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I . Ill\iru~./- SIT;I lfom OS fl'c.c.-lat~gll~y %~nil~;~h\vcan black ~ I i ~ ~ ~ o c . c r c ~ s t ~ ~  (D/ccsros llr~.or~rr\) Ifom the 
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I 1 1 , 1 1 1  l l c l r l l l [ l l l ,  . , ( . l l l , ' l l  , , n lnde  10 ensure that  t h e  a n i m a l s  a r c  11calthy 

(I\VVS). 1851) N M,~III  SIIL.L.I. Sal~n.is, Cnlifi,rrll;~ 03c)C)(~. p r io r  'ritnspor1-t"7 and c o n s p t c u o u s  

USA (N. M,, ; I I I ~  K. K ~ c k  arlJ Morkel): IIIC ~ ) ~ . p , ~ n -  pathological  cond i t ions  h a v c  hecn e x a m -  

I 
PIcrsanl. Hara~c, Zlrnb;~b\ce (N. Kock): thc L)~~LI I I -  

- 

mi.:11 of P~1\11010gy and Troplcal Vrtct I I ~ C I I )  hledl- 
noce ros  (Cerotorhrriut17 sitrzum). a l though  

ilnr. I ~ \ I I I I I I L . U I  I I ~ I ~ ~ I I U U ~  Disease5 and ~ ~ , ~ ~ ~ , , ~ ~ ~ ~ l ~ ~ ) ,  a t  present  less threatcncd with ext inct ion.  
t~ni\erslt! nf IJII{.~.III 1 ' 0  BUA 80.165. 3508 I 1 )  still  cxpcricnces  significant mortal i ty  in 

I (DNI'WM). Hox 8365. (';~u\cway, Ilar,~rc. %~ml~;~b\rc  
7onlog1~.;ll SllI.iely Or WI,ll),- ( ' ~ ~ ~ ~ ~ r ~ ~  ~ ~ ~ t l l t ~ ~ t ~ ~ j u t ~  a n d  t1-arlsmiIted 

I 1 ; I ~ e  wild A ~ ~ ~ ; ~ ~  I, ; I l .k ,  I),lllsrablc, Hcdlilrdshirc Ll,h by  .~lt??b!)'ot?rt?ru ticks is rcgardcd a s  o n e  o f  

A 

lion1 Hwangc N;III(III ; I~ I'ark ncrc  lcstcd l i ) ~  ant~hodlcs  to C'11ntIrrtr ~rr t t r~trut~t i i r r~~ by monoclonal .,m*=., A ??. ; 

; ~ n t ~ b o d y - n ~ c d ~ a t c d  c.onipelltlvc cn/)n~c-11nkc.d ~rnrnunosorhrnt assay. E~ghtccn (11.32 (56.2%) black 
rhlnocl-roscs From t h i  1orri.r Zamhc /~  V;lllc! \\ere ~ O S I ~ I \ C .  wherc;ls on11 onc of  33 (0.03(:6) from 
t h i  C'hcte \al;lrl ;Irca \\as ~ O S I ~ I \ C .  h11c.c ~noct~lated with ficshl! collected rhinoceros blood l iom 
thc Chctc saLti1 arlL;i c t~d not sc.rocon\crl. In adclltlon. 14 of 58 (7>.Ynb) lvh~te  r h ~ n o c c r o ~ c s  liom 
I Ilhange Nat~onal  I'alk had ant lhod~cs to C c~~cllrru. Thew lindlngs s~gnlf) a poss~ble  rescnolr  role 
lor rh~norcroscs In thc cpldcrn~olog) 01' hcart\\atcr dtscirst. I T  ttir carricr status li)r ( ' o ~ t d r ~ a  in 
I li~noicrosc.\ I \  lilrlhcr confirmed b, 1sol;lllon ol'lhc organism. spread ol the disease ~ n t o  I i~~i~rtwater-  
free arcas tll;~t Il;~lbor known I ~ ) r / ~ l ~ ~ r ~ / t r r ~ t ~ r  11ch \eclcirs I \  I nl~(-r.i\:ll)lc .lrlcl .;hoilld bc tak~blt Irlto 
( . on~~dc l . ;~~ ion  \ \ I I c I ~  I ~ ~ I I I O L ~ ~ O S L . \  ;Ire tr;~nslocatcd. I I I V  pllrposc of thc study wils to dc t c rm~nc  
\ L . ~ O ~ N I \ I I I \ ~ -  r61tt1s to ( ; ' I ~ ( / I I ~ I  t ~ r r t t r i ~ r ~ i / r / r ~ ~ t ) ~  In convcnicricc sarl~l)lc.\ ol'hliick and w1111c rh~noceroscs 
111 lhc ~iatulal  I i4~h~l; l l  H hcrc COII~OC.~  \ ~ I I I I  do111~'\11(. c;~ltll' IS  cssc1111aII~ 1111. 

