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Abstract 

β-Glucan is a polysaccharide that can be extracted from fungal cell walls. Wellmune WGP®, a preparation of β-1,3/1,6-
glucans, is a dietary supplement that has immunomodulating properties. Here we investigated the effect WGP had 
on a mouse model of asthma. OVA-induced asthma in mice is characterized by infiltration of eosinophils into the 
lung, production of Th2 cytokines and IgE. Daily oral administration of WGP (400 µg) significantly reduced the influx of 
eosinophils into the lungs of OVA-challenged mice compared to control mice. In addition, WGP inhibited pulmonary 
production of Th2 cytokines (IL-4, IL-5, IL-13), however serum IgE levels were unaffected by WGP treatment. These data 
indicate that WGP could potentially be useful as an oral supplement for some asthma patients, however, it would 
need to be combined with therapies that target other aspects of the disease such as IgE levels. As such, further stud-
ies that examine the potential of WGP in combination with other therapies should be explored.
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Background
Asthma is a chronic inflammatory airway disease that is 
caused by an allergic response in many cases. It affects 
5–10  % of the population and is associated with sig-
nificant morbidity and mortality (Barnes 2008). It is 
characterized by airway inflammation, airway hyper-
responsiveness (AHR) and mucus production (Holgate 
2012). Lung inflammation is caused by infiltration of 
eosinophils and T cells secreting Th2-cytokines (IL-4, 
IL-5, IL-13) into the lung. IL-4, IL-5 and IL-13 are impor-
tant for IgE production, eosinophil recruitment and sur-
vival, mucus secretion and AHR development (Lloyd and 
Hessel 2010). In addition to eosinophilic Th2-associated 
asthma, other asthma phenotypes occur such as neutro-
philic non-Th2 associated asthma. Currently the main 
treatment for asthma is corticosteroid administration, 

however some asthma phenotypes are refractory to cor-
ticosteroid therapy (Wenzel 2012). There is currently 
a significant level of research into the development of 
immunotherapies for asthma. These involve the targeting 
of IgE or cytokines such as IL-4, IL-5, IL-13. While many 
of these therapies are ineffective individually, research-
ers are currently examining the potential for combination 
therapies (Akdis 2012).

β-Glucan, a fungal cell wall extract, is marketed as a 
dietary supplement that can promote immune balance 
(Wichers 2009). β-Glucans are found in the cell walls of 
fungi, plants and some bacteria. β(1-3)- or β(1-6)-linked 
glucans are recognized by the Dectin-1 receptor. Dectin 
1 is a type II transmembrane C-type lectin-like receptor, 
which recognizes both soluble and particulate β-glucans 
(Brown 2006; Brown et  al. 2002, 2003). While Dectin-1 
can bind both soluble and particulate β-glucans, only 
particulate β-glucans activate Dectin-1 signaling and 
responses (Goodridge et  al. 2011). β-Glucan-induced 
signaling through Dectin-1 promotes Th1 and Th17 
responses (Leibundgut-Landmann et al. 2008).
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β-Glucan has been shown to exert beneficial therapeu-
tic effects against various diseases. It has been shown 
to stimulate tumoricidal activity when co-administered 
with anti-tumor antibodies (Harada et al. 2003; Yan et al. 
2005; Baran et al. 2007; Li et al. 2010; Hong et al. 2003, 
2004). However, divergent results regarding the effect 
of β-glucan on respiratory health have been reported. It 
has been suggested that exposure to microbial products 
or mold can promote the development of asthma (Dou-
wes 2005), while recent data suggest that β-glucans and 
other microbial signals may play a protective role against 
the development of asthma (Heederik and von Mutius 
2012). Furthermore, β-glucan administration has been 
shown to prevent/improve symptoms of allergic rhinitis 
and upper respiratory tract infections (Fuller et al. 2012; 
Yamada et  al. 2007). However, there is minimal data on 
the effect of β-glucan on asthma severity (Sarinho et al. 
2009). In this study, we therefore examined the effect of 
oral administration of particulate β-glucan (WGP) in a 
mouse model of ovalbumin (OVA)-induced asthma. Here 
we demonstrate that oral administration of WGP reduces 
eosinophil influx and the production of Th2 cytokines 
(IL-4, IL-5, IL-13) in the lungs of OVA-challenged mice.

Methods
Animals
C57BL/6 mice were maintained under specific pathogen-
free conditions at the NCI–Frederick, MD. Animal care 
was provided in accordance with the procedures in, “A 
Guide for the Care and Use of Laboratory Animals”. Ethi-
cal approval for the animal experiments detailed in this 
manuscript was received from the Institutional Animal 
Care and Use Committee at the NCI-Frederick.

Oral administration of PBS or WGP
Highly purified particulate β-glucan WGP was isolated 
from the cell wall of Saccharomyces cerevisiae (Biothera, 
Eagen, MN). The β-glucan preparation contained 81  % 
β-1,3/1,6-glucan, 0.5  % mannose, <3.5  % protein and 
<10  % fat. Mice were treated daily with 25–100  μl PBS 

containing 400 μg Wellmune WGP from Biothera or PBS 
alone by oral gavage or alternatively by feeding by pipet 
as needed. Treatment was started 7 days prior to begin-
ning OVA sensitization, and was continued for the dura-
tion of the study.

Sensitization and airway challenge
Allergic airway hypersensitivity to ovalbumin (OVA) was 
induced using grade V chicken egg OVA (Sigma, St. Louis, 
MO). Sensitization was initiated by an intraperitoneal (i.p.) 
injection of 100  μg OVA in 200  μl of 11–13  mg/ml alu-
minum hydroxide colloidal suspension (Alum), followed 
by a second i.p. injection 2 weeks later. Ten days after the 
last sensitization, airway hypersensitivity was induced by 
20-min nebulization sessions challenging with 1  % (w/v) 
OVA in PBS for four consecutive days. Mice were sacri-
ficed, and tissues harvested 24 h after the last nebulization. 
A schematic of the treatment schedule is shown in Fig. 1.

Bronchoalveolar lavage fluid (BALF) collection
Prior to BALF collection, mice were given a ketamine/
xylazine mixture to induce deep anesthesia and analgesia. 
Once sedated, as determined by toe-pinch, the thoracic 
cavity was opened to reveal the lungs and trachea. Using 
a cannula and leur lock syringe, the lungs were expanded 
using 1  mL of PBS and recollected as BALF, for a total 
of 2–3 washes. The mice were euthanized by heart perfu-
sion using 5–10 mL PBS, and the lungs and other tissues 
were collected.

BALF cytospin and differential cell count analysis
Cells from the BAL were collected, and the BALF was 
saved for cytokine analysis. Red blood cell lysis was per-
formed if necessary, cells were washed in PBS, and then 
counted using a hemacytometer. 100  μL containing 
approximately 5 × 104 cells were loaded onto a cytospin 
column and centrifuged onto a microscope slide. Follow-
ing Diffquick cell staining, differential cell counts were 
blindly assessed for each sample, counting at least 500 
cells per slide.

Day:  -7                               0                                                                       14                                                        24  25  26  27  28

Begin daily oral 
administration of

PBS or 400µg WGP

Sensitization
Ovalbumin/Alum i.p.

Sensitization
Ovalbumin/Alum i.p.

Ovalbumin 
(Nebulization challenge)

Harvest

Fig. 1 Schematic for induction of airway inflammation and treatment with WGP. PBS or 400 μg WGP in PBS was orally administered to mice daily via 
oral gavage or pipette feeding. Oral administration of PBS or WGP began 7 days prior to sensitization with ovalbumin (OVA)/Alum and continued 
daily for the duration of the experiment. Mice were sensitized via i.p. injection of 100 μg OVA in 1.8–2.6 mg Alum on Days 0 and 14. Mice were chal-
lenged with OVA (1 % w/v in PBS) for 20 min using a nebulizer on Days 24, 25, 26 and 27. Mice were euthanized 24 h following the last challenge
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BALF assays
BALF was clarified by centrifugation, aliquoted and 
stored at −80 °C for later analysis. Cytokine levels were 
measured in BALF using ELISA kits from eBiosci-
ence (San Diego, CA) and R&D Systems (Minneapolis, 
MN). Myeloperoxidase (MPO) activity in BALF sam-
ples was measured using the Myeloperoxidase activity 
fluorometric assay kit from BioVision (Mountain View, 
CA). Eosinophil peroxidase (EPO) in BALF samples 
was measured using an Eosinophil peroxidase ELISA 
kit (Cusabio Biotech, Wuhan, China). Soluble colla-
gen levels in BALF were measured by adding 200  µL 
of 0.1  % Direct Red 80 in picric acid (Sigma Aldrich, 
St. Louis, MO) to 50  µL of lavage fluid and incubat-
ing for 60 min at 37 °C. The samples were centrifuged 
and the pellet was washed with 100  % ethanol. The 
pellet was resuspended in 200  µl 0.5  M NaOH, incu-
bated for 30 min at 37 °C and the absorbance was read 
at 540 nm.

Lung and spleen cell isolation and flow cytometry
Lung cells were isolated by collagenase and DNase diges-
tion (Sigma Aldrich). Splenocytes were mashed through 
100 µm nylon cell strainers and erythrocytes were lysed 
in ACK buffer. Lung cells were washed with Hank’s 
Balanced Salt Solution (HBSS) and splenocytes were 
washed with PBS. Lung cells and splenocytes were pre-
incubated with the 2.4 G2 antibody to block Fc receptor 
binding, followed by incubation with various cell surface 
Abs: CD3 (17-A2), NK1.1 (PK136), B220 (RA3-6B2), 
F4/80 (BM8), MHCII (M5/114.15.2), (eBioscience, San 
Diego, CA), Siglec F (E50-2440), CD11c (N418), CD11b 
(M1/70), Gr-1 (RB6-8C5) and Ly6G (1A8) (BD Bio-
sciences, San Jose, CA). Cells were fixed with BD Cytofix 
and analysed on BD LSRII.

Blood cell measurement
Blood samples were taken prior to the start of the experi-
ment, and again on the day of harvest. Cell composition 
was measured using the Hemavet 950 automated blood 
cell counter, (Drew Scientific, Waterbury, CT), according 
to the manufacturer’s protocol.

RNA isolation and analysis
A portion of the lung was excised and placed in Trizol 
for RNA isolation. The lung tissue in Trizol was homog-
enized using a mini-beadbeater. RNA was extracted 
using the Trizol protocol and purified using the RNeasy 
Mini Kit (Qiagen, Valencia, CA). cDNA was synthesized 
using Taqman Reverse Transcription Reagents for RT-
PCR (Applied Biosystems). Quantitative RT-PCR was 
performed using ABI Taqman Primer and Probe sets and 
normalization was performed against Hprt1.

Measurement of IgE
Total IgE levels in serum were measured using the IgE 
ELISA from BD Biosciences (San Jose, CA). OVA specific 
IgE was measured using the Legend Max Mouse OVA 
Specific IgE ELISA kit from Biolegend (San Diego, CA).

Lung histology
The lungs were placed in 10  % formalin, embedded in 
paraffin wax blocks and 4  μm sections cut and stained 
for either haematoxylin and eosin (H&E) or periodic 
acid Schiff (PAS) to determine airway inflammation and 
goblet cell metaplasia respectively. All histological sec-
tions were blindly assessed by a pathologist and the total 
number of bronchiole and perivascular aggregates of 
inflammatory cells were counted in each lung. Mucous 
cell metaplasia within the bronchioles was compared to 
normal control tissue and graded as 0  =  no difference, 
1  =  scattered mucous cells, 2  =  aggregates of mucous 
cells, 3 = monolayer layer of mucous cells and 4 = multi-
layered mucous cells.

Statistical analysis
Data are expressed as mean  ±  SEM. Statistical signifi-
cance was determined using Student’s t test or 1-way 
ANOVA followed by Bonferroni’s post-test. Statistical 
significance was set at *p < 0.05, **p < 0.01, ***p < 0.001.

Results
Systemic impact of oral WGP administration
To examine the effect of orally administered WGP on 
allergic airway inflammation, we sensitized and challenged 
WT mice with OVA alongside daily treatments of either 
WGP or PBS, as a vehicle control (Fig. 1). Based on previ-
ous studies where a daily dose of 400 μg of WGP was found 
to be the most effective dose for antitumor responses (Li 
et al. 2010), we administered 400 μg WGP in our study. We 
first examined whether WGP had any systemic effect on 
cellular composition in the blood or other organs as it was 
administered orally to the mice. Overall WGP administra-
tion did not have a major impact on cellular composition 
of the spleen or blood, however subtle effects on some 
cell populations were observed. WGP administration did 
not significantly affect the total number of neutrophils 
(Fig. 2a, c), however it modestly increased the percentage 
of neutrophils in both the spleen and blood (Fig.  2b, e). 
The WBC count was higher in WGP-treated mice, while 
the percentage of WBC was not affected (Fig. 2c, d). The 
WGP-treated mice displayed a small decrease in the per-
centage of lymphocytes, corresponding to the increase 
in the percentage of neutrophils in the blood (Fig. 2c, e). 
Interestingly, other populations including eosinophils and 
monocytes/macrophages in the spleen and the blood were 
unaffected by oral administration of WGP.
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Fig. 2 Systemic impact of oral WGP administration. Cell numbers (a) and percentages (b) in spleens from OVA-challenged mice fed with PBS or 
WGP. Graph displays mean ± SEM from 3 to 4 independent experiments, n = 14–19/group. Cell numbers (c) and percentages (d, e) in blood from 
OVA-challenged mice fed with PBS or WGP. Graph displays mean ± SEM from 2 independent experiments, n = 8–10/group. *p < 0.05 (1-way 
ANOVA, Bonferroni’s post-test)
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WGP reduces total BALF cell numbers and eosinophil 
accumulation
We next examined the effect of orally administered WGP 
on the composition of cell populations present in the 
lungs of mice challenged with OVA. To this end, BALF 
was collected from the lungs and analysis of cells recov-
ered from the BALF revealed that oral administration of 
WGP significantly changed the composition of inflam-
matory cells accumulating due to OVA-induced airway 
hypersensitivity. The total number of cells, total number 

of eosinophils and the percentage of macrophages were 
significantly reduced while the percentage of neutrophils 
was increased in the WGP-treated mice (Fig.  3a, b). As 
MPO activity and EPO levels correspond to the number 
of neutrophils and eosinophils, respectively in a sample, 
we next measured MPO and EPO levels in the BALF. 
While the percentage of neutrophils was increased in 
WGP-treated mice, MPO activity in the BALF was simi-
lar between PBS and WGP-treated mice (Fig. 3c). This is 
likely due to the similar total number of neutrophils in 
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Fig. 3 Effect of oral administration of WGP on BALF cells in OVA-challenged mice. Cell numbers (a) and percentages (b) in BALFs from OVA-
challenged mice fed with PBS or WGP. Graphs display mean ± SEM from 4 independent experiments, n = 19/group. c MPO Activity in BALF. Graph 
displays mean ± SEM from 5 independent experiments (n = 21–22/group). d EPO levels in BALF. Graph displays mean ± SEM from 3 independent 
experiments (n = 15/group). a–d *p < 0.05 (Student’s t test). e Graphs display correlation between number of eosinophils and number of neutro-
phils or macrophages present in BALF
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the BALF from PBS and WGP-treated mice. EPO lev-
els were reduced in WGP-treated mice (Fig.  3d), which 
is consistent with the reduced eosinophil numbers in 
the BALF from these mice. Correlation analysis was 
then performed to determine whether there was a link 
between the number of eosinophils and the number of 
neutrophils and/or macrophages in the BALF. While 
there was no correlation between the number of eosino-
phils and neutrophils, a positive correlation between the 
number of eosinophils and macrophages was observed 
(Fig.  3e). These data indicate that oral administration 
of WGP significantly inhibits the local recruitment of 
inflammatory cells, in particular eosinophils and to a 
lesser extent macrophages, to the lungs in this model of 
allergic inflammation while it promotes a subtle systemic 
increase in neutrophils.

