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ABSTRACT: Aflatoxins, toxic metabolites of Aspergillus flavus or Aspergillus parasiticus, cause
poor feed utilization, decreased weight gains, depressed immune function, liver dysfunction, co-
agulation abnormalities, and death in a wide variety of species including humans. Conservationists
have become concerned that increasingly popular wildlife feeding or baiting practices could ex-
pose wildlife to toxic amounts of aflatoxin-contaminated grains. In particular, the effects of afla-
toxins on the wild turkey (Meleagris gallopova silvestris) are of concern because the conspecific
domestic turkey is highly susceptible to aflatoxins. To evaluate the effect of dietary aflatoxin on
wild turkeys, four groups of 4-mo-old wild turkeys were fed diets containing either 0, 100, 200,
or 400 �g aflatoxin/kg feed for 2 wk in September and October 1996. Aflatoxin-fed poults had
decreased feed consumption and weight gains as compared with control poults. Decreased liver-
to-body weight ratios, liver enzyme alterations, slightly altered blood coagulation patterns, and
mild histologic changes indicated low-level liver damage. Compromise of cell-mediated immunity
was indicated by decreased lymphoblast transformation. The effects were apparent in all treat-
ment groups to variable levels, but significant differences most often were found at 400 �g
aflatoxin/kg feed. This study shows that short-term aflatoxin ingestion by wild turkeys can induce
undesirable physiologic changes; therefore, exposure of wild turkeys to feeds containing aflatoxin
levels of 100 �g aflatoxin/kg feed or more should be avoided.

Key words: Aflatoxicosis, aflatoxin, Aspergillus, immune suppression, liver damage, Meleagris
gallopova silvestris, wild turkey.

INTRODUCTION

Aflatoxin, produced by Aspergillus fla-
vus or Aspergillus parasiticus, causes al-
tered protein synthesis by inhibiting nu-
cleic acid transcription and interfering
with RNA translation. Aflatoxins interact
with the basic metabolic pathways of the
cell disrupting key enzyme processes in-
cluding carbohydrate and lipid metabolism
and protein synthesis (Cheeke and Shull,
1985). The Krebs cycle and phosphoryla-
tion of substrates also are inhibited via al-
terations in mitochondrial function (Chee-
ke and Shull, 1985). By virtue of the mul-
tiplicity of actions aflatoxins have on the
liver and other cells containing mixed
function oxidase systems, the effects of
these toxins on animals are profound and
far-reaching.

Since 1960, when approximately 100,000
domestic turkey poults (Meleagris gallo-
pova gallopova) died from what was
termed ‘‘Turkey X disease’’ (Blount, 1961),
extensive research has been conducted to

determine the effects of aflatoxin on do-
mestic animals. Although most animals
have been shown to be susceptible, young
animals are more susceptible than older
animals presumably due to the lack of
well-developed hepatic enzymatic systems
that are required to degrade the toxins
(Cheeke and Shull, 1985). Moreover, there
is tremendous variability in the degree of
susceptibility, even among closely related
species. For example, chickens are quite
resistant to the effects of aflatoxin com-
pared with turkeys (Arafa et al., 1981), but
there is breed variability even among
chickens (Gumbmann et al., 1970). Simi-
larly, bobwhite quail (Colinus virginianus)
are more susceptible to the effects of af-
latoxin than are Japanese quail (Coturnic
japonica) (Stewart, 1985).

In the southern United States, artificial
feeding of white-tailed deer (Odocoileus
virginianus), wild turkeys (Meleagris gal-
lopova silvestris), and other wildlife spe-
cies has created an opportunity for wildlife
to be exposed to aflatoxins, particularly via
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contaminated corn. Aflatoxin levels in 51%
of 39 submitted samples of shelled corn
picked up at deer bait piles in North and
South Carolina (USA) (Fischer et al.,
1995) ranged from �10 to 750 �g aflatox-
in/kg feed (parts per billion). More re-
cently, analysis of corn offered by retailers
in Georgia for use as wildlife feed revealed
aflatoxin in three of 31 bags; one bag had
385 �g aflatoxin/kg feed (C. Quist, unpubl.
data). Corn that is deliberately left unhar-
vested for a wildlife food source is another
source of aflatoxin. Aflatoxin levels found
in standing corn during a 3 yr study on a
bobwhite quail plantation ranged from 42
to 1,210 �g aflatoxin/kg feed (Stewart,
1985). Among wildlife species, the effects
of aflatoxins have only been studied in
white-tailed deer and bob-white quail.
Subclinical liver damage was detected in
both species (Quist et al., 1997; Stewart,
1985). These findings indicate that the
threat of aflatoxicosis to wildlife is real al-
beit not well studied.