~ t i~ r t l s  I3lacL ~lr lnoctros .  h ~ t c  rh~~loccioh.  hcurt\\irtcr. C',l~~'c/,rir I ~ ~ / ) I ~ ~ I U ~ I I I ~ O ) ~ .  -11~1111~~1~t1~ttru 
tlckr. compcrltl\c ELIS.4. 

IN l l<OI>~J<.Tl<.)N su re  survtval  o l ' t hc  svrcies. Sincc 1986. o v e r  

T h e  crltlcal p rcd lcamcn t  I l ~ l p o s c . ~  upon  4 0 0  black r h t n o c c ~ o s c s  (Uict8ro\  h/( t ) r t t / ~ )  

t he  black rh lnocc ros  because o f  poac.hlng have beer1 t r ,~nslocatcd f r o m  the  lowcr 73111- 
ha5 n romoted  Z ~ m b a b w e ' s  Dcnartmcrl t  o f  be21 Valley and t he  sho res  o f  Lake  K a r ~ h a  

I 
r r - -  

National Pa l  hs , lnd Wlldl l fc  Managcmcn t  10 ~ " h  l o ~ a t l 0 n s  w ~ t h ~ n  Z ~ m b a b w e  a n d  t o  

(L)NpWM) t o  t ake  c l t r emt .  measu res  t o  c n -  o t h e r  count1 les, tncluding t h e  USA a n d  I G e r m a n )  ' Al though  efforts h a \  c been 

I I : I I ~ I ~ ~ I  I I  c I I  I i ~ i e d , ~ - ~ l  spcci  tic i ~ i f c c t i o ~ ~ s  discasc i~ ives t i -  
w tc .  L ~ I I I \ ~ I \ I I ~  ol 'Z~mh.lhw~, R I I \  hlt'lh7. MC)LIIII gat ioIIS havc been linlited, T h e  whitc rlli- 

I U I I ~ L ~ I ,  Thc Ncth(-rland~ (Jo~lgc~all), lllc Dcp.lrtmcnt Z ~ m b a b w c  bccausc o f  poachtng.  I I I a 1 I 1 1 1 i g 1 1 1  Hcarlwil{cr d l a a s c  cauwd  bv ,hc rlckctt- 
m 

I I ?I F. Fl~aland (R. Kock), and IIIC F I Q ~ I I ; I  Ecc~lorrlcal t h e  mos t  impor t an t  t ick-borne discascs  o f  

I ~ns t l tu re~~ tos l~a  ~a t luna l  Park. Namlhla (h10rkc.l). domes t i c  ruminan t s  throughout  Africa sou th  
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oftlie Saliiiri~.~' In additton to its occurrcncc 
in many African countries, the disease has 
also been demonstrated on several islands 
in the Canbbean.16 

In Africa, a number of wild bovidae are 
susceptible to natural or c~perirn~rital in- 
fection w~th C'ot\~(lrra ru~~ritiatitilo?~. Natu- 
rally contracted heartwater has been diag- 
nosed in cla~id (Turtrotrtrglrs ori:\):" and 
springbok (.A tlfidorca~ t~~arsirpiulr~). ' Wild 
bovldae and cenidae exotic to sub-Saharan 
Africa. including Indian nilgai (1~o.ssclaphlc.c 
rrugoc~ztncdri.F). Barbary shccp (.l tn t~ lo~r r~~r r s  
lc*r~*rcr). l lirnalayan tahr (ilot?litragu.r jrtn- 
lrhrc~us), and filllow deer (Dama d u t ? ~ ~ )  in 
South Africa'" and Java deer (Cervlts 1 1 -  
t?loret~si.r) in Mauritius.ltl have been known 
to contract fatal heartwatcr. 

