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ABSTRACT

The morphological changes in
livers of 30 feeder pigs fed diets
containing corn contaminated
by aflatoxins (0.0,ug aflatox-
ins/g feed, 0.4,lg aflatoxin/g
feed, and 0.8 Ag aflatoxin/g
feed) were compared with
changes in hematology, liver
specific serum enzymes, serum
proteins, and lymphocyte stimu-
lation indices. Histologically, the
livers were classified into five
groups. Pigs fed the 0.8,ug/g
diets had the most severe histo-
logical lesions of karyomegaly,
bile ductule proliferation and
hepatocellular degeneration
plus elevated gamma-glutamyl
transpeptidase, aspartate ami-
notransferase, and alkaline
phosphatase. This group also
had significantly lower total
protein and albumin values
compared to the control pigs.
Variation in the severity of the
histological lesions was seen in
pigs fed 0.4 ,g/g diets as well as
variation in lymphocyte indices,
liver specific serum enzymes,
and electrophoretic results in
the affected pigs in that group.

RPSUMI
Cette experience consistait a

comparer les changements mor-
phologiques du foie de 30 porcs A
1'engraissement auxquels on
servait de la moulee qui conte-
nait du mals sain ou contamine
avec les quantites suivantes
d'aflatoxine: 0,4 et 0,8 ,g/g, avec

ceux du sang, des enzymes
s6riques specifiques du foie, des
proteines seriques et de l'indice
de stimulation des lymphocytes.
Les auteurs classifierent les
lesions hepatiques microsco-
piques en cinq categories; elles
s'avererent particulierement
marquees, chez les porcs dont la
moulee contenait 0,8 ,ug d'afla-
toxine/g et elles se caract6ri-
saient par de la karyom6galie,
de la proliferation des canali-
cules biliaires et de la d6genere-
scence des hepatocytes. Ces
porcs afficherent en plus une
6lvation de la transpeptidase
gamma-glutamyle, de l'aspartate-
transaminase et de la phos-
phatase alcaline. Par rapport
aux t6moins, ces porcs affi-
chaient une baisse apr6ciable
des prot6ines totales et de l'al-
bumine. Les porcs dont la
moul6e ne contenait que 0,4 ug
d'aflatoxine/g pr6senterent par
ailleurs des variations dans la
gravit6 des l6sions microsco-
piques du foie, ainsi que dans
l'indice de stimulation des lym-
phocytes, les enzymes s6riques
sp6cifiques du foie et les r6sul-
tats de l'Mlectrophor&se.

INTRODUCTION

Aflatoxins are a group of mold
metabolites which have varied
toxic and carcinogenic properties
depending on dose and duration of
exposure. They cause serious dis-
ease in poultry, livestock and other
animals (5, 23, 30, 35). Several
reports have shown the association

between aflatoxicosis and decreas-
ed humoral and cellular immunity
in cattle, guinea pigs, dogs, rab-
bits, trout, laboratory animals (24,
25, 26, 28) and recently in swine
(10, 18). Aflatoxin in the diet has
been associated with increased
incidences of infectious disease (25,
28).

Lesions and clinical signs of afla-
toxicosis vary with the amount of
toxin ingested, diet, species, feed,
and age of the animal (3, 7, 22).
Variation exists within the litera-
ture as to the signs and lesions pres-
ent in feeder pigs fed 0.4 Mug to
0.8 ,g aflatoxin/g feed. Microscop-
ically, hepatic lesions of karyome-
galy, cytoplasmic degeneration,
bile ductule proliferation, and
increased fibrous tissue, have been
observed in pigs fed 0.45 ,g/g and
higher levels of alfatoxin but were
not always associated with signifi-
cant depressions in feed conversion
efficiency (12). Others have
detected decreased feed conver-
sion efficiency but no histological
lesions in pigs fed diets containing
up to 0.8 ,g/g aflatoxin (1).
The relationship of aflatoxicosis

and salmonellosis was discussed in
our previous publication (18) in
which it was reported that the pigs
fed aflatoxin containing diets were
clinically more severely affected
by the induced salmonellosis. Also,
increased humoral immunity and
cellular immunity were present in
the aflatoxin fed pigs compared to
the controls. The present investi-
gation was undertaken to assess
the effect of feeding rations con-
taining different concentrations of
aflatoxin contaminated corn on
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changes in the lymphocyte stimu-
lation response using purified pro-
tein derivative and concanavalin A
as stimulants and changes seen in
hematology, clinical chemistry
and electrophoretic patterns in the
groups of swine. Histological
lesions were described and placed
into one of five defined classifica-
tions.

