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ABSTII.A( ‘1’: .�Iujcobacteniunt paratulx’rculo.sis origimuallv isolatetl frouss bighuormu Sited) )Otis Ca?uad(’;t.xi.s) ‘s’sitiu

spomitamseoums paratutbencutlosis was used he) oraIl� inocuilatc Hocks Nlemtstaimu elk I Ce’rnu.’s elap!uus ite’lsoo i

calves, mnuule deer (Odocoileus heiiiionu.s) fa’s’s tuS, ‘svhuitc-tailed (leer (Odocoileus n’irgiiuiauuns) fa’sv its. higiueinuu x
mssoutflois (Ot’is nuusiuuon ) hvbnitl lamitbs. aiud tleinscstic Iantbs. All expenimssctutaII� exposed amuiinals because

itsfec’tetl. Duninsg the first s-ear of itsfN.’tiomu, huvbnid amid domssestic shied) ‘s’s crc able tot ctimutntil hue itufcctioiu

bust iusfectiois ‘svas progressive its elk amud deer. ( ;Iiiuie’�tI paratutl)encuilosis occuumncd eimul� iii mule (leer.

INTRODUCTION

Paratuibencutlosis. c’auiset! by \I ijcobacteritt in

l)arat uberculo.si.s, is ats insipontamst c’hsnotuic ems-

tenic thisease of thoussestic’ tattle amstl oc’c’asiomualhy

of tlomusestic’ shseep atsd goats. Clinically, the’ this-

ease its these species is c’hsanac’tenizetl b� pn�-

gressi’s-e ‘s’seighut loss heatlinig to enssac’iatiois atstl

often imstermittent or c’onstaist tliannhst’a. Pana-

tutbencuihosis has I)eens tliagusosetl itt mssaisv cap-

ti’s-c ‘svihtl spec’ies (Katic’, 1961: Vausce, 1961: Sol-

t�s et al., 1967; Libke amstl Waltoms, 1975; Bot”s-en

and Peters, 1974; Temple et a!., 1979) antI in a

few free-natsgimsg species. imucluidimug bighuorn

shseep austl Rocky Nlouuustaius goats (Oreaninos

americanus) its Colorado austh \\‘� omssitsg (\ViI-

hams et al., 1979), nsouflous its Fmamsce (Thsiery.

195:3), austl Tutle elk (Cert’us ela pu us nan no(/e.s)

(Jessuip et ah., 1981). axis (.‘�xi.s axis), atstl fahlo’s’s

tleer (Darna darna) its Cahifonusia (hliensausms et

a!., 1979). The presetsc’c of l)aratulhx’rcullosis us

free-nausging popuihatiomss raises tlumestiomus abouit

the suisceptil)ihitv of other wiltl nummstituatsts to It.

pa ra tuberculosis, the suusc’eptibihitv of tlomssestic

livestock to strauss of It. paratHI)erCulo.si.s iso-

lateti from ‘s’s’iltl spec’ies. alit! thst’ possibility that

free-ranging nuttssimsausts mssighst act as reservoirs

of thue bacteria. This stuit!v WaS uuusdentakeus, its

part. to amss’sven sonic of tlsese (lulestiouss.

Rccei’s’ctl for puublicatioiu 6 NIay 1982.

Present adldlmess: \-N’vomisimsg State \‘ctcnimsanv Lah)o-

natorv, Di’s’isioms of Nlicrobiologv ausd \‘ctcnimsarv

Niethicimse, Umuivensitv of \Vvomssimug, Box 930. Lana-

mie, \Vyonusimsg 82070, USA.

MATERIALS AND METHODS

Rocky Nlounstaits elk c’aI’scs, raist’d h� them damiss

uilitil ‘s’seamsing, ‘s’s-crc obtaimsed Iromis a capti’s c huend

misaitstaitset! at thut’ S� billc \Vildlifc Reseanchu t isit.

