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ABSTRACT fection was established in this deer and consti-
tutes the second report of mature F. hepatica
in this host.

Six white-tailed deer (Odocoileus virginia-
nus) and six sheep were inoculated with meta-
cercariae of Fasciola hepatica. Two animals of
each species were given 100, 500 or 2500 me-
tacercariae. Clinicopathological features of
these infections were determined by analyses
of blood samples collected each week from in-
oculated deer and sheep as well as from two
noninoculated animals of each species. One
animal in each inoculated group was killed and
examined at six weeks postinoculation and the
remainder at 15 weeks postinoculation.
Compared with the values obtained from

noninoculated controls, eosinophilia, hyperpro-
teinemia and hyperglobulinemia occurred in
inoculated deer. There were no other signif-
icant changes in hematological values or in
serum aspartate aminotransferase levels.
Marked leukocytosis and eosinophilia, with
hyperproteinemia, hyperglobulinemia, hypoe
albuminemia, elevated serum aspartate amino-
transferase levels and mild macrocytic normo-
chromic anemia characterized the infection
in lambs.
Although approximately 29% of the ino-

culum was recovered from the hepatic paren-
chyma of the sheep, F. hepatica was found in
only one of six inoculated deer. A patent in-
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RItSUM1t

On a administre des metacercaires de Fas-
ciola hepatica a six cerfs de Virginie (Odocoi-
leus virginianus) et 'a six agneaux. Deux su-

jets de chacune de ces deux especes recurent
respectivement: 100, 500 et 2500 metacer-
caires. On determina les caracteristiques clini-
co-pathologiques de ces parasitoses par l'ana-
lyse d'echantillons de sang hebdomadaires des
cerfs de Virginie et des agneaux experimen-
taux, ainsi que de deux sujets temoins de
chacune de ces deux especes. On proceda 'a
l'euthanasie et 'a la necropsie d'un sujet de
chacun des groupes expe'rimentaux, au bout de
six semaines; on fit la meme chose avec le
restant des sujets, neuf semaines plus tard.
Comparativement aux temoins, les cerfs de

Virginie experimentaux developperent une

eosinophilie, une hyperproteinetmie et une hy-
perglobulinemie. On ne decela pas d'autre
changement appreciable dans leur formule san-

guine ou dans la teneur de leur serum en tran-
saminase aspartique-ce'toglutarique. Chez les
agneaux, la distomiase produisit une leuco-
cytose et une eosinophilie e'levies, ainsi qu'une
hyperproteinemie, une hyperglobulinemie, une

hypoalbuminemie, une augmentation de la te-
neur du serum en transaminase aspartique-
cetoglutarique et une legiere anemie macrocy-

taire et normochrome.
En depit du fait qu'on recouvra environ 29%

de l'inoculum dans le parenchyme hepatique
des agneaux, on ne decela la presence de F.
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hepatica que chez un des six cerfs de Virginie.
Il se produisit une distomiase evidente chez
cet animal, ce qui constitue le second rapport
relatif 'a la presence de F. hepatica adultes chez
le cerf de Virginie.

INTRODUCTION

The common liver fluke Fasciola hepatica
has been reported from black-tailed deer
(Odocoileus hemioru-s columbianus) in Ca-
lifornia (4, 11, 30) and red deer (Cervus
elaphus) (1, 17), roe deer (Cap,reolus
capreolus) (1, 17, 33) and elk (Alces alces)
(38) in Europe. However, among these
hosts the range of susceptibility to infec-
tion is apparently wide. Recent experimental
work by Barth and Schaich (2) has de-
monstrated that F. hepatica is more patho-
genic in roe deer than in red deer. Kistner
and Koller (15) have shown that black-
tailed deer can be readily infected, ac-
quiring acute fascioliasis, whereas we have
found that white-tailed deer were markedly
resistant (21). In the latter host very little
migration occurred in the liver and the
flukes were rapidly destroyed (21).
As a result of this observation, a second

experiment was conducted to evaluate the
effects in white-tailed deer of various dose
levels of F. hepatica metacercariae over a
prolonged period of time. For comparison,
sheep were given similar inoculations to
induce subacute, chronic and subelinical
fascioliasis (3, 28). The present paper
records the clinicopathological and para-
sitological features of these infections.

