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fffsthat well adapted relationships iﬁvolve successful
’,3 establishment and prdduct1v1ty of the paras1te in

- conJunction with?a mzhidf“

-"investwgated using Parelaphostrongylus ahdersoni Prestwood o
;,1972 and P odocoxlel (Hobmaier and Hobmaier 1934) 'p{“fﬂfff%
: iNematoda Protostrongylidae0 in. white tailed deer '_'l o
,,._“_-(odoconeus vlrglnianus) and mule deer (o h hemlonus)

_baSis used for evaluating the relationships was the premise

Abstract A

The speCificity of host paraSite relationships was

Syl o

4‘5-.»,. s

‘of 1nterference with the host

Hand raised fawns approximately four months old were ‘Q,§ ;*jig;

h'each exposed per os to either 300 or 1@00 third-stage larvae

and were . then killed 46 to 151 days after exposuré

:7}Establishment (the number of worms recovered as a:per cent

_.1nfections was determ1ned for each host para51te

pe '| at '| onsh1 p ’ “ T

?;fof the 1n1t1al<dose) productiVity, andxpathogenicity of

'"'Parelaphostrongylus andersoni appeared to be better

gt ._.vl

tffaadapted to white tailed deer than to mule deer The(

.festablishment rate was slightly higher in mule deer, yet the S

: muscleg lungs, and lymph nodes of the ho$t Indivwdual

'1both mule deer and white tailed deer Results were

”fparaSites were assoc1ated with mbre damage to the skeletal

~f"'var1ation in 1nfections was more noticeable 1n white*tailed

deer than 1n mule.deer flwlYfP S

Parelaphostnongylus-odocoflei was poorly adapted to

fcon51stent within host spec1es but markedly different ' o h’_

e

4

v



-'5gffworms and larval output was extremely h1gh However d agéﬁf

between host spec1es In mule deer exposed to P odocoilei |
. 8. h1gh percenta;e of the 1n1t1al dose was recovered as adult

Y

Y

"fiftc the host t1ssues was extens1ve and severe I fij*j f

hf1i}wh1te tailed deer exposed to P odccoirei no adult worms

'7Qlwere recovered and larval oufput was low.-errat1c and of

'*:iadult~worms w1th1n the host

» - ( ‘v‘ .
*;ishort durat1on Th1s suggested that few worms were able to -

w'l'reach matur1ty Damage to white talled deer was m1n1mal
: )

‘

Laﬁat1on or1entat1on =d1spersal, and sex rat1o of
' B o L

';-;i's; -g"éﬁené 11 .y‘_'fs"itm’i:*l ab n ai.l.'l‘ B

'ﬂrelatronsh1ps (except that o P odocollei and wh1te tailed

'tr&ﬁﬁdeer; Generally,vthe locatuo‘ of adult worms in sKeletal

3 g

'*f;muscles was correlated w1th t1me after exposure and number

\‘tr{of worms recovered but not w1th dosage levelL_Adth worms-

tVa:_:were always 1n connect1ve t1ssue most often co1led between

l"ff-muscle bundles The sex ratxo was cons1stently 3 females 2

i' males o | » v j
o Response of the host appeared to play the maJor role in _"
- determ1n1ng the host paras1te relat1onsh1p. It 1s suggested s,

”7:that wh1te tailed deer may be pre- adapted"to deallng with

: ;} 1nfect1ons of Parelaphostrongylus spp and thus, were able

.

' ‘to restr1ct the infect1on to moderate or low levels (as seen ,
B 1n fawns exposed to P. andeﬁsonf or P odocollef HWf ’

‘7respect1vely) Mule deer were less able to control -

T;1nFect1ons and thus damage to l host was h1gh A general

Sooe
. 8

”ivd1scuss1on of host spec1f1c1ty 1s 1ncluded

9
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ins1ght 1nto the mechan1sms of spec1f1c1ty

-It Introduct1on 'f[to

cr

"Paras1to]og15ts ‘have d1scovered the exceed1ngly
. interesting fact that many paras1tes are str1ct1y
, host spec1f1c ;....,,.:.Mayr 1957 |
',Host spec1f1c1ty, the ab111ty of a parae1te to- be-

successful 1n one host and not another 41s an underlywng

”wpr1nc1ple of para51to]og1ca1 theory Why does a paras1te

exist as a re]at1ve1y ben1gn compan1on 1n sOme hosts and as

a pathologwc insutt. in others’ Interest in such a bas1c

‘pr1nc1p1e has generated a 1arge volume of literature yet
it rema1ns d1ff1cu1t to genera11ze about the causes of.
,spec1f1c1ty (Kennedy 1975 Lev1ne 1980) . Thus, such

~quest1ons as where spec1f1c1ty oocurs and how it-is med1ated

largely remain unanswered AR | _
Before proceed1ng. it is necessary to deflne the scope

of this thes1s S1nce defin1t1ons and term1no]ng concern:ng

host spec1f1c1ty vary w1de]y (see Dogiel 1964 0den1ng

1976) it 1s not the 1ntent of- th1s thes1s to \ry to rev1ew .

these top1cs I shall restrlct the topic to only two

fseparate approaches to host spec1f1c$ty current]y used by
'paras1tologists Regardless of - approach, some of the
i cr1teq1a used to assess a host- paras1te relat1onsh1p are the
vsame Usvng these cr1ter1a. I sha]l present a comparat1ve
feva]uat1on of some host paras1te re]ationsh1ps of two
_{;golosely-related paras1te Spe¢1es in two closely related host

*ngspec1es A compar1son of these relat1onsh1ps may prov1de f

o

Cor
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' The trad1tlona1 def1n1txon of spec1fic1ty 1n3
: host paras1te;relat1onsh1ps 1s ’the adaptabllzty of a :ﬂ

| T‘spec1es of paras1te'to a certa1n spe;1es pr group of hosts _
;”(Cheng, 1973 p30) The usual approach to an 1nvestlgat1on o

of host spec1f1c1ty 1s to assess potent1a1 relat1onsh1ps |

~usm.g eXper1menta1 1nfectxons of var1ous host spec1es wrth

the obJectwves of determ1n1ng the range of hosts wh1ch

potent1ally allow development of the paras1te

] A dlfferent approach ls to evaluate the broader

ecolog1ca1 aspects of the host paras1te relat1onsh1p Holmes:f

(1976) evaluates relationsh1ps in terms of the ma1ntenance
- of paras1te populat1ons Thus. the actual (rather than
hpotent1a1) role of ‘the host under natural cond1tlons 1sv_;l-
‘assessed Ho]mes prefers to d1scuss su1tab111ty of a hosti
'-spec1es for. %llow1ng suff1c1ent establ1shment and '
'freproduct1on to ensure cOnt1nuat1én of the paras1te spec1esi
-:Kennedy (1975) also v1ews host paras1te relat1onsh1ps in an
ecological sense and-d1scusses the ab111ty of a paras1te to‘:
estab]tsh'a ba]anced stable ‘system w1th1n 1ts host.
'Presumably, the ba1anced system would have components of
establlshment and reproduct1ve success resu1t1ng 1n |
'cont1nuat1on of the paras1te spec1es ‘The obJectlves of
these stud1es are to evaluate what port1on of the total -
‘fsuccessful reproduct1onsof the parasnte 1s contr1buted by
:;‘1nd1v1duals in d1fferent host‘spec1es | _ '

‘As 11sted by 0den1ng (1976) the cr1ter1a used to

eva]uate host- paras1te relat1onsh:ps 1nclude opt1mum chance
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: of the host and paras1te meettng prevalence and 1ntens1ty

in the host spec1es, rate of paras1te development longev1ty

in the host paras1te reproduct1ve capac1ty. :;dens1ty of
_the host defense . response ab111ty of the host to w?xhstand
‘ ;patholog1c 1nsult v1ab1l1ty and transm1sswve potenf)al of

’}the paras1te reproduct1ve products, and cont1nuat1on oF the

}above,features over numerous host passages. Some of these |
cr1ter1a perta1ﬁ to both approaches ment1oned above wht;e -
others are restr1cted by methodology to one d3 the othertg

Q
The abovg cr1ter1a w1ll be used, where applwcable tw

evaluate the host paras1te relat1onsh1ps between each of . two‘

Ametastrongylo1d nematodes and two cerv1d definitive hosts

.The relat1onsh1ps are compared in terms of the su1tab1l1ty

and stab1l1ty of the systems Data from 1nfect1ons in s ' 'Eﬁﬁﬂ;

various other hosts are 1ncluded 1n an overall d1scuss1on of
host spec1f1c1ty A | ' |
General'intormation ‘ : | | '; B ’gft ot
Nematodes of the superfam1ly Metastrongy101dea ‘are a
relat1vely homogeneous group. o endoparas1tes assoc1ated
with the respxratory system of mammals at some stage in. the
'l}fe cycle They have a’ hetero enous l1fe cycle us1ng
gastropods Hor, rarely, ol1go'haetes) as. 1ntermedtate hosts
' Metastrongyles are cons1dered to have a fa1rly narrow hostr

_spec1f1c1ty range (Anderson 971— p83) howeve

it is often'

unKnown where or how th1s s ec1f1c1ty is med1at
: o ‘
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| Theoret1cally. spec1f1c1ty may occur at any t1me dur1ng
| the life cycle Howeve£”>Dog1el (1964) suggests that host
spec1f1c1ty 1s more restr1cted in s1tuat10ns when the . ZVTy '11.
iparas1te undergoes maJor phys1olog1c and morpholog1c
e‘changes W1th1n the 1ntermed1ate hosts, metastrongyles.
”develop from f1rst to th1rd stage larvae w1th very l1ttlev

A Y

change in size and morphology Spec1f1c1ty in 1ntermed1ate

hosts’ 1s often lbw (see Mackerras and Sandars 1955 Pan1n
l962 for example) and does not appear to account for the
_l1m1ted spec1f1city in the overall l1fe cycle D “ _ ;‘m
Transmiss1on of metastrongyles to the f1hal hos t often
<1nvolves acc1dental 1ngest1on of 1nfected sna1ls (by S ,Fr
herb1vores) or 1ngestxon of pa;aten1c hosts. (by carn1vores)
‘ Thus, the. potept1al for tranSmlss1on of 1nfect1ve larvae to
Athe final host should be s1m1lar for all d1rect ’ecolog1cal oA
equ1valents . If all such hosts are exposed any dlfferences
1n the, host paras1té relat1onsh1p would appear to be" ‘
med1ated within, the. f1nal host : o B
~ Nematodes of the genus’ Parélaphostrongylus o
”(Metastrongylo1dea Protostrongyl1dae) are - paras1tes common
'f1n cerv1ds and, perhaps, bov1ds in North America. They are‘h
}of concern in free rang1ng populat1ons of cerv1ds due to .
'Zthe1r pathologlc effects on a var1ety of - w1ld and domest1c
ffhihastsu The genus currently conta1ns three spec1es P;"

3

~'andei"ﬁgs@TL'‘Prest*wood 1972, ,P odocoITei (Hobma1er and

;xuw

"a, .
S



The life cycle of Papelaphostr-qhgyius spp. ‘(see Fig. 1
~and Anderson_1971) is as follows ‘Adult worms mature in the
: "def1n1t1ve host Eggs are: released from females 1nto the
'Avenous blood system and eventually ]odge 1necap1llary beds
‘of the lungs F1rst stage larvae pass up the trachea, enter
}the oesophagus and leave the 1ntest1ne with the’ faeces.
Larvae subsequently peneirate the foot of a. w1de var1ety of _
terrestr1al gastropods and develop to 1nfect1ve th1rd stage,
larvae These mdlluscs are then acc1dentally 1ngested by -
-graz1ng or brows1ng cerv1ds Larvae are d1gested from the :
gastropod t1ssue and m1grate to the- preferred s1te for
- maturity. | . . .

o~ Current 1nformat1on about P. andersoni concerns 1ts |
taxonom12.des1gnation (Prestwood 1972) geographlc . .
‘dtstr1but1on (Prestwood et atl, 1974 Pursglove 1977 Pyhus'7l-.
"and.Samuel 1981), and patholog1c effects in, o
experimentally-infected\whwteftajled deer (Odocojleus SRS
virgtnianus). (WD) (Nettles :‘and-Prest_wood 1976, Prestwood
4 and Nettles 1977) o o
: Informat1on about P. odbcoilel has centered around its

~taxonomic des1gnat10n (Hobma1er and Hobma1er 1934, Brunett1'

' “{;l1969 Platt and Samuel 1978a) l1fe cycle in cervid- hosts

—(Platt and Samuel 1978b) and pathogenes1s in the lungs of N
"~ the def1n1t1ve host (Hobma1er 1837). B o RS 3-
' Parelaphostnongylus tenuis has been stud1ed extens1vely
M'1n a var1ety of def1n1t1ve hosts (see review. 1n?Anderson

1871). Development m1grat1on geograph1c d1str1bution, and

-




Figure 1. Lifé cycle of Parelaphostronmgylus spp. (L1 = first-stage’

'f.iafva,:i3 -~thirﬁ;stage larva) -

-
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vpathologic:effects_haveﬂbeen‘emphaslzedal

» Spec1f1c hypotheses to be tested in this thes1s are
:1) Odocoileus hemronus hemfonus (MD) are well adapted to
:fPareIaphostrongylus odocoilel, and. .« ‘
:2) 0. virglnlanus are well adapted to P. andersonl

~ The methods to be used 1nvolve 1l a comparat1ve
_clin1cal and’patholog1cal study of P. odocoilei 1nfect1ons

.in MD and WTD Infect1ons in gu1nea p1gs (Cavfa porcellus)

| a,domesttc rabb1ts (Opyctolagus cuniculus) goats (Capra

f

hircus), and moose (Alces alces) W1ll also be evaluated 2)
‘4'a comparat1ve cl1n1cal and pathological study of P.
andeﬁsonf 1nfect1ons in WTD and MD Infect1ons 1n gu1nea
p1gs and rabb1ts will: also be evaluated 3) evaluat1on of
. evidence from natural 1nfect1ons of P. OGOCOIIeI in
black-tailed deer (0. h columbianus) mounta1n goats»
-(Oreamnos americanus) and a hybrid WTD/MD .
Chapters w1th1n this thes1s deal w1th separate cr1ter1a
used to evaluate host paras1te relatlonsh1ps In order to
accurately assess an, exper1mental 1nfectlon. 1t is xmportant
to know the cond1t1on of the antmals pr1or to starting the
rexperlment Thus.'1n Chapter II our reg1men for rais1ng
neonatal fawns for experimental purposes is- descr1bed and
evaluated In Chapter III the establ1shment d1stributton
sex‘ratio .and larval output: of adult P, andeﬁsonl and p. .
odocoilei in WTID and: MD are used to compare 1nfect1v1ty and-
' product1v1ty in the relat1onsh1ps In Chapters IV and V ;



patholog1c changes assoc1ated’w1th P. andersonl and P
‘]odocollei 1nfectlons 1n WTD and MD,'respect1ve1y, are .
descr1bed and used to compare the pathogen1c1ty of the W
1nfect1ons R

| - The general d1scuss1on evaluates the overall '
're]at1onsh1p of each paras1te w1th the f1na1 hosts and then'
compares the rela¢1onsh1ps of P. andeﬁsonl w1th those of P
'40dOCOflef A d1scussion‘of host spec1f1c1ty and host
‘ suitab111ty 1s 1nc1uded The results are used to 1nvest1gate |
the evolut1pnary orlg1ns of P. odocoilei o
' Four- append1ces are 1nc1uded In Appendﬂx I, the |
l pathology of P, odocoile[ in two exper1mentally 1nfected
moose calves is descr1bed In Append1x II, natura]
1nfect1ons of P. odocoilel in Var1OUS ‘hosts and locat1ons
‘are reported In Append1x dI11, attempts to infect laboratory
hosts w1th P. andersonf or P, odocoflei are descr1beg
‘uAppend1x IV, a case report of Tow level 1nfect1ons of P,

odocoilei in two;MD fawns is presented.
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" i}ABSTRAcr ‘7“

We1ght ga1n, as an 1nd1cator of growth rate and

'fcond1t1on ‘was evaluated 1n 14 whitevta11ed deer (OdOCOIIeus fiJ”
'?~¥vlrginlanus) and 21 mule deer (0 hemionus) fawns fed a d1etf3 ‘

of 2 parts whole m1lK t. part evaporated~m1lk supplemented

w1th bov1ne colostrum, when ava1]ab1e thrdughout the e -

"x"ﬁpre wean1ng per1od Wh1te ta11ed deer and&mule deer ache1ved

iﬁﬁj;re11es on sound management techn1ques to’ PP0V1de a healthy,

ﬁ;fun1nfected an1ma1 for future exper1mentatlon In our lab

e .

| INTRODUCTION

"cond1t1on of the an1ma1 pPlOP to 1nsult The researcher '

t“s1m1lar weight ga1ns (217+41u 209+36 grams/day,}.
“respect1ve1y) and f1nal we1ghts (2@ 4+3 19 3+3 kg, S
‘;V respect1ve1y) Husbandry of neonataI fawns 1s dlscussed

In order to adequately assess the patholog1cal ﬂmpact

'-eof a paras1te on 1ts host 1t is esséht1al to know the ;;,

v o

: wh\ch 1s 1nvo]ved n} paras1 tologlcal stud1es of wh1te taHed y
3;deer (Odocoileus virgfnlanus) (WTD) and mule deer (0

L pLhemionus hemlonus) (MD) th1s requires the hand rear1ng of

”-*ﬁd”neonatal fawns

The 11terature concerning the ra1s1iﬁﬁof neonatal deer ’
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R'Tfare contrad1ctory and no clear preferred method has been
;establ1shed (see Halford and Alldredge 1978) In general
7d1et of fort1f1ed bov1ne m1lk op evaporated m11k appears to gf ‘
" be most successfu] for ra151ng deer fawns (Long et atl. 1961, ‘; R
ISllver 1961) Deer m1lk is: 51gn1f1cant1y h1gher 1n prote1n | B
.. and. f?t than bov1ne m1lk (S11ver 1961) and as a result f[ri‘ s
| bov1netcolostrum may be added to the rat1on to 1ncrease the
;proteln content (W1nton and W1nton 1937) andrv1tam1n A
levels (Ha]ford and Alldredge 1978) \{ i.j
When dea11ng wath paras1tes bf large game ammals,t
‘there is often no shortage of para51tes but severely
restr1cted numbers of hosts As a result 1t is often not
eposs1b1e to use postmortem evaluat1on of a subsample of |
hosts to assess cond1t1on pr1or to exper1mentat1on In thﬁs'
study. we1ght gatn, as an 1nd1cator of growth rate, Js used
to eValuate pre exposure dbnd1t1on 1n WTD and MD
| The obJect1ves of th1s study areé’ twofo]d 1) to .
i, determlne whether capt1ve ?awns ra1sed under the current
.‘dreg1men can atta1n we1ght ga1ns s1m1lar to those .reported
~ for ‘'dam-raised fawns and 2) to compare the growth rates of
WTD and MD. raised under sgm11ar cond1t1ons -For the
Aeanalyses,»a subset of an1maﬂs was ch cen to allow ’ q
standard1zat1on of age cond1t1on at arr1va], and t1me spent"t N

'funder the reg1men in order to allow d1rect compartson of L e

resu]ts Other deer were ma1nta1ned on the~same:neg1men ,t;;;haieug

- e Cmer e e g T

starting whenever they were recexved
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fMATERIALS,AND METHODS S 1{7"131~f\

Fawns were rece1ved as' orphans at the//n1ver51ty of

n Alberta B1omed1cal An1mal Centre Ellersl1e Alberta,'
'between 6 10 dune,‘1978 1981 ATT anlmals were rece1ved in

"apparently healthy cond1t1on,‘that is, act1ve eager to

| feed ~and with _no apparent external or 1nternal 1nJur1es

M-_weeks of age (August 20 23) Table 2 contatns an analys1s of
f‘the d1et | | |

‘Partur1t1on was standard1zed as dune 1 and all an1mals were

700n$1dered as. 1n1t1ally in the1r second week ..

; Fawns were bottle fed on a pres0r1bed schedule (lable

:ll‘; From 1978 1981 _14 WTD and 21 MD were ma1nta1ned on a
-m1xture of two parts whole unpasteurtzed bov1ne m1lk to one
“part evaporated m1lk (2: 1) The formula was supplemented
'w1th 59 ml (2 oz) of bov1ne colostrum when ava1lable, at ,’

peach feed1ng from arrﬁval unt1l wean1ng at approx1mately 13

D1rt and water were ava1lable ad Iibltum throughout the
P

| t"pre wean1ng per1od After apprQX1mately 4 weeks, alfalfa hay

'and fresh aspen browse were also ava1lable To facil1tate;h.

7'wean1ng, fawns were exposed to 1ncreas1ng proportrons of

- rolled oats in d1rt and wére eventually weaned onto a

PR

mixture of commerc1al deer petlets (Department of An1mal

.....

H_Sc1enceﬁ Unzvens1ty~oﬁaAlberta)'and beet puﬂp (Wabde 2).. A«if.w.m

"Beet pulp was deleted from the diet after.197é - .lhiffff3*7fﬁjf'

‘-*cement floors w1th straw bedd1ng Usually 5 :but: uplto 10

Fawns were tn1t%ally'housed 1nsrde 1n w1re pens on

. - /ro PO

””~ffanfmals-were held‘?n a 97 sq m*'pen After l 2 Weeks, deer
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TABLE 2. Composition(of~mili and peiietéd'réﬁioﬁé‘féd"

to white~tailéed deer and.mulé:déér fawns, 1975;1981.

MiIKK .  Pellets "
Protein (%) .~ 6.2 17.2
Fat (%) e sl o 2.0
Lactose'(Z) | , ‘ 4;78> .

" Calecium (%) ,.ﬁl o O;QI o ."  1.11
Phosphorus (%) o026 . _3.46
Iron (PPM) e o : 2.;2 : ' tfacé'l
Zinc (PPM) - T B8.24 L trace

. Vitamin A (1‘.U./'1oom1) - 499"’, " 9. 9x106%*
~Vitamin D (I.'U'.-/lloOml) | 12 ‘ 1_.2‘::106*1{
Fibre (Z? | IR _67.2;
'M_ois't‘ure (%) o 10.4

E-* ‘ 177 ml..of 2 parts whole milk 1 part evaporated milk

+ 59 ml. bovine colostrum.

' **. 1.U./Kg.
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were g1ven accesslto 6X10 m. outs1de w1re runs w1th a cement
'-floor and in. 1978

7 Paddock AR L

Deta1led da11y records of act1v1ty, food consumptIOn, Qt'

defecat1on._and ur1nat1on were recorded after each Feed1ng

" Animals’ were we1ghed tw1ce a week. In1t1al we1ght final

.used to determ1ne we1ght ga1n per day and per liter of
‘formula These data were used to compare growth rates S
‘between the two deer’ spec1es by a Student’s T-test. A -

s1gn1f1cance level of 0.05 was accepted.

RESULTS o A | o
Table 3 presents we1ght and consumpt1on data of. 14 wTD
and 21 MD fawns. Mean initial we1ght did not. dlffer between
. deer spec1egl(t =0.93, d. f~-33 p= 0 35) and f1na1 welght
E ach1eved at wean1ng was similar 1n WTD and MD (t=1.01,
| d.f.=33, p=0.32). ' _
' A]though mMD consumed s1gn1f1cant1y less than WTD

t(t 3.25, d.f.=33, p=0. 003) this was not reflected 1n weight '

~ ga1ns per 11ter of formula (t 1. 38 d f.=33, p= 0 18)

In 1978 1981. an add1t1ona1 40 WTD and 31 MD were
":rece1ved from dune 11 to August 6 at the B1omed1ca1 Centre
and . ma1nta1ned under the management reg1men descr1bed
here1n Th1rty seven WTD and 26 MD (93% and 84%,

}respect1ve1y) fed 2 1 plus colostrum surv1ved to weanxng

1980, eventual access}to5a‘large_graSSY;,,

~(.’
~ we1ght at weanlng, and total amount of formu1a consumed were3

e -
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_of, deer fawns received 6—10 June, 1978—1981..,;v.;

e

t o T ' CoL T e e e

White-tailed . ‘i Male .

'f.deer. .\, “..f

Weaning weight,f
.' Weight change Fi
Gaig/day
sboﬁspmp;iéﬂ';'

L camjtieer

% 2 parts whole milk:1 pﬁfttevapdratédfmi%k-¥'p6§iné colostrum.
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'DISCUSSIDN
Buckland et al (1975) conclude that husbandry rather

-to ma1nta1n high standards of cleanliness as well as
: deta1led records of. 1nd1v1dual deer from t1me of arr1val
'fﬁunt1l wean1ng A regular feeding schedule should be outl1ned
<+ advancerand adhered to as much as poss1ble Changes in

N

feedlng schedules must be carr1ed out gradually Th mr-*-%

E recogn1t1on of d1sease and lmmedlate removal of the affected;

an1mal to an 1solated area is. also essentlal New arr1vals

o 1ntroduced 1nto the fac1l1ty should‘also be ‘isolated for 3-4

,»{4*Am« days It’is OUr exper1ence that.theSe techniques 1n ‘_

—b“ﬂ"‘""’"-‘c; ‘—n<n~ “‘A-u

cohjunctlon With even.a. moderate plane of. nutthlon can ARG

result 1n acceptable growth and cond1tlon |

“ﬁ:;ﬁ Dwarrhea Jis one of. the maJor problems encountered 1n ‘

| capt1~e deer fawnsk(French et al . 1956, Murphy 1960, Kramer:

. et al. 1971, Reichert 1972, -Buck land et al. 1975, Halford
and Alldredge 1978). Halford and A1ldredge (1978) suggested
~that. addition of small amounts of bovine colostrum to the
d1et may 1mpart 1mmunolog1cal res1stance and. result in a
reduced 1nc1dence of d1arrhea 1n fawns less than 7 days old
French et al. (1956)- prov1ded a diet of cqlostrum milK to
sucCészullyltreat cases of’severe~d1arrhea.11n.our
experience addltidn of bovine colostrum throughout the
pre wean1ng per1od reduces the occurrence of 1ntest1nal

d1sorders D1arrhea was observed partlcularly in MD,. only :

“than d1et 1s of pr1mary 1mportance in- rals1ng deer fawns. To

l_some extent we agree with this conclus1on It is essentlal -



‘action are unknown.

200 . ..

