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INTRODUCTION

I cokemuas are uncommon m oanimals and otien
reman untreated n large domestie speaies
Thi< aeport detads the medical managenient ol
acute lymphoblastic leukemy (ALLY a0 juvembe
~outhern black thinoceros (Diceros baconnes niner ).
sith emplisis on senal hematologie monionng
and the cluncal and chimwcopathologic responses by
Chemotherapy  Diagnosis and therapy ot leukenua
i this captive-born rhinoceros represented the
combined eftforts of both veterinary and huiian
specialists and may provide puidehnes tor tutine
nanapement ol neoplastic discases an tus highbly
cndangered maminal

CASE RLEPOR]T

A 2l-mo-ald temale southern black rhinoceros
Calt ¢ Echol " ostmated body weight SO0 ko de
veloped acute signs of upper respiratory congestion
on 21 September 1997 that were most noticeable
during cating. Nasal swabs tor bactersal and fungal
cultures revealed only pormal flora Although o
routine hemogram ¢ wk carlier had been entirely
normal. the white blood cell count (WBC) on duy
2 was 49093 WRBC/) (rel. range 6.900-15.400
WRBC/ph. " Peripheral blood ilims were dominated
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Ruo Wildlite Conter PO Boy 2189, 718 Ceunts Road
2008, Glen Rose Texas 76045 USA (Radehifted: the e
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sy of Californis at Los Angeles School of Medieme
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and oparticalar sensinv s ot dimeceros myocardild tssue

therapente ot need oo be caretully considered betore
the umque phy-aaloss ob s wpecies

o chemaotherapy. Ivmphobliea, granuocyie colony stimu-

€907 by a heterogencous population of large
¢ 25 poy) immatare lymphoblasthke cells. includ-
g tull spectrum of terms between undifferenti-
ated blasts and mature Iymphocytes. The abnormal
vells were morphologicnlhy most consistent with the
L2 wubtvpe of human [vmphoblisbe leukenu
Minceal apalyvies revealed significant won overload
as demonstrated by up o theeefold elevations n
serim iron (245 pg/dly and transferrin saturation
(87401 and almost tzntold clevations in serum fer-
ritin (995 nz/mh when compared with <ix free-
ranging D0 Picornis mmor sampled in Zimbabwe
(hie 82 120 pg/dl. tansfernin sal. — 220 3497
fermun = 71 198 ngimb

A diagnosis of ALL was supported by negative
cytochemivid teactions tor mycloperoxdase and
mrnxpcullc esterases and strong positive reactions
for nuclear termmmnal deoxynucleotdy! transterase
Flow cyvtometrs confirmed the dominance of vari-
ably sized agrannjocytie cells oo morphologie
contmuum with mature lymphocytes. distnetly sep-
arated trom the monocyte—grimulocyte series At-
tempts to subclassify the Jeukemic populatnion by
reaction with a panel of monocional antibodies to
human cell surface mwKers were unsuccessful.
Exvaluation of mononuclear cell cultures for reverse
transeriptase and for vial particles via electron -
croscopy was negative, and therefore no evidenee
ol retroviral-induced discase was tound

Nine days atter the imtial climeal signs, WBC
peaked at 63.000/pl. On day 10. cytarabine (Cy-
tosar U. Upjohn Co.. Kalamazoo., Michigan 49001.
USA: 1.000 mg 1.v.) was given via the radial vein
and oral prednisone therapy (Delatasone, Pharma-
cia & Upjohn Co.. Kalamazoo, Michigan 49001.
USA: 500 mg p.o.) was initisted. Within 12 hr. the
calf's condition deteniorated. and the animal could
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Figure 1. A juventle black rhincecroe (Do bicoann
weteepliryageal Bomph nedes Gimrowe re-udted i depncs

