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The Perissodactyla is a small order of mammals
comprised of only thre¢ families. the Equidac. Tap-
iridae, and Rhinocerotidae. More numerous in the
Pieistocene, the order now contains only 13 species.
The tapir and rhinoceros are physically more similar
to each other than to the equids, and several rhinoc-
eroses and tapirs share similar habitat, survival strat-
cgics, and health problems. All rhinoceroses and
tapirs are considered either threatened or endangered
in the wild.

The Tapiridae family contains four species: the
Malayan tapir (7Tapirus indicus) of southeast Asia,
the Central American or Baird's tapir (T. hairdii),
the South American tapir (T. terrestris), and the
mountain tapir (T. pinchaque). All are browsers and,
with the exception of the mountain tapir. live in
lowland tropical or neotropical habitats. The moun-
tain tapir lives at higher elevations in the Andes
Mountains of South America and is considered the
rarest of the tapirs.

The Rhinocerotidae family contains five species:
the black rhinoceros (Diceros bicornis). the white
rhinoceros {Ceratotherium simum). the greater one-
horned rhinoceros {Rhinoceros unicornis). the Javan
rhinoceros (R. sondaicus), and the Sumatran rhinoc-
eros (Didermocerus sumairensis). All are neotropical
or tropical browsers, with the exception of the grazing
white rhinoceros.

Much of the information regarding infectious bac-
terial, viral, and mycotic diseases of the tapir and
rhinoceros is derived from descriptions of captive
animals, and therefore may show 2 degree of species
bias because of the prevalence of certain species in
captivity. The information on parasitic discases is
largely derived from descriptions of organisms taken
from free-living tapirs and rhinoceroses over the last
100 years, and is complicated by changing scientific
names for the parasites. Generally. the tapir and
rhinoceros are affected by the same pathogens and
similar parasites as the other perissodactylids. the
e¢quids, and most diagnostic and therapeutic regimens
are therefore based on those developed for horses.

BACTERIAL DISEASES

Salmonella is one of the most frequently reported
bacterial pathogens of the rhinoceros and tapir. Most
reports have described infections of captive animals,
although there were two reports of deaths in recently
captured black rhinoceroses. Safmonells appears to
cause septicemia in the rhinoceros and tapir as com-

monly as causing enteritis. Fatal Salmonella septi-
cemia has been described in the South American
tapir,™ a greater one-horned rhinoceros® and a ju-
venile southern white rhinoceros.® The latter showed
signs of disseminated intravascular coagulation, pre-
sumably secondary to endotoxemia. The treatment
of these animals with fluids, parenteral antibiotics,
and steroids was unsuccessful. Salmonella typhimu-
rium septicernia was described in an animal 2 days
postcapture,~ and S. welievredem was isolated {rom
the heart, blood, spleen, and intestine of an African
rhinoceros that died 10 days postcapture.”?

Salmonella enteritis occurs in both neonatal and
adult animals. Salmonella poona was isolated from a
neonatal Baird's tapir experiencing acute gastrointes-
tinal distress. The infant was successfully treated with
antibiotics and oral fluids, but continued 10 have
positive fecal cultures after the discontinuation of
antibiotic therapy.'* * Salmonella is suspecied to have
caused a fatal enteritis of an adult Sumatran rhinoc-
eros. This animal exhibited profuse, bloody diarrhea.
extreme pallor, and anorexia. At necropsy it had a
severe, necrotizing enteritis. Fecal cultures for Sal-
monella were negative, but cultures were obtained
after the animal was placed on antibiotic therapy.
Cultures of elephants and horses on the zoo grounds,
with similar clinical signs, grew S. blockey. Similarly,
the soil samples from several paddocks of the Su-
matran rhinoceros vielded the same organism. The
occurrence of salmonellosis in the zoo coincides with
the rainy season.”

The diagnosis of Salmonella infections is based on
clinical signs and bacterial culture. although. as
noted, the organism may not be cultured from every
case. Samples should be cultured on an enteric me-
dium, such as Hectone enteric agar, and also cultured
in a selective medium, such as selenite broth.

The treatment of Salmonella infections in captive
animals is frequently unrewarding. Aggressive fluid
therapy is essential, but the size and intractable
nature of most rhinoceroses and many tapirs make
the delivery of antibiotics and adequate volumes of
fluids difficult. Parenteral antibiotic therapy ideally
should be based on antibiotic susceptibility testing.

The inability to prevent animals from becoming
inapparent carriers of the organism further compli-
cates clinical and postclinical management decisions.
A more satisfving approach is 1o attempt 1o prevent
infection by minimizing contact of stressed or immune
compromised individuals with the organism and by
strict quarantine of clinical cases.

Enteritis has also been associated with infections
by Pseudomonas pyocyanea and coliform bacteria in
hand-reared rhinoceroses.™ * * by Klebsiella and
Pseudomonas sp. in the white rhinoceros,” and by a
B-hemolvtic Streptococcus in a Malayan tapir.” Sys-
temic infections caused by a 8-hemolytic Streprococ-
cus in the tapir,* Pasteurelle in the tapir,” and
Escherichia coli in white and black rhinoceroses™
have also been reported. In England, a Sumatran
rhinoceros died of an acute bacterial toxemia caused
by K. pneumoniac. The clinical signs included recum-
bency and colic.”* Yersinia pseudoruberculosis has
been identified as the cause of enteritis and enlarged
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- meseatric lymph nodes in young rhinoceroses.” Om-

phalophlebitis, in one incident associated with a val-
vular endocarditis caused by E. coli, was observed in
captive white rhinoceros neonates.” In the Sumatran
rhinoceros, local or generalized pyoderma was a
consequence of hyperkeratosis, which is caused pre-
dominantly by E. coli.¥

Tapirs appear cspecially prone to the development
of mandibular abscesses, frequently referred to as
“lumpy jaw,” and cvidence of infection has even
been observed in a fossil perissodactylid.* The lesions
appear as a unilateral, firm swcliing ventral to the
ramus of the mandible or in the parotid regicn. The
abscesses might fistulate, and bony involvement is
common. The pathogenesis of these lesions is un-
known but has been speculated to be similar to that
of lumpy jaw in cattle, in which rough feed causes
oral lesions through which pathogens migrate ven-
trally.™ Corvnebacterium pyogenes, B-hemolytic
Streprococcus,” Actinomyces,"® Necrobacillus, Esch-
erichia coli, and tubercle bacilli® have been isolated
from these lesions. Biopsy of the lesion is recom-
mended. because a mandibular fibrosarcoma has also
been observed in a Malayan tapir.®

The treatment of mandibular infections depends
cn the causative agent. Kuehn*® has deseribed IV
therapy with 209 sodium iodide, three 15-m! treat-
ments at 10-day intervals. Surgical debridement of
infected soft tissue and bone is usually indicated. If
there is an underlying cellulitis or osteomyelitis, pro-
longed treatment with parenteral antibiotics is nec-
essary. The prognosis for complete resolution of the
lesion depends on the extent of infection and on the
causative agent. but is usually guarded.

