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EXECUTIVE SUMMARY

DISEASES

OF

ANTELOPE:

RISKS

FROM

INTRODUCING

LIVE

ANTELOPE INTO ZOOLOGICAL GARDENS
The diseases carried by antelope have been reviewed.
Forty-four diseases were identified that are carried by or potentially carried by
antelope. Six of the diseases are diseases included in the OIE List A. The other
diseases range from serious diseases to trivial or potential diseases. The risk of
introducing any disease into New Zealand has been identified as extremely low,
provided risk reduction procedures based on the following principles are implemented
before and during the introduction:
•

Selection of antelope from safe sources

•

Appropriate quarantine

•

Application of suitable diagnostic tests

•

Treatment or vaccination where appropriate

•

Use of artificial insemination and embryo transfer technology
if possible and appropriate

The highest potential risk to animal health of New Zealand livestock is the introduction
of ticks that are vectors of 11 of the diseases carried by antelope and many other
diseases of other species of animals. Methods used to reduce the risk of introduction
of ticks should be carefully planned and scrupulously implemented.
The viruses that cause the OIE List A diseases foot and mouth disease, rinderpest, Rift
Valley fever, lumpy skin disease, bluetongue and vesicular stomatitis can infect
antelope. It is concluded that the introduction of any of these diseases is extremely
unlikely, as the methods used to safeguard against their importation should be highly
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effective. In particular, sources of animals can probably be identified in countries in
which all or most of the diseases do not occur.
The possibility of disease introduction is probably higher for the chronic diseases,
those that have very long incubation periods and those in which long-term carrier
states exist. The following 17 diseases that fall into these categories were identified:
Johne's disease, tuberculosis, brucellosis, enzootic bovine leucosis, rabies, bovine
virus diarrhoea, infectious bovine rhinotracheitis, malignant
trypanosomosis,

babesiosis,

anaplasmosis,

leptospirosis,

catarrhal

fever,

toxoplasmosis,

sarcocystosis, coccidiosis, cryptosporidiosis and besnoitiosis.
Only one of these diseases, wildebeest-associated malignant catarrhal fever
(Alcelaphine herpesvirus-1) is considered to be a moderate risk for introduction. This
disease would only be a risk if wildebeest or other members of the sub-family
Alcelaphinae were introduced. The consequences of introducing this virus are high for
zoos, but insignificant for the livestock industries of New Zealand. It is a
recommendation that members of the family Alcelaphinae should not introduced.
However, the representatives of the Zoos of New Zealand should make this decision
as they represent the group at risk.
All the other chronic disease/long carrier state/long incubation period diseases were
not considered to be of importance for one or more of the following reasons:
•
•

There is only a low risk of introduction (all diseases in question)
The methods used to exclude them would be highly effective for all
diseases except Johne's disease. Johne’s disease is already endemic in
New Zealand and Ministry of Agriculture and Forestry (MAF) considers this
disease to be a quality issue for animal owners

•

The diseases themselves are unimportant and unlikely to be harmful to
New Zealand livestock (toxoplasmosis, sarcosporidiosis, coccidiosis of
antelope, besnoitiosis)

•

The diseases are already so common in New Zealand livestock that
introduction of the disease would not have a significant impact (bovine virus
diarrhoea type 1, infectious bovine rhinotracheitis)

•

The diseases would be unlikely to spread from the zoos where they
were

introduced

(enzootic

bovine

leukosis,

rabies,
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trypanosomosis, babesiosis, anaplasmosis,

toxoplasmosis, besnoitiosis,

sarcosporidiosis).
Those diseases requiring arthropod vectors such as ticks, mosquitoes and midges are
most unlikely to be able to establish in New Zealand, although there is a low risk that
endemic mosquitoes could carry some diseases.
Animals in zoos are generally well isolated from farm livestock. For this reason
introduction of animals into a zoo situation is less dangerous than the introduction of
animals onto farms.
It is concluded that a well managed introduction of antelope species into New Zealand
zoos would involve minimal risk of introducing exotic diseases.
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DISEASES

OF

ANTELOPE:

RISKS

FROM

INTRODUCING

LIVE

ANTELOPE INTO ZOOLOGICAL GARDENS.
Introduction
Antelope originate mainly from Africa, fewer species are indigenous to Asia and
pronghorn antelope are indigenous to North America. Antelope are able to carry
several of the serious diseases of those regions. Many of these diseases have been
reviewed in detail in Volumes I and II of the book Infectious Diseases of Livestock with
special reference to Southern Africa(1) and much of the information contained in this
review is derived from that source. This book is generally the best source of
comprehensive information as information on diseases in antelope is often fragmentary
and some important aspects of the behaviour of the diseases are unknown. For this
reason, extrapolation from knowledge of the diseases in cattle is sometimes
necessary. This review contains some information on the diseases of giraffe as this
was originally requested. It also gives some information on the diseases that occur in
African buffalo because this information is often complementary to what is relevant
about diseases in antelope and their relationship to diseases of domestic livestock.
However, the diseases of African buffalo have not been extensively reviewed, as they
were not regarded as antelope in the terms of reference for this review.
Extensive use was made of electronic searches of the literature between 1984 and
1999, but traditional manual searches were also used. However, this review does not
claimed to be an exhaustive review and additional information could be found if
unlimited time was available.
Antelope are referred to by their common names. A list of generic and common names
of antelope is given in Appendix 1.
It was a requirement of the terms of reference for this document that recommendations
should be made for reducing the risk of introducing each disease reviewed. General
comments and discussion of relevant points are given under the heading “Risk
reduction”. Specific recommendations are given, where appropriate, under the heading
“Recommendations” with the sub-headings “Source of animal”, “Quarantine”,
“Treatment” and “Diagnostic tests”. Quarantine may involve pre–entry quarantine in the
country of origin and/or post entry quarantine in New Zealand. Quarantine periods in
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this document refer to total quarantine periods. It is not appropriate for this reviewer to
comment on where that quarantine should be undertaken. It is assumed that a
standard quarantine for any animal brought into the country should be 4 weeks. Any
recommendations for longer quarantine periods are discussed in the relevant parts of
the text. The uses of artificial insemination or embryo transfer are discussed in a
separate section. Unreferenced recommendations in this document are those of a
consultant acting for the zoos wanting to import antelope. They do not necessarily
reflect the views of the MAF and may not reflect the policies that will be implemented
by MAF. However, in many cases recommendations with regard to importation of
serologically positive animals have already been made by MAF(2) and these
recommendations are now accepted as official policy(3). All references to this official
policy have been referenced in the text.
References

1.

Infectious Diseases of Livestock with special reference to Southern Africa. Ed.
Coetzer JAW ., Thompson GR., Tustin RC. Oxford University Press, Cape
Town, Oxford, New York. 1994.

2.

Pharo H. 1999. Import risk analysis. Imported sero-positive animals: Assurance
provided by serological tests. Ministry of Agriculture and Forestry. Wellington
New Zealand.

3.

MacDiarmid SC. Personal communication.
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1.0

Disease vectors carried by antelope

Lice, mites and fleas are not vectors of serious diseases carried by antelope. Other
arthropod vectors of serious diseases such as mosquitoes and midges (Culicoides
spp.) are not carried on live animals. Only ticks are of concern, as these are actually
carried on antelope.

1.1

Ticks

Information in Section 1.1 is basically a summary of two extensive review articles on
ticks(1)(2). This section is designed to give background information on ticks and stress
the importance of not introducing ticks into New Zealand. Each individual statement
concerning ticks is therefore not referenced to a primary source, as this would make
the section unnecessarily long and less useful to the reader.
Ticks carry a wide range of serious and less serious diseases and can also cause
economic loss, due to loss of condition and tick toxicoses. Annual worldwide losses
due to tick borne diseases and tick control are estimated to be several billion dollars(1).
Ticks on animals can be easily overlooked in even the most careful inspections. They
may be hidden by hair or attached to not easily accessible parts of the body, such as in
ears, under the tail and in various skin-folds and crevices. Recently hatched larvae are
only pinhead size and almost impossible to see in the hair of their hosts. It is for this
reason, that ticks have been inadvertently introduced into New Zealand on a number of
occasions, despite most careful inspections(3). Because of these reasons it is
suggested in this document that the introduction of ticks on live animals poses the
single most important threat of introducing foreign animal diseases to New Zealand if
antelope are introduced.
Although ticks are primarily a problem in tropical countries, there are several species of
ticks that carry diseases that occur in temperate climates.
Ticks belong to two families: the Ixodidae or hard ticks and the Argasidae or soft ticks.
The Ixodidae represent the main cause of concern for herbivores because they are the
vectors of several major diseases that occur in antelope. Argasidae are important
vectors of poultry diseases and African swine fever.
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1.1.1

Ixodidae

Ixodidae may be one, two or three-host ticks. The larvae of three host ticks leave the
host and moult to become nymphs before seeking a new host. Nymphs similarly leave
their host animals before moulting and finding a new host as an adult. In the case of
one-host ticks the parasite remains on the same host through all three stages. Some
diseases carried by ticks are transmitted through the egg to the next generation
(transovarial transmission), while in others, the infectious agents are only transmitted
transtadially or even intrastadially.
1.1.1.1

Genus: Boophilus

This genus contains five species of small, blue, one host ticks responsible for carrying
several diseases, particularly the diseases caused by Babesia spp. in a wide variety of
mammals, and anaplasmosis (Anaplasma marginale) in cattle. They parasitise a large
variety of animals(1)(2).
B. microplus originated from South-East Asia, but is now present in Asia, South and
East Africa, Australia and South and Central America. B. decoloratus has remained
confined to Africa. B. annulatus is present in the Mediterranean region, Russia and
Ukraine, the Near and Middle East, parts of West Africa and Sudan, Mexico and the
Southern United States. Less important are the species B. kohlsi of the Near and
Middle East and B. geigyi of West Africa.
1.1.1.2

Genus: Dermacentor

This genus contains about 30 species most of which are three host ticks. They occur
on all continents except Australia. The main species include D. marginatus and D.
reticulatus in Eurasia and D. variabilis and D. andersonii in North America. This genus
is not important in disease transmission in Africa. Members of the genus carry
anaplasmosis in cattle and small ruminants, equine and canine babesiosis and Rocky
Mountain spotted fever in humans.
1.1.1.3

Genus: Haemaphysalis

The genus contains more than 150 species, but most species are not adapted to
domestic livestock. They are eyeless three host ticks. H. longicornis is an Asian tick
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that has spread to Australia, New Zealand and New Caledonia. Both bisexual and
parthogenetic strains of this tick occur. H. bispinosa occurs on cattle in India. H.
punctata is common on ruminants in Europe and is the vector for Babesia major in
cattle, Babesia ovulata in cattle in Japan, Babesia motasi in small ruminants and the
non-pathogenic Theileria orientalis, which is also termed T. buffeli or T.sergenti in Asia.
H. longicornis carries Theileria orientalis in New Zealand and Australia.
1.1.1.4

Genus: Hyalomma

There are about 30 species in the Hyalomma genus. They are medium to large ticks
that are mostly three host ticks, but the genus includes some species that can have
either two or three hosts. The large mouthparts of this species may cause necrotic
lesions in the skin where the ticks have attached.
H. anatolicum and H. detritum transmit tropical theileriosis (T. annulatum) in tropical
regions from China to Spain and Mauritania. Other vectors of this important disease
are H. dromedarii in Mauritania and H. marginatum in Spain. Crimean Congo
haemorrhagic fever is carried predominantly by Hyalomma species in Europe, Asia
and Africa. In Africa H. truncatum (the bont-legged tick) causes sweating sickness, a
disease caused by a toxin and is a vector for Babesia caballi (equine babesiosis).
1.1.1.5

Genus: Ixodes

There are 250 species in this genus. The species of this genus are not of importance in
the tropics, but I. scapularis (formerly I. dammini) is common in North America and I.
ricinus and I. persulcatus are common in Europe and are vectors for Babesia
divergens in cattle, Ehrlichia phagocytophilia (tick-borne fever) in ruminants, and
louping ill in sheep. In humans I. ricinus, I. persulcatus and I. scapularis carry Lyme's
disease and I. ricinus and I. persulcatus are vectors of tick-borne encephalitis. I.
rubicundus and I. holocyclus cause tick paralysis in animals and humans in South
Africa and Australia respectively and I. rubicundus has caused tick paralysis in a
springbok(4).
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1.1.1.6

Genus: Rhipicephalus

This genus contains about 70 species. They are medium to small, usually three host
ticks that are generally confined to the African continent with a few species occurring in
Eurasia. They parasitise a large number of animals particularly ruminants.
R. appendiculatus (the brown ear tick) and R. zambeziensis are the main vectors of
East Coast fever (Theileria parva) and related theilerioses in Africa. R. bursa transmits
ovine babesiosis and R. sanguineus transmits canine babesiosis and ehrlichiosis and
tick-bite fever (Rickettsia conori) in humans. R. eversti (the red legged tick) transmits
anaplasmosis and equine babesiosis as well as a paralytic toxicosis of calves and
lambs.
1.1.1.7

Genus: Amblyomma

There are more than 100 species in the genus. Species from this genus generally have
large mouthparts and coloured patterned scuta. They are three host ticks from tropical
and sub-tropical zones. Mammalian, avian, reptilian and amphibian hosts are
parasitised. Amblyomma spp. are typically ticks of sub-Saharan Africa and islands near
Africa such as Reunion, Mauritius and Madagascar. Recently they have spread to
some Caribbean Islands. A. variegatum and A. hebraeum are well adapted to
livestock, but also parasitise a wide variety of other animals including antelope. They
are the main vectors of heartwater (Cowdria ruminantium). Eleven other species of
Amblyomma, including three American species (A. maculatum, A. cajennense and A.
dissimile) are known to be able to carry heartwater. Further research may yet reveal
other capable vectors
1.1.2

Argasidae

The members of this family are not important as disease vectors of ruminants.
Argasidae are multi-host soft ticks that feed on their hosts for periods of a few minutes
up to a few days. They live in nests or burrows in cracks of buildings, buried in shaded
sandy places etc., where they mate and lay their eggs. They parasitise host animals
repeatedly taking small blood meals during a livespan that can last for several years.
Argas persicus is a parasite of poultry and a vector for spirochaetosis (Borrelia
anserina), Ornithodorus moubata and Ornithodorus erraticus are vectors for African
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swine fever in pigs. Ornithodorus savigni live in shaded areas, which are resting
places of livestock, in sandy hot desert areas and feed on the legs of resting livestock.
As they only remain on their hosts for short periods and occur in hot arid regions they
are unlikely to be introduced by antelope or to establish in New Zealand.
Otobius megini the spinous ear tick occurs in India and Africa. They stay in the ears of
host animals for several days before leaving the host and mating and completing their
life cycle off the host. Spinous ear ticks are not vectors of significant diseases, but are
undesirable pests because they cause irritation, damage and stress to their hosts.
1.1.3

Antelope as hosts for ticks

Many species of ticks are found on antelope species. No attempt has been made in
this review to provide a full host parasite list since this would be unmanageably
extensive. Furthermore, if such a list were to be compiled, it would probably be
incomplete as many of the host parasite relationships are probably yet to be described.
However, it is known that a very large number of tick species are found on antelope
and it should be assumed that antelope can act as hosts to most if not all of the ixodid
tick vectors of serious animal diseases. Even if the antelope themselves were not
carrying a disease, the ticks they carry could be ticks that transmit some diseases
transovarially and could therefore introduce diseases such as babesiosis.
Antelope and other wild animals provide a source of ticks to domestic animals, and
make the control of ticks by dipping of domestic animals difficult(5). This indicates that
ticks are readily transferred from antelope to domestic animals.
Individual animals can carry large numbers of ticks leading to anaemia and loss of
condition. A case has been described in which a 3-year-old eland antelope carried
about 5,000 ticks(6).
Knowledge of tick species, their hosts and the diseases they carry is not complete, and
all ticks should be regarded as potentially harmful and strenuous attempts should be
made to prevent their importation.
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1.1.4

Implications

Introduction of ticks could have serious direct implications as they could transmit
diseases to livestock, humans, and zoo and other animals as well as causing
discomfort and stress.
1.1.5

Risk reduction

Clearly a policy should be followed of trying to prevent the introduction of ticks. The
importation policy for antelope be aimed at preventing the introduction of any ticks. It
should include:
•

Careful inspection of animals at intervals of not more than a week, to
ensure that no ticks are present on the animals. The whole skin surface
should be inspected visually and palpated, including poorly visible regions
such as those around the base of the tail, the anus and perennial region,
the interdigital space, areas around the hooves, inside the ears, the udder
and all skin-folds.

•

Quarantine should be for long enough for the ticks to feed and leave the
host. One host ticks are likely to remain on the hosts for up to 3 weeks.
Therefore, a quarantine period of 4 weeks is recommended to give any
ticks time to complete their growth and leave the host.

•

Some stages of three host ticks may only stay on the host for only
about 3 days. Therefore, bedding should be removed and burned at least
every 3 days so as to destroy any tick larvae or nymphs that have left
before they moult and again parasitise quarantined animals.

•

Animals should be housed in

accommodation that can be easily

cleaned and is free from cracks and inaccessible hiding places for insects.
Walls should be smooth and painted and floors should preferably be
concrete.
•

Animals should be thoroughly soaked with a currently approved
insecticide. The best method of applying insecticides is by immersion
dipping. As dip tanks are not available in many quarantine stations,
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thorough wetting by spraying will suffice. Pour on insecticides should not
be used. The insides of the ears and the areas under the tail and the
crevices between the legs and body should be hand dressed. Insecticides
currently approved by MAF be applied at recommended concentrations.
Dipping should be done shortly before the animals enter the quarantine
station, one week after entering the quarantine station and again within one
week of being released.
•

It is recommended that a shallow trough filled with an insecticide
solution should surround the floor of the animal housing. This serves to trap
ticks or other parasites leaving the animals. Adequate easily available
drinking water must be provided so that thirsty animals do not drink the
insecticide. Insecticides of low toxicity such as synthetic pyrethroids are
recommended for this purpose.

•

An excellent standard of hygiene and management should be
maintained throughout.

•

When animals are maintained in pre-entry quarantine in countries that
are infested with ticks, assurance must be obtained that hay, concentrate
rations and bedding are tick-free. This can be assured by using autoclaved
or methyl bromide fumigated feed and bedding.

Prevention of the introduction of ticks is probably the most important single measure
that should be implemented to prevent introduction of disease when introducing
antelope species.
Sources of information

1.

Jongejan E., Uilenberg G. 1994. Ticks and control methods. Revue Scientifique
et Technique Office des Epizooties, 13(4), 1201-26.

2.

Norval RAJ. 1994. Vectors: Ticks. In: Infectious Diseases of Livestock with
special reference to Southern Africa. Ed. Coetzer JAW ., Thompson GR., Tustin
RC. Vol 1, pp. 3-24. Oxford University Press, Cape Town, Oxford, New York.
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3.