MATERIALS ANDMETHODS

Thirty mixed breed confinement
raised pigs four weeks old weigh-
ing approximately 20 to 30 kg
were obtained from a commercial
herd. All pigs were given an
anthelmintic, and were acclimated
two weeks prior to the initiation of
the feeding trial. Fecal samples
were cultured for Salmonella spp.
A commercial, antibiotic free

ration meeting NRC nutritional
standards was formulated to con-
tain either 0.0,Mg/g, 0.4,ug/g, or
0.8,g/g aflatoxin/g feed using
naturally contaminated corn (20).
The contaminated corn was ana-
lyzed to contain approximately
5000 ppb aflatoxin (B,+B2+G,+G2).
The percent fungal contamination
of the corn was Aspergillusflavus
(100%), Aspergillus niger (20%),
Penicillum spp. (5%) and Phyco-
mycetes (3.3%). Aflatoxin free corn
and supplement were mixed in an
agar type feed mill in ratios to
obtain 0.4,tg and 0.8,ug aflatox-
in/g feed on the average. New feed
was mixed and analyzed approxi-
mately every three weeks as
needed. Samples from ten differ-
ent areas of the feed were analyzed
by two separate laboratories'
using thin layer chromatography
(15). Values ranged from 315 to
525,qg/g for the 0.4,g/g diet and
733 to 943,ug/g for the 0.8,g/g

diet. Analysis for other mycotoxins
was not available and therefore not
performed at the time of the study.
The pigs were placed into a con-

trol and five experimental groups
(five pigs each) as follows:

Control Ration
Control Ration/Salmonella

inoculated
0.4 ,g aflatoxin/g ration
0.4 Mug aflatoxin/g ration/
Salmonella inoculated

0.8 Mg aflatoxin/g ration
0.8 ,ug aflatoxin/g ration/
Salmonella inoculated

Heparinized blood (10 mL) and
uncoagulated blood (20 mL) were
obtained weekly from the cranial
vena cava. The serum was har-
vested, frozen and stored at -65°C.
Hemoglobin (Hgb),2 packed cell

volume (PCV), white blood cell
count (WBC)2 and total protein3
were determined using standard
techniques (11). Bilirubin,3 choles-
terol,4 albumin,4 aspartate amino-
transferase (AST),4 alanine amino-
transferase (ALT),4 gamma-glu-
tamyl transpeptidase (GGTP),4
isocitric dehydrogenase (ICD),5
blood urea nitrogen (BUN),4 glu-
cose,4 and alkaline phosphatase
(SAP)4 were performed by a com-
mercial laboratory.6
Blood was processed for reco-

very of lymphocytes within one
hour of collection. The lympho-
cytes were separated by a modifi-
cation of the Boyum method (2).
Briefly, six mL heparinized blood
was mixed with an equal volume of
Hank's buffered salt solution and
layered on top of 9 mL of Ficoll
Paque7 in a plastic conical centrif-
uge tube. After centrifugation at
400 x g for 30 minutes at 18-20°C,
the lymphocyte-rich middle frac-
tion was collected, diluted 1:3 with
Hank's and centrifuged at 100 x g

for ten minutes. This was repeated
once with Hank's and once with
RPMI 1640 media.8 The cells were
resuspended to a concentration of
2.0 x 106 cells/mL RPMI 1640 sup-
plemented with 20% inactivated
fetal calf serum, penicillin (100
units/mL) and streptomycin (100
,g/mL). Viability and concentra-
tions of lymphocytes were deter-
mined by the trypan blue exclusion
method.

Triplicate cultures, each con-
taining 0.1 mL of cell suspension
were placed in flat bottomed plas-
tic microtiter plates with approp-
riate test antigen, mitogen, or con-
trol medium. Concanavalin A (Con
A)9 reconstituted according to
manufacturer's instructions with
RPMI 1640 was used at a concen-
tration of 10 AL/mg of culture and
purified protein derivative (PPD)
of Mycobacterium avium'0 was
used at a concentration of 2 Mg/cul-
ture. All pigs had been sensitized
with M. avium after consuming
the rations for three weeks as
reported in a separate publication
(18).