\\vominsg Camuse amud Fishu I)cpant issemut; tuttle dccn

fawns were orphsamss domsated b� the ( :eilonatlo I)i-

‘siSiOhi of \\‘ildllife: ‘s’s lute-tailed deer fax’s its ‘s’s crc oh-

taitsedl from Oklaisomisa State I. mui’sensit� highsonms hu\ -

bnid lambs were bonmu at thuc \\ild Aiuiusal I)iscase

(;t’tster or were fnonss a gaisse farmss iii \ehnaska; do-

niestic lambs ‘steno’ obtaiiucd fneitss local comssisscncial

souurces. Deer fa’s’sIsS amud higiuonuu hybrid aisd domsit’s-

tic’ Iansbs ‘svenc isaiuul-naised eiiu tow’s mssilk stipple-

tuictstetl with ‘s’itamssimus amutl ‘s’scrc ‘s’seatuctl ousto alfalfa

hsa�. c’omusIsscrciah graimu nsixtuire, amutl issimsenalized salt.
\Vbsens 4 to 5 mist) eif age. cigiut elk, cighut isutile deer,

t’svo whsite-tailed deer. msiuse bigisontu hsvbnitl siuccp.

amid! msimse dotsscstic Shteel) w(’r(’ each onall� iusecctilatcd

with 50 mug wet ‘s’seighut of It. paratulx’rculo.si.s. ‘I’hse

orgamsisnis ‘s’s-as oniguisaIl� isolated iii 1977 freimss a c1itt-

icalhv affectetl bigiuoniu shed) ( imsoctuluitst ‘s’sas Pvc-

pared b� I)r. C. C). Thsoe’n. ten’s a State � ni’sersit�
.Anuies, Ies’s’sa 30011, US.� ). Bacteria ‘s’senc suispemided

its 1 msul I-latsks’ balaisccd salt seiluitioms atutl imstnoduiced

imito list’ inouiths and phuar) mux ‘s-ia 3 issls� nimuge. Fttin

eachi elk amid tuttle deer, three domsscstic siucep. and
two bigisonmu hs� bnid shueep ‘s’s crc issaimutaimsed itt sepa-

rate facilities as utmucxposed comutrtils. Its aelditiois. thsncc

usnsinsocuilated elk ‘s’sere iueiuised ‘s’s ithu cxpenimsscmutal elk

and thsnet’ umsimuocuilatc#{231}! i)igiueinms hybrid sited1) lucId

ins separate otittleson quarters were msatuirallv expeiseth

to) rums-off froiss t’xpcniusscmstal ansinssal pcmss.

.Amuinsals ‘s’s-crc itatudled nsomttislv t(i eibtaits fecal

samples from the nectuitss amid 1)100(1 samssplcs fnouss

the juuguilan xciii for diagmsostic tests. I laIf of thut’ an-

imals of eacis species ‘s’s-crc killed 6 mite) P05tit5�d’tiha-

tioms (P1) austl thue reituaimutlcn 12 uso P1 b� electnocti-

tious on o’s’erdose of suicci tuvl c’hsol i tue chslonide

(Susc’ost rims , E. H. Sq uuibb aiud Somss, 1usd’.. Pni iscete)is.

New Jersey 08540, USA) after imsumisobihizatioms b’s itt-

tram uuscuular xv lazi tue hsvtl r(udls lonitle I Houss ptims

Ha’ser-Lockhsart, I3a� vet 1)i’sisioms, Cuitten Laborato-

ries, Imic., Shsa’svmuec, Kamssas 66201. USA). Comutact elk
‘s’sere killetl after 1 2 nst exposure ts cxpt’nimssemstahI�
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T.Aisi.E 1. (;utltuune of .�Iycobacteriurn paratuberculosis fromus tissuues audI feces of Hocks- Nioutnutaims elk after

oral inocuilation or cotitact exposure.