The effects of aflatoxin on domestic tur-
keys has been documented. Extensive
mortality was produced in young domestic
turkeys that were given 400 �g aflatoxin/
kg feed or more of dietary aflatoxin (Giam-
brone et al., 1985b). Lower levels of afla-
toxin cause blood-clotting abnormalities,
immune dysfunction, and decreased feed
conversion (Witlock and Wyatt, 1981;
Giambrone et al., 1985a). Given this ex-
treme susceptibility of the conspecific do-
mestic turkey to aflatoxins, there is partic-
ular concern regarding the susceptibility of
wild turkeys to aflatoxin exposure, yet the
effects of aflatoxins on wild turkeys have
not been studied.

The objective of this study was to de-
termine the susceptibility of wild turkey
poults to aflatoxin through evaluation of
feed consumption, weight gains, gross and
histologic lesions, blood chemistry profiles,
blood clotting times, carotenoid levels, and
immune function of wild turkey poults fed
a diet contaminated with aflatoxin.

MATERIALS AND METHODS

Feeding trials were conducted in September
and October 1996 at The University of Georgia

Poultry Diagnostic and Research Center
(Clarke Country, Georgia, USA; 33�55�N,
83�22�W). Because of the difficulties in obtain-
ing sufficient numbers of age-equivalent wild-
caught birds, 48 1-day-old wild turkeys were
obtained from a certified commercial game
bird breeder (Toubl Game Bird Farms, Beloit,
Wisconsin, USA). The game bird breeder was
carefully screened to insure that the source
birds of his flocks were ‘‘true’’ wild turkeys. The
poults were placed in battery brooders, then
moved to floor pens bedded with cedar shav-
ings when they were 14-days-old. Feed and wa-
ter were provided ad libitum.

This study was designed to incorporate as
many of the controlled variables as possible
that are characteristic of the ‘‘real world’’ situ-
ation within the environment of the wild tur-
key. Corn is most likely to be introduced into
the wild turkey’s environment in the autumn.
Because wild turkey poults hatched in the sum-
mer would be approximately 3-to-4 mo old by
late summer, this age group is deemed to be
most at risk. Therefore, we began this study
when the poults were 3.5 mo of age. The wild
turkey poults were fed aflatoxin-contaminated
feed ad libitum for 14 days. It is well-known
that aflatoxin contamination of grain is sporad-
ic, non-uniform and occurs only in certain
batches of corn (Fischer et al., 1995). Thus, in
the ‘‘real world’’, it is most likely that the birds
will forage on a bait pile of corn opportunisti-
cally, and if the corn were contaminated with
aflatoxin it also is reasonable to assume that not
every meal would be from the bait pile and
perhaps not even one meal on every day. Con-
sequently the probable duration of exposure of
the wild turkeys to the aflatoxin contaminated
material would be of short duration rather than
long duration; hence, a relatively short feeding
period was chosen.

When the birds were 3.5-mo-old, they were
weighed and leg-banded for identification. The
poults were divided into four groups of 12,
each poult group had approximately equal total
body weights. Each pen was assigned one of
four dietary treatments of 0 (control), 100, 200,
and 400 �g total aflatoxin/kg feed.

The aflatoxin used in this study was prepared
by growing A. parasiticus NRRL 2999 on
moistened polished rice according to the meth-
od of West et al. (1973). The resulting moldy
rice was dried and ground to a fine powder and
analyzed for aflatoxins by spectrophotomic
methods described by Nabney and Nesbitt
(1965). A weighed amount of the rice powder
was added to the basal feed ration to attain the
desired concentration of the dietary aflatoxin.
The basal diet for the turkeys was turkey grow-
er ration prepared by the University of Georgia
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Department of Poultry Science. The concen-
tration of aflatoxin in the final ration was con-
firmed to be close to the desired concentration
on each batch of ration prepared. This analysis
was performed with the Aflatest P affinity col-
umn procedure (Vicam, Watertown, Massachu-
setts, USA).