Methods of prevention of these lesions include
offering only leafy, nonscabrous portions of hay or
pelleted feed products. The inclusion of sodium io-
dide in the diet appeared to prevent “lumpy jaw”
lesions in several mobs of kangaroos, in the senior
author’s (Ramsay’s) experience, and may be of ben-
efit to tapirs. although Alexander' noted that a diet
containing sodium iodide was poorly accepted by a
South American tapir.

Clostridial infections are infrequently reported in
these species. Tetanus has been described in a rhi-
noceros.® but no reports were found for tetanus in
the tapir. We recommend tetanus toxoid vaccination
for both these groups. A black rhinoceros, which
demonstrated ataxia, weakness, and oral lesions, and
subsequently died, had Clostridium sordellii cultured
from its liver and spleen.* A cause of “'big head™ in
cattle and sheep. C. sordellii is a common pathogen
of domestic livestock. The vaccination of captive
animals with a multivalent clostridial bacterin should
be considered in areas endemic for Clostridium sp.

Leptospira was cultured from the liver of a euthan-
ized, adult black rhinoceros in the wild. The relation
of this organism to the animal’s clipical sign of being
unable to rise is unknown.” Scrological antibody
titers for L. canicola and L. icterohaemorrhagiae have
suggested leptospirosis as a cause of hemolytic anemia
n two captive black rhinoceroses.'? A detailed dis-
cussion of hemolytic anemiu in the black rhinoceros
was presented in the first article in this chapter.

Keratitis is frequently observed in the captive Ma-
layan tapir and Sumatran rhinoceros. The cause of
this syndrome is unknown, but may be infectious.
Affected eyes show corneal opacity, corneal ulcera-
tion, and conjunctivitis. Affected eyes should be
swabbed for culturc and cytology. Ophthalmic anti-
biotic solutions sprayed topically are usually of ben-
efit, This lesion is probably caused by physical trauma
and aggravated by excessive exposure to sunlight,
because both these species live in dense tropical
jungle. Providing adequate shade for these animals
is believed to be important for their eyes and overall
well-being.

In 1981 and 1982, five Javan rhinocercses were
found dead in Ujong Kulon, Indonesia. All died
suddenly. Severe diarrthea was reported in three
rhinoceroses, and one carcass showed prolapse of the
rectum and a foamy mucous discharge from the
mouth and nostrils. The sympioms indirectly ob-
served in the dying rhinoceroses were characteristic
of those of anthrax. Unconfirmed reports claimed
that the fast Javan tigers in Ujong Kulon died of
anthrax. Anthrax is endemic in Indonesia, but soil
samples collected in Ujong Kulon were negative for
anthrax spores.*

MYCOBACTERIAL INFECTIONS

There have been numerous reports of “tuberculo-
sis” in the tapir and rhinoceros! # 32 3. 5. 4820072 4y
captivity and in one free-living black rhinoceros.™
Diffuse and focal pulmonary lesions, bronchitis, pleu-
ritis, and lymph node abscesses have been described
in captive animals. A mucocatarrhal bronchiolitis,
granulomas in the thoracic cavity, and an abscess in
the pelvic cavity, with abscessation of draining lymph
nodes, were observed in a wild black rhinoceros.™
Mycobacterium bovis has been isolated from the
tapir® ™ and two black rhinoceroses.” One tapir
showed cavitary pulmonary abscesses.® One black
rhinoceros, which had died, had a generalized lym-
phadenopathy, cavitary pulmonary lesions with pu-
rulent centers, and miliary 1- to 2-mm liver lesions.
M. bovis was cultured from an antemortem fung
biopsy from the other rhinoceros and showed the
following responses 10 intradermal skin testing: a
marked delayed hypersensitivity reaction (DHR) to
mammalian old tubercuiin (MOT), a moderate DHR
to bovine purified protein derivative (BPPD). and a
mild DHR to avian old tuberculin (AOT). It was
euthanized after 6 months of treatment with isoniazid.
Gross lesions in this animal resembled those de-
scribed above, but no mycobacteria were cultured
postmortem. Histology demonstrated suppurative
pulmonary granulomas, with giant cells and alvealar
wall fibrosis.®

Mycobucterium tuberculosis has been culturedifrom
the lowland tapir,"* black rhinoceros,® and greater
one-horned rhinoceros.® The onset of infection s
insidious, with weight loss as the only initial clinical
sign. A productive cough and dyspnes may appear
shortly before death. Observed  lesions  included
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chronic bronchitis, bronchopneumonia, cascous tu-
bercles, and pulmonary hilar lymphadenopathy. M.
avium infection has been reported in a tapir.™

The antemortem diagnosis of mycobacterial infec-
tions is difficult. Clinica! signs are vague, and intra-
dermal skin testing yiclds equivocal resuits.' Use of
the enzyme-linked immunosorbent assay (ELISA)
has shown some promise in 200 species but. in the
evaiuation of the rhinoceros and tapir, with or with-
out evidence of mycobacterial infection, it appears
that ELISA results must be evaluated in combination
with those of other tests.* The need for standardiza-
tion of testing methods in.the rhinoceros has been
identified.” The following testing methods have been
suggested:” (1) comparative intradermal skin testing
using 0.1 m| MOT, BPPD, and AOT. initially on the
tail folds and repeated 10 davs later in the neck if
suspect reactions occur at tail site; (2) biopsy of all
questionable intradermal reactions: (3) concomitant
ELISA testing (serum drawn prior to skin testing} of
any animal in question; (4) similar testing of available
“normal” conspecifics in the collection; and (5) cul-
ture of the respiratory tract of any animal showing
clinical signs.

