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ABSTRACT

Infectious and parasitic diseases in zoo animals affect their welfare, repsadacid
longevity and poséealth thrat to researchers, visitoasd staff of zoological garden. The
aim of this study was tassesdiosecurityand determin@ccurrence oSalmonellaegecto
and gastrantestinal parasite§GIP) in Kano zoological gardemNigeria (KZG). A total of
388 samples were collected from 161 wild animalshbgrandom sampling method. The
distribution of the samples was: one hundred and eleleatal swabs from wild birdgine
hundred and seventyadcal samples from carnivorg28), herbivores(62), nonhuman
primates(35) and wild birds (45); onehundred and seveectoparaige (EP) samples from
herbivores (2), carnivores (53)pn-human primates (27nd wild birds(25). Conventional
biochemical test wereused to identifyfSalmorlla species after which suspected/confirmed
isolates were subjected to antimicrbsensitivity test usin@ panel of 12 antimicrobial
agents.Simple fldation technique andmicroscopic examination meth®dvere used to
identify gastreintestnal parasiteeggs/oocystand ecteparasites respectivelyf the total
faecal and rectal swab samp(@96) examined forSalmonella seven isolates (3.57%)ere
confirmed; two werefrom lions Panthera led, oneeachfrom bush buck Tragalophus
scriptug, Cape elandTragalophus oryx Egyptian geeseAlopochen aegyptiacysparrot
(Psittacus erithacysandcrested porcupinegHystrix cristatg respectively The occurence of
Salmonellawas 7.14% in carnivores, 5.76% in herbivores and 2.7% ith bwtds while the
overdl occurrence in KZG wad.8%. All the Salmonellasolates (10%) showed multidrug
resistance(MDR) pattern with resistance profile o8-4. However,none of theisolates
showedmild, extensive or pamlrug resistanceEggsand oocyst were identified from85
faecal samplesAscars from tortoise;Enterobiusfrom chimpanzeeStrongylefrom tartalus,

red patas and tortois€aeniafrom lion; Toxocarafrom lion, Nubian vulture and mangoose;
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Trichurid from baboon, buffalo, porcupine, red patas and tantélascidia from peacock
and red patas; arldosporafrom lion and mangoose. The ocamce of GIReggwas highest
among norhuman primates (37%) and lowest among wild birds (13.5%noig
herbivores, the occlence was 26.9% whil@ carnivores wad4.28%. Tle gastreintestinal
parasite richness count (GIPR@jnong carnivores, herbivores, Aoaman primates and
wild birds was5/3, 5/3, 7/4 and 4/2 respectively. The ovecalturence of GlPeggs and
oocyssin KZG was 63% an@&IPRCwas 21/8Bug (Cimex lectulaius) was identified from
baboon and red patas; aRtlipicephalus sanguinetigk from buffalo andcommonjackal.
The occurence of EP anectoparasite richness counERPRQ among buffalg, common
jackal, baboon red patasand spotted eagle owl wet®0%and 2/3; 33% and 2/25% and
1/3; 16% and 2/3; 2% and 1/3 respectivelyOf the nine components of zoo biosecurity
assessed in KZG, quarantine practibesl highest biosecurity riskk@0% and risk level
(2.6) while work and hygiene practicésr staff am visitors posetowest biosecurity risk of
58.3% and risk level of 2.0Audit and validation of biosecurity practices in property
management andvildlife sections revealed breaches traffic control, isolationand

sanitationin manysections (70%) of KZG
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1.0INTRODUCTION
1.1 Background to the Study

Infectious disease withimoo collection impacts on individual health and welfare, and can have long
term impacts on reproduction, longevity, behaviours, population and species viability (Reiss and
Woods, 2011). Subclinical and chronic diseases can exert their dffegisars and even decades.
Sickness death and reproductive failure in collection animals leads to greater costs (husbandry,
veterinarycare acquisition) and reduces the financial bisity of the zoo as a business. Infectious
diseass like salmonellosisthat may spread to humans or domestic animals can have serious social,

economic and ethical coqReiss and Woods, 2011)

Salmonelloss is caused b$almonellaspeciesand charactezied clinically by one omore of three
major syndromessepticaemia, acute and chronic enteritis (Kahn and Lin€;)20be portal of
infection in @lmonellosis is almost always the mouth, so that the severity of the disease in an
individual or of an outkrak in a group depends on the degree of contamination and environmental
conditions temperature andryness which determine the survival time @&lmonellae(Radostis,
1997. The response to infection wialmonellavaries depending on the size of thealenging

dose and the immunological statof the animal (Radossi 1997.

Parasitism is an important environmental component of the life cycle of most organisms including
birds and wildlife (Loye and Zuke1991). While ecteparasites liveon the surfae o f t he ho
body, endeparasites are found within the body of the host (Narula, 2013). Helminth palikstes
Trichuris and Strongyle are significat pathogens of wildlife andesponsible for unthriftness,
decrease in fecundity rates and sometimedhd@aavies and Anderson, 2004). Overcrowding,
dampness and unsanitary conditions are the predisposing facttire fooliferation of helmintrgs

and infectious diseases (Radtsstil997). Such adverse conditions occur frequently under captivity

XX



than uner freeliving conditiors (Devos and Lambrechts, 2008)elminthes are the predominant
macro parasites found in birds and with heavy infestations ¢aege morbidity and mortality in

wild birds (Norton and Ruff, 1997)Singleand mixedinfestation of mite and nematodes hadso

been reported in a variety of wild animals kept in captivity for long peiidiigya, 2006) Young

animals and those stressed by translocation, disease or injury are the most likely to be affected by

parasitesNlbaya, 2006; Mbayat al, 2007).

Biosecurity is the set of precautions taken to minimize the risk of introducingestatllishing
infectious and parasitidiseases into animal populatiqiReiss and Woods, 2011Good zoo
biosecurity helpkeep zoo animals, zoo staff and visgtosafe and healthy, minimize costs of
treatment, keep zoos open and running during infectious disease outbreak, promote the good
reputation of individual zoo and assist zoos in acquiring and managing exotic species (Reiss and
Woods, 2011) .toprotect ilselfdrem aadizeade ioutbyeak will be greatly improved if it

has appropriate biosecurity arrangements (Reiss and Woods, 2011).

1.2 Statement of Research Problem

Wildlife are reservoirs of diseases that affect other animals and humans aadyircases animals

in captivity are not screened for such diseases. Metgrinary schools in Nigerido not offer
wildlife medicine as a specialty area; this impacts negatively on wildlife health in zoological
gardens, wildlife parks, game reserves arteiotanimal sanctuarieQue to shortage of funding
some zoos lack adequdteatment and facilitieglo not empoy veterinarians astaff while some do

not offer professioal training on wildlife diseasmanagement.

Captive wildbirds carry pathogens thahay not result in disease in the wild, but once taken into
captivity and exposkto a number of stredactors, resistance is lowered and disease can-owgak

XXi



(Schmid, 2005). The removal of wild birds from their natural habitat has had a hugely dettimenta
impact on the population of many species (Beissinger, 2001). Many species of camared

birds, aquatic species and other captive collections commonlynigecdected withSalmonellae

and die from salmonellosis in zoological gardens (Friend, 2@dme birds such as grouse and
pheasants reared in captivity for sporting purposes and cranes for species conservation are often
victims of salmonellosis (Friend, 2001). F#gng birds rarely manifest clinical diseases and may
frequently serve as reseivs of many parasite species (Fallis and Benneth, 1960; Levine, 1963;

Carlton and Herman, 1970; Hermamnd Brischoff, 1994; Mbaya, 2006ladeleet al,2012).

1.3 Justification of the Study

Paucity of information regarding wildlife diseaseskEG and Ngeria justifies thisresearch. Zoo

visitors nteract with captive and freeange wild birds while eating, drinking and sitting thus
creating a favourable condition fdine spread of infectious agenteVildlife plays a key role by
providing al 66 zforoomnotwtlci cpho on e w(Debkiak, @0d@Eenergenta gf e me r
key zoonoticdiseasessuch as Eboldrom wildlife populations hasalso increased awareness
worldwide of the importance dhe study of captivewildlife diseases in protecting both livestock

and public healtiEmbreyet al.,2012).

Presence of fréeange wild birds scavegging on animal feed in KZ@nd unruly behaviour of some
visitors who offer toys and feed to animals poses a serious biosecurity breakhof proper
understanding of biosarity and negligence of some zoo keepgh® violate hygiene procedures
could also facilitte disease transmission in zoological garddmeatment and control measures
against parasitic diseases are carried out on regular basi®Grbut baseline dataot evaluate the

success or failure of the programnot availableAlso, the impact of biosecurity practices tre
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health status of wildlife ilKZG is not assessed. A comprehensive study of parasitic and infectious
diseases in captive wildlife would aid the development of possible control measures which may
help in enhancing their conservation, survival and performance in captivity. For more than forty
yearsKZG has served as recreational, educational and tourist destination with average of 250,000
300,000 visitors annually (KZOWMA, 1972). Additionally, description of parasites and diseases

in freeliving and captive animals may help to evaluditeimportance of hosparasite relationship

in each environment ( Car | t oque charadteristiesrwith enfluencel 9 7 O
its biosecurity requirements and individual zoos are encouraged to develop their own biosecurity
plan (Reiss and Woods, 2011). Biosecurity is the best approach for prevbetpgead of diseases

in zoos; withn wildlife, between wildlife and humanor viceversa. The last outbreak of Ebola
triggered donatiomf severalwildlife to KZG raising concern ovethe health status of wildlife in

KZG.

1.4 Aim of the Study

The aim of the study vgato assess biosecurity and tetermine the occurrence &hlmonella

species, ectaand gastrantestinal parasites in wildlife IKZG.

1.5 Objectives of the Study

The objectives of the study weeto:

1. Conduct an ssessient ofbiosecuritypractices observad KZG.
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2. Isolate and chacterize by biochemical meanSalmonella species fromwildlife in
KZG.
3. Determine antimicrobialesistancef Salmonellaspecies fronwildlife in KZG.

4. Collect and identifyecto and gastrantestinal parasitesom wildlife in KZG.

1.6 Research Questions

1. What is thdevel of biosecuritymeasures observed KZG?

2. Are thereSalmonellaspeciesnfectingwildlife in KZG?

3. What is the antimicrobial resistance profileS#lmonellaspecies from wildlifen
KZG?

4. What is theoccurrenceof ecto and gastrantesinal parasites in wildlife irKzZG?
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CHAPTER TWO

2.0LITERATURE REVIEW

2.1Zoo and Zoological Garden

Zoo, also known as zoological garden or zoological park is an institution devoted to the exhibition,
preservation and study efild animals(Burnie, 2009. A Zoo is also defined as a place where a
great number of valuableildlife speces are keptogether after beingtakenout of their natural

habitats(PenayatobaPencheva, 2013)

At least600 million peoplevisit more than 1,000 zoos around the wqult year Although most
people visit zoos for entertainment, zoos also educate the public about animal behawviak, natu
habitatsand the plight of animals in danger of extinction. Zoos play a role in the conservation of
threatened or endangered animals anddeon scientific research on animal diseases, nutrition,

reproduction anthehavior (Burnie, 2009

Zoos employ severdtinds of workers to care for animals. Zoologists arrange captive breeding
programs and make decisions about type of species put on gigipliay and the housing they need
while veterinarians are concerned withalthof the animabk. Zoo keepers tend to the dag-day
welfare of the animals in their charge, liting feeding, grooming@nd maintainingenclosures

(Burnie, 2009.

Theearliestknowncollections of captive animals date back more than 4,000 years. In ancient Egypt,
the phaaohs acquired giraffes, monkegsd gazelles from the southern edges of the Sahara Fr
India they imported chickenst the time considered exotic birdghich proved to have a very
practical value. In the Middle East, the kings of Assyria collected animals in the course of their

conquests, keeping them in landscaped zoological gardens. Among them were Asian elephants and
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Bactrian camels, as well as crocoditesl hippopotamuses, which were kept in specially constructed

pools(Burnie, 2009.

In 1490BC, QueenHatshepsut of Egypt launched what is thought to be the first animal collecting
expedition. Five ships ventured as far as Somalia and returned with leapantils birds, monkeys,
and a giraffe. The animals were al/l housed 1in
another Egyptian ruler, Ramses I, took pride in his collection ofasijrparticularly a lion that was

said to have followed his ma&steverywhere, even into battle. In 10BC, Chinese emperor Wen
Wang estabfihed a 60Mectareanimal preserve. Called the Garden of Intelligence, this animal
collection was established to syuand learn from wildlif€Burnie, 2009)

The first zoo that closely resembles modern za@s the mperial Menagerie, established in 1752 in
Vienna, Austria(Burnie, 2009) Modernzoodesigndates back to the early 1900s, when animal
trainer Carl Hagenbeck opened a zoo in Stellingen, Germany. Hagenbeck houses! iarunaloor
enclosures that used ditches and moats instead of bars. Many of these enclosures were built to
imitate natural habitats, such as rocky mountainsides or open pl@omie, 2009)
Thefirst modernzoos founded in the United States were thdaBbklphia Zoological Gardens in
Pennsylvania, established in 1859; Central Park Zoo in New York, which opened in 1861; and
Lincoln Park Zoo in Chicago, lllinois, which opened in 1§B8rnie, 2009)

The major goals of modern zaoclude animal welfare, edation, conservation, research and
entertainment. However, these goals may be in conflict. For exangersienjoy learning and
observing natural behavior in captive animals but visitors often want to observe and interact with
animals in close proximjt(Fernandez, 2009). Unfortunately, close proximity and social interaction
with human induce stress for many spegmsticularly norRhuman primates. Modern zoos are also
concerned with the effect of exhibit design and behavior of animals on zoo vastevsll as the

effect of visitors on behavior of exhibited animals (Fernandez, 2009).
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2.2Wildlife and Captive Wildlife

The Encarta dictionary define wildlife as wild amil®, birds and other living things including

vegetation, living in a natural, undesticated, untamed and uncultivagtdte (Encarta, 2009)

When wild animals are kept in confinement or
Captivity has become a way of life for many species of animals because for hundreds of years man
has made a practice of capturing animals from the wild for use in captivity especially in zoos. This

gives zoo visitors an exciting glimpsélife from the wild (Anon, 2Q2).

2.3 Wildlife Diseases

Historically, wildlife diseases have been considered inaombronly when agriculture or human
health have been threatened. However, because of outbreaks of diseasdangeredpecies
increasng veterinary involvementand advances in hegamasite population biologythe threat of

wildlife diseases isow t&ken more seriously (Deszak, 2000)

Many wildlife species are reservoirs of pathogens that threatmestic animal and human health

as well asemergingwildlife infectious diseaseEWIDS), which pose a substantial threat to the
conservation of global bdiversity. Disease emergence most frequently results from a change in
ecology of hog pathogeror both(Deszak, 2000)Human population expansidras promotedhe
emergencef EIDs via increasing populain density, especially in urbareas dengue, chiera),

and encroaahnent into wildlife habitat (Bss River virus disease)his encroachment may have
been a key facton Africa for the global emermnce of Marburg and Ebola viruses and human

immunodeficiency virus (HIV)YDeszak, 2000)
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EIDs of wild animds canbec | assi yed into three major groups

criteria:

i. EI Ds associ aotveedr owiftrho ni sdpoinhel s t iopulatonsilivimg ins t o

proximity

ii.  EIDs related directly to human intervention, ta@st or paras# translocationand

iii. EIDs with no overt human or domestic animal involvement.

Wildlife diseases can have negative consequences for biodiversity, human and livestock health,
ani mal wel fare and the economy. Wi lcd I piofoel 6p |faryc
which new diseases may emerge. Wildlife play a major role in disease transmission and so is

important when addressing certain diseases in domestic animals or H{szak, 2000)

The majorities (60%) of emerging human infectious diseasesassed by zoonotic pathogens and
75% of these have a wildlife origior link (Warwick, 2012) Human encroachment on shrinking
wildlife habitats can cause increased wildlife population densities which can dsestse
transmission risksAlso, increased tman population density is linked to a rise in the number of
zoonotic infections in humangVildlife diseases are also important in their own right, with impacts
on biodiversity and animal welfa(®eszak, 2000)Climate change is expected to lead to sarisl
changes in wildlifedisease patterns and frequency. As conservation prograpand and contact
between humans, domestic animals and wildlife increases, conflicts between biodiversity

conservation, public health and domestic animal health maysifiéAnon, 2008).