Orgaic

6 mcci’pcusiinoclaticcuc 12 mci huuusiimcocullatioc t ;mct� ci elkS

Ncu.
ccc

infected
c.’ucltccreol

.Aserage
Ica-teriologic

secure”
Nuc infected

ccc. cultured

Average
hacteniologic

score”
No.
rccc

imcfecte’d
cucltcired

Average’
hactericulcugic

secure6

Tonsil 1 :3 ii.7 2 :3 2.0 2 :3 1:3

Scipraphcar� cgeal iN’ 4 4 :3.i) :3 4 1 5 2 :3 1 :3

\ieeiiasticcal i.N Nd:d 1 1 1 0 Nt� -

I’rcuxiinal mcxc’ cleric i.N NO: - 1 1 1.1) NO: -

\tidnceseccteric LN NC - :3:3 2.0) 2 :3 2.0

i)istal nceseccte’ric i.\ NO: - 4 4 2.5 :3 :3 2(1

Ileocecal i.N 4 4 175 4 4 2.5 :3 :3 2.3

n)iliKlecscm NO: - 2 4 1)5 1) 1 0(1

Jejicuccim NO - 1 1 1 0 Nt; -

Ileum NO - 0 2 00 0) 2 i)(i

Ileeccecal jiucccticucc :3 4 1:3 2 2 10 1 2 1 5

Spleen NO: - Nt: - 1) 1 0(1

[.iver 0 4 0.0 NO� - 1 :3 0:3

Kiduce’s Nd: - (i :3 0) (1 1 2 05

Testicle 1 2 11.5 (1:3 i).(i 1) :3 0.0

utt’rccs 1) 1 0 (i (1 1 0.0 NO: -

\1aucmar� glaccel 0 1 0 0 NO; - Nd; -

.Acce’sscur� sex glaccd (1 :3 ((.0 0 2 oio Nd; -

Feet’s’ 0 24 0.0 0 48 0.0 1 :36 ND

Elk e’xpccse’oltice”spe-rcccce’cctaIl�iccfe’cte’delk Icur 12 coo prior ku ccecrccpsv

F;av’lctissue’cultured ss as assigcced a Icacieriolcugic secure cf 0) icc :3 depe’ccdiccg ccc lIce as-e’rage cccumher c)f coloccies ccci three slacuts: (1 = ccci grim tic:

= 10) cc,I,uccies: 2 = 11-30 cculcuccies. :3 = >5(1 cuulccccces.

- L� cccph ccccele

d \cct cccltccre’d

Feces Orion all elk su ecu’ cccltcure’cl ecccccctIcl�

Ncct detercscicce’d

inocutlated elk; bighsonn hybrid constacts ‘s’sere killeol

3 and 25 mo after exposure to runoff from contamus-

mated ausimal pemus.

Postmortem examinationss genserally were con-

dutctetl ‘svithius 0.5 hr of o!eaths. Sectiomis of distal small

intestine, mesenutenic hymnphs nsot!es, audI feces ‘svere

collected for mvcobacteniohogic cuultuume from all an-

imals. In additiomu, a variety of othsen tissuses ‘sveme

cusltutred from most animals. Fecal ant! tissuue samples

‘svere placed its sterile plastic bags at use time of

collection. Most samples front thie bighomms hybrid

sheep ‘s’s-crc frozemu at -70 C for uip to 2 yr prior to

cultutme; samples from thse elk, oleen, atud domestic

sheep ‘svere refrigerated! and! cuiltutreth ‘s’s-ithin 2 days

of collection. Fecal amstl tissute sansples ‘svene pro-

cesset! and cultuuret! on Hemmolt!’s egg yolk metlium

for ,‘u-I. paratuberculosis (Unitco! States Department

of Agriculture, 1974). Fresh, anstibiotic-free chicken

eggs ‘s’s’eme obtainuet! from local private flocks. Femnic

mycobactins t!emivet! from It. phlei on It. paratu-
berculosis ‘s’s-crc iuscorpomatet! into thse nset!ia (myco-

bactins ‘svere suspplied by Drs. H. S. Nienka!, R. D.

Ansguus, ant! C. NI. Bro’svn, National Aninuual Disease

Center, Ames, Io’s’s-a 50010, USA). Itsocuuluum pre-

pared from each fecal on tissuie satuiple ‘svas layered
onto three slants of medium ‘sviths arid! omue ‘s’s’ithouit

mycobactin ant! iticubated at 37 C for 16 ‘svk. Iden-

tification of It. paratuberculosis ‘svas baset! oms sho’sv

gro’s’s-th, aciol-fast stainitug properties, audI mycobac-

tin tlependence. Nuumber of colomiies pen slamut ‘svcre

mecort!etl as: 1+ for one to 10 cohomuies: 2+ for 11 to

50 colonies; and 3+ for greater than 50 colonies. These
values ‘s’s’ere averaged for each tissue to obtaitu a bac-

teniohogic scone. Fecal samples from each gmoutp ‘s’s’ere

examined at 6 auud 12 mo by flotation for e’s’it!ence

of intestinal parasitism.

RESULTS

Rocky Mountain elk: Overt sighs of paratti-

berculosis ‘svene not obser’s’etl ins elk. Soft feces

occasionally were noted but diarrhea ‘s’s-as not

present. Control elk were subjectively larger

with greater antler tlevelopment than infected

elk. Unfortunately, it ‘svas not possible to weigh

the animals.

