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The investigations undertaken on the biological effects of aflatoxin 
in different species of animals have categorically shown that aflatoxin 
In higher doses causes acute hepatitis, haemorrhagic syndromes and death. 
The wide spectrum ofi changes in low doses have also demonstrated the 
teratogenic, muiagenic and carcinogenic effects. In addition, aflatoxin 
exerts an ef`rect on resistance to infection and development of acquired 
immunity. It is wel l-Known that it is the immunological background of 
the animal that determines the emergence of disease syndromes and 
the immunosuppressive effect of aflatoxin has a tremendous influence 
on the disease prevalence in the animal population in general and pigs 
in particular since they are very susceptible to this Toxin. Considering 
these aspects, an investigaticn was undertaken to assess the immune 
response of pigs fed low doses of aflatoxin. 

Materials and Mei~hods 

Preparation of toxin; 

Tl~e aflatoxin required for the study v`.~as produced by growing 
Aspergillus parasiticus on rice. The method described by Shotwell 
et al. (1966) was adopted. The toxin was extracted as per the method 
of Pons and Goldbl~tt (1969). Tf'~e concentration was determined by thin 
layor chromatography employing fluorescence extinction method (AOAC, 
1975). The powderod rice culture containing aflatoxin on an average 
95- i 05 ; rg/g was us;~d for the experiment. 

Experimental animals: 

Twenty, cl inical ly healthy, Large VVhite Yorkshire male pigl ings of 
2-3 months of age belonging to the Pig Breeding Farm, Mannuthy were 
randomly selected for the experiment. The pigs were Kept under obser-
vation for two weeks before commencement of the experiment during 
which period they were screened for common parasitic diseases and 
other ailments. The animals werQ assigned at random to three groups. 

Group I and Group Il Eonsisting of seven animals each; group 11 1 (control} 

consisting of six animals. 
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Feeding schedule: 

The ration schedule followed in the farm was adopted for these 
animals. Every consignment of the feed was screened for aflatoxin 
before feeding it to the pigs and it was ensured that they were free of 
aflatoxin. The powdered rice culture containing aflatoxin was mixed 
with the ration and fed to Group I and Group II animals at the dose rate 
of 0.1 and 0.2 mg per kilogram body weight respectively. Group III 
animals were kept as control. The experiment was carried out for a 
period of three months. 

Evaluation of blood: 

Blood samples from all tl~e animals were collected from the anterior 
vena Cava before commencement of the experiment, 48 hours after the 
administration of toxin, and thereafter at ten days interval for 90 days. 
Procedures described by Schalm (1975) were followed for the determi-
nation of total leukocyte and differential leukocyte counts. Absolute 
counts of the neutrophils :and lymphocytes were estimated from the 
values obtained. 

Assessment or' cell-mediated immune status: 

Enumeration of alphanaphthyl acetate esterase (ANAE) positive 
lymphocytes in the peripheral blood: 

Peripheral blood smears were fixed (Giorno and Beverly, 1980) 
and stained with pararosaniline hydrochloride (Knowles et a/., 1978) for 
demonstrating alphanaphthyl acetate esterase (ANAE) activity which 
was used as T-cell marker, 

Response to phytohaemagg/utinin-M (PHA-M): 

At the end of two months of the experimental period the cellular 
response of both aflatoxin fed pigs and the controls was evaluated using 
PHA-M. The method described by Rajan et a/. (1982x) was employed. 

Response to 2, 4-dinitrochlorobenzene (DNCB) 

On the 70th day of the experiment, the cell-mediated immune res-
ponse of the pigs to 2, 4-dinitrochlorobenzene (DNCB) was evaluated 
The method described by Rajan et al. (1982b) was followed. 

Assessment of phagocytic activity: 

The procedure described by Peacock and Tomar (1980) was follo-
wed to assess th® phagocytic activity of neutrophils in vitro, using 
Nitroblue tetrazolium (NBT) dye reduction test. The method of Reddy 
and Rajan (1984) was adopted and the NBT dye reduction test was 
performed on the lymphnode impression smears in vitro. 
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Total serum proteins were estimated by the biuret assay method 
of Inchiosa (1964). Zinc sulphate turbidity test described by McEwan 
et al. (1970) and Nandal<umaran (1981) were followed for evaluating 
the gammaglobulin in the serum. 