2.4 Biosecurity in Zoological Gardens
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Biosecurity is the set of precautions taken to minimise the risk of introducing an infectious disease

into an animal populatiofReiss and Woods, 2011)

Good biosecurity is integral to the succeksfianagement of all zoos. Biosecurity is important for

al |l ZooOS, regardless of size. With todayds gr
that zoo biosecurity focuses on all risks, not just those arising from exotic species. All zoos
(including smaller zoos and fauna parks holding few or no exotic species) need to address the
biosecurity risks relevant to their circumstances. All zoo staff needs to be aware of the principles of

biosecurity and how this applies to their work at the zoo.

Biosecurity is an insurance policy against disease outbreak and its consequences. Biosecurity is
concerned with recognizing and managing risk. Individual zoos can achieve best practice by
conducting an institutiospecific biosecurity risk assessment to esthlthe level of risk that exists

in each area of its operations. Zoos are encouraged to develop their own insipetdit

biosecurity PlangReiss and Woods, 2011)
Good zoo biosecurity aims to prevent the following:

I.  Introduction of infectious disese and contaminants to zoo animals.
Il.  Spread of disease from an infected area to an uninfected area within the zoo.
[ll.  Spread of infectious disease from zoo animals to animals outside the zoo.

IV.  Spread of infectious disease from animals to humans or humamisnialsa

It is important to consider all factors that may impact on zoo biosecurity, including: species, origin
and number of collection animals, location and layout of the zoo, source of water supply, source of
food supply, method of waste management,adisestatus of collection animals, disease status and

proximity to animals in thesurrounding areaype of wildlife and pest speciemonotic disease
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potential, animal movements and transactions and movement of staff, visitors, contractors and

deliveries(Reiss and Woods, 2011)

2.5Levels of Biosecurity in Zoological Gardens

2.5.1. Routine biosecurity pocedures

The majority of biosecitly measures outlined below shoudd applied on a routine or daily basis by
most zoos in most circumstances. Maintajnithese levels of routine biosecurity will give a high
assurance that disease agents are not carried into animal enclosures and will reduce the risk of

disease transmission between enclosures. They include:

I.  Record keeping, animal identification, staff tiaig and documentation.
II.  Property management: this includes input and output, perimeter management, enclosure
and ground maintenance, drainage and waste disposal.
. Work and hygiene procedures for staff and visitors
IV.  Zoonotic disease risk management.
V. Animal health and preventative medicine.
VI.  Quarantine: general quarantine practices, veterinary care and investigation during
guarantine and management of sick animals.
VII.  Animal deaths, pognortem examination and carcass disposal.
VIIl.  Management of animals, vehicles agipment during animal transport

IX.  Zoo-specific biosecurity plan and emergency biosecurity response plan.

2.5.2 Higher level biosecurity pocedures
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Some biosecurity measures may not be a necessary part of routine practice in zoos, but may be
implemented irsituations or circumstances outside the normal. Higher level biosecurity procedures
may be adopted by individual zoos, according to-geecific circumstance and risk. In the event of

an increased disease risk (e.g. infectious disease event in one enabbsunged health status of
individuals), an increased level of biosecurity should be implemented as determined by the

circumstancegReiss and Woods, 2011)
2.5.3 Emergency biosecurity responsdams

These are emergency response plans which zoos areraged to develop for use in the event of a
suspected outbreak of an emergency disease, serious endemic disease or an unusual increase in

mortality or illness.

The Emergency Biosecurity Response Plan should include protocols for work practices,orestricti
on animal, staff and visitor movement and should detail the agencies and authorities which need to

be informedReiss and Woods, 2011)

2.6 Salmonellosis in Zoological Gardens

Animals kept at the zoo are usually bred in captivity, acquired from fatbiities or captured in the

wild and have been reported to be associated with bacterial infections, which are major health
hazard, as their excretion result in contamination of the environment leading to morbidity and
mortality of other animals as wedk significant economic losses for the zAddsiyunet al, 1984:

Gopeeet al, 2000.
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Bacterial pathogens such &almonellaspp Escherichia coli and Clostridium perfringensare
zoonotic and can therefore be interchanged between zoo keepers andwidgittee(Gopeeet al,
2000. These pathogens are commonly associated with outbodaliarrhoea, septicaementeritis,
fever, dysentery, abortion and numerous other infections individually or in assaciEt® genus
Salmonellahas become increasiygsignificant due to their ubiquitous distribution, wide host range,
complex pathogenesis and their complicated epizootiology involving humans, animdafhea

environment (Oludairet al, 2013.

Probable sources of infection for zoo animals @wer bigecurity practices such as poor hygiene,
feeding animals with unwholesonfireiits and foodsy zoo keepers andsitors native rodents and

wild birds which gain access to the enclosures (Gebpé, 2000).

2.7 Salmonella

A German named Gaffky in 18&itivated the typhoid bacillisS. entericaserovar Typhi that was

first observed by Eberth in 1880 from the spleen and mesenteric lymph nodes of infected patients
(Le Minor, 1994). Later in 1885, two American veterinarians, Salmon and Smilated the
bacterium causing hog choler&almonellacholeraesius from infected pigs (Salmon and Smith,

1886. The name&almonellavas subsequently adoptednanorof Dr. Salmon (Mestrovic, 2015).

Salmonellaspecies have assumed increased significance due to theuitaus distribution, the
growing number of serotypes, wide host range (including wildlife), compbthogenesis, and
complicated epizootiology involving humardggmesticated and wild animals and the environment
The carrier state is the major sourcandéction for animals and humans. Excretion of the organism
results in the contamination of water, food and the environment with wildlife animals playing
important rolegOludairoet al., 2013).
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The genusSalmonellas composed of motile bacteria whichnéorm to the definition of the family

Enterobacteriaceasnd tribe SalmonellaeDuring their biochemical reactisrhydrogen sulphide is

(7))

produced, methyl red reaction is positive, lysine and ornithine are decarboxylated, arginine i
dehydrolysed, indole isot formed, urea is not hydrolysed, Vog&®skauer test is negative and
neither phenylalanine nor tryptophan is deaminakmvever,acid is not produced from sucrgse
adonitol, raffinose or alphamethyl glucoside. Lactose is fermented by most strag@hsniging to
subspecies! |l a andl | I b but not by those df, I, 1V or V. Dulcitol is fermented by members of
subspecies, I | andV but not by those dfl I a andl 11 b orl V. Inositol is not fermented by strains

of subspecied | laand I1b,1V andV (Ewing,1986).

Subspecied/ | was later described by Le Minand othersn 1986 consisting of strains that are
inositol and sorbitol negative, with 22% fermenting lactose and 67% fermenting dulcitol (Le Minor

et al.,1986).

Currently, the nomenclature system us¢dheCenters for Disease ContraCIDC) for the Genus
Salmonellais based on recommendations from the WHO Collaborating Centre. According to the
CDC system, the genuSalmonellacontains two speciesS. enterica,the type species an8.
bongori. All antigenic formulae of recognize8almonellaserotypes are listein a document called
Kauffmari White scheme also known &almonellaantigenic formula (Popoff 2001). There have

been two supplements to this scheme since then (Guibourdenahg010; Issentthi Jeanjearet

al., 2014), which now brings the total number of serovars to 2,659.
The number of serovars in each species and subspecies are as follows:
S. enterica 2,637

S. entericasubsppenterica 1,586
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S. entericasubsppsalamae 522

S. entericasubsppdiarizonae 338
S. entericasubspparizonae 102
S. entericasubsppoutenae 76
S. enericasubsppndica 13
S. bongori 22
Total 2659

(Adaptedfrom IssenhuthJeanjearet al.,2014).

2.8Salmonellosis

Salmonellosis in both human and animal host is generally associateSaintlonellaenterica(also

termed subspecel) and acute infections can present in one or four ways : enteric fever,
gastroenteritis, bacteaemia and extraintestinal focal infection. As with other infectious digeases
course and outcome of the infection are dejpah upon a variety of factors includingoculating

dose, immune status of the host and genetic background of both host and infecting organism
(Cammie and Miller, 2000). Broadly speakjnige Salmonella entericanfections can be subdivided

into two groys: the enteric fever (typhoidal) group and itgphoidal Salmonella(NTS), which

typically cause gastroenteritis but can also cause invasive disease under certain conditions. There are
five serotypes oBalmonellaassociated with enteric fevesalmonellaentericasubspecie enterica

serovar Typhi (Typhi)S. Paratyphi AS.Paratyphi BS.Paratyphi C an®. Sendai (Selandest al.,

1990). Most Salmonellastrains cause gastroenteritis while some strains, particufarignterica
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serotypesyphi andparatyphi, are more invasive and typically cause enteric fever which is a serious

infection that poses problems for treatment due to antibiotic resistance.

2.8.1 Typhoidal salmonellosis

Typhoidal Salmonellaare hostspecific Salmonellaaffecting only humans buccasionally may be
seen in other animals. ThNeorld Health Organizatio/yHO) estimated that globally there are more

than 22 million cases of typhoid fever each year with more than 200,000 deaths (WHO, 2003).

2.8.2 Hostadapted salmonellosis&. Gallinarum and S. Pullorum)

Fowl typhoid and pllorum disease (bacillary white diaodga), caused byalmonella enterica
subspecie enterica serovars Gallinarum and Pullorum respectively are widely distributed
throughout the worldespecially in countries witless @veloped poultry industries (Slkiprasad,
2000; OIE, 2012).Salmonella gallinarumand S. pullorum are adapted to avian species and
considered topose minimal zoonotic risk (Eswarappat al., 2009) although the genome is

continually evolving, whicltould theoretically widen the host range in futureu(@t al.,2002).

2.8.3 Non- typhoidal salmonellosis(Paratyphoid Salmonellg

Non-typhoidal Salmonella (NTS) are important foeborne pathogens with acute gastroenteritis
being the most common clinicananifestation (Kariuket al.,2006). However, invasion beyond the

gastraeintestinal tract occur in approximately 5% of the patients with NTS gastroenteritis resulting in
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bacteraemia (Hoemann, 2001). Nyphoidal Salmonellosisis acquired from multipleanimal
reservoirs. The main mode of transmiss®from food products contaminated withimsal products

or wastes (Milleret al., 2000). In developing countries NTS is an important cause of invasive
disease, particularly in tropical regions of Africa, wh8almonella entericaerovarTyphirmurium

(S. Typhimurium and Salmonella entericaerovarEnteritidis (S. enteritidi$ are consistently the
most common causes of childhood bacteraemia as well as important causes of memthgiis, a

and pneumonia (Kauki et al.,2006).

2.84 Treatment of salmonellosis

Fluoroquinolones are widely regarded as optimal forttbatmentof typhoid fever.They arewell
tolerated and more rapidly and reliably effective than the-Ifivst drugs, viz. chloramphenicol,
amuicillin and trimethoprimsulfamethoxazole (WHO, 2003). The third generation cephalosporins
(ceftriaxone, cefixime, cefotaxime and cefoperazone) and erythromycin are also effective drugs for
typhoid (Miller et al., 2000) In general, in areas with high pedence of multdrug resistant
Salmonellainfections, all patients suspected of having typhoid fever should be treated with a
quinolone or third generation cephalosporin until the result of culture sensitivity studies become

available (Milleret al.,2000.

Gastroenteritis caused Balmonellas usuallya selflimiting disease and therapy should be directed

to the replacement of fluid and electrolyte losses. Therefore, antimicrobials should not be used
routinely totreatuncomplicated notyphoidal Salmomrlla gastroenteritis or to reduce convalescent
stool excretion (Richardst al.,1993). However, antimicrobial therapy should be considered for any
systemic infection (Parrgt al.,2002). For susceptible organisms, treatment with an oral quinolone,
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trimethoprim-sulfamethoxazoleor amoxicillin is adequate (Parrgt al., 2002). Amoxicillin and
trimethoprimsulfamethoxazole are effective in eradication of loeexgn carriage. The high
concentrarion of amoxicillin and quinolone in bile and the intracellulaefpation of quinolone are

theoretical advantages over trimethopsoifamethoxazole (WHO, 2003).

2.8.5 Pathogenesis andmmunology of salmonellosis

All Salmonellainfections begin with the ingestion of contaminated food or water. After leaving the
stomach, Salmonellamust traverse the mucosal layeverlaying the epithelium of the small
intestine. After crossing the mucosal lapeerlaying the small intestin&almonellainteracts wih

both enterocytes and macrophagdis (Franciset al.,1992. The orgaisms are rapidly internalized
and transported into suhucosal lymphoid tissue whethey may enter into systemic circulation.
Salmonellaalso have the ability tcnduce noinphagocytic epithelial cells bg process known as
bacterialmediated endocytosisThis pracess involves the formation ddrge membrane ruffles
around the organism and cytoskeleton rearrangement (Fraheabk, 1992). Salmonellais then
internalized and transported into soincosal lymphoid tissue where they may enter into systemic

circulation(Rathmaret al.,1997).

SalmonellaPathogenicity Island (SP) function is required for the initial stages of salmonellosis, i.e
the entry ofSalmonellainto nonphagocytic cells by triggering invasion and the penetration of the
gastreintestiral epithelium. Furthermore, SPI& required for the onset dafiarrheal symptoms
during localized gastrintestinalinfections. The function of SPIi% requred for later tages of the
infection, i.e. systemic spread and the colonization of host organs.dleéet SPI2 for survival and
replication in the host phagocytes appears to be essential fgphtiée of pathogenesis (Hanisen

Westarand Hansel, 2001).
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2.91solation of Salmonella
2.9.1 Salmonellatransport/prei enrichment media

Transport/ preenrichment mediar@ used to support the life 8almonellaespecially if the samples
are to betransportedfor a long duration. These media allow abundant growth with uniform

morbidity. These include:

| . Peptone water
I'1. Tryptone soya broth
['11. Nutrient broth (Cruickshankt al.,1975) and

I V. RappapoitVassiliadis (RV) (Waltman, 2000).

2.9.2 Salmonellaenrichment media

These liquid media are used to assist in the isolatiddabhonellafrom faeces, sewage and other
materials with mixed baetial flora by aiding the growth dsalmonellawhile limiting that ofE. coli

andother organisms before plating on solid media. They include:
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I.  Tetrathionate broth with or without brilliant green: this increasetectivity for
Salmonellabutis too inhibibry for S.typhi.
Il.  Selenite- F broth: this is the most used enrichment mediuns&monellasolation.
[ll.  Strontium chloride broth was found to be superior to selénftdroth especially for the
isolation ofS.typhi.
IV.  SeleniteM.
V. Ruyodos medi um.
VI.  Rappaport Vssiliadis.

VIL Ringerds solution.

2.10Antimicrobial Resistance ofSalmonella

Antimicrobial resistance is thability of microbessuch as bacteria, viruses, parasites or fungi to
grow in the presence of a chemical (drug) that would normally kill it or lisigrowth Palmgreen

et al.,2006)

Resistance to various classes of antimicrobial agents has been encounteay ibacteria of
medical and veterinary relevance. Over the years various studiespavied the presence of genes
and mutations confennig resistance to antimicrobial agents in zoonotic bacteria suShlamnella
(Palmgreeret al.,2006). There are three major mechanisepored by which bacteria malgecome
resistant to antimicrobial ages: enzymatic inactivation; reducedtiacellularaccumulation of the
antimicrobials; protection, alteration or replacement of the cellular target sitesai®clawd Claus

Danela, 2001).