MATERIALS AND METHODS

INOCULUM

Metacercariae of F. hepatica were col-
lected from laboratory reared Lymnaea
columella. These snails were artificially ex-
posed to miracidia hatched from fluke eggs
obtained from infected sheep in Oregon.

DEER

The deer used were part of a captive herd
maintained in a 0.37 hectare enclosure at
the Ontario Veterinary College. Before the

experiment began eight fawns, five to six
months of age, were immobilized with a
combination of etorphine hydrochloride and
xylazine (22) and transported to a mod-
ified boxstall where they could be physically
restrained for collection of blood samples.
They were given levamisole hydrochloride'
as a drench at the dose rate of 16 mg/kg
of body weight to reduce existing gastro-
intestinal nematode burdens.
On the day of inoculation the fawns were

immobilized, weighed and metacercariae
were administered orally by means of a
stomach tube. Two fawns (No. 1 and 2)
were noninoculated controls (group I), two
(No. 3 and 4) were given 100 metacercariae
(group II), two (No. 5 and 6) 500 meta-
cercariae (group III) and two (No. 7 and
8) 2,500 metacercariae (group IV). One
fawn in each inoculated group was killed
and examined at approximately 42 days PI
and remaining fawns on days 105 and 106.
During the experiment, one noninoculated

control (No. 2) died with signs of acute
hemorrhagic enteritis on day 52 postin-
oculation (PI). Blood was passed with feces
during the 12 hour period before it died.
Escherichia coli was cultured from the liver,
lung, spleen, lymph nodes and intestines of
this fawn. Fawn No. 4 (100 metacercariae)
died with similar signs on day 62 PI. In
addition to E. coli, Clostridium sp. was
isolated from the liver, lung and intestines
but toxin was not demonstrated by mouse
inoculation. Surviving fawns were injected
intramuscularly with choloramphenicol12 for
five consecutive days (63 to 67 PI) and this
antibiotic3 was added to the drinking water
for a three week period beginning on day
63 PI.

SHEEP

Eight six month old crossbred (Cheviot
X Lester) lambs were the host controls for
the inoculations. They were given levami-
sole, weighed, grouped and inoculated in a
manner similar to that used for the fawns.

1Tramisol, Cyanamid of Canada Limited, Agricultural
Products Department, Montreal, Quebec.

2C-150 Chloramphenicol Injectable, W. E. Saunders, Ltd.,
London, Ontario.

3Anivon, Rogar/STB, Division of BTI Products Inc., St.
Hyacinthe, Quebec.
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BLOOD ANALYSES

Blood samples were collected at weekly
intervals from the fawns and lambs. Several
hematological and serum biochemical analy-
ses were made. Methods used for blood col-
lection and analyses of the various para-
meters were given previously (20). Addi-
tional tests were conducted on serum sam-
ples collected from the fawns on days 35
and 105 PI and the lambs on days 42 and
105. Commercial kits and their specified
methods were used to determine levels of
serum alanine aminotransferase (GPT)4,
alkaline phosphatase (AP)' activity and
bilirubin concentration6. Serum GPT levels
were determined at 30°C and AP at 37°C
and values were expressed in international
units (IU).

Hematological and serum biochemical
data were not statistically analysed because
of the small number of animals in each
group. The mean values and standard er-
rors for each parameter were calculated for
samples collected from fawns and lambs
prior to inoculation. Indication of possible
significant change in blood values was ob-
tained by comparing the values obtained
during the experiment with those from pre-
inoculation samples and with the controls.

