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Abstract.- The present study was planned to evaluate the effects of dietary ochratoxin A (OTA) in the presence
and absence of a toxin deactivator on the organ weights, humoral immune response of broiler birds vaccinated against
Newcastle disease (ND), hydropericardium syndrome (HPS) and infectious bursal disease (IBD). This was
investigated in a 42 day completely randomized trial consisting of 9 dietary treatments with 1 negative control group.
Birds were vaccinated against ND at 5 and 21, IBD at 11 and 24 and HPS at 15 days of age. The serum samples were
collected at 14, 28 and 42 day of age were then assayed using haemagglutination inhibition (HI) for ND and indirect
haemagglutination Inhibition test (IHA) for HPS and IBD, respectively. The exposure of broiler birds to two levels
(500 and 1000pphb) of OTA reduced their humoral immune response against ND, HPS and IBD vaccines significantly
(p<0.05) in dose dependent manner. At day 14, only titers for ND were significantly elevated in group supplemented
with 2kg/ton of toxin deactivator. While on day 28 and 42 of age the supplementation with 2kg/ton toxin deactivator
significantly (p<0.05) ameliorated the deleterious effects of OTA on humoral immune response of birds against ND,
HPS and IBD as reflected by increase in the respective antibody titers. As far as the organ weights are concerned, the
results of present study indicated a close interaction of OTA with infectious diseases which cause significant (p<0.05)
suppression of humoral immune system, even if the birds adequately vaccinated and predisposed to ND, HPS and IBD

on challenge.
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INTRODUCTION

Poultry diseases are a serious impediment

in the development of poultry enterprises and
resulted in major worldwide economic losses.
Among viral diseases, Newcastle disease (ND),
hydropericardium syndrome (HPS) and infectious
bursal disease (IBD) are the three most prevalent
ones in Pakistan, inflicting heavy economic losses
(Beenish et al., 2013). These mass poultry diseases
occur despite regular vaccination which may be
ascribed to antigenic variant strains, interference by
maternal antibodies and immunosuppressive agents
such as mycotoxins in feed (Mahajan et al., 2002;
Mustafa et al., 2005; Rashid et al, 2013).
Mycotoxins have the potential to interfere with the
native resistance mechanisms as well as
development of active immunity. Aflatoxins, OTA
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and mycotoxins of the trichothecenes group are
typically associated with interference of resistance
to infectious diseases (Wyatt, 2005). However, it is
difficult to discern their role, because the casual
involvement of mycotoxins is often overshadowed
by the infectious diseases and thus is not overtly
evident in the overall syndrome (CAST, 2003).
Ochratoxin A in particular, is a toxic product of the
fungi Aspergillus and Penicillium, which affects
several performance parameters as well as the
immune system of the birds (Marquardt and
Frohlich, 1992). It is approximately three times
more toxic to young broiler chicks than aflatoxins
(Leeson et al., 2005) and has been implicated in
significant field outbreaks of ochratoxicosis in
poultry (Fink-Gremmel, 1999).

The addition of naturally occurring inert
adsorbents to mycotoxin-contaminated feed has
been a popular approach to decrease the toxicity of
mycotoxins in animals and to offset the carry-over
of mycotoxins from contaminated feed to animal
finished and by-product. These adsorbents act
primarily by decreasing bioavailability (by



1684 N.Q. HANIF AND G. MUHAMMAD

adsorption through animal’s gastrointestinal tract)
and their distribution to target organs (CAST, 2003).
Several studies revealed that aluminosilicates and
yeast i.e., Saccharomyces cerevisiae can alleviate
the adverse effects of aflatoxins in poultry (Kubena
at al., 1990; Stanley et al., 1993) but none of these
ameliorate the deleterious effects of ochratoxins
(Watts et al., 2003). Recent studies have shown that
a specific yeast strain, T. mycotoxinivorans isolated
from the hind gut of a lower termite (Mastotermes
darwiniensis) has the ability to detoxify mycotoxins
such as OTA and zearalenone (Politis et al., 2005;
Hanif et al.,, 2008, 2012). Isolated and skimpy
attempts have been made for observing the
modulating effects of mycotoxicosis on infectious
viral diseases in broiler chicken. Most of this work
is restricted to aflatoxicosis vis-a-vis infectious
poultry diseases. Effects of the presence of OTA in
feed on the humoral immunity, in particular against
HPS have not been investigated thus far. In view of
the foregoing, the present study was designed to
determine the interaction of OTA with humoral
immunity against ND, HPS and IBD along with
determination of the efficacy of a mycotoxin
deactivator ~ (Mycofix  Plus;  MP)  having
Trichosporon  mycotoxinivorans on  immune
response of broiler chicken to these vaccines.