At the end of the experimental period all the experimental as, welt 
as control animals were sacrificed and post—mortem examination was 
conducted. Animals that died during the experimental period were also 
subjected to detai led post-mortem. The gross and histopatholog~ca! 
lesions in the spleen, lymphnodes and thymus were studied. 

Resu Its 

The pigs dosed with aflatoxin ware stunted in growth, depressed 
and showed progressive weight loss. The feed intake wGs less and they 
developed mange infection by the 70th day. All the control group ani-
mals remained .healthy. 

Figure 1 il lustrates the leukocyte response. The haemogr~n~ of the 
control and experiments! pigs is represented in table I. 

Total leukocyte count 
The total leukocyte count of the group I animals trough showed 

an increasing trend did not statistically differ from that of the control 
values. In group II animals the values were higher and statistically signi-
ficant (P <0.05) from that of control values on the 40th, 50th and 80th 
day. 

Absolute neutrophil count 
The value in the group I animals were not statistically significant 

from that of the control animals whereas in group li animals the valu©s 
were significantly higher (P <0.05) from the 30th day onwards, 

Absolu.e lymphocyte count 
Compared to the control animals, a higher count was maintained 

in group I animals upto the 60th day but thereafter a decline in the values 
were observed and was not statistically significant. I n group I I animals 
an increase in the values were observed upto the 40th day followed by a 
decline, the variations from the control values being significant (P <0.05) 
only on the 50th day. 

Distribution of T lymphocytes (A.NAE positive cells) in the peripheral 
blood 

A decreasing trend was observed in the percentage of ANAE posi-

tive cells in both group I and group II animals from that of the control 

group. The variations being significant (P <0.05) on the 10th ar~d 40th 
day in group I and 20th and 50th day in group II. An increasing trend 
was observed in all the groups from the 80th day. 
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Cutaneous hypersensitivity reaction: 

Response to PHA-M (Phytohaemagg/utin-MJ and DNCB 

The skin induration developed after 24 and 48 hours of administra-
tion of PHA and DNCB in group I and II was compared with that of the 
controls. The biometry of the skin thickness is documented in tables I 
and 11. A significantly lesser response (P <0.05) was observed in the skin 
thickness in both the experimental groups and in DNCB, the diameter of 
the reactive area also, when compared to the controls. This was evident 
in the histological changes also and was dose dependent. 

Determination of total serum protein 
The mean concentration of total serum proteins is set mut in fig. 2. 

In both the experimental groups a decreaae in the concentration was ob-
served compared to the controls. The variations from the control values 
were significant (P <0.05) from the 20th day onwards. 

Table I 
Biometry of the skin thickness before and after administration 

of PHA-M (Mean+S.E.) 

Thickness Increase in Increase in 
before chal- thickness after thickness after 
lenge (mm) 24 hours (mm) 48 hours (mm) 

Control 2.00+0.00 2.58+0.15 1.87-i-0.00 
Group 1 2.00+0.00 1.71 -1-0.11 * 1.14+0.00` 
Group II 2.00+0.00 0.95+0.05 0.30+0.00* 

P <o.e5 

Determination of serum gammagiobulin 

The values are illustrated in Fig. 2. A decrease in the concentra-
tion was observed in both the experimental groups compared to the 
contro! group. 

Phagocytic activity of neutrophiis and macrophages using Nitrobiue 
tetrazolium (NBT) sa/t 

Figure 3 illustrates the mean NBT positive neutrophilic response. 
A significant (P <0.05) decrease in the percentage of these cells was 
observed in the experimental groups compared to the controls, from the 
10th day onwards. A significant decrease in the percentage of NBT posi-
tive macrophages was observed in both the experimental groups and is 
documented in Fig. 4. 
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Table II 

Biometry of the skin thickness and diameter before and after 
challenge with DNCB (Mean+S.E.) 