4

f.during.periods'when‘co1ostrum,was'not available or when

- forinula changes were being made. The mechanism~and(mOGeiof}£

Dlrect compar1son between current weIth ga1ns and
(xa_tb ;

,/prev1ous reports are d1ff1cult due to. var1at1ons in. d1et andt

handl1ng procedures In general, current we1ght ga}ns of WTD;

.- are s1m1lar to ‘those - 1n prev1ous reports of fawns

hand ra1sed on - fortqfled whole or evaporated m1lk (Murphy

1960 Thompson et al 1973) Robb:ns and Moen (1975)

| reported greater galns i fawns fed a formula s1m11ar to

h:tfdoe s m11k We1ght ga1ns 1n fawns raISed by capt1ve does

,,,,,

tqwere sl1ghtly h1gher than those in. the: current study-(Murphy‘
and Coates 1966 Robb1ns and Moen 1975) ,
:f..ﬂ«Current weﬂght gatns of MD fawns compare favourably

'w1th prev1ous reports and were s1m1lar to those of

T dame raised fawns (Nichol"1936, Rabinette et al. 1973,

- |
Halford and Alldredge 1978)

A compar1son of prev1ous work suggests that hand- ralsedv
WTD ga1n weaght more qu1ckly than hand ra1sed MD (see Murphy’”
1960 Thompson et al. 1973; Robb1ns and Moen 1975 for WTDc

‘and Re1chart unpubl data, Ha]ford and~A11dredge 1978 for T
’MD) However. ‘curtent data 1nd1cafe*that growth rate in the Qiggf'ff

2 spec1es is s1m1lar in fawns on the same p tane of nutr1t1onf

and maintained under s1m11ar management regwmens Dam-ra1sed’

WTD and MD also ga1n we1ght at s1m11ar rates (Murphy and

_ Coates 1966 Robbins and Moen 1975 and N1chol 1936

Rob1nette et al. 1973 Halford and A]ldredge 1978) .
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v We1ght ga1ns s1m1lat to those atta1ned by dam ra1sed

an1mals suggest that -the growth rate and cOnd1t1on of fawns “;

ra1sed in the current study approach those~ef free rang1ng

w‘an1mals Fawns ravsed under th1s management reg1men should

“fl;be adequately suited: 10'w1thstand the rtgours of capt1v1ty’<j

°.‘,'o : - ~

"and exper1mentat1on and thus. provmde mere mean1ngful

» expeerental results.»" - _‘g j_f V‘v_..f et
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R I1I. Aspects of the host parasite relationship of
:Parelaphostrongylus andsrsoni (Nematoda Protostrongy11dae)

and P odocoilei w1th1n the def1n1t1ve host
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. . . . M
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. The host paras1te re]at1onsh1p of Parelaphostrongylus .

andensoni Prestwood 1972 and P odoco:lei (Hobma1er and

Hobmaler 1934) was compared us1ng 1nfect1v1ty, locat1on, g

.u -
N A :_,. ,5 - -

:“orientat1on, and product1v1ty of adult worms w1th1n thei

':_f1na1 host Fourteen wh1te tailed deer (Odocoileus

d v1rgfnlanu3) and ten fule deer (Odocofleus hemVonus) were
exposed to.third-stage larvae of P andersoni or P

odocoilel. Few d1fferences were noted in locat1on and

or1entat1on between P, andersonl and P. odocorlei in. the1r"b

" usual hosts (wh1te ta11ed deer and mule deer 'respecttvely)

J S L I

-

......

Recovery of adu]t worms (as percentage of dose per

1nd1v1dua1 deer) was h1gh 1n s1x mule deer exposed to P..

i

'V%'f0ur mule deer exposed to p. andersonl (X= 20 and 31

respect1vely), and zero 1n seven wh1te ta11ed deer exposed

'f,prev1ously Female/male pa1rs were the most common worm

assoc1at1on however Sex ratio. of aduTt worms was
_ cons1stent1y 3 females 2 males throughout the 1nfect1on

Most adult worms. (>QU%) were located in connect1ve tissue .
R L

,'j;for~betweenmd4ffereht dosage Teveisxjf "7‘“Fffw--5v:ﬂ-,;aa~uw*ﬂ*r‘~

S T VI

ﬂ'lod060{7ei (x 45) moderate 1n seven white ta1led deer and

o e v

o te P OdOCOllel Recovery rates were’ thher than 1ndﬂcated :



P

amoderate 1n eight’ wh1te ta11ed deer and three mule deer

'JINTRODUCTION L f"_v’ Y

" Schuls 1950 and the closely re]ated Elaphostrongylus Cameron

within skeletal muscles; a few weré in connective tissue
within. the vertebral cana1"and"occaSionally.\in-conneCtive S
. >

tissue%of fat .deposits. D1str1but1on among muscles var1ed

w1th t1me after exposure and total number of worms

;‘recovered

The pattern of 1arval output in faeces was s1m1lar in

- most 1nfectlons. except wh1te ta11ed deer exposed to P.

.odocoilei and oon51sted of an exponent1a1 increase in the .
f1rst two to three ‘weeks of patency followed by a s1ow

1ncrease peaking at. approx1mately 6 weeKs Output in

‘white- tajled deer exposed to Pq_odocpilel was erratic.
_'QUantitatiVely, max imum weekiy larval'outputidifferedi

" between 1nfect1ons and was extreme]y high in five mule. deer

exposed to P. odocoilei (%X=15, 103 1aryae/gram ll/gm]) \

T I
: e ;
Qe e gy e Tt - e .

exposed~¢0aP*“anderSonl 1%51,834 and 2, 630 respect1vely)

and extremely Tow in seven wh1te ta1led deer exposed to P.

, odocoilei (x 0, g) ‘“'fftl”? '_,h;

The host paras1te relat1onsh1ps were s1m1lar in WTD and

.

3"MD exposed to P. andersoni In Qontrast the relat1onsh1ps

of P. odocollel and the hosts differed marked]y “'37'“7'

.‘»- R
<>

Nematodes of the genus Paﬁelaphostrongyius Boev and

+

1931 are paras1tes found common 1y 1n the central nervous

system (CNS) and sKeletal musc]es of a var1ety of rum1nant :



.hosts The. spec1es 1nvolved are P andersonl Prestwood 1972’
P. odocoilei (Hobma1er and Hobma ier 1934) P. tenuis . .
’{(Dougherty 1945) and E. cervl Cameron 1931 In p}g?1ous |
. reports, the geograph1c d1str1but1on, development and ‘
. pathology in the f1na1 host, and spectrum of natural and
potential hosts have been emphasized (see Anderson 1971,
" Anderson d\d Prestwood 1981 for review).

The host- paras1te relat1onsh1p of the spec1es
1nhab1t1ng skeleta] musc]es is poor]y understood Adu]t P.
_andersonr are reported from the dorsa1 poster10r muscles of

exper1menta11y~1nfected (Prestwood 1972, Nettles and
Prestwood 1976, Prestwood and Nettles 1977, Pybus and Samue]
1881) and free- rang1ng (Prestwood et el 1974) wh1te*ta1led
deer (Odocoileus virginianus) f@TD)"Adult P. -odocoilei are
] reported from the 1ymphat1c spaces and connect1ve3‘1ssue of
- musc:les and vessels of the hind 1egs of black- tailed deer .
' (0. h. co7umblanus) (Hobmaier and Hobmaier. 1334) ‘and the
skeletal muscles poster1or to the shoulders of mule deer (0.
“h. hemionus) (MD). (Brunetti 1968, Platt and Samuel 1978a) . .
The infectivity of these worms for'the definitivelhost hasl‘
not been 1nvest1gated _ , ‘ “
Parelaphostrongylus andersoni and P. odocoflei agpear
to be s1m11ar paras1tes u51ng d1fferent hosts In order to T
4compare the host paras1te relat1onsh1p of these worms in the
def1n1t1ve host the precise locat1on wﬁth1n .the host and
—the ab111ty to estab11sh an 1nfect1on was 1nvestigated A

series of experimental. 1nfect1ons using WTD -MD, P.



| -»;iandersoni and P odocollel was pqnquoted«»Th1s paper “’3; |
o e bty ;
,"ecompares thé establishment rates, locat1on and,orrentat1on'

"hof adult worms w1th1n the f1nal host and assocxat1ons‘jfﬁ?j;7

- . »
- .‘"v" ES

ﬁzf; between males and females of each nematode spec1es The

locatlon and number of f1rst stage larvae produced 1s used

ﬁ‘!"mto compare the product1v1ty of the two ‘worm. spec1es

“?;MATERIALS AND METHODS

e Neonatal wh1te ta1led deer and mule deer were collected
:hand ma1ntalned as outl1ned 1n Chapter II At approx1mately 4
‘F_imonths of age. fawns were exposed peﬁ os to th1rd stage

i }larvae of e1ther Parelaphostrongylus andersoni ‘or: P

'f}u,aodocoflei (Table ). The larvae were suspended 1n a sf it

conta1ﬂ1ng approx1mately 2cc of . phys1olog1cal sal1ne and '

”°?;flushed into the’ back of each;inimal s throat The syPlnge

. fwas then r1nsed tw1ce with saline ‘and the wash1ngs also

h adm1nistered\to—the deer aily faecal samples were

l‘ mon1tored by the Baermann techn1que (as in Platt and Samuel

'}3the animals Data are presented as mean weekly_farval °”tPUt :féﬁﬂst

1;1978a) from 40 d post exposure (dPE) unt1ljferm1nat1on of -

,jthroughout patency o _ P _ o
- Animals were k1lled at different t1mes after exposure o

to larvae by inJec on of sod1um pentabarbitol 1nto a

' nfsamples were f1xed 1n 10% buffered formal1n for later

ﬁ';-histologickexamination Individual skeletal muscles were:

';examined for nematodes Backstrap muscles (longisslmus R

R AR

'f‘Jugular ve1n Wlthin 30 minutes after death. various t1ssue DRI
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'”t;— dors1, psoas,.and'1l1acus) were teased'apart and eXam1ned at

oo e el b

exam1ned grossly for worms and/or haemorrhag1c areas Such
areas were then d1ssected at” GX magn1f1cat1on Connect1ve
and nervous tﬂssues w1th1n skeletal musculature or
assocvated fat were also exam1ned -

Standard procedures were used to examlne 1ntennal

organs ‘and the gastro 1ntest1nal tract for helm1nths and/or .

patholog1c les1ons However, spec1flc attent1on was g1ven to

1* ’the 4ungs-and'sp1nal cord \Total~weaght of‘the lungs was" *
i 'recorded and. approx1mately 200g from throughout the lungs'

- was placed in pepsin-HC1 d1gest (0. Bg pepsin, - 0.7m] HCl dn

100ml d1stIlled water) at 37C for at least 12h The sp1nal

cord was collected the dura mater removed and both tissues '

4

were exam1ned for helm1nths at BX- magn1f1cat1on In five

an1mals, the vertebral canal and connect1ve t1ssue of the

_ pelv1c region were exam1ned in deta1l If no worms were '

recoVéred‘from muscles, the bra1n was. spl1t sag1ttally and
the bra1n and cranial cav1ty exam1ned at 6X magn1f1cat1on
In 1978 and- 1979, control an1mals were treated and
exam1ned as:. above excludlng exposure to nematodes In 1QBQ
~and . 1981 ten MD and three WTD were mon1tore as controls
for f1rst stage larvae 1n faeces These an1m§lswere ‘

subsequently used in other exper1ments

Slnce methods were not s1m1lar in. all deer, the worms'ﬂj

; recovered from the vertebral canal and pelv1c reg1ons were

not 1ncluded in the analyses of total worm recovery WOrm

. *?

. 6X magnlflcat1on Rema1n1ng muscles were sltced at 3- 5mm and .



D P

29
trecovery ( establ1shment rate) was expressed as a- percentage
of the 1n1t1al dose The- ]ocat1on of adu]t worms in var1ous

body reg1ons was expressed as a percentag of the total

'1number of worms recovered from each deer Sex and '

"_or1entat1on of worms w1th1n t]SSUeS ‘were 1dent1f1ed where T

.poss1b1e and the former analyzed bygmale/female
;assoc1at1ons..Sex data were'combined byvparasite species and'
tested by analys1s‘\?‘var1ance followed by pairwise ‘
compar1son of group means. A s1gn1f1cance level of O 05 was

accepted Some m1ss1ng data were unav01dab1e and sample"‘lu

sizes are 1nd1cated for . each~analy31$

;asém"s} S
"¢he"establishment rate in the two hosts was similar in
'P andersoni 1nfect1ons but markedly d1fferent in P
'}OdOCOIlef 1nfect1ons Mean worm recovery in, five WTD and
four MD exposed to 300 (one WTD received 388) th1rd-stage
| larvae of P andersoni was 15+12 and 31+13% respectﬁvely.
dwh1le recovery from two WTD exposed to- 1000 larvae was 47r
jand 21%. Adult worms were’ recovered from-al] an1mals exposed
pﬂto P. andersonl Mean worm recovery in six. MD expased to- 300
larvae of P. odocoilef ‘was 45+8% but ho adult worms were
recovered from: seven WTD. ?awns exposed to e1ther 300 or 1000w~f
larvae of P. odocollei OSFS were not found in control
an1mals ‘ \ b y ,
- Adult P. andersonf and P. odocoflef were each recovered -

from ‘a variety of skeletal muscles (Table 2) and few



- TABLE 2.

‘muscles of white—tailed deer (WTD) and mule deer (MD)

Location of adult Parelaphostrongz}us spp in the skeletal

: -La'l'w,'-‘?])a»}_rs,:p(')st v
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) Totgl
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"dtfferences were noted regardless of the host All 1nfected;:7

. deer (except WTD exposed to P. odOCOIIeI) harbored ‘worms 1nf*ff71:>

dthe backstraps and thtghs D1str1bution of worms w1th1n theff”‘ S

.Qcarcass appeared to be related to the ttme after exposure d :'

.:and the tQtal number of worms recovered (F1g Table 2).

Early 1n the 1nfectton (<100 dPE) the major1ty of the worms1:~-

was 1n-the-bacKstrapsa(f1ve of e1ght deer) Four of seven :

deer had worms only in, the’ backstraps and th1ghs After 100 S

,,,,,,,,

°?dPE onl&.two of n;ﬁe deer had a, maJorﬁty of ‘the worms im
/

‘the backstraps and’ only one . fawn had worms restr1cted to the -

backstraps and thtghsa . /

o ovomen oo The number -of muscle regtons conta1n;ng adu]t worms
. 1ncreased throughout the 1nfectton (F1g 1). Mor@ i 'ff”'
‘spec1f1ca11y, worms appeared to d1sperse from the backstr‘p

1nto the thlghs,‘abdomrnal wall thorax lower 1egs and

neck w25m location-in the host also was: related to the df”

total number of worms in the carcass Adult worms were

e

L;} ﬂresxrtcted to:the backstraps and th19hs 1n four of s1x deer ,

~which harbored less than 100 adult worms but were more o

w1dely d1str1buted in 10 of 11 deer thCh harbored more than' ]

100 WOPrmS . D1str1but1oﬁﬁof worms in the carcass Wwas' not

oorrelated w1th the Fh1t1a1 dose G : 1ﬁj'i’r’ g;“
Exam1nat1on of the vertebra1 column and” pelv1c cav1ty
revealed a total of 15’ adult pP. andersonl and P. ‘odocoilel
in connective tissue of the ep1dural and perttoneal fat in
four of f1ve deer WOrms were found only between the ftrst

lumbar and th1rd sacral vertebrae (four worms) w1th1n an

A
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‘ enlarged sp1na1 lymph node assoc1ated w1th the cauda equ1na
(one dead worm) and in. connect1ve t1ssue éf fa¢ﬂl1n1hg”the

~w » "'-

per1tonea1 cav1ty 1mmed1ately ventral*to sacral vertebrae t g

PP < B A A

M -

to 3 (10 worms) A few eggs and f1rst stage larvae were .e_f.
assoc1ated w1th these worms : v _

In one an1ma1 (WTD 41) 47 adu]t P. andersonl (10% of
recovery) were found 1n connect1ve tissue of a 1arge fat t
deposit tmmedtately over1y1ng the lesser curvature of the
abomasum : T .:,‘.~d . o

' Adu]ts of both spec1es were even]y d1str1buted on the
left and r1ght s1des of 1nd1v1dua1 carcasses. A s1m11ar :“

>

d1stribut10n was noted for fema]es and thes (where

1dent1f1able) e '
Orientatton wlthin the carcass _
: Adult worms of both spec1es were a]ways assoc1ated wath vuk'if
connective t1ssue (Fig. 2). 0ver 80% of the worms recovered
were coiled in deepiand.superf1c1al perjmys1dmvjn areas of
origin, insertion, and the belly of a wide variety of

, muscles‘ Occa51ona11y, worms were in ep1mys1um, most

“_commonly in the abdom1nal wall between the 1nternal and =
.external oblique muscles Additional worms were found in
connect1ve t1ssue w1th1n ‘major fat depos1ts between muscles‘

"The latter two. locattons cog&r1buted 0-17% (X=4) and 0 1%

< {(X=3), respect1vely, of the worms recovered from 17
1nd1vidual fawns In deer Killed early in the infection (46

and 54 dPE), a few worms -were assoc1ated w1th nervous . t1ssue

w1th1n the musc1e bundles
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Figure 2. Adult female Parelaphostrongylus odocoilei in

'intérmuscuiar‘cgqpet&ivg_tiséquin’thé‘abddmiﬁél wall.

Y

“

Figure 3. Adult female Parelaphostrongylus'andérsodi within a

et e

vein in the longissimus dorsi.”

-
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~Adblt P ."abdérsdni" in WTD were usually coiled and -
qriented parallel to the plane of fibres of adJacent muscle
'bundles “In contrast, adult P andersoni and P. odocoilel in |
"MD often did not lie flat but’ were interwoven between the‘
ﬂ muscle fibres Rarely did worms overlap one another _

' Females of both’ species were closely assOCiated with
connective tissue of the venous system. Nine;een+14“and
16+4% of female ﬁ andePsoni and P. odocollei respectively,
were . found entirely or with the posterior 1/3- 2/3 within a
- vein or venule (Fig 3). Males of both spec1es were usually
.coiled in -connective tissue adJacent to at least one female
.Associations within the carcass 3 _ | _
Distribution of sexesﬁyithin the carcass of 14 deer was
, examined Overall sex ratio of P, andersonl and P. odocollel
. varied little and was approXimately 3 females 2 males. This
ratio appeared unrelated to time after exposure, parasite _
'speCies. or host species involved in the infection Sex )

ratio was also Similar in most indiVidual muScles
| | WOrms were found as indiVidual males, indiVidual
females, mixed pairs. mixed groups or. groups of females.
Grouping of males and females into‘these aSSQCiations was
similar in P. andersoni and%P. odocoilel infections (Table
3. . " | J |

In comparison within each se* the highest prOportion_
of males was in mixed pairs (F=30. 8 d.f. -2 39)
contrast the percentage of females: found in\mixed pairs or

,as Single worms was .similar (F=0.36, d.f. -2 39). -



R . ‘ ) L 4 s
*Mean percent -of worms recovered

e . 4

per-individual deer * S.D.

TABLE 3% Group;ngs of males and females of Parelaphostrongylus spp
‘;:vw1th1n wh1te~ta11ed deer (WTD) ‘and fule deer (MD) .
"|é};;;5ersoni' . ' “ 23 odocqiiei
No. deer examined _ : S S 4 -5
_4Totél dfTotal’e - o 283/441  135/226 231/308
Maleg . o | B
as individuals~ : 13,; 12> 14"1_20. ';94i;16;
:in.mixed pdirs,,'\\v N ,P6§’;j53 ' Sé ¥~ 6 | - 56 + 23
;in-mixgd.g}oups ' 20 i.17:  ‘36 + 16 (25 % gﬁ.
;.in méie groupé; ' -0 -0 0
Females - | : ‘
) r;s_ind;yiduals e 39 +19 38H;v15, . 40 +718
in mi;éd'pairs;: S - 40+ 15 - 34+ 14 33 + 17
"in'mixed:groupé : , 15 + 13 23 + 11 - 25 + 19
in female groups - 3\# 7 4,t.r4 4+ 6



First stage 1arvae

First- stage larvae (L1's) of P, andersoni and -P.
odocollel were found in the 1ymph nodes, lungs. _; S
gastro- 1ntest1nal tract, and faeca] sambles L1 s were
usual]y in afferent 1ymphat1c vessels and subcapsular spaces
‘.of the deep and superf1c1a] 1ngu1na1 bronch1a1, and ’
‘mediastinal lymph nodes.
‘ In'the'1Ungs, first:stage larvae were found in
capillaries, alveotar”spaces, and bronchial passages’
vthroughout all lobes. Larvae weré quantified as'number of
L1 s/gram wet weight lung and total number of L1’ s/lung
,-Recovery*per gram of lung t1ssue was var1ab]e (Table 4) e
number of L1's 1n ]ungs was not re]ated to number of - female -
worms recovered number of 1arvae in faeces-at. death (see
below), or tlme after exposure
» First- stage larvae were recovered from faeeal samples
. of all fawns exposed to P. andersoni and P. odocoilef. Fawns.?
 became patent}w1th1n 41-74 dPE tTable 4). No s1gn1f1cant
differences Were noted between prepatent periods in
different hosts or parasites- HoweVer' prepatent ‘periods in

" WTD exposed to P. odocollei in 1928 were significantly

longer than in 1979 (t 3 30 d.fy 5?

'andersonl 1nfections/aas cons1stéﬁt in WTD and MD exposed to
. A

300 or 1000 .L3's.. ;t consisted of an exponential rise in the

first 2-3 weeks of-patency and pea&ed at appro&imatety-4-6

<
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t( lung DH

Total f

luns

‘Laryae/g -

. necropsy

Maximdm"'
.. mean. weekly .
larval output

g}van&érébni.".'

. WID 33% .53

b s

WD 38 . ss:

PRI

39.¢’~54;,é-

™

MD .
w38 49

M 25 51
“odocoilel’
WD 28 74 .
W 2s 6o
v a

w39 59
CWID'51 51
“WID 41 ., 51

IR

“.tggz,
 .;551;»d:,_
ams

40

73

75

S

@06 o oo

D138 -
""1~f~59§7f*§8 0z105‘;“ ‘151
1323 1

183 -

o O,if“:Of;' i;}f lfv ::.Eigoi:‘:.vﬁ .
609 = 4.62z108" " 194

7882 - .3.0s106 "

;s;ﬁx106 1E)-"5e

o 4 1x106

oo 6o o o o':;j

};1 9x106j§f7

<k 1x1055_:1£§zpiﬁ‘“
_450?“;;1 52105 gh T
1000, ' :

12210601792

1325

=“;~ 95

101
1256

';oaz.v.
D998 L T
18T

LTese L e
R R

6177 L
. 6616




4

| | K n |

-wks postpatency (PP) (F1g 4) The pattern of larval output‘ﬁ
ff1n MD exposed to Parelaphostrongylus odocoilel (F1g 5) was,5

rls1m1lar to that of fawns exposed to P andersoni (F1g 4)

TQ%WTD exposed to P. OGOCOIIei exh1b1ted a -pattern of larval

“5output d1fferent from all other fawns exposed to worms (Fig.

o 5) "In these WTD output of larvae rema1ned Tow- level

' 'errat1c _and short term as daily output often dropped to
zero | .' : "i-' | s,\;y "'-_3ffx , .
Quant1tat1vely, the number of larvae shed d1ffered

‘ among fawns exposed to P. andersonf In s1x deer (four WTD

'7-.two MD) mean peak larval output was 980+295 l/g (F1g 4).

,Of the remalning four fawns, larval output in the two WTD

was markedly low (peak output 101 and 95 l/g) while that in

"'1,;the one MD and one WTD was excess1vely h1gh (peak output

6616 ‘and 9187 l/g, respect1vely) Mean weekly larval °UtpUt‘{'
;jdurrng the exponential phase correlated w1th the number of

'*5female worms recovered (for example.\ln WK 1 F=33.7,

~:3fd f =1, 7: p =0, 001)

Larval output in. four MD exposed to P odocollef was *
F..extremely high and peaked at: 17 254 l/g 1n wk 6 PP (Fjg 5)'

ainIn one MD larval output peaked at 3 774 l/g in wk 10 PP

f'Larval output d1d not correlate with the number of females'

{'iﬁfﬁprecovered Mean peak output in five WTD exposed to P

;'{odbcoilel was 0.4 l/g in wk 4 PP Qutput was, similar

"T-J;jfregardless of initlal dose

In 1979 three contjol animals (1MD ZWTD) passed

"1¥;dorsal-spined larvae 1n faeces (F1g 4) The pattern of




Figure 4.

*Parelaphostrongylus andersoni. The values
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e output was erratic, low level and:short term.

Quant1tat1vely, the number of larvae from controls was. |

.similar to<that of WTD- exposed to P odocoilei dur1ng ‘the
:f1rst three weeks of patency After th1s time, output in

.controls was sxgn1f1cantly less than in .

._-exper1mentallyi1nfected fawns (t=3.26 and 2. 64 d f. -6 week

4 and 5, respect1vely)
No adults or larvae of Paﬁelaphostrongylus spp were
recovered from controlwanlmals at necropsy.. ) .
' . | ‘ "f.n ’ | ‘ - | . o ’
{DISCUSSION . :
The relat1onsh1p between a, host and a paras1te may be

evaluated ustng a var1ety of cr1ter1a (see Odenlng 1976)

:pr1mary 1mportance in th1s relat1onsh1p is the level of
"‘1nfect1v1ty of the para51te its locatnon w1th1n the f1nal d
lihost, and 1ts subsequent product1v1ty A compar1son of P '
.andersonl and P odocollef in ‘WTD. and MD 1nd1cated
'd1fferences in the host paras1te relatlonsh1ps
o Parelaphostrongylus andersoni is capable of . | ‘: e
';establ1sh1ng moderate levels of 1nfect1on in both WTD and
thD However recovery rates from 1nd1v1dual WTD were more. .

var1able than those from MD Prev1ous results from WTD ff,;;

L }exposed to moderate levels of P andénsonf also suggest some'"

'”ivar1at1on in 1nd1v1dual response to infection (see Nettles '
and Prestwood 1976) Such var1abll1ty has‘been described for S
numerous nematode 1nfect1ons and may relate to a. variety of

factors (for example age nutr1f1onal cond4t1on o 'f' 1§fff

y

............