Subclinical infections have been reported 
in a varictv of animals. including guinea 
fowl and tortoises. and sonic animals liavc 
bccsr~ fuilncl rcfr;~etory to infection." Carricr 
status has bccn dcnionstrated in RALB/c 
laborator) rn~ce .~ '~  Rcccnt cvidcrlcc indi- 
cates that the African bufhlo remalns a car- 
ricr of' hcartwater for long periods, and al- 
though clinical disease was riot induced, ticks 
were able to acquire the organism 16 1 days 
after inoculation of host buffalo.' Thcsc 
finditigs iniliciite the potential signilicancc 
of sprcad of hcartwater through canicr an- 
imals. 

In this study, a rcccntly devclopcd corn- 
petitwe ELISA' rncdiatcd hy monoclonal 
antibodies to a consented 32-kD (bwdria 
antigen was used to dernonstratc specific 
anti-C~?\~drra antibodies 111 rhinoceroses. 

Blood samples were takcn from chcrni- 
cally immobilized black rliinocer~oses from 
the lower Zi~rnbczi Vallcy in 1988 and 1989' 
and lroni tlic Chete safilr~ area on Lakc Ka- 
ri hit In 1990 and 199 1 .  prior to trnnslont- 
lion. Saniplcs wcrc also collcctcd from 
chemically inlnlobilized white rhinoccroses 
in 199 1 ,  during a DNPWM-sponsored de- 
horning excrclsc aimcd at impeding poach- 

ing in Ilwi~rige National Park. All blood 
samplcs wcrc maintailied at about 4°C until 
ccntrifugcd tbr scrum collcction witliin 6 hr. 
Sera were maintained at -70°C' until testcd. 

Sonicates of endothclial cells that were 
heavily infcctcd with ('oltdria r~tr)~it~atitr~ntr 
(Scnegal isolate) were used as antigcn in thc 
cF.I.ISA.' Aliqi~ots of 11.4 &ml were ap- 
pl~cd to niicrotitcr platcs in carbonate-bi- 
carbonate buffer at pH 9.6 for I hr at 37°C 
and at 4°C overnight. Antigen-coated platcs 
wcrc washcd wit h distilled water containing 
0.05°/o Twecn 20. Aftcr washing. 50-p1 ali- 
quots of test serum and monoclonal anti- 
body 4FIOR4 (dilution I: 100) wcrc applied 
simultaneously and incubated for I hr at 
37°C'. Both were dilutcd in 1 % ~  milk/PHS/ 
O.OSO/o Tween 20. Rabbit anti-niouse anti- 
hody conjugated with horseradish perosl- 
dase (Dakopatts. Dcnniark). dilutcd 1 :600 
in PRS contain~ng 0.05°/o Twecn 20 and 1% 
gclatin, wns addccl ancl inrubatcd for 1 hr 
at 37°C. Alicr thc platcs wcrc washed. 100 
pI of AB I S substratc solution (Signia 
Clicmical Co.. St. Lou~s. Missoun 63 178. 
IJSA), frcshly prcparcd as directed, was dis- 
pensed into cach wcll. The optical density 
was measured at 405 nrn after 30 niin in- 
cubation. 