All lymphocyte cultures were
incubated at 37°C for three days in
a humidified 5% CO2 atmosphere.
Eighteen hours before termina-
tion, cultures were pulsed with tri-
tiated thymidinel (1M,Ci/culture;
specific activity, 6.7 CI/mmole). At
the end of incubation, plates were
placed in a refrigerator until pro-
cessed by the method of Hartzman
et al (14). Radioactivity was
counted in a liquid scintillation
spectrometer and results were
expressed as counts per minute
(cpm). The stimulation indices (SI)
were determined by mean cpm of
mitogen or antigen stimulated cul-
tures divided by the mean cpm
value of unstimulated control
cultures.

'Plant Pathology, Coastal Plains Experiment Station and Tifton Diagnostic and Investigational Laboratory, Tifton, Georgia.
2Coulter-S, Coulter Electronics Inc., Hialeah, Florida.
3Jendrassik bilirubin, American Monitor Corporation, Indianapolis, Indiana.
4Hycel, Inc., Houston, Texas.
5Sigma Chemical Co., Saint Louis, Missouri.
6Phytochem Labs, Huntsville, Alabama.
7Pharmacia Fine Chemicals, Piscataway, New Jersey.
8Grand Island Biological Co., Grand Island, New York.
9Miles Laboratories, Inc., Elkhart, Indiana.
°0National Veterinary Services Laboratories, Ames, Iowa.
"New England Nuclear Corporation, Boston, Massachusetts.
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Electrophoresis of sera was per-
formed using cellulose acetate
membranes and commercial rea-
gents.12 After air drying, the strips
were scanned using a 525 nm filter
with albumin, alpha (a), beta (,B)
and gamma globulins (y) peaks
recorded as percentages and in
grams per 100 mL (33).

Lyophilized Salmonella chole-
raesuis var. kunzendorf (109 orga-
nisms) obtained from and pre-
pared according to the method of
Troutt (34) were administered to
the pigs after three weeks on the
experimental ration. Feed was
withheld 24 hours prior to oral
inoculation.
The pigs were killed with

intravenous pentobarbital after
ten weeks on the rations. Multiple
sections of liver, brain, lung, heart,
kidney, spleen, mesenteric and
cervical lymph nodes, small and
large intestine and skeletal muscle
were sampled for bacteriological
and histological examination.
Tissues for histological examina-
tion were fixed in 10% phosphate
buffered neutral formalin. Five ,um
paraffin sections were prepared
and stained with hematoxylin and
eosin (H&E). Selected liver sec-
tions were also stained with
Mason's trichrome, Gomori's
reticulum, Oil Red 0, and Periodic
acid Schiff (with and without
diatase).

Sections from multiple lobes of
the liver were examined histologi-
cally. Karyomegaly was defined as
nuclear diameters greater than
approximately 11 microns (mean
hepatocyte nuclear diameter
7.1u). Forty fields from five,um
H&E liver sections were counted
at 450x magnification and classl-
fied into one of five grades based on
the following criteria:
0 = No lesions present (Fig. 1)
I = Karyomegaly (less than ten

cells with karyomegaly/40
fields, no other lesions (Fig.
2)

II = Karyomegaly (less than ten
cells with karyomegaly/40
fields), hepatocellular de-
generation characterized by

a,g*.- ; } ¢*
*i':,%W'

Fig. 1. Grade 0. Normal liver from a control pig. H & E. X730.

swelling, increased eosino-
philia, granularity and
vacuolization of hepato-
cytes; equivocal bile ductule
proliferation (Fig. 3)

III = Karyomegaly (greater than
ten cells with karyome-

galy/40 fields), hepatocellu-
lar degeneration, definite
bile ductule proliferation,
and mild fibrosis (Fig. 4)

IV = Karyomegaly (greater than
ten cells with karyome-
galy/40 fields) with hepato-

Fig. 2. Grade I. Mild karyomegaly (arrow) in the liver from a pig fed 0.4OAg aflatox-
in/g feed. H & E. X730.

