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ABSTRACT: Fourteen free-ranging adult wapiti (Cervus elaphus nelsoni) were captured in Banff
National Park, Alberta (Canada) and held in captivity near Edmonton. A 24% suspension of
triclabendazole at doses of 30 to 100 mg/kg body weight was drenched into the rumen of eight
females and four ma!es. Two male wapiti were used as untreated controls. Animals were killed
and examined at 4 (n = 3), 6 (n = 4), or 8 (n = 4) wk after treatment. Efficacy was 90% against
immature Fascsoloides magna collected 4 wk after treatment and 98% against adult flukes collected

4, 6 or 8 wk after treatment. All 32 flukes recovered from control wapiti were active and apparently
healthy. Treatment at 50 to 60 mg/kg is recommended against F. magna in wapiti. A protocol

for treating infected wapiti is outlined.
Key words: Tric!abendazole, wapiti, Fascioloides magna, Cervus elaphus nelsoni, anthel-

mintic, treatment, drug trial, translocation.

INTRODUCTION

Fascioloides magna, the giant liver fluke,

occurs in North America as a relatively

benign parasite in the liver of white-tailed

deer (Odocoileus virginianus), caribou

(Rangifer tarandus), and wapiti (Cervus
elaphus). However, it can cause extensive

hepatic damage in wapiti, moose (Alces

alces), black-tailed deer (0. hemionus co-

lumbianus) and cattle but usually is not

lethal in these hosts (Enhandova-Kotr!a,

1971; Foreyt, 1981). In domestic sheep and

goats, infection with F. magna often is

lethal (Foneyt and Todd, 1976; Foreyt and

Leathers, 1980).

Translocation of wapiti is used increas-

ingly by wildlife managers to supplement

or reestablish free-ranging populations. In

addition, large numbers of wapiti are

moved as pant of the growing game farm

industry. Unfortunately, F. magna also is

translocated easily with infected wapiti into

areas suitable for completion of its life cy-

cle (Bassi, 1875; Kingscote, 1950; Flook

and Stenton, 1969; Pybus, 1990).

Triclabendazole, a benzimidazole an-

thelmintic, has proven effective against

natural and experimental infections of

Fasciola hepatica in sheep (Boray et a!.,

1983; Smeal and Hal!, 1983; Wolff et a!.,

1983; Guralp and Tinai, 1984; Turner et

a!., 1984), goats (Wolff et a!., 1983) and

cattle (Boray, 1982; Craig and Huey, 1984);

F. gigantica in buffalo (Gupta et a!., 1988);

and F. inagna in cattle (Craig and Huey,

1984), sheep (Foreyt, 1989) and white-

tailed deer (Quneshi et a!., 1989). In these

studies, efficacy against mature and im-

mature flukes was achieved without tox-

icity in the hosts. A dose of 200 mg/kg is

toxic in sheep (Boray et a!., 1983) and cat-

tle (Bonay, 1982) and there is a clearance

period of 28 days in cattle (Ciba-Geigy,

unpubl. data).

We report the efficacy of tniclabenda-

zole against F. rriagna in naturally-infect-

ed wapiti and present a treatment protocol

to minimize the risk of translocating giant

liven flukes. Results also are applicable to

management of captive wapiti in areas

where F. magna is enzootic.

MATERIALS AND METHODS

Fourteen free-ranging adult wapiti (10 fe-
males, four males) were captured near Banff,
Alberta (51#{176}10’N, 115#{176}35’W) in Banff National
Park 13 to 16 October 1989. They were im-
mobilized with 28 to 36 mg succinylcholine
chloride (Burroughs Wellcome Inc., Kirkland,
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TABLE 1. Efficacy of triclabendazole against natural
infcctions of Fascioloides magna in wapiti.

Immature
Adult trematodes trematodes

% Dead % Dead
Number or dam- or dam-

DoseS of wapiti Number aged Number agedb

30-40 3 10 100 27 48

45-60 4 4 100 6 67

65-75 3 25 100 12 100

80-100 2 5 80 8 50

Total 12 44 98 53 64

Control 2 22 0 10 0

. mg/kg of body weight at necropsy.

b Does not include degenerated remnants in deposits of black

amorphous material.