walk only a short di~tance betore retmming o re-
cumbeney. exhausted. Adninstration ot addittonal
antrnttammatory drugs. including flumxin meglu
nune (Banamine, Schering-Plough Anunal Health
Corp.. Kenilworth, New Jersey (07033, USA; 500
mg 1v.) and prednisolone sodium succinate (Solu
delta Contef. Upjohn Co. SO0 mig v ). re-ulied m
transient respiratory unprovement Because of pro
gressive dyspnea sceendary to lymphadenopathy.
cyclophosphamide (Neosar. Pharmacia Inc - Kala-
mazoe, Michigan 49001 USA: 1000 myg 13v) and
ampicilin sodiom (Amp Lquine. SunthKline Bee-
cham Ammal Health, West Chester. Pennsylyani
19380, USA. 9.000 mg tv) were admitered on
day 11, and the prednpone dosage was doubled to
SO0 mg po. bad Withun 12 hr respirtion im
proved markedly. and although the WBC remained
essentially unchanged at 50350/l the relative per
centage of circulating lymphoblasts decreased from
92% to 45%. On day 12, itraconazole therapy
(Janssen Pharmaceutica. Bueerse. Belgium. custom
formulation by Mortar & Pestle Pharmacy, Des
Moines. lowa 50310 USA: 1.500 mg p o) was be
gun to preclude immunosuppression-telated mycot-

I

sy sath soate lymphobbene ke Enbarccmear

o disease By day Iy WBC had decreaned 1
38.900/pl. and the difterential reveated a mote ma
ture population ot lymphocyies. with blasts dechn
g further to 28 A cstimated from perpheral
blood smcars. there were 16,500 platelets/pd (rel
range 158.000 467.000 placlets/ul)." By day 17,
peripheral lymph node size had decicased by halt
On day 18 cytia
bine therpy (1000 mg v ) was repeated. and vin
cristine ~ullute (Oncovin, El Lily & Co . Indian
apolis. Indiana 46285 USAD T mg iv) was given
the following morning because of a deterioration i
the calf™s vondinon. Withun 21 he of vincntine
therapy. the WBC decreased to 28,450/l and 1he
percentage of lymphoblasts i peripheral blood de
creased o 30 The calt's breathing had improved
despite no visible change in Ivmphadenopathy (fag
). and the call developed several smadl (315 nn)
cutaneous nodules o the lelt side of the neck and
shoulder.

On day 22, the call had an episode of epistaxis
and resultant acute ancma (PCV = 170 ref. range
37.5-517%) The calt was recumbent. with open
mouth breathing. murked lymphadenopathy. and

and the cull was fess dyspncie

RADCUIELY 1Al

mandibular cdema By day 230 the call was unable
1 cat or drink because ol severe dyspinea. and the
WBC bad 11sen te 60.723/p1 bocause of an in
gcased number of lvmphoblasts Becanse of this
relap-c. the calt was given diphenhydriamine (Steris
[ aboratories Inc.. Phoenix. Anzona 85043 USA.
SO0 my v followed by o slow andusion of doxe-
wibicin (Adriamyan RDE Phatmacts e 200 mg
v day 25). By the mormng of Jday 27 the rhi-
noceros had markedly anproved, with obvious re-
duction e the lymphadenopathy and mandibular
cdema. The calf regamed s previous appetite and
wtinvity There was conc-ponding hematologic im-
provement with decteases m WHO 103 "75/pl by
mornme and 3375/ by oovemng o day 270 wath
72.000 plutelets/pl On day 29 the Calt = breathing
ws normal. but the sk lesions cabareed and be
came fluid (illed. and eprstaxi- recwred The PCV
dechined from 137 07 onver the noxt 24 b and
the call recenved a blaod wanstusion. The donot
was an adule male wald canght southern black i
noceros, nmobthzed o acthtate collectiion of 6.0
1ol Bload (POY SE mte ACD bottles (antt
coapulant citrate dextrose saluon The Merrx
Company. Dubuque. fowa 52002 1ISA) The thy
noveros valt, with vngoing na-ad hemorrhage. was
seduted wath butorphanol tartiate (Torbugesic. Fort
Dodee Ammal Health, Fort Dodge. Towa S0S01.
LSA 20 mg v Wit 2 e o collectien aned
witheut prior cross match. i whobs bl d ran-tu-
ron o was admimetered, pusig the calt - POV from
9 to 18 After the tanstusien and tor the tirst
tme sinee dignests of AL no lvmphoblasts were
wentfiable e the rhinoceres™ penpheral blood
NI