A
reproduct1ve cond1t1on ‘or genet1c var1ab1l1ty)(see rev1ews4

in Kennedy 1975 Holmes in press) In our study, age and

cond1t1on of the fawns are s1m1lar However genetlc, o

S var1ab1l1ty could not be controlled

Recovery rates in P odbcoilei 1nfect1ons were

'.." “emgi

cons1stently h1gh in MD - but zero in WTD Rates were h1gherﬂm

1n mD exposed to P odocorlef than in those eXposed to P

andersonl Results suggest both ‘worms were relat1vely ' ///

.efficient at establtsh1ng 1nfect10n in MD. In contrast the:"

recovery rates in WTD exposed to each worm were markedly

d1 fferent. Reasons for such di fferences are currentlyr

'4‘ ;
, unKnown

. Parelaphostrongylus andersonl has been reported. . ,
prev1ously only from WTD (Prestwood 1972 Prestwood'et alt
1974, Nettles and Prestwood 1976, Prestwood and Nettles
e 1977 Pursglove 1977, Pybus and Samuel 1981) and thus |
.1nformatlon concern1ng var1atwon in recovery rates betwﬂg;
dwfferent host spec1es is lack1ng However ‘a previols

report of P odocoilei in moose (Pybus and Samuel 1980)

supports current obsenvat1ons of interspec1f1c var1at1on in '

recovery rates .' . : _
Recovery rates of adult worml 1n the present study were
cqns1derably higher than 1ndicated 1n prev1ous stud1es w1th
‘this group of worms (cf. Nettles and Prestwood (1976)
Prestwood and Nettles (1977) for: P andersonl Platt and ,
Samuel (1978b) for P. odocollel Anderson (1965) Anderson'
et al. (1966), Anderson and Strel1ve (1966 1968).«Nett1es_,

47
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et al. (1977) for P. tenuis and Lankester (lél?) forlE oo
cervi) M1tskev1ch (1858) reports a moderate recovery (30%) ~ \
o ‘of addlt E CePVl from one exper1mentally 1nfected re1ndeer

"~ (Rangifer tarandus) D1ffer§nqes probably ref\ect var1atfon .

in methodolbqu It is, jggwever apparpnt that' P, andersonl '
w0 T and P. Odocoilel ‘can be more successful in WTD and MD
respectlvely, than prev1ously‘}uspected ‘These results may

.o

o~ " have 1mportant 1mpl1oatlon$ ;;fﬁ7v;;'tand1ng aspects Qf

. -transm1ss1on to the final host P B .
-“.}\ - ¥
L)

'm
o’x‘

B Parelaphostrongylus andersonf and P’ odngjlei were
both recovered from the conhect1ve t1ssue in a var1ety of: S
';sKeletal muscles Both speo1es were 1nterwoven between
muscle f1bers in MD and the potentlal exists for moregdamage
in thls host (see Chapter V). ’ 4 ,
. “Distribution of adult P andersoni and P. odocollei .
lthroughout the skeletal muscles was SImllar and related to
the duration of 1nfect1on and the number of worms present
| but not to the dosage level (see also Append1x V) It s
‘unknown whether the. worms in backstrap muscles actually :
moved to other muscles or whether those appearzng 1n d1stal
sites: -were 1nconsp1cuouspuntll they entered the muscles The
absence of dead_or degenerate adults suggests worms do not.
d1e and. disappear from later 1nfect1ons. and leSIOns w1th1n
muscle bundles 1nd1cated ‘worms move through the t1ssues‘A
'(Chapters v and V). _.‘_1 L _ | 'f j
CTAdutt worms were recovered from the backstraps i |

. s
regardless of ‘the | length of 1nfect1on or the number of worms
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recovered'(see.alsc Appendix IV). Thésehobservations support
the conclusion of Prestwood et al. (1974)'that'examtnation
of. the long1ss1mus dor51 can be used 1n surveys for P.

andersoni infections. The presence of "20 or more le510ns

g each conta1n1ng at: least one. P. andersoni" in the. lo1ns of

‘ _naturally infected deer : (Anderson and Prestwood 1981

1302) is also similar to that seen in some of the an1mals in
our study. ‘ ' _ 4 _
. It is not Known why P. andersoniland P. odocoilei move.
I@mature aoultsjwere recovered only from an animal killedt'
'prlor to'patency—(46 dPE) At this time, 'worms were
frecovered from the backstraps and a few from the thlghs
This suggests that sexual maturation occurs ‘'soon after the
tworms enter muscle tissue- Grav1d females and clumps of eggs
Found w1th1n the sp1nal ep1dural space 1nd1cate maturat1on
may also occur w1th1n the vertebral canal Thus, movement
throbgh skeletal muscles does not appear relq%ed to
maturation of the worms. T . ‘
There is llttle ev1dence to suggest that worms move

through skeletal muscle as a requ1rement for’ successful

—-Peproductlon Bofh spec1es were - eff1c1ent at locat1ng the

‘1 opposite sex. Males and females were pa1red early in the

,\f1nfect1on and assoc1at1ons dtd not change over tlme, Males

)-'were usually assoc1ated with one or more females throughout_
the infection regardless of muscle s1te In add1tion, a h1gh
vproport1on of females was always assoc1ated w1th blood

vessels. Thus, the parasites are well:adapted to~ensur1ng

N
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L4 .

fertilization of female worms and transportation of the egas

to the.lungs e _
'However the re]at1onsh1p can apparently breaK down

Acc1denta1 transfer of females 1n the blood stream could

explain the observatuons of P. odocollel in the heart of
.black“ta11ed deer (see Hobma1er and’ Hobma1er 1934, Brunett1

. 1969) S1m1larly. the low: number of larvae in lymph nodes

anq the1r presence on1y in per1pheral regions of the nodes p'
1ndvcates the lymphat1cs are probab]y not a prlmary route
for larvae to reach the lungs.

It is poss1ble that worms .move to escape a host immune
response or the1r own metabol1c wastes (see Chapters IV and
0. o | . | ,. |

Wide d1str1butlon of P. /odocoflei within the carcass of

naturally infected black tailed deer has been reported |

(Hobma1er and Hobma1er 1934, Brunetti 1969)- These authors

~also noted. a pred1lect10n of ‘pairs of worqf (1ma1e/1fema1e)

for connective t1ssue associated with T&mphatacs and blood
vessels and Brunetti reported eggs and larvae'in 1ymph
nodes. A similar d1str1bution df P. odocollel in
exper1menta]1y 1nfected moose also ‘has been described (Pybus
and Samuel 1980) “’ _ |
P andersoni is prev1ous]y reported only from skeletat
musc1es of 'the lofn and th1ghs of wTD (Prestwood 1972 ,.
PrestWood et al. 1974, Nettles and Prestwood 1976, Prestwood
and,Nettles 1977, Pybwus and Samuel.1981).‘The~apparent

localization-of worms to these muscles-appears'to be a-
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vfunctton of necropsy'methods More extens1ve search of the e
ey

& -

carcass (a goal in our study) revealed worms throughoux MOst lw,jﬁ‘
skeletal muscles after 100 dPE partigtilarly 1n deer u
- harbor1ng more than 100 adult worms.
Parelaphostrongylus anderson i and P odoco:lel have not

been reported previously from the vertebral canal. - Within
- the canal, worms were recovered only from epidural t1ssues
and spaces Note that standard methods for examination: of.
the sp1nal cord for P. tenuls and E. cervi failed to reveal
P. andensonl and P. odocoilel Only when the method changed
toégxam1nati¢n of the vertebral canal rather than the spinal:
‘cord were worms recovered Worms could eas1ly have Eeen
" missed in the vertebral canal of an1mals'exam1ned early in
this study It is poss1ble that fa1lure to recover adult .
~ worms from WTD exposed to P.- odocollel may be asSoc1ated
" with improper examination of the vertebral canal, however,
this awa1ts further 1nvest1gat10n » |

1‘ The early stages of m1grat1on of P. andePsoni and P .
1OdOCOIlef w1th1n the def1n1t1ve host may be stm1lar to that
-suggested for P.. tenuis by Anderson (l963) He concluded
that third-stage larvae of P tenuis leave the gut through
the abomasal wall, and move to the lumbar region- where they
develop to f1fth stage within the CNS They then' m1grate
anteriorly towards_the brain A s1m1lar development has beéen
suggested'for E. cervi (see Anderson, 1968, Lankester 1977)
It 1s worth speculat1on that the two muScleworm spec1es may

also move to the lumbar regwon early in the1r m1grat1on
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’Subsequent1y, they appear to d1sperse from th1s regton 1nto

'adJacent muscles

«

The pattern of larval output 1n the faeces of three
control an1mals in 1979 and the failure to recover adu]t

worms casts doubt. on the data from WTD exposed to P

. 2.

. odoco:lel In add1t1on, Platt and Samuel (1978a) were unable.

"to establish P.Aodoco ei 1nfect1ons 1n e1ght WTD fawns and

concluded WTD .were a efractory host for this worm

However, the pattern of output was s1m11ar in all WTD

. exposed to P. ,odocoilei during this study. The initial

output in WTD exposed in 1979 may have been from- the same

un1dent1f1ed infection detected in controls Larval output

“in 1979 WTD rose s11ght1y and became s1gn1f1cant1y different

from that of controls at 3- 4 weeKs postpatency (62-72 dPE)

“-Th1s resembled ‘the prepatent per1od seen 1n 1978 (60, 74 d)

-

‘ Odocollei estab11shed an 1nfect1oa

'aVaiJable. In a direct compar1son of produpt1v1ty (as

’and 1nd1cated 1arvae passed after th1s t1me may have

included - those of P. odocollei. Contam1nat1on of samp]es in

the laboratory is poss1b1e but cons1dered unl1ke]y :
P .

However 'w1thout conf1rmatlon’by recovery and 1dent1f1cat1on

of adult worms.:1t is not poss1ble§to determ1ne whether P.

rn WTD It 1s Known that

A

_deer 1n this study were expﬁged to P odocollei and
. subsequent]y passed larv’ﬁﬁ' iﬁ faeceg-'rn a stmﬂar pattern

B The pattern-and tlmﬂhg of larval output in MD exposed

' to P odocoilei are’ s1m11ar to prev1ous reports (P]att and

Samuel 1978a) Comparabl% data for P, ~.andersoni are not-

-

o, .



' reflecfed byﬁfarval dutpdt) Tar;a1 pufput reached similar®
moderate leve]s in WTD and MD expoéed to P. andersonl In
contrast productivi-ty was markedly h1gher 1n MD than in WTD
exposed ‘to P. odocoilei. These differences. appear d1rect1y
related to d1fferences in 1nfect1v1ty (or per cent . recoveqy)

¢
in d1fferent host- paras1te combinations.. '

o ' ™

MD were not previously known ag su1tab]e hosts for P
andersonl “W8&rm establ1shment and larval output s1m11ar to
that in WTD 1nd1cated MD could act as a pramary host in
: ma1nta1n1ng populat1ons of P. andersoni. A recent report:of
P andersonl from southeastern Br1t1sh Columbia (Pybus and

Samuel 1981) 1nd1cates the worm is present w1th1n the range

of MD. Invest1gators in western Canada and ‘the Un1ted States»

should be aware of the potent1a1 for infection of MD w1th
4

either. or both P. andersoni or P. odocoilei
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-.ABSTRACT

g' . " R

Seven whxte ta1led deer and four mule deer were each

'Tfexposed to 300° or’ 1000 th1rd sthe larvae of
‘-Parelaphostr0hgylus andérsoni Gross and hlstopathologlc

jle51ons are descr1bed from a var1ety of t1ssues MaJor gross.

A

'»lesrons were focal haemorrhage throughout lungs and skeletal
;.'muscles Large mononuclear cells and occa51onally. '
u-eos1noph1ls accumulated around eggs and larvae 1n mu3cles

:lungs, and lymph nodes There was general act1vat1on of the

K
lymphoid system Les1ons were character1zed as focal

o myosit1s. moderate verm1nous pneumon1a, and m1ld to moderate

_1ymphaden1tls Quant1tat1ve evaluat1on of . pulmonary lesxons TR

‘r1nd1cated progress1ve tlssue damage throughout 1nfect1on

Response to 1nfect1on wrth Parelaphostnongylus

‘i'andensonl was’ generally sﬁm1lar.1n whlte tailed deer and
e mule deer however \sever1ty of . damage appeared'sl1ghtly
'-,greater 1n mule deer Var1ation:in response 1nd1cated

) dlffer1ng 1nd1v1dual susceptibxlity and suggested that host

'yf;_a;pesponse may play a major role 1n determ1n1ng effects of P

| 'iﬁandersoni in the. fina"ﬁhost Respcvse Was character1zed by

lfthe induct1on of both humoral and cell-mediated 1mmun1ty.‘{'




‘INTRODUCTION o | ;//. -
'Lﬂ' Parelaphostrongylus anderébnl Prestwood 1972, a

~‘-f jmetastrongy101d nematode was descr1bed from the skeletal

.fimuscles of white- talled ‘deer (Odocoileus vlrgfnianUS)

‘(WTD)(Prestwood 1972) Further 1nvest1gat1on of th1s worm
. 'has beeh restricted largely to lts geographlo dtstr1but1on
(Prestwood et el. 1974, Pursglove 1977 Pybus ‘and Samuel |
1981) ;{h,;. o e e ,vutjl’ ff:jﬁ' o R

' The lIfe cycle of P andersonf w1thrn the flnal host 1s
‘pfapparently similar to that of olosely related i;w’
‘T'metastrongyles W1th1n‘th1s group,:1nfect1ve larvae
‘; penetrate the abomasal wall_JAnderson and Strel1ve 1967

"Samuel unpub 3 and m1grate by an unknown route to the S

_;qskeletal muscles (Chapter 111) and/or vertebral canal

£ S
f(Anderson and Strel1ve 1967) of the lumbar reglon Durlng

‘3g71nfect1on, adult worms move w1th1n the ep1mys1um and

[4

| .perlmyslum of skeletal muscles throughout the def1n1t1ve A

'ff?]host (Chapter IIf7 Female worms apparently penetrate

}1ntramuscular ve1ns and venules and release eggs d1rectly

;va'1nto the c1rculatory system Occasionally eggs are released

’re;Filtered out

rfﬁmany eggs

yf51are carr1ed to the capillar1es f the lungs ‘here they are

'f1ltered from: the blood After the eggs hatch larvae move:.

dup the airways of the respiratory system. are subsequently

‘il_swallowed and leave the host WTth the feces



Clinical and covert disease have been 1nvestigated 1n

WTD experimentally 1nfected w1thf ander'soni (Nettles and

Prestwood 1976 Maﬁor leSions were eOSinophilic myositis 1n;ff;

the back and thighs and granulomatous accumulations of . _
mononuclear cells around eggs and larvae in the lung This

' paper reports additional 1nformat10n oF the pathology of P
‘ andersonl in WID. o 7%;v e R
Par'elaphostl‘ongylus ander*soni has been repor ted £ '_

prev:ously only from WTD A recent report of this worm 1n
southeastern British Columbia (Pybus and Samuel 1981)
indicates the para51te is present in populations of WTD
ai‘sympatric With mule deer (Odocoileus hemlonus hemlonus)(MD)

”, pThus, the potential exvsts for MD to be exposed to this

. worm This paper’ therefore also evaluates the pathology of

.tf?

L P. andensonl in experimentally infected MD

By -«,‘q,"

-

‘MATERIALS‘ANb METHODS‘"l'fl”f*“aro}}]u .’7'* ,H‘ssﬂ]

' Eleven neonatal WTD and 6. MD were collected throughout
Alberta 1n 1978 80 Animals were: transported to the S
University of Alberta Biomedical Animal Centre Ellerslie, _
Alberta and maintained as outlined (Chapter 1I). In 1978 an ‘
) 1n1tial source of P. andensoni was obtained from ‘ _
’ naturally infected WTD 1n southeastern British Columbia :
(Pybus and SamUel 1981) All subsequent infections involVed

‘larvae derived from 1978 infections and methods as describedllgirﬁi%

(Pybus and Samuel 1981)



_ spﬁi‘

a After wean1ng. ll fawns approx1mately 12 weeks old were

each exposed per os to 300 or 1000 th1rd stage larvae of P

.v"'andersoni (one an1mal rece1ved 388 larvae)(Tab]e I) X‘5

mw.fcontrol an1mals were treated s1mxlarly excludlng exposure t°

'*worms Throughout the exper1ments, fawns were observed for
cl1n1cal ev1dence of disease Blood samples were taken -
:~weekly from WTD start1ng at least 2 weeks pr1or to exposure
to worms and cont1nuing unt1l the an1mal was k1lled Ten cc
of blood were taken from a Jugular ve1n w1th a 21 gauge .
1nfus1on set. during manual restra1nt All samples were ' »
T."COllected w1th1n 57 m1nutes after the two researchers entered7
"the pen Total RBC total WBC, haematocr1t, and haemoglob1n‘
| were evaluated us1ng a Coulter Counter Model B (for total
;cell counts) haematocr1t centrlfuge. and haemoglob1nometer
’;respect1vely D1fferent1al WBC counts were determ1ned:§rom
thin blood siears. ff‘j' - g8 - f?_ 'L'“‘“
For analysis of: haematoﬁg21c values. ANOVA on data

lgrouped by treatment (lnfedted and control) 1n each of 3
’ t1me periods (pre exposure pre patent, and post patent) was&
.'-followed by pairw1se compar1son of group means Tiﬂb per1ods-
':for control anImals were arbitrar1ly chosen to corresoond to

w'the mean of those of 1nfected an1mals WTD 41 was deleted

.from analy515'of eos1noph1l levels (see D1scuss1on)

Mean weekly welght ga1ns dur1ng pre exposure.

_7pre patent. and post patent periods. as well as throughoutﬁf '

’f7jthe entire 1nfect1on 'were calculated Mean values for

'*:7control and exper1mental an1mals were compared by an
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analy51s of covariance | _ | ]
Animals were killed at various times after exposure by
intravenaus inJection of sodium pentabarbitol (Table I)
Body condition at necropsy was assessed by a subJective
'-evaluation of the amount and dlStPlbUtlon of subcutaneous‘
and v1sceral fat u51ng criteria Similar to Stockle et al
o (1978) General muscle condition was - also assessed
| Categories were as follows .
1) poor f Fat dep031ts lacking Muscles flacc1d and
;atrophic . | _ _
"'2) fa1r~-lSome-visceral fat present Muscles fleshed out .
3) good-- Visceral fat deposits extensive -Some subcutaneous
fat present but depbsits small
_4) very good - E '

"i’v1sceral'and subcutaneous deposits.

. Perivascular fag

'i5) excellent'- As in prev1ous category plus presence of

» ,‘1ntramuscular fat deposits | _ |

T *f ¥At necropsy, the carcass was searched for gross

s ev1dence of infection. Particular attention was given to
'sKeletal muscles central nervous system, and vertebral
canal. Tissues for. histologic study wer'e taken within 1/2-1 -

i hour after death and fixed  in 10% buffered formalin Samples

'_were embedded in paraffin, sectioned at 7um and stained with
haematoxylin and eosin | S L ’ N

Gross lung lesions were assessed using the following B SV‘f?i

~n~fcategories" ~ | | " " | | ‘ o

'}1)'normal - No diSColouration, Lungs‘pinkaand'softf

~
'



2) m1nor - Sl1ght d1scolourat1on ?ew small haemorrhages: ;
present M1nor increase in size, | |

3) moderate--' tech1al haemorrhage throughout all lobes.
'4) heavy - Grey d1schourat1on in some lobes. Haemorrhage
throughout Some f1rmhess

5) sevére - Yellow d1scolourat1on throughout Red purple ‘
Ld1scolburation present 1n some lobes F1rm throughout
‘Greatly enlarged in all lobes : ) .

Assessment of ‘the extent of;damage'todlung t{ssue‘was‘
based on t1ssue samples taken,From two specific regions in’
the diaphragmdtic ?nd:cardlac'lobes of each lung“5blameter"-~*
: of.up to‘SO\grahuloma55Within each lung sect1on was measuredii
using an ocular m1crometer at 100X magn1f1cat1on (see .

L1chtenberg and Mekbel 1962) Rema1n1ng granulomas'”

counted An outl1ne of the area exam1ned was drawn‘w1th the
'a1d of a ‘drawing tube and measured with a ‘planimeter.
Slmllarly, areas of consol1dated t1ssue in each sect1on
were mapped and measured Data were expressed as percentage
of tlssue 1nvolved in consol1dat1on in each section examined

(% consolidation).

Quantltative data were*f1rst analyzed for d1fferences"'*’“

between left and right s1de, and d1aphragmat1c and card1ac
lobes The four values were combrned for each deer and then

' analyzed by‘ANOVA Var1ances ‘between groups were disparate
'and non- homogeneOUS Log transformat1on reduced the .
Nheteroscadastic1ty 1n the data and thus. statist1cal

'i7analyses were performed on transformed data



v The'number-of cells, tyoe of cells, and number and s1ze.
":of germina]l centers present in lymph nodes were assessed
‘\(followtng suggest1ons of Cott1er et al. 1972),Jfour
categories of act1v1ty were- used~ | -

Y
1) 1nactlye - No del1neat1on of germinal centers from .

surround1ng cortex: Corttcal space open and well def1ned
-Very few h1st1ocytes Eos1noph1ls and neutrophils absent.
:':Medullary s1nuses relatlv acellular Medullary,cords
small o <i?7 | U

‘4'2) m1nor - A few deltneated germlnal centers in cortex Few

k .‘,cells in medullary s1nuses

"jv??S) moderate - Some centers acttvated Paracort1cal regtonv‘

"%fnvery cellular and extendlng into prox1mal medulla

. ‘\.

'hf;'4) heavy - Many acttve centers Centers cuffed with

l“ﬁialymphocytes Extens1Ve and cellular paraCOrtwcal reg1on

'
Medulla reduced Medullary s1nuses cellular

The modal actﬁv1ty value for each node was determ1ned”
for: an1mals grouped as controls, WTD and MD. .In add1t1on,r"
| pathology in 1ndiv1dual nodes was compared by act1v1ty andl'
number of deer in whlch a node was affected

I S

Act1v1ty of splen1c lympho1d t1ssue was class1f1ed asl
follows: ' 'f_:‘” o & :

1) 1nact1ve - No germinal centers Splenic cords small and_,‘
feW'wn number . Red pulp relat1vely acellular

2) minor - A few germtnal centers wldely d1spersed '
throughout ttssue Centers relatlvely 1nact1ve Per1arterial

accumulattons of lymphocytes moderate 1n s1ze A few white

R



re - - . 65
ﬁblood ce ;-1arge1y Tymphocytes.‘present;in'sp1enjc

t s1nUSes

"3) moderate - Some small actxve germ1nal centers Wide’.

hhﬁA“sheaths of lymphocytes on- arter1es MQQe"ate cellularity-in

splen1c sinuses. PR

,!4) heavy -~ Large acttve germ1nal centers throughout t1ssuet
»Heavy per1arter1a1 1ymphat1c accumulat1ons CelTuJar1ty 1n "

hured pulp var1able but always characterized by plasma;ce]ls

Samp1e sizes Were too small to allow statist1cal ‘t

'analys1s of dosage effects, However, data appeared S1m1lar

§and results were comb1ned Some m1ss1ng values were

-unavo1dable ‘and samp]e sizes are. indicated for each A‘

analys1s A s1gn1f1éance level of p<0 05 ‘was. accepted for f;

all analyses . X

RESULTS .
Cl1n1cal s:gns and haemato]ogy , _
No fawng showed cl1n1¢a1 ev1dence of 1nfect1on w1th e
'Parelaphostrongylus andersoni prvor to‘QO days post ‘exposure
(dPE) One MD exh1b1ted an abnormal gait from 21 dPE until
.r.killed 1t was weak in the rxght hrnd quarter and forward o
movemen t of thé'r1ght hind leg was 1mpaired Two MD fawns

a:g,exposed to 360 third- stage Tarvae exhibited dySpnoea which

. started at 70. dPE and eent#ﬁUed until terminat1on of the‘f.
'ranlmals However. they d1d not stop féed1ng and weight ga1n

'remalned normal dyring this time, DR y _-\

.
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S1m1larly. one fawn (WTD 41) . exposed to. 1000 - !
th1rd stage larvae exh1b1ted dyspnoea during days 75 to 79
post: exposure and gasped after m1n1mal exerclse -The. an1mal
_ceased feed1ng and lost we1ght before belng K1lled at 79 :jp
'dPE At death cop1ous amounts ‘of haemorrhag1c foam were
dlscharged from the moutp and nares =
No clinical. stgns were obserVed in any other anlmals
Absolute and‘d1fferent1al eos1noph1l values were '
s1m1lar in all WTD except WTD 41, dur1ng the pre exposure :
:‘per1od After exposure. these values 1n 1nfected deer were‘
;s1gn1f1cantly h1gher than those of controls (F(l 132) 64 13 |
vhp<0 0001) and remalned hlgh unt1l the animals were K1lled
van WTD 41, no eos1n0ph1ls or basophlls were seen at any time
t1n per1pheral blood smears All other blood values were

b

s1m1lar 1n 1nfected and control an1mals :

vl;’\"‘
o

.
[~

General condition |
| Body cond1t10n of seven WTD exposed to P. andersonl was
rated very good in two an1mals (WTD 33, 63) and good in five
| (WTD 38,39, 41 42, 51) ‘One MD exposed to worms was rated very
",good (MD 39) two were good (MD 25,38), and the rema1ning
‘yanJmal whlch harboured a chronic mycobacter1al ‘infection,

. was in poor cond1t1on (MD 27) Three control WTD were rated L

- “""excellent (WTD 26, 40, 43) one. w’ro (wm 30) and one MD (MD

- 30) were very good

No differences were noted in wenght ga1ns of control or ——

1nfecte@ ammals at any per1od durmg the infection.



) back and thighs of deer killed after 100 dPE. E ”eirii-

67

‘Muscle pathology (Fi-gs,"'1_-4..)‘ R (i

Adult P. andersoni were recovered'from:skeletal muscles

" of all deer exposed"to larvae fhe characteristic gross

muscle les1on in both host species was focal haemorrhage
5-15 mm in diameter All worms recovered were either ‘
directly w1thin a haemorrhage or, more commonly,vw1th1n 10

mm of a haemorrhage that was up to 100 mm2 1n area Not all

'haemorrhages were assoc1ated with worms Pooling of thick

black blood between muscle fibres was “seen occas1onally 1n-
all MD. Focal negrosis was common throughout muscles of the
The characterist1c histologic le51ons were extensive
:cellular accumulations and tissue damage around eggs and
larvae in skeletal muscles and associated fat. In wTD,

macrophages were the predominent cell type wr/h neutrophils,

giant .cells, eQSinophils, and a few lymphocytes present in

_some le51ons In adJacent tissues, giant cells and plasma

cells were present between pale, swollen muscle fibres

~ Vasculitis and congestion were common in these areas.

Q-

- pooling of viscous black blood throughout connective tissue

‘flhree WTD showed responses which differed from that
described. One animal killed 79 dPE (WTD 41) had extensive

and fascia of muscles of the bacK and hind quarters Muscle

tissue was friable Cellular response to insult in WTD 41

- was minimal relative to other infected deer Haemorrhage and

tissue degeneration were accompanied by only minor

accumulations of lymphocytes Muscle Fibres_were“swollen andf“

-

e



'Gross haemorrhage inthe psoas ‘musele of a MD
2 AT ‘ B B e
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' 535Jlarge mononuclear cells

"feos1noph1l1c Eggs 1n muscle were assoc1ated with a few

B
/

tIn WTD 38 and WTD 63 extens1ve«focal hecrosis (1 4mm

#f“diam) was noted throughout muscles of the backstraps and

‘fithlghs.glhese areas contained a core of degenerate eggs

v}igembedded in a dense eosinoph1l1c material A few long thin
"ffonslnophils were the predom1nant cell type associated with
7l;t1ssue damege while plasma cells were common throughout o

N Pmuscle ttssue surround1ng adult wonms or groups of eggs

The cellular response in MD d1ffered slightl

1n WTD I" MD- eosinophils and/or neutrophlls were the ;fﬂﬁﬁffx'

predominant cell types in damaged areas Haemorrhage,_.li;s,f'

"*‘ln ected deer. little or5no¢cellu1a




"'fLRarely, venous thrombus was observed Haemorrhage and

'.fﬁinflammatory cells were present where a vessel was

fhpenetrated
”:;]Lung pathology (Figs 5 8)

e

Lungs of the two control MD and three of the four.“~\_:;,,,

”gaﬂjcontrol WTD- were grossly normal Dne animal had a few

......