WGP modulates lung cellular composition
As we observed differences in BALF cellular composi-
tion, we examined the effect of WGP on lung cellular 
composition. Similar to our findings in BALF, infiltration 
of both eosinophils and macrophages were significantly 
reduced in both percentage (Fig. 4a; Additional file 1: Fig. 
S1) and total cell number (Fig. 4b). While the percentage 
of neutrophils was increased in the lungs of WGP-treated 

mice compared to PBS-treated mice (Fig. 4b; Additional 
file 1: Fig. S1), no significant difference was observed in 
the total number of infiltrating neutrophils (Fig. 4a), nor 
were there any alterations in lymphocyte infiltration 
(Fig. 4a, b). Taken together these data indicate that WGP 
significantly inhibits the recruitment of eosinophils and 
macrophages to the lungs of these mice while it promotes 
a modest increase in neutrophil recruitment.

WGP does not affect OVA‑induced histopathological 
changes in the lung
To determine the effect of WGP on OVA-induced his-
topathological changes in the lung, lung sections were 
stained with H&E and scored. H&E sections from a rep-
resentative mouse treated with PBS (Fig.  5a, b) demon-
strate the expected prominent epithelial infolding and 
lumen reduction related to mucous cell metaplasia asso-
ciated with OVA-induced inflammatory response. The 
surrounding tissue shows peribronchiole and perivascu-
lar inflammatory infiltrates comprising lymphocytes with 
scattered eosinophils. Similar features were seen in mice 
treated with WGP (Fig. 5d, e) although in this section the 
changes within the bronchiole are subtle and the lympho-
cytic infiltrate denser. Variable changes were seen in dif-
ferent areas of the lung with a mixed inflammatory cell 
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Fig. 5 Effect of oral administration of WGP on lung histology and soluble collagen. a–f Representative sections from both treatment groups 
demonstrate the varied morphological changes seen within the lung. H&E sections from a representative mouse treated with PBS (a, b) and a 
representative mouse treated with WGP (d, e). PAS stains from different areas reveal mucous cell metaplasia in each group (c, f). g, h Graphs display 
mean ± SEM. Inflammatory Focus Score (g) and Mucus Cell Score (h). Graphs are the cumulative result of 2 independent experiments (n = 10). i 
Graph displays mean ± SEM of soluble collagen levels in BALF. Graph is the cumulative result of 5 independent experiments (n = 22–23)
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infiltrate predominantly observed in peribronchial and 
perivascular areas in OVA-challenged mice; however, 
WGP had no effect on these changes (Fig. 5a, b, d, e, g). 
Similar features were seen in bronchioles of both PBS and 
WGP-treated mice with folded epithelium and narrow-
ing of lumens and no differences in goblet cell metapla-
sia or mucous production (Fig. 5c, f, h). As lung fibrosis/
airway remodeling is characterized by enhanced collagen 
deposition (Yamauchi et  al. 2008) we assayed the BALF 
for soluble collagen. Similar to the histological findings, 
soluble collagen levels in the lung were similar between 
PBS and WGP-treated mice (Fig. 5i), demonstrating that 
some aspects of the airway hyperesponsiveness model 
are unaffected by WGP treatment.

WGP reduces Th2 cytokine levels in the lung
Th2 cells secreting IL-4, IL-5 and IL-13 are important 
for eosinophil recruitment and survival and for IgE pro-
duction (Monick et  al. 2001). To further investigate the 
effect of WGP on allergic inflammation, cytokine levels 
(Th1, Th2 and Th17) in the lungs of PBS and OVA-chal-
lenged mice were measured. Consistent with previously 
published data from this model, OVA challenged mice 
displayed increased levels of these cytokines in the lungs 
compared to PBS challenged mice (data not shown). 
Interestingly, the levels of Il4 and Il5 mRNA, which are 
important for eosinophil recruitment, along with Il13, 
were reduced in the lungs of WGP-treated OVA-chal-
lenged mice (Fig.  6a), while Th1 (Ifng) and Th17 (Il17) 

cytokine mRNA levels remained similar between PBS 
and WGP-treated OVA-challenged mice. In addition 
there was no change in the Treg population, as mRNA 
levels of Foxp3, the transcription factor for Tregs, were 
similar between PBS and WGP-treated mice (Fig.  6a). 
Consistent with the mRNA data, IL-4, IL-5 and IL-13 
protein levels were significantly reduced in WGP-treated 
mice while IFN-γ and IL-17 levels were mostly not 
detected (Fig.  6b and data not shown). As IgE produc-
tion is an important aspect of the OVA-challenge asthma 
model, we next examined IgE production in the serum 
of these mice. Total IgE levels and OVA-specific IgE lev-
els (Fig. 6c) were similar between PBS and WGP-treated 
mice. Together, these data demonstrate reduced Th2 
cytokine production in WGP-treated mice compared to 
PBS-treated mice while Th1 and Th17 cytokine levels are 
similar between the two groups.

Discussion
Several natural products are advertised as immunothera-
peutics and many claims are made about their effects 
on a wide range of diseases including asthma. Here we 
tested the effect of Wellmune WGP β-1,3/1,6-glucan dur-
ing a mouse model of OVA-induced asthma. We dem-
onstrated that daily oral administration of WGP reduces 
eosinophil influx into the lungs and the production of 
Th2 cytokines (IL-4, IL-5, IL-13) compared to control 
mice. Serum IgE levels and OVA-specific IgE levels were 
unaffected by administration of WGP. Together these 
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data indicate that WGP administration would not, in and 
of itself, be sufficient as a single treatment for asthma, 
however as it targets the critical initiator step in asthma 
immune responses (or similar) it may prove useful as a 
combination therapy.

Asthma is a heterogeneous disease and patients pre-
sent with various distinct clinical phenotypes. Different 
mouse models are being developed to model the differ-
ent phenotypes found in asthma patients (Lloyd and 
Hessel 2010; Nials and Uddin 2008; Lloyd 2007). The 
OVA-induced airway hypersensitivity model of asthma 
used here results in eosinophilic inflammation in the 
lung, pulmonary production of Th2 cytokines (IL-4, IL-5 
and IL-13) and serum IgE production (Lloyd and Hessel 
2010; Lloyd 2007). The role of Th2 cells in patients with 
asthma is well established and T cell activation has been 
related to asthma severity in some studies (Walker et al. 
1991; Robinson et  al. 1993). IL-4, IL-5 and IL-13 have 
been shown to have roles in IgE production, eosino-
phil survival, AHR development and tissue remodeling 
(Finkelman et  al. 2010). Here we observed a significant 
reduction in production of Th2 cytokines and eosinophil 
influx with WGP administration, although this does not 
reach a threshold to see histological differences. Addi-
tionally, IgE production and soluble collagen levels were 
unaffected by the administration of WGP. Therefore, 
while other factors in addition to Th2 cells/cytokines are 
involved in the pathogenesis of asthma (Lloyd and Hes-
sel 2010), it appears that WGP is specific in targeting the 
production of IL-4, IL-5, IL-13 and resulting eosinophilia 
in this model. This targeted effect is important as local 
production of these cytokines is associated with AHR 
development and downstream complications. While our 
results indicate no impact on collagen-deposition or lung 
pathology, these studies may only represent an acute 
effect. It is possible that with long-term WGP-adminis-
tration after asthma is established or in combination with 
other therapies, the continued decrease in Th2 responses 
could protect against damaging inflammation and fibro-
sis in the lung.

β-Glucan has immunomodulating properties and it has 
been shown to exert beneficial therapeutic effects against 
various diseases including allergic diseases. One study 
demonstrated that administration of WGP to ragweed 
allergy sufferers reduced allergy symptoms however sim-
ilar to our findings it had no effect on serum IgE levels 
(Talbott et al. 2013). Another study showed that β-glucan 
administration to subjects with seasonal allergic rhinitis 
resulted in reduced IL-4 and IL-5 levels (Kirmaz et  al. 
2005). Our data demonstrating reduced IL-4 and IL-5 
levels in WGP-treated mice in an OVA-induced asthma 
model is in agreement with these findings. In addition a 
study demonstrated a reduction in asthmatic symptoms 

following β-glucan administration and increased IL-10 
levels (Sarinho et al. 2009).

Conclusions
Daily oral administration of WGP (400  µg) significantly 
reduced pulmonary eosinophil influx and production 
of Th2 cytokines (IL-4, IL-5, IL-13), however serum IgE 
levels were unaffected by WGP treatment in an OVA-
induced asthma model. Our findings suggest that WGP 
could be used to target some aspects of asthma (Th2 
cytokines and eosinophilia). While WGP alone would not 
be sufficient to treat asthma, it could be used in combi-
nation with other therapies that target different aspects 
of the disease such as IgE levels. As WGP is an oral 
supplement, it could be considerably more cost effec-
tive and may have fewer side effects than immunothera-
pies. In addition, as IL-4, IL-5 and IL-13 are all reduced 
in response to WGP, the broader effects of WGP could 
be more beneficial than immunotherapies that target 
one specific cytokine such as IL-4 or IL-5. Further stud-
ies would need to be conducted to determine the effect 
of WGP in combination with other therapies for specific 
subsets of asthma patients.
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Research Abstract 
 
The Effects of Yeast !-Glucan Supplementation on Monocyte and Cytokine 
Response to Exercise. 
 
KC Carpenter, WL Breslin, T Davidson, T Halliday, A Adams, & BK McFarlin 
 
Department of Health and Human Performance, University of Houston, Houston, 
Texas, USA 
 
Introduction: Strenuous exercise in hot, humid environments is known to suppress 
the immune system, which can increase the chances of getting sick in the hours 
after exercise. Supplementation with yeast !-glucan has been shown to reduce 
perceived sickness symptoms. The purpose of this study was to determine if 10-d 
of supplementation with yeast !-glucan alters monocyte concentration, LPS-
stimulated cytokine production, and plasma cytokine concentration in 
recreationally active subjects. 
 
Methods: 60 recreationally active subjects (29 men, 31 women, 22±4 y) 
completed 49±6 min of cycling (37±2°C, 45±5% relative humidity) after 
consuming either yeast !-glucan (250 mg/d, Wellmune WGP) or a placebo 
(sugar pill) for 10-days prior to each exercise session. The investigators were 
blinded to the supplement conditions until all data was collected and analyzed. 
Venous blood was collected at baseline (prior to supplement), pre-, post-, and 2-
hours (2H) post exercise.  Each subject completed both trial conditions in a 
random order, separated by a 7-day washout period.  Total and subset 
monocyte concentration was measured by flow cytometry (Guava EasyCyte 
6HT-2L). LPS-stimulated production of 12 cytokines was measured using a whole 
blood assay. Plasma concentration of 13 cytokines was measured using a high-
sensitivity Millipore Milliplex MagPix assay.  
 
Results: Total monocyte (CD14+) concentration was significantly greater at 2H 
(P=0.05) with Wellmune WGP supplementation. Also, compared to placebo, 
Wellmune WGP supplementation boosted LPS-stimulated production IL-2, IL-4, IL-
5, and IFN-gamma at PRE and POST (P<0.05).  Plasma concentration of IL-2, IL-4, 
IL-5, IL-7, IL-10, and IFN-gamma were significantly greater at 2H in the Wellmune 
WGP compared to placebo. In the placebo condition we observed the 
traditional response to strenuous exercise (rise at POST and suppression at 2H). 
 