By diuy 30, the WBC reached aonadu of 1250/
ploand the estimated platelet count was OG0/
Uhe call was given Falgrastng, o secombinant ho
man granudocyte colony ~timulating Lactor (G CSE
Neupogen. Amgen Ine . Thowsand Oak.. California
91320, USA. 5000 py vme sad)y tor 3 days. On
day 31 approxamately 20 he after the first G-CSF
dowe there was a fivelold inccase e WBC 1o
6.450/p1 and 4 dechne i POV to 140 After the
wevond G CSE dose on day 320 WBC mereased
trom 6,150 to 8. 750/t and aner the thind dose, o
further nerease was observed (o 15,250/l on day
. Blopsy of an emerging sk nodule from the
call s left shoulder revealed a number of pigmented
dematiaccous hyphae consistent with phacohypho-
mycosis. On day 36. dechines in both PCV (11%)
and WBC (12.825/ul) were noted, with a reduction
i bands to 2%. A coagulaton pancl revealed a
shght prolongation in prothromban tme (134 se¢)
and normal levels of antthrombin 111 (1437 ) com
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pared with cqume values (lexas A&M Colloge of
Vetermary Mediome, ret ranges: PT = 90-108
see. ATHE 108 208°.) By day 37. the call wa
soverely depressed wath very pa

Vonucous e
brane-. moetesed respratory rate. and mandibula
cdema. A mapor and nunor cross-match was per-
tormed on blood collected 24 he previously from o
tenuale southern black rhinoceros housed at a nem
by facility. No mcompatibility was found. and 2 1
of whole blood was warmed and given via slow iv
mtusion After the tanstusion, the PCV rose from
54 to 6 and penipheral lymphoblasts were absent
m the blood. The heart rate was elevated through
out the anstusion. but the rospiratory rate re
nnnned within nermal it Three hours alter the
completed. the calt died acutely
with no clical or patholozie indicutien ot a tuns
fusion related compheattn

The proxmmate cause ot death was congestiv
howt falwie. On necropsy. there was prominent
stoes cvibence ol both severe acute and chronk
passave congestion of the fungs liver, and spleen
Hivtologically, there was naked pulimonary cde
me often with antra alveolar hemorrhage. and ex
tensive e -ttial hemaosiderasts but no paeumonie
o leukenueintinates. There was patchy interstitial
anyocardual cdema and generalized  degencrative
changeinchuding multifocal perinuclear vacuoliza
tien rare tocal myocytoly-is with infliummatory cell
aggresats. and rare but wade-scattered dy stiophie
iren pesitive granula deposits within myacardil
ftbors Myocardial leaons were consistent with oy
totoxae changes ascribed to - doxorubiem induced
cardomyopathy tn humans Moderate hemosid
crosts was alse obseryed e the spleen. hver mul
tiple Ilymph nodes, and duodenal villic Microscop-
ically. bone mwrow morphology was normal with
no clear evidence of levkenie imbluates s the ma

tran-luston Wi

e or any other trssa

DISCUSSION

Although chimeal mamagement of ALL an i
rhinocuioy was based on previous human and an
mal stadie s trcatment of a4 semawald anmmal provid
cd umque challenges There was linted abality to
monitor sertal changes in the centers of hemato
Fhete was also nunumal ability o contiol
exposure of this nnmunocompromssed pasent to
pathogens i the enviconment. The possible re
spunses of this species to chemotherapeutic drugs
were also unknown  Decisions were made with a
paucity of information regarding rhinoceros hema
tology physiology. and pharmacology ' The
conditioning process of black rhinos at ths tacility
was a key factor in management of multuagent che

potests

A T s o



]
]
%‘
F

74 JOURNAL OF ZO0O AND WILDILIEL MEDICING

motherapy in o ospecies such as the rhinoceros.
Black rhinoceroscs are conditioned with a positive
food reward to stand readily for routine venipunc-
ture. This process facilitated treatment and allowed
for serial sedation that was needed for such inva
sive procedures as catheterization and blood trans-
fusion.”