MultiT drug resistance which is defined as antibiotic resistance against three or morei@nigiot
becoming promiant with Salmonella(Palmgreeret al., 2006) and is limitingthe choice of drug

therapy for Salmonella infections in both humans and animals and raises more public health
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qguestions (Tacketet al., 1985). Furthermore some variants ofSalmonella have develped
multidrugresistance as an integral part ofithgenetic material. Consequently, these variants are
likely to retain their drugresistant genes even when antioimal drugs are no longer uséanon,

2012).

When fluoroquinolones were first licensed therapy n humans, no immediate rise $almonella
resistance was observed. But following the licensing of fluoroquinoloneséoin food animals, the

rates of fluoroquinolonéresistantSalmonellain animals and feed and subsequently in human
infections rapidly increasd in seveal countriesWhile resistance to fluoroquinolones often emerges

as a result of mutations in the bacterial genome, resistance to other antimicrobials often spread by

transfer of DNA between bacterial stra{@sion, 2012).

Most Salmonellastrains are sensitive to chloramphenicol, ampicillin, streptomycin, tetracycline,
cotrimoxazole and some other antibiotics. Chloramphenicol was considered to be the most effective
drug in the treatment of typhoid fever. However, some strainhighty resistant to some of these
antibiotics as a result of mutation or acquisition of transmissible resistance pl@sroit, 2012).

This, therefore makes it necessary to test thgbiatic sensitivities of anysalmonella isolated

(Cruickshanket al.,1975).

Following the isolation of si@almonellaefrom wildlife at Agodi Garden and University of Ibadan
Zoo, Falade and Durojaiy@976)carried out disc artiotic sensitivity tests for eight antibiotics on
blood agar culture. The result indicated th#dtthe bacteria were resistant to sulphaforazole and
penicillin; four were resistant to terramycin and erythromycin while the other two were sensitive.
Three were also resistant to streptomycidowever, all the isolates were sensitive to

chloramphenicoland nitrofurazone (Falade and Durojaiye, 197/6)Danish study found out that
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although persons with susceptitf@lmonellainfections had a higher mortality than the general

population, persons with resistégdlmonellahad an even higher mortalighnon, 2012).

2.11Prevention and Control of Salmonellosisn Zoological Gardens

In developing countriegeducing the number of non typhoidal salmonellosis cases in the general
population requires provision of safe drinking water, effective sewage dispukdlygienic food
preparation (Mastroen2006). Nonrtyphoidalsalmonellosis i& major public health problem world

wide and reduction of these diseases presents a serious and challenging problem because they have
several animal reservoirs (Strugnell andjMiig, 2006).Some of the measures to prevent and

control the spread @almonellanfection in zoological gardens inclutiee following

l.  After visiting zoos people should wash their hands with sanitizer, detergent or soap and
water before eating or handg food.
. Zoo management should provide adequate hand washing and public convenience
facilities for staff and visitors respectively.
lll.  Routine surveillance, quarantimad screening of newly acquired animals to deteet
presence ofalmonella
IV. Cages and efasures housing animals should be routinely cleaned and disinfected with
phenolic compounds or household bleach diluted at 1:32 (CDC, 2009).
V. Visitors should be discouraged from offering food to the animals as this could be a source

of infection to the animls (CDC, 2009).
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VI.  Good biosecurityracticessuch as provision of hygienic food, reducing strasgquate
housingandcontrol of rodent specieme likely to reduce rate of infection (Hoel=gral.,
2011).

VII.  Screeningand treating zoo stafb prevent infeton of the animalsince human carriers

of nontyphoid Salmonellanay transmit the infection as reverse zoon¢S&C, 2009).

2.12Salmonellain Wildlife of Nigerian Zoological Gardens

Salmonellaarefound in many species efildlife including birds, rptilesand aquatic animals where
they often cause diseases, acute and chronic diarrtea@eathsDespite this, reported cases of

Salmonellanfection in wild animalsn Nigeriaand Africa are fewOludairoet al,2013)

Falade and Durojagy(1976) repodd no published repd on Salmonellain wildlife in Nigeria, but
notedfew unpublishedisolationof S.abaandS. ekoradifrom a lizard and dead baby elephaatsi

S typhimuriumfrom a healthy monkey angorillafrom the University of Ibadanad.

Moreove, unexplained diarrhea among captive wildlifeat the Agodi Gardens prompted a
bacterological survey of wildlifeat boththe Agodi Gardens and the University of Ibadan Zdbe
result showed eigl®almonellasolatesof six different serotypes; six wersolated from the wildlife
sampled at the Agodi Gardenghile two were solated from the wildlifesampled at the University

of IbadanZoo (Oludairoet al,, 2013.

The wildlife and the respectivBalmonellaisolated from them include Putty nosed makey, S.
Weybridge Greenmonkey, S. WeybridgePatasmonkey S. Offa Baboon,S. aint-paul, Marsh
mongooseS. Sainpaul, Civet cat,S. dostrup Hyena,S. Wimborneand S. dublin and Awvary, S.

wimborne(Oludairoet al., 2013).
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Okoh and Onazi(1980) reportedthe isolation of 14 strains dbalmonellafrom a variety of
carcassedaecal samples and morbid wildlife from KZ The animals and the respective samples
that yieldedSalmonellaisolates were pigeon liveB. typhimuriumparrot small intestineS. give
peacock liverS. gallinarum flamingo faecesS. apeyemepelican small intestines. tilene vulture
liver; S. gallinarum gazelle small intestineS. epicratesgiraffe liver; S. dublin galago bush baby
small intestineS. durban kangaroo liverS. \ejle, hyena faecesS. oranienburg cheetah faeces.
chandans cheetah faecesS. rissen lion faeces;S. vejle chimpanzee &aeces; S. liverpoo)
chimpanzee faeceS§. elizabethvilleMoreover, Ocholiet al. (1987) alsoreportedthe isolation of
Salmon#a pullorum from the lung, liver, kidney and intestine of a captive chimpanzee
(Partroglodyte$ at the Jos Zoo. The oiyear old female chimpanzebat was reported ill with

constandiarrheaand anorexia died after five days (Oludatal, 2013).

2.13 Ecto-parasitesin Wildlife

Parasites can impact host survival and reprodudii@ttly through pathologic &fcts and indirectly

by reducing host condition. Severe parasitosis can lead to blood loss, tissue damage, spontaneous
abortion, congenital malfmations, and death. However, less severe infections are more common
and may impair nutritiontravel, feeding, predator &gpe, and competition for resources or mates, o

increase energy expenditure (Gillepsie, 2006).

Like domestic animals, zoo animalseavulnerable to a wide variety of ecto/erukrasits and

similar drugs are used for treatment. Care must be exercised in the choice of medications due to
speciesspecific sensitivities to some drugs. as much as mixed parasitic infestations have been
reported in several domestic animal species (Soulsby, 1963; Soulsby, 1982), single infection of

mitesand aso mixed infection of nematodésve also been reported in a variety of wild animals

xliii



kept in captivity for long periods. Young anirmand those stsgsed by transportatipmlisease or

injury are the most likely to be affected by paragidbaya, 2006; Mbayat al, 2007.

In addition to being vectors that transmit diseases;atasites can be direct causes of illness and
death. Heavy infestation ti€e, mites, fleas, flies and other biting insects have asmtesponsible

for causing illness and even deathwafd birds, especially among nestling8allweber, 2001)
Conditions caused by these insects range from feather loss and skin damageafiasisaor
mange, to myiasis or infestation with fly maggots and anemia. Mites of the i§eamsdocopteare

the primary cause of mange in birds, and the mites belong to the same Bandyptidag of mites
that cause mange in mammals and humans Kheenidocoptespecis of mitesis specific to birds
and they are not a human health hazard. Mites of the dlerersidocopteare the primary cause of

mange inwild birds (Coleand Friend2001).

2.14Tick Infestation in Wildlife

Ticks are among the most impant vectors of human and animal diseases caused by protozoa,
rickettsiae bacteria, viruses and helminthdhey rank second only to mosquitoes as vectors of life
threatening or debilitating human and animal diseases. Moreover, ticks transmit a\gneetgof

infectious agents than any other arthropod gi@ddgdderet al, 2010)

The vast majority of indigenous ticks in the subaharan region are parasites of wildlife, and indeed
a large number of species would be unable to complete their lifesciydhere were no wild hosts
available. Many of the tick species deemed to be parasites of domestic cattle, sheep, goats, horses

and pigs are frequently more abundant or prevalent on smaller wild afMzalderet al, 2010)
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Ticks may live in many typesf environment. For instance, most baissociated soft tick species
are typically found in caves, whereas ticks of wild terrestrial mammals are commonly found in
forested areas. Domestic animals like cattle and dogs may camsirtfelsted by pathogemnghich

mayrepresent a risk to huma (Dantal Torreset al, 2012).

Several vectoborne pathogens haweceivedconsiderable attention for thell they exact on
human health fowhich agrowing body of evidence inclites may be exacerbated by anthggpiz
environmental change rigorous understanding of the transmission dynamics of pathogens from
infected wildlife hosts to vector organisms is critical to explorations of the ecology of véxiare

diseaseg¢Allan et al, 2010)

Tick infestationsare d great importance ianimask. In addition to their role agectors of infectious
diseasesheavy infestations can cause direct logReglostis, 1997. Many are active blood feeders
and may cause death from anemia. Some species cause tick paralysiss grabsible that other
ticks may elaborate toxins other than those causing paralysis (Red8%7). Heavy tick burdens
cause sufficient irritation and stress such that affected animals become anorexic which nay lead
reduced productivity. Althougmany ticksfavor a particular host they are usually not completely

hostspecific and many pariéige a wide variety of animaldgRadostis, 1997).

Several wild ruminant species are susceptibl&holichia ruminantium,the causal organism of
heartwater orcowdriosis or can act as carriers of the organism. Some are atsyscto certain
Theileriaspecies, while zebra are carrierdBaibesia caballandTheileria equjthe cause of equin
piroplasmosis. Wildsuidsare carriers oBabesia trautmanrapart fom beingthe cause of porcine
babesiosisare also a reservoir for theus of African swine feverTicks are also important as pests,

affecting humans, livestock and wildli{¢adderet al, 2010)
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Tick paralysis in song birds has been asged with he bite of harebodied tick,Ixodes brunneus.

Fatal paralysis from bites by this tick has been reported where the engorged ticks are generally found
on the Dbirdsd head todasegelidsDeattyesuitsirgm alpewertultnéusotmtine d
that s secreted by the tick while it feeds on the bird. Just a few ticks feeding on a small bird can
cause anemia, reduced growth, weight loss and contribute to a depressed state of healtid (Cole

Friend 20QL).

2.15Ticki Borne Zoonoses

The risk d ticki borne diseases is increasing worldwide and this sidnateems to be driven by
several interacting factors. Wildlife populations can naturally megraansportingicks and tick
borne pathogens from one area to another. Human travelers may also plap éheteanportation

of wildlife species andntroduction of exotic tick species into previously free areas, which may
eventuallycarry relevant pathogens. Tidkorne diseases are increasingly diagnosed in travelers

returning fom endemic areas (Dantd®orreset al., 2012).

Ticks and wildlife ae the main reservoirs of titkorne pathogens of medical and veterinary
concern. Wildlife may also serve as amplifying hosts of several human pathagehg vast
majority of tickiborne diseases are from wifdl reservoirs. However, ti¢lborne pathogens
traditionally associated with diseases in domestic animals may also @lemimerge as human
pathogensFor example, human babesiosis cause®8é#lyesia divergensas been knowm Europe

for a long time ag zoonais from cattleEhrlichia canishas been implicated in a few human cases
from Venezuela and a new strainEfcanishas been detésd in dogs from Peru (Danidorreset

al., 2012). Nonethelesshe expanding spectrum of tidkorne pathogens affecting Idiife,
domestic animals and humans will require new studies on the epidemiology, diagnosis and ecology

of these newly recognized diseases. For exanitketsia massiliae,a bacterium first isolated
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from brown dog ticksRhipcephalussanguineusn Fran@ has been implicated in human cases of
spotted fever in Europe and South America. A laboratory study also suggested the potential of the

tick R.turanicusin the transmission d®. massiliag(Danta$ Torreset al, 2012).

A new soft tick species was reclntliscovered in a bat cave in Brazil and found to be highly
anthropophilic. One of the researchers responsible for the species description was accidentally bitten
by a female tick, and an intense inflantorg response was recorded 28 hours after thedk bite,

with intense swelling, redness, heat and pain. Probably the inflammatory response was induced by
the tick saliva(Dantag Torreset al, 2019. In South America most cases of human infestation are
related to Amblyanma ticks, which are frequently assiated with wildlife. Some of these
Amblyarnma speciedike Amblyanma cajannense andAmblyanma tristehave been implicated as

vectors of rickettsiae such RsrickettsiiandR. perkeri(Danta$ Torreset al, 2012)

2.16Tick Control and Tick i Borne Diseags Prevention

The control of ticks is largely based on the use of chemicals on animals and the environment.
Several active ingredients with killing and or repellant effects might be prescribed in different
formulations such as sprays, soaps, shampoogjgrewimpregnated collars, dsplutions, pouron

and spdton applicationgDanta$ Torreset al, 2012)

Moreover,results ofnew strategies for the controf ticks in wildlife like whitetailed deer ath the
studies indicate that the methaagght be usefl in reducing the level of environmental infestation
by some tick specieshus contributingd the control of certain tiGoorne diseases such as lyme

borreliosis(Danta$ Torreset al., 2012)
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Alternative tick control strategies have beerogmsed,including use of antitick vaccinesof
biological control agents such as entamopathogenic fungi. A vaccine is commerciallylavailab
the prevention of tickoorne encephalitis in Europe and Eastern Russia. Becausarteission of
certain tick borne pathgenslike Borrelia burgdorferiis not immediate, the prompt removal of all
attachedicks might greatly reduce the risk ioffection and thus should be strongly emphasized by

physicians and veterinarians (Daritdsrreset al, 2012).

2.17Lice Infestation in Wildlife

Chewing lice are small, wingless, dorsoventrally compressed insects that parasitize birds and
mammals. Avian chewintice belong to one of two suibrders;Amblycerawhich occur on feather

and skin orlschnocerawhich are more restricted to tears.Chewing lice are obligate, permanent
parasites that complete their life cycle on the body of the host. dyeée consist®f the egg, three

nymphal instars and the adult std@¢aytonet al, 200§.

As a group chewing lice are among the most-8pscific of all parasie Some species of chewing

lice are less specific however, occurring on multiple host genera, families or even orders. Most bird
lice feed on feathers, dead skin and skin products while some also feed exclusively on blood and a
few species ofAmblycerafeed exclusively on blood. Chewing lice are normally found in small
subclinical infestations that are kept in check by regular host grooming including preening with the
bill and scratching with the feet. When present in large numbersever, they can cause severe
irritation and reduced host survival and reproductive success. They can also affect the host indirectly
by serving as vectors of other parasites including some species of filarial worms. The time and
energy that birds mustevote in preening to keep lice in check may also be c@Sthytonet al,

2009.
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Transmissions of chewing lice among hosts often requhigssical contact between birds, such as
between mates and parents and tb#springin the nest. When psent inlarge numbeAmblycera

lice can cause ¢ansive feather and skin damadeading to dermatitis, pruritus, insomnia and
excessive preening and scratching. Lice also have negative effeavildnbirds. Severe
haemorrhagic ulcerative stomatitis and death hbgen documented in juvenile American White
Pelicans infested with thdenoponidouse,Piagetella peralisspeciethat lives within the pouch of

these hosts. Although it is not clear weather lice were the principal cause of death, they clearly

contributedto poor condition in heavily infested young pelicans (Clagbal, 2008).

