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Aspergillus fumigatus (A. fumigatus), a common feed contaminant particularly
ubiquitous in conserved feeds, poses a potential health risk of intestinal health in
broilers. The aim of this work was to assess the effects of dietary supplementation
with β-glucan (BG) and mannan-oligosaccharides (MOS) from Saccharomyces
cerevisiae (S. cerevisiae) on broiler chickens’ production and health, especially
under the challenge of naturally feed-borne A. fumigatus. The study includes one
control group fed with regular feed and two supplement-treated groups fed with BG
and MOS. The results showed broilers in treatment groups had lower mortality rate
and higher antibody titers of Newcastle disease virus (NDV), compared with control
group. The immunological analysis found that, when broiler chickens were
challenged with A. fumigatus, spleen and thymus indices were markedly improved,
the cytokine concentrations in serum were increased, and the activities of
heterophils and lymphocytes were up-regulated when the feed was supplemented
with BG and MOS. These data suggest this dietary supplement not only overcomes
the negative effect of A. fumigatus, but also improves the production and heath of
broiler chickens by up-regulating the immune function in broiler chickens.
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have become ideal candidates because of their positive
effects on the avian immune system without adversely
affecting poultry performance (Jacob and Pescatore,
2014). BG and MOS, as major source of Saccharomyces
cerevisiae cell-wall extract, has been well studied in
regulating the immune markers of broiler chickens (Li et
al., 2012; Zhang et al., 2012). Yeast-derived BG and
MOS have been studied to control necrotic enteritis in
chickens by promoting commensal bacteria while
controlling pathogen invasion (Bagheri et al., 2009).
Supplemental MOS has also been shown to increase the
production of IgA in laying hens (Koo et al., 2010). The
BG and MOS induced DNA synthesis in lymphoid and
myeloid cells and played an important role in the
regulation of various immune responses, such as cell
proliferation/differentiation and adhesion, and immuneregulatory cytokine production. Yeast-derived BG (YBG) has also been reported to have antiviral efficiencies
in animal and human by reducing viral replication rate,
and increasing production of IFN-γ and nitric oxide. In

INTRODUCTION
Aspergillus fumigatus, one of the most ubiquitous of
the airborne saprophytic fungi, causes severe and usually
fatal invasive infections in immune compromised animals
and has a negative effect on growth (Geissler et al., 2013).
Immunosuppression is common in avian species and may
account, in part, for the high incidence of disease seen in
broiler chickens (Wideman and Pevzner, 2012; Kumar et
al., 2015; Valtchev et al., 2015). Environmental stressors
such as crowding in production facilities may further
contribute to immune suppression and susceptibility to
pathogenic infection (Liu et al., 2009; Bedanova et al.,
2010). Especially, in the first two weeks of life, the
development of adaptive immune systems in broiler
chickens is delayed. Mycotoxins, pathogens or other
stressors can also contribute to immune suppression
during this critical growth stage (Sirajudeen et al., 2011).
There has been an increased interest in the use of
immunomodulators in poultry production. BG and MOS
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the study, we hypothesized that BG and MOS have
stronger immunological response to the pathogenic
contaminated feed because pathogens and BG and MOS
shared the pattern recognized by TLR on the surface of
immune cells (Wang et al., 2010). Correlating with our
findings, especially when chicks were challenged with
feed-borne A. fumigatus, immune function markers in
signal transduction could be utilized to reflect the chicken’s
health condition, and further to be used as indexes to
optimize the dosage to improve their both immune function
and performance.
MATERIALS AND METHODS
Supplement: BG and MOS were obtained from Mirigen
(Wuxi, China) and mixed (1:1) into feed for treatment
groups with 0.5 and 1% (w/w).
Housing and vaccination: Nine thousand 1-d-old Ross
broiler chickens were randomly assigned to control and two
treatment groups (3000/group) and housed at 26 to 28°C.
Lighting: 23h/d for days 1 to 4, 20h/d for days 5 to 10 and
18h/d thereafter. Feed and water were provided ad libitum.