MATERIALS AND METHODS

A total of 270 day-old broiler chicks (Star
Bro from Al-Noor Chicks, Faisalabad-Pakistan)
were used in a completely randomized experimental
design with one negative control group, two positive
control groups for OTA (500ppb and 1000ppb) two
positive control group for MP (1 and 2kg /ton of
feed) and four MP test groups (500ppb OTA and
1kg/ton; 500ppb OTA and 2kg/ton; 1000ppb OTA
and 1kg/ton; 1000ppb OTA and 2kg/ton) resulting
in a total of 9 experimental dietary treatments. Each
dietary treatment was replicated 3 times, with 10
birds per replicate (Table I).

Toxin deactivator

Toxin deactivator (Mycofix PlusM™ NSIPE)
containing yeast strain T. mycotoxinivorans was
obtained from Biomin GmbH, Austria. It was in
powdered form containing 6.0x 10° count/g of T.
mycotoxinivorans.

Table I.- Levels of ochratoxin A (OTA) and toxin
deactivator added to the diets of groups (in
triplicates) of broiler chicks

Groups OTA Toxin deactivator Np. of

(ppb) ( kg/ton) birds
A None None 30
B None 1 30
C None 2 30
D 500 None 30
E 500 1 30
F 500 2 30
G 1000 None 30
H 1000 1 30
| 1000 2 30

Experimental diet

All groups of broiler chicks were fed a
commercial mash, which consisted of standard
feedstuffs and contained enough nutrients to meet
all requirements (Protein 19.65%; metabolizable
energy 2840kcal/kg). In the experimental groups D,
E, F, G, Hand I, OTA (OTA contaminated corn
courtesy; Biomin, Austria) was added in an amount
enough to provide 500 and 1000ppb OTA
respectively. Feed and water were provided ad
libitum. For the determination of interaction of OTA
with humoral immunity against ND, HPS and IBD,
birds were vaccinated against these diseases
according to vaccination schedule as depicted in
Table Il. For serology, blood samples were collected
from 6 randomly selected birds from each group at
day 14, 28 and 42 of age and serum harvested by
centrifugation and stored at -20° C till analysis. The
immune response against ND was determined
through haemagglutination inhibition (HI) test as
recommended by Allen et al. (1978), while the
response against HPS and IBD was assayed by
indirect haemagglutination (IHA) tests as described
by Rehman et al. (1989) and Rehman et al. (1994),
respectively. The organs were collected during 28
and 42 day of experiment and absolute weight were
calculated.

Statistical analysis

Data of serum titers were analyzed using
ANOVA, SPSS softwarel0.0. The experimental
model included the effect of dietary treatments,
antibody titers at sampling days, the interaction
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Table Il.-  Vaccination schedule of experimental birds.
Vaccine type Vaccine brand/strain Route of Age (days) at
vaccination vaccination
Newcastle disease (ND) TAD - ND Lasota clone Eye drops 5
Infectious bursal disease (IBD) TAD/Gumboro Vac-1BV CU1M Eye drops 11
Hydropericardium syndrome (HPS)  Bio Angara/ hydropericardium local strain ~ Sub cut 15
Newcastle disease (ND) TAD/ Lasota clone Drinking water 21
Infectious bursal disease (IBD) TAD/ Gumboro Forte — LC 75 Drinking water 24

between treatments and antibody titers. The Duncan
Multiple range test was used to compare differences
between means with significance at the p<0.05
level.