Conclusions:  It appears that 10-days of supplementation with Wellmune WGP 
primed blood leukocytes for the production of IL-2, IL-4, IL-5, and IFN-gamma.  
These cytokines were elevated prior to and immediately after exercise in LPS-
stimulated cultures and subsequent elevation were observed at 2H with 
unstimulated plasma measures. In addition to cytokine changes, 
supplementation with Wellmune WGP appeared to blunt post-exercise reduction 
in blood monocyte concentration, which may have implication of immune-
surveillance. The key findings of the present study demonstrate that Wellmune 



WGP may be a suitable countermeasure to protect and boost the immune 
system following stressful exercise. Such boost is likely to lower the duration of the 
“open window” response.  
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Abstract 

The innate immune system responds in a rapid and non-specific manner against immunologic threats; 
inflammation is part of this response. This is followed by a slower but targeted and specific response termed 
the adaptive or acquired immune response. There is emerging evidence that dietary components, including 
yeast-derived β-glucans, can aid host defense against pathogens by modulating inflammatory and 
antimicrobial activity of neutrophils and macrophages. Innate Immune Training refers to a newly recognized 
phenomenon wherein compounds may ‘train’ innate immune cells, such that monocyte and macrophage 
precursor biology is altered to mount a more effective immunological response. Although various human 
studies have been carried out, much uncertainty still exists and further studies are required to fully elucidate 
the relationship between β-glucan supplementation and human immune function. This review offers an up-to-
date report on yeast-derived β-glucans as immuno-modulators, including a brief overview of the current 
paradigm regarding the interaction of β-glucans with the immune system. The recent pre-clinical work that has 
partly decrypted mode of action and the newest evidence from human trials, are also reviewed. According to 
pre-clinical studies, β-1,3/1,6-glucan derived from Baker’s Yeast may offer increased immuno-surveillance, 
although the human evidence is weaker than that gained from pre-clinical studies.  
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Introduction to β-glucans and Immunity 

Structural Diversity with Varied Health Impacts 

β-glucans are naturally occurring polysaccharides of D-glucose monomers linked by β-glycosidic bonds. They 
serve as energy stores and structural components of plant, algal, fungal and bacterial cell walls 

[1]
. β-glucans 

show a very defined structure-activity relationship: research to date demonstrates that varied source and 
structure lead to varied biological activity 

[2-4]
. For example, although oat-derived β-glucans act as effective 

dietary fibers that improve metabolic health parameters, including dyslipidemia and insulin resistance 
[4]

; 
yeast-derived β-glucans behave as immuno-modulators, specifically targeting the innate immune response 

[5]
. 

The chemistry of β-glucans is well characterized; they all share a β-1,3-glucan backbone; however, among β-
glucans, there is variation regarding source as well as extraction and purification methods used in their 
commercial preparation 

[6-8]
, which gives rise to great diversity in branching pattern, insertions and impurities. 

This yields a wide range of molecular structures within the β-glucan family to ultimately determine a range of 
health effects 

[1]
 (Figure 1). Long side chains along the β-1,3 backbone confer insolubility in the case of some 

yeast and fungal β-glucans 
[9, 10]

. The formation of purely linear β-1,3-glucans in fungi and yeast is highly 
uncommon; however, these are present in soluble extracts of Saccharomyces cerevisiae 

[11]
. Interestingly, only 

β-glucans with a high molecular weight and degree of branching, like those from fungi and yeast, have been 
reported to exert an immunomodulatory action 

[3, 12-15]
. In fact, it was the preliminary work of Pillemer and 

Ecker 
[16]

 on Fleischmann’s® Yeast (S. cerevisiae) that emerged during the 1940s which first suggested the 
connection between β-glucans and immunity. Several decades later, evidence has accumulated relating to the 
immunomodulatory activity of both research-exclusive and commercially available forms of β-glucans derived 
from various sources, and by various extraction and purification methods 

[5, 8, 17]
; however, the translation of 

any nutritional immunomodulatory agent from cellular and/or pre-clinical models to use in humans is a great 
challenge. This specifically applies to β-glucans, since aside from their wide structural variability leading to 
diverse biological activities, there are differences between β-glucan receptors in humans and mice 

[18, 19]
, 

immune health markers are ambiguous, and variation in administration route, dose, populations studied and 
time points between studies are likely to contribute to inconsistent results relating to the health impact of β-
glucans. As such, the first aim of this review is to collate and interpret the existing preclinical research on β-
1,3/1,6-glucan with regard to immunity in order to clarify its molecular mechanism of immunomodulatory 
action. This will be achieved by considering its binding to immune receptors and the downstream signalling 
events leading to trained immunity and cytotoxic activity. The second aim of this review is to collate and 
evaluate the literature in order to provide a comprehensive overview of the human studies assessing the effect 
of supplementation with high quality, well-characterised β-1,3/1,6-glucan from commercially available sources 
(presented in Table 1) on immunity across multiple populations. For this, inclusion criteria consist of 
randomized, double-blind, placebo-controlled human studies that investigated the efficacy of orally 
administered β-glucan with a purity of over 75% (obtained by stripping β-glucan from the external 
mannoprotein layer, the interlinked chitin in the cell wall and the components inside the cell membrane) 

[8, 20, 

21]
. Exclusion criteria include β-glucan formulations that lack human studies or are used in combination with 

other active ingredients (e.g. β-glucan and monoclonal antibodies in cancer research). Overall, no adverse 
events were detected, and no major safety concerns were presented in response to any of the selected 
intervention studies. Statistical significance was set at P < 0.05 and all results included are by default significant 
unless otherwise stated. All β-glucans covered herein are by nature β-1,3/1,6-glucans, and the term β-glucan 
will refer to β-1,3/1,6-glucan unless otherwise specified.  

The Immune Response to Pathogen Invasion 

The immune response is composed of innate and adaptive components. The initial responder to pathogens is 
the innate component, comprised mainly of phagocytic cells (e.g. neutrophils, monocytes, macrophages, and 
dendritic cells) able to engulf and kill pathogens. After phagocytosing and digesting pathogens and then 
processing pathogen-derived antigens, innate immune cells release inflammatory mediators and cytokines, 
and present the processed antigen to T helper cells and B lymphocytes, leading to the development of the 
more specific adaptive immune response 

[22, 23]
. The T cells and B cells are responsible for the antigen-specific 

recognition and destruction of pathogens 
[24, 25]

. Traditionally, the classical adaptive response was attributed to 
T and B cells able to express different receptors for maximal specificity based on the antigen being presented, 
while the innate response was understood to rely on receptors only able to recognize highly conserved 
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microbial structures. More recently, it is evident that innate cells have the ability to modify responses by 
pattern recognition

[23]
, leading to the concept innate immune memory or innate immune training. 

The main challenge for the innate immune system is to differentiate self or benign from pathogenic antigens. 
Evolution’s ingenious solution has been to identify microbe- or pathogen-associated molecular patterns 
(MAMPs or PAMPs), which are different motifs present in invading microorganisms that are lacking in higher 
eukaryotes 

[26, 27]
. During the early phase of the immune response, MAMPs are recognized by pattern 

recognition receptors (PRRs) and complement binding (e.g. dectin-1 and complement receptor 3 for β-glucan 
signaling), which prompt a rapid detection and control of pathogen invasion via initiation of an innate immune 
response 

[5, 28]
. PRRs are expressed on dendritic cells, the classical antigen presenting cells (APCs), and play an 

essential role in recognizing endogenous (host derived) and exogenous (environmental) ligands prior to 
phagocytosis. APCs are specialized phagocytes like dendritic cells and macrophages distributed across the host. 
Following pathogen internalization and phagosome formation, a key aspect of the antimicrobial component of 
the innate immune response is the production of reactive oxygen species (ROS) against pathogens, a 
phenomenon known as oxidative burst 

[29]
. This response has been reported against β-glucans from fungal and 

yeast cell walls and results in the phosphorylation of the NADPH oxidase complex and ultimately production of 
ROS (e.g. superoxide anion) 

[30]
 (Figure 2).  

β-glucans as Trainers of Innate Immunity 

Initial understanding suggested that the rapid onset and non-specific innate immune response which lacks 
memory was followed by an adaptive response that is antigen-specific and has immunological memory. 
However, it was recognized that some organisms that lack adaptive immune components show immunological 
memory 

[31]
. The paradox whereby a first encounter between classical innate immune cells and a pathogen 

triggers intracellular functional changes that expedite future defense towards the same or an unrelated 
pathogen has been labeled ‘trained immunity or innate immune memory’ 

[32]
. It is now well established that 

PRRs expressed in innate immune cells show discrete pathogen recognition 
[33]

. Trained immunity has been 
traced to epigenetic changes that result from reprogramming of chromatin marks within the progenitors of 
innate immune cells. This offers a mechanism whereby β-glucan is able to prime innate immune cells. This idea 
was strengthened by the evidence of a more robust innate response from monocytes and macrophages to 
various pathogens after β-glucan exposure, with enhanced antimicrobial and inflammatory properties derived 
from dectin-1/toll-like receptor (TLR) activation 

[34]
. However, compared to the classical acquired immunity 

offered by antigen receptors as part of the adaptive immune response, PRRs do show less specificity and 
duration of memory.  

 

β-glucans as Immunomodulators: Mechanism of Action 
 

β-glucans are highly conserved structural components that make up the majority of the cell walls of yeast and 
fungi. Since β-glucans are not produced by mammalian cells, they act as biological response modifiers and are 
recognized as MAMPs by PRRs present on the surface of innate immune cells 

[11, 35, 36]
. β-glucans are 

phagocytosed and processed by monocytes, macrophages and dendritic cells found in the upper intestinal 
lymphatic tissue to later be shuttled towards different immune organs like the spleen, where fragmented 
soluble β-1,3-glucan particles are released and prime immune cells for a more efficient antimicrobial and 
inflammatory response to pathogenic challenges. 

β-glucan Internalization 

Following oral β-glucan administration, PRRs expressed on the cell surface of macrophages from the 
microfolds of Peyer’s Patches (M cells) bind and internalize β-glucan upon arrival in the small intestinal lumen, 
as seen by fluorescence microscopy in murine spleen and bone marrow tissues 

[22, 37, 38]
. Once internalized, β-

glucan-containing innate immune cells travel to the different organs of the immune system where smaller and 
more soluble β-1,3-glucan fragments are released over several days to interact with and modulate the 
functional capacity of the innate immune response 

[3, 37, 39]
. Whether β-glucan-containing macrophages are 

transported to the lymphoid organs via lymphatic or systemic circulation in humans is still unclear 
[3, 40]

, 
although rat and mouse models show intact β-glucan being shuttled from the gastrointestinal tract to the 
different immune organs through the systematic circulation 

[38, 41]
. Subsequent fragmentation into smaller 

biologically active β-1,3-glucan particles occurs on day 3 to 5 after ingestion, β-1,3-glucan fragments are 
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released extracellularly from days 5 to 10 and diminish after 14 to 21 days 
[37]

. β-glucan receptors include 
dectin-1 

[23, 26, 42-46]
, CR3 

[26, 47-49]
, lactosylceramide 

[23, 50]
, TLR 2, 4 and 6 

[28, 51-53]
, cluster of differentiation 36 

(CD36) 
[54]

 and scavenger receptors like CD5 
[55]

. Dectin-1 and CR3 have been extensively characterized for their 
direct interaction with β-glucans and their ability to subsequently alter the immune response, whereas the 
other receptors mainly become involved later on during the intracellular signaling cascade 

[17]
. While CR3 is 

highly expressed on neutrophils, monocytes, natural killer (NK) cells, and to a lesser extent on macrophages, 
dectin-1 is mainly expressed on macrophages, followed by granulocytes, and is absent from NK cells. 
Consequently, the main receptor mediating yeast phagocytosis in macrophages is dectin-1, but CR3 is the 
predominant receptor in granulocytes 

[40]
.  

Dectin-1 Structure and Signaling 

Murine dectin-1 and its human equivalent (also known as β-glucan receptor) are type II C-lectin-like membrane 

receptors from the PRR family. Although some differences in expression pattern and regulation exist between 

dectin-1 and its human homologue (e.g. N-linked glycosylation is present in the C-type lectin domain of murine 

dectin-1 receptors and only in the full-length stalks of β-glucan receptor), they both seem to serve the same 

function as reviewed by Willment et al. 
[56]

. They share 60% sequence identity, and 71% sequence homology 
[57]

, and tend to preferentially express the stalkless isoform of the receptor 
[19]

.  

Dectin-1 is expressed on the surface of non-specific myeloid immune cells (monocytes, macrophages, dendritic 

cells, and neutrophils), for example in M cells (in gut associated lymphoid tissue). Extensive work done by 

Goodridge et al. 
[17]

 on RAW264.7 macrophages, primary mouse bone marrow-derived macrophages and 

dendritic cells as well as on human monocytes, shows that β-glucans successfully bind to the C-type lectin-like 

carbohydrate recognition domain of dectin-1; however, insoluble whole glucan particles (WGPs) but not 

soluble glucans (SGs) are able to successfully elicit dectin-1 signaling 
[17, 19, 42]

. Even when both WGP and SG are 

derived from the same (micro)organism (most studied is S. cerevisiae) they differ based on their structure, 

molecular weight, spatial conformation, solubility, etc. WGPs are insoluble β-glucan particles that maintain the 

three-dimensional yeast cellular structure with a hollow cytoplasm (i.e. only the cell wall remains) and are 

recognized by dectin-1 as an immobilized form of β-glucan, i.e. on the surface of a phagocytosed particle such 

as yeast cells. SGs like PGG-glucan, a β-1,3/1,6-glucan triple helix molecule of pharmaceutical grade, or smaller 

fragments of soluble β-glucan released by macrophages after WGP internalization are recognized as ‘free 

floating or unattached’ particles. PGG-glucan is commonly used to test this mechanism in human peripheral 

blood mononuclear cells (PBMCs) and neutrophils 
[58]

. One explanation for dectin-1 only activating upon 

interaction with WGPs and not SGs is the ‘phagocytic-synapse’ mechanistic model, whereby dectin-1 

exclusively initiates its signaling cascade to immobilized ligands as opposed to soluble ‘floating’ substances 

shed from their parent particle 
[17]

. ‘Phagocytic synapse’ is required for dectin-1 hemITAM signaling regulated 

by CD45, and its related membrane tyrosine phosphatase CD148 
[19]

. CD45 and CD148 are membrane proteins 

with a large extracellular domain and intrinsic tyrosine phosphatase activity. Both are required for surface 

molecule rearrangement following macrophage-WGP binding, and to assist with the removal of inhibitory 

phosphatases to allow Src activation; however, to permit productive signaling, CD45 and CD148 are then 

isolated from the contact site of dectin-1 with WGP in the forming phagosome (Figure 3). SGs seem to fail to 

sequester CD45 and CD148, and therefore they are incapable of continuing the signaling cascade. 

Consequently, dectin-1, unlike other PRRs, plays a key role within the innate immune response by 

distinguishing between direct binding to microbes and binding to substances shed from microbes. 