In a case study on the impact of lice on whdd, the population of thdschnoceranlice
Columbicola columbaandCompanulotes campéncrease dramatically on Rock Piged@®lumba

livia) with naturally or experimentally impaired preening ability. These two feed on abdominal
contour feathers and reduce the density of the plumage leading to an increase thermal conductance
and a corresponding increase in the metabolic ratesiofthan hosts to maintain normal core body
temperatures. The end result, not surprisingly, is a significant drop in the rate of survival during the
winter months. The impact of feather lice @mergetianay also be responsible for a significant drop

in the rate of male courtship displand thus the abtly of heavily infested males to attract mates.
Feather damage froMenoponidouseHirindoecus malleusan result in holes in the tail feathers of

Barn Swallows. These holes may increase feather breakagelleas permeability of the feathers to

air, thus altering aerodynamic efficien@aytonet al, 2009.

Chewing lice can also have indirect effects on the host by acting as vectors or intermediate hosts of
other parasites. For example, tenblyceranlice, Trinoton anseriumtransmits the common
heartwormSarconema eurycer® swans when the louse takes a blood meal, whilestdimoceran

lice that serves as intermediate hosts for other filarid nematodes transmits these worms when they
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are ingested durg preening. Viruses and bacteria have also been isolated from chewing lice, but it

is not clear weather lice play a role in their transmission (Clasttah, 2008).

Ecologically speaking, bird lice can be divided into five categories based on morpholdggw
they escape preening: (a)gie Amblycerathat runs quickly eross the skin or feathers (tharge
Amblycerathat sip sideways between thfeathers (c). Sluggish trianguldreadedschnocerathat
avoid preening by dwelling on head and neck Epngatelschnocerathat hide between the barbs
of wings and tail feathers (egluggishlschnocerathat burrow into downy regionsof neck and

abdominal feather&Clayton, 2003

2.17.1Diagnosisof lousiness

In principle, lice are easy to detect becatls®r life cycle is restricted to the body of the host. The
five most commaly used methods for collectinige include body wdsng, postmortem ruffling for
dead birds, dust ruffling, visual examination and the use of fumigation chambers for live birds

(Claytonet al, 2008).

2.17.2 Treatment and control of lice infestation

The safest choice is pyrethrusnu st  or s pr adyowna, nsflaosw Kkkinlolcikng o i
side effects on birds and mammals. Its kill rate is not 100%, so most commerdiattprase a
combination of pyrethrin, a derivative of pyrethrum and the synergist piperonyl butoxide. A 1%
concentration of this mixture kills effectively, with no side effects on host nestlings or adults.

Overcrowding of birds should be avoided becausdadilitates transmission of lice with a



subsequent increase in average louse load. For this reason, highly social birds are probably more at

risk than solitary bird¢Claytonet al, 2009.

2.18 Host Defense and Immunityto Lice Infestation

The simplest dfense agast lousinessis to avoid infection and the most important defense of
infested birds against lice is preening. Wilolds with bill deformities can have enormous louse

populations because they are not able to preen efficiently.

Similarly, naturd experiments confirm that scratching with the feet is critical for controlling louse
populations on regions that cannot be preened. Birds that cannot scratch because of leg injuries
sometimes have large number of lice and nits on the head and neckt botragions that the bird

can still preen. Allopreening in which one bird preens another, may also play a role in louse control,
although this possibility has not beentéescarefully. Other behaviodhat may help control lice
includesdusting, sunninganting and fumigation with aromatic green vegetation (Clagbal,

2008).

2.19Helminth Infection in Wildlife

Nematoda, trematoda and cestada the three maj&lasse®f parasitic helminths of economic and
zoonotic importance in the siBaharan regn (Aneneet al.,, 1994). Helminth parasites are
significant pathogens of wildlifeind are responsible for unthriftness, decrease in fecundity rates and
sometimesdeath (lbrahim, 2012 Overcrowding, dampness and unsanitary conditions are the
predisposingactors for the proliferation of helminthic infections (Radisstil997). Such adverse

conditions occur frequently under captivity than under-ingeg conditions (Ibrahinet al, 2012).



Intestinal parasites are a magontinuousproblem in many specidegept in natural exhibit on dirt
substrate especially in young and stressed individiliaahim et al, 2012) Parasites with indirect
life cycle pose a problem less frequently if the exhibit area is clean and free of intermediate hosts

(Anon, 2000.

Many ases of resistance to helminth infections in wildlife often breakdown when they are
translocated from their natural habitatthe unnatural conditionsbtained in captivity (lbrahinet

al, 2012). Thus, the free ranging reindeer, inrtNern England hardlyharbouredStrongyle
infections because of the sparseness ofrtfeetive larval stagem those areas, yet when they were

relocated to zoos they showed high levels of strongylasistéd bylbrahim, 2012).

The most common species of nematodeo@asal with parasitic gasti@nteritis in most sub
Saharan countries areHaemonchus contortus, Oesophagostomum columbianum and
Trichostrongylus colubriformisOthers areTrichostongylus axei, Buwwstomum trigonocephalum,
Cooperia curticei, Trichuris ovis, Trichis globulosis, Strongyldes papillosusand Gaigeria

pachyelis (Soulsby, 198p

Strongylate nematodes are among the most characteristic parasites of thenggsdinal system of
ruminants throughout the world. Although there is recognition of thenpakenfluence of gastro
intestinal nematodes on morbidity and mortality in sylvatic bovids and cervids, typically there have
been only superficial assessments of these parasites within the context of wilaiggement

(Hoberg 2001).

Many helminths reovered fromantelopes are those usually encountered in domestic ruminants,
especially cattleand sheep while other helminths of cattle, sheep and antelopes are more hos

specific andarely encountered in other spediBsomker, 2010).



The nematodesDictyocaulus africana, Dictyocaulus filaria, Dictyocaulus viviparugnd
Bronchonema magnaccur in the bronchi and trachea of a variety of anteldpéglly, the worms

cause alveolitis, followed by bronchiolitis and finally bronchitis as they become naatdir@ove to

the bronchi.The patent phase is associated with two main lesions, namely a parasitic bronchitis,
characterized by the presence of many adult wormsedded inwhite frothy mucus. Secondly, a
parasitic pneumonia occurs, characterized by calhpmeas around infected broncRiecovery

starts taking place once the adult lungworms have been expelled. The lung tissue organizes and
clinical signs abatePneumostrongylus calcaratus impalas is so comnmothat it is considered

normal and apart fronfocalized discolouration and slight fibrosis the lesions cause no discomfort to

both the host speciéBoomker, 2010).

The Gongylonemaspecies, of which there are several, occur in the submucosa of the tongue,
oesophagus or the rumen. The typical-zag pattern in the muaa is the only indication of
Gongylonemaresence of thevorms but theyare norpathogenicLike the Gongylonemaspecies,
adult Calicophoron which live in the rumen and reticum, are norpathogenic Several species
occur in wildlife, all of which use a frestvater snail, usually of the gen&silinus as intermediate

host(Boomker, 201D

A number ofHaemonchuspecies occur in the abomasum of antelopes, but their pathogenicity has
not been studiedt became apparent that certddlaemachusspecies are associated with certain
host groupsFor example, in the Kruger National PaHgaemonchus veglids associated with the
browsing antelope (kudu, nyalas andshlbouck) while impalas in the paHarbouredHaemonchus

krugeri (Boomker, 201Q)

The family Trichostrongylidaeis well represented in all antelope and the commonly encountered

genera areCooperia, Cooperiodes, Nematodirus, Impalaia, Paracopema Trichostrongylus



Large numbers of worms of any or all the genera mentioned above@anioantelope, but clinical

signs are rarelgeen(Boomker, 2011

Oesophagostomuis a large genus of which two species are commonly encountered in antelopes.
These ar®esophagostomum columbianamd Oesophagostomum walkerakhe former nematode

speces has been recorded from at least 18 antelopes, but no mention is made on the pathogenicity of
the parasites in their respective hosts. Several species of the [gartusis parasitize wildlife.
Trichuris globulosa one of the more commonlyneounteredspecies, occurs in eigtantelope
speciesand the infection is invariably very mil@ecause of its monoxenous life cycle, and the
infective larva that occurs in a thigkalled egg, large numbers can build up in enclosures and under
intensive conditions.nl private collections or zoo3yichuris speciegs one of the most troublesome

(Boomker, 201Q)

Different pecies ofParabronemaparasitize buffaloeelephantsgiraffesandrhinocerosesn South
Africa and buffaloes in North Africa. All make use o$tamoxid fly,Haematobiurnor Lyperosia as
intermediate host.argenumbers of worms araften present in the abomasum or stomach, and may

or may not cause gastric ulcéBoomker, 201

Bassoret al, (1971) however, saw fatal cases of ostertagiosis edryOstertagia ostertagin the
abomasums d#land that were kept in small cam@assoret al (1970) foundb% prevalence in the
buffaloes theyrocessedHydatidosis, or cystic echinococcosis does not seem to be of importance in

the larger nature resees but could theoretically become problematic on game farms.

Oesophagostomum radiatusifairly common in buffaloebut the infection is mildApproximately
16% of the buffaloes in the Kruger National Phgve lesions of one or more of the three speifies

Onchocercawhich occur in buffaloes. The infection manifests as small nodules in the subcutis of
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mainly the thoracic, sternal and abdominal regions, but are also preskatielids, the prepuce

and testigBoomker, 201D

Monodontus giraffaés anextremely common parasite of the bile ducts of giraffe and causes mild to
severe cholangitis, depending on the number ohsgoresentSchistosomapecis are common in
those animals that ardependenton water, and have beeawecorded from baboonsuffaloes,
giraffes hippopotamj zebrasand atleast 13 species of antelopes iougern Africa.Severe
phlebitis and thrombosis of the mesenteric veins was described in one diuffasmes(Boomker,

2010.

As is the case with the antelope and pigs, theiwams are also not affected by worms, given that
they are welfed and that the worrimfections are not overwhelmingt is quite conceivable that the
high mortality of young lions is due to malnutrition combined with parasite infections, especially the
hookworms Ancylostoma But little is published on helminths diseases of drelg lions and
leopards Ancylostomare virulent blood suckers and can cause seaeaemia in a very short time.
Toxocaraand Toxascarispresumably behave in the same wayiam¢ as they do in cats and dogs,
and therefore have a more severduigice on the young animals thatder ones. These ascarids

compete with the host for available nutrief@@omker, 201

SeveralTaeniaspecies occur in the small intestine of liom&l deopards, and as is the case with
similar species in dogs, the tapeworms do not seem to do significant damage. Specie$ aeclizde

regis Taenia crocutae, Taenia hyaenaied Taenia gonyamgiBoomker, 201Q)

Echinococcuss one of the worst helminttoonoses and man may ba accidentahost. Whenever
dealing with carnivores, including cats and lions, one should always wear gloves, and definitely not

eat, drink or smoke. The strain BEhinococcughat is found in lions is known dschinococcus



granulosus felidisas it is the strain that infects felids, white granulosus granulosusfects canids

(Boomker, 201Q)

The tapeworm genenslesocestoideand Dipylidium have been recorded from lions and leopards,
but are of little importanceSpirocerca Ipi has been recorded from a growth on the oesophdgus o
lion that was kept at a zpwhile Cylicocyclusspecis occurs in nodules in the stach of lions and

leopards, and nepathogenidhysalopteraspeciein that of cheetahs.

In Kruger National Parka surprisngly large number of lionsuffer from cutaneous dirofilariosis,
causé by the filarid nematod®irofilaria sudanensis Clinically it manifests as a large soft lump
under the skin, but does not seem to cause much discomfort. The nematoddrisnaglyelong one

that lies curled up in the subcu(Boomker, 201Q)

In wildlife Trichinella spiralis has the sylvatic cycle which involves tipspotted hyaengackal,
multi-mammate mouse, warthog and Africa civet. South of the Sahara and espedtalsy Africa,
Trichinella nelsoniappears to be the more important one in wildlifeichinellosis is largely
asymptomatic in wildlife and man is the main suffefexperimental infections of domestic pigs
with T. nelsoniand T. spiralis from meat of wildanimalshave indicated that the nematode can
adapt, and may thus become an important zoonosis in flnulEge game reserves, the incidence
and prevalence of muscle cysticercosis is low. Cysticerciagnia solium,Taenia hydatigena,
Taenia crocutae, denia hyaenaandTaenia regishave been recorded. As is the case with cysticerci

in domestic animals, little pathology is caugBdomker, 201Q)

Physocephalus sexalatis a spirurid nematodthat utilizes an intermediate host, usually a dung
beetle, inits life cycle. It occurs in the stomach of warthogs and lpigs and only when present in
massive numbers do they cause gastriBx species of Oesophagostomumpf which

Oesophagostomum mocambigaed Oesophagostomum mwanzaere the most common, ahao
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of Murshidia have been described from the large intestine of warthogs andpmystand were
present in vast number3he anoplocephalid tapewormdoniezia mettamiand Paramoniezia
phacochoeriare regularly encountered in young warthogs, in which tgh@ynot cause disease

(Boomker, 201Q)

A large variety of nematodes occur in the gasttestinal tract of zebras. These include akearid
Parascaris Sirurids, Draschia and Habronema strongylids, Strongylusand Triodontophorus
and a whole host ofyathostomins, such a&Sylicodontophorus, Cylicostephanus, Cyathostomum,
Cylicocyclus, Poteriostomumand OesophagodontusThe Habronematidae are represented by
Habronema and Draschig while Oxyuris equi (Oxyuridae) and Trichostrongylus thomasi
(Trichostromgylidae) are usuallpresent in small numbers. Thanfily Atractidaeare tiny worms

and occur in tens of thousands rather than tens or hur@edsker, 201Q)

2.20Gastro-intestinal Parasites ofNoni Human Primates

Non-human primates are one of the mostnmon groups of animals in zoological gardens for their

role in public entertainment. They are howewerown toharba different gastrentestinal parasite

species which affect their survival and reprddwecactivity by causing gasteoteritis,hemorrhge,
extraintestinal infection, spontaneous abortion and death. The close phylogenetic relationship
between humans, the encroachment of humans into natural habitats and the closeness of humans to
them even in the zoological gardens have caused frequédmigpat exchange with humans. This
phenomenon has also resulted into emerging zoonoses which currently threatens global health and
hasresulted in a decline in ndmuman primate population in the wild and in captivity (Adetunji,

2014).
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Noni human primatesra particularlyulnerable to parasitic infdons because many species live in
cohesive groups characterized by frequent social interactions that facilitate parasite transmission
between individuals (Adetunj8014). Infetions by gastrantestinal parases have been reported in

a range of noirhuman primatehosts which include gorilldGorilla gorilla), chimpanzee Ran
troglodyte3, green monkey Ghlorocebus sabaelsred patas Hrythrocebus patgs mandril
monkeys Papio leucophaeys white collared margpey Cercocebus torquat)ismona monkey

(Cercopithecus monand anubis babooRépio anubi¥ (Adetunji, 2014).

Annelids, helminths, and protozoa have parasite representatives in man, apes and monkeys. Protozoa
parasite suclas Entamoeba histolyticaGiardia species, Cryptosporidiumspecies and Balantidium

coli are frequently reported in ndruman primate

Gasto-intestinal parasites in ndmuman primates are ragled as major causes of gastneritis,
waterydiarrhea, hemorrhage dysentery and extiatestinal infection such as liver abscess and even
death. Entamoeba histolytica&auses intestinal anextraintestinal amebiasisBalantidiumis an
intestinal parasitic protozoa in mawhile giardiasis causduly Giardia specis and cryptosporidiosis
causedby Cryptosporidiumspecis are known as causes ftdilure of young animals to thrive.
Considering the health significance Exitamoeba histolyticaGiardia species andCryptosporidium
species in man, theizoanatic involvement in norfhuman primate and mashould be highly

considered (Akpaet al, 2010).

Akinboye et al (2010) reported the presence of helminthss¢aris lumbricoidesand Trichuris
trichiura) and protozoa[Entamoeba histolyticand Giardia lamblia) among zoological garden
workers while onlyhelminths (Strongyloidesspecie Trichuris specie andAscaris speci¢ were

found in wildlife in the Uiversity of Ibadan Zoological @rden. In a study carried on primate bush
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meat and pets in Cameroon, seiamatodiruspecies, three protozoan specigs oestode specie

and one trematode specie were reported (Datvlf 2013).