Fairley R., Heath A. 1997. Exotic ticks intercepted in New Zealand since 1980.
Surveillance , 24(1), 21-2.

4.

Fourie LJ., Horak IG. 1987. Tick induced paralysis of Springbok. South African
Journal of Wildlife Research, 17(4), 131-3.

5.

Colbourne JC., Floyd RB. 1987. The effect of game animals on tick control.
ACIAR Proceedings Series, Australian Centre for International Agricultural
Research, 17, 149-50.

6.

Hamel HD., Van Amelsfoort A, Van Amelsfoort A

.

1985. Tick infestation and its treatment in an eland antelope (case report).
Veterinary Medical Review, 2, 152-7.
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2.0
2.1

Viral infections of antelope
Foot and mouth disease

Foot and mouth disease is potentially the most devastating disease that could be
introduced into New Zealand. Many extensive volumes on the disease, its potential
impact if introduced into New Zealand and contingency plans to contain and eradicate
it if introduced, have been written by or for MAF. It is unnecessary to repeat this
information, and only relevant information pertaining to the disease in antelope, is
given. An extensive review of various aspects of the disease is given in reference 1.
Etiological agent: The etiological agent is the foot and mouth disease virus (Family:
Picornaviridae, Genus: Aphthovirus ). Types A, O, C, SAT1, SAT2, SAT3, and Asia
occur and are immunologically distinct. Several sub-types are known for each
serotype.
Susceptible species: The disease affects all cloven-hoofed animals and all antelope
must be regarded as susceptible, although some species show minimal clinical
manifestations of the disease. Other species are particularly susceptible and 2,000
mountain gazelle died from the disease in an outbreak in Israel(4). Remarkable
pancreas lesions were seen in experimentally infected mountain gazelles(2)(3).
Incubation period: The incubation period in cattle is usually 2-8 days, sometimes up
to 13 days(1). Information for individual antelope species was not found.
Carrier state: After recovery from the disease, the virus persists in the pharynx of
cattle for up to 2 years and perhaps lifelong in the African buffalo(1). Most antelope
species probably only carry the virus for short periods after recovery. For example, in
experimental infections, virus persistence was transitory in sable antelope and did not
occur in eland(5). Similar experiments have not been done for all species of antelope,
but epidemiological evidence has not been produced to show that they are long term
carriers of disease. Outbreaks of the disease in cattle are generally associated with the
presence of buffalo or movement of domestic livestock (6).
Transmission: Transmission is by aerosol infection or direct contact. When winds are
favourable virus-containing aerosols generated by infected animals, can be transmitted
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over long distances. For example the virus was shown to cross the English Channel by
this means(7). The disease can also be transmitted by ingestion of infected material
carried on fomites. Virus can be excreted by infected animals in most body secretions
and excretions including milk, semen, faeces, saliva etc.
Signs of disease: Signs of the disease include fever, malaise, lameness, salivation,
vesicles and erosions in the mouth, feet and udder, and sudden death in young
animals.
Epidemiology: In Africa, the African buffalo is the main maintenance host for the
disease. Buffalo are resistant to infection and show few signs of disease, but after
becoming infected may carry the infection in their pharynx for life(6)(8). However, once
the viraemic period has passed, buffalo are not highly infectious and most attempts to
transmit the disease by contact with carrier buffalo have failed. Evidence gathered from
experimentally infected buffalo suggested that they transmitted the disease to cattle
and impala only in the acute stages of infection and when there was direct physical
contact between the species(9). However, it is believed that buffalo initiate the sporadic
outbreaks of the disease that occur in endemic areas of Africa, and their exact role as
carrier animals remains unclear. One suggestion is that epidemics of disease are
initiated when susceptible buffalo calves become infected by close contact with their
dams. The main species affected are impala, which are the most numerous
susceptible animals in endemic areas and also live in herds, thus increasing the
chance for close contact. Impala show typical signs of disease but they are generally
inefficient transmitters of disease(10).
An outbreak of foot and mouth disease in the Assam State zoo remained confined to deer and
clinical disease did not appear in antelope(11).

Diagnosis: The disease is diagnosed from the clinical signs of disease, virus isolation,
reverse transcriptase polymerase chain reaction, antigen capture ELISA, and serology
including ELISA and virus neutralisation(10).
Implications:

The introduction of the disease into New Zealand would have

devastating effects on the animal industries and on trade in animal products. Forbes
showed that the disease had the potential to spread rapidly(13). Davidson suggested
that an outbreak of disease could cause a loss of $1,168,000,000 to the national
income(14).
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Risk reduction: The chances of introducing the infection can be reduced to virtually nil
if antelope are only imported from countries or zones that are free from the infection.
The requirements specified in the OIE International Animal Health Code(15) for
importation of animals from foot and mouth disease-free zones or countries are that
they show no clinical signs of foot and mouth disease and that they have been kept in
a foot and mouth disease-free zone for at least 3 months(15). However, in view of the
lack of specific information about carrier states in all species of antelope, the
catastrophic effect introduction would have, and the fact that there are ample safe
sources from which antelope could be introduced, they should only be introduced from
disease-free countries or zones.
Recommendations:
Source of animals: Animals should be sourced from zoos in disease-free
countries or zones.
Quarantine: Provided they are brought from disease-free countries, no
quarantine for foot and mouth disease would be necessary.
Treatment: Vaccination is not recommended.
Diagnostic tests: No testing for foot and mouth disease would be required if
they are brought from safe sources.
Risk of introduction: Provided animals are brought from disease-free countries the
risk of introduction is negligible and is the same as for bringing sheep or cattle from
Australia or wapiti from Canada.
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2.2

Rinderpest

Rinderpest is a highly contagious OIE List A disease of cattle and other ruminants. In
the great rinderpest epidemic in Africa about the turn of the century, half of the 5.75
million head of cattle in South Africa died and the effect on wild ruminants was
devastating(1). As recently as 1979 a second African pandemic decimated wildlife
populations in western, central and eastern Africa(1). In 1980 1,000,000 cattle were
lost in Nigeria(2). Rossiter(3) has reviewed the disease.
Etiological agent: The disease is caused by the rinderpest virus (Family:
Paramyxoviridae, Genus: Paramyxovirus ). Individual strains of virus vary in their
pathogenicity for various species(3).
Susceptible species: Cattle are most often infected but the disease has also been
described in sheep, goats, pigs, African buffalo, giraffe, eland, kudu(3); buffalo,
waterbuck and bushbuck(4); kudu, buffalo, impala, eland and kongoni(5). Neutralising
antibody has also been found in waterbuck, orynx and impala(6). It must be assumed
that all antelope can be infected.
Incubation period: The incubation period is usually 3-9 days in cattle(7). Information
for individual antelope species was not found.
Carrier state: No carrier state is known in cattle, although rare chronic cases
occur(3)(7).
Transmission: Transmission is by droplet infection over a short distance and by
contact(3)(7).
Signs of disease: In typical acute disease there is fever, malaise, nasal discharge,
ulceration of oral and nasal mucosa, diarrhoea and high mortality. However, in both
cattle and wild ruminants the disease sometimes occurs in a mild form(3).
Epidemiology: Although the disease is highly infectious it spreads by contact and
carrier animals are not known to occur. For these reasons, the disease can be
controlled in livestock, by controlling the movement of animals together with
vaccination. The safety and efficacy of vaccine in antelope is not known.
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Diagnosis: Provisional diagnoses made from the clinical signs of disease can be
confirmed by, virus isolation, polymerase chain reaction, agar gel immunodiffusion and
serology including competitive ELISA and virus neutralisation(8).
Implications: The disease could be potentially devastating for the susceptible New
Zealand cattle population, but would probably be easier to control than foot and mouth
disease.
Risk reduction: When rinderpest occurs in African wildlife the animals involved cannot
be carefully observed or inspected and there are gaps in knowledge concerning the
pathogensis and epidemiology of the disease in antelope. After the 1979 outbreak of
rinderpest in buffalo in the Serengeti National Park, the infection but not the disease
was present until at least 1987 (9)(10). Severe outbreaks of the disease occurred in
wild antelope in Kenya as recently as 1997(11). For these reasons no importations of
antelope from infected countries particularly the Central African countries should be
allowed.
The introduction of the disease should be easily avoided and does not represent a risk
if antelope are introduced only from countries that are free from rinderpest. In this case
the OIE recommendations for the importation of wild ruminants are only that animals
should be free from clinical disease and quarantined for 21 days. OIE
recommendations for importation of animals from infected countries are similar, except
that animals may be vaccinated(12). No information was found on the vaccination of
antelope. Serologically positive animals other than cattle cannot be imported into New
Zealand(13). Because of the seriousness of the disease and the gaps in our
knowledge about the disease in individual antelope species it is recommended that
antelope should only be brought from disease-free countries and zones. There should
are several safe sources from which antelope could be obtained.
Recommendations:
Source of animals: Animals should be sourced from zoos in disease-free
countries or zones.
Quarantine: Provided they are brought from disease-free countries no
quarantine for rinderpest would be necessary.
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Treatment: Vaccination is not recommended.
Diagnostic tests: No testing would be required if they are brought from safe
sources.
Risk of introduction: The risk of introduction is virtually non-existent provided they
are brought from safe sources.
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2.3

Rift Valley Fever

Rift Valley fever epidemics occur in years of heavy rainfall in Africa. The disease
causes serious economic losses in livestock, and serious disease in humans.
Swanepoel(1) has written an extensive review of the disease.
Etiological agent: Rift Valley fever virus (Family: Bunyaviridae, Genus: Phlebovirus ).
Susceptible species: Rift Valley fever is predominantly a disease of sheep and to a
lesser extent, cattle. Abortions were described in springbok and blesbok during an
outbreak of the disease in livestock. The etiology of the abortions in springbok was not
proven, although circumstantial evidence indicated Rift Valley fever was a possible
cause(1). Low levels of antibody have been found in a few species of antelope and in
African buffalo(1). During a serological survey for diseases of wildlife species in
Zimbabwe, antibody to Rift Valley fever was found to be most prevalent in rhino,
buffalo and waterbuck(2). In humans it causes a serious disease and a low mortality
rate.
Incubation period: The incubation period is short usually only about 1-2 days(1).
Carrier state: During the viraemic period, that lasts a few days, very high titres of virus
are found in the blood and virus persists in the organs, particularly the spleen for up to
3 weeks. No long-term carrier state has been observed(1).
Transmission: Transmission is by mosquitoes including: Aedes caballus, Aedes
circumluteolus/luteolateralis, Aedes juppi, Anopheles cinereus, Anopheles costani,
Anopheles mcintoshi, Culex neavi, Culex

theileri, Culex

zambaensis

and

Eretmapodites quinquevittatus (1). Transovarial transmission of the virus in mosquitoes
occurs in a low number of cases(1). Non-mosquito mechanical transmitters of disease
such as sandflies are of minor importance.
Signs of disease: The infection causes high numbers of abortions and perinatal
deaths in lambs and a much lower mortality in calves. In antelope, antibodies have
been found, but disease and lesions have not been described except that abortions in
springbok and blesbok may have been due to the disease(1). In humans it causes an
acute fever with flu-like signs, photosensitivity and sometimes complications such as
displaced retina. Deaths are rare in humans.
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Epidemiology: Epizootics of the disease occur in years of heavy rainfall. In these
periods the mosquito population is able to multiply and spread from the permanent
water sites where they are normally maintained, to breed in surface water in normally
dry areas. It is possible that the disease is maintained by transovarial transmission in
mosquitoes during the years when it does not cause endemic disease(1).
Diagnosis: A diagnosis may be suspected from the clinical signs, and confirmed by
histopathology, virus isolation, and antibody tests such as virus neutralisation and
indirect ELISA(3).
Implications: Four species of Australian mosquitoes were shown to be capable
vectors for the disease under experimental conditions(4). Two of these species of
these species, Aedes notoscriptus and Culex quinquefasciatus , are established in New
Zealand(5). The other species established in New Zealand(5) have not been
investigated for their vector capability for the virus. It is not known whether the disease
could become established in New Zealand where there is a predominantly winter
rainfall pattern and the lambing season is in a period of low mosquito activity. If it
established, it could cause serious economic repercussions.
Risk reduction: Antelope should preferably be introduced from disease-free countries.
If animals are brought from infected countries, standard quarantine procedures in
insect free premises will prevent the introduction of the disease. According to the OIE
International Animal Health Code, importation of wild ruminants from infected countries
can be undertaken with or without vaccination. If animals are vaccinated they must be
quarantined for 30 days prior to shipment. If unvaccinated, they should be subjected to
diagnostic testing before and during the 30 day quarantine period(6). This testing
would prove that animals did not sero-convert while in quarantine.
In addition to the OIE requirements, animals should not be imported during times when
the disease is occurring or when mosquitoes are prevalent. Pre-entry quarantine
should be in insect-free premises. Antelope should be serologically tested while in
quarantine and any groups of animals held in quarantine where sero-conversions
occur should not be imported as this may indicate that the quarantine premises were
not insect-free.
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Recommendations:
Source of animals: Animals should preferably be sourced from zoos in
disease-free countries or zones. Animals should only be brought from countries
where the disease occurs during seasons when vectors are inactive and there
are no outbreaks of the disease occurring.
Quarantine: If they are brought from infected countries they should be
quarantined in insect-free premises for 4-weeks.
Treatment: Vaccination is not recommended.
Diagnostic tests: Animals should be subjected to serological testing (virus
neutralisation test or ELISA) before entry into the quarantine premises and
again at the end of the quarantine period. It is MAF policy that serologically
positive animals may be imported(7). However, when sero-conversions occur
during quarantine, the quarantine premises cannot be regarded as insect free
and the shipment should be suspended pending upgrading of the quarantine
premises and further testing.
Risk of introduction: Provided the recommended precautions are taken the risk of
introduction of the disease is negligible.
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2.4

Bluetongue

Bluetongue is an OIE List A disease that primarily affects sheep. It occurs in Africa, the
Middle East, Asia, the United States and Australia. The virus is carried by Culicoides
spp. The disease has been reviewed by Verwoerd and Erasmus(1).
Etiological agent: The agent is the bluetongue virus (Family: Reoviridae, Genus:
Orbivirus), 24 antigenically different serotypes of the virus are recognised.
Susceptible species: Bluetongue is a serious disease of sheep, but all ruminants are
probably susceptible(1). African antelope do not develop clinical disease but
inapparent infections occur in many species(1)(2). Pronghorn antelope develop severe
clinical disease(2)(3). Bluetongue virus has been isolated from addax, ibex, African
buffalo and sable antelope(4) and pronghorn antelope(5). Antibody to bluetongue virus
has been found in a wide variety of African antelope(6)(7)(8). Experimental infection of
blesbok resulted in asymptomatic infection(9).
Incubation period: The incubation period is usually 4-6 days in sheep but can vary
from 2-15 days(1).
Carrier state: Animals carry the virus for short periods after they recover from
infection. Cattle carry the virus for up to at least 49 days(1). Antelope probably carry
the virus for shorter periods but the periods during which the various antelope species
remain viraemic are not generally known. Viraemia of 17 days in blesbok, 3 days in
pronghorn antelope and 35 days in mountain gazelle have been described(2).
Transmission: The disease is carried by Culicoides spp. Transovarial transmission
does not occur(1). About 20 of the 1,400 species of Culicoides are known to be
competent vectors of bluetongue(10).
Signs of disease: The clinmical signs include fever and inappetance. Oedema and
hyperaemia of the subcutaneous tissues occur in the head, lips and other parts of the
body. A swollen blue tongue, from which the disease gets its name, is an occasional
symptom. There may be ulcers in the mouth. Painful muscles due to muscle
degeneration may occur. Hyperaemia of the coronary region of the hoof and lameness
is common.

Diseases of Antelope: Risk of introducing live antelope into zoological gardens

27

Epidemiology: In the endemic areas of Africa the disease occurs in late summer and
autumn before the first frosts, when the concentration of biting midges is high. It is not
clearly understood what acts as reservoir of the disease during the winter months
when midges are not active. The virus may survive in frost-free areas where there is
permanent water and animals such as cattle or possibly antelope act as reservoirs of
infection(1).
Diagnosis: Initial diagnosis depends on observation of typical clinical signs of disease
and post mortem lesions (particularly haemorrhages in the wall of the pulmonary
artery). Virus isolation in embryonated eggs, polymerase chain reaction and antibody
detection by agar gel immunodiffusion and competitive ELISA may be used to confirm
the diagnosis(11).
Implications: If introduced into a New Zealand zoo, the disease is unlikely to spread,
because Culicoides vectors are not present in New Zealand(12).
Risk reduction: The OIE recommendations for importations of wild ruminants from
bluetongue free countries or parts of a country that have no common border with an
infected country, are that only a health certificate is required. For importation from
infected countries, animals should be kept in an insect-free quarantine station for 60
days (maximum carrier time plus maximum incubation period) and subjected to
diagnostic tests for bluetongue. They should be protected from insects during
transport(13). It is MAF policy that animals should be quarantined in a vector-free area
for 2 months(14). Serological testing before entry into quarantine and before release
from quarantine as recommended in the case of Rift Valley fever is not necessary
since Culicoides are sylvatic and seldom enter buildings so infection in a quarantine
building is very unlikely. Vaccination with bluetongue virus implies vaccination with 23
different strains of virus, usually given in three separate injections of pooled attenuated
virus strains, at 3 week intervals. This procedure is unsuitable for the importation of
antelope and there might be the risk of importing vaccine strains of virus with the
imported animals. Importation of live virus, including vaccine strains, is prohibited
under the Biosecurity Act 1993 unless an import permit has been granted. Therefore,
vaccination with attenuated live virus is not recommended
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Recommendations:
Source of animals: Animals should preferably be sourced from zoos in
disease-free countries or zones, but animals could also be sourced from
infected countries.
Quarantine: If they are brought from infected countries they should be
quarantined in vector-free premises for 60 days.
Treatment: Vaccination is not allowed.
Diagnostic tests: No serological testing is necessary.
Risk of introduction: The chance of introduction of the disease in antelope is
negligible if they come from bluetongue-free areas or are suitably quarantined. As long
as New Zealand remains free from Culicoides even the introduction of viraemic
animals would be of little concern, but it remains MAF policy to prohibit the importation
of viraemic animals.
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2.5

Epizootic haemorrhagic disease

Epizootic haemorrhagic disease is a disease that is caused by an orbivirus and carried
by Culicoides. It is a disease mainly of deer and pronghorn antelope in the United
States of America. Because of the similarities in epizootiology what has been said
about bluetongue applies to epizootic haemorrhagic disease and there is little reason
to repeat it in this section. The epizootiology, distribution and pathogenesis of the two
viruses have been reviewed(1) and an outbreak in which 1,000 deer and pronghorn
antelope died has been described(2).
It is recommended that pronghorn antelope from the USA be quarantined for a period
of 2-months as recommended for preventing the entry of bluetongue.
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2.6