At necropsv, all animals were in gootl to cx-

cellent body conditiomi. Mesenteric lymph nsotles

of inoculated antI constact elk were slightly en-

larged and most contained small foci of necrosis

and mineralization.

It ycobacteriu rn pa ratuberculosis was iso-

lated from tissutes of all experimentally inocut-

hated and constact elk, but usot control elk (Table

1). Six mo P1, organisms were isolated its great-

est number from lvmphoid tissues; maui� bac-

teria ‘svere cuiltured from suupraphar�ngeah anstl

iheocecal lymph nodes. The organism ‘s’s’as iso-
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TABLE 2. Culture of Mycobacteriunt paratuberculosis from tissuses amid feces of muuutle deem arid! ‘svhsitc-tailed

deer after oral inoculation.

Orgacs

‘slide cheer ‘sVluite-tailed elc’c’r

:3-5 mo puisticccx’ulatioicc 11-12 mci txcsticcoecclaticccc 2 -5 ccccc txusticcciculaticccc

Ncc icufected -

ccci cultured

Average’
hacteriologic

score’
\cu infected
no. cuclicured

Average
hacteriuclcigic

score’
No
ccci

As eragi’
iccfected hacte’ricclccgic
cccltccred secure”

Tonsil 14 1) :3 0 2 0 (1 1 1 I 1)

Semprapharscugeal LN” .3.4 1.5 0) 2 1)1) 1 2 I 3

Proximal nsesenteric LN 2 ‘2 2.1) 1 1 1 (1 1 1 :3.1)

Midmesenteric LN NC’ - 2 2 2 5 1 1 :31)

Distal mesenteric LN 5 ‘3 2.0 2 2 1 3 I 1 :3))

Ileocecal LN NC - 2 2 2 5 1 1 1

Proximal ileuns 0 2 (1)) 2 2 1)) 1) 1 0

Ileocecal jucictiocc 0 :3 1)1) 1 1 1 (1 1 1 I

Liver 0-4 0.0 Nd� - 0) 1 01)

Spleen 0,4 1)1) Nd: - 1) 1 1)1)

Testicle 0/2 0 1) 0/2 1).)) 1) 1 (Ii)

Uterus 0/2 0 0 NC - NO; -

Feces4 2/32 ND’ 2/23 Nt) 1) 7 1)))

#{149}Each tissue cultecred xc as assigned a hacueriologic score uif 1) tic :3 elepe’cudicug occ the ax erage ccccnsla’r ccl cuulucccies ccci thuree slacuts d) = ccc’ grccsc thu.

= 010 colonies: 2 = 11-50 colonies. :3 = >50 colonies

bLsnsph node

Not cultured

Feces from all deer scere cultured monthls.

#{149}Neit determined-

hated from a testicle of ouse animal. By 12 mo

P1, bacteria were cultured in greatest number

from the mesenteric lymph nodes, bitt tomssih

and suprapharyngeal nodes were also infected.

All contact elk became infected and bacteria

‘svere isolated from lymphoid tissue of thse heat!

and mesenteric l�”mph nodes, Liver in otie cons-

tact elk and kidney in another ausimal were in-

fected. It ycobacteriu in pa rat uberculosis ‘svas

cultured from only one of 108 fecal samples

from infected animals. The positive sample w’as

obtained from a contact elk 11 mo after expo-

sure to inoculated elk. Eggs of stronsgyles anti

Trichuris sp. were in fecal flotations of most

elk.

Deer: Clinical paratubercuhosis occurred ins

experimentally infected deer. All deer hat! soft

feces occasionally, however, infected t!eer fre-

quently had soft or diarrhseic feces. Infectetl deer

were poorer iui body condition thatu control deer;

these differeusces became apparent b�’ 4 to 5 mo

P1. Infected deer shed their winter hair coat

several months later than control deer arid re-

mained in fair to poor body conditioms as t!eter-

mined by lack of suibctutaneoits aix! visceral fat.

Control deer had abttndant body fat. \!eseus-

teric lymph nodes of infected deer ‘svere mild!y

enlarged; ‘svhite gritty foci frequently ‘svere vis-

ible in the cortex of mesenstenic lymph miocles

ansd ‘svere in the tracheobronschial ant! metlias-

tinal lymph nodes of one tleer 12 nuso P1. Duninsg

the study 1 1 deer died of causes presuilsiah)ly

unrelated to paratuberculosis; two of musaligmsaust

catarrhal fever; ouse of septicennia; otie of hsy-

pothermia; five with history, chiusical sig�ss, alit!

lesiouss suuggesti’s’e of mvcotoxicosis; otse of traus-

ma; and one of malignant etlensa.