In vitro studies of murine and human dectin-1 clones highlights a new dectin-1 signaling model, which 

proposes the existence of two parallel similar structures of the entire dectin-1 unit, where the bridging of the 

twin dectin-1 monomers is necessary to allow dual Src and spleen tyrosine kinase (Syk) activation and 

recruitment, and consequent NFAT and NF-κB induced transcription for inflammatory regulation to drive the 

production of cytokines and chemokines 
[19, 59, 60]

. Although the oligomerization of dectin-1 has been 

questioned by Brown 
[23]

, agreement exists regarding the concept of the ability of dectin-1 to recognize 

carbohydrates, a function unusual in the classical C-type lectin family of receptors. For the antimicrobial aspect 
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of the response however, the phosphorylation of a unique Src domain appears sufficient for stimulation of 

phagocytosis and subsequent oxidative burst, as shown in murine bone marrow-derived macrophages and the 

RAW macrophage lines 
[30]

. In macrophages, phagocytosis is Syk-independent, whilst in dendritic cells, it is Syk-

dependent 
[43]

. This may present another cue for ‘innate immune memory’, as it is only activated in a 

subspecialized population of macrophages primed for ROS production 
[30]

. Another sign that suggests a 

resemblance between innate and adaptive response via regulation of transcription is the dectin-1 synergy with 

TLR pathways, in particular TLR2, TLR4, and TLR6, to enhance cytokine production from monocytes and 

macrophages against fungal pathogens 
[23]

. As reviewed by Goodridge et al. 
[19]

, this synergy is mediated via 

caspase recruitment domain containing protein 9 (CARD9) found in the sub-population of murine bone 

marrow derived dendritic cells and macrophages destined for cytokine production upon β-glucan binding. 

TLR2-dectin-1 synergy leads to TNF-α and IL-12 secretion and promotes IL-2 and IL-10 production via Syk 

activation 
[61, 62]

. Multiple other components like CD36 are involved in the complex interaction between dectin-

1 and TLRs 
[23]

. Moreover, both IL-10 and IL-2 are involved in the development of regulatory T cells during 

fungal infection, pointing to the innate-adaptive immune interaction 
[63, 64]

. Lastly, the most novel role for 

dectin-1 involving trained immunity has been described for the regulation of cell death in murine macrophages 

and dendritic cells, where CARD9 has the dual role of enhancing TLR signaling through MAP kinase activation 

and directly promoting NF-κB activation 
[19, 65-67]

.  

Complement Receptor 3 Structure and Signaling 

The second pertinent receptor for β-glucan interaction with the innate immune system is complement 
receptor (CR3), a β2 integrin protein that serves as an adhesion and recognition receptor with an exceptionally 
broad pathogen-recognition capability 

[68]
. CR3, while under the PRR umbrella, belongs to the complement 

system. The complement system is composed of proinflammatory serum proteins that ‘complement’ 
inflammation and circulate as sedentary precursors until activated to cause cell lysis or opsonization 

[23, 69]
. 

Complement receptors are expressed on several leukocytes and are key mediators for yeast, fungal and 
bacterial infection; hence β-glucan recognition is essential, as it is a main component of the cell wall of these 
(micro)organisms 

[70]
. CR3 triggers phagocytosis of complement opsonized particles by binding to complement 

activation molecule iC3 as shown in murine models 
[71-74]

, and human PBMCs and neutrophils 
[48, 75, 76]

, but it 
also works by direct pathogen binding 

[77, 78]
. The CR3-β-glucan signaling cascade is yet to be fully decoded 

[79, 

80]
; however, it is thought that phosphorylation of tyrosine kinase Syk, PI3K and p38MAPK are involved in the 

response, as reflected in murine 
[37]

 and human immune cells 
[81, 82]

. Fluoresce microscopy of mouse 
macrophages reveals how ingested β-glucans are rapidly taken up in a CR3-independent manner (dectin-1 
supported) and are shuttled to the bone marrow, spleen and lymph nodes to slowly release soluble β-1,3-
glucan active moiety fragments 

[3, 37]
. As evident in human neutrophils, it is these smaller fragments, and not 

the parent polysaccharide, that are responsible for CR3-dependent signaling. CR3 is unique among integrins as 
it consists of a β-subunit (CD18) and an α-chain (CD11b) 

[83, 84]
. As shown in Figure 4, CD11b hosts two binding 

sites, one at the I-domain site near the N-terminus for ligands such as iC3b, and another one at the lectin-site 
near the C-terminus for short carbohydrates like β-1,3-glucan. The soluble smaller β-glucan fragments prime 
phagocytes by binding to the lectin site of CD11b in mouse and human cells 

[37, 48, 73]
. Signaling of CR3 requires 

dual ligation of CD11b, since the activation of the lectin site triggers configurational changes that expose the 
antigen binding site to ultimately mediate chemotaxis and phagocytosis towards the iC3b opsonized 
pathogenic cell. Subsequently, β-glucan primed circulating phagocytes more avidly cause cytotoxicity of iC3b 
opsonized particles as shown in human neutrophils 

[81]
. Upon iC3b opsonization, the chemotactic factors C3a 

and C5a are produced. C3a mainly recruits eosinophils (also basophils and mast cells), whereas C5a 
predominantly attracts neutrophils. In murine tumor models, the major cytotoxic activity of the β-glucan C3-
dependent immune response has been attributed to the C5a chemokine cascade 

[85]
.  

Enhanced Oxidative Burst of Primed Innate Immune Cells  

Following dectin-1 dependent WGP phagocytosis and CR3-dependent priming, an oxidative burst response 
within the phagolysosome is activated in PBMCs 

[18]
. Research with human PBMCs revealed that the WGP-

induced oxidative burst is dectin-1 mediated and activates Src and PI3K/AKT signaling pathways. On the other 
hand, SG-induced oxidative burst is CR3 mediated and activates actin polymerization and focal adhesion, 
followed by Src, Syk, PI3K/AKT, p38 MAPK, and PLC/PKC pathways 

[18]
. Both signaling cascades (WGP via dectin-
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1 and SG via CR3) ultimately activate the NADPH oxidase system to generate O2
-
 from O2 molecules. In the 

absence of phagocytosis, ROS are released into the environment via the signaling pathway that activates 
NADPH oxidase in response to focal adhered β-glucan; this involves recognition by CR3 and signaling through 
p38 MAPK pathway in a process called ‘frustrated phagocytosis’ , observed in mouse macrophages 

[86]
 and 

human neutrophils 
[82]

 (Figure 5). Furthermore, the priming of PBMCs with WGP significantly upregulates 
chemotaxis towards C5a and suppresses that towards IL-8, which reduces the handicap of traveling through 
endogenous chemotactic gradients to reach final chemoattractant C5a 

[87]
.  

 

 

Translating β-glucan immune training to humans 

Many studies have explored biological response modifiers of the innate immune system to increase host 
resistance to pathogens, with β-glucans ranking as one of the most widely researched. In conjunction with 
other standard immuno-modulatory treatments, this strategy may offer a non-specific protection potentially 
becoming a method of prevention and treatment for infections and enhancing the immune resistance of 
immuno-compromised populations including the very young and older, frail people, and athletes. However, it 
must be acknowledged that, as the majority of the human studies available use primarily questionnaire-based 
methodologies (addressing incidence, duration and symptoms of infection) to draw conclusions, much 
uncertainty still exists about the evidence-based relationship between β-glucan supplementation in humans 
and consequent immunologic changes. This review organizes the existing human studies according to 
population, highlighting demographic, intervention and outcome details for each study presented, according 
to the pre-specified inclusion criteria indicated above, and with a focus on upper respiratory tract infection 
(URTI). The identity of all commercial preparations used is detailed in Table 1. 

Upper Respiratory Tract Infection in Different Age Groups and in Athletes  
 
Due to the large body of work focusing on the potential impact of β-glucans to alleviate URTI, this 

condition and its prevalence will be described briefly. URTI, usually referred to as the common cold, is the 
most frequent infectious disease in humans, with an average prevalence of 2 to 4 episodes/year in adults and 
6 to 10 episodes/year in children [88-90]. Symptoms include nasal congestion, sore throat, and headaches; and 
although usually self-limiting, they carry an increased risk for secondary bacterial infection and further 
comorbidities following inadequate recovery. Due to the heterogenic etiology of URTI, there is no reliable 
intervention to reduce the frequency of infection, making it the primary cause for antibiotic prescription in the 
UK with a total disease-associated cost of €40 billion/year nationwide [89, 91]. Hence, any alternative treatments 
showing a moderate alleviation of URTI incidence and severity would be vastly beneficial for population health 
and for the health system. 

 
Respiratory infections are highly common in the first 5 years of life due to children’s narrower airways, 

and the immature lungs and immune system [92]. In fact, respiratory infections followed by diarrhea are the 
two main causes of morbidity and mortality in children younger than 5 years old worldwide [93]. The 
Department of Pediatrics, ChangPing Woman and Children Health Care Hospital in China reported that 
Wellmune® supplementation (35 mg/day for 12 weeks) kept children healthier during the cold and flu season 
by significantly decreasing the incidence and duration of the common cold by 66% compared to placebo [94]. 
No significant difference in efficacy or safety parameters between the Wellmune® groups (35 and 75 mg/day) 
was found, suggesting that 35 mg of Wellmune® daily is sufficient to achieve optimal benefit during the cold 
and flu season in children aged 1 to 4 years. On an immuno-cellular level, Glucan #300® is the most studied β-
glucan in older children and teens and has been shown to improve mucosal innate immunity. Three studies 
evaluated mucosal innate immunity in children aged 8 to 12 years with recurrent respiratory problems treated 
with 100 mg of Glucan #300 daily [95-97]. One further study examined mucosal innate immunity of children aged 
6 to 16 years [98] who were treated with 100 mg of Glucan#300 daily. Mucosal immunity represents the first 
line of defense against respiratory viruses and bacteria and is mainly composed of salivary IgA and 
antimicrobial proteins. A reduction in IgA secretion levels has been linked to an increased incidence of URTI; 
thus, IgA is used as a proxy measure for mucosal immune function [99]. The first two studies measured salivary 
albumin, lysozyme, C-reactive protein (CRP) and calprotectin levels and reported a significant increase in 
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lysozyme and CRP, compared to placebo [95, 96]. The third study assessed salivary antibody levels (IgA, IgM and 
IgG), showing a significant increase in all tested antibodies, compared to a reduction in the placebo group [97]. 
Finally, the fourth study explored not only the effects of β-glucan on immune status using salivary IgA and 
salivary eNOS, but also on physical activity using the 6-minute walking test [98]. There were positive effects of β-
glucan supplementation in the two age groups, 6 to 10 and 11 to 16 years, via a significant stabilization of 
salivary IgA compared to a decrease in the placebo counterpart, and higher physical activity scores. Taken 
together, these results suggest that β-glucan can improve mucosal innate immunity to reduce URTI incidence 
and symptom severity in children and teens. 

 
Young children are especially susceptible to inadequate nutritional intake with a cascade effect on 

immunity and increased risk for infection and allergic reactions [100-102]. Mead Johnson Nutrition conducted two 
studies with children in day-care settings in China [103] and Brazil [104], in which the incidence of acute 
respiratory infection (ARI) was evaluated. Children in the experimental group consumed follow-up formula 
fortified with vitamins A (380 vs 630 IU, control and treatment respectively) and D (31 vs 119 IU, control and 
treatment respectively), 25 mg docosahexaenoic acid (DHA), 1.2 g of polydextrose/galacto-oligosaccharides 
and 8.7 mg of Wellmune® three times a day for 28 weeks. In the first study, children who consumed the 
fortified formula showed a significant decrease in the incidence and duration of ARI, antibiotic use and missed 
day-care hours, together with higher serum concentrations of the anti-inflammatory cytokine IL-10 and higher 
blood leukocyte levels, compared with children who were given an iso-caloric unfortified, cow’s milk-based 
beverage [103]. The second study reported a significant reduction in allergic manifestations in the skin and 
respiratory tract between groups, although no significant difference was reported for ARI nor diarrheal disease 
[104]. This may be due to an increase in serum/plasma/cellular IL-10 and its ability to inhibit Th2 mediators, 
which are usually elevated during allergic inflammation. These results cannot be attributed solely to β-glucan, 
since vitamins, prebiotics and polyunsaturated fatty acids were present in the experimental group’s beverage 
but not in the control drink (Table 2).  

 
Immuno-senescence refers to the age-related decline of the immune system, which is characterized by a 
reduced ability to protect against and combat infections 

[105-107]
. A study evaluating whether 250 mg/day of 

Wellmune® enhanced immune function during the winter months in healthy older adults, reported a reduction 
in symptomatic days, which approached but was not significant, compared to the placebo group 

[108]
. 

Wellmune® supplementation significantly increased LPS-stimulated IFN-γ production, suggesting priming of 
innate immunity. However, Wellmune® supplementation did not change symptom severity, plasma cytokine or 
chemokine levels or salivary IgA concentration. A cross-over study investigated the humoral immune and 
inflammatory response in participants aged 65 years or older after consuming 2.5 mg of Lentinex® each day for 
6 weeks 

[109]
, and showed a significant increase in circulating B-cell number. Other immunological and 

inflammatory markers, such as immunoglobulins, complement proteins and cytokines, were not significantly 
altered. Taken together, these study results suggest that there may be an association between β-glucan 
supplementation and defense against infection in the elderly. Nonetheless, it is important to note that the 
mechanisms behind putative health effects summarized in Table 3 require greater clarity and definition. 