Rabies

Rabies is an invariably fatal zoonotic disease. It is carried by carnivores and
transmitted to other animals including ruminants and man, when they are bitten by
infected carnivores. The disease has been extensively reviewed by Swanepoel(1).
Etiological agent: The etiological agent is the rabies virus (Family: Rhabdoviridae,
Genus: Lyssavirus ).
Susceptible species: Most mammals, including carnivorous animals, vampire and
other bats and ruminants (usually dead-end host) are susceptible.
Incubation period: Variable depending on the bite site, infectious dose and probably
strain of virus. It can be from weeks to months. Six months is usually taken as the
upper limit, but 611 days has been described(2).
Carrier state: Infected carnivores transmit the disease while they are viraemic and
suffering from the disease, before they die. The Indian grey mongoose may be an
asymptomatic carrier of the disease(3) and bats may be carriers of the closely related
European bat Lyssavirus (4).
Transmission: Transmission is by the bite of an infected carnivorous animal.
Ruminants and humans are usually dead end hosts, but all infected animals are
potentially dangerous.
Signs of disease: Infected animals typically show signs of nervous disease with
typical paralytic or aggressive (furious rabies) syndromes or unnatural behaviour,
salivation and incoordination. In ruminants there may be abnormal bellowing,
salivation, aggression, incoordination and other signs of nervous disease.
Epidemiology: The disease is transmitted from the bite of infected carnivores such as
dogs, jackals, foxes, cats, mongoose, vampire bats, racoons etc., depending on the
country. Ruminants are generally dead-end hosts. The exception is that in Namibia the
disease has been seen as a horizontally sustained infection in kudu in a rabies
epizootic that killed thousands of kudu between 1977 and 1983(5)(6). It has been
suggested that the disease may have been transmitted in these browsers by saliva
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contaminating leaves and twigs of thorn trees, following a disproportionate increase in
the kudu population(7).
Diagnosis: The diagnosis in suspected cases depends on the demonstration of virus
by fluorescent antibody or peroxidase linked antibody tests, mouse inoculation and
histological demonstration of Negri bodies in brain tissues(8).
Implications: The introduction of an infected antelope would have serious implications
for animal handlers in zoos, but would probably not result in transmission to other
animals. Lateral spread as has occurred in kudu would be unlikely. The disease would
be unlikely to spread outside the zoo.
Risk reduction: The only countries free from rabies, from which animals are likely to
be introduced are England and Australia. However, the risk of introduction from
countries where the disease occurs would be acceptably low if animals were only
brought from zoos, that have had no cases of rabies for prolonged periods of time.
Quarantine for long periods is an effective measure for preventing introduction, but is
expensive and unpopular with importers. The OIE recommendations for importation of
wild mammals from infected countries, that have not been kept in confined conditions,
is that they be symptom free and kept in a quarantine station for 6 months prior to
shipment. However, animals which have been confined for at least 12 months prior to
shipment, in an establishment that is free from rabies for at least a year, can be
imported without quarantine(9). In practice this means that animals that have been
confined in zoos for long periods would not need to be quarantined. Vaccination of
antelope is not recommended as no information was found on the vaccination of
various antelope species, although some vaccines are suitable for use in domestic
ruminants(1).
Recommendations:
Source of animals: Animals should preferably be sourced from zoos in
disease-free countries or zones, or from zoos with a history of freedom from
rabies for at least a year.
Quarantine: Quarantine is unnecessary if they are brought from suitable safe
sources. Where doubt exists about the safety of the source they should be
quarantined for 6-months.
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Treatment: Vaccination is not recommended.
Diagnostic tests: No serological testing is necessary.
Risk of introduction: The

risk

of

introduction

is

remote

provided

the

recommendations are adhered to.
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2.7

Lumpy skin disease

Lumpy skin is an OIE List A disease that causes serious economic loss in cattle in
Africa. It has spread to the Arabian Peninsula, and has occurred in Israel but was
eradicated. For a review of the disease see Reference 1.
Etiological agent: The disease is caused by the lumpy skin disease virus (Family:
Poxviridae Genus: Capripox).
Susceptible species: Cattle, giraffe and impala are highly susceptible to experimental
infection(2) and antibody has been found in African buffalo, but two buffalo calves did
not develop disease following experimental infection(1). The disease has been
described in a captive-bred Arabian oryx at the National Wildlife Research Centre in
Saudi Arabia. Two per cent of the oryx in the herd were serologically positive(3).
Incubation period: After experimental infection of cattle a local reaction and fever
develops in 4-7 days and skin nodules develop in 7-19 days(1).
Carrier state: No carrier state is known. Viraemia persists for about 4 days and the
virus can persist in skin nodules for 33 days, in the semen for 22 days and saliva for 11
days(4).
Transmission: The pattern of infection indicates that the disease is spread by biting
flies but the vectors are unknown(1).
Signs of disease: Initially there is fever, inappetance and enlarged superficial lymph
glands. Typical large pox lesions (lumps) develop on the skin a few days after the initial
fever reaction. The lumps may cover the whole body. Sometimes lesions are found in
trachea and alimentary tract, particularly the abomasum. Oedema of a limb or limbs
occurs in some cases(1).
Epidemiology: In Africa the disease occurs in periodic epidemics, the last of which
occurred in 1989-90. The vectors are not known but the evidence that it is spread by
biting flies is compelling. Antibodies have been found in African buffalo(1). In a study in
Tanzania, antibody was not found in buffalo or antelope(5). Giraffe and impala were
highly susceptible to experimental infection(2). The African buffalo may be the
maintenance host, but definitive proof is lacking.
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Diagnosis: The clinical picture and pathology are typical. Definitive confirmation is
provided by virus isolation or demonstration by electron microscope, identification of
antigen by fluorescent antibody, antigen capture ELISA and serological tests such as
virus neutralisation(6). Serological test generally do not have high sensitivity or
specificity(6).
Implications: If infected animals are introduced clinical manifestations of the disease
are unlikely to occur in antelope, although the disease has been seen in an Arabian
oryx(3). If is not known if suitable vectors occur in New Zealand, but if they do the
disease could spread to cattle outside of the zoos.
Risk reduction: Animals should preferably be imported from disease-free countries.
OIE recommendations for importing wild bovines from infected countries is that they
should show no clinical signs of lumpy skin disease and that they should be
quarantined for 28 days prior to shipment(7). It is recommended that in addition to the
OIE recommendations it should be specified that quarantine should be in insect free
premises and that importations should be at times when there is no active outbreak of
disease and when potential insect vectors are not active.
Recommendations:
Source of animals: Animals should preferably be from countries or zones that
are free from the disease. If brought from an infected country they should be
brought at times when biting fly activity is lowest and there are no active
outbreaks of the disease.
Quarantine: Quarantine is unnecessary if they are brought from suitable safe
sources. Animals from infected countries should be quarantined in insect free
premises for 28 days.
Treatment: Vaccination is not recommended.
Diagnostic tests:

Serological testing should be done before entry into

quarantine and again before release from quarantine to check that seroconversion did not occur during quarantine. Sero-conversion in quarantine
should result in suspension of the importation, pending negotiations about
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upgrading the quarantine premises and additional quarantining and testing of
the animals. Serologically positive animals may be imported(8).
Risk of introduction: The risk of introduction is negligible if recommendations are
followed.
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2.8

Malignant catarrhal fever

Malignant catarrhal fever is the most commonly occurring serious infectious disease of
zoo animals. The wildebeest-associated form of the disease has been reviewed in
reference 1.
Etiological agent: Wildebeest-associated malignant catarrhal fever is caused by
alcelaphine herpes virus-1. (Family: Herpesviridae, alcelaphine herpesvirus-1 (AHV1)).
In addition to AHV1, a closely related herpesvirus carried by sheep (ovine herpesvirus2, OHV2) commonly causes the disease in cattle and deer. Isolates from hartebeest
and topi showed little nucleic acid homology with typical AHV1 isolates(2)(3). Isolates
from topi and hartebeest have been designated alcelaphine herpesvirus-2 (AHV2) and
produced only atypical malignant catarrhal fever in cattle after artificial infection and
could not be transferred by natural transmission(1). Other closely related
herpesviruses may occur in other antelope(4)(5). An isolate from a roan antelope was
provisionally designated as being hippotragine herpesvirus-1(HHV1)(6)(7).
Susceptible species: The disease occurs in cattle and deer (AHV-1 and OHV-2). In
zoos the disease has been reported in kudu, sitatunga , eland and roan(1) and in
duiker and gerenuk (8) but is not seen in wild antelope. However, antibody has been
found in a wide range of antelope including nyala, roan, sable, tsessebe, waterbuck,
gemsbok, red hartebeest, and black and blue wildebeest(1); oryx, topi, addax(3);
lechwe, reedbuck(4); and pronghorn antelope(9). Presumably antibody could be found
in all species of antelope.
Incubation period: The incubation period is usually about 3-7 weeks but can be up to
73 days(10)
Carrier state :

Blue and black wildebeest commonly carry the AHV1(1)(5)(11).

Barnard has suggested that other members of the subfamilies Alcelaphinae and
Hippotraginae may also carry the infection. Topi carry AHV2.
Transmission: The disease is transmitted by contact over short distances between
wildebeest and susceptible animals(1)(11). It has been suggested that separation of
wildebeest and cattle by a distance of 1 kilometre is needed to avoid infection(1).
Transmission from wildebeest generally occurs when infected young wildebeest are
present.
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Signs of disease: In cattle there is fever, inappetance, mucopurulent nasal discharge
(snotsiekte), corneal opacity, and erosions of buccal and nasal cavities. In deer acute,
often bloody, diarrhoea is common and the mortality rate is high. Antelope in zoos
suffer from a similar disease but clinical disease is not seen in wild antelope.
Epidemiology: On cattle farms and in zoos, outbreaks of disease usually correlate
with contact with wildebeest(1)(8)(12) or with contact with sheep(OHV2)(12). The virus
was apparently endemic to Africa and the indigenous antelope appear to have
developed resistance to it under natural conditions, but are susceptible to the disease
when kept in captivity. Wildebeest are common asymptomatic carriers in the wild and
in zoos. Other related viruses such as AHV2 and HHV1 and possibly other related
herpesviruses occur. AHV1 and bovine cytomegalovirus (BHV3) are serologically and
immunogenically related(13).
Diagnosis: The clinical picture is often typical. The diagnosis can be confirmed by
histological examination and demonstration of the typical histopathological lesions or
by isolation of virus or the polymerase chain reaction for amplification of viral
DNA(14)(5). Serological tests such as virus neutralisation and the immunoperoxidase
test can be used to demonstrate antibody(15).
Implications: Introduction of the virus could have serious implications for the health of
deer and antelope held in zoos. However, the disease would not spread to farmed
cattle and deer outside of zoos as there are no wild or farmed maintenance hosts
(wildebeest) in contact with cattle and deer.
Risk reduction: Outbreaks of malignant catarrhal fever (AHV-1) that have occurred in
zoos, have invariably been transmitted by wildebeest. Wildebeest from any source
should be regarded with suspicion. However, the official policy of MAF with regard to
the importation of wildebeest has already been determined. It is that they should be
held in a quarantine premises that are physically separated from cattle and deer(16).
This policy should also be applied to other members of the Alcelaphinae and
Hippotraginae. This policy implies that infected wildebeest do not constitute a risk to
farmed livestock provided they are isolated from them in quarantine facilities or zoos.
There is clearly a greater risk for other animals in zoos and steps to safeguard zoo
animals are the responsibility of the zoos concerned.
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Recommendations:
Source of animals: Antelope could be obtained from any source but the risk of
wildebeest carrying AHV-1 are high and other Alcelaphinae and Hippotraginae
may carry related viruses. Zoos should protect their own interests by not
introducing high risk animals (particularly wildebeest).
Quarantine: During the time they are quarantined for other diseases,
wildebeest and members of the Alcelaphinae and Hippotraginae should be
quarantined in premises in which domestic stock are not present.
Treatment: No suitable vaccine is available.
Diagnostic tests: Serological testing is not recommended.
Risk of introduction: If wildebeest are introduced, the risks of introducing the disease
into animals held in zoos will be high. If other members of the families Acelaphinae or
Hippotraginae are introduced the risk is low.
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2.9

Ephemeral fever

Ephemeral fever is caused by an arbovirus. It is usually a non-fatal disease of cattle,
but it does cause significant production losses particularly in dairy cattle.
Etiological agent: The disease is caused by the ephemeral fever virus, (Family:
Rhabdoviridae, Genus: Lyssavirus of the bovine ephemeral fever serogroup).
Susceptible species: Amongst domestic livestock the disease is seen only in cattle.
Antibody to the virus was found in several antelope species(1)(2). In another study
antibody was widespread in 16 species of wildlife including buffalo, eland, nyala,
waterbuck and bushbuck(3).
Incubation period: The incubation period varies from 2-10 days(1).
Carrier state: No carrier state is known. In cattle viraemia lasts 1-3 days with a
maximum of 2 weeks(1).
Transmission: The virus is transmitted by Culicoides spp. and possibly other biting
insects(1).
Signs of disease: The disease in cattle is characterised by a phasic fever with two or
more peaks. Other signs of disease include inappetance and a stiff painful gait (3 day
stiff sickness). Recovery usually takes place after a few days. Occasional cases
become recumbent and do not rise, these cases often end fatally.
Epidemiology: In summer rainfall areas it is a disease of the summer and autumn
when Culicoides and other biting insects are present in high numbers. It occurs in
some seasons and is virtually unknown in others. In temperate climates, the disease
disappears after the first frost. The natural reservoir of the virus is unknown. As buffalo
and several species of antelope have antibody to the virus, it is possible that one or
more of these species may be a reservoir species for the virus. However, the disease
is endemic in Australia, a country that is essentially free from antelope species and has
a very different fauna than Africa. An alternative mechanism could be for the virus to
pass through the egg of the vector thus providing a similar mechanism for virus
survival to that postulated for Rift Valley fever virus.
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As New Zealand has no Culicoides spp.(4) and only 16 species of mosquitoes(5) it is
possible that the disease could not establish here but this remains unproven.
Diagnosis:

In cattle the disease can be diagnosed clinically from the typical

symptoms and confirmed by virus isolation and serology(1). However, the disease
does not occur in antelope and infection of these species is only indicated
retrospectively, by the development of antibodies.
Implications: Introduction and establishment of the disease might have significant
economic implications for the New Zealand cattle industries. It is not known whether
competent vectors are present in New Zealand.
Risk reduction: No long-term carrier antelope have been described, so it must be
assumed that standard quarantine practices would prevent the introduction of the virus.
If animals were introduced during times when vector activity is low the risk would be
even further reduced. Since the carrier state is not known, it is MAF policy to allow the
importation of antibody positive animals. The only reason to test animals serologically
would be to show that they had not sero-converted in quarantine
Recommendations:
Source of animals: Animals could be brought from infected or uninfected
countries. They should be imported during seasons when the vectors are
inactive and when no outbreaks of disease are occurring.
Quarantine: If brought from disease-free countries no quarantine is necessary.
If brought from infected countries a standard quarantine period of 4 weeks will
ensure that the animals are no longer viraemic.
Treatment: Vaccination is not recommended.
Diagnostic tests: Serological testing is not recommended if animals are
brought from disease-free countries. If brought from infected countries
serological testing before entry into quarantine and before release from
quarantine is recommended to show that the animals did not sero-convert while
in quarantine. Animals serologically positive before entering quarantine could
be imported without further testing(6). Sero-conversion in quarantine should
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result in suspension of the importation pending negotiations about upgrading
the quarantine premises and additional quarantining and testing of the animals.
Risk of introduction: The disease has not been introduced to New Zealand with the
importation of Australian cattle. The risk of introduction with introduced antelope is
remote.
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2.10

Nairobi sheep disease

Nairobi sheep disease is a tick-borne disease of sheep occurring mainly in East Africa.
It may be zoonotic as it is believed to have been transmitted to a laboratory worker(1).
Etiological agent: The etiological agent is Nairobi sheep disease virus (Family:
Bunyaviridae, Genus: Nairovirus ).
Susceptible species: The disease occurs in sheep and has been described in the
blue duiker. No references were found to the disease in other antelope but if duiker are
susceptible other species could also be(1).
Incubation period: The incubation period is 4-6 days(1).
Carrier state: Viraemia in sheep is thought to last only as long as the animal remains
febrile, which is 1-7 days. No carrier state has been described(1).
Transmission: The virus is transmitted by Rhipicephalus appendiculatus in which
species transovarial transmission of the disease occurs(1)(2). It is also transmitted by
other members of the Rhipicephalus genus and by Amblyomma variegatum but
transoviarial transmission does not occur in these ticks(1).
Signs of disease: The disease is characterised by fever, diarrhoea, nasal discharge,
abortions and high mortality.
Epidemiology: It is a tick-borne disease. Sporadic outbreaks of disease occur when
susceptible sheep are moved to areas infested by infected ticks.
Diagnosis: A provisional diagnosis may be confirmed by virus isolation and antibody
demonstration by the indirect fluorescent antibody test(2).
Implications: Introduction of the disease agent would have no impact unless tick
vectors were also introduced and became established. If infected tick vectors became
established in New Zealand, the disease could have serious financial implications for
the sheep industry. Standard quarantine would ensure that introduced antelope are
not carrying the virus but introduced ticks would be a more serious cause for concern.
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Risk reduction: Introduction of tick-free animals, from disease-free countries or zoos
and standard quarantine measures would ensure safe introduction of antelope.
Animals could be introduced from infected countries and it is MAF policy that
serologically positive animals may be introduced(3). However, it must be realised that if
animals are serologically positive the ticks they are carrying are likely to be infected
since the animals come from an infected environment. Special care must be taken be
taken to ensure ticks are not introduced since the virus is transmitted transovarially in
the tick.
Recommendations:
Source of animals: Animals should preferably from countries or zones that are
free from the disease, but introductions from infected countries would be
possible.
Quarantine: Standard quarantine (4 weeks) will ensure that no antelope that
are carrying the virus are introduced. Measures to ensure freedom from ticks
should be rigorously carried out.
Treatment: No vaccine is available.
Diagnostic tests: In the case of animals coming from infected countries,
serological testing before and at the end of the quarantine period should be
used to ensure that sero-conversion does not occur in quarantine. Seroconversion in quarantine should result in suspension of the importation pending
negotiations about upgrading the quarantine premises and additional
quarantining and testing of the animals. It should also lead to increased efforts
to ensure that ticks are not introduced.
Risk of introduction: The risk of introduction is remote as there is no reason to import
antelope from infected Central African countries. The risk of establishment is nil, unless
vectors are also introduced.
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2.11

Crimean-Congo disease

Crimean-Congo disease is important because it is a zoonotic tick borne disease, but it
is of little importance to livestock.
Etiological agent: The disease is caused by the Crimean-Congo haemorrhagic fever
virus (Family: Bunyaviridae, Genus: Nairovirus).
Susceptible species: A wide range of animals, birds (including ostriches) and
humans can be infected. Clinical disease has not been described in antelope. Antibody
has been found in giraffe and antelope especially the larger species such as kudu and
eland(1). The virus can be transmitted to ostriches(2) and ground feeding birds(3).
Incubation period: In humans the incubation period is usually 1-3 days, sometimes
up to 7 days after infection by a tick bite and somewhat longer after exposure to
blood(1).
Carrier state: Cattle carry the virus only for short periods. There is no information
about a carrier state in antelope(1).
Transmission: Ticks of the genus Hyalomma are the main vectors of the virus. The
disease has been transmitted to humans butchering infected carcasses(2)(4) and as a
nosocomial infection in a hospital(5).
Signs of disease: The disease causes a haemorrhagic fever in humans with a
mortality of about 3%. In livestock and antelope the infection is apparently
asymptomatic.
Epidemiology: It is a sporadically occurring tick-borne disease in man. Infected
antelope do not develop disease. It is believed that the virus is maintained in a
rodent/tick cycle in the Crimea(6). In South Africa the infection may be maintained in a
complex cycle involving immature ticks feeding on rodents, hares, and guinea fowl and
mature ticks feeding on antelope with humans incidentally infected by adult ticks(7).
Diagnosis: Infection can be confirmed by virus isolation and serological tests(1).
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Implications: Establishment of the disease would not be possible unless the vectors
were also introduced and became established. Even if vectors were introduced there
would be little impact on the health of domestic or zoo animals. Humans would be at
risk.
Risk reduction: Crimean-Congo haemorrhagic fever is a serious zoonotic disease
and there is still uncertainty about the role of antelope and other animals in the
epidemiology of the disease. Therefore antelope should preferably be brought from
countries that are free from the infection. It seems likely that there is no carrier state in
antelope, but this has not been conclusively proven. However, as long as antelope are
tick free there is no chance of introducing the virus. Antibody free antelope have
probably not been infected or have been infected some time previously and their
antibody levels have declined to non-detectable levels.

