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Abstract

Diseases in captive wildlife constitute a major challenge to the function of zoological gardens only second to management.
These diseases vary in etiology depending on susceptibility, the environment, and husbandry method used. Exposure to
infectious diseases is known to be responsible for the declining figures in wild animal population especially wild felids. Sick
or dead animals subjected to laboratory diagnosis, diagnostic imaging, and necropsy from three (3) zoological gardens in
Nigeria between 2014 and 2018 were included in this study, while dead animals not subjected to any form of clinical, labora-
tory, and necropsy diagnosis were excluded. Between 2014 and 2018, carcass submission at the Jos, Kano, and Unilorin zoo
comprised wild ungulates, non-human primates, small mammals, reptiles, felids, and aviary from the selected zoological
gardens combined. In total, sixty-six (66) cases were studied, and this included a wide variety of animal species. All cases
resulted in mortalities distributed across these zoological gardens. Non-infectious conditions accounted for 23% of total
cases reported including fractures, nutritional deficiencies, toxicity, and dystocia, among others. Infectious diseases including
bacterial, parasitic, and viral were the dominant groups of diseases of captive wild animals in these zoos. Bacterial infections
were the most common infectious causes accounting for 41% of the cases. Isolates include Mannheimia haemolytica biotype
A serotype 2 (A2), Salmonella spp, and Escherichia coli. While non-infectious causes were responsible for some mortalities
either singly or as co-morbidities with bacterial agents, mixed causes accounted for 15% of all the cases. This study enumer-
ates the common diseases, species affected, in wild captive animals in three zoological gardens in Nigeria, making the ation
available to clinicians, biologists, pathologists, public health workers, and policy makers.
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Introduction

Wild animals are held in captivity in zoological gardens
majorly for recreational, educational, and entertainment
purposes (Agoramoorthy and Hsu 2005). Also, these zoo-
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logical gardens serve conservation efforts of endangered
wild animal species (Kohn 1994). Amongst the exhibits of
zoological gardens are reptiles, birds, primates, ungulates,
felines, and other mammals. In 1999, a survey enumerated
that the Jos zoological garden housed 62 mammals of 25
species, 60 birds of 18 species, and 39 reptiles of 9 species
(Galleria Media Limited 2018). These included chimpan-
zees, baboons, lions, hyenas, monkeys, crocodiles, tortoise,
geese, stork, horses, camel, snake, rabbits, owl, pigeons, and
varied species of eagles, which totaled about 130 animals
including those in seclusion (Galleria Media Limited 2018).
Still within the north-central of the country, the University of
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Tlorin zoological garden houses primates, carnivores, hoofed
mammals, birds, and reptiles. They are 25 carnivores (only
3 lions), 18 ungulates, 18 primates, and 9 reptiles, equids
(Mules, donkeys, and a horse), and camels and several birds
(Kolapo and Jegede 2017). In the south-west, other zoos
including the university of Ibadan zoological gardens exhibit
species that include reptiles, birds, primates, herbivores, and
carnivores (Emikpe et al. 2016).

There is a dearth of information regarding diseases of
captive wildlife that plague various collections and various
terrains in Nigeria (Emipke et al. 2016). A detailed inves-
tigation of the causes, pathology, and pathogenesis of the
mortalities in captive wild animals on exhibition in Nigerian
zoological gardens is an integral component of a good con-
servation effort aimed at not only bringing wildlife closer
to the society but also militating against the extinction of
wildlife. Wild animals that are sick are said to be sluggish
in their activity, and may appear dull with depression (Jani
2006). Body part movement are said to be restricted includ-
ing the movements of ear, trunk, tail, and legs (Jani 2006).
These animals become partially or completely anorexic (lack
of interest in feeding). Abdominal pains are expressed as
grunting or groaning sound with restlessness, lying down,
and getting up. Urination, rumination, defecation, and lac-
rimation are also said to be reduced or increased in some
disease conditions (Jani 2006), like increase defecation in
gastrointestinal diseases. Diseases in captive wildlife con-
stitute a major challenge to the running of zoological gar-
dens second to management. These diseases vary in etiology
depending on susceptibility, the environment, and husbandry
method used. Exposure to infectious diseases is known to be
responsible for the declining figures in wild animal popula-
tion especially wild felids (Thalwitzer et al. 2010). Also,
as reported earlier, most spontaneous diseases of wild ani-
mals remain unpublished or is in departmental archives as
pathology reports (Aguirre and Pearl 2005), making such
information inaccessible by veterinarians and policy mak-
ers for database archiving purposes and for national wildlife
disease control programs.

Infectious and non-infectious diseases continue to plague
wild animals kept in captivity. Infectious diseases vary con-
siderably based on the infectious agent, be it bacteria, para-
sites, viruses, and protozoal, which have been described
separately according to the infected species (Jani 2006).
The major non-infectious diseases of captive animals are
described as a common for all species (Jani 2006), and may
include tooth and tusk problems, choke, tympani, indiges-
tion, constipation, intestinal obstruction, colic and enteritis,
heat stroke, stress, pneumonia, fractures, overgrown soles,
and poisoning to mention but a few (Jani 2006). Infectious
parasitic diseases of captive wild animals seem to be the
most reported; for instance, reports on gastrointestinal
parasites dominate in southwest zoos (Kolapo and Jegede
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2017; Emikpe et al. 2016; Otegbade and Morenikeji 2014;
Adetunji 2014; Adetunji and Adesope 2014), because of the
ease of conducting fecal sampling.