12Helena Laboratories, Beaumont, Texas.
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Fig. 3. Grade II. Karyomegaly, hepatocellular degeneration and vacuolization
(arrow) in the liver from a pig fed 0.4 jig aflatoxin/g feed. H & E. X730.

cellular degeneration as in
II and III, moderate to
severe bile ductule prolifer-
ation, moderate to severe
fibrosis and nodular hyper-
plasia (i.e. regeneration)
(Fig. 5)

Duncan's multiple range tests

(31) were used for evaluation of
statistical significance of the data.

RESULTS

Table I gives the feed efficiency
ratios of each group at seven and
ten weeks on the rations. The best
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Fig. 4. Grade III. Karyomegaly, hepatocellular degeneration, vacuolization, and bile
ductule proliferation (arrow) in the liver from a pig fed 0.8 ,g aflatoxin/g feed.
H & E. X730.

TABLE I. Average Feed Efficiency
Ratios (pounds feed consumed/pound
weight gained) of Swine Fed Aflatoxin
Containing Diets for Seven and Ten
Weeks

Groupa 7 Weeks 10 Weeks
0.0 pg/gb 2.17f,g 2.80i,i
0.0o g/g/SC 3.02k,f 2.84k,i
0.4 ,g/g 2.10kg 3.28kj
0.4 jAg/g/5C 3.28k,d,e 3 00k,h
0.8 Ag/g 3.86d 3.90
0.8 ,ug/g/5S 4.30e 3.lh

CS = Inoculated with Salmonella cholerae-
suis var. kunzendorf after consuming
the rations for three weeks

a = Each group contained ten pigs
b = Indicates ,g of mixed aflatoxins per

gram of feed
d,e,f,g,h,ii = Values followed by the same let-

ter differ at p < 0.05. All other
values differ from each other at
p<0.01

k= These values were not significantly
different from each other

feed efficiency ratio was present in
pigs consuming the 0.0 ,ug/g
rations with least efficient feed
conversion present in pigs consum-
ing the 0.8,ug/g rations. This dif-
ference was significant (p<0.05)
between the groups fed the afla-
toxin free (0.0,ug/g) rations and
those consuming the aflatoxin con-
taining rations (0.4 ,ug/g and
0.8,ug/g). Results of clinical signs
of the Salmonella inoculated pigs
have been reported (18). Although
fever and diarrhea were seen, typ-
ical histological changes attri-
buted to Salmonella cases were not
observed due to the time elapsed
from exposure to euthanasia. No
Salmonella was isolated from any
of the pigs after euthanasia.
Lymphocyte stimulation indices

for Con A and PPD are tabulated
(Table II). Stimulation ratios were
not significantly different from
control pigs.
Data analyzed one week post

Salmonella and at termination of
the project were considered repre-
sentative of changes observed and
are reported. In all pigs the hema-
tocrit increased during the ten
weeks of study. The hematocrit
and hemoglobin of the controls
were higher than these measures
in the pigs consuming aflatoxin for
ten weeks and was significantly
higher (p < 0.05) at ten weeks but
not at four (Table III). One week
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Fig. 5. Grade IV. Karyomegaly, vacuolization of hepatocytes, bile ductule prolifera-
tion and pseudolobulation in the liver from a pig fed 0.8 ,g aflatoxin/g feed. H & E.
X730.

TABLE II. Lymphocyte Stimulation Induced by Con A and PPD in Swine Fed
Aflatoxin Containing Rations for Seven Weeks and Sensitized to Mycobacterium
avium

Mitogen and Lowest and Stimulationd
Groupa Antigen Highest A CPM Index
0.0 Ag/gb ConA 14,576 - 40,868 31

PPD 2,525 - 5,513 27
0.0 mg/g/sC ConA 20,705 - 58,233 67

PPD 2,721 - 9,460 20
0.4 ,g/g ConA 21,789 - 45,951 29

PPD 2,656 - 5,818 8.5
0.4 ,g/g/S ConA 7,382 - 70,564 64

PPD 1,422- 8,589 10
0.8 ;g/g ConA 14,226 - 37,185 54

PPD 2,776 - 9,593 14
0.8 Ag/g/S ConA 13,101 - 95,989 26

PPD 3,993 - 22,446 24
a = Each group was composed of ten pigs
b = lAg/g indicates Ag of mixed aflatoxins per gram of feed