Quebec, Canada H9H 4J4) by remote darting
(Pneu-Dart Inc., Williamsport, Pennsylvania,
17703 USA). Antlers were removed and wapiti
were eartagged (All�flex#{174}, United Farmers of
Alberta, Edmonton, Alberta, Canada T7X 2P1)
prior to release into a temporary holding pen.
Water and hay were provided.

On October 15 and 16, the wapiti were trans-
ported in stock trailers to the Agriculture Can-
ada quarantine facility near Edmonton, Alberta
(Nisku, Alberta, Canada, TOC 2G0). Initially
they were allowed to move freely throughout a
series of nine darkened indoor holding pens in
the facility. Subsequently females were penned
in groups of two to four, while males were housed
singly. Al! pens had a cement floor, ventilation
and light-control. Water and alfalfa hay were

provided.
To facilitate drenching, each wapiti was im-

mobilized with 350 to 400 mg xylazine hydro-

chloride (Rompun#{174}, Haver-Lockhart Labora-
tories, Shawnee, Kansas 66201, USA)

administered intramuscularly via a spring-pow-
ered jabstick (Westergaard Enterprises, Edmon-
ton, Alberta, Canada T5W 1N7). Weights of the
wapiti were estimated. The animals remained

in excellent body condition throughout the trial.
Dosages of triclabendazole were calculated based

on weight at necropsy.
Twelve wapiti were drenched with 30 to 100

mg/kg of a 24% suspension of triclabendazole
(Fasinex#{174} 24%, Ciba-Geigy Corporation,
Greensboro, North Carolina 27419, USA) via
stomach tube into the rumen (Table 1). The tube
was flushed with 100 ml water and 50 cc air.
Five mg idazoxan (RX821002, Reckitt and Col-
man, Pharmaceutical Division, Kingston-Upon-

Hull, England) was used to reverse the effects

of xylazine in males; 24 mg yohimbine (Sigma
Chemical Co., St. Louis, Missouri, 63178, USA)
was used in females.

Treated wapiti were killed 4, 6 and 8 wk after
treatment. Control animals were killed at 4 and

8 wk. Each animal was immobilized with 28
mg succinylcho!ine chloride and killed with 27
gm sodium pentobarbital (Euthanyl#{174}, M.T.C.
Pharmaceuticals, Mississauga, Ontario, Canada
L4W 2S3) administered intravenously.

All adult wapiti and three fetuses from treat-
ed females were examined at necropsy. Body

condition was assessed by amount of mesenteric,
perirenal and bone marrow fat. Samples of kid-
ney, pancreas, spleen, salivary gland, testis, mes-
enteric lymph node, hepatic lymph node, and
liver (three samples) from each animal were
collected and prepared routinely for histologic

examination. Each liver was sliced (2 to 4 mm)
and all F. rnagna and associated lesions were
recorded. Many flukes, tissue capsules, and le-
sions were collected and examined histological-
ly. The number of dead flukes, live flukes, and
the stage of development (immature or mature)
was recorded. Determination of viability was
based on color, shape, movement, integrity of
cuticle and internal organs, and evidence of ce!-
lular damage such as necrosis and inflammatory
cell reactions within the fluke.

RESULTS

Natural infections of F. rnagna were

found in 13 (93%) of the wapiti; mean

intensity was 10 ± 1 1 flukes. Gross lesions

included black streaks in hepatic paren-

chyma, fibrous adhesions between the liven

and diaphragm, and large pale irregular-

shaped nodules on the surface of the liver.

Fibrous capsules and hemorrhagic tracts

throughout hepatic parenchyma were as-

sociated with adult and immature F. rrzag-

na, respectively. In heavily infected wapi-

ti, fibrous adhesions were noted between

pleural surfaces of the diaphragm, nibs and

lungs.

Forty-four adult F. magna were col-

lected from treated wapiti (Table 1). All

but one (98%) were dead or damaged. Dead

flukes were pale and flaccid, often with no

recognizable inner morphology. In many

dead flukes the posterior region was dis-

integrating. Damaged flukes were pink and

apparently healthy in the anterior region

but black and immobile in the posterior

region (Fig. 1). Dead adult flukes were

seen by 4 wk after treatment (Table 2).