As humanpopulation density contires to increase exponentially, speeding the reduction and
fragmentation of primate habitat, greater huragmimate contact is inevitable anigher rates of
pathogen transmission are likely. d&dine data on patterns of paitic infections in wild primate
populations are critical to provide an index of population health and to begin to assess and manage
disease riskdn addition, considerinche evolutionary andoelogical linkages between prates and

their paasitespone can view parasites as indicator species, potentially alerting us to imminent threats
to primate conservatio(Gillepsie, 2008 However, regular health services such as mjgiand

deworming measurdewer the prevalence of helminths infection in nbmman primates.

2.21Protozoalnfection in Wildlife

Protozoa isa collectivename foranimallike, singlecelled organisms, some of which méym
colonies. Several phija are conmonly recognized. They include: flagellated zoomastigina,
amoeboid sarcodina, ciliated ciliophora, cnidospora and spordtma than 20,000 species are

known including such familiar forms &arameciunandAmoeba(Anon, 2009.

Acute diarrloea can resufrom massive infections dfrichomonas, @rdia or Balantidiumspecies.
Amebiasis which is fairly common in primates and reptiles can ta# ifa compromised animal

(Anon, 2000).

2.22Coccidiosisin Wildlife

Coccidiosis, a protozoal disease of mamgmmaian and all domestic livestock species, is caused
by infection with species of the geneEameria or Isospora Clinically, it is characterized by
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enteritis although subdciical infections are frequent. Coccidiossceurs universally, most
commonly in animls housed or confined in small areas contaminated with oo(fyatfostis,
1997. Coccidia are generally hespecific parasites, and very specific to a particular regiadhan
intestinesEimeriainfections are more specific compareddosporainfections(Vorster, 2012)The
Coccidiaare hostspecific and there is no cross immunity between spemi€occidia(Radostis,

1997.

Coccidiosis is mostly a disease of young animals raised and kept under intensive management
systems although older animals magcasionally be clinically affected. Disease usually occurs
when the resistance of the host is lowered following stress, overcrowding, weaning, transportation,
housing under conditions of poor hygiene, food changes, nutritional deficiencies, concomitant
infections with other parasitiand infectious agents and adverse weather condit{dasster and

Mapham 2012)

Clinical illness caused by infection with these parasites is referred to as coccidiosis, but their
presence without disease is called coccidida most cases, a bird that is infected by coccidia will
develop immunity from disease and it will recover unless it is reinfected. The occurrence of disease
depends, in part, upon the number of host cells that are destroyed by the juvenile form of the
parasite, and this is moderated by many factors. Severely infected birddienggry quickly.
Damage t o t h eoftenresultid isterruptet feeding, diseuptioof digestiveprocesses

or nutrient absorption, dehydration, aneraia increasegusceptibility to ther disease agents. In
cranescoccidia that normally inhabit the intestine sometimes become widely distributed throughout
the body. The resulting disease, disseminated visceral coccidiosis (DVC) of cranes, is characterized
by nodulespr granulomas, on the surface of organs and tissues that contain developmental stages of

the parasit¢Cole and Friend, 2001).



The incubation perio@f coccidiosisis usually about three weekalthough it may vary fronone
week to more than onemonth in ®me casesDiarrhea may start off as watery, becoming
increasinglyhemorrhagic Fresh blood and blood clots may be presenterigtcesand a mucoid or
fibrinous exudate may be seen as the clinical esgiwa of the disease progressEaecesmay
become Iackishred to blackish, or greenidflack and it may become feamelling with the
presence of shreds of mucoSeenesmus,pronounced borborygmiconstant grinding of teeth,
abdominalpain, polapse of the rectum, fevencreased respiratory rate alods of appetite may be
seen. Severely affected animals may become extremely emaciatedamaewhic (Vorster and

Mapham 2012)

Birds may be infected with coccidia at any time. Although little is known about the conditions that
may lead to the development ofnital disease in wild birds, birds may become diseased more
frequently during periods of stress. Most epizootics of intestinal coccidiosis in waterfowl in the
Upper Midwest, United States have broken out in early spring, during a stressful stagingoperiod

springmigration(Vorsterand Mapham2012.

Because each coccidia species has a preference for parasitizing a particular bird species and because
of the selflimiting nature of most infections, coccidiosis in freanging birds has not been of great
concern. However, habitat losses that concentratk gmpulations and the incréag numberof
captivereared birds that are released into the wild enhance the potential for problems with

coccidiosis(Cole andrriend 2002).

Field signsof coccidiosisfor free-ranging wild birds have not been reported. Mpecific clinical
signs reported for captive birds indkiinactivity,anemia weight loss, gemal unthrifty appearance,

and waterydiarrhea that may be greenish or bloody. Tremors, convulsions, andhkesaere also
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occasionally seen. Rapid weight loss may lead to emaciation and dehydration followed by death.

Young birds that survive severe infections may suffer retardation of growthg@aleriend2001).

2.22.1Diagnosis ofcoccidiosis

History, clincal signs, necropsy findings and demonstration of the parasite inféesid samples
forms the foundation of the diagnosiSmall quantities offaecesare required for analysis but
accurate species identification of t@eccidiamay require the experasof experienced laboratory
personnelAn estimaé of the number of oocysts iaefces igpossible but care should be taken as it
may be difficult to interpret the resuliScrapings from the intestinkdsionsor tissue sections of the
intestine may be exained for the presence of meronts, gamonts or oodystsnot uncommaorior

mixed infections to beeen(Vorsterand Mapham2012).

Serologic analytical methods by ELISA and Western Blot have been developed, but they are not as
definitive as visual examation of faeces The use of PCR aays has been more extensively

pursued in the poultry industfyorsterand Mapham2012.

2.22.2Treatment of coccidiosis

Anticoccidial compounds may be used either prophylactically or therapeutically altBduginia
has developed drug resistance against most anticoccidials currently used. Some of antiooccidia

control of avian coccidiosiare too toxic for use iwild ruminants.

Amprolium, decoquinate, $alocid, lincomycin, monensimnd salinomym have all bee used to
treat calves, lambs, and kidsSulphonamidescommonly used for treatment of coccidiosis in
ruminants are only partially effectiv&ut-active sulphonamides (e.guccinylsulphathiazole and

phthalysulphthiazole) should not be use@rally adminiserednitrofurazone at a dose of 10 mg/ kg
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per day for five days is effectivbut is not advocated for use many countries due to persistent

residues.

Toltrazuril and diclazuril are symmetrtdazinetriones adwated for the treatment of codmsis.
Toltrazuril has an effect on all intracellular forms of the parasite, primarily by interfering with
cellular respirdon and pyrimidine synthesighe possible effect of toltrazuril on immune function
has been inwatigated in poultry and micdt was found ot to interfere with the development of
normal immunity, although it enhanced antibody production following treatr(\émtster and

Mapham 2012)

2.22.3Control of coccidiosis

Control of coccidiosisis mainly aimed at preventing the accuntigia of largenumber of oocysin

the environment by creating an adverser@mment for their development:

I.  Animals should be fed clean and dry fopadd feed spillage to the ground from feed
troughs shold not take place.

Il. Leakages from water troughs should be agdidndfaecalcontamination of feed and
watea troughs should be minimized.

lll.  Proper drainage of cages and enclosigressential.

IV.  Special attention should be paid to all fm®ng and susceptible animals; anmd/ a
potential form of stress such as may be egpeed at weaning, sudden changes of
diet and trasportation should be minimized.

V. In heavily infected environments, sterilization mag dttemptedbut this is usually
not a practical control measuréxposure to sunlight for at least eight hopes day,
and desiccation withumidity of less than 25%, may be more esf$ective methods.
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VI.

For a group of animals housed in same cage or enclosure, those showing clinical
signs should be removed. They are not to be returned to the pens until at least two
weeksafter the clinical signs are no longer present, as oocysts shedding may persists

for some timgVorster and Mapham, 2012).

CHAPTER THREE
3.0MATERIALS AND METHODS

3.1 Study Area
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Kano State is located between Latitude®139-12¢° 02" N ofthe equator and between Longitudes
80° 31-80°33" E 840 km away frm the edge of the Sahara deg@kunolaet al, 2012). Kano
metropolis is the second largesty in Nigeria after Lagos. Kano State has a mean height of about
472.5 m above sea levelhd@ climate is semarid and the vegetation is Sudan savannah with mean
annual rainfall of 903nm and temperature range of 18.8538°C. Kano city has expanded over the
years and has become the third largest conurbation in Ni@éinstry of Information,Kano State,
2005). The Kano Urban area covers 137 &m and comprise®ight Local Government Areas
(LGASs): Municipal, Gwale, Dala,Tarauni, Nassarawa, Fagge, Ungo@nd Kumbotso LGAs

(Figure 3.).

The study area vgaKano Zoological @rden(KZG) which islocated alongZzoo Road, a commercial
hub in Kano Municipal Local GovernmeAteaandcoversanarea of 100 hectarel consists o#7
wildlife species with 237 individual animalsThese aredivided into four sectionscarnivores
(Appendix 1) herbivoreq(Appendix 2) northuman primategAppendix 3)and wild birds/reptiles
(Appendix 4) KZG was established ori4th November, 1972yith 60 wildlife species and 200
individual wildlife collectionfrom different parts of the worldnd since then ihas serveds a

popular touriseind educationalestination for locals anfdreigners

The organogram of KZG comprisd&anaging Directoras the overall headith four Departments
headed byDirectors zoo services, planning research and statistics, administratiené&jeservices
and wildlife departments. Thdepartments comprisearious sections and units such as: game

reserve, open areas, education/conservation, recreation and veterinary Seicioas3(3.

3.2 StudyDesign

The design of the study was crossteamal, where all animals in the KZG were sampled.
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3.3 Identification of Animals

Animals were identified using identification plates placed in front of animal enclosures. The
i nformation was <crosschecked with @HdatiWwdalliA

texts (1995).
3.4Restrain and Immobilization

Physicalrestrain techniques and equipments tkesh, gloves, hobbles, ropes, snasgsieeze cage,

normal cage, net (drop net and hoop net) weenployeddependingn the widlife species

3.5Sample Size andsampling Method

A total of three hundred and eighty eight samples veaikected bynonrandomsampling method.
Samplesvere collectedn the early morning hours from February to August, 2016. One hundred and
eleven (111) cloacal swabs weerollected from wild birds. One hundred and sevesygdl samples
were collectedcarnivores (28), herbivores (62), nrboman primates (35) and reptiles/wild birds
(45). One hundred and seven (107) guoasites were collectedarnivores (53), herbives (2),

non-human primates (27) and wild birds (25).
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Figure 3.1:

Map of Kano Metropolis showing Kano Zoological Garden(Mallam et al, 2016)
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3.6 Assessment of Biosecurity ifKano Zoological Garden
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A biosecurity checklist was designguetested and adjestto correct limitatios identified during
pretesting. The checklist soughtdstimaterisk levels using scales (Table 3.1) and assdssedhe
following component®f biosecurityincreasd risk parasitic and irgctious diseases in4AG: Animal
identification, record keeping and staff training (Appendix 6); Work and hygiene procedures
(Appendix 7); Animal health and Preventive medicine (Appendix 8); Animal deathymurstm
examination and carcass disposal; Zoonotic disease managavtardgement of animal during
translocation; Property management; Quarantine practices (Appendix 9) arspefiiic and
emergency biosecurity protocdiowever, emphasis was focused on ti@jor sectios of KZG
namely carnivores(Appendix 11) herbivors (Appendix 12), nohhuman primate$Appendix 13)

and wildbirds / reptiles (Appendix 14) sections.

3.7 Audit and Validation of Biosecurity Practices

Audit and validation of biosecurity practices in KZG was carried out according to property
management wh emphasis on sanitation, isolation and traffic control. All the four sections of KZG
was audited and validated by examining and reviewing the shortcomings of their property and
solutions were proffered. Other facilities such as abattoir, incineratdr@gem unit, quarantine

zone and water supply were audited and validated.

Table 3.1: Biosecurity risk assessment scale used for Kano Zoological Garden, Nigeria.
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Biosecurity risk (%) Remark Risk level Remark

0 No risk 0 No risk

1-25 Very low risk 10 Risky

26-50 Low risk 1.1:2.0 Moderately risky
51-75 Moderate risk 2.1-:3.0 Highly risky
76-100 High risk

3.8Culture and Isolation of SalmonellaSpecies
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3.8.1Salmonelladifferential and selective solid nedia

Differential and selectivenedia wee usedfor the isolation of salmonella froraécaland cloacal
swab samples that may be contaminatéth other bacteriaPreenrichment and enrichment were
carried out before primary isolatiomhe different culture media used for the isolatiosainonella

included the following:

. MacConk ey dkctogeiagae media in whickalmonellacolonies wee pale
yellow or nearly coldess after 184 hours at 37°C. The colonies ne€l-3 milli metres
in diameter and easily distinguish&dm the pinkred colonies of the lactose fermenting
coliform bacilliwhich also grow well on this differential medium.

. On Lei f sonosi Chaeagay (O8)p3alanbnellacolonies appead pale to
nearly colorless, smooth, shiny, traregat with or without blac centers and we
slightly smaller in size compared to those on MacConkey agar.

lll.  Salmonellacolonies appead colorless with or without black centers @&almonellar

Shigellaagar (SSAYWaltman, 2000).

Salmonellaevere isolated from cloacal swab of birdgctd swab and faecal samplescarnivores
and herbivoresising ISO Standard #tocol (2003). A tube containing swab and ililtre of
diluent was inoculated into 9iliitre of selenite broth, and then incubated at 37°C for 24 hours.
Ten grams of facal sample was weighed and suspended®dnmnillilitres of selenite broth
incorporatedwith sodium bile selenite and incubatatl 37°C for 24 hoursPresace of colorless
colonies were marked &almonellassuspects which weliaoculated into nutrient agatant and then

incubated at 37°@nd storedor further identificationCheesebrough, 2006).

3.8.2 Biochemical reactions
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Carbohydrates we fermented bySalmonellawith the production of acid amal/ gas.Typically,
Salmonellafermened glucose, mannitol, rabinose, maltose, dulcitol and sadd while lactose,
sucrose, salicin and adonitol rge not fermeted Galactosidase QNPG test wa negative
(Cruickshanket al., 1975). Pure, iagle colonies suspected to Balmonellawere picked from the

agar pates br fermentation tests. Usually triple sugar iron (TSI) agar containing glucose, lactose,
sucrose, ferrous sutpte and phenol red indicator warsed When any of the three sugarsrere
fermented the colorless medium tadhyellow but if it was only glucostnat wa fermened, red
(alkaline) coloration ws observed on the slants especially under aerobic conditions and because of
protein breakdown. The medium remaingdllow underneath the tube an anaerobic condition

(acid).Productionof H,S was indicatedby theblackening of the medium (Jaset al.,2000).

Colonies which produced characterist8almonellaresults in TSI wee inoculated into ureagar.
Urease was not produced b$almonellai.e. Salmonella was ureasenegative. Salmonella
decarboxylateémino acid, lysineprnithine and arginine but not glutalacid. In aher biochemical
tests, indole was not produced, methyl red was positive, VBgeskauer wa negative, L5 may or

may not be produced in ferrous chloride gelatin medium (Cruicksétaalk 1975).

3.9 Antimicrobial Susceptibility Testing

The antimicrobial susceptibility patterns of ttf&almonellaisolates were determined in Bacterial
zoonoses laboratory of the Department of Veterinary Public Health and Preventive Medlicine.
isolates weg subjected to antimicrobial susceptibility testing using disk diffusion method. A
bacterial lawn was prepared by trersng bacterial colonies to glassbe containing 5 i litres
sterile peptone water with a sterile inoculating loop. The suspensasnvartexed and visually

matched with 0.5 MacFarland standafdssturbidity (CSLI, 2005). Sterile cottetipped swab was
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immersed in the suspension, excess fluid removed by rolling the swab on the upper part of the tube,
and spread onto Mueller Hinton agéOxoid, UK) to obtain a sengonfluent growth. Disks
impregnated with predetermined amounts of antibiotics were dispensed onto the bacterial lawn and
the plates were incubated for 4 hour s at 35eC. Af ter the in
inhibition zones were measured and interpretedeassitive, intermediate or reiat using the

criteria described by the Clinical and laabtory Standards Institute (CSLI, 200Furopean
Commitee on Antimicrobial Sensitivity Testing (EUCAST, 2015), Centres for Disease Control and
Prevention (CDC) and European Centres for Disease Control (ECDC, 2013).