CS = Indicates per os inoculation of pigs with Salmonella choleraesuis var. kunzendorf after
the animals had been consuming the rations for three weeks

d = Stimulation Index Stimulated - background
Nonstimulated - background

(four weeks on diet) postinocula-
tion with Salmonella choleraesuis
var. kunzendorf, white blood cell
counts (Table IV) were signifi-
cantly higher (p<0.05) in inocu-
lated pigs than in the noninocu-
lated pigs, except among the
control groups for which the white
cell count was lower for inoculated
pigs than for the noninoculated
groups. No difference between
Salmonella inoculated and non-
inoculated counterparts was seen
after ten weeks on the rations.

Results of serum enzyme deter-
minations are presented in Table
V. After ten weeks, GGTP levels
were higher (but not significantly)
in pigs on the 0.8 ,ug/g and 0.4 ,lg/g
diets than in the controls. Pigs fed
0.8,ug/g diets had significantly
higher (p < 0.05) AST values than
the controls and 0.4 ,ug/g groups on
both test dates. The SAP values for
pigs on the 0.8 ,ug/g diets were sig-
nificantly higher (p < 0.05)
than the controls. No significant
differences were seen among the
groups for ICD and BUN.

In all pigs fed aflatoxin contain-
ing diets for ten weeks, the total
protein, albumin, alpha (a) and
beta (,8) globulins decreased and
the gamma (y) globulin levels
increased (Table VI). The total
protein and albumin values were
significantly lower (p < 0.05) in the
pigs fed aflatoxin diets when com-
pared to the controls. No signifi-
cant difference was present
between groups when a and 13 glo-
bulin values were compared
although 13 levels were lower in
pigs fed aflatoxin. Gamma glo-
bulin levels were significantly
higher in pigs consuming 0.8 ,ug/g
aflatoxin diet and in the controls
inoculated with Salmonella. Lower

TABLE III. Mean Hematological Values for Pigs Fed Aflatoxin Containing Rations

Weeks on
Test Diet 0.0 Ag/ga 0.0 lAg/g/Sb 0.4 Ag/g 0.4 Ag/g/S 0.8,g/g 0.8 Ag/g/S
PCV (%) 4 38 ± 2.4C 38 ± 2.5 37.2 ± 1.8 37.8 ± 2.1 36.6 ± 2.1 39.6 ± 2.1

10 42 ± 2.3d 44 ± 1.9d 37.7 ± 1.8 40 ± 3.0 35.7 ± 1.5 37.7 ± 2.0
Hgb 4 12.6 ± .8 12.9 ± .8 10.4 ± .5 12.4 ± 1.3 12.1 ± 1 13 ± .5
(gm/d 1)

10 14.4 ± g9d 15.7 ± .6d 13.3 ± .8 13.5 ± 1.2 12.8 ± .6 12.7 ± .6
a = Indicates pg of mixed aflatoxins per gram feed
b = Indicates per os inoculation with Salmonella choleraesuis var. kunzendorf after consuming the rations for three weeks
c = All values are means (± SD) of duplicate samples of ten pigs
d = Indicates significant difference (p < 0.05) from others on same line but not each other
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A/G ratios were present in pigs
consuming the aflatoxin diets.
This difference was significant
from the controls without Salmo-
nella but not those inoculated with
Salmonella.
Tan to yellow, firm livers were

observed in all pigs fed rations con-
taining 0.8,ug/g aflatoxin. Two
pigs from the 0.8 j.g/g group died
during the eighth and ninth weeks
of the feeding trials. Both pigs had
yellow, firm livers and serosan-
guinous ascitic fluid. One pig had
marked subcutaneous edema and
hemorrhage around venipuncture
sites. Mild to moderate edema of
the gall bladder wall was present

in two pigs from the 0.8 mg/g group
and one pig from the 0.4,ug/g
group. The livers of three pigs fed
the 0.4 ,g/g ratios were light tan.
The livers from the other 0.4 ,ig/g
and control pigs were grossly
normal.
The most severe histological

lesions were present in pigs con-
suming the 0.8 ,g/g level of afla-
toxin. Hepatic changes in these
pigs were compatible with criteria
of grades III or IV (Figs. 4, 5)
except one that was placed into
grade II; the latter had moderate
karyomegaly (17 cells/40 fields)
without bile ductule proliferation
or increased connective tissue. A