FECAL EXAMINATION

Fecal samples, collected from the fawns
and lambs before the experiment began and
on several occasions during the experiment,
were examined for all types of gastroin-
testinal nematode eggs. Quantative total
eggs per gram of feces (EPG) counts were
determined by the Cornell-McMaster meth-
od (10). Fecal examination for F. hepatica
eggs was done on samples collected from
the lambs each week beginning on day 63
PI. For the fawns it was done at least
once every two weeks. Quantitative fluke
EPG counts were determined by the meth-
od described by Knapp and Presidente (16).

NECROSPY PROCEDURE

The methods used at the time of necropsy
were previously given (21). Contents of

4SGPT kit, Calbiochem, San Diego, California.

SPkosphatrate Alkaline kit, Warner Chilcott, Morris
Plains, New Jersey.

GAmerican Meaiter Corporation, Indianapolis. Indiana.

the abomasum and small and large intes-
tines were collected over a 100 mesh sieve
from five inoculated fawns. The numbers
of nematodes recovered in 10% of the con-
tent from the abomasum and small in-
testine were used to estimate the total worm
burden in these organs. All content from
the large intestine was examined for ne-
matodes. The worms were fixed in 10%
formalin and later identified.

RESULTS

CLINICAL SIGNS

Faums - Clinical signs associated with F.
hepatica infection were not seen in inocul-
ated fawns. These fawns, with the possible
exception of those in group IV, gained as
much weight as did noninoculated controls
(Table I).

Lambs - Distention of the abdomen and
a slight paleness of mucous membranes of
lamb No. 8 were the only signs evident
among inoculated lambs. Lambs given F.
hepatica did not gain as much weight as the
controls (Table I).

CLINICOPATHOLOGICAL FEATURES

The mean preinoculation values for the
hematological and serum biochemical para-
meters examined in the fawns and lambs
are given in Table II. Values obtained from
the noninoculated controls during the ex-
periment were within the range of values
established from the preinoculation sample.

HEMATOLOGICAL DATA

Fawns - Notable changes in these para-
meters did not occur after inoculation, ex-
cept in one fawn. In fawn No. 8 hemoglobin
concentration (Hb) was reduced (approxi-
mately 15.8 g/100 ml) and the erythrocyte
count (RBC) decrease (approximately 13.1
x 106/mm3) on days 56, 63 and 70 PI. The
mean corpuscular volume (MCV, 42.5,u3)
and mean corpuscular hemoglobin (MCH,
15.8 pg) were increased on day 98 PI. Re-
ticulocytes were not seen in any of the
blood smears although some macrocytic
erythrocytes were found in smears from
fawn No. 8. Prevalence of sickled cells was
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greater in smears stained ii new methylene A marked increase in the total leuko-
blue two to four hours after collection than cyte count (WBC) for each surviving fawn
was found in smearg from the same fawns was found on day 70 PI (Fig. 1). This was
made at the time of sample collection. due to an increzse in circulating neutro-

TABLE I. Initial Body Weights (kg) and Change in Weight (kg) for Fawns and Lambs Given Me-
tacercariae (MC) of Fasciola hepatica

Fawns Lambs

Animal On Weight No. of On Weight No. of
Group No. Day 0 Change Days Day 0 Change Days

I............
(controls).. .

II . ....

(100 MvC) ...

III . .....

(500 MC).....

IV...........
(2500 MC)....