RESULTS AND DISCUSSION

Table Il shows that significant reduction
(p<0.05 ) in HI antibody titers was only observed
only in birds fed diet containing 1000ppb OTA
(group G). In the other groups, no significant
influence/effect of OTA in the presence or absence
of toxin deactivator was observed. At day 28, no
significant influence on humoral response in broiler
birds vaccinated against NDV in either presence or
absence of OTA was observed. Albeit, at day 42,
significant suppression in antibody titers against ND
was recorded in groups receiving only OTA (group
D and G) as compared to control group A, whereas
significantly elevated titers were found in group F
receiving both OTA and toxin deactivator.

As can be seen in Table Il on days 28 and
42, antibody titers of birds receiving 1000ppb OTA
alone (group G) were significantly (p<0.05)
reduced. Supplementation of 2kg toxin deactivator
per ton of feed in the presence of 500ppb OTA
(group F) resulted in significantly higher titers
against IBD at day 28 and 42 than the titers
observed in the absence of the toxin deactivator
(group D). Similarly, significantly (p<0.05) higher
titers were recorded at days 28 and 42 in groups H
and | (1000ppb OTA and 1kg/ton toxin deactivator;
1000ppb OTA and 2kg/ton toxin deactivator)
compared to titers observed in group G (receiving
1000ppb OTA alone). At days 28 and 42, the
humoral response to HPS vaccine was significantly
lower (p<0.05) in group D (500ppb OTA alone)
than in groups E and F (500ppb OTA and toxin

deactivator at 1 and 2 kg/ton of feed, respectively).
At these sampling time points, significantly lower in
group G (1000ppb OTA alone) than in groups H and
I, respectively (Table I11).

Determinations of absolute weights of
lymphoid organs i.e., bursa of Fabricius and spleen
of birds at day 28 and 42 of age are shown in Table
IV. During days 28 and 42 of experiment, bursal
absolute weights were significantly decreased with
level 1000ppb of OTA (group F) when compared
with the control group (A). Similarly, the groups fed
on higher level of OTA (1000ppb) in the presence
and/or absence of toxin deactivator were found
decreased significantly (P<0.05) from control group
(A) but did not different from group D. Whereas, at
day 42 as can be observed in Table IV, no
pronounced effect of OTA or toxin deactivator at
either levels were observed when compared with the
control group (A). No significant effect of OTA and
toxin deactivator on absolute weights of spleen was
observed at day 28 of age. While at day 42, the
absolute weights of spleen were non-significantly
decreased only in group D (fed 500ppb OTA). In
groups fed on toxin deactivator no pronounced
effect was observed at either day 28 or 42.

Lower weight of spleen and bursa of
Fabricius may account for reduction in the antibody
titers reported with the presence of mycotoxins in
feed. This reduction is likely a consequence of
degenerative changes and decreased lymphoid
tissues in these organs in OTA treated groups. The
mechanism of immunosuppression is not well
elucidated, but it is supposed that OTA as an
inhibitor of protein synthesis delays the division of
the cells of the immune system. Impaired protein
synthesis in lymphocytes could lead to the
impairment in their activation, differentiation and
proliferation. OTA is known to cause regression
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Antibody titers (Mean+SD) against Newcastle disease (ND), Infectious bursal disease (IBD) and hydropericardium syndrome vaccines in broilers

Table III.-

IBD antibody titers (Mean +£8D)  ypg ,6ih0dy titers (Mean £SD)
Day 28 Day 42 Day 28 Day 42 Day 28 Day 42

ND antibody titers (Mean +SD)

Day 14

Toxin
deactivator
(kg/ton)

OTA levels
(ppb)

Groups

8.67+0.57¢
8.00+0.23<
8.00+1.11%¢

7.67+1.53™
8.11+0.37%
7.67+0.50*

7.33+0.58 %

8.33+0.56°¢
6.67+0.50 ¢

6.65+2.08 "
6.67+0.58
6.12£1.25%

7.00+1.08 ¢

6.67£1.53%
7.001.10°¢

6.67+1.53*
6.20+0.23*
7.33+1.53*

7.43£0.58°
7.00+1.15°
6.01 £0.57°

S — A

5.67+0.45%
7.67+1.15

5.33+0.21°
7.33+0.77°

5.3320.66
6.00+0.67 ">

5.67+0.44 %
6.33+0.57 %
8.10+0.58°¢

5.00+0.11°
5.33+0.57 %

6.67+0.57*

6.67+1.15"