The isolates were tested with a panel of 12 different antimicrobials commonly used in wetanchar
human medicine to treat bacterial infections namely chloramphenicpig3@entamicin 10ug,
neomycin 30ug, streptomycin 1Qug, ciprofloxacin 5ug, enrofloxacin 5ug, erythromycin 10ug,
doxycycline 30ug, oxytetracycline 3Qug, amoxicillin 10ug, ampicillin 10 pg and trimethoprim 25

Hg (CSLI, 2005).

3.10 Collection of Faecal Sample
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Fresh faecakamples for helminth, coccidiand salmonelladentification were collected either
directly using spatula or in santases freshly voided in theimal cages into a labelled polythene
bag (Levine, 1963; Soulsby, 1982; Murray, 1986; Ibrakinal, 2006; FAO, 2007)The sampls
were immediately transporteah ace pack tdHelminthologyand Bacterialzoonosed aboratorieof
the Department of Veterinaryarasitology andentomology andVeterinary Public Healthand

Preventive MedicineABU Zariarespectively.

3.11Processing of Faecal Samples
3.111 Simple flotation technique
Faecal samples were analysed bygbedimentabn and flaation methodd$or dete¢ion of helminth
eggs with satuated sodium chloride as the ttion medium (Soulsby, 1982Flotation and
sedimentation werecarried out atthe Helminthology Laboratory Department of Veterinary
ParasitologyAhmaduBello University, Zaria Four grams ofaeces \as placedn a universal bottle
and therabout fivemillilitres of flotation mediumadded. Glass rod wassed to mix the faeces with
the medium and sieved mt centrifuge tube or straightalled testtube. More of the medium as
added until a covex meniscus wasrmed, and a cover sligently paced on the preparation and left
for 3-5 minutes Finally, the cover slip wagarefully removed and placesh a glass slide and
examined for egg or oocyst
3.112 Sedimentationtechnique
This technique w& used to identify eggs that did not float well due to high specific gravity or
presence of operculum especially the eggs of flukes or tapeworms. The procedure allowed debris
and eggs present in faecal samples to settle at the bottom of the appaftatusettling, the

preparation was then examined for eggs or oocyst (Soulsby, 1982).
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3.12 Collection and Identification of Ecto-parasites
A thorough and systertia physical examination wasonducted on each animal. Eqiarasits
attached to animal ody were removed by dislodging them gentind placed ina sample bottle
containing 70% ethanol as preservative (Soulsby, 198Re samples were transported to
Entomology laboratory, Department of Veterinary Bacdogyand EntomologyABU, Zaria.Using
a disgcting micoscope, ectparasites wereexamined anddentified using keysdescribed by

Soulshby(1982). Parasiteseenwerephotographed using digital camera

3.13Data Analyses

Descriptive statistics wenased for statistical analysiBata obtained in §ures, tables and plates.
Percentage occurrengeas calculated byividing number of positive samples by total number of
samples collected and multiplied by hundrBdrasiterichness count was calculated by comparing
the parasite species identified fromdividual animalto the total mmber of parasite species

identified fromwildlife section.

CHAPTER FOUR
4.0RESULTS

4.1 Salmonellaand Incidental Organisms Isolated from Wildlife in Kano Zoological Garden
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Isolates of bacteria from fivdaecal samplesand two cloacal swabs showed characteristic

biochemical reactions similar &almonellaspeciesafter conventional biochemical te¢Table 4.1)

Five of theSalmonellaisolates showed typic&almonellareactions to tests during the conventional
biochemcal test while two isolates showed little deviation from the standard. For example in the
case of hydrogen sulphide two samples (PRT40dM parrot and BB71M from busbuck)
recorded negative reactiodowever, all the seven sampl&B(1M from bush buckEGG41F from
Egyptian geese, ELA72F from eland, LN22M from lion, LN23F from lioness, PCP42M from
porcupine and PRT40M from parrot) that showed typ®almonellareaction after conventional
biochemical testwere positive to motility and citratand negave to indole and ured he rateof
recovery ofSalmoneld from the carnivores section wak14% (1/28) while the classpecific
occurrencefor herbivores, noimuman primatesnd wild birds sections wel®76% (3/52), 0 and
2.7% (2/37) respectiely. The oerall occurrenceof Salmonelh in all the four classeof wildlife in

KZG was4.8% (7/144) (Table 4.2)

Upon conventional biochemical tesftfive incidental bacterial organisms were iddmd and
recorded. These werene Edwardsiella(BB71M), oneProvidencia specis isolate(CHMF6), two
Enterobacterspecies isolate@VTM52M and GNT36), twdhigella species isolates (GHB43M and
MON137) andourteenProteusspecies isolategrom ABS 65, BB71M, CRC41, CRO39, DUK19F,

ELA72M, FIE37,GRFM, HDV29a, JAC27M, PCKIF, WHG and ZEB6M)(Appendix J).

Table 4.1 Number of Salmonellaisolates from wildlife species in KanoZoological Garden,

Nigeria.
Wildlife Specimen code SexNumber of animalsNumber of samples tested Number of
Species positive
isolates
Bush buck BB 71M Male 6 6 1

Ixxvi



(Tragelaphus scriptys

Cape eland ELA 72F Female 4 4 1
(Tragelaphus oryx

Egyptian geese EGG 41F Female 19 19 1
(Alopochen aegyptiacys

Lioness LN 23 F Female 1 1 1
(Panthera led

Lion LN 22M Male 2 2 1
(Panthera led

Parrot PRT 74M Male 1 2 1
(Psittacus erithacys

Porcupine PCP 42M Male 2 2 1

(Hystric cristatg

Total 35 35 7

Table 4.2: Distribution of Salmonella isolated from Kano Zoological Garden by class of

wildlife.
Wildlife section Number of samples  Samplespositive for Class specific
teded Salmonellafrom occurrence (%)
biochemical test
Carnivores 28 2 7.14
Herbivores 52 3 5.76
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Non-human primates 27 0 0.00

Wild birds 37 2 2.70

Total 144 I 4.8
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4.2 SalmonellaAntimicrobial Sensitivity Testing and Profiling

The antimicrobial susceptibility patterns of tifgalmonellaisolates were determined usimigsk
diffusion method The isolates have antimicrobial resistance prefilenging from 24 andwere
resistant to ateast one antimicrobial agent from two antimicrobial categokiesvever,none of
them showedmild, extensiveor pan drugresistance. Theseessisant Salmonellaisolates were
obtained from lion(LN22M), lioness (LN23F)bush buck (BB7M), Egyptian gose (EGG41F),

cape eland (ELA72F}rested porcupine (PCP42M) apdrrot (PRT40MYespectivelyTable 4.4)

Of the seven isolatefive (LN23F, LN22M, E5G41F, ELA2F and PRT40M)showed same
resistance pattern to chloramphenicol, ciprofloxacin, dootymy and trimethoprim. Onef the
seven isolates (BB71M) showeddifferent pattern of resistance to gentamicin, ciprofloxacin and
doxycycline while another isolate (PCP42M), showed different pattern of resistance to

chloramphenicol, doxycycline and trimethoprirable 4.4)

On the oher hand all thésolates wereensitive to amoxicillin 10ug, ampicillin 10ug, Enrofloxacin

5 pg, Erythromycin 1Qug, Neomycn 30pg, Oxytetracycline 3Qug andStreptomycin 1Qug.

Ixxix



Table 4.3 Antimicrobial resistance pattern of Salmonella isolated from wildlife in Kano
Zoological Garden, Nigeria

Code Wildlife species Antimicrobial resistance pattern
ELA 72F Eland CHL, CIP, DOX, SXT
(Tragelaphus oryx
LN 22 M Lion CHL, CIP, DOX SXT
(Panthera led
LN23F Lioness CHL, CIP, DOX SXT
(Panthera led
EGG 41F Egyptian goose CHL, CIP, DOX SXT
(Alopochen egyptiaciis
PRT 40M Parrot CHL, CIP, DOX SXT
(Psittacus erithacys
BB 71M Bush buck GEN, CIP, DOX
(Tragelaphus scriptys
PCP 42 M Porcupine CHL, DOX, SXT

(Hystrix cristatg

CHL = Chloramphenicol; CIP = Ciprofloxacin; DOX = Doxycycline
GEN = Gentamicin; SXT = Sulphamethozolelrimethoprim

4.3 Gastro-intestinal ParasitesEggs/Oocystdrom Wildlife in Kano Zoological Garden.

IXxx



The overall occurrence of GIP in all the four sections of KZG was 63% and the a¥#RIC was

21/8.

4.3.1 Carnivores

All the three lions in this sectidmad at least oneegg typewith prevalence of 100% and gastro
intestinal paasite richnes$GIPRC) count of 3/3. Ondion (LN22M) hadlsosporaoocysts(Plate
I 1) and Toxocaraeggs(Platel ), while the other twdLN23F andLN23M) hadlsosporaoocysts

(Platel I ) andTaeniaeggs(Platel ) respectively.

Onewhite-tailed mangooséadlsosporaoocysts(Platel | ) and Toxocaraeggs(Platel ) with 33%

prevalence and 2/3 gastirtestinal parasite chness couniGIPRC)

The carnivores section has 14.28% oveoalturrenceof gastreintestinal parasite¢GIP) and 5/3

overall GIPRC(Table 4.5)

4 .3.2Herbivores

In the rerbivores section, three egg typeswadre identified. Tortoises ha@iscarisand Strongyle
eggs withprevalence of 50% (10/20) (Plat¢ with 2/3 GIPRC. The lone buffalo (BUM) had
Trichuris egg typewith prevalence of 100% (1/1) (Platg and 1/3 GIPRC. Cape elarfthd

Strongyleegg typewith a prevalence of 50% (1/2) and 1/3 GIPRC.

Theherbivores section had aoverall occurrencef 26.9% (14/52)and overall GIPRC of 5/3 (Table

4.6).

Table 4.4 Gastro-intestinal parasiterichness count andoccurrenceamong carnivores in Kano
Zoological Garden Nigeria

Carnivore Number Number Eggloocyst identified Occurence Parasite
species examined infested (%) richness
count
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Common 6 - - -

jackal

Lion 3 3 IsosporaTaenigToxocara 100 3/3
Nile 4 - - - -
crocodile

Ratel 4 - - - -
Spotted 3 - - - -
hyena

Striped 2 - - - -
hyera

Sand fox 1 - - - -
Mangoose 3 1 Isospora,Toxocara 33 2/3

Genet cat 2 - - - -

Overall 28 4 14.28 5/3
occurrence

Table 4.5 Gastro-intestinal parasite richness count and occurrenceamong herbivores in Kano
Zoological Garden Nigeria

Herbivores Number Number Eggloocyst Occurrence Parasite

species examined infested identified (%) richness
count

Buffalo 1 1 Trichuris 100 113

Bush buck - - - - -
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Cape eland 4 2 Strongyle 50 1/3

Dorcas gaelle 3 - - - -

Duiker 1 - - - -
Elephant 1 - - - -
Giraffe 3 - - - -
Porcupine 2 1 Trichuris 50 1/3

Red gazelle 7 - - - -

Tortoise 20 10 Ascaris, 50 2/3
strongyle

Warthog 2 - - - -

Zebra 2 - - - -

Overall 52 14 26.9 5/3

occurrence

4.3.3 Gastro-intestinal parasiteseggs/oocysts afioni human primates

The overall occurrence of GIP in this section is 37% (10/27) while GIPRC was 7/4 (Table 4.7).
Among thenoni human primatgsbaboorhadonly Trichuris eggwith 75% (3/4) occurrenceof GIP
andGIPRCof 1/4. The red patas hadoccidiaoocyst(platel I ), Srongyleand Trichuris egg types

with occurenceof 25% (3/12 and GIPRC of 3/4. The chimpanzelead 50% occurrencg1/2) and
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GIPRCof 1/4, while tantlushad50% (3/6) occurrenceof GIP andGIPRC of2/4. The chimpanzee

hadEnterobiusegg type(Platel ), while tantalus hadrichuris andStrongyleegg types

4.3.4 Gastraintestinal parasiteseggs/oocystsf wild birds

The wild bird section had the loseGIPoccurrencef 13.5% (5/37) and lowest GIPRC of 4/2. Two
Nubian vultureshad Toxocaraegg with GIP occurrenceof 100% (2/2) and GIPRC of 2/2vhile
peacockhad onlyCoccidiasp (platel | b) with occurrenceof 22% (2/9) and GIPRC of 1/ZTable

4.8).

Table 4.6 Gastro-intestinal parasite richness count andoccurrence among northuman
primates in Kano Zoological Garden Nigeria

Non-human Number Number Oval/oocyst identified occurrence  Parasite
primate examined infested (%) richness
count

Chimpanzee 2 1 Enterobius 50 1/4
Baboon 4 3 Trichuris 75 1/4
Mona 2 - - - -

Red patas 12 3 Coccidia, 25 3/4

Strongyle Trichuris
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Sooty 1 - - - -

mangabey
Tantalus 6 3 Trichuris, Strongyle 50 214
Overall 27 10 37 714
occurrence

Table 4.7: Gastro-intestinal parasiterichness count andoccurrence among wild birds in Kano
Zoological Garden, Nigeria

Wild bird Number examined Number infected Ovaloocyst  Occurrence Parasite
Species identified (%)

richness count

Bustard 2 - - - -

(Chlamydotisundulatg

Crown crane 4 - - - -

(Balerica pavoning

Egyptian vulture 4 - - - -
(Aegypiosus tracheliotlis

Fish eagle 1 - - - -
(Haeliacetus vocifgr
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Hooded vulture 2 - - - -
(Neophron monarchys

Kite 6 - - - -
(Milvus migran3g

Marabou stork 1 - - - -
(Leptopilus crumineferup

Nubian vulture 2 2 Toxocarasp 100 2/2
(Torgos tracheliotus

Parrot 1 1 - - -
(Psittacus erithacys

Peacock 9 2 Coccidiasp 22 2/2

(Pavus cristatus

Spotted eagle owl 1 - - - -
(BuboAfricana)
Overall occurrence 37 5 10.81 4/2

4.4 Ectoparasites Identified from Wildlife in Kano Zoological Garden

The overall occurrence oftt-parasites in all the four sections of KZG was 38% and the overall
EPRC was 5/4Table 4.9) At least one animal from each sectiohkZG was infested witlone
ectoparasites (EP¥pecie Common jackl was infested witlRhipicephalus sanguineuik with
occurence of 33% (B) and EPRC of 1/ZPlatel | | b). Buffalo was infesteavith Rhipicephalus
sanguineugick (Platel I 1 a) with occurence of 100% (1/1) and EPR® 1/2 Red patas monkey
was infested witlCimex lectulariusoug (Platd | | ¢) andhad 16% (21.2) occurence and 1/EPRC.
Baboon was infested wit@. lectulariusbug (Platel I 1) with 25% (1/4) occurence and EPRC of
1/2. Spotted eagle owl was irgied withC. lectulariusbug (Platel 11) with 20% (1/5) occuence

and EPRC of 1/2
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Table 48: Distribution of ecto-parasites identified from wildlife in Kano Zoological Garden,

Nigeria

Wildlife Ecto-parasite Occurrence (%) Ecto-parasite
identified richness count

Baboon Cimex lectularius 25 1/2

(Papio Anubi}

Buffalo Rhipicephdus 100 1/2

(Syncerus cafer) sanguineus

Common jackal Rhipicephalus 33 1/2

(Cannis aureus) sanguineus

Eagle owl (Bubo Cimex lectularius 20 1/2

africanus)

Red patas Cimex lectularius 16 1/2

(Erythrocebus

patas)

Total 38 5/2

IXxxvii



Plate | : Helminth parasites eggsidentified from wildlife in KZG. (a) Trichuris egg from a
buffalo (b) Capillaria egg from a bush buck (c) Enterobius egg from a chimpanzee (d)

Strongyleand Ascariseggs from a tortoise (e)laeniaegg from a lion (f) Toxocaraegg from a
mongaose.
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Platel | : Protozoan parastes oocysts identified from wildlife in KZG. (a) Isogporaoocyst from
a lion. (b) Coccidiaoocyst from a peacock. (c)Coccidiaoocyst from a red patas.