1
2

3
4

5
6

7
8

25 +5 105
34 +3 52

25 +5 43
34 +2 62

34 +4 44
31 +3 105

35 +2 46
24 +2 106

24
31

+4 1C5
+4 105

24 0 42
30 +3 105

30
24

+2 43
0 106

26 +1 43
28 0 107

ORAL ANTIBIOTIC
NECROPSY OF 90INECROPSYOF
FAWNS 3.5.7 FAWN r FAWNS 6.6

2
6.000 -IDED FAWN

Iff.
4.000 -I DIED

2.000 rB-i

E

uJI-1

0

u.J
--J

35 42 49 56 6 3

EXPERIMENTAL DAY

Fig. 1. Total leukocyte and absolute eosinophil counts (7) for Fasciola hepatica - inoculated fawns and lambs (U)
given 100 (group II), 500 (group III) and 2500 (group IV) metacercariae and for noninoculated fawns and lambs (O
group I). Mean total leukocyte counts for samples collected prior to inoculation are 3790 ± 220/mm3 for these eight
fawns and 9910 ± 520/mm3 for these eight lambs.
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phils. After day 77 PI the WBC count for
inoculated fawns was slightly increased
over that of fawn No. 1. The mean absolute
eosinophil count for group I fawns was
87/mm3 (minimum and maximum, 22 and
144) during the experiment. The eosinophil
counts for inoculated fawns increased on
day 14 PI and remained elevated until the
time of necropsy (Fig. 1). The highest
eosinophil count (45% of the total leuko-
cytes) was found in fawn No. 8 on day
35 PI.

Lambs - Changes in hematological values
were seen towards the end of the experi-
ment, particularly in lambs given 500 and
2500 metacercariae (No. 6 and 8). In these
lambs, decreases in Hb (to 8.6 g/100 ml)
and RBC (to 7.24 x 106/mm3) began on day
84 PI. The PCV was 20% for lamb No. 8
on day 105 PI. Reticulocytes were not seen
in blood smears from the inoculated lambs
although macrocytic erythrocytes were
commonly found.

NECROPSY OF
FAWNS 3.5.7

10.0 _

A.0
z

i... 2.0
0

C-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o
NECROPSY

< ~~~~~~~~~~LAMBS3.5.;
I-- 10.0 1

8.0-

Cd6.0-I n I I r I
Lu

The WBC counts for inoculated lambs
were elevated on day 49 PI and remained
so until the end of the experiment (Fig. 1).
The mean absolute eosinophil count for
control lambs was 87/mm3 (minimum and
maximum, 31 and 150) during the experi-
ment. In inoculated lambs, eosinophil counts
began to increase on day 14 PI and an
early peak (23% of WBC) was evident in
group II lambs on day 28. Peak eosinophil
counts in lambs after day 42 PI occurred
on days 70 (No. 4, 36% of WBC), 91 (No.
6, 51% of WBC) and 98 (No. 8, 46% of
WBC) (Fig. 1).

SERUM PROTEIN CONCENTRATION

Fauns - Increased total protein (TP)
levels were found in all inoculated fawns
on days 28, 35 and 42 PI. This was most
pronounced in fawns in group IV on day
35 PI when TP was increased an average of
1.9 g/100 ml over their preinoculation val-
ues. This elevation was due to increases in

IORAL ANTIBIOTIS
FAWN

2 N - *LINECROPSY OF
DIED FAWN FAWNS 6.8

I DIED

I I
* 1

EXPERIMENTAL DAY

Fig. 2. Serum total protein (TP) and albumin (SA) concentrations (7) for Fasciola hepatica - inoculated fawns
and lambs (U) given 100 (group II), 500 (group III) and 2500 (group IV) metacercariae and for noninoculated fawns
end lambs (O group I). Mean values for sample collected prior to inoculation are: TP, 6.5 + 0.3 and SA, 3.6 +
0.4 g/100 ml for four of these fawns and TP, 6.6 + 0.3 and SA, 3.6 ± 0.4 g/100 ml for seven of these lamibs.
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all globulin fractions, especially the /8 group.
This increase was not as evident when these
values were compared with the mean value
for the noninoculated controls during this
time (Fig. 2). This was because one of
the controls had higher TP levels (by 1.5-
2.8 g/100 ml) than the preinoculation mean
value for all fawns (Table II). After day
42, TP levels gradually declined in all
inoculated fawns. Consistent changes in
serum albumin concentration (SA) were
not evident during the experiment.