"tq_isolated haemorrhages in one diaphragmatic lobe and was

'ffP andersoni was rated moderate in six deer and heavy f,q~

“”;rated as m1nor damage Damage to the lungs of WTD eXposed to iﬁf

lfﬁﬁdeer.»Total lung weights of these deer (x-490+175 g) were

'mf;fﬂg)(F(1 7) 8 76, p<0 04) Damage to the lungs of two MD
'“tliexposed to P andersonl '

kisign1f1cant1y greater than those of contro]s (x 249+54

.fs ranked severeA one was ranked

"‘7inheavy Total lung wetghts of 1nfected:MD ;x-842*426 g) wereﬁﬂ;ff

}“ﬁisignificantly greate_g

ffiéffg) (F(1 8) 10 21. p<0 02)
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Lesions were indicative of a mild 1nflammatory response to a f.i
common irritant in. the env1ronment dust. for example “7§f‘ﬂ’
;3 ?.r Histopathologic les1ons 1n experimental fawns were | :

. grouped 1nto 3 categoriesf-lesions of air passages, le51ons
of blood vessels, and granuloma formations The type of |
lesions 1n the first two categories were 51milar to those
noted inpcontrol animals and are detailed 1n Table II -

? However.jonly Lesions more extensive than 1n oontrol animals
R and common to: a majority of experimental animals are ,}J_
L Granulomas around eggs and/or larvae were noted in the _
‘) lung parenchyma of all infected animals In 4 WTD fawns,:th ;f;"
| predominant inflammatory cel]s were large lymphocytes and
iﬁ;j»maorophages Lymphocytes neutrophils. ahd eosinophils
‘ predominated in the remaining 3 animals Haemorrhage and .
arterftis were usualky"associated with the granulomas ;V?nfs L
£ Extensive necrosis was seen in only one,WTD In WTD 63 :i'a .
:fapproximately 70% of the pulmonary granulomos consisted of afﬁh‘ \
fcore of caseous material (1ncluding remnants of degenerate |
afeggs and/or larvae) surrounded by giant cells and '

{fepithelioid ceJls embedded in proteinaceous material

anumerous:eosinOphils were f°“"d‘thr°09houtfthe Qranulomas L

":.fand adjacent tissues : 44 "_: 'f,gi;fﬁfgjof~fﬂp{ﬁ{jt#fé7d’

XﬁehZcirculatory system of.;ungs of MD exposed to P andersoni
"5‘2'"fj]:};jfwere simila‘_;‘,to those seen in wm (Table 11)

anowever, otheh?f‘ﬁJ‘

-\=}5fhistolooic results indicated a more severefresponse”in MD ”ififﬁf
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Granulomas around eggs and/or larvae were more discrete in ff"
MD with lymphocytes and macrophages the pregpminant cells
ii present Necrosis of the central region of the granuloma wasf
present in all MD and 1nvolved an’ average of 38+25 per cent s
‘ of the granulomas. 5051nophils and pink amorphous material A
were present around eggs and degenerating larvae A few
plasma cells were seen 1n the periphery of granulomas with
necrotic centers ' Lo | ‘¢,4ff
| Percentage of lung tissue altered by consolidation was

determined in each of four lobes 1n each WTD No significant

variation was noted among lobes (F(3 24)=0. 27 p>0 05)

»E thus, data are combined within deer (Table III) Significant: L

'f variation was: noted among indiVidual WTD exposed to P
'wandersqnl (F(S 21) .3, 49 p<o. 02) Similarly* density and
mean granuloma size also varied significantly among
individuals (F(6,21)=12, 58 and‘18 28, respectively,, 'Qg
- p0.001). N o ’;fA ?f’ﬁ
' DenSity of granulomas per mm2 of lung tissue increased
.with 1ncreasing number of female worms recovered '_ p:'
7. (y-O 32X104x +0.6, r2s 0 50) [Note that the low regression o
slope results from a small ‘range in density but a largé
range in number of females recoveredl Mean granuloma size

(um dtameter) increased throUghout infection (dPE) (y-5 Ox

1-281. r2=0. .67). 1f WD 41 and 63 (2 animals which shovied an. ;;,]‘,i

atypical response -‘soe Discussion) are deleted from the

analyses,'the regression °f mean sianuloma size aqainst timﬁif"’

is strengthened (y-S 44x -343. rz 0. esl In addition. ““ﬂf
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-;} granuloma 51ze was directly related to number of females
_'.recovered (y 0 84x \?52. ra= 0., 72) and denswty correlated

'w1th total number of - first—stage larvae in the lungs

‘ h ‘(y'O 23X105x +0. 42._r2 =0. 68): Extent of consolidation was ;kﬂ

.not correlated Wlth any measured factor.'” e | |
3 No significant variation in percent consolidation and
‘-density was seen among three MD exposed to P. andérsoni
"(Table I11).. However. ‘mean size of granulomas was |
51gn1ficantly different between individuals (F(2 466) 49 09
':ip(O 0001). Sample size was. too small to further 1nvest1gate

LN

lthis difference

o No- quantitative histopathological differences were |
noted between the two host spec1es \ : -
' No granul as were seen in the lungs of the three
,";vcontrol WTD examined Consolidaticn was preseng but was
» significantly less' than in infected fawns (t(SD) 5. 01
o I‘p<0 001) (Table N
nLymoh node andispleen bathoiogy'(figs'w9"12l""ﬂ‘ ,
| | Lymph des were grossly enlarged haemorrhagic and
"oedematous in three of &ix infected WTD' ahd all four ’;,_-'

.°7ﬁgrnfected MD Gross lesions were consistently seen 1n deep

"_\ '?

. &

L.MSTngninal nodes but were variable in other nodes. Lymph nodesd=

in the remaining three UTD showed no gross lesions and were P‘

sﬂﬂtlar to thosa 1n control animals ,' -;,4 ﬂf%if:°3

?i -fymph nodes Vascular congestion was seenhih'mesenteric and iffi*i*‘-

el e ad B AR -
G T T T T e e :

ﬁCoptrol animals showed only minor htstologic lefions in}?;'ej'



Figefe 9. Thrombus of eggs of Parelaphosttgﬁgylus andersoni and -
' inflammatory cells in am afferent lymphatic of'a WID.

Note the hctive germinal centres.5 Bar_= 250.um‘

a

o figpte 10 An afferent lymphatic in WTD 41 occluded with larvae L jf'*

L S ,of Parelaphostrongylus andersoni No response in»the f ; R o

germinal centres. Bar = 233 um__

Y B . T

Figure 11. Gtanulomas associated with eggs of Parelaphostrongylus

DN

o
andensoni in the subcapsular sinus in a lymph node of

t aMD Bar = 250 um. \ ' S : !

Lo

Figure 12 Granulomas associated,with eggs of Parelaphostrongylus
o N A -
. o andersoni 1n the paracortical region in a lymph node

of a MD. Bar (- 250 um .







‘ ruminal nodes of one animal and rumina] node of another

Haemorrhage, haemosiderin oedema, and free neutrophils 1n |

, the medulla were present in some- controls ‘Dnly les1ons ;
hmarkedly different from those in control animals are

'ﬂﬁif described 1n 1nFected fawns

Histoiogic 1e510ns in iymph nodes of infected deer were ,

"-h ,variabie The primary lesion was extensive haemprrhage

»throughout the medul]a Histiocytes. neutrophiis and a few.

eosinophiis were found wfthin haemo?rhagic areas and some ]f"

degeneration of iymphocytes in medullary cords was noted

clHaemorrhage was common in deep inguinal (Five WTD two MD)

w}iaxillary (three WD, two MD). and. bronchial {(two WTD, one

:ifMD) lymph nodes Mesenterio lymph nodes con51stentiy |

»«:COntained siderocytes and free haemosiderin throughout the
L _medulia B ;.,d, | ~vf}}" S o

Granuiomas were observed aroUnd

Table’ IV) Afferent lymphatic E

'7occiuded with well -defined thrombt
of s and lahvae j__jf_ﬂ'“_._;: L
‘us materiai with'diant ceils ;nd a few

;in the center of the thrombhs were surrounded by

'*:;eosinophils and a few lymphooytes in Iayersﬁofjioose .%fjh"
”*ffdconnectﬂve tissue. Increased ceiluiarity (iaﬂhely, ‘ |

_sﬁ1ymphocytes and eosinophils) was noted in the Capsuie 1;tﬂfy;"”d' |

‘.
/’_-.1 .
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:lij than 001led - ‘,?f 5[f e

.f\\\ involvement was seen only in, 1nguinal nodes of WTD and”

L cellular response was assoctated wath nematode larvae in

overlying thrombosed lymphatic vessls, Cortical sinuses were

vff\;;, occluded and germinal centers hyperplastic ReSponse

= appeared to be mQDe common in MD than WTD . ';7;“.'e[f \fj |
- One animal (WTB~4l) exhibited lesions different from fu‘;vip];

p other animals In the superficial inguinal nodes no |

afferent lymphatics} subcapSuJar sinuses. or oonneétive oo 'té7
tissue overlying/the capsule Germ{nal centers were 4 .
inactive In the deep ingu1nal bronchial, and mediast\hal }i
lymph nodes, larvae in afferent lymphatics werq‘associated

' w1th a. minor granulomatous 1nflammation Larvae weré R

distributed throughout the cortex and were extéhded rather
//// ‘ . R
Lymphoid hyperpla51a was noted in infected fawns. These'al

data for MD must be treated cautiously as controls were not
‘ available .fﬁ\vffi ' | |

Ind1v1dual lymph nodes were assessed by cellular _ ;
act1v1ty and frequency of pathblogic 1nvolvement Cellular

responses were variable and overlapped control values (Tablepgfugf‘

IV) so that no clear patterns could be discgrned Consistent;?j'

-Kbronchial 1ngu1nal. and mediastinal nodes of MD. ~\j’b

*

W[ Le51ons 1n the spleen involved activation of lymphoid

germinal centers The spleens of five of seven WTD exposed

' to worms were rated minor act1v1ty,_two were rated as heavy
act1v1ty Of the three MD examined splenic act1V1ty of two '
) was rated moderate and one heavy Three of four control B

o ’ . - . -
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| an1mals had 1nact1ve spleens, one an1mal had m1nor splen1c -

vfflact1v1ty . a S ‘v’,_ ';.7 :‘wl; t lf g

.;~0ther organs o

‘\‘_‘,"

Additional gross leslons were seen 1n'the

: gastro 1ntest1nal tract and ass001ated mesenter1es Areas of

\{~wh1te fibrous materlal around an elongated (10X20 mm)

'nodules revealed an oedematous yellow granular center

ra1sed. sol1d core were found on the serosal surface of the '

l1ver in one an1mal (MD 38) and abomasum of another (MD 39).

. Numerous round (10 mm d1am ) hard wh1te nodules were seen

throughout the mesentery of - WTD 63 Cut surfacevof these

surrounded by a 2 3 mm th]CK homogeneous wh1te wall

‘;ldent1f1able structures were not found w1th1n these les1ons

“An accumulat1on of soft yellow mater1al was noted

_argund a degenerate worm 1n the omentum adJacent to the f,.r

. greater curvature of the abomasum and 1n the mesentery ff '

fassoc1ated w1th the duodenum in WTQ 51. H1stolog1cally,

degenerate worms 1n the mesentery were surrounded by

'numerous eoslnophils plasma cells, and Fmbroblasts A fewnﬁ

: g1ant cells adJacent to the cut1cle and a d1ffuse

1nf1ltration of plasma cells and eosrnoph1ls in surround1ng :

t1ssue Were noted

In WTD- 41 frank haemorrhages were noted in mesenter1es

fand per1renal fat the lntest1ne was oedematous and

:5‘haemorrhagic and approximately 10 cc of th1n yellow flu1d

“lwere found in the per1card1al sac A large 30X70 mm E

<

L



W_.haemorrhage involved all layers of the lesser curvature of

5“.“the abomasum No worms“or eVidence of worm movement were

‘;fapparent in this haemorrhage, however, 47 adult worms were

v (

E recovered from connective tissue of the adjacent fat,zA few

o free erythrocytes were present in the fat

"}'was sloughing of surface epithelium~from villi.;

The maJor histOpathologic lesion noted in\f;;nduodenam

:Capillaries

',Hwere\congested and dilated and the lamina propria COntained ',f;:

{many plasma cells and a feW'lymphocytes and macrophages -
,iOther leSiOns noted were increased actiVity in goblet cells,
,haemorrhage in the mucosa, increased connective tissue in
“_thé submucosa,,and dilated central lacteals All lesions |
"were minor and indicative of a mild enteritis Notlesionsv
: were noted in duodenal sections of control fawns _
| Mild inflammation and hyperplasia of lymphOid tissue
Lwere noted. in abomasal mucosa of WTD and MD exposed to P.
iandersoni LeSions were particularly common in the lesser
4}curvature of the pyloric region Mild oedema and congestion
"dwere observed in the submucosa muscularis, and serosa of
f>-some deer No leSions were present in control animals -
L Focal hepatitis was seen in three WTD exposed to P
o andensonf Degenerate hepatocytes were noted around central
) "'veins in-WTD 41, | B

Minor haemorrhage was the Only gross lesion associated

v

with eggs and aduTt worms reoovered from the epidural space
of the vertebral canal No response was noted around worms 2

':in coqnective tissue of fat Within the pelVic girdle

. . . . : I .- . . e
N - S R
N
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Lt‘should bé noted that most fawns exam1ned-1n thts 55]fi:5f

"hﬁ study harbored low-level 1dfect1ons of tr1chostrongylld

nematodes 1n th'?"*stro-intestinal tnact Mean-1ntens1ties s

were extremely lewi(<50 worms) Two WTD also harbored a few
(<5) DLctyocaust valpaPus in the bronchi No pathologic nf
hf? effects were apparent in any,of these 1nfect1ons

o n_:

DISCUSSION R B G | ‘
;‘ Les1ons assoc1ated wdth Panelaphostrongylus andersoni
| 1nfections 1nvolved localized 1nsult to muscles, lungs and i”
lymph nodes and a generalizad lymghOId hyperplasla A mild_ﬁ
enter1tis and some loss of overall condttwon were argé a'.
noted In most an1ma}s. 1nsult was cons1dered m1nor 1n all

areas except the lUngs

"l*JHE_Damage in'the skeletal muscles can be dlrectfy related

'",_ﬁes of adult worms and the presence of eggs B

' and larvae' Movement of adult*worms threugh muscle t1ssue

{r}iif; and penetration of ve1ns and Venules by female worms fﬂ
L (Chapter IIIl damage 1ntramuscular blood vessel; and result e
*ﬁti;\ 1n haemorrhage and subsequent necros1s._Furthermore, t1ssue¥_,_

o damage was progress1ve throughout the infect1on Some damageqfx;.
may also be assoc1ated with feed1ng by adult worm§ Although“"
. red bldod cells were commonly found in the gut h? worms few" .

| worms were found completely or with the anterior end ‘

dlreCt]y Withln vessels (Chapter 111). Thus, it is unllketygﬁ'”
' that worms. feed directly from vessels The 1ntramuscular |

'_1 haemorrhages may serve as feed1ng sites Addit1onal damage j?_f

,,.



was associated Wlth eggs and larvae They appeared to o
prov1de a pers1stent 1nsult to skeletal muscles and were

always assoc1ated w1th extensive damage due to the “ti71*;?z?f$§

| 1nflammatory response t{é; }' ‘i“ v ',f. pi;ku_ |
ii'f. Lesions 1n the lungs of 1nfected animals are the result?7~f
R s, 3 e '

-'Panelaphostrongylus (Hobmaier 1937 Anderson 1953l~ ‘However,

~only thepathogenesis of P, oddoolIéF irf‘the, lungs of L
t;black ta1led deer (0 h c&lumbfanus) has been :escr1bed 5.lfii
uﬂlHobma1er 19371 Degenerat1ve changes 1n P anderson S

',‘infect1ons appear to follow the same pattern Eggs

‘apparently lodge 1n cap1llaries w1th1n the alveolar walls
'wrhand d1srupt blood flow'through*the vessel ‘Collateral bﬂobd
:ivessels attempt to restore blood flow through the/area
..JTCont1nued development of eggs withln the cap1llary 1s

assoc1ated w1th 1ncreased size of the egg and distort1on of

the cap1llary wall In conjunct1on wtth tncreased blood ‘

| preSsure, the d1stort1on may lead to rupture and haemorrhage

| 1nto the adjacent parenchyma In additlon ,a damaged N
¢Fap1llary is more likelyffo receive further embollzation due o
to its 1ncreased size and altered blood flow patterns Thus,q,?{v

7eggs may accumulate wlthtn such areas and repair 1s hampered.

Q:by constant insult._ o b BRI
L Tlssue damage promotes act1vat1on of 1ntrapulmonary
'lymphold t1ssue. a localized accumulatlon of 1nflammatory

’bcells, and - subsequent granuloma formation T1ssue adJacent

e



to the granuloma becomes consoﬂidated Inflammation of

airways and blood vessels disrupts'normal flow p{l@enns and "

H,',jln-emphysema and further haemorrhage.. B v v
\‘ /Egg emboli carried to the lungs are filfered aut. 1nsa ‘f',

'V"generalized pattern thrOughout all lobes Similar f“

distribution qf lesions""s=reported 1n S'rjabfngylus f7

s

infection 1n mustelids (Lankester and And:rson 4971) These

7f*ﬁjnfect1onsilabk the discrete localization s\'n in lesions

'a"-’-;';’.mghorn sheep (Ovis canadensis)| (P11Tmore- 4961) and Dall ",

!'_~rl*'aﬁd Protostr‘ongylus of domestic

o pattern may relate to the site of the adult worms,‘ire,, .

“;tged by’ othgr lungworms such\as PnotostPOWleus spp of

.?'fsheep (o dalll) (Neiland ‘972) ‘Muelle’r'fus Cystocau;u,s,

=heep (Beresford dones

o @

1971}, Fllaroldes of dogs (Hirth and Hottendorf 1973).' and
”Vfg;Anglostrongylus of shrews (Ogren 1954) The difference in

-

”q]extra vs. intrapulmonary Eggs from parasftes 1n

’extrapulmonary 51tes reach the lungs via the blood stream i” )

4and are thus filtered in a generalized pattern throughout

?ﬂ.the lung Eggs from paras1tes w1thin the lungs are” localized '3

‘at- the site of adult worms The location of.. discrete lesions

vhas been used to characterize the severity of

II;Protostrongylus spp infections (Pillmore 1961) however o

:this 1s not possible for those spec1es resulting in a o

\fdiffuse distribution of lesions.

Specific insult to lymph nodes\aiso,involves filtration

«
’-

of eggs and larvae Some eggs released directly into muscle‘g

‘tissue apparently enter lymphatics and are car(fed to the T

30
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"'~regiona: lymph nodes It is unKnown how or - where entry into,fuﬁ

";Q:lympha cs occurs, Le51ons in a variety of nodes suggests it

»ff,may occur anytimewduring the movement of eggs and larvae to B

. ;'the lungs Consistent findings in 1nguqnal and bronchial

‘ "_‘modes 1ndicate the maJorityeare filtered out in the muscles

~of the hind quarters and in the lungs A ,
o In a: prev1ous report (Nettles and Prestwood 1976)
"«primar* lesions in two WTD eqused to 1000 larvae of P
Aandersonl were eosinophilic myositis assoc1ated with focal
‘necrosis and mineralization Gross lung lesions were not
happarent and granulomas were sgen only 1n one of the two Hh
'tdeer, Lesaons in deer exposed ﬁo moderate numbers of worms
_(200*356 larvaeJ were considered mild andsnot 51gn1f1cant
'gf(Nettles and ?restwood 1976) Lestons noted in the current
':study ‘were more severe at both dosage levels The reasons
for the differences are unknown As shown in other T
;host parasite relationships genetic differences between the
- source. larvae tBasch 1975 Belosov1c and. DlCK 1980) or v
.between host populations (Wakelin 1978) may be respon51ble v
'for different levels of pathogenicity In addition, results»

may reflect differences in methodology be tween ‘the two -

Q

studies B . . P - 3y
Host response to 1nfection with P, andersonl is </::;

'1characterized by granulomatous 1nflammation around«eggs and

larvae Granuloma formation 1s an attempt ‘to. sequester

| antigens of low diffusability and localize them at one site.

In current 1nfections. cellular makeup and progression of

*
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.develop1ng granulomas are_;gt typ1cal of fore1gn body
_granuloma react1ons but ane/cons1stent w1th format1ons of

71mmunolog1c or1gin (see L1chtenberg 1962)

-andersonl was moderate however there were three..:vr

.except1ons"

, WTD 41 appeared to have been part1cularly susceptlble

.

to 1nfection and fa1led to mount an effect1vé/immune

response to the worms It was the only WTD fawn to exhib1t

4fovert cl1nical s1gns and notably severe gross les1ons WOrm i
-‘establ1shment was abnormally h1gh for P. andersoni infectlonrb
\'1n WTD (Chapter III) but, as results from‘th1s study v
_.mdtcate,u cellular response was m1nimal Relat1ve to other ~@f'x

- WTD- fawns, large numbers of f1rst stage larvae were observeds

~

3}_1n lymphat1cs The lack of eos1nophils 1n per1pheral ‘blood

samples from WTD 41 may suggest an 1ncomplete immune system

d1n this 1nd1v1dual

ﬁ In contrast WTD 38 and 63 may have been partlcularly

res1stant to 1nfectlon Gross Le51ons were redUGEd and

‘cellular response to all paras1te stages was extensive. Th1s_

reactwon 1s 1nd1cat1ve of a ‘strong 1mmunolog1cal response

Further ev1dence suggesting 1nvolvement of an

- immunolog1c role in P andersonl 1nfect1ons has been
_reported (Nettles and Prestwood 1976 Prestwood and Nettles

1977). These authors compared fawns exposed to s1ngle versus'

repeated doses and concluded that the latter method evoked

an act1ve 1mmune response capable of limlting the tnfectlon

In general the response of deer to 1nfect1on w1th P' o

Tely
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"‘-In current data, mesponse to P andersonf 1nfection 1n'

®

fthe two - "res1stant" deer alsowappeared successfu] jn~

'»Tffl1m1tlng the 1nfection Recovery oﬁ-adult worms was low and

i‘eosinoph1l1c mYOSltlS was assoc1ated w1th degenerate worm

| stages Similar leslons are descr1bed 1n four WTD exposed to

'?511000 or 5000 larvae of P andersonl (Nettles and Prestwood

'r7f1976) These authors conclude the . response 1s dose ,"

r.j relat1onsh1p are appl1dable to data 1n thls study The

r

'*dependent The data from the present study suggest that host

fresponse may also be related to varvation in host ab1l1ty to o
'ult{' o | | |

N

respond to th

~ The rel . h1p between P -andensonl and the s
'ydef1n1t1ve host-appeared to vary at the level of host
'fgwnd1v1dual and, thus may be determ1ned by the host rather
*ﬁﬁthag the paras1te Impl1c1t in such a nelationsh1p is the.
'{;p0551b1lity oﬂ,overwhelm1ng an ind1v1dual incapable of
suppress1ng the in+ection Thus, P andensonl could act as a
hfactor in affect1ng selective host surv1val

, Four factors 1nvolved 1n determ1n1ng pJPhogen]c1ty of
-;metastrongyle§l1n ‘the: def1nit1ve host have been suggested
‘_[Anderson 1971 p-. 82] Only two of these factors. number and

pos1t1on’of Q:rmb, and su1tab1lity of the host parasite

fextent of damage in 1nfected fawns increased with 1ncreasing-

L number of worms recovered and therefore.supports the first

":suggest1on Many of the leslons noted 1n the current study
appear to be common to: most lungworm infections (see

'Stockdale 1976) and 1mmunologlc response s1milar to that

,l




“u,.pespectively (Neiland 1972) However, as Tndlcated B

BT O

.suggested herein has been described for” Dictyocaulus ’ 4

_;1nfections fn cattle (darrett et al. 1957) PPotostPongyIus

in bighorn sheep (Hudson 1970 Spraker 1979) and MUeIIerius

h<1n domest1c sheep (Beresford dones 1967) In addition,

' 1mmunocompetence of. 1ndiv1dual hosts (Spraker 1979) Thus,'

the . second factor. suitability of the relationship, may "

i‘ relate direotly to ability of the host to mouht an effective

'1mmune response \ | ‘ ‘ ' B

B Lesions present in Wungs of all 1nfected animals were

:severe enough to result in loss of functional lung tissue

It is unknown how much the respiratory capaCity of infected
eanimals was altered but the type and extent of les1ons‘

: strongly 1mpl1ed interference W1th gaseous eXchange -

.throughout much of the lung Extrapolating from

2~ d1mens1ohal meaSurement of pulmonary lesions, )

"consolidation of. lung tissue averaged 17 47% in 1nfected WTD

. and MD. The volume of lung impaired by response to

k o Protqstnongylus spp . 1nfections averaged 8 3% and 7 3% of :

= '_i’":-each set Of ]ungs of male and female dall sheep.

.~_prev1ously, pulmonary les1ons 1n Protostnongylus 1nfections o

are localized w1thin the lungs In an animal which often
relies on speed and endurance to outrun its predators. the
‘type and potential extent of’ lung damage seen in P

i) andensoni 1nfections is con51dered suffi01ent to affect ther

| outcome of the predator prey relationship

>



| _}was not effect1ve 1n destroying the paras1tes The result

o _at limit1ng the . 1nfect1on as the response was moderated and

.5reduced in WTD populations

' .'and R. Seward (Univ Alberta) and E. Beckert (WCVM) prepared

Parelaphostrongylus andersbnl 1nfect1ons appeared to ‘ _
'cause sﬁ1ghtly more damage 1n MD than WTD Percentage of pf_f{7;“
‘:1n1t1al dose recovered was h1gher in than WTD (Chapter“;lti*ffff.‘“
Y5III) Although gross muscle ]es1ons que s1m{lar 1n both S
"hosts most other aspects of the l?ost parasite relatlonshﬂp
-evaluated in the current study were more severe 1n all Mﬁ

and appeared to rela&e to a difference 1n 1mmunologlc o

response In MD there was an active 1mmune reaction but 1t

u

was excess1ve damage to t1ssues w1th little effect upon the :i

E number “of worms present WTD appeared to be more efftc1ent

: ;damage thus,'reduced The para51te may present a potent1al

f_ problem 1n MD populatlons but th1s-potent1al 1s greatly
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'i:ABSTRACT

- V. PathoIogy of - Par*elaphostrongylus odocollef (Nematoda
| Protostrongyl1dae) 1n two cerv+d hosts o

' Patholog1c effects and host response were evaluated 1n
,'seven wh1te talled deer (Odo..ileus vlrglnianus) ‘and six

'_Zlmule deer (0 hemionus hemlonus) each exposed per os to 300

'gﬁor 1000 thmrd stage larvae -of Parelaphostrongylus odbcoilei.

-thatholog1c effects 1n mule deer cons1sted of haemorrhaglc

myositis throughout skeletal muscles. severe verm1nous'

. '~pneumon1a, and moderate 1ymphaden1t1s The ma jor - host

~

‘response was a granulomatous 1nflammat1on associated w1th

li‘jnematode eggs and’ larvae Granulomas obl1terated the norma]f',fF

:Fﬁfarch1tecture of affected tissues Patholog1c effects and: -

" host response were m1n1ma1 1n wh1te tailed deer P.
odocollel 1s considered a potentmal d1rect or . 1nd1rect
*apathogen in-mule deer but an 1ns1gn1f1cant parasite in

V}whjte ta1led deer

A

gINTRODUCTION o '”‘» | f'~r‘- | . q
) Natural 1nfect1ons of Pare?aphostrongylus odocoilef
\(Hobma1er and Hobmaier 1934) are reported only from _

" black tai led deer," Odoooileus hemfonus oolumbfanus and/or

fﬁﬁfmule deer, 0 h hemlonus (MD) 1n Cal1forn1a (Hobmamer and

Hobmaier 1934 Brunett1 1969) and Alberta (Platt and Samuellf-

.