IXXXiX



Plate | I | : Ecto-parasites identified from wildlife in KZG.(a) Rhipicephalustick from buffalo

and jackal. (b) Beetle fom buffalo, jackal, red patas and spottedeagle owl. (c). Bug from
baboonand red patas.
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4.5 Biosearity of Kano Zoological Garden
4.5.1 Biosecurity practicesin Kano Zoological Garden

The overall biosecurity rislon record keging, animal identificationstaff trainingand property
management was 77.7% with risk level of PAppendix 5) on work and hygiene procedure was
58.3% with risk level of D (Appendix 6) The biosecurity riskon animal health, preventive
medicine and zoonotic disease risk management waswith risk level of 20 (Appendix 7)while

on quarantinevas 100% with risk level of 2.@ppendix 8) Animal death, postmortem examination
and carcasdisposahad biosecurity risk of 65.0 with risk level of 2.5 whiteinagement of animsl
vehicles and equipmestduring translocation had 52% with risk level of ZBable 4.9) Zoo
specific and emergency biosecurity response piahbiosecurity risk 081% wih risk level of 2.6

(Table 4.9.

4.5.2 Biosecurity practicesn property management and wildlife sections of Kano
Zoological Garden

4.5.2.1 Property management

The KZG has two gates for vehicles, the front gate used by both staff adsvésitl the back gate

used by staff only. For foot traffic, ten small gates were present. However, entry and exit gates were
not separated. Vehicles were not disinfected before entry and no hand washing facilities at the gate.
Apart from the official parkig space for staff and visitors, different fganf the zoo grounds serve

as parkingspacs for theneighbarrhood. There was a secure perimeter fence and enclosure security
but due to poor patrol the fence was compromised by hoodlums posing a seriotgribyobeeat to

the animals. Each enclosure was secured and identified with a number but some enclosures like
giraffeds wa sruatedto pregvenbgnimal ésgaiitate v )s Dnly few cageandfew
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enclosures were set aside for quarantibere were no facilities dedicated for postmortem
examination and no hand washing facilities in any section of KZG. Stray animals like camels and

donkeys were allowed to roam freely on zoo grounds.

The abattoir was dilapidated due to lack of maintenance anethgerators were abandoned due to
shortage of power (Plak¢l andV 11 ) and sometimes carcass wascessed on the grod outside

the abattoir (Plat&/ I11). KZG was not divided into distinct biosecurity zoresd there was no
documented biosecurity qgsnse planThe two small incinerators were inadequate, carcasses and
rubbish burn on the ground and waste products were not disinfected I(Rlat&ome enclosures
lacked drainage while some were poorly drainéshding to accumulation and stagnation aftev
especially during rainy seasamdattracting other wild birds from outside (Pla¢g. There was no
documented pest control program and no staff was assigned the duty of pest control officer. Some
enclosuresn dire need of rehabilitatiowere more han forty years oldPlate X ) while in some
weeds and msses had overgrown witio modern system for monitoring water quality for aquatic
animals (PlateX11). A soccer viewing center located behind the Veterinary Clinic poses a serious

nuisance which beehes the principles of captive anirbasecurity and welfare (Plakel I 1).

Table 4.9 Distribution of biosecurity risk and risk levels according to biosecurity
componentsin Kano Zoological Garden, Nigeria

Biosecurity componens Biosecurity risk (%) Risk level
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Record keeping, animal identification and staff training 77.7 2.3

Property management 7.7 2.3
Work and hygiene procedures for staff and visitors 58.3 2.0
Animal health and preventive medicine 72.2 2.0
Zoonotic disease management 72.2 2.0
Quarantire Practices 100 2.6
Animal deaths, postmortern examination and carcass dispos&5.0 2.5
Management of animal and vehicles during animal translocati®?.0 2.3
Zoo-Specific andemergency biosecurity response plan 81.0 2.6
Overall 72.9 2.3

Risk level: Norisk = 0; Risky = 0.1; Moderately risky = 1.17 2.0; Highly risky =2.17 3.0;
Biosecurity risk (%); 0 = No risk; 1-25 = Very low risk; 2650 = Low risk; 51-75 = Moderate
risk; 7671 100 = High risk

4.5.22 Carnivores action

The roof of the inner compartment of spotted hyena enclosure had collexsesing the animal
to extreme rain and sunligf®lateX 1). A dead tree which had a deep cave Vedt in the center of

the enclosure (Plat¢ | V) and a hole dug by the animals were left unfilled (P¥atg. Spotted
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eagle owl, a nocturnalrnivorewas placed in a cage exposedumlight in three directions (Plate

XV1).

4 5.2 .3 Herbivores sction

Different species we mixed in same enclosure sharing same fegedind drinking troughs. Zebra
wasmixed wih dorcas gazelle ({&e X V 11), emu wasnixed with tortoisgPlate XV I11) while
crown crane wasnixed with gazelle and tortoig@late X | X). The capeeland enclosure lacked

functional crush for proper handling and restraint

4.5.2.4Noni7 Human Primate section

Most of the enclosures in this sectidecked adequate and environmentirichment itemsThe
space between enclosuresswaot @ough causg frequent congestionf visitors. Thebarries
between visitors and enclosure®re small, as a result of whiclorse visitors get too close to
wildlife in this sectionto offer food and drinks to the anima({®late X X ). The chimpanzeeage

was too small fothe animakubjecting it to stress

4 .52 5 Wild birds section

In the wild birdsection multiple species weemixed inthe same enclosure; in the mainiay abdim
stork, crown crane, dyptian geesemallard duckand spur winged geese shthtbe same wadrs
(PlateX X 11). In other cages, parrot whoused with vulture and cog¢RlateX | 11) and ram with
Egyptiangeese andrown crane (Rte X X1V ). The graind beside marabou stork cagesweed

for dumping and burning refuse (PlaxeX V).

In all the four sectins d the zoo, there we nohand washing andanitaryfacilities for staff and
visitors and pblic convenience for visitors wanadequateThe main dainage that cut across the

zoo wa at some portions congesteith refuse and sandl@eX XV 1).
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Platel V : Giraffe barrier; crossed by the animal to stray on zoo grounds
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PlateV : Stray donkeys roaming freely on zoo ground

P Plate V | : Dilapidated abattoir building.
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P Plate V I | : Dilapidated abattoir roof. Note drying of hide on a pipe.

PlateV I 11; Carcass processing on groundvooden cart used for meat distribution.
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Plate |l X : Incinerator out of use; carcass burnt m bare ground.

Plate X : Stagnation of water due to lack of drainage.
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Plate X I I : Crocodile pond; poor water quality, grasses, weeds and dilapidated shed.
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Plate X IV Dead treewith caveinside spottedhyena enclosure.
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Plate X V | : Spotted eagle owl cage accessed by sunlight from three directions.
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Plate XV 111 : Mixed speciesemu and tortoise.
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Plate X | X : Mixed speciescrown crane, dorcas gazelle and tortoise.

Plate X X : Sooty mangabeysipping ice cream offered byunscrupulous visitor.
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Plate X X 11: Mixed speciesEgyptian geese and mallard duck in the avigy .
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Plate X X1V : Mixed speciesram, crown crane andEgyptian geese.
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Plate X XV | : Main drainage of KZG filled with sand and refuse
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CHAPTER FIVE

DISCUSSION

This studywith 4.8% occurrencehas established increasprevalence oSalmonellaby threefold
compared to the study of Okoh and Onazi (1980), who reported a prevalencé %f fiom KZG.
However, Okoh and Onazi (89), sanpled onlyfew carcasseandselectedmorbid animals, whé

in this studythewholewildlife collection of KZGwas sampleddowever, thevariety of species and
wildlife population of KZG has decreased comparethtt of thel980s.The implication 6 these
findings is thatzoo staff, visitorsand animals could be infected wialmonellaas well as serve as
sources of infectiowhenthey come in contact with zoo animals and materials contaminated by
them.In arelatedstudy carried outit Colorado zo in 1996 a Salmonellacontaminated wooden
handrail surrounding a Komodo dragon exhibit caused an outbreak of salmonellosis involving 65

confirmedhumancases and possibly several hundred unconfirmed dasedrfan et al 1998).

Gitter andBrand (969)reported7.8 % prevalence oSalmonellafrom sixty four wildlife examined

at Nairobi National Park am@rphanageFalade and Durojaiy€l976) reported prevalence of 9.5%
from the Universityof IbadanZoo, while 7% prevalence was reported by Gomal, (2000) at the
Emperor Valley Zoo, Trinidad and Tobag&indsor and Ashford, (1972) reported death of three
wild animals at Nairobi Game Parnd concluded that game animals rarely suffer from clinical

salmonellosis in the wilButthe disease is more opture, captivity and contact with man.

Accordingly, zoonotic infections and infestatidnsm wildlife are not new, but today they form part
of the phenomenon of emerging human diseases bethegeconstitute a novel health threat
(Chamel et al, 2007;Wolfe et al, 2005; Zinsstagt al, 2007).This pathological renaissance is
largely attributable to two factors: one factor is thie efficiency and economics of nead

transportation offergonvenient access to remote areas efworld introducing peple to novel
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environments within houror days Another factor is that wiltfe species are conveniently
transported from distant regions of the world to the domestic mark®ises andoos, alsavithin a

very short period of timgWeber and Rutala, 2Q)).

The sources of infection witBalmonellaand other organismé KZG could becontaminatedood
offered to the animals by the keepers as well as visitors who offer astartdtemsand drinks to

the animals.Other sources of infection witBalmondh in KZG might be migratory wild birds
which perch onrees to defecate over the cage®l rodents which gain access to animal cages
thereby contaminating water and fodtborbiosecurity practiceand staff of the facility especially
zoo keepers could s be sources of thealmonella(Goppeeet al., 2000). Falade and Durojaiye
(1972) also suggested th&almonellafound in man and isolated from wildlife could have been
acquired from contact with humans and other animals or feeding carnivores with makiet
Goppeeet al, (2000 suggested that sourcesSdlmonellan captive animals at the Emperor Valley
zoo, Trinidad and Tobago may have been food offered to them, particularly raw meat or carrier
animals brought to the zoo by the public or native raglantd wild birds that gain access to animal

enclosures.

The highest classpecific occurrenceof Salmonella observedin KZG lions (7.1 %), may be
attribued to the dead carcassaslivestock from abattoirdarmsand veterinary clinicsvhich are
fed tothem The low frequency of isolation &lmonellasp from wild birdg2.7%)was reported by
other investigators. For example in a study of captive wild birds in Trinidad none of dsenzis a
carrierof Salmonellasp (Goppeeet al.,2000). In another styd water birds amongtbers had the
highest (6%)detectionrateof Salmonellaspisolated from the digestive tract of flamingos and water

birds, and mortality due to the organismas reported (Wobeser, 1997).
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Multidrug-resistantSalmonellaewere isolated rbm three sections of KZG. All th&lmonella
isolates were resistant @t leastone antimicrobial agent from three antimicrobial classesl
showed antimiabial resistance profile &-4. According to Coleet al., (2011), watercontact and
acquisitionvia food seem to be major aspects of transmissioresittantbacteria of human or
veterinary origin to wildlife.Migratory birds also acas transponders or asservoirs of resistant
bacteria and consequently play a significant role in the dissemirgfti@sistanc§Rhadhouanet

al., 2010. On the other hand wild rodents pick up human waste and interacts with human faeces in
the sewage system and can therefore easily acquire and disseminateesistiétnt bacteridao

wildlife (Mallon et al.,2002).

It is also worthy to mention that four of the five miscellaneous organisms isolated in this study
namely:Proteus, Shigella, Enterobacterg®&ardsiellaandProvidenciasp were never reported from
anyzoo in Nigeria However,before this studghigella sp was reportedrom a Nigerian zoolt was
suggested that chimpanzees acquire shigellosis from contaminated food from huntanosour
carriers in theirpopulation. Man is the main reservoir of the infection and-meman primates
acquire it by contact througtood or water. On the other hgnzbo visitors especially children
pregnant women and elderly people could be infected 8higellasp by contact with zoo animals
especially primates and materials contaminated by them. Surprisingly, the @cewalierce of
Proteussp was higher than the overalicurrenceof Salmonellasp in KZG.Proteusis a bacterial
opportunistic pathogen which inhabits the intestines of humans and animals. But under favorable
conditions it can cause a number of infections includingary tract infections, wound infections,
meningitis in neonates or infants and rheumatoid arthritis (Rozalski, 2012). These miscellaneous

organisms could pose potential threat to the survival and welfare of the wildlife in KZG.

Resultof parasiteseggoocystidentification from this study showetthat wildlife at KZG harbor

parasites which are nobvelto sciencebut are inportant tohuman and wildlifehealthespecially
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Toxocaraand Trichuris egg typesAjayi (1984) reported thafrichuris and Oesophagstomumand
Trichuris andEntamoebavere the most frequently eountered parasites in Agaaind University of
Ibadan Zoo respectively. Howevdsalantidium, Enterobiusind Giardia infections in the gorillas

and chimpanzees respectively at the Agodi GardeddJniversity of Ibadan zoo were thought to be

of human oigin because the samplehimals hd never escaped from captivitin a study of
primates and carnivorest two ltalian zoos, Fagiolinet al, (2010) found one or more intestinal
parasites includg Cryptosporidium Toxocara and Strongyloidessp in 61.5% of sampleand
concluded thagastraintestinal helminthsand zoonotic protozoans are common in zoo mammals.
Becket al, (2011)alsostudied 13 faecal samples of 57 mamraa species at Zagrelod for the
presence oGiardia spand reportegrevalence 0f29%, while all animals were asymptomatfitie
higher occurrence of helminthes compared to protozoa obtained in this study is similar to the
findings of Muneneet al, (1998) who reported highergvalence of helminthes than protozoa at a
Zoological garden in Kenya. This may be due to favorable climatic factors which provide optimal

conditions for viability of parasite egg and ova (Soulsby, 1982).

The low occurrencef helmintheggsin the aviary ould be attributed to the housiagd deworming
practice The aviary has enough floor space as well as spacious pond and some of the birds have
created a spot to defecate which is far from their feeding spot. This may have contributed to the low
occurrenceof gastreintestinal parasitegggs in these birddn the herbivores section, the high
occurrenceof gastraeintestinal parasitesggsmay be related to grasses and weeds which over grow

in the enclosures and marshy nature of thewgbith favor developmnt of intermediate hosend

larvae ofhelminthes.

Identification of ecteparasites showe@imex lectulariudbugs in red patas, baboand eagleowl;
and Rhipicephalus sanguineuscks in buffalo and common jackalHowever, theunexpected

presence of belet (Coleopterasp) on buffalo, jackal, eagle owl and red patas monkey requires
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further investigation because the insect can play a role in mechanical transmission of diseases such

as helminthosis and mycobacteriosis (Fischer, 2004).

The nine componentsof biosecurity essential for management of wildlife zoo setting were
assessedheir shortcomings identified and appraisal of associated biosecurity risk and risk level was

made.This had revealed serious biosecurity threat to wildlife collection, staftl visitors of KZG.

Audit and validation of biosecurity practices according to property geanant andwildlife
sections revealed lapses in ntamance of structures as well as managemevisibbrs and wildlife.