Vaccination: Marek’s disease on day 1, Newcastle disease
on days 7, 14 and 27; Infectious bronchitis on days 1, 12
and 21.
Performance: Morbidity and mortality records were kept
daily, and body weight (BW) on days 1, 14, 28 and 45. On
day 45, thirty birds from each group were sacrificed by
cervical dislocation. Spleen and thymus were immediately
dissected and weighed for the calculation of their indices:
thymus index=thymus weight (mg)/body weight (g) × 10;
spleen index=spleen weight (mg)/body weight (g) × 10.
A. fumigatus quantification: A. fumigatus concentration of
feed (collected weekly) was analyzed using quantitative
real-time PCR. 25mg DNA was extracted using GeneJet
Genomic DNA kit (Fermentas, Pittsburgh, PA).
CHROMA SPIN Column (BD Bioscience, Palo Alto, CA)
were used to purify DNA.
Forward primer (5’CTTTGTCACCTGCTCTGTAG-3’) and reverse primer
(5’-TCCTCCGCTTATTGATATGC-3’) were synthesized.
Bio-Rad CFX96™ system was used for PCR with
annealing temperature set for A. fumigatus specific primer
pair as 60°C.
Heterophil purification and gene expression: Blood
samples were collected from thirty birds from each group
on days 1 (prior to treatment diets), 14, 28 and 45, using
4.5mL vaccutainers® (BD Bioscience, Franklin Lakes, NJ)
containing sodium citrate. Heterophils were purified using
the method by Weber (Weber et al., 2001). Two-third of
purified hetereophils was used immediately for phagocytic
activity and ROS production as described below. The rest
were preserved in 1mL TRIzol for gene expression
analysis.
Heterophil RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA). RNA was dissolved in RNasefree water and stored at -80°C until analysis.
Quantitative RT-PCR (Q-RT-PCR) was performed in a
96-well PikoREAL qPCR system (Thermo Fisher, PA).
Individual RNAs were digested by DNAase (Invitrogen,
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Carlsbad, CA) to remove DNA contaminations. Then QRT-PCR was performed using the SYBR Green PCR Core
Reagents (P E Applied Biosystems, Warrington, UK).
Three gene-specific primer pairs were designed using
Beacon Design (Premier Biosoft International, Palo Alto,
CA) as shown in Table 1. The ∆∆CT method was used to
analyze relative changes in gene expression according to
the method of Livak and Schmittgen (2001) using β-actin
as the endogenous control. The target genes were
normalized to the average Ct value of β-actin, and the mean
of 2−∆∆Ct was used to determine the fold changes. Fold
change was presented as the arithmetic mean of the
replicates.
Determination of phagocytic activity and ROS
production of heterophils: Hereophils were counted and
incubated with Escherichia coli at 1: 30 ratio for 2 hours,
then live bacteria were quantified by reading the
absorbance at 570nm of MTT dye solution (Wiggins et al.,
2011). ROS generation was carried out using OxiSelect™
ROS Assay Kit (Cell Biolabs, CA).
Chicken serum CD4+, CD8+, IFN-γ, TNF-α, MIP-1β
ELISA and NDV titration: Chicken CD4+, CD8+, IFN-γ,
TNF-α, MIP-1β ELISA and NDV titration kit (Cusarbio
Biotech Co., Shanghai, China) was used to determine their
concentrations in serum samples.
Statistical analyses: Data analysis was performed by
comparing treatments to control using two-side t-test with
pooled standard errors with S-PLUS software. The data
were analyzed as a completely randomized design to
examine the overall effect of treatments. All statements of
differences were based on significance at P<0.01 or P<0.05.
RESULTS
Flock performance: Comparison on overall feed intake,
feed conversion and mortality between the control and
treatment groups was made. The results showed that no
significant difference was found in feed intake. However,
there was significant difference in feed conversion ratio
(FCR) between control (1.86) and two feed supplement
treated groups (1.71 and 1.78, respectively) (P<0.05).
Survival rate between control and treatment groups was
significantly different (P<0.01) with 92.3% in control,
96.1% and 97.9% in two supplement treated groups,
respectively.