1978) Although,specyfjc41dent1f1eat19n,of p. odqcoldef is 7

.o




. -

,_&.

upossible only on the bas1s of morphology of adult worms. a

o h1gh prevalence of‘eggs and larvae 1nd1stlngu1shable from

UL T

| those of P. odocoilei (Brunett1 1969 Samuel unpub )

':suggests that the worm may,be a common paras1te of 0
hemlonus B | '
« .. Within the definitive host, adultlworms apparently move;
through connectlve tissue in a var1ety of sKeletal muscles
and associated fat depos1ts (Chapter III) Although some
| eggs and larvae are found in host lymphat1cs (Hobma1er and
Hobmzqer 1934, Brunetti 1969, Chapter I11), most are
released d1rectly 1nto the c1rculatory system and f1ltered
_out in cap1llary beds 1n the lungs (Hobma1er 1937 Chapter
CIII). Les1ons in naturally 1nfected deer (Hobmalér and
‘Hobma1er 1934, Hobma1er 1937 Brunett1 1969 sugqest that"
the potent1al ex15ts for the worm to cause damagd to vital
,t1ssues of the host Indeed Parelaphostrongylus odocoilei
was cons1dered the pr1mary cause of death in’ a yearl1ng o
black ta1led deer (Brunett1 1969) and could be an important

' dlrect or. 1nd1rect mortal1ty factor in host populat1ons

Odocolleus hemlonus appears to be the primary host .
-spec1es for’ th1s worm However in many parts of its range,
-0 hemionus 1s sympatr1c w1th other potentlal cerv1d hosts,_
“such: as, wh1te-ta1led deer (0 vfrglnlanUS)(WTD) wap1t1
' (Cervus elaphus), and moose (Alces alces) The pathologic

iﬁeffects and host response in these spec1es have been

examined.only 1n moose. Extens1ve damage 1n the lungs and |

. skeletal muscles ‘of experlmentally 1nfected calves is



2R
Ve

"reported"lebUS'andlSamuel‘1980)' This,paper reports the‘ o
'patholog1c effects and host response to P odocollei in

exper1mentally 1nfectéd captIVe MD and WTD fawns

'. MATERIALS' AND METHODS ' 1 _::1, - -;' - ;,‘ :“'.“” a
o In 1978 1981, neonatal MD and WTD fawns were collected
hfrom var1ous reg1ons of Alberta Anlmals were maintalned at
'the Un1vers1ty of Alberta B1omedical Anlmal Centre following
: procedures as outl1ned in Chapter I1. After wean1ng. six MD -
<and seven WTD approx1mately 12 weeKs o}d ‘were exposed peP oS
to 300 or 1000\th1rd stage larvae of P odocoilel (Table 1).

Larvae were der1ved from natural 1nfect1ons 1n MD 1n dasper? |

'Nat1onal Park Alberta Two MD and four WTD: were ma1nta1neda;? -

T'as control animals. - _ RS
Further dethods were 1dent1cal to those deta1led in

,,> Chapter v, Br1efly, animals were we1ghed and'bled weekly

start1ng 2-3 weeks pr1or to exposure Total RBC total WBC, '
1hematocr1t. and haemoglob1n values were determ1ned Two way
analys1s of var1ance of hematologic -data grouped by host (MD
“or WTD) and treatment (ﬁnfected or control) in each of three

“time per1ods (pre exposure prefpatent post patent) was -

followed by pa1rw1se compar1son of group means . T1me per1ods R

in control animals were der1ved from mean values in Fawns

exposed to worms. Regress1on slopes of lwnear 1ncrease in

'welghts were compared ) ' ‘.
An1mals were Killed by 1ntravenous injection of sod1um '

pentabarb1tol at d1fferent t1mes after exposure to. worms

..ﬁ»".
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(TableiI) Asses&ment of body condition was based on the -
vl amount and extent of subcutaneous and Visceral fat us1ng
fgl five. categories ranging from _poor - to excellent At necropsy,
f*particular attention was given to the skeletal muscles,

5"lf _lungs central nervous system..and vertebral canal The -

color, texture and Size of the lungs was assessed and ranked .

.on a’ scale of 1 to 5. (normal to sévere) Percentage of o
consolidated lung parenchyma as well as‘the size and denSity
of granulomas within histologic sections of the. lungs were
determined The Size and number of germinal centers,

8 cellularity of medullary sinuses.'and Size of medullary

_;cords in the lymph nodes and spleen were assessed and

__‘grouped into four categd*ies (inactive to heavy actiVity)

.q‘fndiVidual nodes were ranked by the activi y of the node and '

the number of deer in which a node was affected '~v »
,Quantitative data were analyzed by ANOVA A Significance _}‘
level of p<0 05 was accepted for all analyses ‘
'";-RESULis
Clinical Signs and hematology o e
“No animals exhibited clinical signs prior to 75 days'
post exposure (dPE) LAt 75" dPE,,all infected MD became )
v generally inactive and dyspnoea was noted after minimal

giléexerCise Qne of these fawns developed continual laboured .

A”o@&*@ﬁthing 92 dPE and minor exercise resulted in prolongedV X

(' gasping This animal died in respiratory distress 104 dPE (7

wks post paﬁency) Much haemorrhagic foam was discharged

o e . R . w.
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4from ‘the ‘mouth and nares at death. Control an1mals and VTD
gexposed to P odocoilei rema1ned cl1n1cally normal
‘tthroughout the observat1on per1od

MD. and WTD exposed to P. odqcollef exh1blted a

' s1gn1f1cant 1ncrease 1n the percentage of eos1noph1ls 1n -

d1fferent1al WBC counts after exposure to larvae

(F(5 1325-12 14, F(5, 168) 12,04, respect1vely, p<0 001)

'(Table II)t Absolute eoslnophil values also 1ncreased after

. values in d1fferent t1me periods All other hematolog1c

-

fawns were exposed (F(5,126)=8.67, F(5,157)=5.91, pco a001fj{ i
MD and WTD, respectwvely) After patency, levels were S
;ma1nta1ned in MD but returned to control leVels in WTD No

rd1fferences were noted between e1ther MD or NTD control

'u_values were 51milar 1n 1nfected and control animals (Table

”r

).

: General cond1t1on ' [la‘\ S ul.

Body cond1tion of control animals was excellent 1n :

| fffthree WID_(WTD. 26,40, 43) and very good in one MD (MD 30) and

~1;p one WTD (WTD 30) Df six MD exposed to P. odopollei one wasV-

_‘A'rated in very good cond1t1on (MD 41) three were good (MD :
"20 26 55). one was fair (MD 21), and one was poor (Mm»14)

:Of s1x WTD exposed to. P odbcollel cond1tlon was excellent

’pand good in two (WTD 46 50) Note of the two. deer eval.

in three animals (WTD 29 37 44), very good ln one (WTD 45),

as ‘good, one had a congen1tal locomotory problem and t.e }%

.,other did not adapt well to capt1v1ty and appeared st essed

ated



. Table II. .

uPre-eprSure

i

" sPre-patent 4746

?',Prefexpoeure:ﬂ50t5

r.Post-ﬁatent' z2+3

S 1o

Haematologic values of fawns exposed to PUredehostrangyZus
o odocozlet and . of control animals Co

. PEV-  _Hgb.  RBC

Differential WBC (Z)

@) (g/lOin) (106/mm2)* t/nnnz) .Neut Bas Eos Lymph Mono

e

Mule deer exposed to P add\azlet (n=4)

l\
49#4% 18.Qtl;6'

17’2+2 5
<rosc-patent | 38#3 14 821.3
.19.0%1.8

Pre-patent 47%6 “17,8:2.3

11.8t2;

11. 6+1 2 4869tl3
1

'10.411:3 7766+3421*

17,742:2 5148:2256f5

16.1%#1,6 465921485

3 <
7

15,721, 2

- drle deer concrols** (n=5) :“
B;ggegggfp;g 484 18,0t1.72vlé.8t1;4
'Pre—paeehr 4,46£4e”17.4i1.7 12.541.3
Post-patent . 4415 16.1£1.9 11.6#1.3
'Whiteftailedldeer;pddtrolaf*j(n=4>
A;fr‘e:;eicpo-sur.e _50'4:',5_1“"1'9"..'0'1"1‘."7 ' 16 6t3

'_.Pré—ﬁa;enq""47t§[;18;0t117‘,i7.7t1,
Post=patent  43%4 - 16.241.8 .16;212Q3

t

48410 1£1 2#2-4419 443

6382:2033 WTHLL 2£27°624 42£10:3£2

4011 634 85 4313 33

o 1‘:.'Whi1:e-tailed deer exposed to P. odocozle'l, (n=7)

17.3%1.9 4154.2356 3328 1#1 4%4 55#8 7#3 -

4718£1327 . 45¢14 11 242 46214 552
S14B£1158  45$13 01 343 48£1Y 422
5173:942 5014 1£1 3t2 44tl4 322
4917£2369" 43£15 L1 242 49217 624
416921318 38219 141 141 55£19 543

4478£621°  37£20 1%1 3#4 5720 3#3 .

% Mean * S D

7

ok 'Time periods determined using mean values of infected deer.

35£11 242 9+9 49+11 523 .

39413 1£1 3£3 54£12 323
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“throughout the exper1ment S — -/"-_” | f_ G o

Wetght ga1ns throughout the experlmental per1od dld not;.

>

d1ffer between years nor between 1hfected and contnol

an1mals

'h.‘\\*s\;\ :

e i e, S 1 A At Banr et G can

Muscle pathology ‘ ‘ : '
v ATl worms recovered from MD were assoc1ated with gross
‘t1ssue damage; however, the size and extent of damage var1ed
w1th lepgth of 1nfect1on At 54 dPE the character1st1c
lesions were focal necros1s and numerous small areas (1 2 T ' i
cm?) of thick - black blood pooled between muscle f1bres | - |
Focal accumulat1ons of thick Yellow mater1al were sefn on
._herves in the right sem1membranosus, r1ght psoas, and left

lon'1551mus dors1 _ﬂft”' .

__t 99 and 104 dPE haemorrhage varying from small

locallzed areas (5- 15 mm d1am ) to extens1ve palntbrush .
le51ons (30 mm d1am X 7Q. mm length) were noted WOrms weref:i°
. "/

found part%ally or ent1rely w1th1n the 1ntramuscular

d haemorrhages Occas1onally, long th1n haemorrhages (10 mm -

diam. X 20~ 40 mm length) wete found usually w1th worms at;'

one end of . the haemorrhage Muscle fibres were frlable |
‘Focal necrosis was prominent throughout muscles of the hindkft
quar ters. o ) ‘_. | , : b
| At 121- 138 dPE, - extens1ve frank haemorrhage and focal L 'bﬁé
necr051s was seen in skeletal muscles Long, th1n g

;haemorrhages were common in muscles of the bacK and thﬁghs ﬂ




105
Adult P. odocoflei were found only 1n areas of haemorrhage
}A few degenerat1ng worms ensheathed w1th thick yellow wh1te
-mater1al were seen onlthe ep1mys1um or deep w1th1n muscle
_bundles Adjacent muscle tissue did not appear to be '
affected. f;lg. o | "'7 . |
H1stologic exam1natlon of 1nfected MD revealed d1ffuse :
haemorrhage assoc1ated w1th minor cellular response =,
.throughout muscle sectlons (Fig 1- 4) Moderate numbers of.
eos1noph1ls and a few small lymphocytes-were seen in t1ssue
” d1rectly adJacent to adult worms. Muscle f1bres were pale-
lha'and swollen w1th occas1onal calC1f1ed degenerate f1bres
| Vascul1t1s was prominent in most muscle sectlons
tVessels (usually ve1ns and venules) were seen in var1ous
stages of degeneration as vascular cOngest1on occlus1on.,
—collapse d1stens1on, and occas1onal cuff1ng w1th

lymphocytes were all noted Female worms in ve1ns often were'

‘at .the core of a thrombus® cons1sting of eos1noph1ls

“ lymphocytes, and macrophages within a fibr1n matrix.,

In’ later 1nfect1ons. les:ons were more extensive and A
assoc1ated wzth eosinophils and maorophages Eggs and - larvae

in fat, connect1ve tissue and muscles adJacent to- veins

were assoc1ated with lymphocytes, macrophages, g1ant cells:ff,ﬂQJ”" o

and necros1s (F1g 5,6).

Les1ons adjacent to peripheral nerves were asso¢1ated

:\

w1th the presence of nematode eggs and. first stage larvae

"Localized accumulations of neutrophils and ]ymphocytes were

;seen in the connect1ve t1ssues and fat adjacent to nerves



Figure 1. ;

»Minor haemorrhage (A) and cellular responSe to adulb

' 'Parelaphqstrongylus odocoilei in the biceps femoris of a

Figure 2.

»

viMD.. Bar = 660 ume'," L e

- Figu;e 3f

: m;hr

" are directly adjacent to the worm. Bar - 57 um

:Vasculitis associated with a female Parelaphostrongylv§>;:Ql

-Extensive haemorrhage associated with an adult

;hodocoilei in a vein in the longissimus dorsi of a MD.

Little or no response to the worm in the adjacent muscle .

tissue. Bar = 410 um

-

CrossTsection of an adult Parelaphostrongylus odoc01lei

;-in the abdominal wall of a MD A few’inflammatoryfcells

°

-r"

Parelaphostrongylus odocoilei in the longissimus dorsi '

of a MD. Bar = 66 .um )
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'Figufe'S Granulbmatous inflammation associated with eggs and : _
: .-1arvae Df Parelaphostrongylus odocoilei in the fat of a- " .
_fFigure 6 Granulomatoué inflammation associatedtvitheggs and h ;h i
larvae of Parelaphostrongylus odocoilei 1n :he gluteus = -"f"”]f
major of a MD. v Bar. = 268 um .L 2 - 4\.
. | _\: C e
Figure 7. Larvated egga ‘of Parelaphostrongylus odocoilei in the lung %
of a MD. Bar = 63 um
o . o :
figurehS)x Granulomas associated with eggs and larvae of N

Parelaphostrongylus odocoilei in the 1ungs of a MD_ Q»l;'[:q,*’ h'ff;,i,L

'Bar = 500 qm . N e i s
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o exposed to’ P OdOCOfléf or Qf control an1mals g;A T

.‘Q

) ‘,'Qnr.-.
Bt
.

S0
Some ceTTs were w1th1n the endoneur1um d1rect1y adJacent to
nerve f1bres but the f1bres appeared to be unaffected |
CFirst- stage Tarvae were assoc1ated W1th g1ant cells and
anOP swell1ng and vacuolat1on of some nerve f1bres

" Lesions were not noted 1n the skeietal musc]es of WTD

l'lr"

-3

Lung pathology _' : -

The lungs of both control MD and three of four control

WTD were. gnossly normal The rema1ntng wID. had mtnor damage S

cons1st1ng of a few petech1a1 haemorrhages 1n one B

dWaphragmat1c Tobe In MD exposed to P odoco:lel the Tungs

‘_of one an1ma1 were heav1ly damaged and those of f1ve Were

.
»Zv)

severe]y damaged Cut surface of the Tungs of alT 1nfected

MD revealed a f1rm parenchyma w1th extens1ve wh1te f1brous;..v't

~t1ssue 1nterspersed w1th focal haemorrhage In WTD exposed,

»

Ly

to .P. odocoilei th%;:_ngs of four anImals were normaT andh;f'
those of. three had m1nor Teswons T T

o Mean tota] lung we1ghts were s1gn1f1cantly h1gher 1n.
the s1x 1nfected MD (1085*1419) than in. control 'MD (280

3609) (F(1 5)= 43 60 p<0 002) and f1Ve 1nfected WTD ;
4297+1099) (F(1 8) 87‘08 p<0 0001) No’ other s1gn1ftcant

d1fferences were noted The lungs of the two rema1n1ng WTD

R were not we1ghed *':ff”“'

Ce e Te -

4 s e

f?:'-- 'aTVEOWar'waTTs bFig ; 8) Granulomas‘were d1stributed‘

The maJor h1stolog1c Tesxon 1n‘the tungs.of Mwaasoaura~a'-«»iffi.*

e S -- R T D e R

granulomatQUS inflammat1on around. eQQS and. Tarvae W1th1n,the;fﬁ#;.
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‘l.ggz,other granulomas were~w1dely d1str1buted throughoutfatl_,h_;f.f;j”f :11

R
throughout all lobes of the lung and adet1onal le51ons wered

related to the size and number of granulomas present (F1g

9 11).

| 1n early 1nfect1ons, a Few large mononuclear cells were<;‘
;”present w1th1n the alveolar walls conta1n1ng an egg or |
larva These small discrete granulomas were. most common in
t1ssue adJacent to resp1ratory or term1nal bronchloles in
'ﬂper1pheral areas of the lobules Caseous necrosis was noted

" in the central’ areas of a few granulomas . ‘

) General1zed congest1on and th1cken1ng of alveolar walls
§’was‘apparent throughout lobules conta1n1ng eggs and/or

~,;larvae A mvld bronch1t1s and bronch1ol1t1s was assoc1ated

"w1th larvae in the lumen or mucosa of small awrways

Neutroph1ls and a few eos1noph1ls were present 1n bronch1al
‘lum1na 0ccas1onally, thromb1 of eggs neutroph1ls, and
fmacrophages were present Lobules w1thout paras1tes were SR
'm1ldly emphysematous | |

| All leS1ons present 1n the early stages 1ncreased in

) sever1ty throughout the 1nfect10n Granulomas, cons1st1ng of

s e e

'large mononuclear cells and a- few neutroph:ls and
_;eos1noph1ls became large and confluent completely .
destroy1ng the normal arch1tecture of the parenchyma 'f,.g_“{"'“

ilﬂFrbrob]asIs wene noted on«the«pertphery:of.granulpmas, Most.n e o;;gt-

PR SIS

resp1ratory bronch1oles were obl1terated by granulomas Buf

B

lobes




Figure

 Figure

- Figure’

F%gure

Small discrete granulomas distributed throughout the lung

of a MD exposed to Parelaphostrongylus odocoilel.

S'Ba: = 575 um

‘10,

.Moderate—sized granulomas asSociated with atelectasis

-and emphysema in a MD- exposed to Parelaphostrongylus

) odoc01le1. ‘Bar = 575 um

L.

ﬁLarge, confluent granulomas associated with extensive'

i
.

"'atelectasis, haemorrhage, and oedema in a MD exagsed

12.

'to Parelaphostrongylus odocoilel Bar = 575 um

7Lungs“of‘a'dodtfolxanimalg .Bar = 575 um’







: Focal necros1sJ:nd calc1f1cat1on were seen commonly in

granulomas contalné\ hatched eggs and/or f1rst stage

larvae Necrot1c areas were surrounded by extens1ve

Y

local1zed haemorrhage and p1nk prote1naceous flu1d free

w1th1n alrways and alveolar spaces. Bronch1 and bronchloﬂes» .

. were d1lated in. all sect1ons and many a1rways conta1neﬁ
tarvae, lymphocytes, neutroph1ls mucous and cellular
debrls Alveolar spaces not directly 1nvolved in the '

-'granulomatous response were d1stended and emphysematous

Inflammat1on of interst1t1al t1ssues was also present

Extens1ve vascul1t1s, particularly arter1t1s, was noted‘

“in all lung sect1ons Les1ons cons1sted of per1vascular o
cuffvng w1th small and large lymphocytes vascular L
congest1on and occlus1on w1th larvae and cellular debrls,

~and degenerat1on of arter1al walls -

H1stolog1c les1ons in controls and WTD exposed to P.

odocoilei d1d not d1ffer and were 1nd1cat1ve of a m1ld

1nflammatory response to pers1stent 1rratat1on. poss1bly,- :

dust «{(Fig. 12). o ‘
Consolidat1on was present in the lungs oF all an1mals
exam1ned Quant1tat1vely, percent consol1dat1on ‘was

.s1gn1f1cantly greater 1n MD exposed to P odocoilei than in-

control an1mals (F(2 36)=71.38, p<0 0001) and WTD exposed to

worms (F(2 ,40) = 27 57, p<0. 0001) Values" were also h1gher in
“WTD exposed to worms than in controls (F(2 28)=11.45,
p<0. 002) The mean size of pulmonary granulomas (seen only

in MD exposed to worms 1ffered s1gnif1cantly among fawns

S




I‘U',F(F(S 1178)-197 8§ <p<0-0001) but the dens1ty of granutomas

| con51stently seen onTy‘wn deep 1ngu1nal nodes

L;;;ﬁgfﬁross 1es1ons were not seen~1n the Tymph nodes of

Radusn BT VR

, was s1m1lar (F(S 18# 1 35 pao 054 (IabJe III)\_ “'J_.d

.-

_f.Lymph node and sp]een patho]ogy

"" General1zed lymphadenos1s was present in all MD eXposed'

to P odocoifei Haemorrhage and 1nflammatlon were s

: contro1 an1mals or of WTD exposed to-P odocoilei

,'MD exposed to P odocoilel reVea1ed granu]omas in. the - ,ﬂ}'*'

- ccells, macrophages and p1nk amorphous mater1a1 In two deer,

H1st0pathologﬁc evaluat1on of the lymph;;odes o? four

;afferent 1ymphat1cs, subcapsular spaces, and distal cortex

“’:cons1sted of a core of EQQS andi]arvae surroUnded by g1ant

_;

eos1noph1ls were also common 1n granufomas Fibroblasts and g

}loose connect1ve t1ssue were noted on the per1phery of the

ftgranulomas Granulomatous 1nf1ammat1on appeared to be more

?common in . later 1nfect1ons

Arter1t1s, congest1on. haemorrhage, and s1derocytes

“‘were common 1n the medullary sunuses of affected nodes

: paras1tes Minor 1nsu1ts of consol1dat1on and oedema w1th1n»1

?'accumulat1on of haemos1der1n in mesenteric and rumina] Tymph#

_the medullary sinuses. were also noted in var1ous nodes

]
Germ1na1 centers ‘were hyperplast1c in all nodes conta1n1ng

!

S

Lesions in the lymph nodes of control an1ma1s and of

WTD exposed to’ P, odocoilel were m11d congest1on and

.115 :?h

"of a var1ety‘of nodes 1“?@“”:;f,;'igw;;];g;jf“ranulomas AR
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‘AAiwas present on the ventra] edge .of ., the - left lobe of the
i f{j1ver H1stolog1ca11y, numeroas.drscrete round (mears - VZ -

S s1ze-532+255 um) granu}omas, s1m11aﬂ in make up to those >

-.parenchyma Was. completely destroyed throughout the }es1on .

*Jnodes No granulomas eggs, or 1arvae were seeén.

- -

spleen was cons1stent1y higher in . an1mals eXposed to worms f
"ftthan in control an1mals (Tab1e IV) Ax1llary, bronchJal and”;‘ ;

1ngu1na1 lymph nodes wene most heavfly affected

N . T :
e - . L

R T g A < - .
g - - t - ” S e e e L Te . s v
M - SRR . DN

Other organs ~ - - . pep T e T ey

Verm1nous hepat1t1s was noted ln one MD exposed to P.

bodocoilel Grossly, a 1arge (40X10X1O mm) firm, white area

(

- a - . -

v;seen in the 1ymph nodes,.were found in portal reg1ons w1th1n oL
the Tes1on Eos1noph11s were common in . these areas. " "'fv_“' B
Granulomas near the serosa appeared 1arger and conta1ned

'-more larvae than those in deeper t1ssue The ]1ver

while hepatocytes not d1rect]y 1nvolved in granulomas were
'1arge and vacuolated Minor focal 1nf1ammat1on was present

.in some portal areas - throughout ‘the rema1nder of the 11ver

R O

('77}{-Add1t1ona1 hépat1c 1eswons consjsted of m1nor foca]

iu{fﬁihepatrtws 1n three MD and ‘ong’ WFD exposed to P onCoilei ‘Ultiit:hii

A m11d to moderate enteritws was present throughout the
ﬂgastro 1ntest1nal tract of all deer exposed to worms |

Les1ons were more extens1ve in MD. No’ lesxons were seen 1n -
gastro 1ntest1nal.t1ssues_of control animals. s " .‘ ¢

Y




-~

"t odocorlei (usual]y gastro 1ntest1na1 tr1chostrongy1es) were ‘:

'muscles was m1n1ma1 In contrast eggs and larvae evoked a

'“"P_'anderson1 1nfectxons (see Chapter LV). D1fferent

“’fresponses to d1fferent development stages have been

- P P
S - .~ . . L. . . " .. ..
- -.“" . ",._‘“‘ v— - .y -

L *Mlspellaneous 1nfect1ons w1th heTm1nths other- than P

v present in. many fawns Intens1t1es were low (<50 worms) and

o ‘ "'. -

wr Ry

be determined Two MD harbouﬁed 1ow Ievel 1nfect1ons of

Taenla krabbet“1n skeTetal muscles Response to these e

. [
. - o e
. .—-v W a g r«%' A Lo

1nFect1ons was m1n1ma1 and restr1cted“To”the 1mmed1ate _; : _,.:{f;;,_;t

v1c1nity of. the Cy$t Three WD ind ‘one WTD were 1nfected L

w1th Tow numbers of SgctyocauJus viv:panus in the

bronch1oles Infect1ons .were: not- patent and damage to.the RN

~g-s,,‘w-"" [

. . T
. P

lungs was m1n1ma1

stcussron e i | ,

Host response to 1nfect1on w1th P odocoflel depended
“on the stage of development of the paras1te Ce]lutar .
response to adu]tv worms 1n connect1ve t1ssue of- sKeleta]

granulomatous 1nflammat1on in alt t1ssues where they were lff"‘ (

f6und Components of the response 1nd1cated act1vat1on of

-

the h°5t lmmune SYStem s1m11ar to the s1tUatlon observed 1n LW e

7:descr1bed 1n other nematode 1nfect1ons and” may relate to R I R
- antlgen1c makeup (Schacher and‘Sahyoun 1967) metab011c o
‘act1v1ty (Love and Og11v1e 1975), or’ sequent1al development._l

“.of an. 1mmune response (Rogers et al 1975)

no patholog1o_effects assoctated w1th these 1nfect1on§ could~ ?{f}ri
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Patholog1c 1nsult ‘was. assoc1ated with all stages of

c Paﬁelaphostﬁongyldé odocoilei 1nfect1ons Haemorrhage and

"1necros1s were common throughout skeletal muscles and

L appeared to relate d1rectly to the actmvaty of adult worms

mfgLarge numbers of worms recovered from a var1ety of - muscles

i 1n MD (Chapter IV) could cause W1despread 1mpa1rment of

muscles 1n 1nfected 1nd1V1duals‘ The absence of cllnical

anomal1es in the ga1t and stance of 1nfected an1mals may be

r”" ?

flhoweVer the muscle les1ons observed are>cons1dered severe

genough to interfere w1th movement in free rang1ng deer

bbe compromised ‘in the1r ab1l1ty to respond to stresses and ";;;g;'g;tl

.
T1ssue d1srupt10n and- subsequent necros1s and

calc1f1cation were»assoc1ated w1th all eggs and larvae“seeni
in tissue sections The - granulomatous 1nflammat10n could
lead to blockage of normal c1rculatory patterns in the lungs

-(blood -and* a1r flow) and‘lymphatacs (lymph £low) and,stﬁusw_

R,1mpa1r the functlon1ng of these v1tal tissues. The
o resp1ratory d1stress noted 1n our capt1ve experrmental o
r-j_“an:mals Wouﬂd’be ébmpoundéd 1n free rang1ng anTmals Wlth" L

B

—°Qvégreater*oxygen demands The latter 1nd1v1duals could eas1ly _

-
e, -l

lltfpredatorsrencountered 1n da1ly act1v1ties

The actual effects of 1nsults in the lymphat1c system .

on the~well be1ng of the host are/unknown Reg1onal lymph

‘nodes are 1mportant components of. the immunolog1c reSponse

- and prl

ide a pr1mary defence aga1nst soluble. and

part1cu ate antlgens Lymph recewed ’from afferent

A

S O L V- S S S SO o

.
o g e ikt oo e

o L s M e A s g
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lymphat1cs is flltered as 1t drains through the cortex and 'i‘

///,medulla Any d1srupt1on of th1s Flow. would 1mpede the -
' funct1on of the node -and, thus, comprom1se the 1mmunolog1c
competence of an an1mal “ o ‘ i %l

The granulomatous response to eggs and larvae in lymph

'Vnodes could eas1ly d1srupt lymph c1rculat1on in MD 1nfeoted .