Lambs - On day 35 PI the earliest rise in
TP occurred. Levels for lambs in group IV
were an average of 1.2 g/0I ml greater
than their preinoculation values. After this
time TP increased gradually in all in-
oculated lambs. Peak levels were attained
after day 70 PI (Fig. 2) and this increase
was due primarily to a rise in y globulins.
In inoculated lambs SA began to decrease
on day 63 PI and was lowest on days 98
and 105.

-

0

SERUM BIOCHEMICAL ANALYSES

Fawns - Serum aspartate aminotransfer-
ase (GOT) levels were elevated in early
blood samples collected from the fawns.
The mean value on day 21 was taken as
"normal" for these fawns (Table II). A
marked increase in GOT for all fawns was
seen only on day 65 PI (Fig. 3).

Significant changes in GPT, AP, bili-
rubin concentration, serum iron concen-
tration (SI) and total iron binding capa-
city (TIBC) were not found in samples
collected from inoculated fawns on day 35
and 105 PI.

Lambs - In inoculated lambs, increases
in GOT began on day 21 PI, peaked on days
63 and 70 and then gradually declined
(Fig. 3).
There were no significant changes in SI

and TIBC in inoculated lambs on day 35
PI. However, on day 105, SI was markedly
reduced in lamb No. 6 (35 mg/100 ml com-

pRAL ANTIRIOTIC
IM

250 OF FAWN NECROPSY OF

FAWNS 3,5,7 FAWNS 6.8
DIED

200 -

FAWN

150 -DIED

ExI

100 -1

50

250
NECROPSY OF NECROPSY OF
LAMBS 3,5,7 LAMBS 4.6.8

200 1-

100

501

7 14 21 28 35 42 49 56 63 70 77 91 98 105

EXPERIMENTAL DAY

Fig. 3. Serum aspartate aminotransferase (GOT) values for Fasciola hepatica-inoculated fawns and lambs (-)
given 100 (group II), 500 (group III) and 2500 (group IV) metacercarias and for noninoculated fawns and lambs
(fl group I). Mean values for samples collected prior to inoculation are: 56 + 3.7 international units (IU) for
these eight fawns on day 21 and 51 + 1.3 IU for seven of these lambs on day 0.
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TABLE II. Mean Hematological and Serum Biochemical Values for Fawns and Lambs Collected
Before Time of Inoculation with Metacercariae of Fasciola hepatica

Fawns Lambs

Mean Value and Minimum and Mean Value and Minimum and
Itema Standard Error Maximum Standard Error Maximum

Hb, g/100 ml ....... 17.9 ± 0.6 16.3 - 19.5 12.7 ± 0.4 11.1 - 14.4
PCV,%........ 48 1.1 43 -54 35 ±4- 0.9 32 -39
RBC, x 106/mm3 ....... 17.5 ± 0.6 15.0 - 20.0 12.1 ± 0.3 11.5 - 13.2
MCV, 3..... 27 ± 0.7 25 -30 29 ± 0.6 26 -30
MCH, pg ........ 10.3 i 0.2 9.2 - 11.1 10.4 ± 0.2 9.4 - 11.2
MCHC, %..... 37.6 ± 0.4 35.9 - 39.0 36.5 i 0.6 33.5 - 37.8
WBC, jmm3 ....... 3790 ± 220 3100 - 4700 9910 ± 520 6900 - 13700
Serum TP, g/100 ml. 6.5 ± 0.3 5.7 - 7.1 6.6 ± 0.3 6.1 - 7.0
Globulins, g/100 ml . 2.9 ± 0.4 2.9 - 3.4 3.0 ± 0.2 2.8 - 3.2
SA, g/100 ml ...... 3.6 ± 0.4 2.6 - 4.2 3.6 ± 0.4 3.2 - 3.9
GOT, IU ........ 56 3.7b 46 -72 51 ± 1.3 46 -54