Fifty-three immature F. magna were
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FIGURE 1. Adult Fascioloides magna from wapiti

treated with triclabendazole. Note severe degenera-

tion of posterior half. Bar = 1 cm.

collected from treated wapiti (Table 1).

Thirty-four (64%) were dead or damaged.

The greatest efficacy against immature

flukes was seen at 65 to 75 mg/kg (Table

1) and at 4 wk after treatment (Table 2).

However, tracks and capsules containing

firm black caseous material were seen in

most of the wapiti examined 6 or 8 wk

after treatment. On histologic examina-

tion, many of these lesions contained rem-

nants of F. rnagna.

There were no clinical signs on gross on

histologic evidence of toxicity due to tn-

clabendazole in any wapiti, including the

fetuses. Damage was evident only in af-

fected flukes.

Twenty-two adult and 10 immature F.
magna were collected from the two con-

trol wapiti (Table 1). A!! flukes were pink

and fully mobile with recognizable inner

structures throughout.

Microscopic lesions associated with mi-

TABLE 2. Efficacy of triclabendazole against Fas-
cioloides magna after different time periods.

,
Time

after
treatment

(wk)
Number

of wapiti

Adult trematodes

% Dead

or dam-
Number aged

Immature
trematodes

% Dead
or dam-

Number aged�

4 3 5 100 10 90

6 4 27 96 16 69

8 4 12 100 27 52

. Does not include degenerated remnants in deposits of black

amorphous material.

gnation on encapsulation of flukes in liver

of treated and control wapiti were similar

to those described by Erhardova-Kotnla

(1971). However, in treated animals, F.

magna showed differing degrees of de-

generation. Earliest changes always oc-

cunned at the posterior end as indicated by

necrotic cuticle, often with scant infiltra-

tion of host neutrophils and degeneration

of internal structures (Fig. 2). Sometimes

the entire posterior half of adult flukes was

severely degenerated while the anterior

half appeared normal (Fig. 3). In ad-

vanced stages of degeneration, the cuticle

was dissolved and the body cavity shrunk-

en. Coagulation of protein occurred giving

it a dense appearance with numerous host

inflammatory cells invading the dead par-

asite. Within fibrous capsules the inflam-

matory reaction to dead flukes was exten-

sive and large caseous masses intermingled

with typical black fluke pigment (Fig. 4).

DISCUSSION

Triclabendazo!e was effective against F.

rnagna in wapiti regardless of dose on time.

Adult flukes recovered 4 wk after treat-

ment appeared to have been dead for quite

some time and most dead on damaged im-

mature flukes apparently sustained dam-

age soon after treatment. Estimates of ef-

ficacy against immature flukes recovered

6 and 8 wk after treatment are considered

conservative since dead immature flukes

disintegrated and could not be distin-

guished from necrotic debris. Thus we

consider the 90% efficacy observed 4 wk
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FIGURE 2. Early degenerative change in the pos-

terior pole of Fascioloides magna 4 wk after treat-

ment. The cuticle is disrupted (thick arrows) and the

subcuticular membrane is infiltrated with mixed host

inflammatory cells (thin arrows). Bar = 200 zm.

after treatment to be the best indication

of the actual effects of triclabendazole on

immature flukes.

The progressive degeneration of dam-

aged flukes may reflect physiologic and/

on metabolic peculiarities of trematodes.

The excretory pore of many digenetic

trematodes, including F. magna, is located

on the posterior margin of the fluke (Schell,

1970). Concentration or accumulation of

tniclabendazole in this region could result

in earlier and more severe tissue damage.

A similar ascending necrosis was noted in

F. hepatica from sheep treated with tn-

clabendazole (Smeal and Hal!, 1983).

Dosage levels used in this study are con-

siderably higher than those recommended

to treat F. magna in other species: 6-12

mg/kg in cattle (Craig and Huey, 1984),

10-20 mg/kg in sheep (Foneyt, 1989), 10

11

.1
) . .-.-

�1

� ‘Pp: .