The treatment of mycobacterial infections is con-
troversial because of the difficulty in making a defin-
iive diagnosis and the unknown efficacy of antimy-
cobacterial drugs in these species. For the rhinoceros.
the use of isoniazid has been suggested.™ 15 to 23
mg/kg/day PO for 1 vear. then 10 to 13 mgkg/day
PO for the second year. Isontazid. 7 g'day PO for 6
months, did not eliminate mycobacterial lesions in a
female black rhinoceros. but was possibly the cause
of negative cultures posteuthanasia.* Frolka® has
described a hygienic and therapeutic regimen that
prevented the spread of M. bovis in a collection of
tapirs.

It has been speculated that many of the mycobac-
terial infections of captive animals are acquired
postcapture, in the countries of origin, where human
tuberculosis is common. If so, control of mycobac-
terial infections might be accomplished by scrupulous
quarantine and testing of imported specimens, using
various evaluation techniques (see earlier).

VIRAL INFECTIONS

Poxvirus infections have been described in both
captive black and white rhinoceroses. One report
suggested that the virus is related to a fowlpox virus.*
The evaluation of more recent infections has indi-
cated that the virus appears to be more closely related
to cowpox virus.” Lesions include vesicles and pus-
tules of various sizes on the flank. abdomen. and
medial thigh. Ulcerations may also be present at the
mucocutancous junctions and the mucosa of the
esophagus and forestomach.™ Therapy includes sup-
portive care and the treatment of secondary bacterial
or fungal infections.

A herpesvirus infection was described in a group
of captive Malayan and mountain tapirs. Clinical signs
included fever, keratitis, erosions, and ulcers at the

oral and nasal mucocutaneous junction and coronary
band. znd dermatitis. Some coronary band lesinn‘s
undermined the soles of the feet, causing lameness,
and the coalescence of skin lesions produced sebor-
rheic eczema in a few animals. Three of six clinically
ill animals died, despite symptomatic treatment,”

Foot-and-mouth discase was documented in South
American and Malayan tapirs in an outbreak at a
European zoo. The principal signs were interdigital
lesions.” Foot-and-mouth disease is known to affect
ruminants but docs not affect equids, and has not
been reported in the rhinoceros.

No reports of equine encephalitides could be
found. but the vaccination of tapirs against Venezue-
lan, eastern. and western equine encephalitis in en-
demic areas has been recommended.™

Several diseascs observed in the rhinoceros are
speculated to be caused by viruses, but no causative
agents have been identified. An acute vesicular der-
matitis occurred in a captive female black rhinoceros,
which led to the animal’s death. It did not appear
contagious. because another rhinoceros housed with
the affected animal showed no clinical signs.” Papil-
lomas have been observed in black and greater one-
horned rhinoceroses.” In domestic animal species,
papillomas are known to be caused by papovaviruses,
but there have been no attempts to identify viral
antigens in rhinoceros papillomas.

MYCOTIC INFECTIONS

Dermatophytosis has been described in both the
rhinoceros and tapir. Microsporum gypseum, M.
canis, and Trichophytor tonsurans have been cultured
from the tapir.>* M. canis causes severe infections
in the mountain tapir, producing alopecia of the body
and proximal extremities. The lesions are covered
with yellowish scruff and respond to griseofuivin, 10
mg'kg for S0 days.* Trichophyion mentagrophytes
was identified as a cause of dry eczematous lesions in
a herd of white rhinoceroses, held indoors after
importation. Topica! therapy with etisazol alleviated
the problem.® A case of dermatomycosis in a white
rhinoceros, caused by Trichophyton sp.. resolved
without treatment when the animal was released from
its winter quarters.™

Pulmonary aspergillosis has been identified in two
black rhinoceroses.® Aspergilius fumigaius and Ab-
sidia corymbifera were cultured from lesions in these
animals. Fusarium, Alternaria, and Absidia sp. have
been identified as secondary invaders of superficial
skin lesions.” Pirvrosporon pachydermis was de-
scribed as the cause of exfoliative dermatitis in greater
one-horned rhinoceroses.”

Cocridioidomycosis caused the death of a wild-
caught. 25-year-old captive South American tapir.
Death followed a 3-week history of weight loss and
3 days of lethargy, dyspaca, and anorexia. Necropsy
lesions included discrete to coalescing granulomas of
the liver and a hilar tyvmphadenopathy. The animal
was capiured in Ecuador, an endemic arca for Coc-
cidioides immiris, and shipped to a zoo in the south-
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- east United Staies. an area not endemic for coccidi-
eidomycesis. [t was speculated that the organism lay
dormant in the animal for 20 vears prior to the
developmenst of clinical disease.™”

PARASITIC DISEASES

Perissodactvlids can suffer from endoparasitic and
ectoparasitic infestation, and from protozoal entenc
parasites and hemoparasites.

Ectoparasites
Arthropods

Sarcoptes tapiri is a potentially pathogenic parasite
of tapirs. In young animals. infestations are severe
and may become secondarily infected. Adults usually
demonstrate only small areas of alopecia, unless
stressed. Lesions generally begin on the belly and
inner limbs and progress to the sides of the torso and
back. becoming large, ervthematous hairless paiches,
with skin thickening and crust formation. Pruritus
may be severe and can lead to secondary trauria.
Exceptional cases may show proliferative dermatitis
around the eves. ears, and mouth, which interferes
with hearing and the prehension of food. Severe
infestations produce general debilitation and may
cause death.” Diagnosis is by demonstration of the
mite in the epithelium or crust by skin scraping.
Treatment with 1 gallon of toxaphene (Cooper-Tox)
in 130 gallons of water has been recommended, two
spravings 2 weeks apart.™ Alternatively, ivermectin,
0.2 mgikg SC or IM. should be cffective." Infected
animals should be quarantined from all stock until
the infection is cleared.

A large number of Amblyonuna ticks infest rhi-
noceroses. Adult A. hebraeum and A. sparsum, vec-
tors for Cowdria ruminantiuvm, the agent for heart-
water disease. have been recovered from white and
black rhinoceroses.* = A. rhinoceros, A. gemme, and
A. marmcrem have also been described as parasites
of black rhinoceroses.’* Amblvomma iestudinarium
was identified as an ectoparasite of the rhinoceroy
and tapir in Indonesia.” and A. crenatum was de-
scribed as infesting the Javan rhinoceros.™ A. infes-
tum, Hyvlaomma walkeriaeirii, Aponomma sp., and
Haemaphysalis sp. have been found on Sumatran
rhinoceroses in peninsular Malaysia.