Since the founding of the Jos zoo in 1956 (Galleria Media
Limited 2018), the Kano zoo in 1972 (Adams and Salome
2014), and the University of Ilorin zoo in 1985 (Kolapo and
Jegede 2017), occasional and limited disease reporting have
been made, which justifies the need for a holistic disease
investigation. Therefore, this study is aimed at document-
ing the fatal diseases of the different species of captive wild
animals housed within the 3 selected zoos in Nigeria (Jos,
Kano, and University of Ilorin zoological gardens) based
on occasional reports about disease incidence and pres-
ence of disease agents in these captive animals. Therefore,
knowledge about pathology of the common diseases, species
affected, including those in rare felids, is important for clini-
cians, biologists, pathologists, and public health workers.

Materials and methods
Animals

Inclusion criteria for this study were animals necropsied,
dead animals subjected to laboratory diagnosis, and dead
animals subjected to diagnostic imaging, while the exclusion
criteria include dead animals not subjected to any form of
clinical, laboratory, and post-mortem diagnosis, and dead
but not necropsied animals due to autolysis of carcasses.
Between 2014 and 2018, carcass submission at the Jos,
Kano, and Unilorin zoo comprised reptiles, birds, wild ungu-
lates, non-human primates, small mammals, and felids. In
total, sixty-six (66) cases were studied, and this included a
wide variety of animal species (see Table 1).

Physical and clinical examination

Thorough physical and clinical examinations were carried
out on wild captive animals antemortem to determine obvi-
ous causes of ill health in the three zoological gardens. Phys-
ical manipulation following physical, or chemical restrain,
sample collection, and diagnostic imaging were carried out.
All non-infectious illness were determined during these
examinations.

Laboratory investigation ante mortem
and postmortem

Bacteria
For bacteria isolation, postmortem samples of liver, spleen,

and heart were cultured aerobically and anerobically at
37 °C on blood agar and McConkey agar using standard
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Table 1 Necropsied captive wild animals at the Jos, Kano, and Unilorin Zoos and wildlife clinic 2014-2018

Animal group Subfamily ~ Genus/Species Name Age Sex Zoological Total Year

Gardens
JZ KZ UZ

Ungulates Bovine Sylvicapra grimmia Grimms Duiker 2yrs M 1 0 0 1 2014
Bovine Sylvicapra grimmia Grimms Duiker 2yrs F 1 0 0 1 2014
Bovine Connochaetes taurinus Wildebeest F 0 1 0 1 2014
Bovine Taurotragus oryx Giant Eland M 0 1 0 1 2014
Bovine Hippopotamus amphibus Hippopotamus 6mo M 0 1 0 1 2014
Bovine Sylvicapra grimmia Grimms Duiker 3yrs F 0 0 1 1 2015
Bovine Damaliscus lunatus jimela Topi Adult F 0 0 1 1 2015
Bovine Damaliscus lunatus jimela Topi Adult F 0 0 1 1 2015
Bovine Syncerus caffer African Buffalo Adult M 0 1 0 1 2016
Bovine Tragelaphus scriptus scriptus Harnessed Antelope/Bushbuck 4mo F 0 0 1 1 2016
Bovine Tragelaphus spekii Sitatunga/Marshbuck Adult F 0 0 1 1 2016
Bovine Tragelaphus spekii Sitatunga/Marshbuck Adult F 0 0 1 1 2017
Bovine Tragelaphus spekii Sitatunga/Marshbuck Adult F 0 0 1 1 2017
Bovine Tragelaphus scriptus scriptus Harnessed Antelope/Bushbuck Adult F 0 0 1 1 2017
Antilopine  Gazella dorcas Dorcas gazelle Adult F 0 0 1 1 2017
Giraffid Giraffa peralta Nigerian Giraffe 6yrs F 0 0 1 1 2018
Bovine Tragelaphus scriptus scriptus Harnessed Antelope/Bushbuck Adult M 0 1 0 1 2018

Canids
Canine Lupulella adusta Side-striped jackal Adult M 0 0 1 2016
Canine Lupulella adusta Side-striped jackal Adult M 0 0 1 1 2017
Canine Lupulella adusta Side-striped jackal Adult M 0 1 0 1 2017

Felids
Feline Leptailurus serval Serval Adult F 0 1 0 1 2014
Feline Panthera leo Lion 9yrs M 1 0 0 1 2015
Feline Panthera leo Lion 10yrs F 1 0 0 1 2015
Feline Panthera leo Lion 10yrs M 0 0 1 1 2017
Feline Panthera leo Lion 10yrs F 0 0 1 1 2017
Feline Panthera leo Lion 10yrs F 0 1 0 1 2018