It ycobacteriu us pa ratuberculosis was enl-

tured from tissutes of all itifected tleer but not

from control deer (Table 2). Isolatious most fre-

quenth� ‘svas from the mesenstenic lymph usotles;

but in a f cxv tieer, It. pa ra tuberculosis was also

isolateti from tonsils ausd suprapharvnsgeal lymph

nsodes. Four of 55 fecal samples were culture

positi’s’e, onse each at 4, 5, 8, amstl 11 nso Ph; two

‘svere from the same ausimal. ,A few utnsitlemitifiec!

coccitlian oocysts ‘svere in fecal flotatiouss.

Bighorn hybrid sheep: Experimentally ex-

posed bighsorns x niouflon hsybritl sheep tlid usot

show’ clinical sighs of paratutberculosis. All atsi-

mals were ins moderate to excelleust h)otl� cots-

ditions whets killed. Mesenteric l\-mphs usodes

were enlargetl mildly 6 mo P1 buit were essets-

tially normal 12 mo P1. Focal usecrosis anti mimi-

erahization occurred its lymph nsot!es of a fe’sv

animals.

It njcobaeu’riu in ;a rat ubercu losis ‘svas iso-

lated front tissutes amstl / or feces of all expeni-
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TABLE 3. Cutltutre of Mycobacteriunu paratuberculosis from tissuics and feces of bighomn x mouuflon hybrid

sheep after oral insocutlation on exposusne.

d)rgacu

6 ccicu postincucuclaiiuccc 12 ucco posiiruuuc-uclatiocc Exposec I shceepb

Nuc iccfected
cucu cucliucred

Average’
hacieroulogic

secure’
Nuc iccfeu.-ted
ccuu cultured

.As-erage
lcacierkckcgic

secure’
No. iccfected

cucu. cultcured

Average
bacteriolccgic

score”

Tuunsil 03 0.0 0, 5 0.0 0- :3 0.1)

Supraplcarvccgeal tN4 0.3 0.0 0 5 0.0 0 ‘:3 0.0

I’roximal mese’ccteric 1.N Nd; - 1 5 1.0 0 2 0 0

‘slidmesecuteric I.N 0 :3 0.0 1 ‘:3 0:3 0, 2 0.0

I)istal mesu’cuteric i.N 4 4 ND’ :3 4 0.8 1 :3 ND
Ileuccecal i.N 0 :3 0.0) 0 1 0.0 0.2 11.0)

I’rucxincal ileuccu 0 4 0.0 1 5 (1.4 0: 2 0.0

Ile’euce’cal jucucticucu 4 ‘4 ND 1 1 1.0 1 ‘:3 ND

i.ive’r 03 0.0 0.4 0.0 0 1 0.0

Spleecu 0,3 0.0 0.2 11.1) 0,.’ 1 0.0)

Testicle 0 2 0.0) 1)2 0.0 0/2 0.0)

Ute’rccs 1) 1 0.0 ii 1 0.0 0/1 0.0

O)var� Nd; - 0 1 0.0) NC -

Feces’ 0 24 0.0 :3.60 ND” 1/56 NI)”

#{149}Succice tissuces Ircuzecu (-70)0;) 02 yr prior tic cccliccre.

Natccrallv e-spucsu’d tic rcccuuuff frucccu icufected auuimal peccs. Occe sheet) svas killed :3 mc arid t wuc svere killed 25 nco postexprusucre.

E�cc-Iu tissuce c-cultured svas assigcced a hacteriologic sc-ore of 0) to 3 depe’ccdiccg ouc lIce average nuuncher of c-oloccies run three slants. 0 = ccci grucsvth:

- 10) cucluccuies. 2 - 11 -5(1 coluuccie’s: :3 - > 5(1 colonies.