Antelope with detectable

antibody have probably been infected and are no longer carriers of the disease.
Therefore, both sero-positive and seronegative antelope could be imported with
minimal risk provided they did not sero-convert while in quarantine.
Recommendations:
Source of animals: Animals should preferably be from countries or zones that
are free from the disease, but introductions from infected countries would be
possible.
Quarantine: Standard quarantine (4 weeks) will provide good assurance that
antelope carrying the virus are not introduced. Measures to ensure freedom
from ticks should be rigorously enforced.
Treatment: No vaccine is available.
Diagnostic tests: Antelope from infected countries should be serologically
tested (virus neutralisation test ) before entry into quarantine and if negative,
again before release from quarantine. Sero-conversion in quarantine should
result in suspension of the importation pending negotiations about upgrading
the quarantine premises and additional quarantining and testing of the animals.
It should also lead to increased efforts to ensure that ticks are not introduced.
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Risk of introduction: The chances of an introduced antelope being a carrier are
extremely low. No known vectors occur in New Zealand, so that risk of establishment is
remote.
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2.12

Bovine virus diarrhoea

Bovine virus diarrhoea virus occurs universally and Type-1 (BVDV-1)is very common
in New Zealand. In cattle it causes sporadic cases of mucosal disease and foetal
deaths. In sheep, a closely related pestivirus causes hairy shaker disease. The more
virulent Type 2 virus does not occur in New Zealand(1). The disease has been
reviewed by Harkness and Van der Lugt(2).
Etiological agent: The

etiological

agent

is

bovine

virus

diarrhoea

virus

(Family:Togaviridae, genus: Pestivirus). The BVDV-1 virus of cattle and the border
disease virus of sheep are similar but distinct viruses. Comparatively recently another
pestivirus BVDV-2 has been described. Cytopathogenic and non-cytopathogenic
strains of pestiviruses occur.
Susceptible species: Cattle, sheep, pigs and deer. Antibody to pestivirus has been
found in a wide range of antelope including roan, wildebeest, oryx, kudu, sable,
giraffe(3)(4), wildebeest and topi (5), scimitar horned oryx(6); and eland, nyala and
bushbuck(7). Antibody is also found in captive exotic ruminants including antelope and
giraffe(8). Virus was isolated from five exotic ruminants(9). No information was found
on the typing of the virus strains isolated from antelope.
Incubation period: As many animals do not show any signs of disease, the incubation
period is hard to define. Antibody develops 16-28 days after infection(2).
Carrier state: A persistent carrier state occurs in cattle and sheep that have been
infected in utero. These carrier animals are usually serologically negative. An antibody
negative carrier state has also been described in eland(7). Animals that develop
antibody are not carriers.
Transmission: The disease is spread by contact between animals(2). The infection
may be transmitted to the foetus when pregnant animals are infected.(2).
Epidemiology: Most infections in cattle are asymptomatic. Depending on the stage of
pregnancy at which the infection occurs, infection of pregnant cows may lead to foetal
death and abortion or the development of antibody negative persistently infected
calves(2). A persistently infected eland was found amongst 303 antibody negative
eland(7).

Mucosal disease in cattle occurs when an antibody negative animal,
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persistently infected with a non-cytopathic strain of bovine virus diarrhoea virus is reinfected by an antigenically homologous cytopathic virus. The reinfection may possibly
arise from a new infection or from a mutation of the persistent virus.
Diagnosis: The presence of pestivirus can be demonstrated by antigen capture
ELISA, reverse transcriptase polymerase chain reaction or virus isolation. Antibody can
be demonstrated by virus neutralisation or ELISA(10)(11).
Implications for zoos: Introduction of BVDV-1 would be of no importance as the virus
is already present in most New Zealand cattle herds. The introduction of a Type-2
strain might have an economically significant effect. However, the impact of introducing
BVD-2 cannot be predicted, as it might not cause widespread disease in the face of
the overwhelming infection of the cattle population with BVDV-1.
Risk reduction: As there is no specific information about BVDV-2 infections in
antelope it must be assumed that the pathogenesis of BVDV-2 infections is similar to
that of BVDV-1 infections. Therefore the same risk reduction measures should be
applied for both virus types. It is MAF policy that serologically positive cattle can be
released into New Zealand and this policy should also apply to antelope(12). A low
percentage of antibody negative animals are likely to be persistent carriers of infection.
Therefore, introduced animals should be negative in the antibody capture ELISA test
and preferably antibody positive. Quarantine measures would not help to prevent the
introduction of the virus by persistent carriers.
Recommendations:
Source of animals: All countries must be regarded as infected with BVD.
Animals could be introduced from any country.
Quarantine: Quarantine measures would be ineffective in preventing the
introduction of virus by persistently infected animals.
Treatment: Vaccination of antelope has not been described and it is not
recommended.
Diagnostic tests: All animals should be negative to the antigen capture
ELISA.
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Risk of introduction: The risk of introduction of a carrier animals is low if introduced
animals are tested by the antigen capture ELISA.
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2.13

Miscellaneous virus diseases

Diseases that have not been described in antelope but could potentially infect antelope
include:
1.

Louping ill virus and other diseases of the tick-borne encephalitis
complex. These flaviviruses cause louping ill in Scotland and England .
In

Europe, Siberia and parts of Asia viruses of the tick-borne

encephalitis complex occur. Louping ill has a low mortality rate and
occurs mainly in sheep and grouse. Grouse are probably the
maintenance hosts. Infected animals are viraemic for about 7 days. The
diseases have not been described in antelope although they occur in
such a wide range of other animals that this possibility cannot be ruled
out. Louping ill is carried by Ixodes ricinus(1). Other viruses of the
complex are carried by Rhipicephalus spp. and Hyalomma anatolicum
in Asia.
2

Wesselsbron disease virus. This arbovirus occurs in sheep but has
not been described in antelope. It occurs sporadically in seasons of
high rainfall in Africa(2). There may be a maintenance host that has yet
to be discovered. This maintenance host could be an antelope species.
However, it could equally be maintained by transovarial transmission in
mosquitoes as has been postulated for Rift Valley fever.

Antelope have antibody to a number of virus diseases that are of minor importance as
far as animal importation is concerned. These include:
1.

Infectious bovine rhinotracheitis and infectious pustular vaginitis
are caused by bovine herpesvirus-1. Although there are three subtypes of BHV-1 they are all antigenically similar(3). BHV-1 infections
are usually asymptomatic but cause lifelong latent infections. In
common with other herpesvirus infections latently infected animals do
not shed virus except during sporadic periods of virus reactivation
generally attributed to stress. Serologically positive animals can be
assumed to be latently infected. BHV-1 infection is extremely common
in cattle in New Zealand, but the sub-types that cause severe
respiratory disease and abortion are not thought to be present(4)(12).
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Antibody to bovine herpesvirus-1 has been found in several species of
antelope(5)(6)(7)(8). The significance of IBR titres in antelope is not
known. It has been suggested that only the wildebeest is susceptible to
BHV-1(9) and that in this species infection is manifested as a genital
infection(10)(11). Antibody to BHV-1 in other antelope may be caused
by another herpes virus(9). Since the viruses in question are
antigenically similar there is no presently available system of serological
testing that can distinguish between the sub-types of BHV1. Excluding
all

serologically positive animals would reduce the chance of

introducing any new strains of herpes viruses into New Zealand. This is
the MAF policy for importation of cattle(12).
2.

Enzootic bovine leucosis. Antibodies to enzootic bovine leucosis
have been found in antelope(5). The disease occurs in New Zealand
and is the subject of a dairy industry eradication campaign. However,
the disease is not highly infectious and requires close contact for
transmission. It would be unlikely to spread from a zoo to other
livestock.

3.

Akabane disease and related simbu virus antibodies occur in the blood
of most species of African antelope, but no disease is associated with
the infection(13)(14). In cattle, the virus is present in the blood for only
about 4 days and is carried by Culicoides and mosquitoes. Culicoides
do not occur in New Zealand and the New Zealand mosquitoes may not
be competent vectors. The virus is generally harmless except for
causing deformities in the foetus when pregnant females are
infected(14). It is unlikely that the virus could be introduced, if standard
quarantine measures are enforced.

4.

Coronavirus infections commonly cause neonatal diarrhoea in calves.
The disease occurs universally. Coronavirus has been found in captive
sitatunga and waterbuck(15).

4.

Vesicular stomatitis is an insect-borne virus that has remained
confined to Central and North America. It is an OIE List A disease by
virtue of the similarity of the clinical symptoms to foot and mouth
disease. Inability to exclude a diagnosis of foot and mouth disease may
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lead to the imposition of expensive disease control measures, closing of
export markets etc. until the diagnosis is established. The disease
never causes economic losses comparable to foot and mouth disease.
Losses are likely to be limited to decreased production that occur on
individual farms and involve direct losses from the disease and
complications such as mastitits. Since the diagnosis of foot and mouth
disease and vesicular stomatitis are now rapid and accurate the
classification of vesicular stomatitis as a List A diseases seems to be an
artificial one.
Antibody was found in 60% of 139 pronghorn antelope killed by
hunters. Experimental infection with the virus showed that the species is
susceptible(16). Pronghorn antelope from the United States should be
quarantined for a standard 4 week period and moved in times when
insect vectors are not active and no outbreaks of vesicular stomatitis
are occurring. MAF policy is that serologically positive animals could be
safely released from quarantine(12).
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3.0

Protozoal diseases of antelope

3.1

Babesiosis

Babesiosis is a tick-borne disease that is one of the important diseases of African
livestock. For a review of the disease see reference 1. Although antelope have
antibody to the disease they are generally not thought to be carriers of the infection(1).
Etiological agent: Babesiosis is a complex of diseases caused by a number of
protozoal parasites including Babesia bovis, B. occulans, B. major, B. ovata, and B.
divergens (in cattle), B. motasi and B. ovis (in small ruminants) and B. irvinesmithi (in
sable antelope).
Susceptible species: B. irvinesmithi is unique to sable antelope and was responsible
for an outbreak of babesiosis in captive sable antelope(3). B. bigemina has been found
in a sable antelope(2) and transmitted to calves with ticks from the sable. However, the
finding should be regarded with some suspicion since the ticks involved could already
have been transovarially infected with the organism prior to feeding on the infected
sable. B. bovis has been found in blood smears from asymptomatic Uganda kob(4),
but this finding does not seem to have been confirmed by other workers. B. occulans
and possibly another unnamed species are virtually harmless(1). B. major is found in
cattle in southern Europe and North Africa, B. divergens is important in northern
Europe and B. ovata occurs in Japan and Asia. B. motasi is a parasite of small
ruminants. However, because of the difficulties in unravelling the taxonomy and the
difficulties of identification, some of the information in published papers may be
questionable. B. bovis and B. bigemina are the most important species in Africa.
Incubation period: In cattle the incubation period is from 7-21 days. It is slightly
longer for B. bovis than for B. bigemina(1).
Carrier state: European breeds of cattle may carry B. bovis for long periods and
generally for life and remain infective for ticks for up to 2-years. They carry B. bigemina
for at least a year but are infective for ticks for only about 4-7 weeks(1). Indigenous
African cattle tend to carry infections for shorter periods. Antelope may have antibodies
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against the parasites but there is no evidence that they are carriers of the parasite(1).
However, B. bovis were found in blood smears from asymptomatic Uganda kob(4), but
independent verification of this finding has not yet been produced.
Transmission: Boophilus microplus, Boophilus decoloratus , Boophilus annulatus and
probably Boophilus geigyi carry B. bigemina. B. bovis is transmitted by Boophilus
microplus but not by Boophilus decoloratus (5). Rhipicephalus evertsi carries B.
bigemina. B. occulans is carried by Hyalomma marginatum and Hyalomma truncatum
carries an unnamed harmless Babesia. Haemophysalis punctata carries B. major and
Haemophysalis longicornis carries B. ovata. It should be noted that Haemophysalis
longicornis, is endemic in the warmer parts of New Zealand. No reference was found
to Haemophysalis longicornis being a vector for other Babesia infections. The parasite
is transmitted transovarially at least in Boophilus spp.
Signs of disease: In cattle the disease is characterised by fever, inappetance,
anaemia, haemoglobinaemia and haemoglobinuria. Infections with B. bovis have a
high mortality in European breeds of cattle(1). Sable antelope imported from a zoo in
Germany into South Africa developed a disease characterised by a massive
haemolytic crisis associated with B. irvinesmithi(3).
Epidemiology: Babesiosis is a typical tick-borne disease. Cattle that recover from the
infection may become long term immune carriers particularly of B. bovis. Serologically
positive cattle should be assumed to be carriers of the disease. However there is no
good evidence that serologically positive antelope are carriers of Babesia infections(6).
Diagnosis: The parasite can be identified in blood smears from clinical cases, but it is
rarely possible to identify the parasite in blood smears from carrier animals. An ELISA
is available for B. bovis antibody identification but not for B. bigemina. Indirect
fluorescent antibody tests are available for both species(7). In cases of doubt Babesia
carriers can be identified by inoculating blood into splenectomised calves.
Implications: If carrier animals were introduced they would be unlikely to transmit the
disease unless competent vectors were also introduced. In warmer parts of New
Zealand Haemaphysalis longicornis is endemic and could carry B. ovata. No
references were found to indicate that Haemophysalis longicornis is a vector for other
species of Babesias.
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Risk reduction: The first priority should be to prevent the introduction of ticks.
Introduced animals should be tick-free and introduced into a tick free environment. It is
MAF policy that parasitaemic animals carrying OIE List B diseases may not be
introduced into New Zealand. Therefore, serologically positive cattle may not be
introduced(8). It is doubtful if sero-positive antelope carry Babesias but it is
recommended that a conservative approach be followed and the policy should be the
same for antelope as for cattle. Ticks on any animals even non-carrier animals could
be transovarially infected with Babesias.
Recommendations:
Source of animals: Animals should be introduced from zoos with a history of
freedom from babesiosis. However, it is not necessary to specify that animals
come from countries that are free from Babesias.
Quarantine: Quarantine measures would be ineffective in preventing the
introduction of the disease but are important to ensure freedom from ticks.
Standard quarantine of 4 weeks is recommended.
Treatment: Vaccination of antelope is not recommended.
Diagnostic tests: Introduced animals should be serologically negative. All
animals should be negative to the indirect fluorescent antibody tests for B.
bovis and B. bigemina if they come from infected countries or zones.
Risk of introduction: The probability of introducing Babesias and allowing the disease
to become established is very low, provided introduction of ticks is prevented and
introduced animals are serologically negative.
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3.2

Theileriosis

Theilerioisis is caused by Theileria parva (East Coast fever, corridor disease and
Zimbabwe theileriosis) and T. annualata (Mediterranean Coast theileriosis) cause
diseases of major economic importance. Other species of Theilerias are virtually nonpathogenic to cattle. For reviews of the diseases see references 1-5. A closely related
Cytauxzoon sp causes disease in some antelope but not in cattle.
Etiological agents and susceptible species: Some Theileria spp. are listed below:

T. parva (East Coast fever in cattle, benign in buffalo).
T. parva lawrenci (Corridor disease in cattle, buffalo are symptomless carriers
of the disease).
T. parva bovis (Zimbabwe theileriosis in cattle).
T. annulata (Mediterranean Coast fever in cattle).
T. mutans (benign infestation of cattle and buffalo).
T. velifera (benign infestation of cattle and buffalo).
T. orientalis (benign infestation of cattle in Asia, New Zealand, Australia.
Probably synonymous with Theileria sergenti).
T. seperata (benign infection of sheep).
T. taurotragi (benign species found in eland, it causes a usually benign
infection in cattle but occurs in rare cases of turning-sickness).
Cytauxzoonosis (causes disease in tssesebe, kudu, duiker, roan antelope and
giraffe)(6).
Incubation period: The incubation period for East Coast fever is 8-25 days(1).
Carrier state: Carrier animals are found in buffalo particularly for corridor disease.
Carriers are not known in antelope except possibly for T. taurotragi in eland.
Transmission: Ticks of the genus Rhipicephalus particularly Rhipicephalus
appendiculatus are the main vectors of East Coast fever and other related
theilerioses(1)(2).
Signs of disease: East Coast fever is characterised by enlarged lymph nodes,
anaemia, increased respiratory rate, dyspnoea and sometimes diarrhoea. There is a
high mortality rate with East Coast fever and Mediterranean Coast fever in cattle. T.
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taurotragi may cause occasional cases of turning sickness, a form of the disease
where lymphoblasts containing schizonts block capillaries in the brain. T. taurotragi
and T. mutans were probably confused in the past.
Epidemiology: East Coast and Mediterranean Coast fevers are tick-borne diseases
but antelope are not considered to be involved in maintaining the disease and are not
susceptible. Buffalo may play a small role in maintaining East Coast fever and a major
role as maintenance hosts for Corridor disease(1). T. taurotragi is found in eland and is
a mild infection in cattle except in occasional cases where it causes turning
sickness(1).
Diagnosis: The diagnosis can be confirmed by identification of the schizonts in lymph
node smears or small piros in blood smears. The indirect fluorescent antibody test can
be used to identify antibody(7).
Implications: There are no implications for domestic animals as antelope are not
involved in carrying the pathogenic species of Theilerias. T. taurotragi carried by eland
is of little importance as it causes asymptomatic infections in eland, and the vectors are
not present in New Zealand. The disease caused by a Cytauxzoon sp. can cause
disease in duiker, sable antelope, kudu, roan, giraffe, and tsessebe(6), but not in
domestic stock. Itwould be of no importance even in zoos if suitable tick vectors are not
also imported.
Risk reduction: No risk reduction strategies are required as antelope do not carry
virulent species of Theilerias.
Risk of introduction: The risk of introduction is remote.
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3.3