Small mammals
Porcine Phacochoerus africans Warthog M 0 1 0 1 2014
Mustelid Mellivora capensis Honey badger Adult M 0 0 1 1 2014
Vivverid Civettictis civetta Civet cat Adult F 0 0 1 1 2016
Mustelid Mellivora capensis Honey badger M 0 1 0 1 2016
Rodentia Thryonomys swinderianus African greater cane rats Adults M/F 0 0 10 10 2017
Herpestid Herpestes ichneumon Egyptian mongoose 15yrs F 0 1 0 1 2017

Primates
OWM Chlorocebus Sebaeus African green monkey Adult M 1 0 0 1 2015
OWM Cercopithecus mona Mona monkey Adult M 1 0 0 1 2015
OWM Anubis baboon Baboon Adult M 0 0 1 1 2016
OWM Anubis baboon Baboon Adult M 0 0 1 1 2016
OWM Anubis baboon Baboon young F 0 0 1 1 2016
OWM Anubis baboon Baboon Adult F 0 0 1 1 2016
OWM Anubis baboon Baboon 8yrs F 0 0 1 1 2016
OwWM Erythrocebus patas Patas monkey Adult M 0 0 1 1 2016
OWM Erythrocebus patas Patas monkey Adult M 0 0 1 1 2016
OWM Erythrocebus patas Patas monkey Adult F 0 0 1 1 2016
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Table 1 (continued)

Animal group Subfamily ~ Genus/Species Name Age Sex Zoological Total Year
Gardens
JZ KZ UZ
Reptiles
Ophidian Naja haje Egyptian Cobra Adult M 0 0 2 2 2015
Crocodilian  Crocodylus niloticus Nile Crocodiles 3yrs M 0 0 1 1 2015
Crocodilian  Crocodylus niloticus Nile Crocodiles 1yr M 0 0 1 1 2017
Crocodilian  Crocodylus niloticus Nile Crocodiles 2yrs M 0 0 1 1 2017
Birds
Ratite Struthio camelus Ostrich Adult F 0 0 1 1 2014
Avian Ciconia ciconia White Stork Adult F 0 0 1 1 2016
Avian Anser anser Goose Adult F 0 0 1 1 2016
Avian Parvo cristatus White peafowl Adult F 0 0 1 1 2016
Avian Milvus migrans Black Kite Adult F 0 0 1 1 2016
Ratite Struthio camelus Ostrich Smo M 0 0 1 1 2016
Avian Ardeotis arabs Arabian Bustard F 0 1 0 1 2016
Avian Parvo cristatus Indian peafowl Adult F 0 0 1 1 2017
Avian Balearica regulorum Grey Crowned crane Adult F 0 0 1 1 2017
Ratite Struthio camelus Ostrich Adult F 0 0 1 1 2017
6 12 48 66

procedure as previously described (Kumbish et al. 2006).
Salmonella spp. and Escherichia coli were identified using
standard laboratory methods (Parmer and Davies 2007).
Mannheimia spp from lung samples that were collected from
the necropsied captive animals were isolated and identified
by standard procedures as earlier described by Ekong et al.
(2014). Isolates identified as Mannheimia haemolytica were
biotyped and capsule serotyped. Detection of mycobacteria
from suspected tuberculous lesions were examined micro-
scopically by Ziehl-Nielsen (Z-N) staining technique for the
detection of Acid-Fast Bacillus (AFB) and cultured using
the Lowenstein-Jensen (L-J) medium cultured at 37 °C for
8 weeks on paired L-J media enriched with pyruvate (L-J-P
medium) and enriched with glycerol (L-J-G medium) as pre-
viously described (Cadmus et al. 2004).

Parasites

Fecal/intestinal samples or whole worms and external
parasite routinely sent for parasitology analysis, turned out
for different parasites which aided the diagnoses or were
the main diagnosis in some of the cases. At postmortem
examination, carcasses in which gastrointestinal worms
were found and identified were sent for parasitic exami-
nation. As a routine, intestinal content was scooped in all
cases and sent for parasitology, where they were physically
examined for consistency and presence of nematode larva or
tapeworm proglottids. Fecal analysis was done using simple
concentration techniques: flotation and sedimentation tests
(Tessaro 1989; Kolapo and Jegede 2017). Recovered ova
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identification was based on morphologic and micrometric
measurements as provided by Bowman and Lynn (1999) and
Kolapo and Jegede (2017).

Viruses

Tissue samples especially from ungulates were routinely
sent for virological detection or isolation. For virus isola-
tion, suspensions (1:10) in sterile phosphate-buffered saline
(PBS) of tissue samples (liver, heart, spleen, kidney, lung,
trachea, duodenum, and caecum) were made. The suspen-
sion was clarified by centrifugation at 1500 rpm for 15 min,
and supernatant was treated with a mixture of penicillin
(10,000 TU/ml of supernatant) and streptomycin (10,000 pg/
ml of supernatant) for 45 min at 37 °C. One vial of freeze-
dried vaccine of each tested virus was reconstituted in 1 ml
PBS (positive control). All the field and vaccine (0.2 ml)
sample were inoculated onto the chorio allantoic membrane
(CAM) of minimal-disease- free 10-day-old developing
chicken embryos as described earlier (Akanbi and Taiwo
2014). Following inoculation, the embryos were incubated at
37 °C and checked daily for mortality. Five days post inocu-
lation (PI), CAM were harvested and examined. Subsequent
passages were required for adaptation of the virus in CAM.