6.00 £1.20°
6.13+1.15°

500
500

8.68+0.17°¢ 8.67+0.50¢

7.67+0.63* 8.67+0.87¢ 8.00+0.22°

8.00£1.52°

500
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6.67+0.62"

5.00£0.21°
7.67+1.15°¢

4.67+0.23°
7.21+0.34°
8.67+0.57°¢

4.33+0.47°
5.67+0.24"%
6.33+0.98 ™¢

5.23+0.89°
7.29+0.57 "
7.13+0.99

5.00+0.19°
5.33+0.57%
6.00£0.10 ™

6.33+0.57*
7.10+1.00*
7.23+1.07°

422 +2.00*
5.09+0.58°
6.11£2.08"°

1000
1000
1000

O T~

*IMeans within a columns with different superscript differ significantly (p<0.05).

and cellular depletion (lymphocytes) of major
lymphoid organs, significantly affecting cellular
immunity in poultry. OTA cause lesser secondary
suppression of humoral immunity with lower
circulation immunoglobulin resulting in depletion of
immune  system  effector cells especially
macrophages. The reduction of phagocytic activity
of natural killer cells and T-killer cells is probably
due to reduction in basal interferons (Harvey et al.,
1992).

Mycotoxins have been implicated as potent
inhibitors of the avian immune response by
interfering with protein synthesis and also impose
significant effects on bird health because of their
interference with vaccination programs (Frederie,
2010). Ochratoxin A has increasingly been coming
into focus in recent years due to its ubiquitous
occurrence in human food and animal feed and
associated toxic effects. Furthermore, the main
target organs of OTA are kidneys, liver, lymphoid
organs, hemopoietic tissues and skeletal system
(Xue et al., 2010). In a mouse model, it is found
that subchronic oral exposure to OTA affects certain
immune functions at exposure levels that may be
found in contaminated food products. The results of
the present study substantiated these findings since
two dietary levels of OTA (500 and 1000ppb)
significantly suppressed the antibody response of
broiler birds to ND, HPS and IBD vaccines at day
28 and 42 of age.

The titers of haemagglutination inhibiting
antibodies induced by the Lasota vaccine strain of
ND were significantly reduced by the dietary
inclusion of OTA. This indicates the negative
influence of ochratoxin A on the humoral immune
response of broilers vaccinated against ND. These
findings are in line with those of Balachandran
(2006) who observed significant reduction in HI
titers to ND in the vaccinated mycotoxin-fed
(Aflatoxin, 100ppb; OTA, 250ppb and T-2 toxin,
500ppb) groups and Ilymphoid depletion and
lymphocytosis in all lymphoid organs of ND
challenged birds. Similarly, Gounalan et al. (2006)
found significant reduction in antibody titers to ND
vaccinated layer chicken fed 250ppb of OTA from 0
to 14 weeks of age. Singh et al. (1990) documented
that OTA fed to broilers at dietary concentration of
2ppm reduced either humoral or cellular immune
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Table IV.- Mean (xSEM) values of absolute weight of lymphoid organs at days 28 in broiler birds fed two levels of
Ochratoxin A and toxin deactivator.
Treatment Day 28 Day 42
Groups Bursa of Fabricius Spleen Bursa of Fabricius Spleen
A 2.10+0.15° 1.38+0.25°2 0.90+0.06 % 2.27+0.61®
B 1.57+0.43"¢ 1.13+0.12° 0.76+0.20% 2.20£0.26®
C 1.40£0.35° 1.10+0.12° 1.26+0.29° 2.67+0.39°
D 1.0£0.06® 1.07+0.14° 0.90+0.15% 1.13+0.232
E 1.10£0.12% 1.10+0.362 1.0£0.15® 2.10£0.78®
F 1.0£0.15® 0.80+0.25* 1.17+0.06° 1.67+£0.58%
G 0.53+0.09° 0.90+0.15* 0.50+0.11° 1.76+£0.20%®
H 0.67+0.12° 0.86+0.14° 0.73+0.23® 2.46+0.22®
| 1.03£0.15% 0.85+0.08* 0.87+0.27% 1.73£0.32%

&eMeans with in a column with no common superscript differ significantly (P< 0.05)