All tcsts wc1.c perfornicd in duplicate. Ex- 
pcr~nicntal calves wcrc infected at Utrecht 
w ~ t h  Cbltdria ru?r~it~anrirctti (Senegal iso- 
late) blood stabilatc and subscqucntly trcat- 
ctl with terramycin to obtain high-titcr pos- 
itive-control sera for use in the cELISA. Scra 
from six five-ranging black rhinoceroses 
liom .-it?~h/j*or?lt~la-fi.cc areas in Nirmibia 
wcre used as negativc controls for the black 
1.11 i noceros samples, and sera froni tivc cap- 
tlvc whitc rhinoceroses born in captivity in 
the U.K. wcrc used as ncgativc controls for 
thc whitc rhinoceros sn~nples. Positive cases 
were dcfncd as thosc with nicali oplical 
clrnsities that diKered by morc than 3 SD 
tioni the mcans of the negative controls. 

Blood saniples were collcctcd from 2-mo- 
old RALR/c mice by pcriorbital puncture 
prior to intraperitoncal injection with 2 nil 
fresh black rhinoceros blood that was col- 

No. pos~:~\c 
LOGIII~III Sprclc., low1 % poslllr c 

I11wt.1 Zarr~tw/~ V;~llcy Illn~.k rhino, L . I ~ I S  I 8/37,' 50.206 
C hclc \ .~f , l r~ : I I ~ ; I  I i l ; ~ c k  rhinoccro\ 1 37" 0.03%> 
Huangc Na~~on;~l I'nt L H lr~lc 11111loccro\ 14 58 75.9% 

M ~ : I I I  u p ~ ~ i ; ~ l  d c ~ ~ \ ~ l y  ~ ( . I I ~ ~ ; I I I S C  t.i)nlruI s i i ~  01 61 - 0 4 7 3  (SV 0.093) 
' h l c ~ ~ n  I I ~ I I C J I  dcns~ly  ~ I ' I I ~ H . I I I \ ~  i.ul~lrol x r . l  (U 6 )  = O 488 (SL) = 0.0401. 

b t c . , ~ ~ ~  ~rptir:~l <li.ns~ly of ncga~t \~ .  ~ t r r ~ f r v l  sera (11 5 )  O 421 (SD = 0 036) 

Icctcd during tlic 199 1 capturc cxcrcisc In 
thc C'hete safari arca. The mice wcrc ob- 
scrvcd daily for signs ol' disease. and after 
1 nio blood samples wcrc collccted again. 
All samples wcrc collected in capillary tubes, 
ccntrifugcd prior to scrurn collection. and 
Srozcn at -20°C until tcstcd for antibodies 
to C'o\cdrra rrct~ut~unrr~o?~ by thc indirect im- 
niunofluorcsccncc (IFA) test..' Sera wcrc ap- 
plied in dilutions ot I : X 0  and 1 :320 to slidcs 
coated with Cbtc,(lrrrt r~rt~iit~antr~rrtr (Senegal 
isolate) and ~ncubated for 30 niln at room 
tc~n~)cratilre. Aficr waslii ng In PUS (pH 7.4). 
FIT('-labelecl sheep anti-mouse irnrnuno- 
globulins (Amersham. U.K.) dilutcd 1:8U 
were applied. After incubation for 30 min 
at room ternpcraturc and subsequcnt wash- 
ing. Iluorrscence was ohserved with a Lcitjr 
fluorescence rnlcroscopc at X 400 magnifi- 
cation. Hybridoma supcrnatant containing 
rnonoclonal antibody (4F10134) to the Cr32 
antigen' providcd a positive control. Sera 
frorn unexposed mice were used as ncgative 
controls. 

RESIJI.'I'S 

i Wlth thc cE1,ISA. 56.2Oh ( 1  8/32) of black 
rl~inoceroses from tlie lowcr Zrimbezi Val- 

i Icy and 0.03'%1 (1/33) from thc Clicte safari 

i area were positivc for anti bodies to ('owdr~u 
rronrnat~rru~~r (I'ablc 1). The mean optical 
density for the negative black rhinoceros 
coritrols ftr - 0 )  for the Lower Zamhczi Val- 
Icy animals was 0.473 (S]> - 0.093) and for 
thosc from the Chetc safar~ area was 0.488 
(SL) = 0.049). Nearly 76Oh (44/58) of the 

whitc rh~noccroscs f'rorn I-lwangc National 
Park wcre positive for antibodies to (.'ou'- 
clr-ru rio?~rtranrrutrr ('l ablc I). The mean op- 
tical density for tlie negative whitc rhinoc- 
cros controls ( t ~  = 5) was 0.42 1 (SD = 0.036). 