Necropsy techniques

All dead captive wild animals were either necropsied imme-
diately or preserved in — 20 °C until necropsied. At necropsy,
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detailed observations were made and samples were taken for
ancillary laboratory investigation.

Results
Animal species distribution

In total, sixty-six (66) zoo animals were examined and stud-
ied, and this included a wide variety of animal species sepa-
rated into 7 major groups—reptiles, birds, ungulates, non-
human primates, small mammals, canids, and felids (Fig. 1;
Tables 1 and 2).

Physical and clinical examination findings

Following physical or chemical restraint on wild captive
animals antemortem, thorough physical and clinical exami-
nations revealed several obvious non-infectious causes of ill
health in the three zoological gardens. Non-infectious con-
ditions accounted for 23% of total cases reported including
fractures, nutritional deficiencies, toxicity, and dystocia.
Calorie, protein, and vitamin deficiencies contributed to the
fair to poor bodily conditions observed in the lions, civet,
monkeys, baboons, and crocodiles, and in some bird species
(black kite, Indian peafowl, grey crown crane). Diagnostic
imaging was useful to determine cases of fractures and their
classifications.

Laboratory investigation
Bacterial

Tissue samples routinely sent for bacteriology turned out for
different bacteria isolates which aided the diagnoses or were
the main diagnosis in some of the cases. Culture of tissue
from the samples yielded mild to heavy growth of different

ANIMAL GROUPS ENCOUNTERED

® Ungulates
® Canids
m Felids
Small mammals

® Primates

m Reptiles
Birds

23%

Fig. 1 Animal groups assessed for case fatalities in the 3 zoos

bacteria on a case-by-case basis. Bacterial infections were
the most abundant findings as they were reported in 41% of
the cases. Isolates include M. haemolytica biotype A sero-
type 2 (A2), Salmonella spp, and E. coli. Detailed bacterio-
logical findings are given in the individual cases under case
reports in Table 3.

Parasites

Detailed parasitological findings are given in the individual
cases under case reports in Table 2, while details of various
parasites in each species assessed are found in Table 3.

Viral

Detailed virological findings are given in the individual
cases under case reports in Table 3. In particular, a sample
yielded PPR virus isolate. Viral disease incidence was low,
probably due to lack of viral isolation or use of detection
tools in most cases.

Non-infectious

This accounted for 23% of total cases reported which include
fractures, nutritional inadequacies, toxicity, and dystocia,
among others. See Table 2 for details. Some caused mortal-
ity on their own, while others were complicated by infectious
agents, especially bacterial (Fig. 2).

Mixed

Mixed causes accounted for 15% of cases. These were classi-
fied as such when more than one agent or factor contributed
to the death of the animal.

One (1) case was classified as inconclusive due to lack of
empirical data to arrive at a cause of death.

Necropsy findings

Of the sixty-six (66) carcasses examined, twelve (12) were
from Kano zoo and only six (6) were submitted from the
Jos zoological garden. The two duikers were in good nutri-
tional status, while one of the lions was emaciated and the
other was severely cachectic. The two (monkeys) were in fair
bodily condition. Three (3) of the baboons were cachectic,
while one was moderately emaciated, and the 5th was in
moderately good bodily condition. The three monkeys were
all moderately emaciated. The lions and the Civet cat were
moderately emaciated. The Crocodiles were moderately
emaciated. The other ruminants (3 Sitatunga) were in good
bodily condition. The ostrich and the goose were in good
bodily condition, while all other bird species (white stork,
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Table 2 Necropsied captive wild animals from the zoos and wildlife clinics 2014-2017

Group Genus/Species Diagnosis
Ungulates Sylvicapra grimmia Coinfection of Mannhemia hemolytica, Escherichia coli and Eimeria spp in Grimms Duiker
(Sylvicapra grimmia)
Sylvicapra grimmia Coinfection of Mannhemia hemolytica, Escherichia coli and Eimeria spp in Grimms Duiker
(Sylvicapra grimmia)
Connochaetes taurinus Cholangiohepatitis in an adult Wildebeest
Taurotragus oryx Fatal Helminthosis and pneumonia in an adult Giant Eland
Hippopotamus amphibus Fatal Fasciolosis and Streptococcal pneumonia in a 6-month-old hippopotamus
(Hippopotamus amphibus)
Sylvicapra grimmia Dystocia in Grimms Duiker (Sylvicapra grimmia)
Damaliscus lunatus jimela Cyanide poisoning in a Topi (Damaliscus lunatus jimela)
Damaliscus lunatus jimela Grain overload in a Topi (Damaliscus lunatus jimela)
Syncerus caffer Chronic malnutrition in an African Buffalo (Syncerus caffer)
Tragelaphus scriptus scriptus Infant Harnessed Antelope (Tragelaphus scriptus scriptus) — Inconclusive
Tragelaphus spekii Peste des petit ruminants and Mannhemiosis in an adult female Sitatunga (Tragelaphus spekii)
Tragelaphus spekii Septicaemic Salmonellosis in an adult female Sitatunga (Tragelaphus spekii)
Tragelaphus spekii Septicaemic Salmonellosis an adult female Sitatunga (Tragelaphus spekii)
Tragelaphus scriptus scriptus Pediculosis in Female Antelope (Tragelaphus scriptus scriptus)
Gazella dorcas Cardiac solitary fibrous tumor and Rumen impaction in Dorcas gazelle (Gazella dorcas)
Giraffa peralta Cervical dislocation in Nigerian/Niger giraffe (Giraffa peralta)
Canids Lupulella adusta Hemorrhagic gastritis in a Side-striped jackal (Lupulella adusta)
Lupulella adusta Traumatic amputation in a Side-striped jackal (Lupulella adusta)
Lupulella adusta Tetanus in a Side-striped jackal (Lupulella adusta)
Felids Leptailurus serval Bacterial Pneumonia in an adult Serval (Leptailurus serval)