Effects of supplement on immune organ indices: Results
of the immune organ indices are shown in Fig. 1.
Consistent with the chicken performance, treatments with
β-glucan and mannan-oligosaccharide could significantly
boost the spleen and thymus indices compared with control
(P<0.01).
A. fumigatus concentration in feed: The level of A.
fumigatus of feed samples on days 1, 14, 28, 45 were 2233,
2522, 3894, 890 spores/g, respectively. However, there
was no detectable A. fumigatus in blood of broiler chickens
in treatment groups, compared with control groups, which
had very low but detectable concentration of A. fumigatus
in blood (<0.1Gu/mL).
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Fig. 1: Effects of BG and MOS on organ indices in broiler chickens.
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Fig. 2: Effects of BG and MOS on NDV titer of broiler chickens on days
14, 28 and 45.
Table 1: Real-time PCR primers for genes: CD62L, IL-8R and β-actin.
Gene
Sequence (5'-3')
Forward: GACACTTCCCTTCAGCCGTAC
CD62L
Reverse: AGTTCTTTGCTTCTTCAGTGAGAG
Forward: AGACCTTTGGCTTCCTCCTG
IL8R
Reverse: GACGAGCACGACAGCAAAG
Forward: CGACAATGGATGATGATATTG
β-actin
Reverse: AAGTCCGGCCTTGCACAA
Table 2: Concentrations of cytokines and CD4+/CD8+ ratio in broiler
chickens (n=30)
Group
IFN-γ (ng/mL) TNF-α (ng/mL) MIP-1β (pg/mL) CD4+/CD8+
Control
351.12±9.42 376.41±15.38 103.72±3.52 1.88±0.06
Treatment 1 379.16±11.27** 408.64±15.49** 132.07±8.75** 2.11±0.11*
Treatment 2 398.75±6.75** 417.351±11.20** 139.50±6.16** 2.15±0.19*
Values (mean±SE) in a column bearing *P<0.05 or **P<0.01 differ
significantly as compared to control group.
Table 3: Effects of BG & MOS on heterophil phagocytosis and ROS
production in broiler chickens (n=30)
Group
Heterophil killing ability of E. coli ROS production (mM)
Control
1.99±0.91
5.51±1.05
Treatment 1
3.16±1.19*
6.21±1.19*
Treatment 2
3.37±1.61*
6.29±1.43*
Values (mean±SE) in a column bearing *P<0.05 or **P<0.01 differ
significantly as compared to control group.

Blood parameters: Immunological function was evaluated
using serum samples from broiler chickens, including
serum MIP-1β, TNF-α, IFN-γ, CD4+, CD8+ concentrations,
and NDV titers. The results demonstrated that there was
significantly higher MIP-1β expression level in treatments
than in control (P<0.01) (Table 2), representing that there
were higher innate immune responses in the feed
supplement groups. There were significantly higher TNF-α
and IFN-γ in treatment groups (P<0.01) than control (Table
2). Meanwhile, there was significantly higher CD4+/CD8+
ratio in treatment groups (P<0.05) than control group
(Table 2).
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NDV vaccination is an effective method to protect the
broilers from Newcastle virus disease, the most prevalent
avian disease. Fig. 2 shows that supplement resulted in a
numerical increase in titer of NDV antibody on Days 28
and 45, and there were significantly higher titration and
longer lasting NDV antibodies in two treated groups than
control (P<0.01).
Heterophil phagocytic activity and ROS production:
On day 45, there was significantly higher E.coli killing
ability in phagocytosis in treatment groups (P<0.05) than
control (Table 3), and ROS production was numerically
higher in dietary supplement groups than control (P<0.05)
as shown in Table 3, indicating heterophils from treatment
groups have stronger killing ability than that from control.
The results of the experiment demonstrated that blood
neutrophils from broiler chickens fed with supplement were
primed and more readily available for bacterial killing by
phagocytosis and ROS producing.
Gene expression of heterophil CD62L and IL-8R: The
relative expression level of CD62L was determined using
quantitative real-time RT-PCR with relative to β-actin.