Tsetse fly transmitted trypanosomosis

Nagana or trypanosomosis is mainly restricted to the areas of Africa in which tsetse fly
(Glossina spp.) occur. It is a major disease that has prevented cattle farming in tsetse
fly infested areas(1)(2).
Etiological agent: The pathogenic species are Trypanosoma brucei, T. congolense
and T. vivax. T. theileri is a non-pathogenic species. The species pathogenic for man,
T. brucei gambiense and T. brucei rhodesiense are of no importance in the context of
importing antelope.
Susceptible species: Cattle are susceptible, and buffalo and a variety of antelope
carry the parasites(1)(2)(3)(4)(5).
Incubation period: The parasites can be found in the blood about 2 weeks after an
animal has been bitten by an infected tsetse fly(1).
Carrier state: Antelope and buffalo act as asymptomatic carriers of the parasite e.g.
kob(3); roan, buffalo, kob, waterbuck(4); and roan, kob, kongoni(5). Other species of
antelope have been found to carry the parasite(1).
Transmission: Transmission is by tsetse fly. Although mechanical transmission by
biting flies is possible they play no part in the maintenance of the disease caused by T.
congolense or T. brucei. They play a more important role in the transmission of T.
vivax and infestation with this parasite has become endemic in South and Central
America and the island of Mauritius, in the absence of tsetse flies(1)(2).
Signs of disease: It is usually a chronic wasting disease. Animals become weak and
anaemic with oedema of the limbs and a gradual loss of condition.
Epidemiology: The disease is carried by tsetse flies and restricted to the endemic
tsetse fly areas except for T. vivax which is also found in South and Central America
and Mauritius(1). In South America the disease occurs mainly near low lying swampy
areas and may be associated with tabanids as mechanical vectors(6)(7). However, in
most of Africa T. vivax does not occur outside the tsetse fly areas and it has not spread
to other parts of the world where tabanids occur. The precise factors that allowed the
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establishment of T. vivax in South America are not known. It therefore seems unlikely
that this parasite would establish in New Zealand, but this cannot be proved.
Diagnosis: Wet blood film and thick and thin blood smears may be examined to
identify the parasite. The parasites in blood can be concentrated by centrifugation in a
microhaematocrit tube and the buffy coat region examined by phase contrast or dark
field microscopy. Antibody can be detected by ELISA (sensitive but lacking in
specificity) or an indirect fluorescent antibody test(8).
Implications: Only T. vivax could have some implications for New Zealand as it is
found outside of the African tsetse fly areas. Even this parasite is unlikely to establish
here. Establishment of the disease would lead to ongoing erosion of farming
profitability.
Risk reduction: Because of the seriousness of the disease and the impossibility of
proving that the infection could not be spread in New Zealand, precautions should be
taken to prevent the importation of T. vivax. This could most reliably be achieved by
importing animals from zoos in countries or zones that are free from the disease. New
Zealand successfully imported thousands of llama from Chile without importing the
parasite. Llamas were imported from areas believed to be free from infection and
quarantined and repeatedly tested by the ELISA test. However, there are several
countries and zones, that are free from trypanosomosis, from which antelope can be
imported and it is recommended that animals should only be brought from these
sources.
Recommendations:
Source of animals: Animals should be introduced from countries and zones
that are free from trypanosomiasis.
Quarantine: Quarantine measures would be ineffective in preventing the
introduction of the disease.
Treatment: No vaccination is possible and prophylactic chemotherapy is not
recommended.
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Diagnostic tests: Serological or other testing is not necessary if animals are
brought from disease-free zones and countries.
Risk of introduction: The risk of introduction and establishment of the disease in New
Zealand is remote.
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3.4

Surra

Surra, a disease caused by Trypanosoma evansi, is an important disease of camels
and horses(1). The distribution of the parasite extends from North Africa across large
parts of Asia and Russia. It is often fatal in camels, buffaloes, horses, llama and dogs,
but it can be mild and sub-clinical in cattle donkeys, goats, sheep, pigs and
capybara(2). A search of the literature between 1984 and 1999 yielded no reference to
surra in antelope and it is therefore assumed that this disease is not of importance in
antelope.
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3.5

Besnoitiosis (elephant-skin disease)

Besnoitiosis is a disease that affects cattle, goats and horses. It occurs most
commonly in the sub-tropical areas of Africa but also occurs more rarely in non-tropical
regions. It also occurs in South Korea, Israel, Portugal, France, Venezuela and
Russia(1).
Etiological agent: The agent is a protozoan parasite Besnoitia besnoiti.
Susceptible species: The primary host is presumed to be a member of the cat family
but it has not been identified. Cattle, goats and horses are intermediate hosts.
Inapparent infections occur in wildebeest, impala, zebra, donkey, mule and
warthog(1)(2).
Incubation period: About 4 days(1).
Carrier state: Inapparent infestations with a closely related species or strain occur in
wildebeest and impala. The antelope strain is not pathogenic for cattle and has been
used as a cattle vaccine(1). The primary host is unknown, but is probably a member of
the cat family(1).
Transmission: Transmission is presumed to be through the faeces of the primary
host(1). The disease can also be transmitted by biting flies but sub-clinical infections
are the invariable result(3).
Signs of disease: In cattle, fever, weight loss, anasarca and sometimes death occur
in the acute stage. Sterility is common in affected bulls. Most animals survive the acute
phase and may show few signs of disease but inspection of the conjunctiva reveals
small, granular cysts in the mucosa. As the disease becomes chronic, some animals
develop the typical skin condition with alopoecia and dry thickened skin leading to the
common name of olifantvelsiekte or elephant skin disease, which becomes
progressive and debilitating. Antelope remain symptomless.
Epidemiology: It occurs sporadically particularly in sub-tropical areas. The life cycle
for this parasite has not been elucidated. However, for all similar parasites there is a
life cycle that involves a carnivorous host that becomes infected while feeding on meat
or carcass material and a herbivorous secondary host that is infected from the host’s
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faeces. Bigalke has suggested that the most likely host for this parasite is one of the
cat family(1). The parasite that infests wildebeest and impala does not cause any
disease in those animals and is benign for cattle and is used as a vaccine in cattle(3).
Diagnosis: In cattle typical signs of disease and the presence of typical cysts in the
conjunctiva are usually sufficient to make a diagnosis. The diagnosis can be confirmed
by histological examination of skin lesions.
Implications: Infected antelope would be asymptomatic carriers of the disease and
unlikely to transmit the disease to other animals in a zoo environment. Transmission to
a carnivorous primary host is highly unlikely as it should not be zoo practice to feed
meat from zoo animals to carnivores. The completion of the life cycle could not occur,
making the establishment of the disease in New Zealand impossible.
Risk reduction: As infections in antelope are likely to be asymptomatic and would also
be benign if transmitted to cattle, there is no reason for concern about this parasite.
Risk of introduction: Risk of introduction of the parasite is remote and as long as
antelope meat is not fed to carnivores, establishment of the disease would not be
possible.
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3.6

Other protozoal diseases

A number of protozoal parasites of antelope are of minor importance because they are
unlikely to be introduced, occur rarely or cause insignificant diseases or asymptomatic
infections in the countries in which they are endemic. These parasites include:
1. Toxoplasmosis. Toxoplasma gondii is found wherever cats are found in the
world. Felidae and most often the domestic cat act as definitive host. Most
animals including mammals, birds and reptiles can be infected as intermediate
hosts. In most species the infection is harmless and they remain asymptomatic.
However, some animals such as new world monkeys and Australian
marsupials and parrots that evolved in environments where the parasite did not
exist are susceptible to infection. Although antelope can be infected as
evidenced by serological testing(1)(2), an extensive computer search of the
literature revealed no evidence of severe disease in antelope.
Toxoplasmosis is extremely widespread in New Zealand and introduction of
antelope carrying Toxoplasma cysts would not be significant.
2. Sarcocystosis. There are a large number of Sarcocystis spp. For each
parasite species the definitive host is a carnivore and the intermediate host a
prey animal of the definitive host. The infestation of intermediate hosts is
usually asymptomatic. Sarcocysts have been found in antelope in zoos in the
United States of America(3) and in African (4) and Indian(5) antelope. For a
review see reference 6.
Introduction of antelope infested with sarcocystis cysts would be of no
significance. The parasites are harmless to the infested animals. In zoos
parasites will be unable to complete their life cycles as the definitive hosts are
kept isolated from and unable to eat the meat of the infested antelope.
3. Coccidiosis and cryptosporidiosis occur in a wide variety of antelope in
zoos(7)(8)(9)(10)(11). Uterine coccidiosis occurs in the uteri of about 1% of
impala ewes, in the Kruger National park in South Africa(12). These diseases
tend to cause disease in young animals kept in unhygienic conditions.
However, the parasites probably occur universally and there is no practical way
to prevent their introduction, if live animals are introduced. Introduced antelope
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should be adult animals in which oocysts cannot be demonstrated in the
faeces. Treatment with coccidiostats could be contemplated although this is
unlikely to completely eliminate the parasite. Only if genetic material were
introduced as semen or embryos would the parasites be excluded.
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4.0

Rickettsial and chlamydial diseases of antelope

4.1

Heartwater

Heartwater is a major disease of livestock in tropical and sub-tropical Africa and has
spread to the Caribbean region. A review of the disease is given in Reference 1.
Etiological agent: Heartwater is caused by Cowdria ruminantium.
Susceptible species: Cattle, sheep and goats are susceptible. Clinical infections have
been reported in black wildebeest, blesbok, springbok and eland and sub-clinical
infections have also been reported in giraffe, black wildebeest, blesbok and eland(2).
Clinical disease has been reported in a sitatunga(3). The organism could be grown and
maintained in endothelial cell cultures from sable and eland(4). It has been suggested
that the antelope that are susceptible to heartwater are those such as springbok and
blesbok that do not occur in heartwater endemic areas and have not evolved with the
organism. Those in endemic areas are generally refractory to the infection and it is
postulated that a maintenance host may eventually be identified amongst these
animals(5).
Incubation period: In cattle the incubation period varies from 9-29days(1).
Carrier state: Cattle can carry the infection for a year but sheep only carry it for about
3 weeks(1). Eland, giraffe, kudu and wildebeest have been experimentally infected and
the infection was transferred from them to susceptible cattle by Amblyomma
hebraeum(6). The duration of a carrier state in antelope is not known.
Transmission: The disease is carried by ticks of the genus Amblyomma, particularly
A. hebraeum and A. variegatum . Generally the infection is transmitted transtadially in
the tick. Intrastadial transmission is also likely. There has been one description of
transovarial transmission but it is probably very rare(7).
Signs of disease: Typical signs of disease include high fever, inappetance, nervous
signs and high mortality.
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Epidemiology: The disease is carried by ticks in sub-tropical and tropical areas of
Africa. Young animals are more resistant than adults , and in endemic areas most
animals are infected while young and their immunity is maintained by reinfection when
ticks are present. It has recently been shown that 1.7% of Amblyomma hebraeum from
the Kruger National Park carry Cowdria hebraeum (8). The Kruger National Park
covers an area of nearly 20,000 square kilometres and has been a game reserve free
from domestic stock for close to 100 years. This finding provides evidence that
heartwater is maintained in a wildlife/vector cycle in the absence of domestic stock.
Diagnosis: Signs of disease may be typical and the diagnosis can be confirmed by
demonstration of the organism in the endothelium of capillaries in smears made from
brain tissue. A polymerase chain reaction can be used to demonstrate C. ruminantium
DNA in infected tissues. Antibody can be demonstrated by an indirect fluorescent
antibody test or by an indirect or a competitive ELISA(9).
Implications: There are no implications for New Zealand animal industries as the
climate is not suitable for the establishment of Amblyomma spp. Many carrier antelope
would be asymptomatic and susceptible antelope that are going to develop signs of
disease would probably develop the disease while in quarantine. Establishment of the
disease would not occur in the absence of Amblyomma ticks.
Risk reduction: Although Amblyomma spp. are unlikely to survive their first winter in
New Zealand steps to prevent their introduction should be rigorously enforced. The
OIE International Animal Health Code specifies that animals imported from countries
infected with heartwater should show no clinical signs of heartwater, be subjected to a
diagnostic test for heartwater during the 15 days prior to shipment and be treated with
acaricides to be totally tick free(10). MAF policy with regard to serologically positive
animals is that they could be carriers of disease and should not be introduced into New
Zealand(11). Importation from heartwater free countries and zones would prevent the
importation of carrier animals and Amblyomma spp. It is recommended that animals
should only be brought from heartwater free zones and countries.
Recommendations:
Source of animals: Animals should be introduced from countries and zones
that are free from heartwater and Amblyomma spp.
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Quarantine: Standard

quarantine and tick control measures should be

enforced for prevention of introduction of ticks. Quarantine would be ineffective
in preventing the importation of the organism.
Treatment: No vaccination or treatment is recommended.
Diagnostic tests: Serological or other testing is not necessary if animals are
brought from disease-free zones and countries.
Risk of introduction: there would be no risk of introducing the disease if animals are
introduced form disease-free zones and countries.
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4.2

Anaplasmosis

Anaplasmosis is a mainly tick-borne disease that occurs in most tropical and subtropical countries and some temperate parts of the world. Reviews of the disease are
given in References 1 and 6.
Etiological agent: Anaplasmosis is caused by Anaplasma marginale and A. centrale
in cattle and A. ovis in sheep. (Family: Anaplasmataceae, Genus: Anaplasma).
Susceptible species: Anaplasmosis in cattle is caused by A. marginale. A. centrale is
relatively benign and is used as a vaccine strain. A. ovis is mildly pathogenic for sheep.
Naturally occurring A. marginale infection (in clinically normal animals) has been
described in giraffe, sable, buffalo, black wildebeest(1); buffalo, impala(2); kob(3).
Blesbok, duiker and black wildebeest have been experimentally infected(1). The only
wild animal in which the disease has been seen is the giraffe(4). It has been suggested
that there may be other strains of Anaplasmas since transmission to cattle with blood
from waterbuck, impala, Grant's gazelle and eland was unsuccessful and isolates from
Coke's hartebeest, blue wildebeest and Thompson's gazelle caused mild infections in
cattle(1). A. ovis has been experimentally transmitted to pronghorn antelope in the
United States of America(5). The occurrence of Anaplasma infections in wild and
domestic ruminants has been reviewed by Kuttler(6).
Incubation period: The incubation period is typically from 15-36 days but may be up
to 100 days(1).
Carrier state: The infection can be carried for long periods and possibly for life by
recovered cattle(1). The length of time antelope remain carriers is not known. All
serologically positive animals should be regarded as carriers.
Transmission: The disease is transmitted biologically and mechanically by arthropod
vectors. Fourteen tick species have been listed as capable of carrying the disease,
although the evidence for some of the species was not convincing(8). Mechanical
transmission by biting flies such as Stomoxys calcitrans and Tabanus spp. is possible.
Transovarial transmission has been described in Boophilus spp. but transtadial
transmission is more usual and intrastadial transmission is probably also
important(7)(8). Transmission by the only New Zealand cattle tick Haemophysalis
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longicornis, has not been recorded in reviews on ticks and anaplasmosis by several
experts(1)(8)(9)(10).
Signs of disease: Signs of disease include fever and inappetance, ruminal stasis and
impaction, anaemia and jaundice. The disease tends to be less acute than babesiosis
infections and the mortality somewhat lower. Anaplasmosis of sheep generally causes
a mild or inapparent infection.
Epidemiology: It is a typically tick-borne disease. Those animals that have been born
and raised in endemically infected areas are usually immune but animals introduced
from non-infected areas are susceptible.
Diagnosis:

A diagnosis can be made by identification of the organism in stained

blood smears or fluorescent antibody staining of parasites in blood smears. A PCR
method is able to detect 0.0001% infected cells, but at this sensitivity only a proportion
of carrier animals would be detected. Serological tests include the complement fixation
test, a card agglutination test, an ELISA and an indirect fluorescent antibody test(8). In
case of doubt transmission to splencetomised calves could be attempted.
Implications: Imported carrier antelope are unlikely to show any signs of disease. The
disease is unlikely to spread in New Zealand due to the absence of tick vectors.
Risk reduction: Strict measures to prevent the introduction of ticks are essential. The
disease occurs in most tropical and sub-tropical countries and several temperate
regions(8). Therefore, sourcing animals from disease-free countries may not be
difficult. Since other steps can be taken to ensure that the disease is not introduced
and does not become established in New Zealand, introductions from infected
countries should be allowed. Introduced animals should be serologically negative(11)
and tick free. In addition to these measures it is recommended in the International
Animal Health Code that cattle should be treated with an effective drug such as
oxytetracycline for five consecutive days at a dose of 22 mg/kg(12).
Recommendations:
Source of animals: Animals could be sourced from infected zones and regions
but it would be preferable to bring them from disease-free countries.
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Quarantine: Quarantine measures would be ineffective in preventing the
introduction of the etiological agent but should be strictly enforced to prevent
the introduction of ticks.
Treatment: Treatment with tetracyclines as recommended by OIE is
recommended as an additional supportive measure(12).
Diagnostic tests: Animals from infected countries of zones should be
subjected to testing with an OIE approved serological test (Complement
fixation test or card agglutination test). Serologically positive animals should not
be released into New Zealand.
Risk of introduction: The risk of introduction is low since and it is unlikely that the
disease could establish in New Zealand in the absence of tick vectors.
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4.3