� Lvcisplc ccuuele’

#{149}Nuct cultcureol

Tissuces cuultucre’d at ‘se’te’riccar� Se’rs ic-es I..aluuurator� - Naiiorcal .Accinual t)isease’ t:e’ccter. Accue’s. ccxc a 50X)lO. t’S.A. Bacteriologic sc-uure cccl deterucuicced

I”e’ce’s fruco all slue’r’ p score’ cuultcured ccccccuthl�

“ Nuct (le’terflcicced

mentally iusfected anuimals, from two of three

sheep exposed to ruusoff from cotitamimsatetl an-

imal penis, ant! was not isolated from tissues of

control animals (Table .3). Onue hundred forty

fecal samples from infected sheep were cul-

tuned. One I)Ositix’e fecal cuiltutre ‘st-as obtained

6 mo P1 ansd two 11 mo P1 from three expeni-

mentally itifected sheep; there xvas one positive

sample front a sheep 9 mo postexposusre to nisnu-

off. Fecal flotations conutained few’ ooc�-sts of

Einieria ovinoidalis, E. ahsata, E. parva, E.

ovina and eggs of strongvles and Nematodirus

sp,

Domestic s/seep: Clinical paratuibercutlosis was

not observed ins domestic sheep experimentally

infectetl with It. paratuberculosis ausd all were

ins excellent botlv c’otstlitiors whuen killed. Only

slight enhargensenst of meseuitenic l�mphi nodes

‘s’s-as apparent iii some slueeI).

It ycobacteriu in pa rat ubercu losis ‘s’s-as cut!-

tutred fronu onulv two o)f five shed) killeti 6 mo

P1. T’sveh’s’e u’nousths P1 thie orgatsism was isolated

in Io’sv nuimbers from three of four inuoculatet!

sheep; butt its two cases bacteria ‘svere ouihv cul-

tuned from otue orgauu (Table -1). Control ausi-

mals were culture negative. All 80 fecal cci!-

tunes of exposed! amsinsals ‘s’s-crc tsegative for It.

pa ratuberculosis. Fecal flotations were negative

for intestinal parasites.

DISCUSSION

Elk, mule deer, white-tailed deer, bighorn X

hybrid, and domestic sheep were susceptible to

infection with It. paratuberculosis derived from

paratuberculouss bighorn sheep. During 1 yr of

infection only deer developed clinical paratu-

berculosis characterized by poor body condi-

tion and diarrhea. These signs are similar to

those describetl in spontaneouss paratuberculosis

in deer (Libke ant! Walton, 1975; Temple et

a!., 1979). Clinical paratubercuihosis was not ap-

pareust in elk although adverse effects ous growth

in experimenstally inifectet! elk possibly oc-

curred. It is not kno’svn if infected elk w’oultl

have tleveloped chinsical paratuiberculosis if ah-

lowet! to live for a longer peniot! though reports

of clinical panatubercutlosis in Tuihe elk (Jessup

et al., 1981) ant! ins ret! deer (Cervus elaphus)

(Vance, 1961) suuggest some elk might have be-

come chinicall�- tliseased if given more time.

It njcobacteriu in pa rat uberculosis ‘svas cul-

tured from all expeninsenstall�- exposed deer and

elk. Contact elk readily became infectetl and

distnibuttiomu of h)actenia ‘svas similar to expeni-
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TABLE 4. Culture of Mycobacterium paratuberculosis from tissues and feces of domestic sheep after oral

inoculation.

Organ

6, 8 nsoc posticuuucuclatiore 12 tscuu �xusticuoccclatiocs

No. infeclecl/
no. cccltccred

Average
hac-teriologic

score” ‘
Nuc. icufected

co. cucltcured

Average
l,ac-te’riccluugk

score”

Tonsil 05 0.0 0/4 0.0

Suprapharyngeal LN’ 1/3 0.2 1 ‘4 0.3

Mediastinal LN NC4 - 0,3 0.0

Midmesenteric LN Nt; - 1 3 0.3

Distal mesenteric LN Nd: - 1 4 0:3

Ileocecal LN 2.5 0.4 0 4 0(1

Proximal ileuum Nt; - 2 4 0.5

Ileocecal junction 2/5 0.4 0 3 0 0

Liver 0,4 o.o Nt; -

Kidney Nd; - (1 1 0.0

Uterus 02 0.0 0 1 00

Feces’ 0/32 0.)) 1) 48 0.0

‘One sheep in) this group was killed 8 mo Pt.

Each tisscce cultured was assigned a bacteriologic score of 0 icc 3 depeccding ucru the average cccccolx’r cuf cuulucccies un iluree slaccts. 0 = nco grcusc tIc.

= 010 colonies: 2 = 11-50 colonies: 3 = >50 colonies.

‘Lymph node.

� Not cultured.