Small mammals

Primates

Panthera leo
Panthera leo
Panthera leo

Panthera leo

Panthera leo
Phacochoerus africans
Mellivora capensis

Civettictis civetta

Mellivora capensis
Thryonomys swinderianus
Herpestes ichneumon

Chlorocebus Sebaeus

Cercopithecus mona

Anubis baboon

Anubis baboon
Anubis baboon
Anubis baboon
Anubis baboon

Erythrocebus patas

Erythrocebus patas
Erythrocebus patas

Fatal Gastrointestinal Toxocariasis with Verminous Pneumonia in a captive African Lion
(Panthera leo)

Fatal Gastrointestinal Trichuriasis with Verminous Pneumonia in a captive African Lion
(Panthera leo)

Fatal multiple intestinal intussusceptions and torsion secondary to a non-degradable foreign
body gastrointestinal obstruction in a captive Lion (Panthera leo)

Fatal Oesophageal obstruction and Trachea obtrusion in a 10 year old Lioness (Panthera leo)
Aspergillosis in a an adult African Lioness (Panthera leo)

Hepatosis dietetica in a Warthog Boar

Foreign body gastric perforation in Honey badger (Mellivora capensis)

Fatal Parasitic Gastroenteritis with Verminous Pneumonia and bacteria septicaemia in a
Captive African Civet (Civettictis civetta)

Fatal parasitic gastroenteritis and bacterial septicemia in a ratel
Aflatoxicosis in African greater cane rats (Thryonomys swinderianus)
Fatal Trichobezoar in an Egyptian mongoose

Fatal Filaroid Verminous Pneumonia with Babesiosis and right femoral communited fracture
in a captive African Green Monkey (Chlorocebus Sebaeus)

Systemic Toxoplasmosis in a captive Mona Monkey (Cercopithecus mona)

Fatal Cerebral haemorrhage (Stroke) secondary to physical injury and starvation in Baboon
(Anubis baboon)

Fatal Septicaemic Salmonellosis in an adult Baboon (Anubis baboon)
Fatal Septicaemic Salmonellosis in a young Baboon (Anubis baboon)
Fatal Septicaemic Salmonellosis in an adult Baboon (Anubis baboon)
Mycobacteriosis in a 8 years old Captive Adult Baboon (Anubis baboon)

Fatal Septicaemic Salmonellosis in an Adult Captive Adult Male Patas Monkey (Erythrocebus
patas)

Fatal Septicaemic Salmonellosis in an Adult Captive male Patas Monkey (Erythrocebus patas)

Fatal Septicaemic Salmonellosis in an Adult Captive female Patas Monkey (Erythrocebus
patas)
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Table 2 (continued)

Group Genus/Species Diagnosis
Reptiles Naja haje Fatal Helminthosis in 2 Egyptian Cobras (Naja haje)
Crocodylus niloticus Fatal bite wound in a juvenile male Nile Crocodile
Crocodylus niloticus Chronic Helminthosis and Pneumonia in a Nile female Crocodile
Crocodylus niloticus Chronic Helminthosis and Pneumonia in a Nile female Crocodile
Birds Struthio camelus Fatal Colibacillosis in a female ostrich (Struthio camelus)

Ciconia ciconia
Anser anser

Parvo cristatus
Milvus migrans

Struthio camelus

Ardeotis arabs
Parvo cristatus
Balearica regulorum

Struthio camelus

Fatal Pediculosis in an adult female White Stork

Fatal Atrial rupture and septicaemia in an adult female Goose

Fatal Colisepticaemia in an adult White PeaFowl

Fatal Coccidiosis and Colisepticaemia with Starvation in an adult female Kite

Fatal Septicemia secondary to a non-healing compound fracture of the hallux in an ostrich
grower

Fatal Colisepticemia in an Arabian Bustard
Fatal Colibacillosis in an Indian Peafowl
Fatal Septicemia secondary to a non-healing compound humeral fracture in a Crown Crane