spectrum of hepatic lesions was
present in the ten pigs fed the low
level of aflatoxin (0.4 ,g/g). Two of
these pigs had no histological
lesions whereas eight had varying
degrees of mild karyomegaly,
hepatocellular degeneration, bile
ductule proliferation and mild
fibrosis (Fig. 6). Livers of pigs
given the Salmonella inoculation
had more histological changes of
karyomegaly, bile ductule proli-
feration and increased fibrous
connective tissue than their non-
inoculated counterparts for the 0.4
and 0.8 lug/g groups.
The highest content of lipid in

hepatocytes (as observed in frozen

TABLE IV. Mean White Blood Cell Counts (cells/dL) for Pigs Fed Aflatoxin Containing Rations and Inoculated with Salmonella
choleraesuis var. hunzendorf

Weeks on Diet 0.0 pg/ga 0.0 ,g/g/Sb 0.4 Ag/g 0.4 lAg/g/S 0.8 Ag/g 0.8 jAg/g/S
4 27,000 23,700 26,700 40,400 25,500 40,500

(19,000 - 32,000) (20,800 - 27,000) (20,400 - 32,700) (32,200 - 50,000) (22,600 - 29,300) (27,200 - 58,200)
5 20,800 33,600 22,900 31,600 24,300 28,900

(18,000 - 26,200) (21,500 - 46,100) (19,750 - 28,000) (28,900 - 36,300) (20,800 - 27,100) (20,400 - 37,200)
10 21,700 22,800 19,900 21,400 24,500 23,200

(18,800 - 30,000 (18,900 - 26,200) (17,000 - 23,400) (18,000 - 24,300) (17,100 - 31,200) (16,700 - 31,100)
a = .g/g indicates jig of mixed aflatoxins per gram feed
b= Indicates inoculation with Salmonella. Each value represents the mean of five pigs. Numbers in parentheses are ranges

TABLE V. Mean Serum Enzyme Activities in Pigs Fed Aflatoxin Containing Diets

Weeks on
Enzyme Diet 0.0 Ag/g' 0.0 lg/g/Sb 0.4 Ag/g 0.4 Mg/g/S 0.8 Ag/g 0.8 jAg/g/S
GGTP 4 25.8 ± 11.2c 17.5 ± 4.3 31.6 ± 11.7 18.6 ± 16.3 23.2 ± 8.6 23.6 ± 4.8

10 26 ± 9.7 20 ± 5.1 50.8 + 23.ld 21.2 ± 12.9 37.5 ± 7.5d 26 ± 13.1
ICD 4 187.8 ± 87.5 224.2 ± 58.5 200 ± 60.9 148.2 ± 42.7 158.1 ± 47.1 253.4 ± 140.2

10 228.2 ± 50.9 214.5 ± 74.7 241.4 ± 110.8 181.2 ± 61.3 153.7 ± 121.7 211 ± 121.1
SGOT 4 14.4 ± 8.1 21.7 ± 13 16 ± 4.6 9.2 ± 4.2 40 ± 32.7 29.8 ± 14.1

10 20.5 ± 8.2 16.25 ± 7.9 11.6 ± 2.3 12 ± 3.1 21.4 ± 12.7d 24 ± 40.ld
ALP 4 40.6 ± 19 60.5 ± 25.4 73.2 ± 5.2 41.2 ± 17 107.8 ± 69.3 56.2 ± 45

10 51.1 ± 25 35.5 ± 8.5 60.8 + 15d 42.6 ± 11.1 109.8 ± 79.4d 64.2 ± 25d
a =Ag/g indicates ,Ug of mixed aflatoxin per gram feed. Each group contained ten pigs
b= Indicates inoculation with Salmonella cholerasuis var. kunzendorf after consuming the diets for three weeks
c= Indicates mean ± SD. GGTP and ICD data are expressed in Sigma units/mL. SGOT and SAP are expressed in I.U
d= Significantly different (p < 0.05) from others but not values with same letter

TABLE VI. Mean Levels of Plasma Proteins in Pigs Fed Aflatoxin Containing Rations for Ten Weeks