Thickness Increase in thick- Diameter Increase in diame—
before Hess after chat- before ter after 

challenge lenge (mm) challenge ci:~allenge (mm) 
(mm) 

24 48 
hours hours 

(mm) 
24 48 
hours hours 

Control 4.83+ 10.67+ 8.70+ 3.00+ 2.92+ 2.25+ 

0.15 0.43 0.50 0.00 0.15 0.21 

Group I 4.78+ 7.48± 6.10*+ 3.00+ 2.30+ 1.85+ 

0.15 0.18" 0.25 0.00 0.20 0.19 

Group II 4.52± 5.98+ 5.10+ 3.00+ 1.52+ 1.00+ 

0 07 0.57" 1.45' 0.00 0 00~` 0 00" 

* P <O.CS 

Morbid anatomy and histopathology 

During the course of the experiment, one animal in group I died on 
the 72nd day and five animals in group II died on the 21st, 23rd. 67th, 77th 
and 85th day respectively. All the other animals were sacrificed on the 
90th day. Gross changes were evident only in the hepatic, mesentric, 
prescapular and prefemoral lymphnodes. In most of the lymphnodes 
there was cortical haemorrhage and few were oedematous. Micros;o-
pically, there was diffuse haemorrhage and this was associated with 
deposition of haemosiderin pigment. In most of the cases, there was 
depletion of lymphoid cell population in the cortical and medullary 
region. 

There was no appreciable gross lesion except in a few animals in 
group II in which the spleen had small nodules on the surface.' Micro-
scopically, in all the experimental animals there was haemorrhage and 
haemosiderosis. Grossly, the thymus was sligtly oedematous and cont—
ained petechiae and echymotic patches both on the surface as well as 
in the parenchyma. Histologically, there was multiple focal areas of 
haemorrhage in the parenchyma and in the interstitial tissue. The lym—
phoid tissue was widely separated by ;foci of haemorrhage. Lymphoid 
cells were few and loosely scattered. Islands of Hassal's corpu-
sclesundergoing degeneration were seen amidst the area of haemorrhage 
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discussion 

i'he clinical manifestations in the aflatoxin fed groups were dose 
dependent. It is reasonable to explain that the pigs contracted infection 
as a result of immunodeficiency caused by aflatoxin and the leukocytosis 
observed is only a consequence of tl~e disease process. Increase in the 
total leukocyte count in pigs fed aflatoxin was observed by Cysewski 
et. a/. (1968, 1978); Miller et. a/. (1978) and Dhanvantari et. a/, (1982). 
However, Osuna and Edds (1982a) did not observe any significant variation 
in the total leukocyte count in experimental aflatoxicosis of pigs. 

The increased neutrophilic response in both the experimental 
groups is a consequence of the mange infection. However, the absolute 
lymphocyte count in the experimental groups did not evince a significant 
difference from that of the control animals, indicating that immuno-
suppression was responsible for masking the absolute lymphocytosis, 
Though the absolute lymphocyte count was not significantly altered the 
percentage of ANAE positive (T lymphocytes) showed a decrease indica-
ting that the lymphocytes were functionally defective and this was 
clarified by other immunological markers such as PHA and DNCB, thereby 
indicating immunosuppression. It may be pointed out that Cysewski 
et al. (1968) and Dhanvantari et al. (1983) have observed lymphopenia 
in pigs fed aflatoxin and a decrease in the number of ANAE positive 
cells in aflatoxicosis of pigs was recorded by Vishalakshan et . a/. (1984). 
A transient increase observed in the percentage of ANAE positive cells in 
all the groups from thy, 80th day onwards, has to be considered as an 
after effect of DNCB application. Rajan et. al. (198X) made similar 
observations in pigs following DNCB application and they suggested 
induction of esterase enzyme in T cells following DNCB challenge to be 
the probable reason ror their increase. This increase in the T-cell popu—
lation was not reflected on the absolute lymphocyte count suggesting 
that the immune system at this stage was suppressed. The cell-mediated 
immune response (CMI) and indirectly the functioning ofthe macrophage-
lymphoid system in pigs fed aflatoxin was assessed employing cutaneous 
hypersensitivity tests. The PHA and DNCB test9 clearly indicated as 
lowered cell-mediated immune response in aflatoxin fed pigs and was 
dose dependent. Suppression of CMI response of pigs in aflatoxicosis 
was also recorded by Miller et. a/. (1978). Pier (1981) suggested that 
aflatoxin may impair the cel lular immuns response through ,inhibition of 
the function of T lymphocytes and possibly lymphokine production. 
Haemorrhage and lymphoid depletion observed in the thymus of aflatoxin 
fed pigs indicate that aflatoxin may exert a direct effect on th® immune 
system of pigs. According to Cooper et. a/. (1966) thymic defect would 
be more likely to affect delayed hypersensitivity and graft-versus-host 
reaction then antibody production and bacterial clearance• 
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The serum protein concentration in aflatoxin fed pigs was signi-
ficantly low indicating that continued low level consumption of aflatoxin 
had an inhibitory effect on the protein synthesis, perforce due to tl~e 
damaging effects of aflatoxin on the hepatic tissue. These findings are 
in agreement with the observations of Annau et. al. (1964); Cysewsl<i 
eta/• (1968, 1978); Miller et. a/. (1981); Osuna and Edds {1982b) and 
and Ho (1982). • 