Baseline blood samples were collected on
day 0 via jugular venipuncture for complete
blood counts and serum chemistry profiles. At
7 and 14 days into the study, the turkeys were
weighed and the amount of feed consumed was
calculated. At day 14, blood was drawn from
the turkeys for the following assays: complete
blood counts and serum chemistry profiles,
clotting times, carotenoid levels, and immune
function studies. The poults were humanely eu-
thanized in a carbon-dioxide gas chamber, then
necropsied. Body and organ weights (liver,
heart, bursa, pancreas, and kidney) were ob-
tained, and samples were taken for immuno-
logic assays and histopathology. Tissue samples
collected for histologic examination included
bursa of Fabricius, cecum, duodenum, gonad,
heart, jejunum, kidney, liver, lung, pancreas,
pectoral muscle, proventriculus, spleen, thy-
mus, and ventriculus. Specimens of liver and
kidney were taken from the same location in
the right and left liver lobe and proximal kidney
pole, respectively. Tissue samples were fixed in
10% neutral buffered formalin, processed, em-
bedded in paraffin, sectioned at 4 �m, and
stained with hematoxylin and eosin (H&E) pri-
or to light microscopy.

Serum chemistry analyses were performed
on an Abbott Spectrum Series II analyzer (Ab-
bott Laboratories, Dallas, Texas, USA). Com-
plete blood counts were done manually using
the Unopette method as recommended by the
manufacturer (Becton Dickson, Rutherford,
New Jersey, USA). Hematocrit values were de-
termined through the use of microhematocrit
tubes. Prothrombin times were measured using
the techniques described by Doerr et al.
(1976). Blood was collected in sodium citrate
for measurement of carotenoids as described
by Stone et al. (1971).

After the turkeys were euthanized, spleens
from six of the poults were removed aseptically,
and mononuclear splenocytes were isolated for
lymphoblast transformation assays (LBT) and
immunophenotyping assays as previously de-
scribed (Bounous et al., 1995). Blastogenic re-
sponses were expressed as a mean stimulation
index (SI) obtained by dividing the mean
counts per minute (CPM) of stimulated cells
(CPMS) minus CPM of unstimulated cells
(CPMU) by CPMU (SIThymidine � (CPMS) �
(CPMU)/(CPMU)).

Body weight data was statistically analyzed

by a one-way analysis of variance (Tukey-Kra-
mer test) with a comparison made between the
body weight at the beginning of the feed study
and the body weight after 7 and 14 days of
aflatoxin feeding. All other data was statistically
analyzed by an parametric analysis of variance
with Bartlett’s test to test for homogeneity of
variances. If the Bartlett’s test indicated a sig-
nificant difference among the standard devia-
tions, then a Kruskal-Wallis nonparametric
analysis of variance was conducted (Motulsky,
1995). All statements of significance are based
upon P � 0.05. All data are expressed as mean
� standard deviation (SD).

RESULTS

Mortality occurred in each of the four
treatment groups during the 2 wk feeding
trial. One turkey each was lost from the 0,
100, and 200 �g aflatoxin/kg feed groups,
and three turkeys in the 400 �g aflatoxin/
kg feed group died. The deaths of three
poults (one each from the 0, 100, and 400
�g aflatoxin/kg feed groups) occurred
within the first few days of the study and
were attributed to capture myopathy
based on gross and histologic lesions. The
poult from the 400 �g aflatoxin/kg feed
group also had ingested a large metallic
foreign body. A poult from the 200 �g af-
latoxin/kg feed group was diagnosed with
severe chronic septic tibiotarsal synovitis.
Retrospectively, it was found that the ini-
tial white blood cells counts from this bird
were elevated, necessitating its removal
from the study. Ten days into the study, a
second poult in the 400 �g aflatoxin/kg
feed group died from chronic staphylococ-
cal peritonitis. The third poult from the
400 �g aflatoxin/kg feed group died on day
14; no gross or microscopic lesions indic-
ative of infectious disease or trauma were
present. We were unable to obtain a blood
sample from this bird that may have con-
firmed aflatoxicosis prior to its untimely
death.