0.0 Ag/ga 0.0 Ag/g/Sd 0.4 Ag/g 0.4 ,lg/g/S 0.8 ,ug/g 0.8 Ag/g/S
Albuminb 3.1 ± .45' 2.9 ± .46e 2.28 ± .54 2.34 ± .48 2.32 ± .44 2.22 ± .24
a globulinb 1.14 ± .18 1.4 ± .33 1.3 ± .29 1.3 ± .25 1.14 ± .38 1.4 ± .37
,B globulinb 1.02 .15 1.1 ±.17 .90 ±.14 .90 ±.17 .94 ±.18 .92 ±.43
y globulinb .82 ± .36 1.2 ± .15e .90 ± .41 1.04 ± .24 1.5 ± .78' 1.14 ± .34'
A/G ratio 1.05 ± .07 .86 ± .07' .87 ± .10' .74 ± .21' .65 ± .12' .70 ± .21e
Total Proteinb 7.42 ±.43' 7.52 ± .45' 6.88 ±.48' 6.88 ±.42' 6.12 ±.65 6.06 ±.61

a = Ag/g indicates ,g of mixed aflatoxins per gram feed
b = Expressed as g/dL
c = Indicates mean ± SD

dS = Indicates inoculation with Salmonella cholerasuis var. kunzendorf seven weeks previously
ef = Indicates significant differences (p < 0.05) from other values but not each other
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sections of liver stained with Oil
Red 0) was in livers from pigs fed
the 0.8,ug/g rations. The highest
content of glycogen (as observed in
PAS stains) was present in the con-
trol groups (0.0 ,ug/g). Results for
fat and glycogen content in hepat-
ocytes was variable in pigs fed
0.4,ug/g rations.
Karyomegaly,hepatocellular va-

cuolization, hyaline degeneration,
bile ductule proliferation and
fibrosis were not seen histologi-
cally in the livers of pigs fed the
control diets (0.0,g/g).

DISCUSSION

In swine fed aflatoxin contami-
nated rations in south Georgia in
1977, an increased incidence of
aflatoxicosis and salmonellosis
was observed at the Veterinary
Diagnostic and Investigational
Laboratory at Tifton, Georgia (32).
The dramatic increase in the
number of cases of salmonellosis
may have been due to the immuno-
suppressive effects of aflatoxin
present in the animals' feed.
Aflatoxin contaminated rations

result in decreased feed efficiency
and growth rates in swine (12, 30).
Generally levels below 0.3 ng/g
aflatoxin B1 do not affect growth
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O.. g/g aflatoxin andrSalmonella
0.4 pjg/g aflatoxin
0.4 pg/g aflatoxin and Salmonella
0.8 pg/g aflatoxin
0.8O Igf aflatoxin and Salmoella.-

rates (19). In our study, 0.4,ug/g
and 0.8,ug aflatoxin/g feed did
decrease feed efficiency. After
seven weeks on the diets the feed
efficiency ratios were poorest for
those pigs on the diets. By ten
weeks the difference in ratios was
not as great, however, between the
0.4 and 0.8,g/g groups, due to
slower growth rates by the larger
controls and recovery from the
Salmonella and anorexia.
Aflatoxin has been studied for

many years for its toxic , carcino-
genic and immunosuppressive
effects on various animal species
(10, 25, 26). The only recent work
involving the effect of aflatoxin on
the immune system of swine de-
monstrated that there was an
interference with the development
of acquired immunity following
erysipelas vaccination in swine fed
aflatoxin containing rations (10).
Pigs consuming aflatoxin con-

taining rations for three weeks
prior to intravenous inoculation
with sheep erythrocytes had less
hemagglutinating antibody to the
sheep erythrocytes nine days post-
inoculation than pigs fed control
rations (18). This suggested that
aflatoxin had a depressant effect
on the humoral immune system.

Aflatoxin has been shown to

interfere with protein synthesis
and RNA production in the liver,
which is the primary site of afla-
toxin metabolism (6, 9). Thus pigs
consuming the aflatoxin diets
(0.4,g and 0.8, g/g) in this study
had significantly decreased total
serum protein and albumin and
increased gamma globulins. The
increased gamma globulin seen in
cases of hepatic disease may be due
to failure of the liver to modify the
gamma globulins (4) and explain
the increase in our study.