»'pw1th P. odocollel Although the lymph system does not appear
~to be a maJor route for eggs and larvae to reach the lungs
f(Chapter III) granulomas were a frequent 1nsult in lymph

nodes of 1nfected MD and the‘number of granulomas appeared
- to increase .in later 1nfect1ons Thus, the poss1b1l1ty of
damage to’ the lymphatlc system, appears h1gh

Parelaphostrongylus odocorlel is a potent1ally Ser1o s

pathogen in MD populat1ons Tissue damage was . severe and theiv?.n

B A

extent of 1nqub«4ncreased throughout 1nfect1on whlle
ev1dence of repa1r ‘was m1n1mal All 1nfected MD exh1b1ted a.
;»loss of overall cond1tlon durtng the* 1nfect1on and one fawn

“ild1ed as a d1rect result of resp1ratory d1ff1cult1es lnv;l.t

,;_ﬂ.fadd?tlon exper1mental 1nfect1on w1th P. odocoilef has been jj;}fi7.ff

amalnta1ned in MD for at least six years [Samuet, unpub :“777'”f7°"""

?

'»data] ThUS; damage to an 1nfected deer could accumulate for
"Ff.long per1ods "Jig” .‘“;' 'ﬁﬁi : ,

_ Informat1on concerning natural 1nfect10n levels is ;b‘
scanty and the dosage levels used in the current study are
arb1trary However d1stinct trends 1n overall response are
apparent . The data suggest that a few individuals in a MD.

-population could be directly overwhelmed by 1nfect1on with

Sen s e e e 2 e es




l P"OdObe7éi In contrast the maJor1ty of anlmals appear

-

‘able to w1thstand the d1rect effects of an 1nfect1on But

.regardless of 1n1t1al dose, they w1ll suffer progress1ve

damage to v1tal t1ssues Such damage would be an- add1t1onal

stress on a free rang1ng host

Damage to: pulmonary, lymphat1c and muscular t1ssue |

appears 1nsf5n1f1cant in WTD e§posed to P. odOCOIlei

uAlthough patent 1nfect1ons ‘were establ1shed in WTD (Chapter'

I11), reduced pathology and fa1lure to recover larvae and .

adult worms at necropsy suggests low establ1shment rates and

:rapld removal of worms from the host It 15 unknown why
'1nfect1on w1th P, odocoflel is not ma1nta1ned 1n WTD nor at

what stage the 1nfectlon’1s l1m1ted

Var1at1on in pathogemc1ty is apparenﬁm d1fferent

}.hhost spec1es exposed fo P odocotlel Although the loiiglonv
~and- type of response are s1m1lar in MD to those 1n_7"f”*
":black ta1led deer and moose (Hobma1er and Hobma1er 1934 _
‘lebus and Samuel 1980, respectlvely) sever1ty of 1nfept1on .
d1ffers It is low in WD, moderate 1n moose and h1gh in MDh
(the sever1ty of 1nfect1on in black tailed deer is poorly Jl
_understood but probably is low to moderate [Pybus,'unpub |

data]). Differences appear d1rectly re]ated to numbers of

adult worms. present 1n skeletal muscles - : -
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In any successful host paraszte relatIOnship, a host

' ?fimust prov1de the proper anatom1cal phys1olog1cal and

fb1ochem1cal cond1t1ons to allow development of the paras1te
- Mennedy 1975) At the same t1me,, the host may respond to
 the g para51te ‘and act to Timit the 1nfect1on (Doglel 1964,

“~7Kennedy 1975) Thus, the characters used to evaluate a f

L

fhost parasite relat1onsﬁ1p are reflect1ons oF a complex

1nterwoven balance of factors wh1ch fa01l1tate and those

“

'_ wh1ch 1nh1b1t growth and development of the paras1te (Lew1s.

o g e

.ts1953 Garber 1956) The 1nteract1ons of these factors differ

'“between hosts and no two host specxes have equal

-'suscept1b1l1ty or tolerance to the same paras1te (Barbehenn '

1969)

“.

Lo e

o evaluate the success of a host paras1te relat1onsh1p Seven
"~ of these are appl1cable to the type of data oollected us1ng

the. class1cal exper1mental approach. rate of development of-ffs‘

the parasute,;jntensttyvof Tnfection (5establishméﬁgl
longevity‘of the paraslte,:reproduct1ve capacsty of the

.paras1te, transm1ss1b1l1ty of paras1te reproduct1ve

.products, 1ntens1ty of the host defence and ab1l1ty of the'a-

S

v”'host to w1thstand 1nsult r:t]; 3“

In the trad1t1onal v1ew, success 1s determ1ned us1ng

;the basic premise that a well adapted relat1onsh1p‘1ncludes.?

. o .
\
\ .
. ‘s . . :
e e R : -
-~ .

0den1ng (1976) llsts n1ne cr1ter1a wh1oh can be used to L




high estal}li ment?rates and.reproductiVe‘output of the
para51te. rap1d development and m1gratlon within the host

and a m1n1mum of damage to the host (see Wakei1n 1976

‘”VHolmes in press ). This classacal view of ho ~paras1te

,,,l,..~«.~-:-'--,.~

relat1onsh1ps w1ll be used to evaluate current informat1on
concerning Parelaphostrongylus andersoni and P. odocojlel in ]
WTD and MD. | | o ' - o S

Any host-parasite relationship can be evaluated in the .

individual host or the'host'species Var1at1on in. the wen e e e e

bt ee 1T 8 g e O ot

response to infection in 1nd1v1dual hosts has been noted 1n N7

numerous para51t1c 1nfect1ons ahd was. seen in WTD exposed to.' |

P andersonl Such varratlon.has been attr1buted to genet1c

var1abil1ty, age sex; _nutr1tlonal status, and reproductive '

status of the host (see Wakelin 1978). Animals in the -

current study were s1m1lar in age nutritional status,gand

were all handled in a s1m1lar manner However, they were

collected from- w1dely separate regions w1th1n Alberta and

could easily represent genet1c var1at1on between populat1ons

_fas well as between 1nd1v1dualSz In sp1te af var1at1on i c
’between 1nd1v1duals, d1st1nct patterns of host- paras1te

"‘relat1onsh1ps could be determ1ned for each host spec1es

A summary of the data from the exper1mental 1nfect1ons

‘of Parelaphostrongylus andersoni 1nd1cated the follow1ng B

L

Development w1th1n the host - The rate of establ1shment

b o
(as a percent of the 1noculum) was h1gher in MD than Ain WTD S

'fl'Although the development t1me needed to reach patency was -

. s1m1lar in both host spec1es,_the worms appeared to d1sperse

T U S S [NV
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.from dorsal muscles to lateral and ventral s1tes more slowly

i

in MD than in WTD

o

Reproduct1ve capac1ty - There was no apparent

.if?jd1fference in the¢reproductive capa01ty of P andersonl 1n :rdd'tM
'.WTD and MD Sex rat1os,‘sex assoc1atlons -and spec1f1c' J
* Jocation of adult worms also were s1m1lar in. both host
-spec1es Larval output was varlable and overlapplng between..

- WTD and MD

e e e A

'--e cr-A > b e

N Ho'st défenc& reSJ:uanseM %s»t résponuse *a'n'cP abrl-l‘ty tO“»‘ Seeae ot
’ w1thstand 1nsult appeared to - d1ffer between the two hosts

Cl1n1cal s1gns 1nd1cat1ve of resp1ratory d1stress were seen

in MD but not WTD exposed to 300 larvae Gross les1ons notedﬂ
in the skeletal muscles. lungs, and: lymph nodes were |

-

sl1ghtly more- severe 1n MD than WTD The d1fferences

”A, appeared to relate to the 1mmunologlc response of the hosts

(see d1scuss1on Chapter II;) ‘_;ﬁﬁe S K;"'* -

’@ Based on the cr1ter1a ment1oned earller I suggest that‘

WTD were better adapted than MD to 1nfect10n w1th P.
ndersonl The th\er establ1shment rate in MD did not
prov1de h1gher reproductlve output Instead, 1t resulted in.

more damage to- the host

Informat1on from deer exposed to Panebbphostrongylus

odocollel can be summarized as’ follows

Development w1th1n the host - The prepatent period .l

f-appeared to be longer 1n WTD than 1n MD exSﬁsed to larvae of

P odbcollei The rate of establ1shment was extremely hlgh




J“tﬁn MD but appeared low 1n WTD Although no adult worms were

ﬁrecovered from WTD, the data co]]ected from fawns exposed to;ﬁiiﬂ;fftif

: 'Qignknown P odocoflel larvae were cons1stent for a}l an1mals".j::t;::;?.?

‘ bf]%fand suggested a Few worms reached matur1ty As 1nd1cated 1n-1tﬂf-t
'"e';;7Chapter 111, low numbers of adult worms could eas11y be

}1overlooked in WTD w1th the necropsy techn1que used early 1n

_'"the study [.fo“ﬂ"fﬂ PR R _.... o ‘

_ ,~}” . Reproduct1ve capacity - Larval output was markedly ";;/f u.t”

R {aQ%fé%éRE ¥y Mﬁqand'WTH’ Ih MD-“a pattern°oﬁ‘exponent1aht, ot% -

.- e L.

- e LT

Hlncrease to extreme]y h1gh levels was | noted 1n a]l animals.

Larval output in WTD exposed to P, odocoilel was, errat1c and

T ow Gever. T ,-;;:r.:f',;"f:.fg PR ¢; L i

CE N

Host defence response < The ma_]or response to#—"

‘!OdOCOIIef 1nfect1ons was a granulomatous thf]ammatron*ﬂ'¢%¥¥'fu
- a55001ated wqth eggs and»Jarwae Due to thg ]arge number of

LV

' -fthese stagys present Tn MD damage assocrated w1th the '

i response was- extens1ve and severe In addltion _adult worms T
' L

iwere 1nterwoven between muscles and*”thuswmcausedﬂmore f&;‘»a Lo

p "

: damage in the, r1nal host The. damage resulted 1n

deb111tat1on and’ loss of cond1tﬁon 1n MD fawns Few eggs and

0 o S WL TN 2 CTe e

-Iarvae were present in WTD and thus, damage was localtzed “:,qh" o

7 | ,
,.and.m1nor No . cl1n1ca1 s1gns or ]oss of cond1t1on

.

y attr1butable to P odocdllel was observed in WTD ,”““4. “
There were marked d1fferences between the relat1onsh1ps
of P. odocoilel in WTD and MD . Us1ng the prev1ous cr1ter1a, _ ‘
_WTD.d1d not appear to be well adapted to this paras1te ";: if”““”

Sl

Although there was m1n1ma\\damage.to;the,host estab]ishment — ;-‘




et

-”odocone:

»

iy

: establ1shment rate and larval Qutput were h1gh 1n MD but f?ﬁ?hz

LW W an o '
-~ r:"'.°-‘?c‘~=‘.‘\-.°,*:o'u.

£ '.';--..-,'x--"~.

wowv Lngconlrastqn,wtu}ﬂ.A

rate and.lafval~output were eXtremely

..\._", e W

'A.damage to the host ‘was extens1vé and severe These data’~ v»;«ag~'af~.ﬁ

'ifsuggested that MD also, were not well‘adapted tO P

It has been suggested that host response may be the

. 'magor determ1nant (Wakel1n 1976) and pathogen1c1ty the ch1ef

;{..'_'.and the” Rapa‘§1te (Beg'Ie] 01964)0 Pathogemm tx becqmes

B character1s1t1c of the 1nterrelat1onsh1p between the hosts;ffag_.;_;f

Vo"'-

part1cularly 1mportant in the relat1onsh1p 1f 1t is d1rected

‘:aga1nst the reproduct1ve products Th1s 'situation is

iﬁcontrary -to the bas1c prem1se of a successful host paras1te

~

-relationshlp s1nce max1mal reproduct1ve output 1s not

“‘compatrb]e W1xh minimal damage to the host For example, inwa

_“P oddboilei 1nfect1ons, tissue damage was assoc1ated

g 5largely W1th eggs and larvae in MD exposed to P odocOlIef

’the host response to the h1gh numbers of larvae resulted in

"extens1ve daTage to v1tal t1ssues and a not1ceable‘gf

<

.detrimental effect on the host

The prev1ous conclus1ons are based on trad1t1onal

' theor1es of host spec1f101ty By the nature of" the

relat1onsh1ps, the conclus1ons are strongly lnfluenced by

the level of‘pathogen1c1ty 1n each host However, recently,

r4the premlse that a. well adapted relat1onsh1p exh1b1ts

”“k-m1n1mal damage to the host has been severely criticized by

workers usmg an ecolog1cal ap*aoh to spec1f1c1ty Lev1ne

k.4 R I .
I S N "a.~'~.‘,

e
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A:ma1ntenance of the paras1te populat1on appears to depend on‘-

mnpathogen1c1ty may be

N ) Do e .os
. ST S AR . .,13 0..-.. - -
BN : e WL L . : -
LI . e e wesds 3
Ear Y- : B -
: R - . .

e e g e
» N .
’ T :

-.,_“

and Pﬂmentel (%981) and Anderson and May*11982) argue that .
some pathogenzc1ty 1n the def1n1t1ve host 1s~necessary to— ;';j{;fa§;
“ma1nta1n'paras1te~populat1qns.‘However, the leve] of

1pathogen1¢1ty whwch ‘can - be tolerated and st1}1 allow _ 5f~5~~~-

the eff1c1ency of transmlss1on (Anderson and May 1982)
'W1thout Know1ng the deta1ls of transm1ss1on, it is not

poss1ble to determ1ne a priori what . that level of = - ,’"

.a«,,...,_f_

Here 1 th1nk ong must-make the dlst1nct1pn.betwekn . .v'gpAfQ

the theoret1ca1 versus the pract1ca1 value of an evaluat1on

_‘>_fof a host paras1te relat1onsh1p Dosage leVels used in'this

kY
Ay - . gy
LS

study were chosen to ailow character1zat1on of the damage by
’éthe paras1te and the response by theﬂhost Levels a]so were
.g_s1m11ar to thoSe used in prev1ous stud1es and therefore

;:allowed\compar1son to l!terature reports. At these levels,

'MD d1d not appear to be well~ adapted to P.. odocoilel ‘

However 1n f1eld s1tuat1ons, populat1ons of MD in A]berta . f</‘

are Known to ma1nta1n populat1ons of P, odocollel (Samuel

':r1978) Thus. theoret1ca11y, MD were apparent]y not

%wetl adapted to P. odoco:lel yet, pract1ca11y, they are*'
su1table def1n1t1ve hosts _ L o ' '
Do these. d1fferenoes 1nva11date the trad1t1ona1 methods

of evaluat1ng host paras1te relat1onsh1ps‘7 No. A oompar1son '

. of relat1onsh1ps ‘under control]ed exper1men¢a1 condltions.

.2

fa]lows a comparat1ve evaluat1on of the adaptat1ons between a-
- ‘\ . : .

IR T
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Qparasltes and the1r hosts has occurred (Holmes 1n press )

T 4

....r—..,.

paraslte and lts hosts Bﬂfferéncestmay reflect the extent

v

. et L sl
,.‘,,-. . B a«'& . S el s L e

A,,.a e

“of coevolutton between the organqsms However such data. caniil_‘d?'?

/7
‘hot be used 1n a practlcal evaluat1on of host spec1f1c1ty

-~

h'.jSuch data must ‘come - From natural 1nfectlons 1n Wthh the ""%f
; associated ecolog1c factors 1mp1ng1ng on transm1ss1b1l1ty of

“the parasite to the host are allowed to act.(for-example;-.'

see Sprent,JQSBJ“Holmes et al. 1977).

There is now suff1c1ent 1nformatton to conduct a w1der

vevaluat1on of the relat1onsh1ps of P OdOCOIIeI w1th Var1ou5'

@.hosts (TabTe 1) -1 shall draw on information deta1led in

LD S B

th1s study, but also use data and 1nferences from -

exper1mental and natural 1nfectwons reported in the

ﬁllteriture»(see Hobmaxer and Hobma1er 1934 Brunett1 1969

dPlatt and Samuel 1978) or evaluated 1n our laboratory

However , the reader is caut1oned of the speculat1ve nature

of th1s evaluatlon |

There is l1ttle doubt that coevolut1on between some M

sbut, there are confl1ct1ng Views about whether adaptat1on

. has 1mpl1cations abéut the ag%Lof the relat1onsh1p in

*evolut1onary terms (see Brooks 1979) AshlocK (1974)
concludes that each 1nstance of potent1al co- evolut1on mus t
e

be assessed 1ndependently ; o - >

-The-cruc1al elements,1nian eValuation_of,host-paraSjte>,

. relationships appear to be the trade-off between
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v;:reproductwve capac1ty and 11fe -span of the. paras1te (Holnek )

‘Hn press [H1gh reproduct1on is. usual]y assoc1ated w1th "

-h1gh pathogen1o1ty (Anderson and May 1982 and above
‘ d1scuss1on) wh1ch reduces the }1fe span of the host (and

aconsequent]y, the paraswte)] Further, Holmes suggests that

.h1gh reproduction'(and thus, pathogen1c1ty) may. be - selected‘

for in s1tuat1ons where 1) there is a large suscept1b1e host-.

:populat1on and a h1gh rate of transm1ss1on (e. g certa1n
m1croparas1tes) 2) death of the host promotes transm1ss1on
of the paras1te (e.g. Capillaria hepatlca in smal] rodents)
?or 3) the 11fe span of the host 1s short and there is &
rap1d turnover 1n the populat1on (e. g myxospor1deans in
fish). . | - |

Parelaphostrongylus odocoilef and 1ts hosts do not

' appear to meet these ‘criteria. It is therefore reasonab1e to

assume that d1rect pathogen1c1ty in the def1n1t1ve host
would not be advantageous to ma1ntenance of this paras1te
;However v1t is poss1b1e that h1gh reproduct1ve output (and
pathogen1c1ty) may be a neoess1ty for transm1ss1on 1n
-speciflo local situations. T | |

| v Although P. odocolfel was. capable of estab11sh1ng
infect1ons in varlous hosts. the relat1onsh1ps differed
'hmarkedly in their pathogen1c1ty In exper1mental 1nfect1ons,

pathogen1c1ty was minimal in wTD (Chapter IV) moderate in.

BTD (Appendix I and pers. observ.), and-hngh in MD (Chapter

1V) and moose (Append1x'1)..Assuming selection for

intermediate 1ever\of pathogenioity?(see Ariderson and May

T e bt i b2




-1982), these observat1ons suggested that BTD may. have had -
uﬂ_the longest assoc1at1on w:th P odocoflei In thls host |

';?reproduct1ve output appeared sufflc1ent to malnta1n the

paras1te popu]at1on w1th a reduced 1nterference with the
‘host. | o -

Odoconeus -and Pareiaphostrongylu§ are both of New

,tWorld or1g1n (Cowan 19586, Pryadko and Boev 1971

‘respect1ve1y) and it has been suggested that there is strong
" evidence of coevolut1on (PryadKo»and Boev 1971 - Platt 1978),
‘,IW1th1n the genus Odocoileus 0. vfnginianus is generally
‘cons1dered the ancestra] form (Geist 1981). ~ Geist (1981)
also suggests that the coasta] BTD is the ancestral form of
:0 hemlonus Wh11e Rocky mounta1n muIe deer .is the most
_advances (and” thus, - ‘the most recent)- Why, then “sholild P.

, odocotlel ‘be adapted to the ancestra] form and not the "

‘derived form? )
W
1,

Black tailed deer ranged throughout western North
*Amer1ca pr1or to the ice ages (than 1956) . Subsequent]yﬁ
; much of th1s range was lost However ‘the coasta1 region of

the Pac1f1c Northwest was largely unaffected by the Jice- age

',.(War1ng ‘and Frank11n 1979) The long per1od of stab111ty in

_coastal BTD may have allowed cont1nued adaptat1on between
' J
the host and paras1te resu]t1ng in a well adapted

'relat1onsh1p /

Mule deer apparently arose rap1dly [from ancestra] BTD]

in mountain refug1a dur1ng the last ice age (Cowan 1956)

Paras1te evo]ut1on often lags that of the host (Kennedy
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1975) and MD may have been unable to ma1nta1n d- populat1on
Yin the new host: and/or hab1tat As the 10e retreated th1s~
new race. expanded its range and became the numer1calTy and
A.geograph1cally dominant subspec1es In s0 doing, they again
. over]apped in dxstr1but1on-w1th the ancestra] black tail
form. R N o o -
The new subspec1es (MD), wﬁth 1ts d1fferent phys1ology
‘and behav1our, would also be exposed to P. odoco:?el The'“
host- pan\s1te relat1onsh1p of P. odocoilel 1n MD shows the
‘character1st1cs of a relat1ve1y recent assoc1at1on which has
]not rﬁached the balance between promotlng and 1nh1b1t1ng
factors Reproductlve output is” suff1¢1ent to ma1nta1n the
””paras1te populat1on however, - there 15 cons1derable |
interference with the'hostQ‘ | _

: In contrast to the - recent exposure of MD to
Parelaphostnongylus WTD appear to have had ‘a 1ong
assoc1at1on w1th th1s nematode genus. " The adaptat1ons and
stability of the relat1onsh1p between -WTD and- P. ‘tenuis are
'readily apparent (see Anderson‘1971) Limited establlshment
.rates and moderate host ' response in WTD also suggest a/'

/
well ba]anced relat1onsh1p (and long assoc1at1on) wi P.'

. andersonl Th1s pre- adaptat1on to Parelaz::i:rongy us spp.

t in ;h

may act more strong]y on P. /odocollei and r
- exaggerated l1m1tat1on of the infectlon in WTD. bf‘ '-

Moose or1g1nated in Eurasia and- crossed the Ber1ib tand:

br1dge into North America (Flerov 1960 Kurten 1968) }Thus.

they have had a l1m1ted assoc1at1on w1th species of -

L

PSSP

.
Tt e etz > o - £ e




.fParelaphostrongylus “Both P tenu:s and P odocoilei are
able to estab11sh infections in moose; however,»v~
pathogen1c1ty is h1gh in such 1nfect1ons (Anderson 1964,

Append1x I). Moose are obv1ously not well- adapted to. P

. odocoilei.

Alfhough, the current data allow a descriptive
'evaluation of the‘host-paraSite relationships,vthe

under]y1ng mechan1sm affect1ng the balance between

reproduct1on and pathogen1c1ty remaIns ‘unknown., Why d1d 20% |

of the P. andersoni larvae mature in WTD yet 50% of the P.
' odocotlei larvae d1d so in MD'J Where and why were the_ o

‘rema1n1ng larvae lost” from the system°

Paras1tes within the t1ssues and ce]]s of the host are -

in extremely close’ phy51olog1cal un1on w1th the1r host
(dones_1967l. Neither speC]es of Parelaphostrongy]ys was

able to mature‘in theVrodent‘and lagomorph hosts examined in

th1s study (see Append1x III) and it appeared that the wormS'b

’ may deve]op only 1n a rumlnant Howevee, P OGOCOIIei did’

- 1not establlsh 1nfectlons 1n domest1c goats’ (Append1x 1)

and P. anderson1 was abseﬁt fﬁ feral cattle and swine

sympatric with’ popul;;ﬂnl$

EN N,

(Prestwood et al. 197§¥-f v ;‘the resogroe may;be'specific

;a - ' . /“-

D1fferences in estab]ishment rates appear to relate to ?vu;

¢ &

the deve]opment of the infective larvae However, activation -

of nematode th1rd stage Ian/ae/fs/apparently governed by

WTD infected with P. andersoni
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}'*fgnon specific factors found in 8 variety of hosts (ROQEPS

",fi1966) and probably plays a minor role 1n determining .5"'Tj'f;y;fﬁﬁ

}

f7spe01fic1ty (Kennedy 1975)'jThus, the differences may

““:1nvolVe penetration migration. and maturation of larvae

K

" fwithin the'definitive host These aspects:of P. andersoni

.\ﬁ‘

and P odocoilei 1nFections‘have not been 1nvestrgated
- : In conclu31on the current program uncovered the need
";;for further investigation ofbthese host parasite B |
'5f-relationships under bothvnatural and experimental ‘
fﬂconditions Field 1nvestigation of host range. transmiss1on e
yrates exposure levels, and establishment rates are
’5jnecessary to complete the study of host spec1f1city

‘fa‘?ﬂ:f Evaluation of experimental infections startnng immediately

‘“fﬁfafter exposure to infect1Ve larvae could prov1de 1nfdrmation'};n-:"°";'

'i~fffabou'3ﬁow the specifipity is medlated
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'VII Appendix I Pathology of the muscleworm,.P odocOtlei |

(Nematoda MetastrongleIdea) ‘1n moose

MU Pybus and " M Samuel"
/

‘ Department of Zoology, Un1vers1ty of Alberta }Qiffoﬂgi
‘ X Edmonton, Alberta T6G 259 . :u> ‘f e
"Per N Am Moose Conf and Norkigop 1e~ 152+ 170 1980;‘

. , . : T : . : Lo oo e
§ - ~ s . o R o - s . . P
’ . N ' P
. R .

hABSTRACT "‘tff‘?f S v“lhtd=}l7;'f : ‘?\r

Parelaphostrongylus odocollel 'is. a muscleworm common in,

mule, deer Odocoileus heMIonus hemlonus of western Alberta | ;;-f:{‘
;Its effects 1n alternate hosts is, essent1ally unknowh Two ‘fﬁ”“' o
moose calves Alces alces were each grven e1ther 300 oF . 800 j“‘*ﬁ:u
th1rd stage larvae of P odocoilei At necropsy..partlgul;r J. |
attention was g1ven to gross le51ons and samples for ;i ,';f ,[,GF'Q';:
o h1stopatho§ogtc study Gross les1ons in: moose cons15ted of"';ﬁigJ'fv{r;

_;vmyos1t1s in the back -and h1nd quarters accompanted by..,ﬂ '1‘?.[ _{

'h general soften1ng of t1ssue.;lymph node hypertrophy and Li' o]