The chemotherapeutic induction protocol und
dosage schedule were empiric, bascd on experience
with domestic animals."" The antimetabolite cyta
abine may have been ineffective in this case lor
reasons including poor ccllular uptake, detoxifica-
tion by cytidine deaminasc. defetuon of the activat-
ing enzyme, aliered DNA aflinity, or high levels of
the competing normal metabole.” Comparative
studies of erythrocyte metabolisin have revealed
major differences between rhinoveroses and other
mammals.'” " These metabolic differences may
be reflected in other tissues as well, making tenuous
any therapeutic approach that relied principally on
host cell metabolism.-" The alkylating agent cyelo-
phosphamide initially resulted in marked clinical
impravement and decreased lymphobliose mumbers,
but subsequent use resulted in only transiently re-
duced circulating lymphoblast numbers. Such ha-
bituation of response may have been due (o inher
cnt resistance in a subsct of leukemic cells. and
rapid return of leukemic cells after an initially pos-
iuve response to cyclophosphamide induction is
common with human leukemias  (Territo, pers,
comm.). Initial vincrisune therapy was also fol-
lowed by marked clinical improvement and reduced
lymphoblast numbers, bul response was marginal
after subsequent administration. This may have
been related Lo either resistance or dose-dependent
factors.

Administration of doxorubicin resulied in mark-
edly decreased peripheral leukocyte numbers.
Doxorubicin is a very etfective agent tor the treat-
ment of lymphoid neoplastic diseases in domestic
animals,” and it is the anthracycline most common-
ly used against human hematologic malignancies.
including ALL." In human erythrocytes. doxoru
bicin semiquinone produces hydroxyl radicals by
direct reduction of H.O..* Free radical formation
adds to the antitumor activity but also produces the
dose-limiting cardiotoxicity of anthracyclines.'*+"
The enzyme catalase, one of the primary mecha-
nisms responsible for removing H,O,-induced free
radicals. has reduced activity in rhinoceros eryth-
rocyles relative to humans and other mammals. and
in black rhinoccroses particularly.” * In addition.
domestic animal cardinmyocytes demonstrate very
low levels of catalase activity compared with other
cell types.” Iron overload may have compounded

the problem in this calf because doxorubicin avidly
combines with iron to generate highly damagm;:
hydroxyl free radicals in coupled redox reactions
with hydrogen peroxide.” The cardiae histofogic
lesions in this case may be a morphologic reflection
ol an inordinate sensitivity to reactive oxygen spe-
cies postulated for rhinoceros tissues beyond the
crythrocyte. " Considering the enhanced effects of
doxorubicin in the presence of high iren. perhaps
concomitant iron chelation therapy in this case may
have limited the cadiotoxic effects of the anthra-
cycline.

Ancmia was a major complicating factor in this
case. In humans with lenkemia, unresolved infec-
tion m the pancytopenic patient is strongly corre-
lated with terminal hemorthage, with a 12-20%
death rate attributed to the synergistic effeets of in-
fection und hemorrhage. "~ Although infection,
bemorrhage, and anemia were major complications,
histologic evidence ol doxorubicin cardiotoxicity at
arelatvely low dosage suggests that this cardio
toxicy may have been the proximate caose of
deitli, responsible for the severe congestve heart
failure that was prominent at necropsy

An important component for management of
childhood ALL is the ahility to prognosticate and
thereby upply a oriented therapeutic approach
bused on extensive clinical trials.* ™ Similar in-
formation i obviously lacking for rhinoceroses, re
sulting in inexact extrapolation of knowledge rom
other specics. Because of the black rhinoceros™ in
ordinate sensitivity 1o oxidants, discase minage
ment in this species requires caretul consideration
of the pharmacology of all drugs selected for treat-
ment.

Acknowledgments: We thank Christine Jurzy-
kowski for financial support and the stalf of the
Fossit Rim Wildlife Center for their commitment.
We also thunk Drs. Scott Citino, Ellen Dicrenteld,
Patty Doyle. Bernic Feldman, Alan Keit. Nancy
Luag. John Madigan, Chriss Miller. Eric Miller. Ri-
chard Montali. Michacl Murray. Suzan Murray,
Faramarz Nacim, Steven Osofsky, Rolfe Radelitte.
Mary Territo, Michael Worley. and Jeffery Zuba,
as well as Lianne Johnson and Susanne Schoticld,
for their assistance.