A (control group), B (1kg/ton of Mycofix PlusMTV INSIDE) "C (2kg/ton of Mycofix PlusMTV INSIDE) "5 (500pph OTA), E (500ppb OTA
and 1 kg/ton of Mycofix PlusM™V INSIDE) " (1000ppbh OTA and 2 kg/ton of Mycofix PlusM™ INSIDE) "G (1000ppb OTA), H (1000ppb
OTA and 1 kg/ton of Mycofix PlusMTV INSIPE) "] (1000ppb OTA and 2 kg/ton of Mycofix PlusMTV INSIDE")

response or both, and inhibited phagocytosis. The
findings of the present study with respect to effect
of OTA on the haemagglutination inhibition titers
against ND wvaccine are congruent with those
reported by Stoev et al. (2000).

IBD is known to have a tremendous impact
on the poultry industry causing high mortalities,
lowered productivity among infected chicks,
predisposition to other infectious diseases and
reduced response to vaccines. In the present study,
the birds were vaccinated against IBD at day 11
with a booster dose at day 24 of age. At day 14 no
titers could be detected as the titers developed were
below the levels detectable by IHA test. This was
further supported by detrimental effects of OTA on
humoral immune response was observed even after
booster vaccination. Mohiuddin (1993) documented
a marked decline in antibody titers and phagocytic
activity in birds fed an aflatoxins dose as low as
200ppb. Similarly, Anjum (1994) reported a severe
IBD outbreak with a mortality rate of 35.80% in
grower pullets that were vaccinated with IBD
vaccine, but were immunodepressed owing to
aflatoxicosis.

HPS is an immunosuppressive disease of 3-6
weeks old broilers characterized by sudden onset,
high mortality, typical hydropericardium and
enlarged mottled and friable liver, with intranuclear
inclusion bodies in the hepatocytes (Balamurugan
and Kataria, 2006). It was originally reported from

Angara Goth near Karachi, Pakistan, during 1987
(Khawaja et al., 1988), and it has been reported to
be particularly important in Asia and America (Abe
et al., 1998). As far as could be ascertained, reports
concerning the interaction of OTA with IBD and
HPS are nonexistent heretofore. The present study
documented for the first time that incorporation of
OTA in the feed led to significantly lower antibody
titers at day 28 and 42 of inoculation of IBD and
HPS vaccines. The significantly lower antibody
titers in birds receiving OTA supplemented feed
compared to those of the control may be ascribed to
the potent immunosuppressive effect of OTA
(Frederie, 2010).

Recent studies showed that a yeast strain
isolated from a termite (Mastotermes darwiniensis)
can transform certain mycotoxins into non-toxic
metabolites (Molnar et al., 2004; Hanif et al., 2012).
A toxin deactivator, having T. mycotoxinivorans
was used in the present study. This toxin
deactivator is especially designed to counteract the
toxic effects of mycotoxins based on 3 strategies:
biotransformation of mycotoxins, elimination of the
toxins (adsorption) and elimination of the toxic
effects. In the present study, the deleterious effects
on immunity caused by OTA were ameliorated by
dietary inclusion of toxin deactivator 2kg/ton of
feed. These findings also support previous studies
showing that Mycofix Plus is capable of
counteracting  the  deleterious  effects  of
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trichothecenes, aflatoxins and OTA (Diaz et al.,
2005; Xue et al., 2010).

Evidence in the literature together with the
results of the present study suggest that mycotoxins
of various types are a contributing factor in reducing
the immunity and thus are likely to increase the
susceptibility of birds to infectious diseases by
reducing their responses to vaccines (Ragland et al.,
1998). Mycofix Plusis capable of counteracting the
negative impact of ochratoxicosis at an inclusion
level of 2kg/ton of feed. Further studies are
required to evaluate the interaction of OTA with
other infectious diseases and their vaccines.

ACKNOWLEDGEMENT

Authors expresses special thanks and deepest
gratitude to BIOMIN GmbH, Austria for providing
OTA contaminated corn material and toxin
deactivator for the Research Project.

Conflict of interest
Authors declare that they have no conflict of
interest.

REFERENCES

ABE, T., NAKAMURA, K., TOJO, H., MASE, M., SHIBARA,
T., YAMAGUCHI, S. AND YUASA, N., 1998.
Histology, immunohistochemistry and ultra-structure of
hydropericardium syndrome in adult broilers, breeders
and broiler chicks. Avian Dis., 42: 606-612.