-Abbreviations are: Hb, hemoglobin concentration; PCV, packed cell volume; REC, erythrocytes; MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; WBC, leukocytes; TP, total protein concentration; SA, serum albumin concentration; and
GOT, serum aspartate aminotransferase activity measured in international units
bValue determined from samples collected on day 21 postinoculation

pared to 111 mg/100 ml for controls) and
TIBC was elevated in inoculated lambs
(429 to 621 mg/100 ml compared to 359
mg/ 100 ml for controls). Bilirubin con-
centration and GPT levels remained within
normal range in inoculated lambs and no
consistent change was found in AP ac-
tivity.

PARASITOLOGICAL FINDINGS - FECAL
SAMPLE EXAMINATION

Fawns - Total nematode EPG counts on
experimental day G indicated that treat-
ment with levamisole did not remove en-
tirely the existing nematode burdens (Table
III). Eggs of F. hepatica were found only
in feces from fawn No. 8. They were first
recovered in a sample on day 84 PI and the
fawn was passing 24 EPG on day 105. The
mean size of 20 fluke eggs was 124 u (115-
130) X 67, (62-72).

Lambs - Treatment with levamisole re-
duced the high total nematode EPG counts
found in the lambs before the experiment
began (Table III). Fluke eggs were first
recovered in feces from lamb No. 4 on day
77 PI, then in lamb No. 6 on day 91 and
in lamb No. 8 on day 105. The mean size
of 20 fluke eggs was 126 ,u (115-139) X
67 ,u (58-77).

RECOVERY OF FLUKES

Fawns - Immature F. hepatica was not

recovered from the livers of fawns
examined on days 43, 44, 46 or 62 PI (Table
IV) but lesions associated with migrating
flukes were found (described in part II).
Flukes were not found in fawn No. 6 but
32 F. hepatica were recovered from fawn
No. 8 (Fig. 4). The mean length of the
flukes was 22 mm and most were mature
(Table IV). Some of these specimens have

Fig. 4. Mature Fasciola hepatica in bile ducts seen on
cut surface of the liver from fawn No. 8. This fawn was
given 2500 metacercariae of F. hepatica and examined
on day 106 postinoculation.
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TABLE III. Total Fecal Egg per Gram (EPG) Counts for Fawns and Lambs given Metacercariae
(MC) of Fasciola hepatica. Nematode EPG Counts before Levamisole Treatment (Pre-trt) on Ex-
perimental day 0 and at Time of Necropsy and Fluke EPG Counts at Time of Necropsy

Fawns Lambs

Nematode EPG Counts Nematode EPG Counts

Animal Pre- On At Fluke Pre- On At Flukel
Group No. trta day 0 Necropsy EPG trt day 0 Necropsy EPG

I.. 1 - 50 50 0 900 0 50 0
(controls) 2 - 50 - 0 1050 0 50 0

II. . 3 100 50 0 50 0 0 0
(100 MC) 4 200 - 0 2500 0 0 42

III... 5 500 650 0 2350 0 0 0
(500MC) 6 150 150 0 200 0 0 1

IV .7 - 250 0 0 600 0 0 0
(2500 MC) 8 - 750 150 24 7250 0 0 < 1

aQuantitative flotation examination of fecal samples from several of these fawns indicated moderate to
large numbers of gastrointestinal nematode eggs and necessity for anthelmintic therapy

TABLE IV. Recovery of Fasciola hepatica from Fawns and Lambs at the Time of Necropsy:
Number and Length (mm) of Flukes Recovered

F. hepatica from Fawns F. hepatica from Lambs

Animal No. of Mean Min.-max. No. No. of Mean Miln.-max. No.
Group No. flukes length length meas. flukes length length meas.

I............ 1 -

(controls).....

II...........
(100 MC).....

III...........
(500 MC)..- -

IV...........
(2500 MC)....