There were no statistical differences between treatment
groups (P>0.05, Table 4) on day 14, but both treatment
groups had higher CD62L expression level than control
group. There were significantly higher CD62L between
treatment and control groups on days 28 and 45 (P<0.05,
Table 4). Higher concentration of CD62L mRNA was a
sign of enhanced immune response to a pathogen challenge.
There was higher IL-8R expression in two treatment
groups than control, but no statistical difference within the
treatment groups on day 14 (P>0.05, Table 4). IL-8R
expression level difference between treatment groups and
the control became more significant on day 28 and 45
(P<0.01, Table 4). The higher relative concentration of IL8R in the supplement treatment groups could be interpreted
as enhanced immune response to a pathogen challenge.
DISCUSSION
β-glucan and mannan-oligosaccharides may help to
control or reduce the growth of harmful fungi such as A.
fumigatus - especially important to the poultry industry
because it is a primary cause of necrotic enteritis - which
has been estimated to cost the worldwide poultry industry
$2 billion each year. This experiment demonstrated a
positive advantage to bird performance in both average
daily weight gain and average live weight due to the
addition of feed supplement at 0.5% and 1% of the diet.
BG and MOS has been used in animal feeding since the last
decades (Rosen, 2007). Their inclusion in broiler diets has
significantly improved animal productivity, which was
attributed to the physiological effects on intestinal digestive
mucosa (Baurhoo et al., 2007; Gao et al., 2008). The
results showed there was no significant different mortality
and body weight (BW) gain between those two treatment
groups, however, we noticed that the BW on day 45 was
higher, and FCR was lower in the low dose (0.5% w/w)
than the higher does (1% w/w), indicating that the high
dose of supplement might have caused more energy
consumption for immune response, and this innate immune
response diverts energy from growth and performance.
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Table 4: CD62L and IL-8R mRNA relative concentration (n=30)
CD62L/β-actin mRNA expression level
IL-8R/β-actin mRNA expression level
Group
Day 14
Day 28
Day 45
Day 14
Day 28
Day 45
Control
1.00±0.33
1.16±0.39
0.94±0.24
1.00±0.29
1.01±0.56
1.14±0.29
Treatment 1
1.74±0.96
2.88±0.52*
3.06±0.77*
0.81±0.48
1.84±0.33**
2.44±0.68**
Treatment 2
1.67±0.94
3.07±0.84*
3.45±0.96*
0.94±0.37
1.46±0.37**
2.14±0.42**
Values (mean±SE) in a column bearing *P<0.05 or **P<0.01 differ significantly as compared to control group.

Some studies reported the performance of chicken in
response to β-glucan and MOS treatment (Huff et al.,
2006). Considering the lower mortality in higher dose
(1% verse 2% death in low dose group) and given a worse
environment and animal conditions, it might be a
necessary approach to increase the dose to prevent
pathogens infection.
Improving immune
function through
feed
supplementation may aid in preventing infections and
decreasing treatment and culling costs due to diseases. As
broiler heterophils are the first phagocytes to be activated
during bacterial infection (Lillehoj et al., 2004), their
primary function is to phagocytize and kill bacteria. The
results of ROS generation and phagocytosis assays
showed that heterophil killing ability was markedly
improved through feed supplement. The respiratory burst
and degranulation processes produce ROS that are
instrumental in preventing bacterial growth and
colonization (Wang et al., 2009).
Cytokine production during the initial stages of
infections leads to an influx of heterophils into the sites.
During migration, TNF-α and IFN-γ originating from the
site of infection activate the neutrophil to become a
mature “killer cell”. In our study, significant increases in
IFN-γ and TNF-α enhanced by supplement stimulation
signify a direct relationship between this dietary
supplement and the immune response. The importance of
IFN-γ in the immune system stems in part from its ability
to inhibit viral replication directly, and most importantly
from its immunostimulatory and immunomodulatory
effects. MIP-1β, expressed by microphages on their cell
surfaces, which is instrumental in killing of the invading
bacteria. In the study, the enhancing in MIP-1β reflects
that the supplement diet was provided in sufficient
amounts to result in immune response in animals. This
feed supplement contains molecules that interact with the
innate immune system to prime leukocyte antimicrobial
processes, specifically heterophils (Heine and Ulmer,
2005).