Nonc ofthe 20 micc inoculated with frcsli 
blood from black rhinoceros from the Chetc 
safari area showcd an) slgns of'discase. All 
nilcc wcrc negative f'or antibodies to Colr 
t l r r ~  r ~ ~ t ~ r i t r ~ t ~ ~ r r t ~ t r  by IFA botli before and 
I Ino after ~noculation. 

L)IS('I ISSION 

lnvcstigators have long suspected a rcs- 
ervoir for C(ntdria r~tt)~itrantrut~r in African 
wildlife. g~vcn its extreme pathogenicity for 
impel-led do~ncstic ruminant stock, inter- 
niittcnt pathogenicity for indigenous stock. 
and apparent nonpattiogenicity in most in- 
digenous wildlife spccics." ' ' l 'hc high in- 
cidence of'n~itibodies to ('on~lrrcr rvtnitrat~- 
trrrt?l in black rhinoceroses frorn the lowcr 
Zambeti Vallcy and white rhinoccroses froni 
I-lwange Natlonal Park may indlcate a res- 
ervoir f'or Co~~clt-iu in tlicse species. Tllc low 
incidence of positive black rliinoccroscs 
from the Chctc safari area probahly reflects 
differences in habitat and tick distribution. 
Twclve specics of Attrhi~-on~t?ia ticks are ca- 
pable of transmitting Co\c*r/ricr rirt?tinat~- 
trrotl: although . . l .  rariegatut~r is the most 
Important vcctor on the African continent. 
.-I. l~chrrrc~rrt?i is niorc important in southern 
Africa and rrlay also infcst white rhinoccr- 
oses in Zimbabwe." . I tnh l~~o~~r tnu  spctrsum 
arid .4. rhrtlocerotrs are commonly found on 
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~~n,.lrniton t,fttie Kw;lnyanga \ I O C ~  tn rnouic tl\iuc :ind 

v a l l c y , ~  nlthougll o l l l y  ,.l. s~,cosllttl has  been 5 .  .lungclan. F.. h.1. J .  C. T h ~ t ~ h ~ m ; ~ n ~ ,  hl. Ih. ( ~ I I I O I .  

identi,ied on from Cllctc safal.i 
l'. J .  S. V;III Koutcn, and U. A. M. Van Dt'r ZLYJ'I. 
1')') 1. C'ompet~tt\c i.ri/y~l~c-l~rikcd imrnunosurbent 

(N. Kock- perS. ohs.). This o f  assay for heaflwarrr lislng mor,oclo~tal vrltl t~t~d~cs to ;I 
t i c k s  n i a y  c x p l a i n  t h e  l o w  i n c i d e n c e  o f  a n -  C'a~trcIrra rltrtt~rla,itrlorr-specific 32-k~lnda~ton plotciri. 
t i b o d i e s  i n  t h c  a n i n i a l s  f r o m  the C h e t e  Sa- Vct. xllcrobtol. 18: 199-1 I. 

f;ln ; ~ r ( ~ ; i  (1 K0c.h. M.  L).. R. du  Toit. D. hlor~on. N. Kock. . -. - -. - - . 
suggcsl black and white :!rid B. P;ulI. 1990. Ii:~rc.l~tic I ~ l ~ ~ l o g ~ v n l  ~ ; I I ; I  crrll~.clcd 

rhinoceroses cc,,,,(lr rli l,,l trail- I ' I I ~ I I I  r I icn~~i~.~l ly  i~nnlohil~/cd Ijt'c-r.iilgt~~g I h c k  1111- 
IIOCL.IVSCS (1)1~.c1o\ I)i~~(vrlis) in Zimbabwe. J .  Zoo H1~ldl. 