Athletes often experience a transient state of immuno-suppression after highly demanding physical effort 
leading to an ‘open window’ for opportunistic infections. This is reflected in the greater incidence of URTI 
among ultra-marathoners and marathoners 

[110-112]
. A ‘J’ shaped model has been suggested to reflect the 

relationship between risk of URTI and amount and intensity of exercise; where sedentarism shows average 
infection risk, moderate-regular exercise confers maximal infection resistance and extremely heavy acute or 
chronic exercise decreases resistance to infection 

[113]
. It should be highlighted that fitness level highly impacts 

how the body reacts to exercise-induced stress 
[114]

. Physical stress is similar to other stressors, such as 
psychological stress, which can lead to a weakened immune system 

[115]
. Psychological stress may also arise 

from prolonged training and competition, which is also posited to play a role in the ‘open window’. Likewise, 
elite athletes show deterioration in their mood during intense exercise periods, such as marathon training 

[116, 

117]
. The mechanisms explaining this immuno-suppression have not been firmly established; however it may be 

caused by impaired cell-mediated immunological responses and psychological factors including stress and 
anxiety  

[118]
. An impaired cell-mediated immunological response during the ‘open window’ is characterized by 

an overall reduction in the concentration of circulating immune cells, blunted TLR expression 
[119]

, together 
with a concurrent state of inflammation 

[120]
, all leading to a net suppression of cellular immunity and 

consequent increased risk of infection. In particular, monocyte and T-cell numbers increase during and right 
after a bout of intense exercise to later decrease below pre-exercise levels over 2 to 6 hours, slowly recovering 
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to baseline status within 24 hours. This, together with a suppression of LPS-stimulated cytokines 
[121]

, explains 
why mucosal immunity is subjected to a temporary disruption during the 24 hour-window after strenuous 
exercise 

[99]
.  

The effect of Wellmune® supplementation (250 mg/day for 10 days) was measured after a high heat and 
humidity bout of aerobic exercise in two clinical trials 

[122, 123]
. Wellmune® significantly prevented the drop of T 

cells and monocytes commonly seen after an intense exercise session and improved the LPS-challenged 
response in monocytes from recreational athletes 

[122]
 and individuals of average fitness level 

[123]
. In the third 

study, Wellmune® prevented post exercise suppression of mucosal immunity as measured by a 32% increase in 
salivary IgA 2 hours post-exercise compared to the placebo group 

[99]
. The plasma cytokine profile seen in the 

β-glucan supplemented group is linked to lymphocyte proliferation (IL-7), neutrophil-related increased 
chemotaxis (IL-8), anti-inflammatory action (IL-10) 

[122]
, reduced drop of circulating monocyte levels and 

favorable alteration in their cell-surface receptors. The last refers to receptors CD38, CD86 and TLR4, which 
confer improved T cell stimulation capacity, increased T-cell concentration and activity (IL-2), leukocyte 
priming (IFN-γ) and other markers that may suggest increased immuno-surveillance (CD8

+
 TCM cells) 

[123]
. The 

LPS-stimulated cytokine profile showed a significant increase in IL-2, IL-4, IL-7, and IFN-γ compared to the 
placebo counterpart, which also suggests enhanced immuno-surveillance by the priming of monocytes, 
reflected in the higher Th1 cytokine production and increased TLR4 expression 

[123, 124]
. 

Aside from artificially-taxing physical conditions like heat and humidity, Wellmune® supplementation was 
evaluated in athletes during a naturally challenging scenario, a pre- and post-marathon period. Participants 
were randomized to incorporate dispersible Wellmune® (250 mg Wellmune®/day) or placebo in a dairy-based 
beverage 45 days prior to, on the day of and 45 days post marathon 

[125]
. In a second study, participants were 

randomized to receive a soluble Wellmune® formulation, a dispersible Wellmune® formulation or placebo for 
28 days post-marathon 

[99]
. Results showed a significant decrease in post-marathon URTI symptomatic days 

[99, 

125]
, severity (especially nasal discharge and sore throat) and average missed workout days 

[125]
 in comparison 

to the placebo groups, while no significant difference was observed for average duration or incidence of URTI 
in either study. Another study supplementing Wellmune® for 4 weeks of post marathon training (250 or 500 
mg Wellmune®/day) also evaluated URTI symptoms as well as overall health and mood using a questionnaire 
style health log and the profile of mood state (POMS) questionnaire, respectively 

[126]
. The authors reported 

significantly lower URTI symptoms and better overall health and mood profiles in both supplement-dose 
groups compared to placebo.  

Overall, Wellmune® has been shown to reduce the duration of the ‘open window’ by priming granulocytes for 
faster activation and cytokine production upon pathogenic challenges, increasing salivary IgA, improving 
circulating monocyte and T cell count and altering the balance of T helper cytokines (Th1/Th2). This helped to 
reduce URTI severity and improve overall health and mood in physically-induced stress independent of fitness 
level, as it was evident in trained 

[99, 125, 126]
 and recreational athletes 

[122]
 as well as individuals of average 

fitness level 
[123]

 (Table 4). This set of studies provides a good immuno-cellular insight into the β-glucan 
interactions with the immune system in regards to physically-induced stress. Previous research has outlined 
that monocyte adhesion molecule expression, such as that determined by CD38 gene expression, affects 
leukocyte migration capacity into damaged tissue. CD38 plays a role in the transport and adhesion 
mechanisms of white blood cells 

[127]
, and its downregulation on classical monocytes upon Wellmune® 

supplementation is in part regulated by changes in IFN-γ and may explain the observed increased levels of 
circulating monocytes. Additionally, Wellmune® supplementation caused CD86 upregulation in non-classic 
monocytes, in turn resulting in T-cell co-stimulation for rapid response upon antigen invasion 

[123]
. Another sign 

of amplified immuno-surveillance is the upregulation of TLR4 and TLR2 on non-classic monocytes upon 
supplementation, which has been previously linked to the regulation of resistance exercise-induced 
inflammation 

[123, 128]
. T-cells follow a similar pattern as monocytes during exercise and the recovery period, a 

slight increase during exercise followed by a drop below base-line post-exercise 
[129]

; however, Wellmune® 
supplementation triggered an overall increase in circulating T cells prior to and after exercise 

[123]
. One 

mechanism of action that may underlie these events is the priming of neutrophils, which increases MAMP 
recognition, and the priming of monocytes, which increases Th1 production capacity. The enhanced monocyte 
response from TLR4 upregulation supports this hypothesis 

[40]
.  

Studies Regarding Overall Health  
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Allergic rhinitis (AR, commonly termed hay fever), is a leading cause of seasonal allergy symptoms and affects 
more than one-fifth of the adult population in Western Europe 

[130]
. Typical symptoms include nasal 

congestion, sneezing, itchy eyes and difficulty breathing. AR is an IgE-mediated inflammatory allergic reaction 
of the nasal mucosa that is in part driven by the overproduction of Th2 cytokines (IL-4, IL-5, IL-13) and 
subsequent stimulation of eosinophil generation and chemotaxis. These can be suppressed by Th1 cytokines 
like IL-12 and IFN-γ 

[131, 132]
, where β-glucans are thought to play a role. The available standard allergen 

immuno-therapy for hay fever includes high doses of allergen administration with the view of desensitization 
[133]

; however, results are variable and there is still a need for safe, effective and convenient therapy 
[134]

. Thus, 
Kirmaz et al. 

[135]
 evaluated the effect of Imuneks® on AR with the aim of assessing whether 12-weeks of β-

glucan (10 mg Imuneks® twice daily) could assist Th1-mediated immune response in Olea europa sensitive 
patients with AR. For this, they challenged the participants with a nasal provocation test of Olea europa 
followed by a nasal lavage and measured IL-4, IL-5, IL-12, IFN-γ and eosinophil count in the nasal fluid as well 
as peripheral blood eosinophil levels. Results from the nasal lavage showed a significant decrease in Th2 
cytokines (IL-4 and IL-5) and an increase in Th1 cytokines (IL-12) together with a reduction in eosinophils 
compared to placebo; however, IFN-γ and peripheral blood eosinophil levels did not show a significant 
difference between groups 

[135]
. Altogether, β-glucan could be considered as an adjunct to standard AR 

treatment due to its robust alleviation of the exaggerated Th2 activity in AR patients.  

With a focus on symptom severity, Wellmune® has been studied for improving ragweed allergy symptoms in 
adults supplemented with 250 mg Wellmune®/day for 4 weeks 

[136]
. The results showed significant reduction in 

total allergy symptoms and symptom severity, overall increased POMS score and an improvement in global 
mood state, physical function and all rhinoconjunctivitis. Quality of Life Questionnaire ratings including sleep 
problems, nasal and non-nasal symptoms, eye symptoms, activities, emotion and quality of life improved 
compared to placebo; although non-nasal symptoms and emotion were also significantly improved in the 
placebo group. Nonetheless, even though allergic rhinitis is considered to result from an IgE-mediated allergic 
response, no significant difference was found for serum IgE levels between groups. In addition, Yestimun®, 
another proprietary highly purified Baker’s Yeast β-1,3/1,6-glucan was evaluated in three studies regarding 
effects on incidence and symptoms of the common cold in adults with recurring infections 

[137-139]
. In the first 

study, participants took 450 mg of Yestimun® twice a day for 26 weeks, whereas the second and third studies 
supplemented with 900 mg of Yestimun® once a day for 16 weeks. All studies showed an overall prophylactic 
effect, with a significant reduction of common cold incidence during the infection season; however, whilst the 
first and third study showed significant symptom reduction, the second study did not reach significance for this 
parameter, but showed significant reduction in sleep disturbances caused by infections and better efficacy 
rating by participants and physicians. Furthermore, a randomized phase II clinical trial was conducted to 
evaluate immune support during the cold and flu season by assessing symptoms and overall well-being, where 
participants took 500 mg of Wellmune® or placebo per day for 12 weeks 

[140]
. While the treatment group 

experienced a significant increase in quality of life as rated by the SF-36V2-QOL physical component summary 
score and a decrease in missed days of work/school, there was no significant difference in the incidence of 
symptomatic respiratory infections between the groups. Lastly, with a molecular emphasis, Glucan #300® was 
used to evaluate β-glucan’s effects on innate immune response in adults 

[141]
. For this, serum β-glucan levels, 

ex vivo stimulation of leukocytes and microbicidal activity in blood were analyzed in a randomized open-label 
intervention pilot study with 15 healthy male adults receiving 1 g of Glucan #300® daily for 7 days. At all 
points, β-glucan was barely detectable in serum, and leukocyte cytokine production together with microbicidal 
activity were unaltered compared to the placebo group. Taken together, there seems to be some evidence to 
indicate that individuals suffering from allergies or at increased risk of respiratory infection may benefit from 
β-glucan supplementation to reduce symptom severity and overall quality of life during infection season. 
However, aside from AR, where β-glucan’s effect on suppressing Th2 cytokine response was evident, how β-
glucan affects immunity at a cellular level to achieve such benefits is not clear (Table 5). 

Dietary Regulations and Emerging Areas of Research 

There is great interest in the application of β-glucans in the food and beverage section worldwide. Food 
Marketing Industry data showed that the global β-glucan market was worth $307.8 million in 2016 with a 
prediction by Markets and Markets to reach $476.5 million in 2022 

[142]
. Yestimun® is the only β-glucan that 

has attempted to hold a European Food Safety Authority (EFSA) health claim in regards to immunity; however, 
it received a negative response when applying for the health claim “initiation of appropriate innate and 
adaptive immune responses in adults” in 2009 at a dose of 0.45 g twice daily. The EFSA Panel on Dietetic 
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Products, Nutrition and Allergies concluded that cause and effect relationship could not be established 
between the consumption of Yestimun® and the initiation of appropriate innate and adaptive immune 
responses due to the existence of contradicting results in the literature 

[143]
. On the other hand, Wellmune® 

successfully holds a claim as a novel food ingredient granted in 2011 by the EFSA Panel on Dietetic Products, 
Nutrition, and Allergies. This application refers to both the insoluble and soluble formulations of Wellmune® at 
dose levels up to 375 mg/day in food supplements and up to 600 mg/day in foods for particular nutritional 
uses (PARNUTS, also referred to as functional or ‘smart’ food), but not for infant or follow up formulas 

[144]
.  

Gaps in Knowledge and Perspectives for the Future, Uncertain Immunity Biomarkers 
 
Hard primary endpoints of innate immune functionality that are sensitive to nutritional interventions in 

man are lacking. In the pharma space, inflammatory biomarkers, such as CRP and other acute-phase proteins, 
are sometimes used as endpoints. However, it is recognized that there are significant challenges regarding 
biomarkers of immunity and inflammation as highlighted by an International Life Sciences Institute Europe (ILSI 
Europe) workshop focused on ‘Low-grade inflammation, a high-grade challenge: biomarkers and modulation 
by dietary strategies’ 

[145]
. Thus, to more effectively capture innate immune changes in response to nutritional 

contexts in man, it was proposed that an integrated high-dimensional data approach fusing epigenetic, 
transcriptomic and proteomic signatures might be appropriate 

[146, 147]
. Furthermore, given the close inter-

relationship between metabolism and the immune response, there is no doubt that in time metabolic 
signatures may act as surrogate biomarkers of innate immune functionality. Such approaches will allow us to 
better dissect the dynamic inter-relationship between nutritional/metabolic status, metabolism and innate 
immunity, in order to more robustly define potential food-derived nutrient and/or non-nutrient sensitive 
immune health versus disease associations. It is only with the hard-mechanistic evidence that the field can 
truly advance in terms of understanding the real ability of dietary components, including β-glucans, to 
positively modulate metabolism and innate immune cell functionality. Additionally, there is no doubt that the 
impact of nutritional interventions is highly variable between individuals. This common phenomenon of high 
variability between subjects is particularly pertinent within the context of nutritional modulation of the 
immune system. Simple determinants of variability include age, sex, body mass index, medications, etc. In 
addition, the magnitude of response between individuals to a similar dose of a nutrient can be highly variable 
[148]

. These additional challenges associated with personalized responses need to be factored into the research 
evidence underpinning any new product, including β-glucans in association with putative health effects.  