Acute Heart Failure secondary to myocardial Infarction and Hardware disease in a female
ostrich (Struthio camelus)

Table 3 Laboratory isolates/detection from animals at the Jos, Kano, and Unilorin zoos and wildlife clinic 2014-2017

Group Genus/Species Parasites Bacteria/Fungi Viruses
Ungulates Sylvicapra grimmia Eimeria spp Mannhemia hemolytica, Escherichia coli -
Connochaetes taurinus - Multi (E. coli, Salmonella spp)
Taurotragus oryx Strongylus, Strongyloides - -
Hippopotamus amphibus Fasciola spp Streptococcus spp -
Tragelaphus spekii - Mannhemia hemolytica, Salmonella spp ~ Peste des Petit
Ruminants
(PPR)
Tragelaphus scriptus scriptus  Linognathus spp - -
Canids Lupulella adusta - Clostridium spp -
Felids Panthera leo Toxocara spp, Trichuria spp  Aspergillus spp -
Small mammals  Civettictis civetta Ancylostoma spp, Taenia Bacteria (septicaemia) -
Primates Chlorocebus Sebaeus Filaria, Babesia spp - -
Cercopithecus mona Toxoplasma gondii - -
Papio anubis - Salmonella spp, Mycobacterium spp -
Erythrocebus patas - Salmonella spp -
Reptiles Naja haje Ophidascaris spp - -
Crocodylus niloticus Ascaris spp Salmonella spp -
Avian Ciconia ciconia Lice - -

Anser anser

Parvo cristatus
Milvus migrans
Ardeotis arabs
Balearica regulorum

Struthio camelus

- Bacteria septicaemia -
- Escherichia coli -
- Eimeria spp, Escherichia coli -
- Escherichia coli -
- Septicaemia -
- Staphylococcus spp -
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DISEASE CLASSIFICATIONS

m Bacterial/Fungal
B Parasitic

E Viral

% Non-Infectious

H Mixed

1% ® Inconclusive

Fig.2 Disease agent classifications of case fatalities

White peafowl, Black Kite, Indian peafowl, Grey Crowned
crane) were moderately emaciated.

Discussion

Due to the fact that the zoological garden serves a safe
meeting point for humans and wild animals, there is need to
know diseases prevalent in them for control and prevention
of zoonotic diseases. This group constitutes a major public
health problem (Kruse et al. 2004) and represents more than
75% of human diseases from sources related to wildlife and
domestic animals (Taylor et al. 2001).

Many animal deaths evidenced husbandry errors (e.g.
wrong diet, disregard for social stratification, and species
differences, among others). These include emaciation,
cachexia, muscular atrophy, and loss of body fat depots
which were determined during physical and postmortem
examination. Husbandry inadequacies have been reported
as major cause of mortalities in captive animals (Kolapo
and Jegede 2017; Emikpe et al. 2016; Anga and Akpavie
2002) in Nigeria. Husbandry/feed problems have also led
to similar issues as incriminated by Jegede et al. (2018) in
African greater cane rats fed with aflatoxin imbued feed.
This is why zoo personnel (e.g. keepers, veterinarians, cura-
tors, and biologists) have to be continually reminded that all
husbandry practices should be based on principles which
minimize stress (Fowler 1996). Malnutrition is an important
stressor; others include toxins, parasites, infectious agents,
and confinement (Fowler 1996). Although sick captive ani-
mals are known to become partially or completely anorexic
(Jani 20006), if this was the case in these animals, the zoo
attendants should have observed it and bring it to the atten-
tion of the zoo veterinarians.

For non-infectious conditions, especially cases of fracture
in the African green monkey at Jos zoo and in the crown
crane at the Unilorin zoo in which in both cases there were
no evidence of external force, the only probable cause is a
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nutritional deficiency. Nutrition inadequacies were observed
as a major issue at all zoos besides health management
issues; this therefore is the most rational reason for frac-
tures as nutritional deficiencies (e.g. Vitamin D) have been
incriminated as a reason for fractures in captive animals (Lin
et al. 2005); therefore, the role of nutrition in captive animal
fracture incidence is a researchable area.

Infectious diseases are the dominant groups of diseases
of captive wild animals, and infectious diseases vary con-
siderably based on the infectious agent, be it bacteria, para-
sites, viruses. and protozoal (Jani 2006). The species groups
of captive animals studied which included reptiles, birds,
ungulate ruminants, non-human primates, and carnivorous
felids (Fig. 1; Table 1) all showed various stages of infection
and incapacity. Importantly, amongst the ungulate ruminants
are co-infections with bacteria (M. haemolytica, E. coli, and
Salmonella spp), parasite (Eimeria spp), and a virus (Peste
des petits ruminants). Earlier study showed that all the her-
bivores at the Unilorin zoo except the horse had no intestinal
parasite during the dry season as compared to the 72.2%
gastrointestinal (GIT) parasite prevalence during the raining
season (Kolapo and Jegede 2017), whereas these herbivores
were battling severe conditions that had compromised their
lungs as shown in Table 2.