It was opined by Busby and Vllogan (1981) that polysome dis-
aggregation was consistently associated with and may be the basis for 
inhibition of protein synthesis by aflatoxin treatment. 

In the present study, the gammaglobul in levels of the toxin fed 
pigs was significantly low compared to the controls indicating that 
aflatoxin might exert and effect on the humoral immune response. 
Decreased gammaglobul in levels in aflatoxicosis of pigs was also recorded 
by Southern and Clawson (1979). Ho (1982)., Osuna and Edds 11982b) 

It is very pertinent to point out that the experimental group of 
animals contracted mange infection whereas the controls remained 
healthy. This is an important point and need to .be stressed. This is a 
practical problem emerging as a consequence of immunosuppression. 
Many of the disease outbreaks seen in animals in the field might be 
attributed to tfie consumption of low doses of aflatoxin and consequQnt 
immunu—suppression. Dykes (1986) also reported mange infection in 
pigs following consumption of aflatoxin contaminated feed and he also 
put forward the same hypothesis. 

The NBT reduction test employed to assess the phagocytic activity 
of neutrophils revealed a considerable reduction in the numbsr of NBT 
positive neutrophils in the aflatoxin fed pigs, in spite of the increased 
neutrophilic response. 

The functional activity of macrophages assessed by the NBT test 
in the lymphnode impression smear showed a decrease in the percentage 
of NBT positive macrophages. This observation is complementary to 
that observed in the case of neutrophilic leukocytes. The studies there-
fore showed that afilatoxin impairs the function of at least more than one 
of the cel l types of the phagocytic system, which was also dose related. 
This observation is akin to that made by Michael et. a/. (1973) and Chang 
and Hamilton (1978) in aflatoxicosis of chicken, in which the phagocytic 
activity of heterophils end monocytes was reduced. 

Richard and Thurston (1978) also documented decreased phago-
cytic activity of macrophages fed aflatoxin. 

Kerala J. vet. Sci. 



I mmunopatholagical response in of latoxicosis 15 3 

The gross and histopathological chG^ges observed in the present 
study were related to the dose of the toxin. Pigs given the lower dose 
were less severely affiected. Haemorrhage and haemosiderosis in the 
seleen, lymphnodes and thymus of toxin fed :;animals and lymphoid cell 
depletion in the thymus and lymphnodes are reflections of aflatoxin 
induced injury to the blood vessels and to the destructive effect of afla-
toxin on the lymphoid cell population. The latter is a feature which 
would substantiate a reduction in the cel l-mediated irrrmune response. 

By the experimental studies undertaken it was clarified that 
aflatoxin has a significant suppressive effect on the immune syster~~ of 
pigs, enhancing their susceptibil ity to secondary infection. !t may be 
pointed out that many of the biological agents responsible r'or causing the 
disease are prevalent in the environment and it is the competency of the 
immune system which determines the prevalence of the disease in an 
animal . The observations made in this study have therefore, great practical 
relevance and stresses the Hoed for screening the feed samples for 
aflatoxin contamination and the necessity to feed pigs a diet free of 
aflatoxin. 

Summary 

The immune response of pigs fed aflatoxin at two different dose 

levels, 0.1 and 0.2 mg;~kg body weight was studied and was compared to 

that of identical control pigs. The cell—mediated immunity assessed 

employing ANAE, PHA and DNCS as markers was found t~ be suppressed 

in the aflatoxin fed pigs. A suppression of the humoral response was 

observed as evidenced by a decrease in the total serum protein and gam-

maglobulin concentration. The phagocytic activity of neut►ophi ls and 

macrophages was decreased. Immunosuppression led to sarcoptic mange 

infection. The suppression was dose related. The above observations 

were supported by histopathological findings. 
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