 
Overall the balance of evidence suggests that β-1,3/1,6-glucan supplementation from Baker’s Yeast (S. 
cerevisiae) shows immune-enhancing and immune-modulatory effects across different populations. Preclinical 
studies have revealed major insights in relation to β-1,3/1,6-glucan signaling pathways and toxicological 
parameters; however, further research involving large randomized controlled trials with a clear immunological 
target need to be undertaken before the association of β-glucan and immuno-stimulation in humans can be 
more clearly understood. Studies into the cellular and molecular mechanisms of action have been established 
via fluorescence microscopy showing that orally administered β-1,3/1,6-glucans are engulfed and processed by 
macrophages and dendritic cells that later travel to the different immune organs and release fragmented 
soluble β-1,3-glucan particles. This results in the priming of leukocytes via dectin-1, CR3 and other 
collaborating receptors to enhance immuno-surveillance and counter pathogen attack by increasing the 
function of the complement system and innate immune cells. Altogether this leads to improved antimicrobial 
and inflammatory responses. β-1,3/1,6-glucans have been examined in several randomized, double-blind, 
placebo-controlled human studies using different proprietary β-1,3/1,6-glucan formulations. Overall, these 
indicate that oral β-glucan supplementation may improve symptom severity and duration in populations prone 
to respiratory infections and allergies. The most studied supplement is Wellmune®, which has been evaluated 
across the widest population range to reveal significant alleviation of URTI, allergic episodes and exercise- and 
age-related immuno-suppression. Other proprietary β-1,3/1,6-glucans have also shown promise; Glucan #300® 
improved mucosal innate immunity in older children and teens, Lentinex® was shown to alleviate immuno-
senescence through an increase in immune cell count, Yestimun® had a prophylactic effect in adults with 
recurring infections and Imuneks® reduced the exaggerated Th2 response in allergic rhinitis. However, for 
many of these studies, non-significant differences between placebo and supplement groups indicate no 
reduction in infection incidence or cytokine production or microbial activity. Thus, to better understand β-
glucan’s immuno-cellular mechanisms in humans, further well-designed human intervention trials are required 
to deeper evaluate immunity biomarkers that could potentially indicate the mechanisms of action behind the 
effect of β-glucans on immune function in humans.  
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Figure legends 

 

Figure 1. β-glucan Structure-Activity Relationship. Variability in β-glucan structure is due to differences in 
source and extraction and/or purification methods, which likely explains the divergent functionalities that exist 
among β-glucans. Depending on the source, differences arise such as the nature of molecular linkages and the 
degree of branching, as well as variability in mass, charge, solubility and configuration in solution (single helix, 
triple helix or random coil), as well as in impurity levels and content. These variabilities will result in different 
interactions with the host. Bacterial β-glucans represent the most basic form of the polysaccharide with a 
linear β-1,3 structure; cereal β-glucans follow the same pattern with dominant β-1,4 stretches; fungal (e.g. 
mushroom) and yeast (i.e. single cell fungi) β-glucans have frequent β-1,3-D-glucose side chains at β-1,6 
branching points that are short and spaced in fungal species (e.g. mushroom) and longer in yeast species. 
Further variations to these general structures are common. Only highly purified β-1,3-1,6-glucans with a high 
degree of branching along the β-1,3-glucan backbone and a high molecular weight are able to exert 
immunomodulatory properties. 

 

 

Figure 2. Immune Response Overview. The immune system has the ability to recognize and eliminate 
pathogens by first activating the innate response, which, without prior antigen exposure, acts in a fast and un-
targeted manner to phagocytose and kill the invader. APCs use PRRs to recognize pathogens directly (e.g. β-
glucan recognition by dectin-1) or indirectly (e.g. β-glucan recognition by CR3 by binding to iC3b opsonized β-
glucan). After PRR-pathogen binding, APCs proceed with an antimicrobial response followed by an 
inflammatory response with a complex intracellular signaling cascade that culminates in the activation of 
transcription factors to produce inflammatory mediators and antigen presentation aided by MHC Class I and II 
molecules.  
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Figure 3. Dectin-1 Structure and Signalling. Murine and human dectin-1 consist of an extracellular C-type 
lectin domain (which recognizes β-1,3-glucans) joined to a short stalk that continues into a single 
transmembrane domain followed by an intracellular ITAM-like motif signaling domain (hemITAM). Upon whole 
glucan particle (WGP) attachment and Src phosphorylation, CD45 and CD148 are isolated from the contact site 
of dectin-1-WGP to allow hemITAM signaling. The downstream responses include 1) a rapid antimicrobial 
response lead by ligand-uptake, phagocytosis and oxidative burst, and 2) a consequent pro-inflammatory 
response that is mediated by the production of cytokines and chemokines as a result of gene transcription 
modulation, together with antigen presentation to T and B cells to further continue with adaptive cell 
differentiation to the specific antigen. The binding to both dectin stalks is necessary to induce downstream Src 
activation and Syk recruiting.  
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Figure 4. CR3 Signalling. Dual ligation of the α-chain (CD11b) by complement iC3b and soluble glucan (SG) is 
needed to activate CR3. iC3b coats the antigen and attaches to the I-domain, while SG, derived from the 
fragmentation of its parent β-glucan by phagocytes, attaches to the lectin-1 domain. 
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Figure 5. Oxidative Burst. β-glucan primed immune cells produce reactive oxygen species within the lysosome 
by activating NADPH oxidase; however, the activation of NADPH oxidase is achieved via different molecular 
signalling according to the form of β-glucan, i.e. WGP, SG, or focal adhered β-glucan. 
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Table 1. Proprietary β-glucans examined in this review. 

Proprietary name Source Structure Soluble 

Wellmune® S. cerevisiae (yeast) β-1,3/1,6-glucan No 

Yestimun® S. cerevisiae (yeast) β-1,3/1,6-glucan No 

Glucan #300® S. cerevisiae (yeast) β-1,3/1,6-glucan No 

Imuneks® S. cerevisiae (yeast) β-1,3/1,6-glucan Yes 

Lentinex® L. edode (mushroom) β-1,3/1,6-glucan Yes 

 

Table 2. Studies evaluating the effect of β-glucans on immune and inflammatory biomarkers and infection in 

children.  

Reference Population Intervention Outcome vs placebo 

(* p < 0.05) 

Meng et al. 

2016 [1] 

154 children aged 1 

to 4 y 

35 mg, 75 mg Wellmune® or 

placebo/day during cold and 

flu season (12 weeks) 

 

*Decrease in the incidence and duration of 

the common cold by 66%;  

No significant difference in efficacy or safety 

parameters between dose groups 

Vetvicka et 

al. 2013 [2] 

40 children aged 8 

to 12 y with 

recurrent 

respiratory 

problems  

100 mg Glucan #300® or 

placebo/day (4 weeks) 

*Increase in salivary lysozyme and CRP 

concentrations;  

Non-significant changes in salivary albumin 

Richter et al. 

2014 [3] 

56 children aged 8 

to 12 y with 

recurrent 

respiratory 

problems  

100 mg Glucan #300® or 

placebo/day (4 weeks) 

*Increase in salivary lysozyme and CRP 

concentrations; 

Non-significant changes in salivary albumin 

and calprotectin concentrations 

Vaclav et al. 

2013 [4] 

40 children aged 8 

to 12 y with 

recurrent 

respiratory 

problems  

100 mg Glucan #300® or 

placebo/day (4 weeks) 

*Increase in salivary IgA, IgM and IgG 

concentrations 

Richter et al. 

2015 [5] 

77 children aged 6 

to 10 and 11 to 16 y 

with recurrent 

respiratory 

problems  

100 mg Glucan #300® or 

placebo/day (4 weeks) 

*Stabilisation of salivary IgA and *higher 

physical activity scores; 

Non-significant changes in salivary eNOS level 

Li et al. 2014 250 children aged 3 Follow-up formula fortified *Fewer episodes and *shorter duration of 
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Table 3. Studies evaluating the effects of β-glucans on immune and inflammatory biomarkers and infection 

in older adults. 

Reference Population Intervention Outcome vs placebo 

(* p < 0.05) 

Fuller et al. 

2017 [8] 

49 participants, 

mean age 56 y 

250 mg Wellmune® 

or placebo/day (90 

days) 

*Significant increase in LPS-stimulated IFN-γ 

production; 

Reduction in symptomatic days (P = 0.067); 

Non-significant changes in symptom severity, plasma 

cytokine, chemokine and salivary IgA concentrations 

Gaullier et al. 

2016 [9] 

42 participants 

aged 65 y and 

over 

2.5 mg Lentinex® or 

placebo/day weeks 

(6 weeks) 

*Increased number of circulating B-cells and 

*prevention of decline in T cells (CD3
+
); 

Non-significant changes in other immunological and 

inflammatory markers such as immunoglobulins, 

complement proteins and cytokines 

 

 

  

 

 

 

 

[6] to 4 y in day-care 

settings  

with vitamins A and D, 25 

mg DHA, 1.2 g of 

polydextrose/galacto-

oligosaccharides and 8.7 mg 

of Wellmune® or iso-caloric 

unfortified drink /three 

times a day (28 weeks) 

acute respiratory infection; 

*Less antibiotic use and *missed days of 

daycare due to illness;  

*Higher IL-10 and white blood cell count; 

Non-significant changes in salivary albumin or 

calprotectin concentrations 

Pontes  et 

al. 2016 [7] 

256 children aged 1 

to 4 y in day-care 

settings  

Follow-up formula fortified 

with vitamins A and D, 25 

mg DHA, 1.2 g of 

polydextrose/galacto-

oligosaccharides and 8.7 mg 

of Wellmune® or iso-caloric 

unfortified drink/three 

times a day (28 weeks) 

*Fewer episodes of allergic manifestations 

(includes rhinitis or conjunctivitis and 

wheezing, allergic cough, eczema and 

urticaria); 

Non-significant changes in the incidence of 

respiratory infections and diarrheal disease 
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Table 4. Studies evaluating the effect of β-glucans on immune and inflammatory biomarkers and infection in 

athletes. 

Reference Population Intervention Outcome vs placebo 

(* p < 0.05) 

McFarlin et al. 

2013 Study 2 

[10] 

60 men and 

women physically 

active for > 6 

months. Average 

age 22 y 

250 mg Wellmune® or 

placebo/day (10 days). 

Exercise protocol: 50-min 

strenuous cycling at high heat 

and humidity 

*Increase in salivary IgA at 2-hr post-

exercise 

 

Carpenter et 

al. 2013 [11] 

60 recreationally 

active men and 

women. Average 

age 23 y 

250 mg Wellmune® or 

placebo/day (10 days) using a 

cross-over design with a 7-day 

washout period.  

Exercise protocol: 60-min 

strenuous cycling at high heat 

and humidity 

*Increase in total (CD14⁺) and pro-

inflammatory (CD14⁺/CD16⁺) monocytes at 

2-hr post-exercise;  

*Increased LPS-stimulated production of IL-

2, IL-4, IL-5 and IFN-γ pre- and post-

exercise; 

*Increased plasma IL-4, *IL-5 and IFN-γ 

(P=0.053) concentrations at 2-hr post-

exercise 

McFarlin et al. 

2017 [12] 

109 participants 

of average fitness 

level. Average age 

22 y 

250 mg Wellmune® or 

placebo/day (10 days). 

Exercise protocol: 90-min 

exercise session at high heat 

and humidity 

*Altered (Increased?) total and classic 

monocytes and expression of CD38, CD80, 

CD86, TLR2, and TLR4 on monocyte 

subsets; 

*Increased CD4
+
 and CD8

+
 T cells  

*Increased response of CCR7
+
/CD45RA

-
 

central memory (TCM) cells to exercise; 

*Increased serum IFN-γ and IL-2, and LPS-

stimulated IFN-γ, IL-2, IL-4, and IL-7 

Mah et al. 

2018 [13] 

202 marathon 

participants. 

Average age 36 y 

 

Dairy-based beverages (250 

mL/day) containing 250 mg of 

dispersible Wellmune® or a 

macronutrient- and calorie-

matched control /day (91 

days).  

Exercise protocol: 45 days 

pre-marathon, marathon day 

and 25 days post-marathon 

*Fewer URTI symptomatic days; 

*Decreased total URTI severity (nasal 

discharge and sore throat); 

*Fewer missed post-marathon workout 

days due to URTI;  

Non-significant differences in average 

duration and number of URTI episodes 
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Table 5. Studies evaluating the effect of β-glucans on immune and inflammatory biomarkers and health 

outcomes. 

 

Reference Population Intervention Outcome vs placebo 

(* p < 0.05) 

Kirmaz et al. 

2005 [19] 

24 Olea europea 

mono-sensitized 

patients with 

allergic rhinitis 

 

10 mg Imuneks® or 

placebo/twice a day (12 

weeks). A nasal 

provocation test with Olea 

europea was performed at 

the beginning and end of 

treatment followed by 

nasal lavage (NL) 

*Decrease in IL-4, IL-5 and eosinophils in NL 

fluid; 

*Increase in IL-12 in NL fluid;  

Non-significant differences in NL fluid IFN- and 

peripheral blood percentage eosinophil levels 

Talbott et al. 

2013 [20] 

48 participants 

with self-reported 

moderate ragweed 

allergy. Average 

age 36 y 

250 mg Wellmune® or 

placebo/day (4 weeks) 

*Decrease in total allergy symptoms; 

*Decreased allergy symptom severity ratings; 

*Increase in vigor and *decrease in tension, 

depression, anger, fatigue and confusion; 

*Increased physical health, energy, and 

emotional well-being; 

*Decrease in sleep problems, reduced nasal 

symptoms, eye symptoms and non-nasal 

symptoms; 

*Improved quality of life and global mood 

state; 

Non-significant difference in serum IgE levels 

Graubaum 

et al. 2012 

[21] 

100 participants. 

Average age 46 y 

450 mg Yestimun
® 

or 

placebo/day (26 weeks) 

*Reduced overall incidence of common cold 

episodes; 

*Reduced infections during the most intense 

infection season (first 13 weeks) and *fewer 

McFarlin et al. 

2013 Study 1 

[10] 

182 men and 

women physically 

active for > 6 

months. Average 

age 34 y 

250 mg Wellmune® or 

placebo/day (28 days post-

marathon) 

 

*Reduction in the number of cold/flu 

symptom days 

 

Talbott et al. 

2009 [14] 

75 marathon 

participants. 

Average age 36 y 

250 mg, 500 mg Wellmune® 

or placebo/day (4-week post-

marathon) 

 

*Fewer URTI symptoms;  

*Better overall health; *Decreased 

confusion, fatigue, tension and anger; 

*Increased vigor 
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cold symptoms including sore throat, difficulty 

swallowing, hoarseness, cough runny nose 

Auinger et 

al. 2013 [22] 

162 participants 

with recurring 

infections 

900 mg Yestimun® or 

placebo/day (16 weeks) 

 

*Reduction in the number of symptomatic 

common cold infections, *mean symptom 

score and *sleep difficulties caused by 

infection; 

*Higher physician rated efficacy of treatment 

Dharsono et 

al. 2019 [23] 

299 participants 

reporting at least 

three URTIs during 

the previous year. 