Amongst the carnivorous felids especially in two lions
and a civet cat (Table 2) were principally severe nematode
(Toxocara cati, Trichuris spp) and cestode (Ancylostoma
spp and Taenia spp) helminthic infections. The remaining
two (2) lions died because of non-infectious causes, which
included intestinal obstruction, intussusception and torsion,
and oesophageal obstruction with tracheal obtrusion. Choke
(oesophageal obstruction and tracheal obtrusion) and intesti-
nal obstruction have been known to be major non-infectious
conditions of captive animals (Nemat et al. 2013; Akanbi
et al. 2020). Novel, fatal non-infectious findings, which hith-
erto were not reported in literatures, were recorded among
the lions especially at the Unilorin zoo, which is the case of
intussusception and choke.

Of the three (3) zoonotic like parasites—Trichuris spp,
Toxocara canis, and Ancylostoma spp which can affect the
health of handlers and visitors to the zoo (Kolapo and Jegede
2017), both Trichuris and Toxocara infections were seen in
two lions examined at the Jos zoo. Zoonotic helminthic
infections in lions (toxocariasis and trichuriasis) at the Jos
zoo were severe and had a fatal outcome. Heavy intestinal
parasitism such as reported here is rare and was unfortunate
that such infections could go unnoticed until the fatal out-
come at the Jos zoo. Toxocara cati, Trichuris spp, Ancylos-
toma spp, and Taenia spp causes various syndromes in the
host. Cats get infected with hookworms either by skin pen-
etration, by infective larvae or by ingestion of the larvae in
the environment or in the paratenic host (rodents). In heavy
infestations, hookworms cause anemia and death due to their
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voracious blood sucking habits. Toxocara spp (roundworm,
Order Ascaridida) are small intestinal nematodes of dogs
and cats (Zajac et al. 2012). Cats acquire 7. cati infection by
ingestion of the larvated eggs or paratenic hosts (rodents).
Toxocara is an important pathogen in puppies and kittens.
T. cati causes chronic ill-thrift in infected animals (Zajac
et al. 2012). Trichuris felis is a nematode of the caecum and
large intestine of wild cats. Heavy infections cause weight
loss, unthriftiness, and profuse bloody diarrhea which may
result in death. Trichuris felis and other spp are known to be
parasitic worms of the caecum and large intestine of wild
cats; in this case, numerous adult worms were found all
through the GIT (stomach, duodenum, jejunum, ileum, and
large intestine). The same applies to Ancylostoma spp and
Taenia spp which were not only found in the small intestine,
but in the stomach, and large intestine up to the rectum.
The presence of Toxocara cati (JZ), Trichuris spp (JZ), and
Ancylostoma spp (UZ) in these zoos where children visit
raise public health concerns. Toxocara cati and Trichuris spp
are responsible for visceral and ocular larva migrant, while
Ancylostoma spp causes eosinophilic enteritis and cutaneous
larva migrant in humans (Zajac et al. 2012), and handlers
and visitors may also be infected.

One of the primates submitted from the Jos zoo, i.e., the
African green monkey died of helminthiasis (Filaria spp)
with pulmonary migration and intraerythrocytic parasite
(Table 3). This carcass also had a femoral fracture. While
the other monkey (Mona) died because of a protozoal (toxo-
plasmosis) infection. At the Unilorin zoo, the primates (Anu-
bis baboons) suffered from an outbreak of salmonellosis
(Salmonella spp) and one baboon died of mycobacteriosis
and two of the three patas monkeys died of congestive heart
failure and salmonellosis, while the third died of salmonel-
losis (Table 2). One Anubis baboon suffered from a cer-
ebral haemorrhage (stroke) which was secondary to physical
injury. Stroke in baboon and hepatocoel/hepatocyst in patas
monkey from the Unilorin zoo was also additional novel
findings of this study as this was not reported before now.
Among the non-human primates, findings were consistent
with documented reported cases (Kalter 1989; Emikpe et al.
2007; Kim et al. 2020). Helminthiasis and pneumonia were
the cause of death in the two crocodile reptiles from Uni-
lorin zoological gardens (Table 2). The result of this present
studies confirmed earlier findings of parasites in the reptiles
(Kolapo and Jegede 2017), as the crocodiles had intestinal
nematode worms identified as Ascaris spp.

External parasitism (Pediculosis) was responsible for the
death of a white Stork, while atrial rupture and septicaemia
were the cause of death in a goose (Table 2). An infant bush-
buck also had severe pediculosis which agrees with reports
by Durden et al. (2015) that these organisms are vectors for
hemoparasites like Anaplasma spp (Egri 2018). Septicae-
mia secondary to humeral compound fracture caused the

death in a crown crane, while acute heart failure secondary
to myocardial infarction and hardware disease was responsi-
ble for death of an adult ostrich. In the white peafowl, Indian
peafowl and a Kite, co-infection with E. coli bacteria and an
intestinal protozoal parasite (Eimeria spp), were the cause
of death respectively. According to a recent study, the pea-
fowls were the only avian species in which gastrointestinal
parasites were isolated of all avian species at the Unilorin
zoo (Kolapo and Jegede 2017), but this study showed that
the white Stork was heavily infested with lice during the
study period which resulted in its death. Also, the Kite had
coccidiosis as shown by this report.