Over the course of the study, total feed
consumption by the 400 �g aflatoxin/kg
feed poults was approximately half the
amount consumed by control poults. Un-
fortunately, the precise amount of feed
consumed per bird per day could not be
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FIGURE 1. Average body weights (�SD) of
groups of 4-mo-old wild turkey poults fed 0, 100, 200,
or 400 �g aflatoxin/kg feed at 0, 7, and 14 days. Poults
receiving 400 �g aflatoxin/kg feed gained significantly
less weight (P � 0.05) over the 14 day trial than did
the other poults. Significant values are marked with
an asterisk (∗ ).

quantified because of daily variation in
poult numbers due to the mortality during
the study.

Body weights of individual poults in the
four treatment groups were not signifi-
cantly different at the beginning of the
study (x̄ � 2455.35 � 36 g; range � 2406
to 2483 g) (Fig. 1). Over the course of the
study, all poults gained weight, but a linear
pattern of gain was seen in all groups with
the control poults gaining the most weight
and the 400 �g aflatoxin/kg feed poults
gaining the least (Fig. 1). By day 14, the
weight gain obtained by these 400 �g af-
latoxin/kg feed poults was significantly less
than that obtained by the other groups (P
� 0.05).

At necropsy, the nine poults from the
400 �g aflatoxin/kg feed group had a slight
orange discoloration of livers, and micro-
scopically, mild biliary hyperplasia was
present. Mild hepatocellular lipidosis also
was noted in this group, but this lesion oc-
curred only slightly more frequently than
in the other groups. No microscopic le-
sions were present in remaining tissues.

Control poults had significantly higher
(P � 0.05) relative liver weights (organ-to-
body weight ratio: g organ/100 g body
weight) than did aflatoxin-fed poults (Ta-

ble 1). Relative spleen weights from all af-
latoxin-fed groups were less than those of
control poults and the relative pancreatic
weights were higher than control poults,
but not statistically so.

By the end of the study, trends, but no
statistically significant differences, were
found in blood cell count parameters (Ta-
ble 2). Control poults had the lowest PCV
and total white blood cell (WBC) count of
the four treatment groups. The total WBC
counts of poults from the 400 �g aflatoxin/
kg feed group were higher than those of
the control group due to an increase in
both lymphocytes and heterophils. Abso-
lute basophil counts of the 400 �g aflatox-
in/kg feed group were much lower than
the other groups.

Blood chemistry results from samples
collected at the end of the study are shown
(Table 3). Total protein and albumin con-
centrations of poults in the 200 and 400
�g aflatoxin/kg feed groups were signifi-
cantly lower (P � 0.05) than those of
poults in the 0 or 100 �g aflatoxin/kg feed
groups. Concentrations of aspartate trans-
aminase (AST) activity among 200 and 400
�g aflatoxin/kg feed treatment poults were
significantly higher than those of control
poults (P � 0.05). Cholesterol concentra-
tions among aflatoxin-fed poults were low-
er than those of the controls, but the re-
sults were only significant at the 200 �g
aflatoxin/kg level (P � 0.05). Poults from
the 100 �g aflatoxin/kg feed group had a
significant higher (P � 0.05) uric acid con-
centration when compared with the con-
trol group. Triglyceride levels decreased
linearly with increasing levels of aflatoxin
in the diet, but not to the level of statistical
significance. No significant alterations
were found in serum concentrations of
glucose, calcium, or lactate dehydrogenase
(LDH) among the poults.

Prothrombin times after 14 days indi-
cated that control poults had a more rapid
mean coagulation time (10.24 � 0.97 sec)
than did the 100 (10.30 � 0.80 sec), 200
(10.55 � 0.50 sec), or 400 (10.76 � 0.64
sec) �g aflatoxin/kg feed treatment groups.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 14 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



440 JOURNAL OF WILDLIFE DISEASES, VOL. 36, NO. 3, JULY 2000

T
A

B
L

E
1.

C
om

pa
ra

ti
ve

re
la

ti
ve

or
ga

n
w

ei
gh

ts
(g

or
ga

n
pe

r
10

0
g

bo
dy

w
ei

gh
t)

of
4-

m
o-

ol
d

w
ild

tu
rk

ey
s

fe
d

afl
at

ox
in

fo
r

14
da

ys
.

D
ie

ta
ry

afl
at

ox
in

Sp
le

en
H

ea
rt

(�
g/

kg
fe

ed
)

L
iv

er
P

an
cr

ea
s

(g
of

or
ga

n/
10

0
g

bo
dy

w
ei

gh
t)

K
id

ne
y

B
ur

sa

0
10

0
20

0
40

0

1.
50

�
0.