Iiw,l,  a l t h o u g h  c o n f i r m a t i o n  by i s o l a t i o n  of h1r.d L I  ?83-,'01 

t h e  o l , sanis rn  from i n f e c t e d  r h i n o c e r o s  b l o o d  7. Kock. hl. D.. M La Gtatlgi..  id R. du Toit. 

is rcquircd for positive ~ l l h ~ ~ ~ h  a l l  1990. Chemical immohil~.:nri~,n nf frce-~atigrrig black 

rhinoceroses are trcatcd witll acaricidrs 1l111~~cu05 (Dr~.c~ro.s / ,IC'~~~IJI.T) usingc!imhtnat~nnsiiif 
~ ~ i t ~ r p h ~ n c  (blA)O), li:rilari!l. snd xylaline. .l. Z\)o Wildl. 

a g a i n s t  t icks  p r i o r  t o  t r a n s l o c a t i o n  in Z i n i -  I j5-165 
b a b w c , '  tlmc poss~ble p r e s e n c e  o f  a c a r r i e r  8 KO,!,, N C rcrm~n hl k l l t h  111d K L 
s t a t e  m e a n s  t h a t  snrcad o f d l s c a q c  co11ld o c -  IOO~ I Icr~~o\ tdcroi~\  In thc bl.tch 111111ot C I ~ I \ ( / ) I , ~  r t t \  

,fsu,[ablt: and hosts tlmc 1111 UI.II:\). .I  i.o11ip;11 ISVII ~ I N Y T I I  I~cc-ranging  rid rc- 

translocatiol, habitats. The resring of anl-  ~ c ~ i t l y  t ~ : i p t ~ ~ r l ~ I .  ! , ~ - ~ S I I \  I ~ : I I I \ I ~ ~ ~ ; I I C ~ ~ I ,  ,111cl c S i l ~ l ~ ~ ~ c  ltr11 

I I I ~ I ~ \ .  .l. Zoo Wtldl. h4cd.: in 
mals p r i o r  t o  t r a n s l o c a t i o n  is i m p o r t a n t ,  c s -  ,, (., R,Mln, M, P, TI-emhiltl,, 

pec la l ly  b e f o r e  e x p o r t  t o  h c a r t w a t c r - f i c c  rj Jca\\op I O ~ J  I c'o1~t1.11 y . I I I L I ,  .tncur)\nib III  two 
c o u n t r i e s ,  I t  1s n o t  k n o w n  rhinoceroses blach rhlnoc~.ro\e\ (1)1rc.1 / ) r ~ ( ~ t t t r \ )  I I I  Z ~ i ~ ~ b a b \ w  1 

are s u s c c p t i h l c  t o  t h e  d i s e a s e ,  w h i c h  i s  an- Zoo Wildl. Med. 22: 355-358. 
10.  Kock. N.. and M. Kock. 1990 Sktn les~o~is  111 other factor for consideration when deci- 

~ I C C - I ~ ~ ~ ~ I I I ~  black rhlnoceroscs (,)lrpr.i!, { Y , . , ~ ~ I ~ I \ )  ill  
s i o n s  are made o n  t r a n s l o c a t i o n  d c s t ~ n n -  ~ I l l l l , ; l h H ' C  J,  Zi l r l  Wlldl,  452, 
[ i o n s  f o r  t h i s  e n d a n g e r e d  spccics .  I I .  K O C ~ ,  N.. hl. Kock, A. Paw:~ndlw;~. ;itid I kln- 

. I c l i t r ~ ~ t . k ~ ( / g t > ~ ~ t s :  W e  thank Mrs. Doris M o y o  
To1 terhn~r ; t l  s ~ ~ p p o r t .  t lie EEC-funded Llni \,cr- 
h i t y  o r  l l trcc l~l - l lr l~~c .r . i~ ly  ol' Zinihabwc link 
program for allowirlg c o l l a h o r a t ~ v r  rcscarch be- 
twccn thc two unlvcrsltlcs. tllc l l n ~ v e r s ~ l g  ol 
Z ~ m b a b w c  Rcscnrch Board a n d  IWVS Llr .id- 
d~t loni i l  I ~ ~ n d ~ n g ,  ;tnd the DNPWM fbr pcrnmls- 
s ion  t o  c o r ~ d u c l  llie study. 
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