LITERATURE CITED

1. Anderson, K. G Morris. H. Kennedy, J. Croall, )
Michic. M. D. Richardsen. and B. Gibson. 1996 Asper-
gillosis in immuonocompromised pacdiatric paticnts: us-
soctutions with huilding hygicne, design, and indoor i

Thoray 510 256-261.
2. Bannister, J. V. and P J. Thornalley. 1983, The pro-

RADCLUEE BT AL —LEUKEMIA IN A RIDNOCEROS 75

ducnion ot hydrosyl radicals by adriamyem i red bloost
cells. Fed. Bur Biochem, Soc, Lett. 1570170 172

3. Bennatt, I M. D, Catov M T Danicl, G. Flan-
drein, DAL G Galton, HL R Gralsick amd € Suran, 1981,
Frencl Amienican British (FABY Coopetative Group: the
menphologieal classiication of acute lymphoblisue feu-

Kemas concordanve armong abservers and chaical corre-
lanons, Br. 1. Hacnitol 470 533 501,

4. Bernard, W V., CR. Sweeney. and B Morris. 1988
Primury lymphoeytic leukena in a horse, Equine Pract
10eum: 240 30

5. Couto, € G 198RS Clicopauthologic anpects of
seute leakemie in the dog. 10 A Vet Med. Assoc. 186
OR1-GHS.

6 Couto, C G 19920 Leukemias B Nebon, Roand
C G Conto geds)). Lssentiads of Sadl il Enternad
AMedicnre, Moshy - Yearbook, St Lonis Missonr. Pp. 871
R78

7. Couer, € G 1998, Practivad chemotherapy o Nel-
son, Rl €0 Gl Coto eds ). Small Anioad Tnterad
Medicine, Moshy-Yeabook, St Lotis, Missoni Pp
1103 1107

8 Dascuno, JoJ 0 C O HL Zhang, D0 E Antesak 1
Blue, sind TR Stnmons, 1992 Ditferentiation ol vhoon
Ivmphocytic leaherin i the borse s eport ol fwo v
JoVet Diterne Med 60225 229

W Doroshow, 1 HL and RS Tsworthy, 1992 The wole
af antioxidani detenses m the cardiotoxivity of anthracy
cline f- Ma L EOML ML D Greens and BLL Speyer
(eds.) Cuncer Treatment and the Heurt Johss Hupkans
Univ Press, Baltmore, Marylund. Pp 47-58

10 Gz, Tooand C, B Myers. 199 The role of free
radical formation i the cardiotonicity of antluacycline
In: Muggin, MM D Green, and 310 Speyer tedso
Cancer Treatment and he Hearto Johins Plopkins Ui
Press, Bubtimore, Migyland Fpo 9 46

1 Heenden. o R Keffen, FoKuha, P Rogers, B
Markel, No Ataba, Jo P Raath, and )0 Kernes. 1994,
Clinical puthelogy purumeters in white. black and north
cen white thinon, fo: Penzorn, B L. and NP J Kriek
teds g Prac, Symp. Rhinos as Gaoe Ranch Ani., On
detstepoort, Republic of South At Pp. 189 195,

12 Henderson, Lo ST A Lister amd Mo E Greaves
(e, ). 1996, Leukemia, 6th cd. W B. Saunders Co., Phil-
adelphia. Pennsylvaniu.

13, Kranwer, J.. 8. Tornquist. ). ErBe. and G Slocojun.
1994, Large granular lymphocyte leukenia in i horse
Vet Clin, Pathol 22¢4) 126-128.

14, Muier, R.E. 1993, Health conceras and veterinary
research m the North American black rhinoceros (Diceros
bicornis) populstion. Lo Rydern O. AL (e, Proc. Int
Conf. Rhinoceros Biotogy and Conservation, San Diego,
Catifornia, 1993: 302~306,

15, Miller, RoEC 1994, Disease ol black rhinoceroses
in caplivity. fn: Penzorn, B. L., and N. P 3. Kiiek (eds.).
Proc, Symp. Rbinos as Gume Ranch Anim., Onderste-
poort. Republic of South Africa, 1994: 180-183.

16. Paguno, L., P Ricel, A Noswic A Tonso. M. Buel-
i, M. Montilo, L. Cudillo, A- Cenacchiy € Savignano,
.. Melillo, A. Chicrichini, R. Mara, G. Bucaneve. G. Le-

ane, A Dol Favero, and the GIMEMA Inlection Progran
1995 Futal haemoptysis in pulmonury Glamentons my-
cosin: an underevaluated cause of death in patients with
acute Teakemis in hacmarological complete remission: a
retrospective study and review ot hiteratare. Bre Jo Fac-
nual. 89: 500-503.