#{149}Feces from all sheep sc-ere cucltucred monthly.

mentally inoculated animals. In contrast, M.

paratuberculosis was not isolated from tissues

of one of nine hybrid sheep and four of nine

experimentally exposed domestic sheep. Aver-

age bacteriologic scores were low in infected

sheep. In the case of the hybrid sheep, low re-

covery could have been due in part to freezing

the tissues because freezing is kno’svn to de-

crease the viability of M. paratuberculosis (Kim

and Kubica, 1973; Richards, 1981).

Isolation of M. para tuberculosis from cx-

traintestinal tissues ‘svas most frequent from the

cervids. Tonsils and suprapharvngeal lymph

nodes were often infected; involvement of this

lymphoid tissue has been considered important

in the pathogenesis of bovine paratuberculosis

(Payne and Rankin, 1961a, b). Distribtttion of

bacteria to other organs occurred as tlemon-

strated by culture and presence of microscopic

lesions (Williams et a!., 1983). Mycobacterium

paratuberculosis has been isolated from mansy

extraintestinal organs of domestic ruminants

(Levi, 1948; Gouds’svaard, 1971; Karpin�sski ant!

�#{243}ra’svski, 1975) and involvement of the repro-

ductive tracts of paratubercuhous cattle is well

documented (Pearson and McClellansd, 1955;

Kopecky et a!., 1967; Larsen arid Kopeckv, 1970;

Larsen et al., 1981), thuis the presence of It.

para tuberculosis in the testicle of an elk was

not surprising. The presence of thie organuism in

semen is unlikely to lead to systemic infectioni

of the cow’ (Merkal et a!. , 1982).

Bacterial isolation scores remained essentially

static or slightly increased from 6 to 12 mo P1

in both elk and deer; thus thse cer’s’ids were riot

able to control the infection during 1 yr. These

scores decreased from 6 to 12 mo P1 in tlomestic

sheep. Most hybrid and domestic sheep ap-

peared to be able to control, and in some cases

overcome the infection during 1 yr. Some sheep,

however, ‘svottldl be expected to develop clinical

paratubercuilosis after exposure to the bacteria

given adequate incubation times. Spontaneouls

cases in free-ranging bighorn indicatet! that

clinical disease occurs (Williams et a!., 1979).

Fe’sv fecal samples ‘svere culture-positi’s-e evens

though It. para tuberculosis xvas reat!ily iso-

lated from tissues of exposed animals. Tisuis, fe-

cal culture coutld not be recommentled as a sits-

gle diagnostic test for paratubercuu!osis. Ouse

explanation for few’ positi’s’e fecal cuiltutnes its

infected animals is lo’sv sensitivity of the cuil-

tural procedutre. Fecal cuilture has beers wit!elv

uset! as a diagnostic test for paratusbencuilosis;

how-ever, ansimals shedding few- organiisms or

shedding intermittently may go utustletectet!

(Johnsons et al., 1977).

Deer appeared to be more susceptible to) ins-

fection with It. pa ratuberculosis than other

species. Clinical panatusbercuilosis in fax’s-us has
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been reported in xvhite-taihed (Lihke and \Val-

ton, 1975), sika (Cercus nippon), ausd fallow

deer (Temple et al., 1979). Its contrast, pana-

tutberculosis ins domestic species is comssitleretl a

disease of adults requtiniusg se’s’eral years of its-

cusbation before appearance of clinical sighs

(Buergelt amstl Duncani, 1978).

These studhies of susceptibility to paratuiber-

culosis insdicate that some wild rutmiuiants coulti

become infected by sharing ransge or pasture

contamimsated by subchinsical or clitiically af-

fected domestic livestock or other ‘svild rumi-

usants. Dairy cattle ‘svere considered the soutrce

of It. paratuberculosis affecting axis and fallow

deer in California (Riemann et aI., 1979). Big-

horn sheep appear to be able to maintaius the

disease w’ithius the populatioms ‘svithout reintro-

duction of the bacteria from tlomestic animals

(Williams, 1981). Whether deer or elk coulld!

effectively maintain the disease its a free-rang-

ing populatious is not known. It seems likely that

given a high prevaleusce of paratutberculosis its

cattle, deer and elk sharing pasture with live-

stock could become infected ansd then could act

as disseminators or reservoirs of It. paratuber-

culosis.
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c ‘sVildlife Disease Associatioucc 198.3

Animal Disease in Relation to Animal Conserva-

tion, NI. A. Edwamtis and U. McDonnell, etls. Aca-

demic Press, Inc., 111 Fifth Avenue. New York, Ne’sv

York, USA. 1981. 336 pp. $49.00 US.

