitical zones of the country and employment
of personnel to enforce the laws. Conservation laws that limit hunting, or prohibit hunting
with dogs, can be implemented with the help of community head and local chiefs may be
most effective in reducing game hunting pressure, such as in the case of effectively
monopolizing hunting privileges to residents’ groups. However, given the cultural and
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economic conditions of the wild meat trade, a total shift to alternative protein sources may
be impossible at present but achievable through public re-orientation and availability of
alternative protein sources that would gratify local taste preferences (e.g., raising
desirable species in captivity). The government should provide an alternative job for
hunters to make ends meet.
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