Rhipicephalus avrei, R. superitus, Cosmiomma hip-
popotamensis. and Dermacentor, aemaphysalis, and
Hvalomma «p. have been found on black rhinoceroses
from Kenya.' %™ [, rhinocerinus has been identi-
fied on white rhinoceroses imported into the United
States.™ Ticks generally gather in the tail folds,
around the cags and eyes. and around the genitals.
Ticks are weldom ‘of pathogenic significunce by them-
selves. The major veterinary concern is their role as
vectors for hemoparasites and other pathogens of
domestic amimals. A mujor reason for antitick treat-
ment is restriction of the importation of nonendemic
diseases carried by ticks on imported rhinoceroses.
The use of 1.0 and 0.5% flumethrin pour-on has

proved successful for the treatment of translocated
black rhinoceroses. with the lower concentration
being more suitabjc because of the larger treatment
volume." It is assumed that similar therapies are as
effective and safe in the tapir.

Biting flizs of the genera Lyperosia, Rhinomusca,
Tabanus. and Glossina have bean reportad as causes
of irritaton for the black rhinoceros.™ © Glossina
sp.. tsetse flies, are of particular importance as vectors
of trypanosomes. The production of proliferative,
periocular lesions seen in captive and wild black
thinoceroses were speculated to have been caused by
Habronema larvae: these responded tc treatment
with topical antibiotics and steroids.™ Tabanus sp.
and Chrysomyia bezziana affect captive Sumatran
rthinoceroses in peninsular Malavsia.

An unusual ectoparasite of the captive black rhi-
noceros and Malavan tapir in southeast Asia is a
skin-piercing, bloodsucking moth. Calpe eusrrigata.’
It has been observed feeding on captive animals, but
has not been scen in the wild. Because the Malayan
tapir is endemic to the area, it has been presumed
that the Caipe moth may feed on free-living iapirs,
and possibly also on endemic rhinoceros species.

Nematodes

Stephanofilaria dinniki has been frequently re-
ported as a cause of dermatitis in wild and newly
imported black rhinoceroses_*-= = * Lesions are an
ulcerative, proliferative dermatntis, caudal to the
point of the etbow and on the flanks. The iesions are
centrally depressed. raised peripherally. and usually
covered with a crust. Thev may be pruntic. and
secondary trauma, caused by scratching or oxpeckers
(birds that perch on the rhinoceros and eat parasites
and crusts) may lead to secondary bacterial infection.
The occurrence is seasonal. with manifestations mos:
severe in the summer and regression in the winter.

Histology demonstrates microfilaria in the superfi-
cial lvmphatics and interstitial spaces and inflamma-
tory infiltrates of plasma cells and lymiphocytes. Adult
nematodes were not found in the ulcerative portion
of the lesion, but were occasionally noted in the
periphery of the lesions. The infection is believed to
be transmitted by certain species of biting flies and
therefore is not seen in long-ierm captive animals,
Diagnosis is made on the basis of clinical signs and
histology. Lesions usually resolve spontzneously, but
may be treated with topical prepezrations.” Infections
have not been described in the white rhinoceros.,
which is sympatric with the black rhinoceros in areas
endemic for this nematode.

Endoparasites
Arthropods

Larvae of Gyrostigma pavesii are commonly found
in the stomachs of both African rhinoceros species.
Gyrostigma pavesif was observed in a captive white
rhinoceros in Malavsia. but natural infections with
African Gyrostigma sp. have not been reported out-
side the African continent.™ Gyrostigma conjungens
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and: Gasierophilus rhinocerontis occur in the black
rhitnoceros.”  Gasterophilus larvae have also been
found! in the stomach of imported southern white
rhinoeeroses, but the infection apparently clcared.
without treatment, in the Northern hemisphere.”
Guasterophilus sumatrensis has been described from
larvac found at necropsy of a captive Sumatran
rhineecros. ' Larvae are laid by adult fites at the nares
or horn base and migrate through tissues to the
stomach. Clinical signs are minimal, and treatment
with an organophosphate compound, such as 75%
dimethylhydroxytrichiorethyl phosphate. has been
described.! No reports of bot infections in tapir have
been published.

Platyhelminths and Pentastomes

Fasciola hepatica has been associated with hepatic
cirrhosis and the death of a captive South American
tapir.” Trematodes in the bile duct were an incidental
finding in a captive Malayan tapir.” The death of a
young caplive greater one-horned rhinoceros has
been atiributed to F. gigantica.™ Brumptia bicanda is
a trematode of the intestine of black and white
rhinoceroses. Its life cycle is unknown, and no at-
tempts at treatments have been described.”

Tapeworms infect the tapir and rhinoceros, but are
seldom of clinical importance. Captive mountain tap-
irs can be infected with Parancplocephala sp., and
respond to chlorsalicylamide, 100 mgkg PO.” Tape-
worms of the genus Aneplocephala are found in
captive and wild rhinoceroses. A. diminuta and the
enormous A. gigantea, which can grow to 20 feet
long, have been described in the Javan rhinoceros.™
A. vulgaris was found and thought to have contrib-
uted to overall debilitation in a captive greater orne-
horned rhinoceros.”' This parasite has also been
described in free-living black rhinoceroses.” The
treatment of tapeworms in rhinoceroses includes pra-
ziquantel, niclosamide,” or chlorsalicylamide, 160 to
220 g/rhinoceros, once.** Orabatid mites are believed
10 be the intermediate host for these tapeworms, and
may be controlled by not leaving bedding in the
exhibit for extended pericds of time or by periodic
flaming of the yards.*

Several cysts containing the nymphs of the penta-
some Armillifer moniliformis have been recovered
from a wild-caught Malayan tapir.*

Nematodes

Strongyloides sp. and strongylids are commonly
found in the tapir.* Ascarid ova have also been found
in the feces of the mountain tapir.® The presence of
Capitlaria hepatica was an incidemal finding in the
liver of a South American tapir, and Brachyclonus
indicus is thought to have caused the death of a
Malayan tapir.® Nematode parasite infections are
dingnosed by fecal flotation and by the identification
of ova or larvae., They may be treated PO with
mebendazole, § mg/kg, or thiabendazole, 50 to 60
mg/kg. These treatments should be given once and
repeated in 2 to 3 weeks. Alternately. levamisole, 10
mg/kg PO, or ivermectin, 0.2 mg/kg PO. can be given
once.