2

3
4

5
6

0

0
0

0
0

7 0
8 32

been deposited in the National Parasite
Collection and accessioned as U.S. National
Helminth Collection No. 72743.
Approximately 280 Ostertagia (minimum

and maximum, 0 and 870) were recovered
from five inoculated fawns. Burdens of 300
Nernatodirus were found in fawn No. 3 and
5. Small numbers of Capillaria, Cooperia,
Oesophagostomutm and Trichuris were also
recovered from some of these fawns.

Lambs - The numbers and lengths of the
flukes recovered from inoculated lambs are
summarized in Table IV. Approximately
29% of the inoculum was recovered from
the hepatic parenchyma (6 weeks PI).
Flukes recovered from lambs given 500 and
2500 metacercariae were smaller than those
from lambs given 100 metacercariae (Table
IV). The fluke burden (150) for lamb No.

- - - 33 7 4- 9 16
- - - 50 22 9- 31 38

- - - 163 5 3- 7 25
- - - 138 16 4- 26 100

- - - 715 4 2- 7 35
22 13 -28 23 150 10 4-24 94

8 examined on day 105 PI was! greatly
reduced when compared to that found in
lamb No. 7 (715) on day 43.

DISCUSSION

Hematological values obtained from the
fawvns before inoculation and from the
noninoculated controls (group I) during
the experiment agree with published data
for white-tailed deer of similar age (6, 14,
31, 34, 39). The increase in leukocyte counts
for all fawns on day 65 PI (Fig. 3) was
attributed to an increase in neutrophils fol-
lowing infection that resulted in the death
of two fawns. Absolute eosinophil counts
for group I fawns were low and the percent
of total leukocytes (1-5%) was similar to

Can. J. comp. Med.162



that reported by Teeri et al (31) (0-5%)
but less than the 18% given for one year
old deer by Dommert et al (6). Serum pro-
tein concentrations were similar to or lower
than those recorded by others (14, 34, 39).
Serum biochemical data also compared
favorably with values given for white-tailed
deer (26, 34, 35, 36). The increase in GOT
values for all fawns on day 65 PI was as-
sociated with leakage of the enzyme from
muscle injured during physical restraint
and intramuscular injection of antibiotics.
This blood sample was collected on the
third day that the fawns had been re-
strained to inject chloramphenicol. This
response is consistent with data reported
by Seal et al (26) who demonstrated a
marked increase in levels of GOT and
creatine phosphokinase activity 24 hours
after deer had been physically restrained.

In inoculated fawns, eosinophilia, hyper-
proteinemia and hyperglobulinemia were
the major changes that occurred in hema-
tological and serum biochemical values.
Changes in other hematological parameters,
SA concentration or GOT activity were not
found. The presence of small gastrointes-
tinal nematode burdens in inoculated fawns
evidently had little effect on the blood para-
meters analyzed.

Preinoculation and control blood values
of lambs were within the normal limits
given for sheep (12). In lambs that were
inoculated with F. hepatica a mild normo-
chromic anemia began during the last three
weeks of the experiment. Marked eosino-
philia with leukocytosis and serum hy-
perproteinemia, hypergammaglobulinemia
with hypoalbuminemia were found. These
changes are characteristic for sheep in-
fected with F. hepatica (3, 12, 24, 25, 27,
28, 29). Elevated GOT levels in the inocul-
ated lambs were consistent with data given
for F. hepatica infected sheep (12, 24, 25,
32). Decrease in SI concentration in one
lamb (No. 6) has also been reported by
previous workers (28).