13
a

1.
34

�
0.

10
b

1.
29

�
0.

16
b

1.
31

�
0.

16
b

0.
19

6
�

0.
02

6a

0.
21

2
�

0.
04

3a

0.
22

4
�

0.
03

0a

0.
23

2
�

0.
04

8a

0.
09

2
�

0.
01

4a

0.
06

9
�

0.
00

6a

0.
06

7
�

0.
01

6a

0.
07

9
�

0.
04

7a

0.
60

1
�

0.
03

6a

0.
62

5
�

0.
05

7a

0.
62

8
�

0.
07

7a

0.
62

5
�

0.
07

6a

0.
28

0
�

0.
03

3a

0.
27

8
�

0.
05

0a

0.
28

3
�

0.
04

8a

0.
29

8
�

0.
02

7a

0.
05

2
�

0.
00

9a

0.
05

4
�

0.
01

2a

0.
06

0
�

0.
01

6a

0.
04

5
�

0.
01

4a

a,
b

V
al

ue
s

(m
ea

n
�

SD
)

w
it

hi
n

a
co

lu
m

n
w

it
h

di
ff

er
en

t
su

pe
rs

cr
ip

ts
ar

e
si

gn
ifi

ca
nt

ly
di

ff
er

en
t

(P
�

0.
05

).

However, these differences were not sig-
nificant.

Total plasma carotenoids determined at
the end of the study were as follows: con-
trol poults, 0.028 � 0.011 �g/ml; 100 �g
aflatoxin/kg feed poults, 0.036 � .006 �g/
ml; 200 �g aflatoxin/kg feed poults, 0.026
� .007 �g/ml; and 400 �g aflatoxin/kg feed
poults, 0.028 � .007 �g/ml. The caroten-
oid concentration among 100 �g aflatoxin/
kg feed poults was significantly greater (P
� 0.05) remaining poults groups.

Of the immune function tests per-
formed, the poults that were fed 400 �g
aflatoxin/kg feed had markedly decreased
lymphoblast transformation (SI � 8 � 5)
as compared with control (SI � 48 � 28),
100 (SI � 32 � 27), or 200 (SI � 38 �
41) poults, but the results were not signif-
icantly different. Similarly, no significant
differences were detected using immuno-
phenotyping, but all aflatoxin-fed poults
had an increased percentage of CD8�
staining cells, and the groups fed 100 and
200 �g aflatoxin/kg feed had a decreased
percentage of CD4� staining cells (Fig.
2). The CD4/CD8 ratio was decreased in
all poults fed aflatoxin, as a result of the
increase in CD8� cells.

DISCUSSION

Based on this study, the effect of afla-
toxins on the feed consumption, weight
gains, liver and immune function, and
blood parameters of wild turkeys has many
similarities to the effects of aflatoxin on
domestic poults even though the birds
used here were older than the 1- to 14-
day-old birds often used in studies of do-
mestic turkeys.

The decreased feed consumption and
decreased weight gain that we observed in
these wild turkeys is commonly seen in af-
latoxin-fed domestic poults (Arafa et al.,
1981). Although it may be argued that
taste aversion causes the decreased feed
consumption and resultant diminished
weight gains, decreased weight gain is also
seen in poults administered aflatoxin via
oral dosing (Giambrone et al., 1985a), thus
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TABLE 2. Packed cell volumes and differential leukocyte counts of 4-mo-old wild turkeys fed aflatoxin for
14 days.

Parameter

Dietary aflatoxin (�g of aflatoxin/kg of diet)

0.0 100 200 400

Packed cell vol. (%)
Total WBC (cells/dl)
Heterophils (cell/dl)
Lymphocytes (cells/dl)
Monocytes (cells/dl)
Basophils (cells/dl)

36.0 � 4.2a

22,664 � 6,501a

8,854 � 4,374a

10,660 � 4,812a

1,498 � 747a

1,446 � 950a

41.0 � 3.0a

30,562 � 17,385a

14,307 � 12,808a

12,792 � 7,062a

1,537 � 1,011a

1,369 � 808a

39.5 � 3.7a

23,958 � 5,976a

8,628 � 3,362a

11,591 � 4,075a

1,959 � 1,243a

1,700 � 1,015a

39.4 � 3.4a

33,908 � 14,680a

15,014 � 8,820a

16,441 � 12,634a

1,580 � 1,234a

895 � 536a

a,b Values (mean � SD) within a row with different superscripts are significantly different (P � 0.05).