Other Rickettsial and Chlamydial infections

Other rickettsial infections of antelope that are of minor importance include the
following:
1. Ehrlichia bovis. This organism causes a disease syndrome resembling a mild
form of heartwater with an incubation period of 3-6 weeks in cattle. Many
animals are asymptomatically infected(1). It has not been described in
antelope. Originally it was thought to be confined to Senegal and West Africa
but it may occur in other parts of Africa including South Africa. In Senegal it is
associated with a syndrome known as nofel in which lymph nodes are enlarged
and a suppurative otitis occurs. Vectors include Hyalomma excavatum in Iran,
Rhipicephalus appendiculatus in southern Africa, Amblyomma variegatum in
West Africa and Amblyomma cajannense in Brazil(1). The infection causes the
development of antibodies that cross react with heartwater(1).
2. Cytoectes ondiri. Ondiri disease or bovine petechial fever in East Africa is
caused by Cytoectes ondiri. The disease is characterised by widespread
petechial and ecchymotic haemorrhages on mucosal and serosal surfaces. The
mortality rate may be 50% in untreated cases. Exotic breeds of cattle are more
susceptible to the infection than indigenous cattle. It is endemic in wild
ruminants, particularly bushbuck and is restricted to certain well defined
ecological areas in Kenya and perhaps other East and Central African
countries. It is invariably associated with the presence of bushbuck and
Haemophysalis aciculifer and Haemaphysalis parmata, two common ticks of
bushbuck are though to be the probable vectors. The disease has not been
described in zoo animals and the chances of its introduction are remote if
antelope are imported from non-endemic areas and zoos. Bushbuck captured
in the wild in East and central Africa should not be imported. The disease has
been reviewed in references 1 and 2.
3. Cytoectes phagocytophilia causes tick-borne fever in Europe and is carried
by Ixodes ricinus . The disease has an incubation period of 3-13 days and is
characterised by high fever and a drop in milk production. Pregnant animals
may abort and mummified foetuses may occur(1). No reference was found to
the disease occurring in antelope.
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4. No references to Q fever (Coxiella burnetti) in antelope were found.
However, the organism is widely distributed throughout the world and found in
a wide variety of animals and birds. It would be surprising if the organism could
not also infect antelope. It has been associated with 35 species of ticks from 11
genera(3). It is also believed that the organism can be transmitted
transovarially in ticks(3). However, the exact role the tick plays in transmission
is unclear and it has been suggested that the disease is more likely to be
spread by inhaling dust contaminated with the agent derived from placentas of
animals that have aborted(4). Others have suggested tick faeces in dust as a
source of infection. The infection can induce abortion and gynaecological
disorders in cows, ewes and goats, but can also sometimes be isolated from
placentas from normal births. In humans, it causes a febrile influenza-like
condition, pneumonia, hepatitis and endocarditis(4). If the infection occurs in
antelope, they are likely to be asymptomatic as no disease has been described.
The probability of introducing the disease into New Zealand directly with
antelope importations is, probably low. However, as New Zealand is one of the
few countries that is free from the infection, great care should be taken not to
introduce ticks with introduced antelope. Only serologically negative antelope
should be introduced.
5. Chlamydial infection has been described in a springbok(5) and an outbreak
of mortality associated with a chlamydial infection occurred in blackbuck and
scimitar oryx, in a zoo in Georgia(6). The disease occurred in blackbuck that
had been transported from Texas and it was suggested that the infection could
have been caused by the activation of a latent infection by the stress of
transport. Chlamydia were demonstrated in a wide range of tissues from
infected animals.
Little is known about this infection in antelope. It is not even known which
species of Chlamydia are involved, how the disease is transmitted, whether
latent infections occur, which antelope are susceptible, how widely the infection
is distributed and whether the infections described in the two cases reported
were caused by the same organism. Since it has apparently only been
described in these two cases it is assumed that it is an uncommon infection.
Standard risk reduction procedures including selection of animals from
premises that have a history of freedom from disease and standard quarantine
should be used to reduce the risk of introduction. Serology could be attempted
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but interpretation of the results would be problematical unless clear-cut high
titres were found. Since so little information is available concerning this disease
no soundly based recommendations can be made for reducing the risks of
introducing it. However, because the literature on the condition is so sparse it is
probably a rare disease or an infection that only rarely causes a disease
syndrome and the risks of introducing the disease are probably low. It is
recommended that animals should be introduced without any specific testing
for this disease.
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5.0

Bacterial infections of antelope

5.1

Brucellosis

Brucellosis (Brucella abortus ) is a serious zoonotic disease of cattle that has been
eradicated from many developed countries including New Zealand.
Etiological agent : The disese in cattle is caused by B. abortus . References to B. suis
and B. melitensis in antelope were not found but could potentially occur.
Susceptible species: B. abortus occurs predominantly in cattle. Antibody has been
found in eland, wildebeest, impala, waterbuck and bushbuck(1); eland, impala and
giraffe(2): and wildebeest(3) eland, oryx(4). Serological titres occur in buffalo(1)(2)(3)
and the organism has also been isolated from buffalo(5).
Incubation period: In cattle abortions usually occur in the 5th to 9th months of
pregnancy(6) The time between infection and abortion may vary from weeks to months
depending on the stage of pregnancy when the animal is infected(7).
Carrier state: Cattle may carry the infection for years and the organism may be
excreted in vaginal discharge at the time of calving and in milk. Rare cases of antibody
negative carrier animals occur in calves born to infected dams(7).
Transmission: Transmission occurs by contact with aborted foetuses, placentas and
vaginal discharge. Transmission may occur orally or through any mucous membrane.
Signs of disease: In cattle, abortion is common and uterine infections and retained
afterbirths occur commonly after abortions. In antelope species there is no evidence
that the infection causes abortion and generally antelope appear to be well adapted to
the infection(1).
Epidemiology: Antelope probably play little role in the dissemination of the disease to
cattle and the infection appears to be asymptomatic in antelope. However, the infection
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does spread to some extent in antelope as evidenced by positive serology in antelope
species. It is therefore an infectious disease that could in the right circumstance spread
to any susceptible animal. The organism has been isolated from buffalo(5).
Diagnosis:

A range of serological tests are used including particularly the

complement fixation test and the ELISA. A diagnosis can also be made by isolating the
organism(6).
Implications: The importation of serologically positive antelope should be avoided as
the disease could potentially spread to other susceptible zoo animals and represent a
possible source of infection for farm animals. Any source of possible infection in the
country is unacceptable.
Risk reduction: Antelope should be imported from zoos and countries that are free
from brucellosis. Only serologically negative antelope should be imported. They should
be kept isolated and tested twice with an interval of not less than 30 days between
tests, the second test being carried out within 15 days of shipment(8).
Recommendations:
Source of animals: Animals should be sourced from disease-free countries
and zones.
Quarantine: Quarantine measures would be ineffective in preventing the
introduction of the etiological agent.
Treatment: Treatment and vaccination are not recommended.
Diagnostic tests: Since zoo animals are not under the same control as
domestic stock all introduced antelope, even from Brucella free countries,
should be serologically tested with an OIE approved test (complement fixation
test or ELISA ). Serologically positive animals should not be released into New
Zealand(9).
Risk of introduction: The risk of introduction is negligible if antelope are brought from
safe sources and are serologically tested before importation.
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5.2

Tuberculosis

Tuberculosis is a serious disease of cattle that occurs in most countries except in those
developed countries where it has been eradicated.
Etiological agent: Bovine tuberculosis is caused by Mycobacterium bovis and is the
usual cause of tuberculosis in antelope. Infection with M. tuberculosis is rare in animals
apart from man, and M. avium causes lesions in deer but no reference was found to it
causing disease in antelope.
Susceptible species: Cattle are the main species of domestic animals infected by M.
bovis although the disease is also found less commonly in pigs and goats and rarely in
sheep. The disease has caused serious problems in farmed and wild deer in New
Zealand. It has been seen in kudu, duiker and lechwe(1). Recent publications have
described tuberculosis in Arabian oryx(2)(3); blackbuck(4)(5); kudu(6); and lechwe,
bushbuck(7). The problem in kudu in the Eastern Cape province of South Africa is a
long-standing one which was described in 1940(8) and the disease has remained
endemic in kudu in that area. Tuberculosis has become a serious problem of wild
buffalo in the Kruger National park in South Africa in recent years and has spread to
other species(9)(10). All antelope species should be regarded as potentially
susceptible to M. bovis infection.
Incubation period: The incubation period cannot easily be defined. Some cattle,
particularly if artificially infected, may develop frank disease within a few weeks, but
others develop small closed lesions and do not excrete the organism for years.
Progression of the disease to an advanced stage often takes years(1).
Carrier state: Since it is a chronic disease, animals usually remain infected for life(1)
Transmission: Infected animals may excrete the organism in expired-droplets, faeces,
urine, milk or in pus from ruptured abscesses, depending on the location of the lesions.
Animals acquire infection by inhalation of infected droplets or eating contaminated
material(1).
Signs of disease: Usually the disease runs a chronic course, and infected animals
may continue to excrete the organism for months or years. Infected animals may show
few signs of disease, or may have a progressive, wasting, respiratory disease in
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advanced cases of lung tuberculosis. Emaciation and respiratory distress may occur in
the terminal stages of the disease. Other signs of disease vary according to where the
lesions are located and may include mastitis, enlarged lymph nodes and draining
abscesses or sinuses(1)(11).
Epidemiology: The epidemiological picture is typical of a slowly spreading infectious
disease.
Diagnosis: The intradermal tuberculin test is the standard diagnostic method for
diagnosis of the disease in cattle. A diagnosis may also be made by demonstration of
typical gross and histological lesions, demonstration of organisms in smears or tissue
by Ziehl Neelsen staining or isolation of the organism. Polymerase chain reaction
methods are now available. It has been suggested that the lymphocyte proliferation
assay may be useful in wildlife and zoo animals(11).
Implications: New Zealand is endemically infected with bovine tuberculosis, in areas
where possums and other wild or feral animals are infected. There is an active
campaign to eradicate the disease and the introduction of new foci of infection is
unacceptable. Introduction of infected animals could have serious consequences for
zoos, because a wide variety of zoo animals could contract the disease, including other
antelope, deer, Australian marsupials, cattle, goats, elephants etc. The possibility of
transmission to the public would have to be considered. The disease could spread
from zoos to possums in the vicinity and they could in turn infect domestic stock.
Holding infected animals in zoos is unacceptable.
Risk reduction: Antelope should be imported from zoos that are have a history of
freedom from infection. They should be subjected to tuberculin testing in a similar
manner to deer, even although the tuberculin test has not been standardised and
validated for antelope species. The OIE International Animal Health Code specifies
that cattle should be tested twice with an interval of not less than 60 days, the last test
being done within 30 days of shipment. The code also recommends that for wild
bovines destined for zoos only one test is required(12) The Australian Quarantine and
Inspection Service (AQIS) recommends that the interval between tests should be
increased to 90 days to avoid problems with desensitisation. It is recommended that for
antelope two tests, with an interval of 90 days, should be done while the animal is
isolated from contact with other animals, unless they are of proven health status.
Freedom of a country’s livestock from tuberculosis would not necessarily guarantee
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that zoo animals are free from infection since, they are not subjected to the same
levels of control.
Recommendations:
Source of animals: Animals should be sourced from disease-free countries
and zones and zoos with a history of freedom from tuberculosis.
Quarantine: Quarantine measures would be ineffective in preventing the
introduction of the etiological agent.
Treatment: Treatment and vaccination are not recommended.
Diagnostic tests: Since zoo animals are not under the same control as
domestic stock, all introduced antelope, even from bovine tuberculosis free
countries, should be tuberculin tested twice with an interval of 90 days, the last
test being within 2 weeks of importation into New Zealand.
Risk of introduction: The risk of introduction of disease will be low provided animals
are brought from disease-free sources and are tuberculin tested.
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5.3

Johne’s disease (paratuberculosis)

Johne's disease is a serious disease of domestic animals with a world-wide
distribution. It occurs in all species of domesticated ruminant livestock in New Zealand.
Etiological agent: The etiological agent is Mycobacterium paratuberculosis . There are
two main types of M. paratuberculosis , a type found predominantly in cattle that is
comparatively easy to isolate and a type found in sheep that is very difficult to culture.
The two types are distinguishable by electrophoretic analysis of restriction fragments of
DNA(1).
Susceptible species: Cattle, sheep, goats, deer and camelids are susceptible.
Antelope are susceptible, but the disease has only rarely been reported in antelope
species. In an issue of the OIE publication Revue Scientifique et Technique(2),
devoted entirely to wildlife husbandry and diseases there are no references to Johne's
disease in antelope. On a ranch on which antibody was detected in camels and goats,
no antibody was found in antelope(3). The disease has been described in a Jimela
topi(4) and in a saiga antelope(5). In the latter case the organism was isolated and the
disease was transmitted to sheep. From the description it appears as though the
organism was of the difficult to isolate type usually found in sheep.
Incubation period: The incubation period is generally from one to several years(6).
Carrier state: Animals may pass the organism in their faeces for years before they
become clinically affected. Some animals never become clinically affected but pass
organisms in their faeces during their life-time.
Transmission: Faeco-oral transmission is invariably the method of transmission(6).
Signs of disease : Loss of condition, chronic diarrhoea and wasting are the common
signs of disease.
Epidemiology: It is a slowly spreading chronic disease. The organism is highly
resistant and contaminated pastures may remain infected for long periods.
Diagnosis: The diagnosis can be confirmed by isolation of the organism from faeces,
lymph nodes or intestinal mucosa or demonstration of the organism in Ziehl Neelsen
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stained smears made from faeces or intestinal mucosa. Typical histological lesions can
be demonstrated in infected animal tissues, particularly in the illeum, caecum and
mesenteric lymph nodes. Serological methods including especially the absorbed
ELISA are useful(6) but have the draw-back of having low sensitivity for detecting nonclinical infections and have not been verified in antelope. Delayed hypersensitivity tests
are of limited value(6).
Implications: Zoos should avoid introduction of infected animals as once introduced
the disease could spread insidiously in susceptible animals and be difficult to
eradicate. The disease is a common endemic disease of livestock and MAF have no
disease policy to control or eradicate the disease.
Risk reduction: Methods for detecting infected carrier animals cannot be relied upon
to detect all carrier animals. No measures are presently imposed to prevent the
importation of infected livestock into New Zealand. Therefore, no steps to prevent the
importation of the organism in antelope are recommended. Steps to prevent the
introduction of the organism to zoos should be the responsibility of the importers and
zoos concerned.
Risk of introduction: The risk of introduction is low because the disease does not
appear to be common in antelope.
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5.4

Anthrax

Anthrax is an zoonotic disease that is caused by an extremely resistant spore forming
bacillus that can survive for many years in the environment. It is believed that New
Zealand is free from the infection. An extensive review of the disease with emphasis on
anthrax in wildlife is available(1)
Etiological agent: The disease agent is Bacillus anthracis.
Susceptible species: Anthrax is a disease of most animals. In the most susceptible
species such as ruminants it usually occurs as a peracute disease. In less susceptible
species it may occur as an acute disease (horses) and in the least susceptible animals
such as pigs, it occurs as a sub-acute disease(2). Anthrax has been described in at
least 17 antelope species(1)
Incubation period: The incubation period is believed to be 1-14 days(1).
Carrier state: The organism has been found in the faeces of some animals. Vultures
may carry the organism in their faeces for 3 weeks. In experimentally infected impala,
lymph nodes remained infected for at least 4 weeks(1).
Transmission: Transmission may be by ingestion, or mechanically transmitted by
biting flies. In humans working in industries where the spores may become aerosolised
(tanners, wool carpet mill workers etc), inhalation of the spores may cause respiratory
anthrax(2). In humans skin infection in the form of malignant pustules also occurs(2).
Signs of disease: In ruminants the most common form of the disease results in
sudden death. In horses, colic, high fever and depression and death within 2-4 days
may be seen. Where the organism is introduced under the skin by biting flies,
subcutaneous swellings may also occur. In this form of the disease the animal may
survive for 7 days(2).
Epidemiology: Despite the fact that this is a truly ancient disease much remains to be
found out about the epidemiology of the disease. In some circumstances the organism
survives for many years in the soil. Multiplication of the organism apparently depends
mainly on the multiplication that occurs in infected carcasses. The organism was not
generally found in samples of water or mud collected from sites not associated with
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infected carcasses, but often found in soil samples where carcasses known, or
suspected to be infected with anthrax had lain. Higher rates of infection were found in
water from water holes when there was an outbreak of anthrax in elephants in the
area. Fifty percent of faeces from vultures, jackals and hyaenas collected from the
vicinity of carcasses that were believed to have died from anthrax yielded Bacillus
anthracis , while no spores were found in faeces from sites not associated with anthrax
carcasses(3)(4). Although the organism can be carried in lymph nodes and faeces of
healthy animals, they probably only carry the organism for a short period, a period of at
least 4 weeks was demonstrated in impala(5). De Vos raised some issues about a
possible carrier state in impala, black rats, cattle and pigs but states that “It is unknown
whether a carrier state plays a role in the epidemiology of the disease”(1).
It has been suggested that peracute disease was associated with exposure to low
numbers of spores while living in a stressful environment rather than exposure to large
numbers of spores(6).
Diagnosis: Blood smears from infected carcasses are still the main method of
diagnosing the disease. A polymerase chain reaction assay has been developed to
detect anthrax spores in soil. The organism can also be cultured from infected
carcasses. Serological tests are not generally useful for the diagnosis of anthrax(2).
Implications: Introduction of a case of anthrax would have serious implications. Apart
from the death of the animal involved, the opening of an infected carcass could lead to
the development of an infected environment and to the infection of other susceptible
animals in the zoo. The zoo environment could remain a source of infection and be a
potential source of spread to domestic animals for many years.
Risk reduction: Care should be exercised to import animals in clean crates and not to
introduce soil and faeces and contaminated bedding with them. Anthrax can survive in
the soil for many years and it has been shown to survive in bones for 200 years(1). On
arrival all bedding and loose dirt should be incinerated and crates should be steam
cleaned. The chances of introduction of spores on cleaned crates is remote and no
further action is generally warranted. If animals have died in a crate or arrived showing
symptoms suspicious of one of the less acute forms of anthrax, wooden crates should
be incinerated and metal crates burned clean with a blow torch. Carcasses must be
incinerated without opening them, but blood smears could be made and examined. In
environments where anthrax infected carcasses have lain, soil and water has been
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shown to be contaminated and spores can survive in such environments for
years(3)(4). Animals from such environments may carry spores in faeces and lymph
nodes for at least 4 weeks(5). Therefore, a conservative approach should be taken
and antelope should be removed from infected environments at least 3 months before
being

introduced

into

quarantine.

Quarantine

should

be

for

4

weeks.