Fasciola hepatica was not recovered from
five of six inoculated fawns and this is
similar to observations made on three deer
examined at earlier stages of infection (21).
These data provide additional evidence to
show that white-tailed deer are strongly
resistant to F. hepatica. Mature F. hepatica
was recovered from one fawn (No. 8) but
only a small percent (1.3%) of the inoculum
was recovered. The prepatent period and
size of flukes in this fawn were simi'ar to

those recovered from lamb No. 4 (Table
IV). To our knowledge this is the first
published report of a patent infec-
tion in white-tailed deer. Naturally occur-
ring infections have not been found in areas
where deer share range with infected cat-
tle (23) and F. hepatica is not listed as a
parasite of white-tailed deer (37). Re-
cently, Foreyt (8) informed us that patent
F. hepatica infection was induced in three
white-tailed deer. A single mature F. hepa-
tica was recovered from each of two deer
inoculated orally with small numbers of
metacercariae (5 and 50). A mature fluke
was also recovered from a deer inoculated
intraperitoneally with six metacercariae
(8).
The mean percent (29%) of the inoculum

that was recovered from the livers of the
lambs at six weeks PI corresponds closely
to the results of others (3, 28). Fluke EPG
counts and size of F. hepatica recovered
from inoculated lambs indicated a retarded
maturation rate in lambs given 500 or
2500 metacercariat. This response is
known to occur in many parasitic infections
and is typical for F. hepatica in sheep (3,
24, 25, 28). The response of F. hepatica in-
fected lambs to the three dose levels con-
firms the infectivity of the metacercariae
used in this experiment and shows clearly
the marked resistance of white-tailed deer
to this liver fluke.
The reaction of swine which are known

to be resistant to F. hepatica (5, 13, 18)
is similar to that of white-tailed deer. In
both hosts the infection is characterized by
a low recovery of inoculum and a similar
response in circulating eosinophils. In
swine, F. hepatica was rapidly walled off
and destroyed and only small numbers ma-
tured (5, 7, 13, 18). Enigk and Dey-Hazra
(7) showed that in swine given 500 or 800
metacercariae, GOT, GPT and y-glutamyl-
transpeptidase levels were moderately in-
creased between four and seven weeks. PI.

Recently, red and roe deer were ex-
perimentally infected with sheep or bovine
isolates of F. hepatica (2). These Eurasian
cervids are both susceptible to F. hepatica
and host response to infection was different
from that seen in white-tailed deer. The
prepatent period for bovine strain F. hepa-
tica in roe deer was 49 to 51 days and for
sheep strain 52 to 59 days. In red deer it
was slightly longer (2). This is shorter by
approximately four weeks than the pre-
patent period for F. hepatica in white-
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tailed deer (76 to 84 days (8), the present
experiment). The mean size of eggs for
sheep strain F. hepatica in roe deer was the
same as that in white-tailed deer in the
present experiment. Barth and Schaich (2)
found at 14 weeks PI that an average of
10.3% of sheep strain flukes were re-
covered in roe deer (28.2% of this strain
were recovered from red deer but 31% of
these flukes were immature). This is great-
er than the percentage recovery (0 and
1.3%) found in the two white-tailed deer
examined at this time in the present expe-
riment. The mean size of flukes recovered
in roe deer was the same as that for flukes
recovered in the one white-tailed deer with
a patent infection. Clinical signs and sig-
nificant clinicopathological changes were
not seen in infected roe and red deer (2).
The increase in eosinophil counts in roe
deer was not significant (2) whereas in
white-tailed deer it was marked. Leukocyto-
sis was not a characteristic feature of F.
hepatica infection in any of these cervid
hosts.

In six black-tai'ed deer given 250, 500
or 1000 metacercariae the mean percentage
recovery of these doses was 37CC (minimum
and maximum 24 and 54) (15). This was
less than the mean recovery (51c/'(, mini-
mum and maximum 44 and 72) from three
sheep given the same doses. However, the
size of the flukes recovered from the black-
tailed deer was greater than from the sheep
and the lesions associated with F. hiepatica
infec',ion were more severe in the deer
than in the sheep. Also, these data provide
additional confirmation for the infectivity
of the metacercariae used in our experiment
since the metacercariae used in both the
black-tailed and white-tailed deer experi-
ments were part of the same batch (15).
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