ALLEN, W. H., LANCASTA, J. E. AND TOCH, B., 1978.
Newcastle disease vaccine, their production and uses.
FAO. ROME. pp 57-62.

ANJUM, A.D., 1994. Outbreak of infectious bursal disease in
vaccinated chickens due to aflatoxicosis. Indian Vet. J.,
71: 322-324.

BALACHANDRAN, C., 2006. Mycotoxin associated
pathologic changes in poultry. In: Proc. Int. Conf. Adv.
Pract. Med. Surg. Augment. Product. Tamil Nadu
Veterinary and Animal Sciences University, Chennai,

India.
BALAMURUGAN, V. AND KATARIA, J., 2006.
Economically important non-oncogenic

immunosuppressive viral diseases of chicken — current
status. Vet. Res. Comm., 30: 541-566.

BEENISH, Z., MUTI, R. K., ASIM, A., ANEELA, Z.D. AND
SHOAIB, A., 2013. Effect of herbal supplement Livol
on the growth performance and antibody response
against infectious bursal disease virus in broiler chicks.

Pakistan J. Zool., 45: 1387-1391.

CAST, 2003. Mycotoxins: Risks in plants, animal and human
systems. Task force report No. 139. Council for
Agricultural Science and Technology (CAST), Ames,
lowa, USA, pp 99.

DIAZ, G. J, CORTES, A. AND ROLDAN, L., 2005.
Evaluation of the efficacy of four additives against the
adverse effects of T-2 toxin in growing broiler chicken.
J. appl. Poult. Res., 14: 226-231.

FINK-GREMMEL, J., 1999. Mycotoxins: Their implications
for human and animal health. Vet. Q., 21: 115-120.

FREDERIE, J.H., 2010. Clinical aspects of immunosuppression
in poultry. Avian Dis., 54: 2-15.

GOUNALAN, S., BALACHANDRAN, C. AND MANOHAR,
B. M., 2006. Toxicopathological effects of ochratoxin A
and its interaction with Newcastle disease in Indian
layer chicken. In: Proc. Am. Assoc. Avian Pathol.
/AVMA scientific program. Honolulu, Hawaii, July 15-
19.

HANIF, N.Q., MUHAMMAD, G., SIDDIQUE, M.,
KHANUM, A., AHMED, T., GADAHAI, J.A. AND
KOKAB, G., 2008. Clinico-pathomorphological, serum
biochemical and histological studies in broilers fed
ochratoxin A and a toxin deactivator. Br. Poult. Sci. J.,
49: 632-642.

HANIF, N. Q., MUHAMMAD, G., MUHAMMAD, K,
TAHIRA, I. AND RAJA, G. K,, 2012.  Reduction of
Ochratoxin A in broiler serum by Trichosporon
mycotoxinivorans. Res. Vet. Sci., 93: 795-797.

HARVEY, R. B., ELISSALDE, M. H., KUBENA, L.,
WEAVER, E. CORRIER, D. AND CLEMENT, B.
1992. Immunotoxicity of ochratoxin A in growing gilts.
Am. J. Vet. Res., 53: 1966-1970.

KHAWAJA, D. A, AHMED, S. RAUF, M. A,, ZULFIQUAR,
M. S.,, MAHMOOD, S. M. I. AND HUSSAIN, M.,
1988. Isolation of adenovirus from hydropericardium
syndrome in broiler chicks. Pak. Vet. Res., 1: 2-17.

KUBENA, L. F., HARVEY, R. B. PHILLIPS, T. D,
CORRIER, D. E. AND HUFF, W. E., 1990. Diminution
of aflatoxicosis in growing chicken by dietary addition
of hydrated sodium calcium aluminosilicates. Poult.
Sci., 69: 727-735.

LEESON, S., DIAZ, G. AND SUMMERS, J. D., 2005. Poultry
metabolic disorders and mycotoxins. University Books,
Guelph, Ontario, Canada.

MAHAJAN, A., KATOCH, R. C., CHAHOTA, R., VERMA,
S. AND MANUJA, S., 2002. Concurrent outbreak of
infectious bursal disease (IBD), aflatoxicosis and
secondary microbial infection in broiler chicks. Vet.
Arch., 72: 81-90.