Actually, cytokines and intercellular
communication networks are self-stabilizing and selfregulating system in health individuals, which should be
free from excessive intervention, under illness state, BG
and MOS with long-term and high dose intake can play an
important role by stimulating immune response as above.
In the study, we observed the higher CD4 +/CD8+ ratio in
treatment groups than control group. The enhanced
CD4+/CD8+ ratio in the blood was associated with
increases in the ability of lymphocytes to respond to T cell
mitogen and in the antibody response to a T-independent
antigen (Ghosh et al., 2012). The ratio of CD4+ cells to
CD8+ cells is often an indicator of immune response status
(Teixeira et al., 2013).
Many studies have shown that BG and MOS
potentiate the immune system (Yoon et al., 2012), and
tested as an effective adjuvant for immunomodulation in
avian. Vaccination is an extremely effective strategy for

protection of birds against virus diseases, but protection
depends on the nature of the vaccine itself and the method
of the application, most of all, the response of broiler
chickens to vaccination (Swayne, 2006; Peyre et al.,
2009). Higher antibody titration after routine vaccination
indicates a better protection in animals. The results
showed that dietary supplement improve the broilers’
response to NDV vaccine with higher titration and less
variation of titration comparing with control group. NVD
is the most prevalent avian diseases, and vaccination is an
effective method to protect broiler chicks, however, some
chicks had no and weak immune response because of
stress or chicks’ health condition. In fact, BG and MOS
has been used as adjuvant in antigen-specific antibody
production in B lymphocytes. BG and MOS for animal
every before and after vacation, could be increasingly
becoming a vital component of the dietary supplement.
Studies (Chae et al., 2006; Huff et al., 2006) have shown
that BG and MOS may be an excellent adjuvant that
improves the immune response by modulating the
immune system and the effector cells to produce
cytokines. In this paper, we present data obtained on
immune response experiments with the vaccines and the
adjuvant immunomodulatory effect of BG and MOS
tested in poultry. The immunomodulatory effect of βglucan and MOS in general indicates that the β-glucan
and MOS as adjuvants may be a good source for a
multitude of purposes including the enhancing effect of
the immune system in broiler chickens.
In this study, we use both heterophil CD62L and IL8R as markers, which were upregulated in treatment
groups, indicating heterophils in treatment groups have
stronger ability in “killing” pathogens than control group.
After the bacteria have been brought into the heterophils
in a phagosome they are killed by a variety of
mechanisms. These protein molecules include defensins.
CD62L (cluster of differentiation number 62 ligand) is a
primary adhesion molecule on the heterophil cell surface
that allows these cells to migrate from capillaries into the
tissue to reach infected areas. An increase in circulating
CD62L is indicative of an enhanced immune response
(Wang et al., 2009). IL-8R on the heterophils binds with
IL-8, which mediates neutrophil migration and activation.
A stronger immune response invariably leads to a
healthier animal, resulting in less antibiotic use, only
novel alternatives will pave the new ways to enhance an
animal’s immune response. With the increased pressure
to reduce antibiotic use in food animal production,
producers are looking at boosting immune function as an
alternative approach to reducing the detrimental effects of
harmful intestinal pathogens. The use of compounds that
may have prebiotic effects is a possible way to improve
intestinal health and animal performance in the absence of
antibiotic growth promoters (Gibson and Roberfroid,
1995). This investigation sheds light on the effects of
dietary supplementation on immunity, and demonstrates
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the resolve of animal scientists to appeal to the public and
offers an alternative management tool to improve animal
health without increasing antibiotic use and jeopardizing
both consumer well-being and public perception of the
agricultural industry. With the accumulating information
on the mechanism of BG and MOS, which dietary feed
additive wound be widely used to improve poultry health
and increase their performance.
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