Rhinoceroses arc infected with a wide variety of
nematode parasites. The ascarid Probastamayria vi-
vipara has heen found in captive greater one-horned
and white rhinoceroses. ™ Strongylids, Strongyloides.
and Crossocephalus sp. infect the Sumatran rhinoc-
eros. Parquilonia brumpti and Murshidia, Buisoon,
and Khalilia sp. arc found in the small intestines of
bluck rhinoceroses.”” Memphisia, Henryella, Kitu-
{uma, and Quilonia sp.. and Oxyuris karamoja, Par-
abronema rhinocerotis. and Pleridopharynx omoensis
have been identified in the large bowel and cecum of
the black rhinoceros.® ™ © Swrongylus tremleni was
reported to cause massive intestinal infections in the
black rhinoceros.”

The hookworm Grammocephalus clathrons has
been associated with bile stones in the bile duct of
both African rhinoceros species.™ and G. intermedius
was reported in the large bowel of the black rhinoc-
cros.”! The spirurids, Drascheia megasioma and Ha-
bronema khalili, have also been identified in the
intestine of the black rhinoceros.* Capillaria have
been found in the white rhinoceros™ and thelazid
worms were reported in the conjunctival sac of free-
living black rhinoceroses.*

Fecal egg counts may increase markedly whenever
rhincceroses are kept crated or the enclosures are
not cleaned thoroughly and regularly. The diagnosis
and treatment of enteric nematode parasites in the
rhinoceros are similar to those described for the tapir.
We have safely used mebendazole in the rhinoceros.

A captive South American tapir showed clinical
signs and necropsy lesions suggestive of schistosomi-
asis.® Occasional bouts of bloody diarrhea culminated
in a fatal episode of diarrhea and dark red urine.
Granulomatous hepatitis and a hemorrhagic enteritis
were found, with nonoperculated eggs associated with
the lesions. The animal had been captive-bomn in the
southeastern United States and held in collections in
Florida, Ohio, and Michigan prior to its death. It was
speculated to have been infecied with Heterobitharzia
americana, based on the histology of the lesions, the
morphology of the ova, and the animal’s geographical
origin. A nutritional myopathy was also observed.“

Protozoans
Enteric Parasites

The enteric protozoal flora of tapirs may include
ciliophora, mastigophora, and Balantidium and Giar-
diu sp. The latter two organisms are also known to cause
watery diarrhea in the tapir, which can be treated
with chlortetracycline. paromomycin, or diiodohy-
droxyquin.= * Balansdium sp. and trophozoites of
Entamocba sp. have been found and presumed to be
pathogenic in the white rhinoceros.** Ciliated pro-
tozoa and Phalodinium, Arachnodinium, Monopos-
thium,. and Rhinozeta sp. are found as commensal
flora of both the black and white rhinoceros.™ ™

Hemoparasites

Intracrythrocytic Babesia sp. have been found in
the Malayvan tapir and both African rhinoceros spe-
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- cies. The infected tapir was a recently imported
2nimal and cxhibited antemortem signs of icterus and
anemia. The babesial organisms were not identified
as 1o specics, but resembied those of Babesia equi.™
Large Babesia and Theileria-like piroplasms have
been found in healthy black and white rhinoceroses.™
*.* These two organisms were speculated to be patho-
genic, in combination with a trypanosome infection.
in recenily captured black rhinoceroses.”

Trypanosoma organisms were found at necrepsy of
a Malavan tapir.” Frypanosoma sp. are endemic in
the black rhinoceros in East Africa.*" T. vivax and
T. brucei have been reported in wild rhinoceroses in
Tanzania and Kenya." ¢ Postcapture deaths occurred
in infected animals, despite treatment with dimina-
zene aceturate (1.3 o 3.0 g) after capture. It is
unclear. however, whether these deaths resulted from
parasite infection or capture myopathy. A suggested
treatment for clinical infections is pyrithidium bro-
mide. 3.0 g. and diminazene aceturate, 6.0 g.*'

References

1. Alexander ID: Actinomyces infection in a tapir (Tapirus
terrestris). J Zoo Anim Med 9:124, 1978,

2. Banziger H: Skin-piercing blood-sucking moths 1: Eco-
logical and cthological studics on Calpe eustrigata
(Lepid.. Noctuidazy. Acta Trop 32:125, 1975.

3. Bezuidenhout JD. Schneider HP: Studies on the biology
of Cosmiomma hizpopotzmensis Denny, 1843 in South
Wes: Africa. J South Afr Vet Med Assoc 43:301, 1972.

. Bigalke RD. Keep ME. Keep Pi. et al: A large Babesia
sp. and a Theileris-like piroplasm of the squarc-lipped
rhinoceros. J South Afr Vet Med Assoc 41:292, 1970.

. Bohm KH: Dermziovkosen bei zootieren. Kleintier-
Prax 13:139, 1965.

6. Borst GHA. Vorege C. Poeima FG. et al: Pathological
findings on animals in the Royal Zootogical Gardens of
the Rotterdam Zoo during the years 1963, 1964 and
1963. Acta Zool Pzthol {Amwerp} 56:3. 1972.

7. Brocklesby DW: A Babesia species of the black rhinoc-
cros. Vet Rec 80:234, 1967.

8. Brocklesby DW. Vidler BO: Some parasites of East
African wild animais. East Afr Wildl J 3:120, 1965.

9. Chaffec PS: Repor: on the death of a rhinoceros. J Sm
Anim Pract 9:133. 1968.

10. Chevalier H-J, Bokm KH. Sceger J: Humane tuberku-
lose beim tapir. Kicintier Prax 14:213, 1969.

1. Clausen B: Survey {or trypanosomes in black rhinoceros
(Diceros bicornis). } Wildt Dis 17:581, 1981.

12. Clausen B, Ashforé WA: Bacteriologic survey of black
rhiroceros (Diceros bicorns). 3 Wild! Dis 16:375, 1980,

13. Condy JB. McCulixch JIM. Rodger JOK. ct al: The
treziment of cight square-lipped rhinoceros (Ceratoth-
ertum simuwm) with an enthelmintic. J South Alr Vel
Med Assoc 3499, 163,

14, Crendull LS: The management of wild mammals in
capuvity. Chicago. University of Chicago Press, 1964,
p 9.