MARQUARDT, R. R. AND FROHLICH, A. A, 1992. A
review of recent advances in understanding
ochratoxicosis. J. Anim. Sci., 70: 2968-2988.

MOHIUDDIN, S. M., 1993. Effect of aflatoxin on immune
response in viral diseases. Poult. Adv., 26: 63-66.



HUMORAL IMMUNE RESPONSE TO OCHRATOXICOSIS 1689

MOLNAR, 0., SCHATZMAYR, G., FUCHS, E. AND
PRILLINGER, H., 2004. Trichosporon
mycotoxinivorans sp. nov., A new yeast species useful
in biological detoxification of various mycotoxins. Syst.
appl. Microbiol., 27: 661-671.

MUSTAFA, M. Y. AND ALI, S., 2005. Prevalence of
infectious diseases in local and Fayoumi breeds of rural
poultry (Gallus domesticus). J. of Zool., 20: 177-180.

POLITIS, 1., FEGEROS, K., NITSCH, S., SCHATZMAYR, G.
AND KANATAS, D., 2005. Use of Trichosporon
mycotoxinivorans to suppress the effects of
ochratoxicosis on the immune system of broiler chicks.
Br. Poult. Sci., 46: 1-8.

RAGLAND, W. L., MAZIJA, H., VESNA, C. C., SAVIC, V.,
NOVAK, R. AND POGACNIK, K., 1998 Hydrated
sodium calcium aluminosilicates: a high affinity
adsorbent for aflatoxin. Poult. Sci., 67: 243-247.

RASHID, N., BAJWA, M. A. RAFEEQ, M., TARIQ, M. M,,
ABBAS, F., AWAN, M. A. KHAN, M. A. SHAHZAD,
l., REHMAN, A. AND AHMED, Z., 2013. Prevalence
of aflatoxicosis in broiler chickens in Quetta, Pakistan.
Pakistan J. Zool., 45: 1021-1026.

REHMAN, S. U., ASHFAQ, M. AND JAVED, S., 1994.
Infectious bursal disease virus antibody titration using
indirect hemagglutination test. Pak. Vet. J., 14: 101-
103.

REHMAN, S., ASHFAQ, M. A., ANJUM, D. AND SINDHU,
T. A, 1989. Indirect haemagglutination test for
detecting Angara disease (hydropericardium) agent

antibody. In: Proc. 1%. Int. Conf. Trade Show Poult.
Product. Karachi, Pakistan, pp 73-74.

SINGH, G.S.P., CHAUHAN, H.V.S., JHA, G.H. AND SINGH,
K.K., 1990. Immunosuppression due to ochratoxicosis
in broiler chicks. J. Comp. Pathol., 103: 399-410.

STANLEY, V. G, 0JO, R. WOLDESENBET, S. AND
HUTCHINSON, D. H., 1993. The use of
Saccharomyces cerevisiae to suppress the effects of
aflatoxicosis in broiler chicks. Poult. Sci., 72: 1867-
1872.

STOEV, S. D., ANGUELOV, G., IVANOV, I. AND PAVLOV,
D., 2000. Influence of ochratoxin A and an extract of
artichoke on the vaccinal immunity and health in boiler
chicks. Exp. Toxic Pathol., 52: 43-55.

WATTS, C.M.,, CHEN, Y.C, LEDOUX, D.R,
BROOMHEAD, J.N., BERMUDEZ, AJ. AND
ROTTINGUS, G.E., 2003. Effects of multiple
mycotoxins and a hydrated sodium calcium
aluminosilicate in poultry. Int. J. Poult. Sci., 2: 372-378.

WYATT, R. D., 2005. Mycotoxin Interactions. In: The
Mycotoxin Blue Book (eds. D. E. Diaz), Nottingham
University Press, UK.

XUE, C. F., ZHANG, X. B. AND CAO, Y.C, 2010.
Immunopathological Effects of Ochratoxin A and T-2

Toxin Combination on Broilers. Poult. Sci., 89: 1162-
1166.

(Received 4 April 2015, revised 5 June 2015)



1690 N.Q. HANIF AND G. MUHAMMAD