Average age 38 y 

900 mg Yestimun® or 

placebo/day (16 weeks) 

 

*Lower symptom severity and *systolic and 

diastolic blood pressure; 

*Increase in the joy subscore 

 

Feldman et 

al. 2009 [24] 

27 participants. 

Average age 33 y 

500 mg Wellmune® or 

placebo/day (90 days) 

*Reduction in missed days of work/school and 

fevers score; 

*Improvement in quality of life; 

Non-significant difference in incidence of 

symptomatic respiratory infections. 

Leentjen et 

al. 2014 

[25]. 

15 male 

participants. 

Average age 20 y 

1,000 mg Glucan #300® or 

placebo/day (7 days) in an 

open-label intervention 

pilot-study 

β-glucan barely detectable in serum at all time-

points; 

Non-significant changes in cytokine production 

and microbicidal activity of leukocytes 
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The main aim of the immune response is to provide a robust defence against pathogenic organisms. There is 

emerging evidence that dietary components, like β-glucans, can aid host defence against pathogens by 

modulating the inflammatory and antimicrobial activity of neutrophils and macrophages, important mediators 

of the innate immune response. This attribute is traced to a phenomenon known as Innate Immune Training, 

wherein the first encounter between classical innate immune cells and a pathogen-associated molecular 

pattern triggers intracellular functional changes that expedite future defence towards the same or an 

unrelated pathogen. As such, this review aims to collate and interpret the existing preclinical research on β-

1,3/1,6-glucan with regard to immunity in order to clarify its molecular mechanism of immunomodulatory 

action and link this to the existing literature on clinical evidence using well-characterized β-1,3/1,6-glucans.  
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symptoms were evaluated by medical
staff within 24 hours of onset. There
were no significant differences in the
incidence of symptomatic respiratory
infections (SRI’s) among the study
groups. However, none of subjects in
the WGP group missed work or school
due to colds, while subjects with colds in
the placebo group missed an average of
1.38 days (Intent to Treat: (0.00 ± 0.00
vs. 1.38 ± 1.25; p = 0.026). Quality of
Life, assessed by the Physical
Component Summary score (SF36v-2),
improved significantly in the WPG
group vs the placebo group after 90 days
as compared to baseline (Intent to Treat:
0.8 ± 5.5 vs. -1.9 ± 2.8; p = 0.042). The
WGP group had a significantly lower
average fever score than the placebo
group (Per Protocol: 0.00 ± 0.00 vs. 3.50
± 3.42; p = 0.042). No adverse events
were detected and no safety concerns
were presented. This preliminary study
suggests 1,3-1,6 beta-glucan from
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ABSTRACT
Beta-glucan from oats and barley may
decrease cardiovascular risk factors.
Beta-glucan from some kinds of mush-
rooms may have as similar effect while
modulating the immune system. This
pilot trial examined whether beta-glucan
derived from Saccharomyces cerevisiae
can favorably decrease the risk of or
symptomology associated with upper
respiratory illness. Forty healthy adult
subjects (18 to 65 years of age) were
enrolled in a 12-week, randomized, dou-
ble-blind, placebo-controlled, parallel-
group trial conducted during the cold/flu
season. The treatment arm compared
Wellmune WGP® (WGP)  gluco polysac-
charide (beta-glucan) (500 mg/d) vs a
placebo (500 mg rice flour). Cold/flu
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Saccharomyces cerevisiae may modulate
the immune system and reduce some
risks associated with upper respiratory
influenza infections.

INTRODUCTION
The common cold, typically caused by
human parainfluenza viruses, remains
one of the most frustrating of medical
illnesses, given its incidence and preva-
lence. The common cold has significant
effects on health, well-being, and pro-
ductivity. Each cold experienced by a
working adult results in an average of
8.7 lost work hours, and 1.2 lost work
hours due to attending to sick children.1
The economic burden of lost productivi-
ty due to colds is approximately $25 bil-
lion annually, with lost productivity from
missed work days comprising the major-
ity of the financial burden.2 There are
no reliable interventions currently avail-
able that significantly protect against
influenza infections or prevent the
occurrence of this illness. There have
been several clinical trials evaluating a
variety of dietary supplements for the
prevention and treatment of both exper-
imentally induced and naturally occur-
ring colds. Many of those interventions
included Echinacea,3-13 vitamin C,14-18

probiotics,19 ginseng,20 vitamin E, 21,22 and
zinc. 20,23-36 Other studies indicate no
dietary supplement consistently reduces
the risk of the common cold. Some
studies suggest vitamin E and ginseng
may reduce the incidence of common
colds,20,21 while other investigations
report no favorable effects of vitamin E
on upper respiratory tract infection.22

Zinc, from zinc acetate, is reported to
reduce the symptom and severity of
common colds in healthy adults,29 while
other reports suggest the absence of any
effect.32,33 These apparent discrepancies
are due to various study limitations
across the literature, such as potential
differences in product identity and dose,
and small sample size and low statistical

power, or lack of a clinical effect.
Another possibility may be genetic vari-
ations and immunocompetencies among
study subjects.

Biological response modifiers such as
beta-glucan, enhance the innate immune
response without inducing damaging
pro-inflammatory cytokines, and may
represent a novel approach to protect
against cold and flu pathogens. 37,38

Beta-glucans are glucose polymers
derived from yeast, fungi, or from oats.
In vivo studies suggest beta-glucans may
enhance the immune system responses
to infectious organisms without eliciting
a pro-inflammatory cytokine response.
37,39-43 Other in vivo investigations report
that oat-derived beta-glucan can
decrease increased risk of upper respira-
tory tract infection as a result of stress-
ful exercise in mice.44,45

In clinical trials, beta-glucan reduces
postoperative infection rates and short-
ens intensive care unit stay duration.46-48

One study also reported that increasing
doses of beta-glucan resulted in fewer
infections after surgery.46

Beta-glucan from a variety of dietary
sources has immunomodulatory proper-
ties. The potential immunomodulatory
effect of beta-glucan from
Saccharomyces cerevisiae has not been
evaluated in a structured clinical trial
that assesses its efficacy on the preven-
tion and/or treatment of the common
cold in a healthy adult population. The
current study aimed to determine
whether the proprietary beta-glucan
extract Wellmune WGP® (WGP) can
reduce the incidence and/or
duration/severity of respiratory illnesses
in a healthy population during peak
cold/flu season.

MATERIALS AND METHODS
Protocol 
A randomized, double-blind, placebo-
controlled, parallel-group trial compared
beta-glucan extract Wellmune WGP®



prior to enrollement underwent a 4-
week washout phase prior to randomiza-
tion. Subjects were then randomly
assigned to trail groups in which they
were blinded to intervention. During
the 90-day intervention period, subjects
consumed 500 mg/d of beta-glucan or a
rice-flour placebo. Subjects were evalu-
ated by the medical staff within 24 hours
of cold onset.

Endpoints were measured at the
onset of symptoms of a respiratory
infection, and twice daily for seven days.
Endpoints measured were changes from
baseline in: number of symptomatic res-
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(WGP) and placebo in healthy commu-
nity-dwelling subjects. Wellmune WGP,
a registered trademark of Biothera, is a
functional ingredient for foods, bever-
ages and supplements that is derived
from a proprietary strain of yeast
(Saccharomyces cerevisiae) . The entire
study was conducted at the Miami
Research Associates (Miami, FL) facili-
ties. This study was approved by the
Copernicus Group, an Independent
Review Board located in Cary, North
Carolina.

All subjects who were taking
immune-modifying dietary supplements

Table 1. Inclusion and Exclusion Criteria
Criteria 
Inclusion criteria Age !18 and " 65

Generally healthy   
BMI > 25 kg/m2 and " 40 kg/m2 at screening   
Agree to all study visits and visit procedures
Females must agree to use appropriate birth control methods during the study
Community dwelling
At least 1 self-reported cold in the last 12 months prior to screening

Exclusion criteria Cigarette smoking
Current respiratory illness
Temperature > 38.3°C at screening 
Immune modifying medications: Anti-inflammatory agents, Antibiotics, Steroids
Subjects with any history of immune system disorder or auto-immune disorder 
including but not limited to the following:

• AIDS, HIV,
• Ankylosing Spondylitis, Chronic Fatigue Syndrome, CREST Syndrome, Crohn’s

Disease, Dermatomyositis, Fibromyalgia, Grave’s Disease, Hashimoto’s Thyroiditis,
Lupus, Myasthenia Gravis, Pernicious Anemia, Polyarteritis Nodosa, Primary Biliary
Cirrhosis, Psoriasis, Reynaud’s Disease, Rheumatoid Arthritis, Sarcoidosis,
Scleroderma, Sjögren’s Syndrome, Temporal Arthritis, Ulcerative Colitis, and Vitiligo

Use of any immunosuppressive drugs in the last 5 years (Steroids, Biologics, etc.)
History of Splenectomy
History of Tuberculosis
Diabetes (Type I and II)
Untreated Hypothyroidism
Active Liver Disease with liver function tests > 2X upper limit of normal (ULN)
Active Renal Disease with Cr > 1.5 ULN
Active Asthma requiring ongoing treatment
Weight loss of ? 20 pounds in the last 3 months   
Untreated or unstable Hypothyroidism   
Abnormal physical examination   
Subjects with active eating disorder including anorexia nervosa, bulimia, and/or obsessive
compulsive eating disorders 
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piratory infections (SRIs) that each sub-
ject had during the study, total days of
duration of each subject’s SRIs, average
days of duration of each subject’s SRIs,
symptom-days total for each SRI symp-
tom based on a self-report daily diary,
and average symptom-day total for each
subject that included categories SRIs
into Colds, Flu, or Pharyngitis. Other
endpoints included safety data through
laboratory (CBC, kidney, and liver func-
tion) and physical testing.

Subjects
Subjects were screened in January and
February of 2006. Subjects were recruit-
ed from existing patient populations,
physician referrals, subject databases,
and community-based local advertising.
Approximately 65 potential candidates
were telephone screened and 42 were
called in for a screening visit (Figure 1).
Exclusion and inclusion criteria are pro-
vided in Table 1. Out of the 42 potential
subjects, two screened subjects did not

Table 2. Baseline Characteristics 
Subject Demographics

Variables WGP 3–6 (n = 21) Placebo (n = 19)
Total (%) Total (%) p-value

Age (years) 30.3 ± 11.4 36.4 ± 16.2 0.248 
Sex: 

Female 14 (67) 14 (74 0.736 
Male 7 (33) 5 (26) 

Race: 
Asian 1 (5) 0 (0) 1.000 
Caucasian 18 (86) 19 (100) 
Other 1 (5) 0 (0) 
Unknown 1 (5) 0 (0) 

Hispanic: 
No 5 (24) 6 (32) 0.727 
Yes 16 (76) 13 (68)

Consent Language: 
English 21 (100) 19 (100)

Morphometry and Vital Signs
WGP 3–6 (n = 21) Placebo (n = 19) p-value
Total (%) Total (%)

Height (cm) 167.4 ± 9.7 166.8 ± 10.1 0.851 
Weight (kg) 66.3 ± 11.8 70.2 ± 14.9 0.486 
BMI (kg/m2) 23.6 ± 2.5 25.1 ± 4.3 0.258 
Body temperature (°F) 98.16 ± 0.48 98.22 ± 0.60 0.531 
Heart Rate

(beats/minute) 81.7 ± 16.6 72.5 ± 10.7 0.098 
SBP (mm Hg) 112.3 ± 12.9 112.7 ± 8.0 0.919 
DBP (mm Hg) 71.8 ± 10.8 74.1 ± 6.2 0.433 
Flu Vaccine: 

No 14 (67) 15 (79) 0.488 
Yes 7 (33) 4 (21) 

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure
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meet the inclusion/exclusion criteria: one
subject had abnormal laboratory results,
and another was listed as ineligible in
the database.

The remaining 40 healthy communi-
ty-dwelling adults (28 females, 12 males)
between the ages of 18 and 65 were
enrolled into the study. There were 12
early terminations: one subject withdrew
consent, and 11 subjects were lost to fol-
low-up. The remaining 28 subjects fin-
ished the study without protocol
deviations. One subject completed all
scheduled visits, but was excluded

because of inadequate compliance.
Subject baseline characteristics are dis-
played in Table 2. Subjects who quali-
fied based on their screening visit,
received $50 for the screening visit, and
$50 for completion of each study visit.
Total compensation was up to $300 per
subject.

Products Tested 
Forty subjects were randomly assigned
to WGP (Wellmune WGP® beta-glucan)
derived from Saccharomyces cerevisiae
(250 mg) or a sensory-identical placebo

Table 3. Symptomatic Respiratory Episodes
Intent-to-Treat Population Per-Protocol Population
WGP 3–6 Placebo p-value WGP 3–6 Placebo p-value
(n = 17) (n = 16) (n = 14) (n = 13)
Total (%) Total (%) Total (%) Total (%) Total (%)

Any Colds During the Study?
No 11 (65) 11 (69) 1.000 9 (64) 9 (69) 1.000 
Yes 6 (35) 5 (31) 5 (36) 4 (31)

Number of  0.41 ± 0.62 0.44 ± 0.73 0.948 0.43 ± 0.65 0.46 ± 0.78 0.953 
Colds 

Average 12.9 ± 12.4 7.5 ± 2.0 0.592 13.5 ± 13.8 7.5 ± 2.0 0.902 
Durationof a 
Cold 

Average Number 0.00 ± 0.00* 1.38 ± 1.25 0.026 0.00 ± 0.00* 1.38 ± 1.25 0.042 
of Missed Days 
of School or 
Work per Cold 

Number of 0.41 ± 0.62 0.44 ± 0.73 0.948 0.43 ± 0.65 0.46 ± 0.78 0.953 
SRI Episodes 

Number of 0.29 ± 0.59 0.38 ± 0.72 0.866 0.36 ± 0.63 0.46 ± 0.78 0.832 
Cold Episodes 

Number of 0.059 ± 0.243 0.000 ± 0.00 0.363 0.00 ± 0.00 0.00 ± 0.00 
Flu Episodes 

Number of 0.059 ± 0.243 0.000 ± 0.00 0.363 0.071 ± 0.0267 0.00 ± 0.00 0.374
Pharyngitis 
Episodes 

Number of 0.00 ± 0.00 0.063 ± 0.250 0.332 0.00 ± 0.00 0.00 ± 0.00
URI Episodes 

Total Duration  5.1 ± 9.9 3.0 ± 6.2 0.580 5.4 ± 10.7 3.7 ± 6.8 0.862 
ofSRI Episodes 

Total Missed 0.00 ± 0.00 0.50 ± 1.10 0.071 0.00 ± 0.00 0.62 ± 1.19 0.068 
Days of School 
or Work per 
Subject 
*p < 0.05
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containing rice flour. The intervention
subjects consumed two capsules
(total=500mg beta-glucan) once daily, 30
minutes before breakfast. The Intent-to-
Treat (ITT) population consisted of 33
subjects (17 in the WGP group, and 16
in the placebo group) and defined as
only those who received at least one
dose of investigational product and
returned for at least one visit after base-
line. The Per-Protocol (PP) population
consisted of 27 subjects (14 in the WGP
3–6 group, and 13 in the placebo group)
who completed all visits, and had 80%
compliance with the prescribed amount
of product.