15, Dandk J. Routa V. Sévdk B, et al: Udinnost ivermey-
tinu (Ivomec ing) pf: Léébé svrabu gastroeatero hel-
mini6 u plefuy-kefeau a tapiry jihoamerichiyveh. Bial
Chem Vet 21183, [9%8,

16. Dillzhay DL, Bowvsinger TR, MacKenzie S: Cocuidioi-
domycosis in i tepr J Am Ver Med Assoc 187:1233,
1985,

17. Douglas EM. Plue RE: Hemolytic anemia suggestive

b .

J 18

tn

w

.
(%3

33.

34.

35

of leptospirasis in the black rhinoceros. 3 Am Vet Med
Assoc 177:921. 1980,

. Duncan IM: The use of flumethrin pour-on for de-

ticking biack rhinoceros (Diceros bicornis) prior 10
translocation in Zimbabwe. Tvdskr § Afr Vet Ver
60:195, 1989,

Ensley PK, Gerber FH. Meicr JE: Acute gastrointes-
tinal distress in a ten-dav-old Baird's tapir (Tapiris
bairdii). } Zoo Anim Med 11:113, 1980,

Frolka J: Zur tuberkulose bei flachlandiapiren (Tapirus
terresteris) und den prophylaktischen massnahmen. Son-
derdruck aus Verhandlungsbericht des XXXI Interna-
tionalen Symposiums dber die Erkrangungen der Zoo-
tiere. Dortmund, 1689, p 2381.

21. Furley CW: The clinical history of the adult female

Sumatran rhinoceros. called *Subur,” in captivity in
Sumatra and at Port Lympne Zoa. Kent. Great Britain.
Kent, Howletts and Port Lympae Estates, 1987,

. Gale NB. Sedgwick CJ: A note on the wooly tapirs

{ Tapirus pinchaque} at Los Angeles Zoo. In Lucas J
(ed): International zoo vearbook, Vol 8. Londos. Zoo-
logical Society of London. 1968, p 211.

Gemeinhardt H. Ippen R: Lungenmykose beim spitz-
maulnashorn (Diceras bicornis) durch mischinfektion
von Aspirgillus fumigatus und Absidia corynbifura (ra-
mosa). Zool Garten NF Jena 52:342, 1982,

. Godfrey RW, Dresser BL, Campbel! BI: Tuberculosis

testing of captive rhinoceros. Proc Am Assoc Zoo
Vet:312, 1990.

. Géltenboth R: Uber eine unterkicfergeschwulst bei

cinem schabrackentapir (Tapirus indicus Cuv.). Ver-
hand lungs bericht des IX Internationalen Symposiums
aber die Erkrankungen der Zootiere, Salzburg. Berlin,
Akademie Verlag, 1967, p 239.

Griffith AS: Tuberculosis in captive wild amimals. J Hyg
{Cambridge) 28:198. 1929.

. Griner LA: Pathology of zoo animals. San Dicgo.

Zoological Socicty of San Diego. 1983, p 8.

. Griindberg W, Burischer H: Uber cine pockenartige

krankheit beim rhinozeros (Diceros bicornis L.). Zen-
tralbl Veterinarmed [B] 13:649, 1968,

. Horak IG., Mclvor KM, Peiney TN, et al: Some avian

and mammalian hosts of Amblyomma hebraeum and
Amblyomma marmoreum (Acari: Ixodidae). Onderste-
poort ] Vet Res 34:397, 1987,

Jarofke D, Klos HG: Erkranken bei in gefangenschaft
gehalienen Afrikanischen nashornern (Zuchtbuchau-
swertung). Sonderdruck aus Verhandiungsbericht des
XXI Internationalen Symposiums aber die Erkrankun-
gen der Zooticre, Mulhouse. Berlin, Akademie Verlag,
1979, p 287.

. Jensen JM: Beta-hemolytic streptococcus associated

with enteritis in a Malayan 1apir. J Zoo Anim Med
9:88. 1975.

. Jones DM: The husbandry and veierinary care of cap-

tive rhinoceroses. In Olnev PIS (ed): International zeo
vearbook. London. Zoological Society of London. 1979,
p 239.

Jones DM, Thomseit LR: A short review of the discases
of rhinoceros skin with case reports on an exudative
dermatitis of the white rhinoceros (Ceratotherium si-
mum). Sonderdruck sus Verhandlungsbericht des X1V
Internationalen Symposiums Gber die Erkrankungen
der Zooticre, Wroclaw. Berlin, Akademic Verlag, 1972,
p 227.

Keahey KK. Trapp AL: Diosgnuses and classifications
of discases of cxotic amimals. J Am Vet Med Assoc
155:1136, 196%.

Keep ME, Basson PA: Mycobacteriosis in g black
rhinoceros (Diceros bicorniy Linnacus 175%). J South
Afr Vet Assoc 3:285, 1973,

Y . (0 | " e i e e

P ™ T

e

- N n



el e

e T e

R K

STV il cusi el B

36.

38.

39,

40.

41.

[
~

48.

W
—

o
[1=)

¥
(]

@

ta
~

“n
2]
b

INFECTIOUS DISEASES 7)F THE RHINOCEROS AND TAPIR - 465

Kraneveld FC. Kaidel HI. Rhunnceros sondaicus cen
gastheer voor Amblyomma crenatum op Java. Hemera
Zoa 63:364, 1936,

. Krijgsman BJ. Porio SAS: Die verbreeitung der zecken

in Niederlandischestindien. 7/ Parasitenkunde 3:1440,
1931.

Kuehn G: Tapindae. In Fawler ME (cd): Zoo and wild
animal medicine fed 2). Philade!phia, WB Szunders.
19%A, p Y31.

Kutzer E, Grunburg W: Sarcopiesraude (Sacoptes tupirt

nov. sp.) bei tapicen {Tapirus terrestris). Z Parasiten-
kunde 29:46, 1967,

Lakshmana CK. Ramanathaan S, Rama Krishna R, et
al: Salmoneliosis 12 adult [ndian rhinoceros (Rhinaceros
unicornis). J Zoo Anim Med 15:135, 1984,

Lang EM: Rhinceeroses. In Klos EM. Lang E (eds):
Handhook of zoc medicine. New York. Van Nostraad
Reinhold, 1983, p i94.

. Lee CC, Zainal-Zahari Z. Krishnasamy M: New host

record of Armillifer moniliformis (Diesing 1835: Sam-
bon, 1922) in a Malayan tapir (Tapirus indicus). Kajian
Ver 18:1935. 1986,

. Lewis EA: Rhipicephalus ayrei n. sp. (a tick) irom

Kenya colony. Parasitology 25:269. 1933.