Recommendations in the OIE International Animal Health Code are that domestic
ruminants should be free from clinical disease, kept for 20 days before shipment in an
establishment where no case of anthrax occurred during the time of confinement and
vaccinated at least 20 days and not more than 6 months before shipment(6).
Information on the use of vaccine in antelope was not found. However, the vaccine is
safe in a wide variety of animals and it is recommended that antelope should be
vaccinated with Sterne strain, live vaccine. This strain has been extensively used for
about 60 years in many millions of animals and has never reverted to virulence(2).
Recommendations:
Source of animals: Animals should be held in an environment (farm, zoo,
holding pen etc) where the disease has not occurred for the last 5 years, for 3
months before entering quarantine.
Quarantine: Standard 4 week quarantine would be adequate.
Treatment: Animals should be vaccinated at least 3 weeks and not more than
6 months before entering quarantine.
Diagnostic tests: No diagnostic testing is recommended.
Risk of introduction: The probability of introducing the disease is remote if they are
vaccinated and quarantined as recommended.
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5.5

Other bacterial infections

There are a range of bacterial infections that occur widely all over the world and often
do not cause clearly defined disease entities, or are of only minor importance. They
sometimes occur in animals as opportunistic infections. These infections are generally
of little importance in considering the importation of animals. Some publications on
these organisms are listed in Section 5.5.1. Section 5.5.2 includes bacterial diseases
for which no evidence of infection in antelope was found but which might be of concern
for regulatory authorities when drafting regulations for importation of antelope.
5.5.1

Miscellaneous bacterial and fungal infections

Yersinia pseudotuberculosis is an enteric pathogen that causes micro-abscessation of
intestinal mucosa in a wide range of ungulates including antelope(1)(2). The organism
is also commonly found in non-diseased animals and is very widely distributed in New
Zealand. Yersinia pseudotuberculosis may also infect man.
Clostridium perfringens was associated with an outbreak of haemorrhagic enteritis in
crowned duikers(3).
Serological evidence of Leptospira infection was found in free-living antelope in
Zimbabwe(4). Antelope will undoubtedly be susceptible to infection with Leptospira
spp. but the lack of reports on the disease indicates that it does not appear to cause
serious disease in antelope. Which of the hundreds of serovars of Leptospira cause
disease in antelope or are associated with them as maintenance hosts, appears to be
unknown. Under these circumstances it is recommended that imported antelope
should be treated using the antibiotics and treatment regimens currently specified by
MAF for other animals.
Listeriosis has been described in an immature blackbuck(5). However, Listeria are
organisms that occur in the environment all over the world including New Zealand and
are opportunistic pathogens. For these reasons, disease should be of no interest to
those concerned with regulating the importation of antelope.
Antibody to Legionella was detected in the serum of 5 of 23 antelope in Israel(6).
Legionella are opportunistic pathogens of humans that occur in the environment,
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particularly water, in many countries including New Zealand and are therefore of no
importance in the present context.
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5.5.2

Bacterial diseases that have not been described in antelope

Mycoplasma mycoides (contagious bovine pleuropneumonia) antibodies were not
found in antelope(1). Antibody to Mycoplasma sp. (strain F38), now known as
Mycoplasma

capricolum

subsp.

capripneumoniae,

the

cause

of

caprine

pleuropneumonia, were not found in antelope but were found in buffalo(1).
Despite a electronic search no articles were found describing haemorrhagic
septicaemia (Pasteurella multocida types B2 or E2 ) in antelope.
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6.0

Parasites of antelope

Most animals have developed living in balance with a range of parasites. The parasites
usually cause little harm to adapted hosts except when they are living in overcrowded,
unhygienic conditions resulting in exposure to an excessive number of parasites. Some
parasites are host specific , others may have a broad host range. When hosts are
exposed to some unusual parasites, with which they did not evolve, they may have no
inherited tolerance or resistance to the parasite. In this case they may be extremely
susceptible or totally refractory to infestation by the parasite.
The numbers of parasites that are carried by antelope are very large and cannot be
described in detail in this paper. Some of the extensive work done on the helminth
parasites of Southern African antelope species is listed in references 1-15. This
extensive listing only covers the South African parasites and there are undoubtedly
many of them still undescribed. There are also certainly many parasites from other
antelope species and other geographic regions that are not included in these sources
and some parasites still awaiting description.
Some nematodes are specific parasites of particular species of animals. However,
even some of the parasites that have a wide host range tend to become adapted to a
particular host. It was shown that even Haemonchus placei, Trichostrongylus
colubriformis, Trichostrongylus falculatus and Oesophagostomum columbianum
regarded as normal parasites of cattle and sheep were not easily transmissible from
antelope to cattle, sheep and goats. Some parasites were successfully transmitted
from antelope to domestic ruminants but at least one parasite, Cooperioides hepaticae,
could not be transferred from antelope to domestic ruminants(16). It was also
suggested that there was very little cross-transmission between cattle and impala
utilising the same grazing(16). It therefore, seems that introduction of antelope infested
with internal parasites would pose a bigger threat to similar species in zoos than to
domestic livestock.
There is no reasonable way in which regulations could be drawn up to guard against
the introduction of all species of internal parasites. For this reason the only rational
strategy is to dose introduced antelope before and during quarantine while monitoring
their faeces to try to eliminate all internal parasites. Antelope should be dosed before
entry into quarantine and again while in quarantine, with anthelminthics and doses
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approved by MAF. Proof of the efficacy of the dosing should be provided by doing
faecal egg counts before and after treatment. While in quarantine animals should be
kept in hygienic conditions and accumulation of faeces should be prevented. All
bedding should be regularly removed and concrete floors should be regularly hosed
and cleaned.
References 17-28 are a selection of papers on the ectoparasites of antelope. However,
many other publications are available and there is no complete check list of hosts and
parasites. The principles for the control of ectoparasites are the same as for
endoparasites. All animals should be carefully inspected for external parasites or
lesions such as mange or warble fly nodules. They should be appropriately dipped or
sprayed to eliminate external parasites. While ticks are the most important parasites,
others should also be eliminated. Treatments for tick control have been described in
Section 1.1.5. This type of treatment will be adequate for the treatment of other
ectoparasites.
Some non-tick ectoparasites parasites deserve special mention. These include:
Mange mites. Psoroptes cuniculi infestation has been seen in blackbuck antelope on
a ranch in Texas(29). Demodex sp. infestation has been found in eland in a zoo in
Czechoslovakia(30). Mange in domestic and wild ruminant has been described in
Israel(31). Psoroptes and Sarcoptes spp. are well known in various antelope
species(32)
Warbles. Warble fly nodules caused by larvae of Strobiloestrus sp. may be found in
the skin of reedbuck, kudu and especially klipspringer in South Africa. These parasites
are also able to transfer to cattle and cases have been found in cattle in areas where
there are many klipspringer in close proximity to cattle(33). The infestation has never
become established in cattle populations where there is no contact with susceptible
antelope. Cattle are clearly incidental hosts that are ony infested when there is contact
with susceptible antelope. The parasites have also been found in sheep but the cysts
were sterile(34). Although this is only an isolated problem in South African cattle it
would be unwise and unnecessary to introduce the parasites to New Zealand zoos
where they could infect antelope in the zoo and might occasionally spread to cattle. All
antelope should be inspected while in quarantine and if warble nodules are found they
should be treated with a suitable pour on insecticide such as famphur to eliminate the
fly larvae.
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Gedoelstiasis. The normal hosts of Gedoelstia hassleri nasal flies are antelope of the
Alcelaphinae sub-family, including wildebeest and red hartebeest. They are well
adapted to the parasite. The adult fly deposits first stage larvae in the eye of the host.
The larvae migrate via the bloodstream to ultimately reach the nasal and paranasal
cavities. The host species are well adapted to the parasite and show no apparent ill
effects. However, when the parasite enters an aberrant species such as domestic
stock significant pathology may result with pronounced ocular, brain and
cardiovascular lesions. In the condition know as uitpeuloog (pop-out eye) masses of
parasites accumulate behind the eye and cause it to protrude(35)(36)(37). In Africa
during centuries of contact between Alcelaphine antelope the parasite has not
established itself in domestic stock and only incidental infestations occur when there is
contact with the natural hosts. Therefore, this parasite could not establish in New
Zealand in the absence of the natural host.
Screw worm. The new world screw worm is Cochliomyia hominivorax and the old
world screw worm is Chrysomya bezziana. These flies lay their eggs in wounds where
the larvae develop. The parasites digest host tissues causing rapidly developing putrid
cavities to develop. They cause significant damage to livestock in tropical climates.
The parasites do not tolerate cold and are not found in temperate climates(38). Larvae
leave the host within about a week. The wounds infested by parasites rapidly develop
into large putrid wounds that would be easily visible. There is virtually no risk of
introducing these flies into New Zealand or of them establishing here.
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7.0

Transmissible bovine spongiform encephalopathy

Bovine spongiform encephalopathy (BSE) has been seen in a number of antelope
species in British zoos(1)(2)(3). The disease is caused by the feeding of ruminant
protein from "infected animals". As the disease epizootic in Britain is now declining and
the feeding of ruminant protein is now banned in virtually all countries that have had
cases of BSE, the chance of introducing the disease to New Zealand is low. However,
the finding of three cases in kudu that were believed to have not been fed ruminant
protein, has led to the suggestion that the disease may have been transmitted by other
than a food-borne infection. Care should be taken not to introduce antelope from any
zoos where the disease has occurred. The incubation period is very long (several
years) and there are no suitable approved diagnostic tests that can be used on live
animals at this stage, although tests are in the development and validation stage.
Therefore, the only method of avoiding the importation of "infected" animals is the
careful selection of animals from safe sources. The disease is not generally infectious
and would be unlikely to spread if introduced.
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8.0

Artificial insemination and embryo transfer technology

In domestic animals, an alternative to the introduction of live animals is the introduction
of semen or embryos.

8.1

Artificial insemination

Where female breeding stock is already available in New Zealand zoos, the use of
artificial insemination for the introduction of genetic material might be cheaper than
importing live animals. It would also decrease the possibility of introducing diseases
and parasites. However, no published information on the use of the technology in
antelope species was found. For this reason extrapolation must be made from what is
known about artificial insemination in cattle. The review , Review of quarantine disease
risks related to bovine semen produced by the Australian Quarantine and Inspection
Service (AQIS) provides much information on the subject(1)
Semen can become contaminated with infectious organisms during the process of
collecting the semen (extrinsic contamination). For example when semen is collected
from animals excreting infectious organisms such as Mycobacterium paratuberculosis
in their faeces, semen can become contaminated with the infectious agent. If semen is
collected in a clean hygienic manner and is diluted correctly with the recommended
diluents and antibiotic additives as recommended in Appendix 4.2.1.2 of the OIE
International Animal Health Code(2), the risk of extrinsic contamination will be reduced
to minimal levels.
Intrinsic contamination of semen occurs when animals are infected with a particular
disease. Although there is a barrier between blood and testes, similar to the blood
brain barrier, this barrier can, under some circumstances, be breached at the level of
the testes or accessory glands. It is unnecessary to speculate on the mechanisms by
which organisms enter the semen, but as a principle it should be assumed that any
animal that is viraemic or bacteraemic may potentially excrete organisms in the semen.
This is particularly so when inflammatory cells are found in semen.
Adams(1) has used five categories to classify the risk of various diseases being
transmitted in semen:
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Category 1 includes diseases that have been transmitted experimentally with
semen or in which there is conclusive epidemiological evidence that
transmission by semen occurs.
Category 2 includes diseases in which the etiological agents have been
isolated in semen but transmission by artificial insemination has not been
demonstrated.
Category 3: contains diseases in which there is a presumptive risk, but the
presence of organisms in the semen has not been demonstrated. This category
is mainly founded on the assumption that if inflammatory cells can enter the
semen the infectious agents could be transported with them.
Category 4. Diseases where there is no presumptive risk of agent transfer into
the semen but where extrinsic transmission cannot be ruled out if the animal is
suffering from the disease, are included in this category.
Category 5: Contains those diseases where the risk of disease transfer is
inconceivable.
The classification of the diseases mentioned in this review that were classified into the
various categories by Adams(1) are as follows:
Category 1: Foot and mouth disease, bluetongue, leptospirosis, bovine
brucellosis, bovine tuberculosis, bovine virus diarrhoea, infectious bovine
rhinotracheitis.
Category 2: Rinderpest, Lumpy skin disease, Johne's disease, enzootic bovine
leukosis, bovine malignant catarrh, haemorrhagic septicaemia.
Category 3: Rift Valley fever, heartwater, Q fever, rabies, theileriasis,
trypanosomosis, anaplasmosis, babesiosis.
Category 4: Vesicular stomatitis, anthrax.
Category 5: Ecto and endo parasites and protozoal diseases like coccidiosis
would fall into this category.
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Other publications on the risk of transmission of diseases through artificial
insemination(2)(3) are

substantially in agreement with these findings. The only

disagreements between the publications are that Eaglesome and Garcia(2) classify
bluetongue as a disease in which there is some evidence that the risk of transmission
is low and vesicular stomatitis as a disease in which the risk is moderate to high.
Classification of other disease by Eaglesome and Garcia are essentially similar to
those of Adams(1). The article by Philpot(3) is several years older and is updated by
the other publications. Where there are disagreements between the publications 1 and
2, the opinion that classifies the disease into the higher risk category should be used.
An additional advantage with using artificial insemination is that all the normal
precautions to ensure that a semen donor is not infected with any diseases can be
taken before and after the semen is collected. Semen donors can be quarantined in
insect free premises and semen can be collected during seasons when vectors are not
active. A prescribed battery of tests can be done on the animal at the time of or before
semen collection. The semen can then be frozen and stored pending additional tests to
show that the animal has not sero-converted since semen collection, and that the
semen contains no infectious organisms.
In practice if the donor animal is not infected with a disease and not in contact with
infected animals, the disease cannot be transmitted and the risk is virtually nil. It can
also be assumed that all endo and ectoparasites are in Category 5 and of no risk.
Importation of semen instead of live animals would therefore exclude the possibility of
introducing ecto and endoparasites and most importantly, exclusion of ticks would be
guaranteed.
For the important high risk diseases that are in Category 1 other methods of reducing
the risk of introduction of the diseases are most important. However, the use of artificial
insemination adds another significant layer of security to introductions of genetic
material.. This is particularly true for parasitic diseases. It also probably guarantees a
high degree of biosecurity for all diseases classified as Category 3 or higher and even
possibly for Category 2 diseases. It would also give additional security in cases where
knowledge of particular diseases is inadequate to formulate risk reduction steps with a
high degree of confidence. As there are significant gaps in our knowledge concerning
some diseases of antelopes, the use of artificial insemination would be useful as an
additional barrier to
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disease entry.

In general, since there is no information on the transmission of

diseases in the semen of antelope the information available for cattle should be used.

Semen should be:
•

Collected only from healthy antelope after conducting recommended
tests.

•

Collected, diluted and frozen according to OIE specified procedures.

•

Stored frozen until such time as it has been shown to be safe before
using it to inseminate animals in New Zealand.
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8.2

Embryo transfer
•

The advantages of using embryo transfer to provide a high degree of
biosecurity are similar to those for artificial insemination. The risks of
transfer of disease by embryo transfer in cattle were assessed by Sutmoller
and Wrathall(4). They used a model that calculates the risk as the product
of the risk involved in the three basic lines of defence namely:

•

The risk of not detecting infection in the donor animals before embryo
collection.

•

The risk of not removing the infection by the steps involved in the
processing of the embryos (washing etc).

•

The risk involved in not detecting the disease in donor herds while the
embryos are held in storage before transfer.

The most likely probability that a batch of 200 embryos would contain infected embryos
was 1 in 1,000 billion for foot and mouth disease, 1 in 4 million for bluetongue and 1 in
500 million for vesicular stomatitis. Although the theory on which quantitative risk
analysis is based is sound, estimates made using the theory may be flawed. This
occurs due to the necessity when making the calculations, to use estimates and
opinions that are not based on sound data. However, in this case the estimated risk is
so low that even if some of the data used was inaccurate by several degrees of
magnitude, the results still clearly indicate the high degree of safety likely to be
achieved if embryo transfer methods are used.
The International Embryo Transfer Society has classified diseases into the following
categories(5):
Category 1: Diseases for which sufficient evidence has accrued to show that
the risk of transmission is negligible if the embryos are properly handled
between collection and transfer.
Category 2: Disease for which substantial evidence has accrued to show the
risk of transmission is negligible provided the embryos are properly handled
between collection and transfer.
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Category 3: Diseases for which preliminary evidence indicates that the risk is
negligible.
Category 4: Diseases in which preliminary work has been conducted or is in
progress.
The categories into which the diseases that have been reviewed in this paper are
classified are given below.
Category 1: Bluetongue(cattle), Brucella abortus (cattle), enzootic bovine
leucosis, foot and mouth disease(cattle), infectious bovine rhinotracheitis
(provided trypsin treatment is used).
Category 2: Bluetongue(sheep)
Category 3: Bovine viral diarrhoea, foot and mouth disease (swine, sheep,
goats), rinderpest (cattle).
Category 4: Akabane, bovine anaplasmosis, bluetongue (goats), border
disease (sheep), Chlamydia psittaci (cattle, sheep), vesicular stomatitis.
Clearly in cattle, the safety of importing genetic material is greatly increased if embryo
transfer is used. At a minimum it adds another layer of protection to the other risk
reduction methods used. Although no data is available for antelope, similar benefits are
likely to apply in all species and data obtained in cattle should be used as a guideline
for decision making about antelope.
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8.3

Feasibility of using artificial insemination or embryo transfer in

antelope
The possibility of using artificial insemination and embryo transplantation in antelope was not
extensively investigated as part of this review. However, Professor Henk Bertschinger, of the
Department of Genesiology at the Faculty of Veterinary Science, Onderstepoort, South Africa
was consulted. He has worked extensively with reproductive problems in South African wildlife.
He said that he was not aware of any published literature on the subject. However, he was
aware that insemination of an eland had been successfully carried out at the Johannesburg
zoo. Semen had been collected and successfully frozen but had not been used. Similarly
embryos had been recovered from antelope but had not been transplanted. There appeared to
be no barrier to he development and use of the technology but the handling of animals that are
not tame is a practical problem. The question of whether the techniques can be developed and
used in antelope is a problem that needs to be investigated by the zoos involved in the
importation of embryos. A move to do this, would almost certainly be welcomed by MAF, but it
would have to be resourced by the organisations wishing to import antelope.
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9.0

Risk of introduction of disease

In the above review 44 viral, protozoal, rickettsial and bacterial diseases that occur in
antelope and which could be imported into New Zealand have been discussed. In
addition to this, a long list of parasites of antelope could be introduced by live antelope.
Six of the diseases that have been reviewed are OIE List A diseases. Vesicular
stomatitis is a List A disease because of the resemblance of its clinical signs of disease
to FMD. It does not cause serious, direct economic losses to farmers, but regulatory
authorities incur substantial expenses because of the control, management and
reporting requirements for a List A disease. Because it is unlikely to cause serious
economic losses, is unlikely be introduced into New Zealand and competent vectors
are probably not present here, it has only been regarded as being of minor importance
in this review. Of the five remaining List A diseases, vectors are not present for
bluetongue and the possibility that Rift Valley fever and lumpy skin could establish are
doubtful. Foot and mouth disease and rinderpest are the two most serious diseases
that could be introduced into New Zealand, but antelope could be introduced from
countries where these diseases do not occur. Other risk reduction procedures are also
available to ensure that the diseases are not introduced. In particular the more detailed
knowledge of the List A diseases, and the well-developed test methods available for
them, provides additional reasons for confidence that they can be excluded. Some
other diseases and tick vectors represent a higher risk.
An attempt has been made in this paper to discuss the risk of introduction of diseases
and the methods to reduce these risks for:
•

Ticks.