� � #{149}f1

FIGURE 3. Severe posterior degeneration of treat-

ed adult Fasciololdes magna (arrow) with normal

cuticle and internal structures of the anterior half.

Bar = 500 �sm.

mg/kg in white-tailed deer (Qureshi et a!.,

1989). A pilot study with 5 naturally-in-

fected wapiti suggested that tniclabenda-

zo!e at 20 mg/kg was not effective (M. J.
Pybus, unpubl. data) and the difficulty in

assessing efficacy against immature flukes

observed later in this study (when some of

the low dose animals were killed) leads us

to recommend a minimum dosage level of

50 mg/kg. There was no evidence of tox-

icity in wapiti, even at 100 mg/kg and our

recommended dose is considered well

within the safety limits of tnic!abendazole.

Results of this study have direct impli-

cations for the translocation of wapiti in

Alberta. Elk Island National Park, in cen-

tral Alberta (53#{176}30’N, 1 12#{176}30’W), has been

used as a source of animals for transloca-

tion to other areas (Bryant and Maser,

1982). In 1987, F. rnagna was detected

within the park (M. J. Pybus, unpub!. data)
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FIGURE 4. Necrotic fluke (open arrow) surround-

ed by granulomatous reaction and debris (arrow-

heads) embedded in a thick fibrous capsule with scat-

tered black pigment (arrows). Bar = 500 �sm.

and in 1989 programs for restocking wapi-

ti in Alberta were postponed due to the

risk of introducing giant liver flukes into

range used by moose. Tnic!abendazo!e is

now being used to reduce the risk by treat-

ing all wapiti prior to translocation.

Similar treatment could be used in other

captive and field management situations

where wapiti are handled individually.

Drenching can be combined easily with

most marking or blood sampling proce-

dures and we have successfully drenched

wapiti with and without chemical immo-

bilization. In the latter situation, the ani-

mals were physically restrained. In field

situations, a drenching syringe is used in-

stead of a stomach tube.

Very few giant liven flukes mature un-

less they are pained with another fluke in

the liver (Foreyt et a!., 1977; Addison et

a!., 1988). The marked reduction in num-

ben of viable flukes suggests that treated

wapiti are unlikely to carry enough live F.

magna to establish a viable population of

liver flukes in an area where the parasite

does not exist. If wapiti are released into

areas where F. magna is enzootic, treat-

ment would minimize the chances of add-

ing to existing fluke populations.

Transmission of giant liver flukes, like

that of many parasites, is affected by den-

sity-dependent factors (Anderson, 1976).

It often is facilitated by increased density

of hosts and repeated access to infective

stages of the parasite. Thus, the prevalence

and intensity of liven fluke infections is

likely to increase in captive wapiti held on

game farms or in other situations with con-

ditions suitable for transmission. Tricla-

bendazole could be used to limit such in-

fections and their detrimental effects in

captive wapiti. In addition, this would be

important when infected wapiti are sym-

patnic with moose or domestic sheep or

goats.

After drenching, wapiti should be held

for 30 days without access to vegetation

contaminated with larvae of F. magna.

This should allow for cessation of egg pro-

duction and disappearance of eggs from

the feces of treated wapiti (Smea! and Ha!!,

1983; Qureshi et al., 1989). In addition,

the waiting period may allow for clearance

of the drug from body tissues, a concern

if treated animals are to be hunted or

slaughtered. Holding animals for 30 days

after treatment will present significant lo-

gistical problems unless the wapiti are in

a semi-captive situation on can be relocat-

ed temporarily to suitable holding facili-

ties. These problems must be weighed

against the concerns of introducing on add-

ing to a population of liven flukes (Pybus,

1990).

RECOMMENDED TREATMENT PROTOCOL

We recommend that wapiti be drenched

with tniclabendazo!e at 50 to 60 mg/kg

and then held for at least 30 days without

opportunity for reinfection. This protocol

should result in death of most, if not all,
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adult F. magna and a large portion of the

immature flukes. A second drenching after

7 days probably would improve the effi-

cacy.
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