. Lovell R: The isolztion of tubercule bacilli from captive

wild animals. J Comp Pathal 43:203, 1930.

. Mann PC, Bush MB, Janssen DL. et al: Tuberculosis

in large zoo mammals. J Am Vet Med Assoc 179:1123,
1981.

. Mayr A, Mahnel H: Charakterisierung eines vom rhi-

noceros isolierinzn Hihnerpockenvirus. Arch Virus-
forsch 31:51, 1970,

. McCulloch B. Achard PL: Monalities associated with

the capture. translocation. trade and cxhibition of black
rhinoceros. In Luzas J (ed): International zoo yearbook,
Vol 9. London. Zoological Society of Lordon, 1969, p
184,

Meier J, Samborm W: A preliminary report on the
management and treatment of salmonellosis with tri-
methoprim-suliamethoxazole in an exotic animal nurs-
ery. ] Zoo Anim Med 13:26, 1982,

. Messow C.: Filarien-dermatitis beim nashom. Soader-

druck aus Verhandlungsbericht des IX Internationalen
Symposiums aber die Erkrankungen der Zootiere, Prag.
Berlin, Akademie Verlag, 1967, p 195.

. Mirra SC: The management of animals in the Calcunta

Zoological Gardens. J Bombay Nat Hist Soc 13:254,
1893.

. Moodic RL: Actinomvcosis in a fossil rhinoceros. J

Parasitol 9:28, 1§23,

2. Nair ND, Valsal: KV, Mariyamma KI. et al: Tubercu-

losis in a tapir { Tupirus indicus). Indian Vet J 62:1086.
1985,

. Neveu-Lemaire M: Les strongvlides du rhinoceros Af-

ricain (Rhincceros bicornis). Ann Parasitol 2:121, 1924,

. Page CD, Schmidi RE: Disseminated intravascular co-

agulation in 2 neenatal white rhinoceros (Ceratotherium
stmum simum). j Zoo Anim Med 18:53, 1987.

. Parsons BT. Shzldrick DLW: Some observations on

biting fiies {Diptera. Muscidae, sub-fam. Stomoxydinac)
associated with the black rhinoceros { Diceros bicornis
(L)). East Afr Wild} J 2:78. 1964,

. Pattyn R, Boveroulle MT, Morntelmans J, et al: Myco-

bacteria in mammals and birds of the zoo of Antwerp.
Acta Zoo! Pathol (Antwerp) 43:123, 1967.

. Pilaski J. Schaller K. Matern B. et al: Pockenerkran-

kungen bei clef2aten und neshomern. Soaderdruck aus
Verhandlungsbericht des XXIV Internationalen Sym-
posiums Gher Jic Erkrankupgen der Zooticre, Ve-
szpren. Berling Azademic Verlag, 1982, p 257,
Powers RD. Price RA: Human tuberculosts in a rhi-
noceros. J Am Vet Med Assoc 151:890, 1967.

59,

60,

61.

67.

69.

71

Reddy KR, Khan DKMGA. Ramakrishna K: Balann-
diosis in white rhinocerns. Livestock Advisor 9:49, {484,
Reichel K: Tapirs. In Klos HG, Lang E (eds): Hand-
book of zoo medicine. New York, Van Nostrand Rein-
hold. 1983. ¢ 186,

Reichel K. Mayer H: Herpesvirusinfektion hei tapiren.
Sonderdruck aus Verhandiungshericht des XIV Inter-
nationaien Svmposiums Gber die Erkrankungen der

Zooticre, Wroclaw. Berlin. Akademic Verlag, 1972, P
221,

. Reynolds RJ: Asian rhinos in captivity. In Japas C,

Morris DD (eds)y: Internaticnal zeo vearboak, Vol 2.
London, Zoological Societs of London, 1960, p 17.

. Round MC: A new specizs of Staphanofilaria in skin

fesions from the black rhinoceros (Diceros bicornis L)
in Kenya. J Helminthol 32:%7, 1964,

. Sandground JH: Two new helminths from Rhinoceros

sondaicus. ] Parasitol 19:192, 1933,

. Schenkel R, Schenkel L: Ecolagy and biology of the

black rhinoceros. Berlin. Paul Parey, 1969, p 26.

. Schenkel R, Schenkel L.: Situation of the Javan rhino

in Ujong Kulon National Park. Assessment in March
1982 after the sudden death of five rhinos. Gland,
Switzerland, WWF/IUCN Repori, 1982,

Schenke! R, Schenkel-Hulliger L: The Javan rhinoceros
(Rh. sondaicus Desm.) in Ujong Kulon Nature Reserve.
Its ecology and behavior. Acta Trop (Basel) 2:97. 1969.

. Schnurrbusch U, Schanbom C, Seifert S. et al: Gris-

eofulvin-behandiungeiner Microsporum canis-infektion
bei einem bergtapir ( Tapirus pinchaque). Sonderdruck
aus Verhandlungsbericht des XIV Internationalen Sym-
posiums Gber Erkrankungen der Zootiere, Wroclaw.
Berlin, Akademie Verlag. 1972, p 251,

Schuiz KC. Kluge EB: Dermatitis in the black rhinoc-
eros (Diceros bicornis) due 10 Blariasis. } South Afr Ve:
Med Assoc 31:265, 1960.

. Selbitz HJ, Elze K, Schuppe! KF: Kasuistischer beitrag

zu den jungtiererkrankungen beim flachiandtapir (Tap-
irus terrestris). Sonderdruck aus Verhandlungsbericht
des XXIV Internationalen Symposiums aber die Er-
krankungen der Zootere. Veszprem. Berlin, Axademie
Verlag. 1982, p 65.

Sitberman MS, Fulton RB: Medical problems of captive
and wild rhinoceros—a review of the literature and
personal experiences. J Zoo Anim Med 10:6, 1975,

. Snyder RL: Historical aspects of tuberculosis in the

Phiiadelphia Zoo. In Montali R} (ed): Mycobacterial
infections of zoo animals. Washington, DC, Smithson-
ian Institution Press. 1973, p 33.

. Southwell T: A new species of cesiode (Anoplocephala

vulgaris) from an African rhinoceros. Ann Trop Med
Parasitol 14:3353, 1921,

74. Thoen CO, Himes EM: Tuberculesis. [n Davis JW,

Karstad LH, Trainer DO (eds): Infectious discases of
wild mammals. Ames, [A, Towa State University Press,
1981, p 263.