For instance in the nenuman primate s#ion, narow passage and poor barrigtowed visitors
opportunity to offerfood and drinks to the animalsyhich might haveled to occurrence of
respiratory and other infectious diseasesthis sectionespecially during festive seasan3he
chimpanzee as housed in a small enclosure subjecting it to stress and limiting its ability to express
natural behavior. In the carnivores sectisppted eagle ovd which are nocturnal anima were
housed in an enclosure exposed tdighhin three directions. This a source o$tresso the birds
because it does not mimikceir natural environmenSummarily,the poor biosecury practicesnay
havecontributed to the introduction, establishment and spréadeztiousand parasiticiseases in

KZG.

CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATION S

6.1 Conclusiorns
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From hisresearch work:

1. The overall occurrencef Salmonellain KZG was 486%. The occurrenceof Salmonella

among carnivores was 7.14%grbivore 5.7%,wild birds 2.7% and nohhuman primates O.

2. All the Salmonellaisolates(100%)from this study wee multidrug resistant

3. The overalloccurrenceof gastraintestinal parasite ilKZG was 63% andjastreintestinal
parasite richness count was 2IF&e occurrenceand gastrantestinal parasite richness caun
among carnivores vgal4.28% and 5/3, herbivor26.9% ad 5/3, noinhuman primate87%

and 7/4 and wild bds13.5% and 4/2.

4. The occurrenceand ecteparaste richness counin common jackal, buffalo, baboon, red
patas and spotted eagle owl was 33% and10@% and 1/2, 25% and 1/26% and 1/Znd

20%and 1/2 respectively

5. Quarantine practices in KZG poste highest biosecurity risof 100% with risk level of
2.6, work and hygiene practisdor staff and visitors posethe lowest biosecurity risk of

58.3% and risk level of D.

6.2 Recommendatiors

From the finding of this work:

1. All wildlife harboringSalmonellasp in KZG should be treated and newly introduced ones

screened againStalmonellasp and examined for ecto and GIT parasites.
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. Newly acquiredanimals should be quarantinby the zoo veterinariafor a minimum of 90

daysfor mammals, 6090 days for nohhuman primates and 90 days for snakes.

. Antimicrobial sensitivity test should be carried out by KZG veterinary services on organisms
isolated fran sick animals prior to treatment especially when managing gastroenteritis and

enteric fever.

. Zoo staff, studentsand visitorsin KZG should be educatedn the risk of contracting
zoonotic infections especially due $almonella,Shigellaand GIT parasite and the risk of

contact with wildlife and materials contaminated by them.

. Regular faecaéxamnation should be conducted on all animals in KZG to detect and treat

parasitic infections before clinical signs appear.

. Zooi specific biosecurity protocol and engency biosecurity response plan should be

establishednd madeaccessible tgtaff and researchers in KZG.

. Preventive health program for staff especialbp keepers should be improveEdminimize

disease transmission betweeaople and zoo animals orcd versa.

. Dedicated HEcilities for quarantine and pmnortem examination should beonstructed,
dilapidated structures should be reconstrueted sanitary facilities should be provided in

every section oKZG.

Further sudiesto determinethe origin andcharacterization of th&lmonellaand other

organismssolated fom KZG should be carried out.
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APPENDICES

Appendix 1. Miscellaneous bacteria isolated fronmwildlife speciesin Kano Zoological Garden,
Nigeria.

Wildli fe species  Specimen codesex Number of samples Positive samples Miscellaneous
tested bacteria

Abdim stork ABS65M Male 2 1 Proteussp
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(Ciconia abdim)

Bush buck BB71M Male 6 1 Proteussp
(Tragdaphus scriptus

Crocodile CRO 39F Female 4 1 Proteussp
(Crocodilusniloticus)

Crown crane CRCA41F Female 4 1 Proteussp
(Balaerica pavoning

Duiker DUK19F Female 1 1 Proteussp
(Cephalophus monticoja

Giraffe GRFM Male 3 1 Proteussp
(Giraffe camelopardiliy

Jackal JAC27M Male 6 1 Proteussp
(Cannis aureus

Eland ELA73M Male 4 1 Proteussp
(Tragelaphos oryx

Fish eagle FIE37 M Male 1 1 Proteussp
(Heliacetus oocifer

Hooded vulture HDV29A Male 2 1 Proteussp
(Neophron monarchgs

Peacock PCK21 F Female 6 1 Proteussp
(Pavo cristatuy

Warthog WHGM Male 2 1 Proteussp
(Phacocerous aetiophicus

Zebra ZEB 6M Male 2 1 Proteussp
(Equus quaggra

Ground horhbill GHB 43M  Male 2 1 Shigellasp
(Bucovus cafgr

Mona MON 137  Female 2 1 Shigellasp
(Cercopithecus mona

Mangoose WTM 52F Female 3 1 Enterobactersp
(Ichneumiaalbicaudg

Genet cat GNT 36 Female 2 1 Enterobactersp
(Genettagenetta

Bush buck BB 71F Female 1 1 Edwardsiellasp
(Tragelophus scriptys

Chimpanzee CHM 6F Female 2 1 Providenciasp
(Pantroglodyte

Total 55 19

Appendix 2: Carnivores collection of Kano zoological gardepHausanames, sotwce and estimated cost.

Animal Hausaname Sex (M:F) Source Estimated cost

(N)

Cobra Snake Jan Nasuru 1:3 Kano 1,0001,500
(Naja africanu$
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Common Jackal Dila 3:3 Kano 5,00010,000
(Cannis aureups

Lion Zaki 2:1 Kano, 1,000,000
(Panthera led Niger Republic 2,000,000
Nile Crocodile Kada 2:2 Kano 20,00035,000
(Crocodilus niloticuy

1:0 Ibadan 7,006:10,000
Nile Monitor Lizard Guza
(Veranus niloticus 0:2 Yobe 500010,000
Ratel/Honey Badger Dage
(Mellivora capensis
Spotted Hyena Bakar Kura 1:2 Borno 500,000
(Crocuta crocuta 600,000
White tailed Mangoose Tunku 1:2 Yobe 5,00610,000
(Ichneumia albicaudg
Striped Hyena Sayaki 1:1 Katsina 250,000
(Hyena hyenp 300,000
Sand fox Yanyawa 0:1 Yobe 5,00010,000
(Vulpes ferrilata
Total 12:17 2,986,500

Key: M = Male; F = Female; N = Naira

Appendix 3: Herbivores collection of Kano ZoologicalGarden, Hausanames, source and estimate cost

Animal Hausaname Sex(M:F) Source Estimated cost

Buffalo Bauna 1.0 Niger Republic 1,700,000
(Syncerus cafer

Bush buck Mazo 3:3 Borno 250,000
(Cannis aureus
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Cape eland Gwanki 1:3 Tanzania 200,000
(Tragelaphus oryx

Cane rat/Grass cutter Jauji 2:3 Ibadan 10,000
(Thronomys swindrianiis

Common hippopotamus Dorina 0:1 Niger 2,000,000
(Hippopotamus amphibioys

Crested porcupine Beguwa 1:1 Yobe 30,000
(Hystrix cristat)

Dorcas gazelle Farar barewa 2:1 Niger 350,000
(Gazelle dorcas

Duiker Gada 0:1 Kaduna 40,000
(Cephalophus montita)

Elephant Giwa 1:0 Borno 2,000,000
(Loxodonta africanus

Giant tortoise Kunkuru 10:10 Borno 200,000
(Testudosulcatq

Giraffe Rakumindawa 2:1 Borno, Niger 800,000
(Giraffe camelopardiliy Republic

Red fronted gazelle Jar barewa 4:3 Borno 450,000
(Gazelle rufifron}

Warthog Mugun dawa 1:1 Borno, Jos 400, 000
(Phacocherus aethiopicus

Zebra Jakin dawa 1:1 Bauchi 300,000
(Equus quagga

Total 29:29 8,730000.00

Appendix 4: Non-human primate collection d Kano Zoological Garden, Hausa hames, source and

estimated cost.

Animal Hausaname Sex(M:F) Source Estimated cost
(N)

Chimpanzee Biri mai ganga 1:1 Ibadan, Jos 250,000

(Pan troglodytek

Dog faced baboon Bika 31 Kano 30,000
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(PapioAnubig

Mona monkey Mona 1:1 Ibadan, Kano 15,000
(Cercopithecusnong

Red patas Gata 2:10 Kano 20,000
(Eryhthrocebus patas

Sooty mangabey - 1.0 Kano 40,000
(Hippopotamus amphibioys

Tantalus Kirka 15 Kano 15,000
(Cercocebus torquatiis

Total 9:18 370,000

Key: M = Male; F = Female; N = Naira

Appendix 5: Wild bird collection of Kano Zoologcal Garden, Hausanames, source and estinmad cost.

Animal Hausaname Sex (M:F) Source Estimate cost
Abdims stork Shamuwa 1:1 Jigawa 3,000
(Ciconia abdimi)

Buzzzard Ci kadangaru 1:0 Bauchi 1,500

(Buteo auguraliy
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Egyptian vulture Ungulun masar 11 Egypt 12,000
(Aegypious tracheliotys

Crown crane Gauraka 2:2 Borno 200,000
(Balaerica pavononing

Egytian goose Dinyar masar 11:8 Egypt 12,000
(Alopochen aegyptiacius

Emu Jiminar Australia 1:1 Katsina 500,000
(Dromaius novohollandige

Ground hornbill Bultu 1:1 Bauchi 10,000
(Bucovus cafgr

Hooded wlture Ungulu 1:1 Yobe 6,000
(Neophron monarchyis

Ostrich Jimina 1:0 Borno 350,000
(Struthio camelus

Nubian vulture Farar ungulu 11 Borno 75,000
(Torgus tracheliotus

Fish eagle Mikiya 1:0 Pottharcourt 20,000
(Heliaecetus oocifer

Bustard Kadabkara/jauji 1:0 Niger Rep. 15,000
(Chlamydotisundulatg

Kite Shirwa 1:2 Kano 1,500
(Milvus milvug

Parrot Aku 1:0 Portharcourt 15,000
(Erythacus psittacys

Spotted eagle owl Mujiya 2:3 Kano 1,500
(Bubo africanup

Marabou stork Babba da jaka 1:0 Borno 50,000
(Leptoptilus crumenifgr

White stork Tsagagi 1:0 Jigawa 3,500

(Ciconia ciconid

Total 29:21 1,276,000.00

Key: M = Male; F = Female; N = Naira

Appendix 6: Animal identification, staff training, property managementand biosecurity level
in Kano Zoological Garden, Nigeria

Animal identification staff training and property management Biosecurity risk (%) Risk Level
Individual animal not permanently identified with microchipghat 100 1
Zoo lack biosecurity manual accessible to all staff 100 1
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Not all zoo staff have awareness of biosecurity 100 3
Staff not trainedn general and sigpecific biosecurity 100 3
Staff do nd have understanding afajor routes for deasdransmission 100 3
Zoo not divided into biosecurity zones 100 2
Different species mixed in a single enclosure 50 3
Enclosures not appropriately cleaned 50 3
Equipment, furnishing, enrichment items not dedicatedniglesienclosure 50 3
Waste product not disinfected 100 3
Waste and waste material from enclosure not assessed for biosecurit9@isk 2
Food not stored under conditions that minimize contamination 0 0
Water source not inspected for contantiora 100 3
No regular monitoring of water quality for aquatic animals 25 2
No effective program for pest control 100 3
Adequate facilities for quarantine and postmortem not available 100 3
Some facilities have no provision feafe capture and restraint 25 1
No hand washing facility for staff and visitors 100 3
Overall 77.7 2.3

Risk level; No risk = 0; Risky = 0.1, Moderately risky = 1.17 2.0; Highly risky =2.17 3.0;
Biosecurity risk (%); 0 = No risk; 1-25 = Very low risk; 2650 = Low risk; 51-75 = Moderate
risk; 76 1 100 = High risk
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Appendix 7: Work and hygiene procedure andbiosecurity risk level in Kano Zoological Garden,

Nigeria
Work and hygiene procedures Biosecurity risk (%) Risk level
Not all staff working with animals wear dedicated foot wear 50 3
Staff not aware of biosecurity risk of visiting multiple enclosara day 100 3
Work and hygien@ot dtered during time of increasesk 25 2
Staff and visitors participating in interactive program not 25 2

discouraged from eatingridking or smoking

Hand washing/disinfection facilities not availableptrticipants 100 3
of interactive program

Number of vehicles entering and leaving zoo not minimized 100 3

Overall 670 2.6

Risk level; No risk = 0; Risky = 0.1, Moderately risky = 1.17 2.0; Highly risky =2.17 3.0;
Biosecurity risk (%); 0 = No risk; 1-25 = Very low risk; 26-:50 = Low risk; 51-75 = Moderate
risk; 761 100 = High risk

Appendix 8: Animal health, preventive medicine, zoonotic disease management dsidsecurity risk
level in Kano Zoological Garden, Nigeria

Animal health, preventive nedicine, and Biosecurity risk (%) Risk
zoonotic disease mnagement level
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Preventivemedicineandhealthprogram not well established 50 3
Z0o0 veterinary service lack equipment suitable for zoo animals 100

Zoo not anember of network that enable access to biosecurity 100 2
Information

Staff not fully aware of responsibilitiesrfdisease notification 25 3
No staff health program 30 2
Staff not provided with document on the riskzobnotic disease in zoo 100 3
Staff not aware of species with increase zoonotic risk potential 75

Staff not aware that change in their health status can alter their risk of

zoonotic disease 100 3
Staff not trained in zoonotic disease risk management 00 1 3
Overall 72.2 2.0

Risk level; No risk = 0; Risky =0.1, Moderately risky = 1.17 2.0; Highly risky =2.17 3.0
Biosecurity risk (%); O = No risk; 1-25 = Very low risk; 2650 = Low risk;
51-75 = Moderate risk; 76 100 = High risk

Appendix 9: Quarantine practices and biosecurity risk levein Kano Zoological Garden, Nigeria

Quarantine practices Biosecurity risk (%) Risk level
Biological products arriving at zoo such as feather, semen not

assessed for biosecurity risk 100 2
No signage to indicate areas of quarantine status 100 2
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No signage to indicate areas of restricted access 100

Staff of quarantine area not trained in principle of barrier keeping 100 3
No separate, dedicated facility for quarantine of new animals 100

No dedicated equipment/tools for use only within quarantine areas 100 3
Facilities for hand sanitation not available in quarantine area 100

Newly arrived animals not accompanied by complete medical record 100

No adequate test for animals under quarantine 100

Zoo staff not trained on signs of illness in zoo animals 100

Overall 100 2.6

Risk level; No risk = 0; Risky = 0.1, Moderately risky = 1.17 2.0; Highly risky =2.171 3.0;
Biosecurity risk (%); O = No risk; 1-25 = Very low risk; 2650 = Low risk;
51-75 = Moderate risk; 76 100 = High risk

Appendix 10: Classes and concentrations of antimicrobial agents used for antimicrobial
sensitivity teston Salmonellaisolates.

Antimicrobial category Antimicrobial agent Concentration
Phenicols Chloramphenicol 30ug
Aminoglycosides Gentamicin 10ug
Streptomycin 0 g
Neomycin 1))
Quinolones Ciprofloxacin 5 ug
Enrofloxacin Sug
Macrolides Erythromycin 10ug
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Tetracylines
BT Lactam

Folate Pathway Inhibitor

Doxycycline
Oxytetracycline
Amoxycillin
Ampicillin
Trimethoprim

30ug
30ug
10ug
10ug
2519
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Appendix 11: Carnivores album of Kano Zoological Gaden, Nigeria.

a.Lion b. jackal c. spotted hyena d. striped hyena e. genet catrhongooseg. Nile crocodile.

Appendix 12: Herbivores album of Kano Zoological Grden, Nigeria.
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a. Capebuffalo b. bush buck c. duiker d. cape eland eslephant f. giraffe.
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g. Dorcas gazelle hhippopotamus i.porcupine j. tortoise k. zebra.
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