The findings that among the ungulates, bacterial and viral
septicaemias were the main cause of death (Table 2) at the
university of Ilorin zoo is similar to a 23-year study of zoo
disease patterns in 262 carcasses comprising ruminants,
primates, carnivores, reptiles, equids, rodents, and aviary
revealed (Emikpe et al. 2016) that infectious diseases caused
by bacteria, parasitic, fungi, and viral agents were the most
common disease condition in captive animals in Nigeria.
Also, parasitic organisms were most common in different
species of wildlife exhibited at the Unilorin zoo (Kolapo and
Jegede 2017). At the Jos zoo, parasitic survey had identified
an array of parasites in exhibited animals (Dawet et al. 2013)
and a much earlier report from the Jos zoo, reported Sal-
monella spp isolate from Chimpanzee (Ocholi et al. 1987).
Much earlier documentation thus exist (Isoun et al. 1972;
Idowu et al. 1975; Ikede et al. 1976; Akinyemi and Ikede
1982).

The cause of death of the two (2) duikers at the Jos zoo
was rather challenging, tissues were tested by PCR, but
gave an unusual band with PPR primer. This needs further
sequence analysis or other virological testing to determine
which another virus or agent may be responsible. The cases
turned out to be multiple co-infections with Maheimmia,
Escherichia, and Eimeria.

Among the felids, helminthiasis, gastrointestinal obstruc-
tion, intussusceptions, and nutritional inadequacies resulted
in the death of this group of animals. However, the preva-
lence of macroparasite infections in large carnivores has
been largely overlooked. The interaction between parasite
prevalence and intensity, physiological condition, and sus-
ceptibility to disease is well demonstrated in some species,
but poorly understood in large carnivores (Berentsen et al.
2012). Furthermore, some wild canids have evolved to cope
with a certain level of chronic parasitic infection that has
little or no adverse health effects (Kennedy-Stoskopf 2003;
Berentsen et al. 2012). It is quite unfortunate that these zoos
have lost five (5) lions to avoidable infections and condi-
tions from the during the study periods, whereas helminthic
infections in two (2) lions (toxocariasis and trichuriasis)
respectively were the cause of the fatal outcome at the Jos
700, intussusception and choke resulted in the death of two
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(2) lions at the Unilorin zoo, and a systemic fungal infection
in Kano zoo. The findings at the Jos zoo, especially where
nematode parasites Toxocara spp and Trichuris spp were
responsible for the fatal outcome of infection in two lions,
were at variant with earlier study by Dawet et al. (2013)
where these GIT parasites were prevalent in non-human pri-
mates. The findings in the Jos zoo monkeys (African green
monkey and Mona’s monkey) that died were that of bac-
terial septicaemia. In the non-human primates examined,
protozoal, helminthic, and bacterial septicaemias including a
granulomatous pneumonia were the major cause of mortali-
ties at the Unilorin zoo. Parasitic infections are common in
both zoos studied and in other Nigerian zoos (Kolapo and
Jegede 2017; Emikpe et al. 2016; Adetunji and Adesope
2014; Otegbade and Morenikeji 2014; Adetunji 2014; Dawet
et al. 2013).

Helminthic parasitic infection was responsible for the
death recorded among the crocodiles (Table 2), while bac-
terial septicaemias, ectoparasitism, physical injury, and heart
failure were the cause of mortalities in most of the avian
species (Table 2). Colibacillosis was common in the avian
species. Generally, captive birds are most susceptible to viral
and bacterial septicaemias which have been reported in lit-
eratures and this was the case in the study conducted by
Emikpe et al. (2016).

Only one virus (PPRV) isolate was recovered from this
study, and this is not uncommon as already reported (Emikpe
et al. 2016). This is mainly due to the lack of readily avail-
able diagnostic facilities for viral detection and isolation.

The detection of the presence of parasites termed
zoonotic-like, i.e., Trichuris spp, Toxocara canis, and Ancy-
lostoma spp, raise the zoonotic threat level at the university
of Ilorin zoo, and calls for adequate control measures against
transmission to handlers and visitors to the zoo (Kolapo and
Jegede 2017). This also goes to the Jos zoological garden,
where some of these zoonotic-like parasites (whipworm and
hookworm) were found in the non-human primates (Dawet
et al. 2013). Although, a study of gastrointestinal parasites
in primates and their keepers from two zoological gardens in
Ibadan showed that there was no evidence of cross transmis-
sion of GIT helminths between the non-human primates and
zoo keepers (Adetunji 2014).

Stress associated with captivity and closeness to humans
has been hypothesized to contribute to how resistant animals
are to infections in captivity (Egbetade et al. 2014). This
has led to reason some diseases overwhelming the animals
within a short period. Although some diseases like myco-
bacteriosis are rarely diagnosed before death in zoo animals
(Lécu and Ball 2011), this therefore gives rise to the need
for regular (annual/ni-annual) screening and checks to be
done on captive animals especially in Third World countries.
Better training should also be given to zoo staff on quick
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recognition and reporting of captive animal behavioral and
corporeal changes.
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