5. Thompson JK. Priestley FW, Polding IB: Enteritis of 2

white rhinoceros associated with Pseudomonas pyocy-
anea infection. Vet Rec 22:341, 1949,

. Tremlett JG: Observaticns on the pathoiogy of lesions

associated with Srepharnofilaria dinniki Round, 1964
from the black rhinoceros ( Diceros bicornis), 1 Helmin-
thol 38:171. 1964.

Van Hoven W, Gilchrist FMC, Hamilion-Attwell VL:
Intestinal ciliated proiozoa of African rhinoceros: Two
new genera and five new species from the white rhinoe-
eros (Cerarorherium simum Barchell, 1817). J Protozool
34:338, 1987,

. Van Hoven W, Gilchrist FMC, Hamilton-Attazll VL:

A new family, genus and seven new species of Entodi-
riomorphida (Protozoa) from the gut of African rhi-
noceros. § Protozoo! 33:92. 1988,



+ 466  PERISSODACTYLIDS

= 79. Vellayan S, Zahedi M. Jeffery J: Gastric myiasis Jue
to Gyrostigma pavesii corti (Diptera: Gastrophitidac) in
a white rhinoceros, Ceratotherium simum. Malavan Vet
J 7:241, 1983,

80. Vroege C. Zwart P: Babesiasis in a Malayan tapir
(Tapirus indicus Desmarcst. 1819). Z Parasitenkunde

. $0:177, 1972,

81. Wallach JD. Boever WJ: Diseascs of exotic animals:
medical and surgical management. Philadeiphia, WB
Saunders, 1983, p 787.

S2. Weiss.R: Uber cine Trichophytie bei breitmaulnashor-
nen {Ceratotherium simum Burchell, 1317). Mykosen
17:137, 1974,

83. Wicdman FD: Mycosis in lower animals. Arch Pathoi
8:1019, 1929.

S4. Windsor RS, Ashford WA: Salmonella infection in the
Afncan elephant and the black rhinoceros. Trop Anim
Health Prod 4:214, 1972,

%5. Yamini B, Schillhorn van Vecen TW: Schistosomiasis
and nutritional myopathy in o Brazilian tapir. Tapirus
terresiris. J Wildl Dis 24:703, 1988,

86. Young E: Trcatment of cutanepus granulemata in the

black rhinoceros. In Jarvis C (ed): International zoo
yearbook, Vol 6. London, Zoological Sociciy of Lon-
don, 1966, p 276.
Zainal-Zahari Z. Sheikh-Omar AR. Tadjuddin M: Se-
vere necrotizing enteritis in a Sumatran rhinoceros
{ Dicerorhinus sumairensis). Proccedings of the first con-
gress of the veterinary association of Malaysia. 1989,

e 4
'\l

e ———

CAPTURE AND
TRANSLOCATION OF THE
FREE-RANGING BLACK
RHINOCEROS: MEDICAL
AND MANAGEMENT
PROBLEMS

Michael D. Kock
Peter Morkel

Approximately 65.000 black rhinoceroses (Diceros
bicarnis) inhabited Africa south of the Sahara in the
carly 1970s. Because of poaching and habitat loss.
this number has dwindled 1o about 2000). a decline of
over 95%. Despite a 17-vear ban on the sale of
rhinoceros horn, as mandated by the Convention of
International Trade in Endangered Species (CITES:
see Appendix), poaching has persisted and, in some
areas, intensified. Of the free-ranging black rhinoc-
eroses in Africa, 95% now reside south of the Zam-
bezi River, with about 430 in Zimbabwe. 4 in
Namibia, and 750 in South Africa.

Poaching in Zimbabwe und Namibia has led to
aggressive antipoaching practices. including translo-
cation and horn removal. In Zimbabwe and Namibia,
more than 400 animals have been translocated
to private ranching und wildlife estate lands since

1986.F ™ Some have been recaptured for relocation
after escape or for investigation and treatment of
medical problems. and over 130 have been dehomed
as an antipoaching measure.

The capture and translocation of black rhinoceroscs
in Zimbabwe has resulied in an unacceptable mor-
tality rate of 13 to 20% since 1936. A similar mortality
rate of 22% has been recorded with capture and
translocation operations in Namibia. In Zimbabwe,
most deaths occurred within 1 week to 12 months
after capture and. although many were caused by
traumatic injury (e.g.. horn loss. fighting). a signifi-
cant number remain unexplained.™ " Investigations
into the effects of capture. boma confinement. and
translocation® have begun 10 identify contributing
factors in these unexplained mortalities. The black
rhinoceros appears to be less sensitive to common
capture complications that occur during or shortly
after chemical immobilization. but is more vulnerable
‘0 the effects of confinement and translocation after-
ward.* Whereas overt clinical manifestations of per-
acute and acute capture stress and myopathy are not
apparent. physiological responses occurring soon
after capture indicate otherwise. The changes in these
parameters suggest an increased predisposition to the
effects of further stress (e.g.. trauma. nutritional
changes and imbalances, oxidant stressors,* infec-
tions).* Based on these findings. an adaptive manage-
ment approach has been adopted in Zimbabwe and
Namibia that aitempts to reduce the high monality
rate associated with capture and transiocation. Sig-
nificant improvements in management may be accom-
plished in these three areas: capture, boma confine-
ment. and translocation.

CAPTURE AND TRANSPORT

Regardless of the methods used. capture and trans-
port of the black rhinoceros should be undertaken
only by experienced personnel.’ Depending on ter-
rain. logistics. and economic factors, rhinoceroses
can be darted either from the ground or from a
helicopter. Ground darting requires considerable co-
ordination. the use of a fixed-wing aircraft. and bush
skills. Helicopter darting is preferable if large num-
bers of animals are to be captured in a short period.
Human and animal safety is of paramount impos-
tance.

Minimizing Stress

The first step in lessening the stress experienced by
black rhinoceroses during capture is short. smooth
induction of anesthesia. Work in Namibia has estab-
lished the value of using high doses of etorphine HCY
(M9Y. C-Ver). 4 10 4.5 mg. combined with azaperone
{Stresnil. Janssen Animal Health), 250 10 300 mg,
and hyaluronidase (Hyalase, Fisons Pharmaceuti-
cals). 4500 U in producing rapid induction times of
less thun 4 minutes.” Rescarch in Zimbabwe has

"Paglia, D and Miller. E. Personal communication, 1992,