‘ |
'"petech1al haemorrhage throughout the lungs H1stopatholog1cw ;
exam1nat1on conf1rmed chronlc progress1ve myosrt1s in. h._ugﬂ‘ ;L h:::ff
| sKeletal muscles and 1ncreased act1v1ty of the lympho1d g,:: )
4systemu’Ateleotas1s,\1nterst1t1al pneumonta" and ', ‘ i_ "QSJl fwn
vg1nterlobular oedema were common in lung sect1ons Sever1ty :
';féof 1nfect1on in moose relative to that 1n mule deer. is: S i ,
:'dlscussed briefly ‘f j?f‘V ??“[_b ‘Q';‘".ﬁ_h:i.,f“ﬁ”; ~9-]".5'
' ~' . 4 ‘
: " ‘ .,f-;' -
. Lo ‘ ) _ \
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INTRODUCTION L | | |
- D1fferent1al host suscept1b1l1ty or host spec1f1c1ty 1s B
;' -a - common feature of paras1t1c 1nfectlons (Holmes 1976)
ui 1964 Anderson showed that moose (Alces alces) of North
© ;_(; Amer1ca are part1cularly suscept1ble to insult as “a. result

w

of 1nfect1on w1th meningeal worm P tenufs Adult worms

§ é

: to nervous tlssue Wh1te ta1led deer (Odocofleus

L

virglnlanus) can. apparently harbour the worm w1th l1ttle

. effect (Anderson 1963)

Other members of the genus Paﬁelaphostrongylus are also o

present w1th1n the normal range of moose yet the1r effect on
a, muscleworm P odocoflei in mule deer (0 hemionus

‘f’” P andersoni,_also a muscleworm, 1n wh1te ta1led deer of

47 b J
mule“deer in western Alberta (pers observ ) and"
T
PR wh1te ta1led deer in. southeastern B C (G T1pper, pers
a &

b comm )u the potent1al ex1sts for exposure of moose to )

N pathologrcal effects of P. odbcollel on moose calves 4 _
Suscept1b1l1ty and severity of 1nfection in moose and mule

v deer are compared briefly

enter the central nervous system and cause exten51ve damage

;_ moose ds uhknown Recently. Platt and Samuel (1978) reportedi::

j.i: hemfonus) of western Alberta Pybus and Samuel (1981) reportﬂf;;jﬁﬁ

f&\“ southeastern«Br1t1sh Columb1a S1nce moose share ranges Wlth

mubcleworms The follow1ng study was undertaken to determlne

o b,




MATERIALS AND METHODS

In 1978 2 moose approx1mately 4 -5 weeks old were: '.
rece1ved from the F1sh and w:ldl1fe Dtv151on of the Alberta

Department of Energy and Natural Resources An1mals were

. initially bottle fed a 2 v mlxture of whole m1lk and . '
'fjevaporated m1lk for the f1rst 2 weeks of capt1v1ty and- then

o

gradually sw1tched to m1lK replacer Two to 3 weeks after

'arr1val anwmals were g1ven access to a grassy paddock wh1ch

had not prev1ously conta1ned ap1mals 1nfected w1th P.

odocoilei Calves were weaned to a d1et of commerc1al deer

’ﬁﬁellets, beet pulp and hay at approx1mately 3 1/2

i months-of-age

F1rst stage larvae (L1 s) of P odocoilei were:

,;collected from faecal pellets of 1nfected mule déer by the

'baermann techn1que (see Fig. l for life Cycle) 'Q

142

w

Laboratory reared snalls (TriodopSIs multilineata) were -

l

3exposed to thesé larvae After a m1n1mum of 30 days, sna1ls

were dlgesteg in peps1n HC1 dlgest eo 6 g peps1n 1n 0 7 ml

~HCl per 100 ml d1stilled water) . Thyrd- stage larvae (L3’s)

were collected and adm1n1stered per os to calves One moose

- {Mo 12) rece1ved 300 L3's whi Je- the rema1n1ng moose (Mo 10)

_rece1ved 800 - L3’ Da1ly faecal samples were oollected and

_examined for L1's. from 40 to 95 and 40 to 98 days post

’uexposure (dPE) for Mo 12 and Mo 10 respectively Weekly

faecal samples were collected and monltored.thereafter unt1l

51101 dPE (Mo 12) and 154 dPE (Mo 10)




VFigﬁfé l.liLife-cyc;g»Of Parélgghbétrongjius odOCOileijiﬁi;étsé;;

- @l= firSt-stage'larvh, L3 = ﬁhird-Sfagé laggé)ﬁ ?
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'.add1t1on skeletal muscleswwere removed 1nd1v1dually

e searched for.. haemOrrhages All haemorrhag1c areas were .lu'-&‘;"

Muscles of the - fore quarters were thtck shcedi(g 10 nm) and

,g,exam1nat1on to glycer1n T1ssue samples of haemorrhag1c '

. h“;anealthAD1visjon, Alberta Department,ofAAgriCulture.

An1mals were. term1nated w1th sod1um pentabarb1tol

)

< 1nJected 1nto the Jugular ve1n Standard necropsy procedures

were used to exam1ne all carcasses Samples from 'various .
] 'gu""'"‘. ’
organs and t1ssue were‘collected and - fxxed 1n 1%% neutral

74\\.

- e ‘
buﬁfered formalin for hlstopathologlc exam1nat1on In.

L

2 T
WS . Muscles of the. hindf*»f- “
- o Eoas
quarters and abdom1nal wall weFe sl1ced thlnly (3‘5mm?tan8 -

Q’g

exam1ned at SX magn1f1cat1on for presence of adult worms ot

treated as those of the hind quarters Muscleworms recovered

were’ fxxed ln hot glycer1n alcohol and cleared for

and/or necrotvc areas as well as worms ln situ were f1xed in

formal1n Approx1mately 200 g of"lung tlssue from Mo 10 was

A cuéed and left overn1ght in peps1n HCl d1gest at 37°C

H1stolog1cal preparatlons were sect1oned at 7

'd,m1Crometers, sta1ned in haematoxylln and eosln and examlned

i.
T »

for pathologic lesions S1ze’and number of granulomas and ' ; L=

per cent consol1datat1on of lung t1ssue were . determaned 1n

 each of 10 s1tes throughout the lungs Le51ons were

descr1bed w1th the ass1stance of Dr. R,d, Lewis, Anlmal



g

RESULTS

Both\moose developed patent 1nfect1ons of P. odocorlei

(Table 1). No anlmal showed cl1n1cal signs- attr1butable to Sl

1nfect1on w1th muscleworm that 1s, abnormal stance,

movement.‘resp1rataon, or response to touch.

- | . o .

R

va?i' BT Gross Necropsy _
At 101 dPE, 6 adult P. odbCOIIei were recovered from
the left psoas and left b1ceps femoris of Mo 12. Worms were
assoc1ated w1th local1zed haemorrhage and usually found in
‘pairs (1male, 1female) Haemorrhag1c tracts and focal
haemorrhage were noted throughout var1ous muscles but often
worms were not located 1n the v1c1n1ty Extens1ve

haemorrhage and focal necro§1s were noted throughout

skeletal muscles of the back fore and h1nd quarters of-: Mo o

% 10 Muscles were soft and pale and flbrgs separated eas1ly

Haemorrhag1c areas varted from 5 15 mm 1n d1am Necrot1c :

4 areas var1ed from small local1zed areas (1 mm diam. ) to much

' larger areas (10 15 am d1am ). Yellow viscid exudate and/or

green caseous material was present 1n the large areas.

Approx1mately 1/2 of the necrotlc areas were assocrated‘w1th L

haemorrhage and these areas often extended up to 20 30 mm in
d1am and 80- 90 mm in length Twenty three adult P..
odocollel were recovered from the psoas, longissimus dors1,_

and various muscles of the th1gh of Mo 10 WOrms were

usually assoc1ated w1th haemorrhage but never with necrot1c :

areas. As in Mo 12, haemorrhage was often found in the d:'

SR i s i
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. . '7.&"';‘.‘__* a
absence of . worms Ttssue degenerat1on 1nvolved approx1mately“

4"31.

-10-20% of an 1nfected ‘muscle. Petech1al haemorrhage was:

ﬂu

present throughout atl- lobes of the lungs of both moose.

' D1aphragmat1c lobes were sl1ghtly darKened but of normal

cons1stency Larval recovery from the lungs of Mo 10 was

14.4 larvae/gram

oo " T Jﬂ1stopathology

Adult Parelaphostrongylus odocoilel were found in the

'per1mys1um of 1nfected muscles. WOrms were. occas1onally ”‘;_

adJacent to blood vascular tracts rn the per1mys1um and the
poster1or port1on of 1 female worm_ was or1ented parallel to

a ve1n and artery WOrms were rarely found between the

~'f1bnes w1th1n a muscle bundle Adult worms - 1n the per1mys1um

were: usually surrounded by .a loose connect1ve tissue 'coat’

with a clear open ‘space between the worm and the connect1ve

.t1ssue Th1s f1nd1ng was cons1stent for all worms but could

ibe an art1fact of preparation

Adult worms elicited. a consxstent response only when

- found .within a muscle. bundle In such cases, a minor bu1ldup

of- polymorphonuclear cells (neutroph1ls) and mononuclear

cells (macrophages) was seen, WOrms in the per1mys1um rarely .‘>

were associated w1th 8 cellular response

Large numbers of nematode eggs ‘'were located in

e per1mys1um as well as W1th1n muscle bundles of the back and |

“th1ghs Eggs were found 1n 'groups or clumps regardless of

the site. Clumps ‘of eggs ‘were never found darectly

»
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'assoc1ated w1th a female worm. Dccas1onally, ’tra1ls ofv,
. eggs. were found through a number of muscle flbres and

adJacent muscle bundles ‘Within’ each group, eggs were

;usually at a. s1m1lar stage of development Most were in the o

52 8 cell stage of cellular d1v1s1on, seldom wére they beyond
.the 16 or 32 cell stage

"Thenpresence of eggy in ‘the per1my51um or between
muscle flbers 1nev1tably resulted 1n a mass1ve cellular
bu1ldup 1n the area. This response appeared to start in the
'permmys1um and then spread 1nto adJacent muscle bundles ’
Most of the 1nf1ltratlon was concentrated d1rectly around -

P

' the egags. Eggs were often seen enmeshed 1n a loose f1brous

matrix that also contained 1nvad1ng wh1te blood cells There

B appeared to be progréss1ve stages in response to the 1nsult

and les1ons were 1nd1cat1ve of chron1c progress1ve myOSItlS
ALes1ons were similar regardless of muscle involved.

Groups. of eggs were extremely large in most cases and |
3 the assoc1ated cellularQ%::ldup often destroyed large

| (100 200 mm) areas of muscle The bas1c organ1zat1on of the
muscle was destroyed throughout large tracts. that 1s, there
-were no longer d1scre e muscle bundles separated by narrow

,3;per1my51um thtleﬁgvrgbnce q@__epalr was noted even in

" obviously chronlcvjes1ons e , _ }‘ o ;?

Very few f1rst siage larvae of P odocoilei were found
in muscle preparanﬁons When present they were COlled in,
_loose connect1ve t1ssue w1th1n muscle bundles and surrounded

‘vby a 10ose connectlve t1ssue capsule W1th1n the capsule,

S




~in surround1ﬁg muscle t1ssue

?

fnumerous giant cells and epithelial cells were attacking the’
coiled larva. No. evidence Of"degeneratlon was roted in'the '

larvae A d1ffuse polymorph and mononuclear bu1ldup was seenh

‘ _
E Local1zed focal granulomas 1nlvartous progress1&e
\.

stages were present throughout all lobes of the lungs In+p'

each arﬂmal, size of granulomas and number of granulomas ‘per

mm2 were similar regardless of lobe or side of ‘the lung
(left vs. r1ght) Stze of granulomas was also s1m1lar '
'tbetWeen the 2 an1mals However, number of,granulomas per mm2
. was s1gn1f1cantly greater in Mo 10 (X=0. 25) than in Mo 12
t(x-0.05) (t-5 65 d.f. =18) -There~was sl1ghtly more . »
consol1dat1on in card1ac lobes than in d1aphragmat1c lobes .
in both an1mals | ‘

| Focal atelectas1s and vascul1tls were the most :
) prom1nent le51ons in the lungs of Mo 12 Severe arteritis
was notedlaround a large collapséd%bronch1al artery 1n the |
left card1ac lobea Collapse and/or occlus1on of small |
arteries’ was also common in ‘this lobe Interlobular oedema v

was present throughout all lobes

Interst1t1al pneumonfa was ev1dent in Mo 10 as an

1ncrease 1n smooth muscle tassue and th1cken1ng of alveolar

. ‘walls. Response was often centered around focal granulomas‘lf'“

“conta1n1ng nematode eggs and - larvae Intenstty of response
decreased with 1ncrea51ng d1stance from the granulomas
"Lymphoid t1ssue was. actlve in all lobes Atelect351s and

'-1ﬁvascular collapse were mlnor 1nsults 1n th1s an1mal Many'

. .
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hﬂ bronchioles contained mucous exudate with red and wh1teifﬁlif?‘~-*"
blood c"11s present 4

zLymphoid stas1s and vénQUS thrqmbuskuf; - .
Wel‘e OC,C.aS]ona]]y ObserVEd A

Most eggs”and larvae observed 1n the lungs appearedg*;fgyg_”s

'inguinal mesentewic,*e

vmoose'were hypertroﬁhic with moderately'to heaV11y active
.._«:‘fl;:".__'.centeps Eggs and Tar‘vae IO'F P odm

%




'tri_a‘ct \oif.,;rjncsndnf'"u.c lz.eai

i_n,ep1the11al border towards the mUSCUIarls:mUCOSaﬂ

. .

; . N L Ty . g y

; :x ;mﬁj[
e e '.r\"
2 e

ln%spleen samples of both moose

S AT e e, .
; ‘.‘: e LA

W1th1n the ]iver of both anlmalsi extens1ve oedeMa and

d1stens1on of lymphat1cs was noted 1n portal tr1ads Mwnor

mononuclear cel UJar 1nf11trat1on was also present 1nkthese fuévaf

areas

’iW-J}ssue samples were taken from each of the greater and

lesser chvature of the fund1o reg1on and the greater and

lesser curvature of the pylor1c reg1on of each.abomasum‘hAVA?,,

e

f1rs£-stage larva was found w1th1n the mucosa of the sample

_ells was present lead1ng fromf:he

.-" .

destroyed 1n th1s area Les1ons were not seen 1n thew'

abomasum of Mo 12 -

H
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. ,Polymorphs and mononuclears attempt to remove debras from -

""“fff*DISCUSSION

IS

: haemorrhage and necrot1c areas 1n muscles Large g1ant cells

1

';f:are found adJacent to eggs and larvae Insult appears to be |

-'f'more severe 1n card1ac lobes and at h1gher dosage levels

. o

Large numbers of eggs were seen 1n the per1mys1Um and

“;gw1th1n muscle bundles yet few female worms were present

" Most ¢ eggs were 1n early developmental stages,_even in

) chron1c lesvons Few f1rst stage larvae were seen Itfa' _
;&appears that eggs are 1nd1scrim1nantly released as females'
31move through muscle bundles Development of eggs may be fﬁ
'f1nh1b1ted or delayed 1n muscle t1ssue It ls poss1ble that

5feggs may requ1¥e oxygen for development (a common

;7“?§;requ1rement 1n nematodes (Ch1twood and Ch1twood 1950)) ‘and

"'}lost as eggs are trapped 1n the muscles
_f;wh1ch is diff1cult to overcome and ‘a1 1y

, .,ﬁt;cellular response The result

"ffhﬁ‘prevent1on of repa1r

".fsl;by Platt (1978)

i S
;;cannot get suff1c1ent amounts 1n skeletal muscle._Th1s wouldf--‘

'V

"'gfsuggest much of the reproduct1ve potent1al of females 1s

L B T
Eggs apparently prov1de a pers1stent.antigen1c st1mulus"

CTts a'tremendous

“tens1ve necros1s and

Th1s woul ccounr'for the large areasb"

le t1ssue noted at necropsy}?

Ne tles_and

;the skeletal muscle of 1 3/[f-f,ffw




% andéﬂsoni Such les1oq; wene seen only 1n heavily 1nfected
.an1mals rece1v1ng 1000 or 5000 larvae Wh1te,ta1led deer |
exposed to lower levels of. P ,andersoni (5 to 356 L3’s) d1d
‘. not show exten51ve le51ohs (Nettles and Prestwood 1976

N Prestwood and Nettles 1977 Chapter IV)

Prepatent per1ods in. the present study were s1m1lar to

'those reported for otherdmoOse exposed to P. odocorlel

"'(Platt and- Samuel 1978) Number of larvae per gram of faecesi t

was s1mllar at lower dpses but much greater at h1gher doses

than those prev1ously reported by Platt and Samuel (1978) f7

In compar1son to mule deer g1ven s1m1lar numbers of larvae,'f"

o prepatent per1od 1s longer and larval output 1s much loWer d_':

in moose (Platt and Samuel 1978 Chapter III) P -
Nettles and Prestwood (1976) reported abnormal stance

-and gait decreased physical strength .and reluctance to

'istand 1n 2 whlte ta1led deer exposed to 5000 larvae of P

p,;-andersoni The absence of such 519ns dn moose 1nfected w1th'

'*Tj_;such damage could have a'negat1ve effect on fltness'

“j‘P odocollef (Platt and Samuel 3978 present study) may

11nd1cate that muscle lesions are of llttle consequence to

_the animal waever, relat1vely severe damage was noted 1n agoff

"number of mUScles of the back and thlghs Under susta1ned

v'use or 1n crltical s1tuations faced by free rang1ng“an1mals,d

5thaddlt1on duratt";of egg preduction by female worms and

o persistence of eggs and larvae 1n muscles are ufknown

’jH1stoLog1c preparat1ons'examined 1n th1s study?tn'#cate that

'dmuscle repa1r 1s slow 1n:the'presence of eggs and larvae In 173 E
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comb1nat1on these factors could put the host at a
o d1sadvantage " '5 SN | 'u. |
o Cons1der1ng the reserve capac1ty of the lungs, 1t would
'appear that the nnsult to the lung would be- of m1nor '
1mportance 1n the ovérall health of an 1nfected anlmal

i

'_ Necros1s and destruct1on of. muscle t1ssue is much

greater 1n moose than 1n mule deer exposed at s1m1lar levels o

“of P odocollef (see Chapter V) ﬂzwever, lesions—in the

moose Th1s may be related to the
]

percentage of worms wh1ch are able to establlsh 1n sKeletal

lungs are- less severe A1

muscle and subsequently contribute to egg and larval

product1on Two to 3% of the 1n1t1al dose was recovered as e

adult worms 1n moose.»Thls compares to 45% . recovery from

-

.'h mule deer Lower product1on of eggs, accompan1ed by loss

eggs and larvae trapped or- destroyed 1n the muscles, r sults '

d‘, 1n much less 1nsult to the lungs of moose Thus moose o
cannot be cons1dered more suscept1ble to P odocoilel th '
mule deer even though worms wh1ch suooessfully mature cause

: irelat1vely severe damage tn skeletal muscles

tﬁctjvatmn of the
iPJ odocollei Thls o

. may be an 1nd1cat1on of the strength and/or amount of

There appears to be w1desp ea

lymphoid ttssue 1n mooseﬁtnfec

antigen1c strmulus prov1ghd by.ega ,_nd larvae

Unfortunately, s1m1lar h1stopathologxe stud1es have not yet~ :.;:,j |

been completed for P odocol]ei 1n deer Regardless of

whether thﬁs response 1§"h19her or lower than that 1n deer,ﬁ"

S such a challenge to the 1mmune system could become an

.

T
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:-1mportant factor 1n determ1n1ng how a free rang1ng an1ma] ERE

responds to ag?1tlonal stre%ses and 1nsults ;f“”

T,ACKNOWLEDGEMENTS 'f.fli,;v“jnff* _}-r,si*xt:,»;;:{.:in;r*’if{;;_i_'_‘;-\

| 'l We acknowledge the ass1stance of the Alberta Flsh and .
'\Wlld]lfe D1v1sion 1n prov1d1ng calves, E.. Rogers, M Gl1neS-“£:t”ni: .
and M. Barker 1n ra1sWhg an1mals,,and M Barker 1n .r3'~.':, L

recovering adult worms E Butterworth and A Bush K1ndly |

‘ rev1ewed the manuscript Thls work Was supported f1nanc1allyf?dyl

by the Alberta Flsh and W1ldl1fe D1v1ston and the Nat1onal

‘ Sc1ences ahd‘Eng1neer‘ng-Rese-rch Counc1l of Canada:ff'~

Anderson, R. C 1963 The 1nc1dence development, and
S experimental transmission of Pneumostrongylus tenuis -
Dougherty (Metastrongyloldea Protostron?yl1dae) of the P A
meninges. of the white-tailed deer (Odocolleus e E e A
g;gg;géanus bonealis) in. 0ntar1o Can d Zool R

,‘yrgjj—f—- 1964 Neurologic d1sease AR ‘Mmoose infected

exper1mentally with. Pneumostrongylus tenuls from
white ta1led deer Patholog1a Vet 289 322

Ch\twood B, G. ‘and- M B Chltwood 1950 Introduct1on to
Nematology Univ Park Press, Balt1more 334pp

,Holmes. . C 1976 Host selection and 1ts consequences In

Ebological aspects of paras1tology,wQ,R Kennedy (ed )
~North- Holland Publ Co . Amsterdam PP 21+ -39 :

Nettles,jVﬂ and A Prestwood e19735'Experimental ”'”“?7f7ff

Pa"e’aﬂhOSt"O"leus anderson| infect1ons in white- tailed'?"*”‘”
= deer, Vet. Pathol. 13:°381-393. R ,

Platt, T R 1978 The llfe cycle and systematics of P “;)f?‘ff;?du f




_;,;}3p1att T.R. and W.M. Samuel.

 mule deer’ (Odocolleus hemionus hemionus|, with. spec1al
- . reference to the: molluscan 1ntermediate host Ph D...
":Thes1s Univ Alberta Edmonton 233pp

1978, P odocollel 11fe cyc1e
An ex

"odocollei (Nematoda MetastrongyIOTdea), a paras1te of

perlmentally infected cerv1ds including mule deer,v!uﬁ
Gdébo

1Ieus h hemionus Exper Parasitol'@46 330 338

:fPrestwood A K and V F Nettles.'1977 Repeated low*level
\'_“-"1nfection4of wh1te~ta1!ed deer with’ Panelaphostnongylus
' andersonl Paras1tol 63 974 -978.

:'vipybus. M. and WM. “Samuel: 1981

Nematode musc]eworm from
o -white= tailed deer- -of. southeastern Br1t1sh Columb1a d
o Wildl Manage.;45 537-542 .



VIII; Appendix II Natura1 Infect1ons of Parelaphostrongylus R
.odopollel (Nematoda Protostrongylldae) in, several Hosts andrv
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Locat1ons
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ABSTRACT ‘ : L ‘ S
_ 'h Parelaphostrongylus odocoilel is. reported from aﬂggﬂ'
black*ta1led deer (OdOCOIIeus hemfonus columbianus) on
Vancouver Island Br1t1sh Qolumb1a, a wh1te talled deer/mule
deer hybr1d from Alberta, and two mountam goat (Oreamnos .
. americanus) from Wash1ngton and Alberta.vTh1s 1s the f1rst
'”31 report of P odocolrei 1n a non-cerVId def1n1t1ve host
These f1nd1ngs, along w1th other publ1shed 1nformat1on o
e 1nd1cate that P. odocoileJ may have a b:oad distr1but1on 1n‘ff

northwestern North America N
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| Panelaphostrongylus odocorlei (Hobma1er and Hobma1er»

J,11934) 1s a nematode para51te common in the skeletal muscles .
_of mule deer (Odocoileus hemionus hemlonus) 1n Alberta 3

| (Samuel 1978) It is reported also from black ta1led deer .

. h. columbianus)(BTD) and Cal1forn1a mule deer (0 h "i;“nf
callfonnlcus) in Callfornia (Hobmaxer and Hobma1er 1934 N

varunettl 1969) Experimental 1nfect10ns have been reported _

f in moose (Alces alces) (Platt and Samuel 1978 Pybus and

}Samuel 1980) Platt and Samuel (1978) report a lack of

C‘f.i.patent 1nfectrons in seven whlte-taiﬂed deer (0.

[7vlnglnianus) eXper1mentally exposed to P.. odocoilei

d,_however, seven whlte ta1led deer exposed to larvae of P

odocollef 1n the current study apparently became 1nfected e

‘(Chapter 111) | ) R ‘
Parelaphostnongylus odocoilei is a pathogen of

.qf1ndlv1dual mule deer (Brunett1 1989) and has the potent1al

.‘to be an 1nd1rect mortallty faotor 1n mule deer p0pulat1ons

) u_1(Chapter V) It can cause exten51ve damage in moose (Pybu5‘

r;7and Samuel 1980)

s
e

F1rst stage larvae 1ndlst1nguxshable from those of P

’ h.:odocoilef (and a few other closely relaggd nematodes) have

7‘been collected from the faeces of a var1ety of cervid and

bovid p0pulat1ons in'western Canada (Pybus and samuey fl‘:,;“f

'5a"d our unpubT data) Recently. we.. attempted;to collect andj;gf7;
qh1dent1fy adult worms from hosts pass1ng these dorsa1 splned L

*ffirst stage larvae
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', In th1s paper we' report the recovery of P odoco:lel
from two hosts and two geograph1c locat1ons not prev1ously
known The resulF&have 1mportant bearmg on the

distr1butlon and host spec1f1c1ty of th1s parasite

MATERIALS AND METHODS . , SRR o S
' Blaé; ta1led deer‘-'In dune, 1977 16 faecal samples o
were collected from BTD hab1tat on Vancouver Island Br1t1sh
. Columb1a (50°N 126°W) Samples were exam1ned us1ng the
Baermann techmque (as m Platt and Samuel@1978) Two.? "
Trlodopsis multilineata were exposed to larvae collected
from the Baermann funnels Th1rty seven days later, 'heff

R snalls were dlgésted in pepsin-HCI at 370C and 300 . larvaefffi_jf:fi?ffn

recovered were adm1n1stered to a nine= week ol ‘TD ra1sed atf

P Lo o
the Un1vers1ty of Alberta B1omed:cal Animal Centre S T
Ellerslxe Alberta w1thout access to sna1ls The deer was h f_'_ L .
K1lled 262 days later and a rout1ne necropsy conducted I

add1tton the backstrap muscles (long1ssvmus dor51, psoas,'

L and 1l1acus) were shredded and exam1ned at. 6X magn1f1cat1on

All other sKeletal muscles except those on the head weneiﬁ DRI
' sliced at Smm 1ntervals and exam1ned for adult helnnnths | ~ ‘ﬁgf'”f«*
Gross les1ons in. the'muscles were removed and flxed in 10% |
buffered formalin All worms recovered were fixed 1n hot | _
glycerln alcohol and cleared and examtned 1n glycerin }n, | ?‘.*y:r{
_'__ Hybridv- In 1980, seven faecal: samples collected from L T
September to December from a yearling hybrid female |

white talled deer/mule deer 1n dasper Natlonal Park (dNP)




v;,@RESULTs

Alberta (53°N‘ 118°w) were examlned by the Baermann _
techn1que The deer was captured and transporfed to the
U;research centre Da1ly faecal samples were collected untll
the doe was Kllled The carcass was exam1ned as descr1bed
above for the BTD. N . yl.f'

Mountain goat -'In February 1982, an exght year old
o male mounta1n goat (Oreamnos americanus) ‘was found near
'ANewhalem, Washington (48°N 1°Wl The anlmal died and was’
"sent to the Washington Sta$:T3n1vers1ty At necropsy, areas
of gross haemorrhage 1n the skeletal muscles and lungs were
removed and flxed 1n 10% buffered formal1n Addtt1onal
_iskeletal le51ons were f1xed 1n formal1n and sent to the

';Un1vers1ty of . Alberta L Aﬁth;"‘,‘ .' -

‘In dune 1982, a seven year old female mountaln goat was

yk1lled on the hlghway in dNP Alberta and then transported

";to Edmonton. Alberta for’ necropsy A. faecal sample was -

'examtned by the Baermann techn1que The necropsy methods

'were as descr1bed above for the BTD v -

Blaok—talled deer - Nme of theen (56%) faecal

."ssamples collected on’ Vancouver Island contatned

fdorsal sp1ned larvae. Intens1t1es were conslstently low and
ranged from <0.1 to 2. 0 larvae per gram wet we1ght feces}r
(1/g) (Y- 0.7+0.6). o e

A total of twenty nine’ adult P. odbcoilef were ‘
recoveredsfrom the: experimentally lnfected fawn (twenty

. - . ' . 10 sl "
s . . T . Y

X
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"aseven from the skeletal muscles of the back and thIghs and

- ;ftwo in ‘the gastrocnem1us and’ lat1ss1mus dors1 muscles) All

worms were assoc1ated w1th focal haemorrhage and local1zed
tissue damage L ;, _ o

, Hybr1d - Th1s deer had morpholog1c features 1nd1cat1ve
- of a hybr1d whi te- ta1led/mule deer (see W1shart 1980) Gel
#electrophores1s of serum albumen also 1nd1cated a hybr1d
condltlon (see McClymont et al. .1982) f'” |

All faecal samples collected from’ th1s deer conta1ned

dorsal splned larvae Intens1ty ranged from 75 to 171 1/g .
(x-129) At necropsy, ‘three adult P. odocollei were
;lﬂ recovered from the right vastus muscles They were not

o pssoc1ated w1th any not1ceable tlssue damage .