It has been shown in several spe-
cies that aflatoxin may impair in
vitro tests of cellular immunity
through inhibition of function of T
lymphocytes (18, 24, 26, 29). In
chickens and rabbits, there has
been reported an impairment of
the mononuclear phagocytic sys-
tem in aflatoxicosis (17, 27). Pre-
vious studies have shown that
delayed hypersensitivity skin test
correlate with the in vitro migra-
tion inhibition factor test, demon-
strating a possible T lymphocyte
defect in swine consuming afla-
toxin containing rations (18). The
effect of aflatoxin on the cell
mediated immune system in gui-
nea pigs was characterized by a
significant suppression of cutane-
ous hypersensitivity to Nocardia
asteroides sensitization (28). There
was no statistically significant dif-
ference noted in the SI when PPD
or Con A were used as stimulants
of lymphocytes from pigs fed afla-
toxin contaminated diets which
could partially be explained by the
large variation present within
group values. A statistical differ-
ence was reported when PHA was
used in a previous publication (18).
Clearly, more experimental work
is needed before definite conclu-
sions can be drawn for the effects
of aflatoxin on swine lymphocyte
stimulation indices.

Several investigators have re-
ported hematological and serum
enzyme alterations induced by
aflatoxin consumption in acute
and chronic studies in young and
adult swine (12, 13, 30). In our
study, total leukocyte counts were
transiently but significantly ele-
vated in pigs receiving the Salmo-
nella inoculum but later returned
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Fig. 6. Frequency and classification of histological liver lesions present in swine fed
aflatoxin containing diets for ten weeks.



to normal ranges. Our results sub-
stantiate those reports of decreased
PCV and Hgb with increased AST
and SAP in pigs fed aflatoxin con-
taining diets. However, we did not
find significant alterations in
BUN or ICD as reported by several
investigators (12, 13). Elevated
ICD values have been seen in pigs
consuming aflatoxin rations for at
least 112 days (13); individual
values and sample variation were
not reported. Significant differen-
ces in ICD values were not present
in this study. No relationship
between histological lesions and
ICD levels were observed which is
compatible with the absence of
frank necrosis in which elevated
ICD values are seen.

In man, an increase in both
GGTP and SAP indicates hepatic
disease (4). This may also be the
case in swine, since in the present
study elevated GGTP and SAP
levels correlated with histological
evidence of bile ductule prolifera-
tion. In the pig, this enzyme has
been reported to be present within
the luminal borders of the biliary
ducts (8, 21). The biochemical sig-
nificance of GGTP has not been
clearly established, although it
may play an important role in pro-
tein and amino acid synthesis (16,
21).
Gross and histopathological

lesions of aflatoxicosis vary with
the amount of toxin consumed (12,
24). In the present study, pigs con-
suming the highest levels of afla-
toxin (0.8,g/g) had the most pro-
nounced lesions; pigs consuming
the lower level (0.4,ug/g) had
lesions varying in severity from
normal to those similar to the
0.8,ug/g groups. This can be
explained by individual variation
in susceptibility to the toxin and
amount ingested per pig. Histolog-
ical lesions were more severe in the
0.4,g/g groups inoculated with
Salmonella but lesions compatible
with salmonellosis (such as sinu-
soidal leukocytosis, multifocal
necrosis or mononuclear cell infil-
tration) were not seen. Histological
evidence (karyomegaly, cytoplas-
mic degeneration, bile ductule pro-
liferation) of aflatoxicosis in swine
receiving 0.4,utg/g (12) has been
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reported by some workers but not
observed by others (1).

In summary, changes in hema-
tology, serum enzymes, electro-
phoresis, histology and lympho-
cyte stimulation in pigs varied
with the level of aflatoxin in the
diet. Pigs fed the 0.8,g/g diets in
the present study had significant
serum enzyme, electrophoretic
and histological changes when
compared to the control pigs. His-
tological lesions, serum enzyme
elevations and electrophoretic dif-
ferences of pigs fed the 0.4,g/g
diets were generally, but not
always, different from the control
pigs. While feeding of rations con-
taining 0.8 ,ug/g and 0.4 ,ug aflatox-
in/g feed depressed both the hum-
oral and cellular immune system
of swine in a previous study (18),
lymphocyte stimulation results
using PPD and Con A were not
significantly different in the pres-
ent study.
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