This publications is the proceethings of a sytnspo-

siusm held in 1981 by the Zoological Society of Lots-

don. The symposium ‘svas designet! to revie’s’s the re-

lationship of animal disease to animal consenvatitums.

It explored the tlirect effects of disease on ‘svihdhife

populations, as ‘s’s’ell as the effects of hutmans anud olo-

mestic animal activities, including disease control. ons

‘svild!ife populations. These activities often nesutlteth
in conflict bet’sveen the moral useed for animal con-

servation and the hutman need for tlisease comstrol.

Each chapter of this publication is the cotitnibuition

of an individual scientist(s); it incluides a list of rel-

evant references and a record of the t!iscuissiots pe-
riod ‘s’s’hich transpired. The hatter imsclutt!cs remarks
by his royal highness, The Prince Phsilip, President

of the World Wildlife Futnd. Appropriate figures ant!

tables illustrate each presentation.

To present the subject, the chiaptems of thus book
are groutped into foutm sections. Its the first section.

specific diseases are discusset! inclutling nituderpest

and its control in Africa, tr�panosomes ansd its im-

pact on ‘svildhife, rabies in ‘s’s-iht!hife, nsyxoussatosis antI

its evohuttious, ant! botulism in ‘svatemfo’svl. lusterestimig
revie’svs on each of these diseases are provitled ‘sviths

the emphasis on Eutropean, Afnicanu, antI/on Asiats

epit!emiology. Too often ‘sve consit!em the boutnst!amies

of wildlife disease to be limited to North America.

For example, trvpanosomiasis control, iuschuit!insg the
tsetse fl�-, illustrates the importance anti neetl for the

integration of ecological, geographical, agnicuiltutmal,

and sociological factors in lant! utse plarsmsiusg. antI

disease control.
The seconsd sections of the publications discusses ans-

imals as reservoirs of disease anti provides examples

inclutding influtenza, leishmauuiasis, trichinosis ant! hsy-

clatid disease. It is fasc’inatinsg. as ‘ste11 as ensligitteus-

itig, to explore tlse life cycle ant! epizootiologv of

Trichinella spiralis ins leopantls. buyaensas. jackals. amid

liomus.

The thirt! scctio)us stresses epidcm’niological 1)niuuc’i-

pies ant! policies. The nsajon unethods of tnamssmissioms

are discitssed antI the epidenuiologv of plagute itsthe

United States is utset! to illutstratc thuese pniuicif)hes.
The last section of the book discusses c’onservations

in relation to animal disease in Africa and Asia and

the control of disease in wildlife inclutding its reduc-
tion when a threat to man or domestic animals oc-

culns.

A major aim of the symposiulm ‘svas to) musake the

scientific community aware of the complexity of the
relationship bet’sveens animal t!iscase atitlatsinu’salcon-

servation. This aim is met and excehlcnut exaniples of

this complexit� are illutstnated in the chapter oms the

badger..” cattle. TB controversy in the Utuited King-

dom, and thse chapter on tr�panosomiasis its Africa

‘s’shsere control measuires often directly or imithirectly

threaten ‘svilt!hife.

This book ‘svihl be an importanut additioms to thse

library of anvotue interested in ‘svilt!life anti thueir tlis-

eases. It vivitlly docutments that epitlcrniologv is a
‘s’s-onld-wide susbject anti it utses excellenut examples to

ilhutstmate this. As the teacher of a course ius t!iseascs

of ‘svildhife, I ‘s’s-ehcome thus new iusformatiomu on dis-

eases, hosts, and epidemiology in other parts of the
‘s’s-onlt!. It ‘still provide ne’sv and broatIer c’ousc’epts ots

‘svildhife disease amid ‘svilc!life consenvatioms. As the etl-

itors state, “This publication will be essential reading
for all cotusenvationists, veterinarians, anucl putblic

health ‘svorkers, and for those phs’ssiciauus auscl agni-

cusltitnistscomsccnuset! ‘s’siththis important amitl c’hsal-

lenging subject.”

Daniel 0. Trainer, College of Natural Resources, Uni-
versity of Wisconsin, Stevens Point, Wisconsin 54481, USA.
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