•

The OIE List A diseases.

•

Other diseases of economic importance.

An attempt has also been made to identify the parties that would be affected by the
introduction of diseases or vectors.

Diseases of Antelope: Risk of introducing live antelope into zoological gardens

125

9.1

Ticks

9.1.1

Probability and consequences of introduction of ticks

When antelope are imported, the concomitant introduction of ticks is of the greatest
concern. At least 11 of the 44 diseases that antelope can carry and many diseases of
other animals are tick-borne diseases.
Preventing the introduction of ticks is difficult, and between 1980 and 1995 there were
40 recorded instances when ticks were introduced into New Zealand(1). Fortunately in
most incidents a single or a few ticks were introduced and these were quickly
discovered and eliminated. However, in one instance a population of Rhipicephalus
sanguineus ticks became established in a house in Lower Hutt. Although the ticks
were eradicated, the incident shows that in a protected environment some species of
ticks can become established even as far south as Lower Hutt. Within the cages and
animal accommodation in zoos it is possible that some niches, suitable for survival of
some tick species, through the winter period, may be found.
If ticks are introduced on host animals that are not carrying any diseases of concern,
the ticks could still carry infectious agents that are transovarially or even transtadially
transmitted e.g. Boophilus spp. ticks could carry Babesia bovis, transovarially.
Furthermore, if ticks are introduced and become established, the possibility then exists
that serious diseases introduced at a later date, could become established in the tick
population.
Tick-borne diseases of humans that could be introduced by ticks include: Rocky
Mountain spotted fever, tick-bite fever, Lyme's disease, tularaemia, Crimean-Congo
haemorrhagic fever, Q-fever and tick-borne encephalitis.
It is concluded that the introduction of ticks is a serious possibility and that steps to
reduce this possibility should be carefully designed and enforced.
9.1.2

Possibility of ticks becoming established in New Zealand

The possibility of ticks becoming established in New Zealand depends on the species
of ticks introduced and the place of introduction. Tick species that occur only in tropical
climates and which cannot survive frosts are unlikely to establish in New Zealand
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except possibly in niche localities in the far north of the country. The establishment of
Amblyomma vectors of heartwater is therefore unlikely. On the other hand there are
several species of ticks that are found in temperate climates. In general, accurate
predictions cannot be made about what could or could not survive in New Zealand.
Only unfortunate experiences will indicate what is possible. It is therefore important
that all ticks should be regarded as dangerous and vigorous attempts made to exclude
them.
Introductions of animals into zoos, has the advantage that they are held in relatively
confined areas often isolated from other animal species . This should allow them to be
carefully observed and if necessary to be treated with suitable insecticides, thereby
further reducing the possibility of establishment of ticks in the post quarantine period
9.1.3

Risk reduction measure

If artificial insemination or embryo transplant technology is used to introduce genetic
material ecto and endo parasites will not be introduced.
Animals should where possible be brought from countries where only limited numbers
of ticks occur and countries that are free from the major diseases covered by this
review.
Animals should be sprayed or dipped shortly before being moved into pre-entry
quarantine or isolation. During the time in quarantine they should be regularly dipped
or sprayed using a suitable regime to eliminate ticks.
During quarantine, antelope should be kept on a concrete floor surrounded by a trough
filled with a suitable insecticide solution. Bedding should be removed regularly and
incinerated and a high standard of hygiene maintained.
Animals should be closely inspected for ticks, other parasites or skin lesions. The
inspection should include inspection of the ears, perineal region and all skinfolds not
otherwise visible.
On arrival in New Zealand animals should be similarly inspected and all bedding and
waste material in crates destroyed by incineration.
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In post-entry quarantine similar inspections, insecticide treatments and destruction of
bedding should be carried out.
Animals should be released into suitable hygienic accommodation in New Zealand
zoos and post entry quarantine inspections carried out at specified intervals.
More details of the recommendaions for preventing the importation of ticks are given in
Section 1.1.5.
9.1.4

Parties that would be affected by the introduction of ticks into New

Zealand

Introduction of ticks to New Zealand could have consequences for the health of the
residents of New Zealand, as several human diseases could be introduced.
Ticks could have serious negative economic effects on the health of animals and the
economic performance of the animal industries. The industries that would be primarily
affected by the introduction of ticks brought in by antelopes, would be the dairy and
beef industries and to a lesser extent the sheep, deer and goat industries. The pig and
poultry industries would probably remain unaffected by ticks brought in by antelope.
The introduction of ticks into zoos would have serious consequences for the zoos and
would necessitate them introducing measures to control infestation of zoo animals.
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9.2

Infectious diseases

9.2.1

Probability of introduction of diseases

The risk reduction measures recommended by OIE and the additional risk reduction
measures proposed in this review should ensure that the risk of introduction of
diseases is extremely unlikely. Risk reduction strategies for excluding exotic diseases
when importing animals are generally based on the following principles:
A. Selection of animals for importation from safe sources. The following
principles given in order of priority should be used in selecting animals for
importation:
a.

Selection from disease-free countries.

b.

Selection from diseas e-free zones.

c.

Selection from safe areas within a country or zone.

d.

Selection from properties (zoos) with a reliable history of
freedom from disease.

e.

Importation during safe periods, such as times of low vector
activity and times when outbreaks of disease are not occurring.

B. Quarantine. The quarantine period should be for the maximum length of the
incubation period for the disease plus the maximum period for which recovered
animals are known to be capable of carrying the infectious agent. As these
periods have often been inexactly determined in insufficient numbers of
animals an additional period should be added to provide greater security.
Quarantine as a means of providing security from disease introduction is not
appropriate for all diseases, particularly chronic diseases, those in which
protracted carrier states occur and diseases with long incubation periods. For
antelope information is not always available and extrapolation from what is
known in cattle is sometimes unavoidable.

C. Diagnostic testing.

Diagnostic tests, particularly serological tests, but

including all available and appropriate tests to recognise infected animals
should be used.

Diseases of Antelope: Risk of introducing live antelope into zoological gardens

129

D. Treatment. Treatment of animals to ensure that infectious agents and
parasites are eliminated. Treatments are particularly important for eliminating
ecto and endo parasites but also sometimes have a role with infectious
diseases as in the use of antibiotics to eliminate Leptospira. Vaccination is also
recommended for some diseases.
E. Use of artificial insemination or embryo transfer. These methods have
been discussed in Section 7.
9.2.2

Probability of introduction of OIE List A diseases

It should usually be possible to select animals from countries where the OIE List A
diseases do not occur. Even when List A diseases are present in a country, it should
be possible to source animals from safe areas within the country concerned.
Additionally animals should be imported during periods when disease outbreaks are
not occurring and vector activity is low e.g. animals should only be brought from the
southern parts of Australia where bluetongue does not occur, or from the USA when
outbreaks of vesicular stomatitis are not occurring. Adequate diagnostic tests and the
ability to quarantine animals and even the possible use of artificial breeding methods
would add additional security to the importation process.
Quarantine periods recommended by OIE for vesicular stomatitis, rinderpest, Rift
Valley fever and lumpy skin disease are adequate. In the case of foot and mouth
disease there is the complication that cattle and African buffalo can carry the infection
in their tonsils for years, although they are not usually infectious at this stage. For this
reason the OIE recommended protocols for the introduction of cattle from infected
countries include the requirement for culture of probang samples. In the case of
antelope entering New Zealand it is unlikely that any of them will carry infection in their
pharynx for long periods. However it would be more prudent to require that they are
brought only from foot and mouth disease-free countries.
Although the OIE recommendations for bluetongue are probably adequate for most
species, a viraemic period of 35 days has been described for mountain gazelle. As the
incubation period can be up to 15 days a quarantine period of 60 days instead of the
40 days recommended by OIE would probably be safer. For all the insect-borne
diseases quarantine should be in insect-free premises.
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Diagnostic testing for all the OIE List A diseases has been developed to a high
standard and these tests provide additional security when importing animals. No
vaccinations or treatments are recommended for any of the OIE List A diseases. For
any animals coming from countries where the diseases occur, serological testing
should be mandatory.
Given the precautions that can be taken and provided animals are not brought from
foot and mouth disease infected countries, it should be possible to introduce antelope
into New Zealand with a negligible risk of introducing any of the List A diseases
9.2.3

Probability and consequences of establishment of OIE List A diseases in
New Zealand

Four of the six List A diseases, Rift Valley fever, bluetongue, lumpy skin disease and
vesicular stomatitis, are carried by insect vectors which are not present (Culicoides
spp.) or the ability of the disease to establish in New Zealand is in doubt. Without
competent vectors these diseases would not spread from a zoo into which they were
introduced. If the assumptions made about vectors are wrong and competent vectors
do occur in New Zealand, the diseases would probably spread from the zoo to farm
animals in the vicinity and the disease concerned could become established.
In the case of foot and mouth disease and rinderpest, the ability of the diseases to
spread and become established would depend on the speed with which they were
diagnosed and with which effective measures were taken to eradicate them. MAF has
highly developed contingency plans to eradicate these diseases and if implemented
promptly the diseases would probably be contained and eradicated efficiently, but all
infected and in contact susceptible animals would be destroyed. Both diseases are
highly infectious and if not efficiently controlled, would probably be transferred by staff
working in the zoos and visitors to livestock on farms. The diseases could then spread
widely and become established in New Zealand.
If foot and mouth disease were introduced there would be extensive embargoes on the
export of animals and animal products. For the other diseases there is no logical
reason why any exports other than live animal exports should be effected, but there is
also no way of predicting the behaviour of importing countries when animal disease is
involved.
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In addition to export losses there would be direct losses due to mortality and other
production losses. Additional high costs would be incurred for the control and
eradication of the diseases.
9.2.4

Parties that would be affected by the introduction of List A diseases

Several studies done for or by MAF suggest that foot and mouth disease would have a
severe impact on the whole New Zealand economy thus having an impact on the
whole population. Rinderpest would have lesser effects and the other List A diseases
would probably mainly effect the industries concerned.
Zoos would be severely affected by foot and mouth disease or rinderpest as these
diseases would probably result in the depopulation of the susceptible animals in the
affected zoo. The introduction of other List A diseases by antelope would have less
severe effects. The infected antelope would probably be asymptomatic carriers of
disease and as the vectors of disease are not present, the presence of the infection
might go unnoticed. If a disease was detected, or if it spread within animals in the zoo
or outside the zoo, MAF would undoubtedly impose quarantine and control measures.
Possible consequences might include depopulation of a range of animals, quarantining
of the zoos, possibly for prolonged periods resulting in loss of income, loss of individual
animals, and expenses associated with vaccinating animals and vector control. How
the Biosecurity Act would be interpreted is unknown. It is possible that the zoos would
be considered to be both "exaccerbators" bearing some responsibility for introducing
the disease and "beneficiaries" of an eradication programme. Therefore they could be
required to pay a proportional share of the costs of disease eradication.
9.2.4

Probablility and consequences of the introduction and establisment of
non-List A diseases in New Zealand

Each disease has been discussed previously and only some of the main points are
summarised in this section.
Nairobi sheep disease, Crimean-Congo haemorrhagic fever, babesiosis, theileriosis,
heartwater, anaplasmosis, Q fever, Ondiri disease, louping ill and other diseases of the
tick-borne encephalitis complex diseases, ehrlichiosis (Ehrlichia bovis) and tick-borne
fever (Cytoectes phagocytophilia) are tick-borne diseases that are unlikely to be
introduced and will not be able to become established in New Zealand unless ticks are
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introduced as well. Selection of animals from safe sources, diagnostic testing and in
some cases quarantine will also ensure the infectious agents are not introduced.
Ephemeral fever, Akabane and related viruses, trypanosomosis (tsetse-borne) and
other trypansomoses (Trypanosoma evansi and Trypanosoma vivax ) are carried by
vectors either known to be absent or probably absent from New Zealand. In addition
there is a low risk of introducing these diseases, as the other methods designed to
exclude them should be highly effective.
Quarantine measures will be ineffective for preventing the introduction of 17 of the 44
diseases discussed in the review, including:
•

Chronic diseases like Johne's disease, tuberculosis, brucellosis and
enzootic bovine leucosis.

•

Diseases in which long term carrier states occur such as bovine virus
diarrhoea, infectious bovine rhinotracheitis, malignant catarrhal fever,
trypanosomosis, babesiosis, anaplasmosis, leptospirosis, toxoplasmosis,
sarcocystosis, coccidiosis, cryptosporidiosis and besnoitiosis.

•

Diseases with long incubation periods such as Johne's disease, brucellosis,
rabies, malignant catarrhal fever and anaplasmosis.

Johne's disease is already endemic in New Zealand and is in any case a disease that
is unlikely to be found in imported antelope. MAF does not enforce any measures to
prevent the importation of this disease in livestock
Tuberculosis is endemic in possums and other feral animals in New Zealand. Judging
by the paucity of reports in the literature the prevalence of the disease in antelope is
not high except in some endemically infected areas and the chance of introducing the
disease is therefore low. The risk would be further reduced by the use of diagnostic
testing and careful selection of the source from which animals are introduced.
Eradication of the disease would be feasible if it were to be introduced into a New
Zealand zoo.
Given the ability to select animals from safe sources and the reliability of diagnostic
tests, the introduction of brucellosis with antelope is very unlikely. If introduced the
spread to domestic animals from zoos would be unlikely.
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Enzootic bovine leukosis is unlikely to be introduced with antelope and unlikely to
spread from zoos to domestic stock. It would be of little consequence if it occurred in
zoo animals.
Bovine virus diarrhoea and infectious bovine rhinotracheitis, are both so widespread in
New Zealand that the introduction of these diseases would have no significant impact
on livestock or on zoo animals unless new virulent strains were introduced. Sensitive
diagnostic methods are available to identify carrier animals.
There are no competent vectors in New Zealand for babesiosis and trypanosomosis
and anaplasmosis is unlikely to establish in the absence of competent tick vectors.
Diagnostic testing and selection of animals from safe sources should eliminate the risk
of introducing these diseases.
The policy for prevention of the introduction of new Leptospira serovars in domestic
stock, is to treat introduced animals with antibiotics before introduction. There seems to
be no reason why the policy should be different for antelope.
Toxoplasmosis occurs extremely widely in New Zealand and there is no reason to try
to prevent antelope carrying toxoplasmosis cysts from entering New Zealand. They will
in any case be dead-end hosts unless fed to cats. Sarcocystosis and besnoitiosis are
of no consequence and provided carcasses of antelope are not fed to carnivores the
life cycle of the parasites will remain uncompleted. Coccidiosis and cryptosporidiosis
belong to the category of widespread diseases that possibly cannot be prevented from
entering the country with their antelope hosts. The species of parasites introduced
would be very unlikely to cause significant new diseases in livestock as this has not
occurred elsewhere.
A 6-month quarantine period would be required to prevent the introduction of rabies.
However, antelope brought from zoos in which the infection has not occurred could be
safely introduced provided they had been confined in a safe environment in the zoo for
at least 6 months before introduction. Antelope will almost certainly be dead-end host
for the rabies virus and transmission from antelope to other animals is very unlikely
although this has occurred in kudu (see Section 2.6).
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Malignant catarrhal fever (Alcelaphine herpesvirus-1) may have a long incubation
period and wildebeest and other members of the Alcelaphine sub-family are frequently
long-term carriers of the infection. Quarantine alone can therefore not be relied on to
prevent the introduction of infection. The introduction of malignant catarrhal fever is
mainly a problem for zoos as without a carrier/host species the disease would not
become a problem for livestock. It is recommended that zoos do not introduce species
of antelope that could be potential carriers of the virus. The policies with regard to the
introduction of possible carrier animals have already been determined by MAF.
Potential carriers must be quarantined separately from domestic stock and released
into zoos. Zoos must manage the consequences of introducing carrier animals.
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9.3

Parasitic diseases

Parasitic diseases cannot be regulated for on an individual parasite basis. The
exclusion of parasites must be based on the treatment of all introduced antelope
for both external and internal parasites while they are in quarantine. A carefully
designed programme of dipping, spraying or treating with insecticides for external
parasites and drenching for internal parasites must be implemented. Examination
of faeces for parasite eggs could be included in the programme. Under these
circumstances, the possibility of serious parasites being introduced by antelope
and becoming established in domestic stock, are very low
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Appendix 1

Common and systematic names of antelopes.
addax

Addax nasomaculatus

Arabian oryx

Oryx leucoryx

Arabian gazelle

Gazella dorcas

blackbuck

Antilope cervicapra

blesbok

Damaliscus dorcas philipsi*

bongo

Tragelaphus eurycerus

bontebok

Damaliscus dorcas dorcas

buffalo (African or Cape)

Synceros caffer

bushbuck

Tragelaphus scriptus

duiker (red flanked)

Cephalus rufilatus

duiker (blue)

Cephalophus monticolor fusicolor

duiker (crowned)

Sylvicapra grimmia

duiker (red)

Cephalophus natalensis

eland

Taurotragus oryx

four horned antelope

Tetracerus quadricornis

gemsbok

Oryx gazella

gerenuk

Litocranius walleri

giraffe

Giraffa camelopardalis

Grant’s gazelle

Gazella granti

grysbok

Raphicerus sharpei

impala

Acepyceros melampus

klipspringer

Oreotragus oreotragus

kob

Kobus kob

kongoni/Cokes's hartebeest

Alcephalus busephalus cokei

kudu (greater)

Tragelaphus strepsiceros

lechwe

Kobus leche

mountain gazelle

Gazella gazella

nilgai/Indian antelope

Boselaphus tragocamelus

nyala

Tragelaphus angasi

oribi

Ourebia ourebi

oryx or Beisa oryx

Oryx beisa

pronghorn

Antilocapra americana

reedbuck

Redunca arundinum

ribbok(vaal or grey)

Pelea capreolus
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roan antelope
sable antelope

Hippotragus equinus
Hippotragus niger **

saiga antelope

Saiga tatarica

sitatunga

Tragelaphus spekei

slender horned gazelle

Gazella leptoceros

Speke's gazelle

Gazella spekei

springbok

Antidorcas marsupialis

steenbok

Raphicerus campestris

suni

Neotragus moschatus

Thompson's gazelle

Gazella thompsoni

topi

Damaliscus korrigum

tsessebe

Damaliscus lunatus

waterbuck

Kobus ellipsiprymnus

wildebeest (blue)

Connochaetes taurinus

wildebeest (Black)

Connochaetes gno

* Also given as Damaliscus. albifrons
* *Also given as Ozanna grandicomis
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