TABLE 3. Serum chemistry values of 4-mo-old wild turkeys fed aflatoxin for 14 days.

Serum component

Dietary aflatoxin (�g aflatoxin/kg feed)

0.0 100 200 400

Total Protein (g/dl)
Albumin (g/dl)
AST (U/L)
Cholesterol (mg/dl)
Uric Acid (mg/dl)
Triglycerides (mg/dl)
LDH (U/L)
Glucose (mg/dl)
Calcium (mg/dl)

4.2 � 0.4a

1.5 � 0.2a

304 � 39a

114 � 11a

4.5 � 1.4a

189 � 36a

667 � 163a

312 � 27a

11.5 � 0.7a

4.2 � 0.5a

1.3 � 0.3a

320 � 19a

99 � 16a

6.3 � 1.3b

186 � 34a

588 � 108a

328 � 44a

11.8 � 0.9a

3.7 � 0.4b

1.2 � 0.2b

340 � 41a,b

85 � 21b

4.7 � 1.1a

178 � 23a

595 � 86a

309 � 19a

11.4 � 0.9a

3.4 � 0.7b

1.1 � 0.4b

407 � 80b

96 � 12a

5.8 � 1.8a

171 � 39a

683 � 274a

276 � 58a

11.4 � 1.0a

a,b Values (mean � SD) within a row with different superscripts are significantly different (P � 0.05).

minimizing taste aversion to the aflatoxins
as the sole cause of decreased food con-
sumption and resultant failure to gain
weight. The decreased weight gain seen in
these wild turkey poults, though less pro-
nounced, is similar to reports of 1-day-old
(Giambrone et al., 1985a; Arafa et al.,
1981) and 2-wk-old (Giambrone et al.,
1985b) domestic turkey poults fed aflatox-
in. Control wild turkey poults weighed
10.7% more than the 400 ug aflatoxin/kg
feed group compared with a 13% weight
differential in domestic poults fed 200 �g
aflatoxin/kg feed (Weibking et al., 1994) or
250 �g aflatoxin/kg feed (Pier and Hed-
dleston, 1970) aflatoxin.

The decreased relative liver weights of
our aflatoxin-fed poults (Table 1) is consis-
tent with previous studies of domestic
poults (Gumbmann et al., 1970; Weibking
et al., 1994). Studies in chickens indicate
that the liver is the organ most sensitive to

the effects of aflatoxin (Huff et al., 1986).
Reported alterations in weights of other
organs vary, which previously has been
speculated to be due to the different forms
of aflatoxin and different concentrations of
aflatoxin metabolites used in each study
(Weibking et al., 1994). No significant al-
terations in the average weights of pancre-
as and bursa were found in our wild turkey
poults, which again is consistent with stud-
ies of domestic poults (Weibking et al.,
1994).

Although pale orange-tinted livers are a
common gross finding in aflatoxin-intoxi-
cated domestic animals (Cheeke and
Shull, 1985), the mild histologic lesions
seen in this study may be due to the rel-
atively short 14 day feeding period used
here. Significant histologic lesions are most
common after 17 to 31 days exposure to
aflatoxins (Gumbmann et al., 1970).

In domestic turkeys, biochemical chang-
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FIGURE 2. Immunophenotyping at Day 14 of
groups of 4-mo-old wild turkey poults fed 0, 100, 200,
or 400 �g aflatoxin/kg feed. Splenocytes were labeled
with monoclonal antibodies to CD4 � and CD8 �
cell markers and with anti-IgG. Cells were analyzed
by flow cytometry. Results are expressed a percentage
of labelled cells �SD.

es seen with aflatoxin exposure are maxi-
mal during the first 3 wk of exposure with
hypoalbuminemia and the resultant hypo-
proteinemia considered the most sensitive
indicators of aflatoxin intoxication (Gumb-
mann et al., 1970). Reductions in serum
triglycerides also have been reported in
chickens with high levels of aflatoxin ex-
posure (Huff et al., 1986). This is compat-
ible with the compromised hepatic func-
tion and hepatocellular damage indicated
in these wild turkey poults by hypoalbu-
minemia, hypoproteinemia, and increased
aspartate aminotransferase activity. Inter-
ference with lipid metabolism by aflatoxins
is thought to cause impaired release of tri-
glycerides by the liver (Cheeke and Shull,
1985), which would explain the progres-
sively decreasing serum triglycerides seen
here with increasing levels of aflatoxin in
aflatoxin-fed wild turkey poults.