17, Paglia, D0 E. 1993, Acute episadic hemolysis in the
Alican black thinoceros as an analogue of hnnan gla-
cose-O-phosphidte dehydrogenuse delicieney. Am. 1o He
matol. 42: 36 45,

18, Pagha, DK and ROE Miller 1997, Erythrocyte
ATP dehuiency and acatalaseusiic in the blek shinoceros
Diceroy biconusy and their pathogenetic roles in acuie
episodic hemolysis and mucccutancous uleerations, Proc
Joint Conl. Am. Assov, Zoo VetZAn, Assoc 1dl. Ver,
Oukland, Ciditornia, 19920 117 219,

19, Paglic, D E L and R Miller 1993, Krythrocy
of the black rhinoceros (NDiceros bicornis): susceptibility
o oxidant-induced bacisolysis, Int. Zoo Yearb. 320 20—
27

200 Pagliv. D EL R E Miller and S, W, Renner. 1996.
Fyomparment of oxidant nestialization the common de
nominator among diverse diseases of bluck rhinoceroses?
Proc. Anme Asoc Zoo Vet Pacito Vallarta, Muexico,
luve: 37 11

21 Pagha, DO E O and ROW. Radelitfe. 2000 Aothru-
eyeline cardiotoxicity su a bluck rhinoceros (Dieeroy bi-
cors): evidence for impamred antiesadant capacity com-
peunded by iron overdoad. Vel Puthel. 37 86-88

21 Pagliv, D E. W N, Valentine, R E. Miller, M.
Nokatuni, und R. A, Brockway. 1986 Acute intravisiuba
hemalysis in the black rhmoceros: ervthroevtes enzymes
and mctabolic niermediates. Anic I Vet Res 47: 1321-
1325,

23 Radelitle, ROWL ML P Bommarito, and S° AL Oxol-
sky. 1996, Ultiasonography as s tool in the conservation
of the African rhinoceres: ex sity and in st applications
Pachydvim 212 55 8y,

24, Richurds, S.. R. Gray. R, Peto. P Gaynon. and G.
Masers. 1996, Duration and intensity of maintenance che
miotherpy in acate lymphoblastic leokaemia: overview of
12 winds invobimg 12,000 randouiizad children, Lancet
3470 1783 178K,

25. Roberts, ML C. 1977 A case of primary lymphoid
lenkaemua in o horse, Equine Ve 1090 216-219.

26. Smith, 3. E. P S Chavey, und R. E. Miller. 1995,
Tran mctabolism in caplive black (Diceros bicornis) wwl

5.3 Zoo Wikdh

X

white (Ceratotherivm sinuoni) rhinoceros
Med. 26: 525531

27, Smibh, M D, Arhur, B, Camitta. A Canolll W
Crist. P Gaynon, R Gelber, No Heerema, BT Ko, M.
Link. S Muphy, €. Pui, 1 Pullen, G. Rewan, 8. B Sal
lan, H. Sother ). Shuster, R. Simon. M. Tripg. . Tuber
sen. o Uckun, and R. Ungerleider. 1996, Uniform ap
proach to sisk classification and treatment assignment for
children with acute lymphoblastic leukermia. J. Clin. On-
col. 14 18-24.

28. Torti, E M.. M. M. Bristow. B. L. Lum, 8. K. Cart-
o, AL K. Howes. Do AL Aston, B. W Biown, Jr. L R
Hanmgan, Jr.. E J. Meyers, E. P Mitchell, and M. E. Bil-

MO TN e AT« g P T

¥
H
'




76 JOURNAL OF ZO0 AND WITDEILE MIDICIND

fingham. 1986, Cardiotoxicnty ot eprrubicin and doxoru-
bicin: assessment by endomyocandial biopsy. Cancer Res
46: A702-3727

290 Von THott. D DL ML Rozencweig, Mo Layard, M.
Shivik, aud E M. Mugpue 1977, Daunomycsn amduced
cardiotoxicity in children and adults
v Am ) Medl 620 200 208

30 Wheeler, KT M Chessells, € € Busley, and 8§
Mo Richards, 1996, Treatment related deaths during -

review of 10 cas-

duction and i tiust renesson wacute Iyniphobhete leu
kacmin: MRC UKALL X, Arch. Dis. Child. 74: 101 107