Mountaln goat- The Washington goat was found tn a-

h weakened cond1t1on and soon died. Ij ‘was th1n ‘and emac1ated‘f Ln

’t_;w1th no_body fat Gross les1ons 1ncluded extens1ve

haemorrhage throughout the skeletal muscles and _

vapprox1mately 65 P. odbcollel wqu collected from the .

‘ .muscles Dorsal spJned larvae were found in. the faecal

’ sanple taken durmg the necropsy A few Protostrongylus\ '

: rushi wese recovered From ;he bronch1oles B

Hlstolog1c examxnati n revealed focal muscular _

."haemorrhage Adg_l_nematod were not assoc1ated with any
..cellular response Les1ons in kung sectlons were 1nd1cat1ve

"of verminous pneumon1a

The Alberta goatﬂwas_:n—excellent body cond1t1on w1th

extens1ve fat deposits throughout the carcass S1x;adth P@.d

~
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OUOCOIIel were . found 1n the backstrap muscles Worms were’
h 001led 1n pa1rs (i'male, 1. female) in connective tissue
between the muscle bundles Local haemorrhage (5 15mm -
jdiameter) was assoc1ated w1th each pa1r of worms N
.Dorsal spined larvae and larvae of Protostrongylus spp (2.8r
l/gl were present in. the faeces in a. rat1o of 2:1. | .
Gross and hlstOlOglC results were-indicative of a mild
i%verminous pneumonia The bronchioles dld hot contain adult =
' helminths,_however,bP stflesi was recovered from the lung
u‘parenchyma Histologic sections also revealed granulomatous"
.'1nflammat10n around dorsal spwned 1arvae scattered
v throughout all lobes _,'" ,' -4._ | | -
B Spec1mens of P odb@@iiel from each hos t have been
v-depos1ted in the National Museum of Natural Sciences,l

‘Ottawa, Gntario access1on # XXXX Table 1 presents selected -

measurements of. spec1mens

ioxscussron | )

: Parelaphostrongylus odocqjlel has previously been |
reported only from cerv1d definitive hosts (Hobmaier and LL
'_Hobmaier~1934 Brunett1 1969 Platt andlSamuel 1978 Pybus
t'and Samuel 1980) ‘The establishment of a natural 1nfection

,_.ln a bov1d prov1des ev1dence th't“the host spec1f1city of

1Vfthis worm may not be as narrow as prev1ously cons1dered I

'addition to animals described herein adult nematodes have

-Washington (pers observ ). Dorsal spined larvae have been L

'a..bgpn -seen in the skeletal muscles of ‘two. mountain goats 1n~_——fj
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from various hostsu-
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L6

Selected measurements (um) of - adult Parelaphostrongylus odocoilei J..' )

Black-tailed S

deer‘

Male

o

‘TOta'l l‘eﬁgt<h'(nﬁn)

. . S
Left spicule

total lengeh(A)

lengeﬁ:eﬁli;(B)

- (/3106

'."Right epicﬁle'

total length(A)

1ength split(B)

/LB) 100 S

156 * 14 " 150 + o
42 +7

)

f15§§4 9

' 45 x4

34

23

_7v148

32

L2

_-4_- 8

+ 5 7 ;.,l35

4 s

+7 0 38

138

+73-y..",{25_:'4

1s1'+s5

‘] ::_ :

"23:5?§$;7**’f

RE
S

40

I+
M.

- 26

*ﬂ@ﬁe_cqmplete spéé;mén enly}f

'.##Twe'eemplete‘ébeéiﬁeus,'v

| Total lemgth(mm) 41445 . = . 434 45.1 6
o a LT T N ‘ .,‘N
o . \7
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'”715iFush and Wsldllfe) conducted the electrophoretio study. Dr

'37133;C W. Leathers (Wash1ngton State Un1vers1ty) evaluated the

'7Llﬂnjhistopathology of the Wash1ngton goat lf:ft'}'}gftﬂgﬁT!fffﬁﬁi~

wnfﬁfquobma1er, and s Hobmaler 1934, E;aphostpongylus

"*3ffg§p1att TR and W,

i 'z’"."jf‘i"y_..nybus. M"J an

5’ﬁBrunett1..D A 1969 Redescr1ption of . Ferelaphostrongylus
..(Boev and Schuls', 1950)in- California deer, ‘with stud1es

..on’ 1ts Tife history and pathology Cal)f F1sh and ﬁame
55 307~ 316 .

o. L on

odocoilei ‘N SP. ;. A New. lungworm in‘black:tail deer S
(Odocotleus columb anus)4 Desor1pt1on and l1fe h1story
- Proc, SOC Exp. B1ol “Med.: 31 509-514

’iv_McClymont R A ‘M. Fenton and d R Thonpson 1982
e Ident1ficat1on of" cervud tissues and’ hybr1dlzat1on by

g‘serum albumen i Wfldl. Manage 46 540 544

IVSamuel 1978 Parelaphostnongylus A;~,:,,(
odocailei life’ cycle . in. eXper1mentally infected’ cervids; :

ineluding the mule: deer, Odocoileus h hemlonus Exper
Paras1tol .46 330 338 L n

;'nd W.M. Samuel 1980~ Pathol
muscleworm,. Panelaphostrongylus odocofz
MetastrongyIOQdea pin moose Procv N ;':'.
: u_-workshop'jﬁ;l 52+ =170 .- e e

,'d an“ WM Samuel“ffbd Nematode musckeworm~
“Om wh1te tailed deer of southeastern Br1tish i
Ui wildl Managevj45;;537 942 :

amuel 1978quaras1tewresearch 1n,nat1onal parks of'
: ‘-"estern Canada. IL. ‘Musc leworm: of : :mule deer, U
irpt to Parks Canada ‘pp.84a- 143

* ‘Wishart, 1980 Hybr1ds of“wh1te'
; t;Alberta Mammal 61; =72
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"w?fftlx Appendix III Attempts to find a laboratory host for
;hPare]aphostﬁongylus andersonl

; nd.P odocoilel (Nema.toda.

Protostrongyltdae)

M U,}Pybus andfwt-M Samue]»ﬁﬂj j??yﬂ“rf

_f3;&u»tﬁit}_f Department of‘on}ogy, Un1vers1ty of Alberta,; Qf;tt.,, -
;\?i‘tytfft77ﬁtﬂﬂft;fff, Edmonton- Alberta TSG 2E9 'luyi,fjff‘ua

ABSTRACT



Three domest1c goats (Capna hfncUs) fa1]ed to pass .fff"""

_j.__;]aryae of P odocoilei in the faeces for up to 101 days |

“fﬁﬁfffafter exposure to 300 or 1000 thlrd stage 1arvae Thus none ST

'3?§ffof the hosts exam1ned in thls study appear su1tab1e as an

";galternat1ve to the cervid flnal hosts for P andérsoni

e '~"rf'.i-*::'fand/or P. odocollei

S "'57’-..-’5i..;j_INTRooucnoN
_ '”xhosts of the metastrongylo1d nematodes Parelaphostnongyius

'”fo?Hobma1er 1934) P anderfoh

i f’i1981) whne P odocol el is.

Deer of the genus Odbcolleus are the only repontedf{?fflga

:[andensoni Prestwood 1972 and P odocoilei (HobmaIer and'_”

" "1s reported from wh‘ite*ta led

;,gdeer (0 vingfnianus) (Prestﬁoodx1972 Pybus and Samuel otﬁtfﬁiiif?
fepor_ted frorn blacK- je

?"‘ﬁ(O hemlonus cqumbianus'”and mu}e_deer (D h hemionusitw”-

7571ﬁ;(Hobma1er and Hllﬁ{ﬁh

’ f Lf1978) Both parasite




thﬁgd;;;~f

' ':”tﬁlaboratory hosts would also avo1d mpny of the expen$1ve and , znﬁfii
.3n;t1me consum1ng problems currently assoelated w1th”obta1n1ng. .;n;;ﬁ!
dﬁffjraisxngv and hand11ng neonatal deer fawns A'f‘-fﬁ;;ﬂlt?fff?itt
_‘ Prev1ous attempts to f1nd su1tab1 laboratory hosts fOr itfdy%:
'l'nﬂispec1es of Parelaphostpongylus 3'3 "eStriCted to- st
1‘exper1mental 1nfect1ons Qf P tenuis Ain’ cottonta11\rabb1ts

""Vj(SyIviIagus florldanus) (Nettles and Prestwood 1979) and Jf{:fﬁ,ﬁr“

".;gu,nga pigs (Cavia. porcer°usf;(Anderson and Strel1Ve 1$66

1.3?Spratt and‘AndErson“196T) and a m1xed 1nocu1um of P ﬁ?n%e;utt

*?gandepson; and;P*ftenuisxlghfomestmct,abbits tOryctolaous

'”gﬁ~(Anderson '963) and before reach1ng patency, the gu1nea pigs\~. :
; : T~

,:;‘id1ed as i,result of damageAto the dgntralfifffﬂw ;f;ﬁ%e.> .  -
:’ifif(CNS) Neurologic damﬂge des n0t been described in-any ;yﬁ:*;;?'“
:f.1nfections of P andeﬁsoni orfPflodocofle,: : Uthes -

:“?t}p1gs may prov1de su1tab1e cond1t1ons forﬁ
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- 1nfect1on

gauge catheter Rabb1ts were exposed s1m1larly but were not

'anaesthethed Faecal samples from those 1nd1v1duals ff-y_ ﬁrfru

remaﬁn1ng after 20 days were collected at 23 and 30 days
post exposure (dPE) and then da1ly startthg at 35 dP&

Samples were exam1ned us1ng the Baermann techn1que Three L
gu1nea p1gs and three rabblts served as control an1mals and;“i‘

were treated s1m1larly exclud1ng exposure to larvae All

_: an1mals were monitored for clinIcal slgns throughout the fﬂ

'*}fp . An1mals were k1lled at varlous t1mes after exposure tof'

o

‘7'; worms The per1toneal and pleural cav1ties were opened

1ndependently and flushed w1th sal1ne The v1scera were e
removed,'separated soaked 1n 1nd1v1dual bowls of saltne for:"‘.
four to slx hours and then examtned at 8X magn1f1catton The B

l1ver and mesenter1es wene pressed between two glass plates Qi%_‘
and exam1ned at 6X magn1ficatton Part1cular attent1op was |

g1ven to the connect1ve t1ssues 1n the dorsal per1toneal

cavity. The CNS was. removed, Separated 1nto sacral lumbar, S
\ .

thoraco cervical, ‘and: cranxal reg1ons It was then shredded

!

left overnight in. sallne, and exam1ned at. 12X magn1flcat1on

The vertebral canal was flooded w1th saline and exam1ned at

S ;12X magnificat1on The lungs were shredded and then P‘aced e S

SRR :
o 1overnlght in a peps1n/HCl d1gest at 37C All skeletal




‘dh‘anlmal) or 1000 (two an1mals) thyrd stage larvae of P

‘:ffand from 35 dPE until 101 dPE An1mals were: moni tored  for-

$lf 1(x 14+8) than the four exposed to P. andersoni (X 1*1)
"lt‘.(Table 1. ”}ﬁav;}¢pl,wn*f.vjf“*lfl’ ;<ix' TR

”’s;f;plgs exposed to P

. lf"g::present in. the?d1”'

- o s e - .
B e . i L o . L . :
L e e S e o

Three domest1c goats were each exposed to 300 (one

.jodbcollei Faecal samples for Baermann examlnatlon were

. collected dawly for at least three weeks pr1or to exposupe L

\'l.-" .

dch1n1cal s1gns throughout the 1nfect1on ' f‘,‘°f '\f, t

r

. RESULTS\-' o
Gu1nea pﬁgs' _ ‘ s _ o
Recovery (expressed ‘as. percent of the 1n1t1al dose) was

markedly higher 1n the 16 antmals exposed to P odocoilel Ttt.‘]}jf;;’"f

A pattern of '1spersal of larvae was apparent 1n gu1nea

foocoilei (Table 1) Inftially. (2 and 4
”5thE)._larvae were fouhd only in the stqmach wall and the

'jmese”te'les From'7ito 11 dPE live larvae ‘were present ln57“

-tﬂthe mesenteries and the l1ver After 111days, larvae were f=f“ﬁf>“”

X
phragm and pleural_[av1ty No further

;”?ﬁdispersak-was noted All larvae rec vered frcw»the t1ssues'ﬁ;,ffr'




‘ﬁfter‘7‘d§f all an1mals had th1n wh1te tracks in the
'E erosa and subserosa of the liver L1ve larvae were found lnt’
the parenchyma adJacent to 1hese lesions All larvae were V:f'”‘
‘assoc1ated w1th a local accumulation of cells.,Larvae ﬂf' -
4rjobserved after 11 dPE were part1ally or completely _
Tencapsulated in a th1n layer of connectxve tlssue Some of
]these Jarvae were dead | | S ”‘ SN
After 36 dPE the major lesions cons1sted of small
td(l 5~ 2 mm) round wh1te capsules present in connect1ve *l}
t1ssues and on serosal surfabes of a’ variety of t1ssues and -
*';:organs Capsules on the serosa extended 1nto the underly1ng:’
_;parenchyma and conta1ned amorphous necrot1c debr1s However,;;
:4the remai of nematode larvae often could be 1dent1f1ed .
'\ﬁ]among the debrls A few llve larvae were also recovered Nof"
QT*TJ' J levidence of growth or- moult1ng was: apparent 1n these larvaer_'
":;1L1ve larvae were not recovered after159 dPE; :

Fibunnous pleur1tws was present 1n most an1mals The

~l:sheets to extens1ve f1brinous adhe51ons among all of the _5_'*‘
L NS '
lg;lobes of the lungs_dﬂd extending to the pleural wallﬁ Small

ﬁfwhlte capsules (as descrgbed previously) were often present

f,_1h theif}br1nous tissue and adhered to the lungs and ’7’14;;;

intercostal muscles‘

chasjonally, raised hard

:gt1es1ons var1ed from local1zed small fibr1nous tags or th,ﬂ '\;g L




"ggiant cells were common in the alveolar walls and spaces

R Lo TTe

In histologic sections granulodatous encapsulation ofyi

.‘tlarvae was' noted in ‘the parenchyma and at Ihe serosa of thevv :_,',:‘f*{!

: lungs and l1ver Capsules conSisted'df a core of necrotic -_'_”ﬁ'.
cells, nuclear debris, and larvag‘surrounded by loose o

7connect1ve tissue 5051noph1ls and plasma cells were commonﬁ '

at the periphery AdJacent cells were pale and‘vacuoiated
In later ihfections larvae appeared degenerate

In the lungs, large lymphocytes, eos1nophils. and a few

Atelecta51s of tissue adJacent to the granulomas ‘was: noted n

'Lymph01d hyperplaSia was seen throughout the lung sections h‘_,";'

r{Bronchi and bronchioles were often occluded w1th mucous and 'ﬁud

. : ‘cellular debris Emphysema haemorrhage, and congestion were'_.‘
"minoréJgsults B "pw‘ _‘f

Localized focal hepatitis was present in portal regions ‘

'.,Of the liver . Vascular elements in the port ) .;‘V@f“

'throughout the tissue sectvons were cuff‘, Wlth large
‘_jmonpnuclear cells and a few e051nophils '
In animals exposed to P andersoni larvae were

| trecovered only from the twp later infections (57 and 91

- ‘dPE) Gross and histologic lesions were 51m1lar to those 1n iéf
' ‘gu1nea pigs’ exposed to P odocollel }rfld -_” - ffﬁ?f'ﬁ' 3[
R Faecal‘samples of all animals were: negative £ "Zfiﬁgjin_i yf]]‘ﬁi

.‘l'first stage larvae of Par‘elaphostr'ongylus spp No rol }. )" ‘

; eanimals exhibited any evrdence of infection with P. o
”*'.andersoni or P odocollel . _‘lv - -ii?j N R L




,PT-rifin three of f1ve rabbats examined after 42 dPE

Rabb1ts

The percent Of th}‘ ose recovered frd? rabb1ts exposed-‘h‘_fj;;,,~*

to.e1ther-ﬂ, . 'fﬁef or P odocoilei was zero 1n three ,
an1mals, Tow 1n two an1mals (1 4) and moderate 1n three f5“hﬁ'
(x-14+4)(Tab1e II) Only anlmals Killed early 1n the

. 1nfect1on (<44 dﬂE) harboured moderate numbers of larvae %In* '

P andensoni 1nfectlons, these worms were found 1n the wallsff"‘ 1" B

Oﬁ.the Stomach and caecum A few larvae were recovered from’“

. -~

' the liver of one an1ma1 In P odocollel tnfections, the?ﬂffﬁ7“*t*gtv'

'dLVHIarvae were more w1de1y distributed and found in the”

‘:h ;mesenter1es. l1ver. diaphragmw and 1ungs, Recovery was\\enei“ff

No 1arvae or evidence of 1nfection was seen‘nn ccntrol

zan1mals L

;”--Goats o "»:'%ﬁff-f'*l.rfti't:,fd;‘

Larvae of P. odbcoilei were unable to establish al ST

:v:k/patent 1nfect1on in any of th% three goats exposed tc worms;ffdﬂ zi

' ‘uCl1n1cal s1gns were not apparent No further investigat1on»5 -
"h_qg these an1mals was carried out | i'f’ie[‘;;;ktjﬁi;i:_'v _ 2 N
g;-DISCUSSION :gv, e .ﬁ‘[iv-”ﬁv. "ﬂ:f'.esifﬁ'" -T L : e

It is readily apparent that the spec1es exam1ned 1n

| C th1s study were not suitable defin1ttve hosts for

'Parelaphostrongylus spp Recnvery rates 1ndicated that P

-_ o'




f&pfrresponse

The actual route of mlgrat1on withﬁn Ihe hosts 1s

ji;unknown Results suggested that some larvae moved through.,w,

;”‘the mesenter1es to the ltver The hepat1c lesions seen 1n~lt

“uﬁth1s study suggested that some larvae*entered the l1ver from
»fthe seros‘_’

w5urface However other larvae appeared to reach

’H;%f-the parenchyma via a; blood borne route. through the hepat1c

‘?f¢m-;;portal system Some larvae appgrently penetrated the

/

5 f"3d1aphragmu1n order to: reach the pleural cavity but were ‘ffﬁrfﬂ~f'ﬁ*g-:;

:subsequently trapped 1n the pleural connect1ve t1ssues or

"the f1br1nous exudate assoc1ated with an inflammat1on of the

"gotlungs Thus. 1t appears that larvae migrated 1n the

' clrculatory system and by a direct mpvement of larvae L
";;through the t1ssues ’ :

’;1n the current study are remarkably stmilar to
-l'those reported in experimenta@ mfections of P




"‘th& lungs and pleural connective tissues However in'some‘-
'QihP tenuis 1nfect1ons, a few larvae successtully mtgrated to’

dthe normal~def1n1tive site- (the CNS) and developed to: the

g,
adult sfage. In contrast in the current-study, no larvae

:f,were able to compJete the mﬁgrat1on to the skeletal muscles:t

. of the host.

\v»‘"'.-"': ‘
. The recovery rates of P andersonl and P. odOCOIlei

awere much lower in rabbits than 1n gunnea pigs. In rabbits,ii

N\
'suscept1ble to P tenuls while cottonta1l rabb1ts were

- very few. larvae were successful 1n penetrat1ng the gut wall.
'They exh1b1ted a dtspersal pattern s1m1lar to that 1n gu1nea\

_.ptgs but were rap1dly destnoyed Thus, rabblts appear to be "

more res1stant to these paras1te spec1es

Nettles and Prestwood (1979) report that

“1iexper1mentally 1nfected domest1c rabb1ts were m1ldly

resistant to 1nfect1on Although the 1nocu+um gtven to

t';domestic rébb1ts conta1ned larvae of P. andersonl, no’

-

;v ment1on 1s made of whether or not ‘they. establ1shed an.,

1nfectlon Thus. no patent 1nfect1ons of Parelaphostrongylus

'Spp .im rabb1ts have been reported Although rabb1ts are

nsympatr1c w1th deer 1nfected w1th these paras1tes, 1t is.

wtﬁﬁwonms

’ T L
PR '\ R T S -
. " x

‘“;junl1kely that. they play any. role 1n the ep1zootiology "of. the .

Spec1es of Parelaphostrongylus appear to be- relattvely

l.host spec1f1c 1n terms of.. the def1n1tave hosts 1n whtch they'
'-are capable of develop1ng a patent 1nfect10n Successful s

: o'natural and experlmental 1nfect1ons are currently restr1cted f
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| -;over three - days)
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.“.7x Appendix IV A case report of two mule deer fawns exposed :
’ 10 20 thtrd stage larvae of P odocoilef

P

S‘Qf/,f; M J. Pybus and d B Gray -
e;;ﬁ[_fv Department of Zooldgy.;_,f;,y ;;4%\
T UntVersity of Alberta.{M}_ g S
/. Edmonton, Alberta. T66 269 TR - o

INTRODUCTION iy 'Ql' EEE e - el LT
. As part of a pPOJeCt no{ d1rectly related to thls .ak‘t o
V"thes1s. neonatal fawns were exposed to low levels of N
Parelaphostrongylus odocoflei Two mule deer (Odocolleus
'hemfonus hemfonus) were killed and the carcasses searched}v
ffor adult -worms, Th1s report presenth the necropsy results
°_of these two deer RN e |
AN _ S

|

MATERIALS AND METHODS _
' Twp MD fawns were recelved at the Untverstty of

J-Alberta, B1omedlcal Antmal Centre,uEllersl1e Alberta on B

dune 11 1982 -and marntatned as outl1ned 1n Chapter II On ~'l'j""'

dune 12, ‘the fawns were exposed per s to ten th1rd~stage jgi»f}Vif

larvae of P. odocozlel On- dune 13 and 14 they each { 5

E rece1ved_an add1t1onal f1ve larvae (a total«of 20 larVae

Cw




FE

1“ 93“3’31' SUbseqUent methods were 1dént1cal to those lfil

.M~Qfdetalled in Chapter III ‘BriefTY. da1ly faecal samples for ‘tflﬂ

’ VV?‘,pentabarbitol and the skeletal mUScles central nervous

:f,analys1s w1th the Baermann techn1que were collected startrngf"l

7}”'30 days post exposure (dPE) An1mals were k1lled with sodlum,"

".;-.j_"'systeml vertebral canal, and fat depots 1n the pelv1c cav1tydl’
”ﬂlieXam1ned for adults ahd larv/e of P odocoilei
'-ijESULTs

Prepatent period has not yet beenrdeterm1ned However

"yg,poth‘deer were pass1ng dorsal spined larvae in faeces by 58 f

"~f“5"determ1ned

.‘;:-dPE The pattern of larval output has not yet been : lf&fJ‘ __ﬂ
Gross pathology obéerved at necropsy conswsted of.

,_les1ons in the lungs, lymph nodes. and skeletal muscles Ihefc

. 5Tlungs of MD 68 wene sl1ghtly f1rm“and enlarged w1th eV1dence

'-‘:tLes1ons were class1f1ed in class 4 (see Chapter IV for an.

5;;of m1ld interst1tial pneumon1a Seven f1rm, round 2mm

ﬁd1ameter nodules were present 1n the d1aphragmat1c lobes

| explanation of the classificat1on) The lungs of MD 69

*conta1ned a few focal haemorrhages and areas of grey 1n _y';fj

. (R

"dlscolourat1on (class 2), '. o "' HT"”. T L

o ‘ The deep inguinal lymph nodes were enlarged and ' -ff,:fa

Tmlhaemorrhag1c 1n MD 69 but not in MD 68 The mesenterlc lymph :
. node of MD 68 was haemorrhag1c w1th dlscrete soft wh1te ;
fareas (1 2mm d1ameter) in the medulla These latter areas

| did not conta1n any s1gn1ficant baoterial agents :y',f;&T‘

rd



Damage to the skeletal muscTes cons1sted of smaTT areas:

“of haemorrhage (2 5mm d1ameter) assoc1ated with the presence i

- of adult P. odbcoiief N1ne (45% of the 1n1tiaT dose) and
- seven: (35%) adu]t WQrms were recovered from MD 68 and 69,
.respect1vely The worms tended to Qe—qn pa1rs (one maTe one"

.rfemale) and were d1str1buted 1n the backstraps th1ghs. and

alshank (Table 1) WQrms were not found 1n the central nervous f‘ 4

: system. vertebral canal or pelv1c fat depots.

o .DISCUSSION o f B I e

* Many aspects of these two 1nfect1ons were s1m1lar to

e ]those in MD exposed to 300 larvae of P odocoilei (see

| ‘Chapters III and V) The prepatent per1od, although not yet

-'i-prec1sely 1dent1fied appears to be*s1m1lar to that seen 1n fi;”

I;h1gher doses The gross 1es1ons were generaTTy reduced 1n

-g[;the deer rece1V1ng 20 Tarvae, however. the lungs of one}7‘~

“an1mal were heav11y damaged The recovery rate and

atd1str1but1on of aduTt worms were s1m1lar/to those 1n deer

jtexposed to 300 Iarvae and, as in prev1ous experiments, the

\",dlstr1but1on appeared to change over t1me

b ‘
Jln concluswon exposure of MD to a Tow dose of P

odocoilei (20 Tarvae) d1d not aTter the bas1c patterns in
the host paras1te relatwonship observed 1n animals exposed

to h1gher Tevels (300 Tarvae)



Tahle 1.; Locaéien of adult Pavelaphostrqngklus odocoilei in the fﬂ

keletal muscles of bwo mule deer (MD) fawns._, j”f;."”  ".;)/;ff’-'

e

R o Total R AR |
ISR réovery St % 7T No.worms recovered .
e e e L T

e

| "peég_';p‘:&.’-»"f.'-_'ijo;'('_i‘z"apé!a"_'jil - dPEX: " . Backstraps Thighs . Shank

:. . *.Days post ‘exposure. .- .