Aflatoxins cause a complex of alterations
of carotenoid distribution in the tissues by
a combination of interference with intes-
tinal absorption, sequestration of caroten-
oids in the liver, and interference with in-
tegumentary deposition of mobilized ca-
rotenoids (Tyczkowski and Hamilton,
1987). Thus, in domestic poultry (Ty-

czkowski and Hamilton, 1987), carotenoid
levels provide an additional assessment of
altered fat metabolism from aflatoxicosis.
Here, the 100 �g aflatoxin/kg feed wild
turkeys had increased plasma carotenoids,
possibly reflecting such increased fat mo-
bilization. However, the lack of significant
changes in carotenoid levels of the 200-
and 400 �g aflatoxin/kg feed groups may
be because wild turkeys lack the genetic
propensity of domestic turkeys to deposit
carotenoids in skin, muscle, and fat. None-
theless, livers from the 400 �g aflatoxin/kg
feed group were grossly orange, suggesting
carotenoid deposition at that site. Liver ca-
rotenoid levels might have detected carot-
enoid deposition in hepatocytes, but this
assay was not performed.

The mean packed cell volumes of all
treatment groups of wild turkey poults
were increased compared with controls,
which contrasts with previous reports of
decreased packed cell volumes (Weibking
et al., 1994) and hemolytic anemia (Tung
et al., 1975) in aflatoxin-exposed domestic
poults. It is unknown whether the in-
creased hematocrits seen in our wild tur-
keys were a direct effect of aflatoxin ex-
posure, or whether they were secondary to
other conditions. Because the anemia in-
duced by aflatoxins in chickens begins af-
ter 17 to 21 days of aflatoxin ingestion
(Huff et al., 1986), it may be that a more
prolonged feeding trial in wild turkeys
would be necessary for such an anemia to
develop. Bone marrow granulocytic hyper-
plasia has been speculated to be the cause
of heterophilia in chickens fed aflatoxin
(Tung et al., 1975), but alternate explana-
tions for the heterophilia seen in our
poults includes an inflammatory response
or a response to stress such as is observed
in chickens (Siegel, 1971).

Cell-mediated immunity is inhibited by
aflatoxin in domestic poults (Giambrone et
al., 1985a; Giambrone et al., 1985b) and
other species (Cheeke and Shull, 1985),
probably through suppression of T-helper
or cytotoxic T-cell activity (Sharma, 1993).
The suppression of lymphoblastogenesis
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indicates such impaired cell-mediated im-
munity in these wild turkeys. In mice, the
challenge dose of the mycotoxin can alter
whether T-helper or cytotoxic T-cells are
most severely impacted (Hatori et al.,
1991), which may explain the variation in
CD4� and CD8� staining cells seen be-
tween our treatment groups. Pier and
Heddleston (1970) demonstrated a reduc-
tion in acquired resistance to Pasteurella
multocida in domestic turkey poults fed af-
latoxins. As mycotoxin poisoning in live-
stock is often manifest by increased losses
due to infectious organisms (Sharma,
1991), immune compromise to pathogens
may be one of the most important effects
aflatoxins have on wild turkeys.

The effects of aflatoxin on wild turkeys
under field conditions will vary with the
duration and consistency of ingestion of af-
latoxin-contaminated feed and other envi-
ronmental stressors. In contrast, these ex-
perimentally affected poults were main-
tained under optimal conditions with re-
gard to feed quality and availability, and no
additional stressors (other than once week-
ly handling during the feeding trial).
Nonetheless, this study shows that short-
term exposure of 4-mo-old wild turkey
poults to aflatoxins produced a multitude
of effects including decreased feed con-
sumption and weight gains, decreased liv-
er-to-body weight ratios, serum chemistry
alterations, leukocyte alterations, and di-
minished cell-mediated immune function
similar to those effects seen in intoxicated
domestic turkey poults.
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