31 Young, Do M. 1975 Pathological ettects of adiia
myan (NSC-I73127) i experimental systems Clnees
Chemather Rep., Part 3,60 189 17

320 Youny, ROCLOR E Orol amd C E Myers 198,
The anthracvele antineoplaiste drugs. N. Engl J Aed
305 140 153

Recewed for publication S daly 1998

Tstrad of Zovsnad Wikdhie Moo M0k T RE 000
Cooprripht 200 B e Ase ot ot Zoar Ve

HALICEPHALOBUS GINGIVALIS (NEMATODA) INFECTION IN A
GREVY'S ZEBRA (EQUUS GREVYI)

Ramiro Isaza, D.V.M.. M.S., Chris A. Schiller, D.V.M., Janet Stover, V.M.D., Patricia J. Smith,
D. V.M., M.S. and Ellis C. Greiner, Ph.D.

Vit N 6y old temale Greva s zebig (B gres swoathoaodissemomated o dudshitorn nematosle snfection is
descnbed. Antemortem chnical signs were linned o Bhindoess ind abnormal belayior heliesed o be cased by u
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INTRODUCTION

I'he nemarode Halicephalobus (Rhabdiisy gin-
envalis was first described by Stetunsk from the
pingiva of 4 horse " 1t has subsequently been re-
ported rom nasal or gmgival tissues, kudneys,
lungs. brain, spial cord, bone, mammary  gland,
prostate gland. and adrenad glands ol more than 30
horses 't o= Rhabditiform nematode infee-
tions 1 horses are rare but widespread geographs-
cally, with cases reported from the United States.
Cunada. the United Kingdom. The Netherlands, Po-
land. Japan. Switzetland. Colombia, and Lgypt!
EXTRERSRTA TN

Halrcephalobas cmgnalis is classilied in the or-
der Rhabditidi and 1 probably a Lacaltative sap
rophyte that s wsually associated wath decaying
plant matenial. * Inmtected tssues, only the adult
females, larval st . and eggs have been identi-
licd, suggesting that reproduction may be parthe
nogeme.” ‘The geaus Holicephalobus was originally
natned Rhabdites and then renamed Micronema.

It was recently determined that Halicephalobus de-
ey, Micronema deletrix, Tridabuatus gingivalis.
Tricephalobus gingivalis, Rhabditis gingivalis, and
. gingivalis are synonymous species, all properly
referred to as M. gingivalis.” This is the first pub-
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N

shoukd be considered e zebias with neurolesie disease
gengrvadin Nematoda, patasate. uventis

lished report of H. gingivalis infecting o zebra. The
chimcal and pathologic teatures resemble those in
previous reports of ifections i horses, with wide
disscmination in mltiple tissues. 7 -

CASE REPORT

A 6 yrold female Grevy's zebra (Equus grevyi)
developed internuttent neurologic signs. including
blindness.: The zebra had never been away from its
place of birth in northeastern Florida. It was housed
with an apparently healthy breeding herd of 11 ze
bris in a 2.4-ha Bernuda grass pasture. The enclo-
sure wis mowed routinely, und the manure was dis-
persed occasionally into the grass by diagging the
ticld. Although the enclosure was adjacent o a
Large domestic horse breeding facilny. the zebras
had no direct contact with horses nor was therr en
closure ever used to graze horses.

Routine preventutive care for the zebras consist-
ed of periodic immobilization for hoot timming,
phy~ical exanunation. and  annual vaccination,
which included tetanus toxoid, castern equine en
cephalitis, western equine encephalitis. and influ
enza (Fluvac EWT. Fort Dodge Laboratories, Inc..
Fort Dodge. lowa 50501. USA) and cquine rhino-
pnewinomts (Pncumabort Ko Fort Daodpe 1.abora-
torics, Inc) At approximately 2-mo intervals, the
herd was given fenbendazole  (Hoechst Rousscl
Agri Vet Co.. Somerville. New Jersey 08876, USA)
at dosage of 8 mg/kg m the feed

One month prior to the onset of cheal signs.
the mare delivered a normal foal without assistance.
‘The mare’s clinical signs began as intermittent ab-
normal behavior observed while it was in the en-
closure with its foul. During these episodes. the
mare would walk in wide cireles to the left, with
its head slightly down Blindness was suspected be-
cause the animal would occasionally walk into cor-