Baseline
At Visit 1 (Screening), subjects provided
informed consent. Assessments at this
visit were demographic and anthropo-
morphic, physical examination, vital
signs, urine pregnancy test (females)
medical history, current medication his-
tory, Quality of Life via the SF36v-2
questionnaire, and standard blood panel
(CBC, kidney, and liver function).

Supplementation and Follow-up
At Visit 2 (Randomization, Day 0), sub-
jects who met the inclusion/exclusion
criteria were randomized and dispensed
a 4-week supply of study product or
placebo. Randomization was deter-
mined by atmospheric noise entropy
(www.Random.org). Block randomiza-
tion was utilized to insure uniform allo-
cation of WGP and placebo. At Visit 3
(Day 30), subjects returned for blood
draws, vital signs measurements, Quality
of Life via the SF36v-2 questionnaire,
interim medical history, compliance
assessment, and adverse events review.
Participants were then dispensed anoth-
er 4-week supply of study product or
placebo. These same procedures were
completed at Visit 4 (Day 60) and Visit 5
(Day 90).

All subjects were contacted by
phone at weeks 2, 6, and 10 to assess
compliance. In addition, subjects’ com-
pliance with the prescribed amount of
product was determined by the returned
pill-count method at the 30-, 60-, and 90-
day visits, and expressed as a fraction.

Table 4. Symptom Severity from Diary
Intent-to-Treat Population (ITT) Per-Protocol Population (PP)

WGP 3–6 Placebo p-value WGP 3–6 Placebo p-value
(n = 17) (n = 16) WGP 3–6 (n = 14) (n = 13)

Total Tiredness 6.9 ± 12.3 6.8 ± 13.2 0.611 6.4 ± 12.1 8.3 ± 14.3 0.954 
Total Stuffy Nose 8.8 ± 15.6 7.6 ± 15.1 0.642 7.3 ± 13.2 9.4 ± 16.4 1.000 
Total Runny Nose 8.1 ± 15.5 7.1 ± 12.9 0.580 6.4 ± 13.0 8.7 ± 13.9 0.954 
Total Scratchy/Sore 8.8 ± 18.9 7.1 ± 14.6 0.674 9.2 ± 20.4 8.8 ± 15.8 0.954 
Throat
Total Headache 3.1 ± 5.7 3.9 ± 7.6 0.963 3.4 ± 6.2 4.8 ± 8.2 0.810 
Total Muscle Ache 3.5 ± 6.5 2.8 ± 6.6 0.565 3.6 ± 6.9 3.4 ± 7.3 0.850 
Total Earache 1.12 ± 3.87 0.38 ± 1.50 0.357 1.2 ± 4.3 0.5 ± 1.7 0.625 
Total Fever 0.6 ± 2.4 1.6 ± 4.3 0.295 0.0 ± 0.0 2.0 ± 4.8 0.068 
Total Sneezing 6.1 ± 10.9 5.2 ± 10.1 0.658 4.9 ± 8.6 6.4 ± 10.9 0.977 
Total Hoarse Voice 8.2 ± 19.3 5.7 ± 12.0 1.000 8.3 ± 20.8 7.0 ± 13.1 0.659 
Total Cough Frequency 7.7 ± 15.7 6.3 ± 11.6 0.783 7.5 ± 16.3 7.7 ± 12.5 0.928 
Total Cough Intensity 6.8 ± 14.1 6.1 ± 11.3 0.872 6.9 ± 15.1 7.5 ± 12.2 0.928 
Total Phlegm / Mucous 8.1 ± 14.1 8.9 ± 17.9 0.740 7.7 ± 14.1 11.0 ± 19.4 0.954 
Total Sleeplessness 5.3 ± 9.7 4.6 ± 9.1 0.854 5.9 ± 10.5 5.6 ± 9.9 0.952 
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Subjects were instructed to page a
member of the study team as soon as
they felt symptoms of a respiratory ill-
ness. Subjects were examined by a qual-
ified member of the study team within
24 hours of the onset of any SRI. The
examination focused on SRI history,
physical examination, standardized diag-
nosis (Clinical Diagnostic Criteria),
baseline symptoms, and blood analysis.
These subjects were provided symptom
diaries, and instructed on their use. At 7
to 10 days following the SRI baseline
visit, subjects returned for the following
evaluations: SRI history, physical exami-
nation, collection of symptom diaries,
and blood analysis.

Adverse Events
Self-report adverse events (AEs) were
listed, Medical Dictionary for
Regulatory Activities (MedDRA)
encoded, grouped by general type of
event (e.g., gastrointestinal, neurological,
cardiac, or dermatologic), and cross-tab-
ulated by event type and product dosing
level. Potential differences in AE pat-
terns between products were tested by
the Fisher’s Exact test. Significance was
assigned at p <0.05.

Sample Size
There appears to be a dearth of infor-
mation on the prevention or treatment
of upper respiratory tract infections that
included 1-3,1-6 beta glucan. Limited
information on the use of dietary sup-
plements directed to cold/flu prevention
indicated that community-based trials
had sample sizes ranging from 126 to
668 subjects. The duration of these stud-
ies ranged from 30 days to several years.
Inoculation and severity trials tended to
have smaller sample sizes. Given the
lack of data to calculate an effect size,
the current investigation was undertak-
en as a pilot study intended to provide
critical data for future studies. Power
calculations based on the cold/flu litera-
ture supported a sample size of 40.

Statistical Analysis
The primary endpoint changes from
baseline values were analyzed using a
repeated measures analysis of variance
(ANOVA). Two approaches to the
analysis were performed. Analysis of
the primary efficacy endpoints were per-
formed in Intent-to-Treat (ITT) patients
as well as Per-Protocol (PP) patients.
The Intent-to-Treat analysis was consid-
ered primary. All data were transferred

Table 5. Adverse Events (MedDRA coded)
Number of Subjects

WGP 3–6 Placebo p-value
Ear and labyrinth disorders 0 1 1.000
Eye disorders 1 0 1.000
Gastrointestinal disorders 1 1 1.000
General disorders and administration site conditions 1 0 1.000
Infections and infestations 9 5 0.296
Injury, poisoning and procedural complications 0 2 0.485
Musculoskeletal and connective tissue disorders 1 0 1.000
Nervous system disorders 1 3 0.601
Psychiatric disorders 1 1 1.000
Respiratory, thoracic and mediastinal disorders 1 1 1.000
Surgical and medical procedures 1 0 1.000
All Events 11 9 0.728
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into the ‘R’ statistical system version
2.5.1 (R foundation for Statistical
Computing, Vienna, Austria,
http://www.R-project.org) for subse-
quent statistical analysis. Specially-cre-
ated R programs were used to generate
the descriptive tables and statistical
tests. For the Intent-to-Treat efficacy
analysis, missing efficacy endpoints were
imputed with the last available value
(last observation carried forward
(LOCF) imputation). All descriptive
data are expressed as mean ± SD.
Significance level was set at p < 0.05.

RESULTS
There were no significant differences
between the treatment and placebo
groups in the number of SRI episodes (6
vs. 5, WGP and placebo, respectively, p =
1.00), number of SRI’s per subject (0.41
WGP vs. 0.44 placebo, p = 0.948), or
number of subjects with SRI (Table 3).
There were no significant differences
between the groups in the duration of
SRI episodes, or in the total daily symp-
tom score of SRI’s for seven days after
the onset of symptoms. None of the
WGP subjects missed work or school
due to colds, while subjects in the place-
bo group with colds missed an average
of 1.38 days. This was statistically signif-

icant in both the ITT and PP popula-
tions (p = 0.026 and p = 0.042, respec-
tively).

SRI symptoms are shown in Table 4.
None of the WGP subjects presented a
fever, whereas the subjects in the control
group became febrile (2.0 ± 4.8) in the
PP group (p = 0.068). There was no sig-
nificant effect of WGP on fever in the
ITT analysis (0.6 ± 2.4 in WGP subjects
and 1.6 ± 4.3 in the placebo group; p =
0.295). There were no other apparent
trends or significant differences in any
other SRI symptom between the two
treatment groups (Table 4).

The WGP group exhibited a signifi-
cantly greater “General Health” summa-
ry score over the 90 days (58.7 ± 7.0 vs.
52.0 ± 14.6; p = 0.038) with a concomi-
tant significant comparative improve-
ment in the Physical Component
Summary (WGP: 57.5 ± 4.5; Placebo:
55.5 ± 3.5; p = 0.029). There were no
other significant differences between the
two groups for any other ‘quality of life’
measures from the SF-36v2 question-
naire.

Compliance and Side Effects
Overall compliance was nearly 90% in
the ITT population, and approximately
95% in the PP population. One subject

Table 5. Adverse Events (MedDRA coded)
Number of Subjects

WGP 3–6 Placebo p-value
Ear and labyrinth disorders 0 1 1.000
Eye disorders 1 0 1.000
Gastrointestinal disorders 1 1 1.000
General disorders and administration site conditions 1 0 1.000
Infections and infestations 9 5 0.296
Injury, poisoning and procedural complications 0 2 0.485
Musculoskeletal and connective tissue disorders 1 0 1.000
Nervous system disorders 1 3 0.601
Psychiatric disorders 1 1 1.000
Respiratory, thoracic and mediastinal disorders 1 1 1.000
Surgical and medical procedures 1 0 1.000
All Events 11 9 0.728
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who had completed all scheduled visits
was excluded from the PP population
because of inadequate compliance.

A total of 43 adverse events (AEs)
were reported by 20 subjects during this
study. Twenty-two events were recorded

Figure 1: Flow diagram for study participants.
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compliance



The Journal of Applied Research • Vol. 9, No. 1 & 2, 2009 39

by 11 subjects in the WGP group, where-
as 21 events among 9 control subjects
were documented. All events were of
mild to moderate severity. All were
judged by the principal investigator to
be probably not related to each other or
as a consequence of the study product.
None of the events contributed the sub-
ject’s self-discontinuance or withdrawal
from the study. The number and types
of adverse events were distributed even-
ly between WGP and placebo groups.
There was no tendency for AEs to occur
more frequently in one study group vs
the other (p = 0.728). There were no
safety concerns in the study (Table 5).

DISCUSSION
This is the first clinical study to assess
the efficacy of Saccharomyces cerevisiae
derived beta-glucan on incidence, dura-
tion, and severity of SRI in a healthy,
adult, community-dwelling population.
Importantly, none of the subjects from
the WGP group missed work or school
during the 90-day study. In addition, the
WGP group’s physical component sum-
mary score improved more than the
placebo group, and the WGP group had
a significantly lower fever score.
However, there were no significant dif-
ferences between WGP and placebo on
SRI incidence.

Beta-glucan from other sources
appears to improve immune function in
a variety of animal models, without
increasing pro-inflammatory cytokines
or inducing a febrile response. 37,42,49,50

Other in vivo models indicate that oat-
derived beta-glucan, a linear molecule,
can prevent increased risk of URTI as a
result of stressful exercise in mice.44,45 It
appears that beta-glucan may be a pow-
erful immune stimulator, as evidenced
by its ability to activate macrophages
and  stimulate positive immune actions
on B lymphocytes, natural killer cells,
and suppressor T cells in the immune
system.51-53 Many in vitro studies have

shown that beta-glucan significantly
increases microbiocidal activity of
human neutrophils and macrophages
against a variety of pathogens without
directly stimulating synthesis of the
cytokines, IL-1 or TNF·. The exact path-
way through which beta-glucans interact
with the immune system is unknown.
One proposed mechanism is the activa-
tion of dectin-1 pattern recognition
receptor on blood peripheral mononu-
clear cells.54,55

Other dietary supplements are
reported to reduce upper respiratory
tract infection symptoms in humans.14

For example, zinc acetate treatment
(12.8 mg q3h 12d) reduced severity and
duration of cold symptoms.30 A highly
purified beta-glucan (0.1-1.0 mg/kg bw)
from Saccharomyces cerevisiae helped to
reduce post-surgical infections and
decrease intensive care unit stay
length.46-48 A more recent study report-
ed no change in self-reported upper res-
piratory tract infection symptoms or the
average number of sick days in
endurance athletes given a beta-glucan
supplement for 18 days.56 In this report,
beta-glucan was administered at 5.6
g/day in a 600 ml beverage containing
Gatorade® and Oatvantage®, a 54%
oat beta-glucan concentrate. Subjects
ingested the supplements in two 300 mL
doses each day before their first and last
meals on an empty stomach. Nieman et
al 56 also reported no changes in natu-
ral killer cell activity, polymorphonu-
clear respiratory burst activity,
phytohemagglutinin-stimulated lympho-
cyte proliferation, plasma interleukin 6
(IL-6), IL-10, IL-1 receptor agonist (IL-
1ra), and IL-8, and blood leukocyte IL-
10, IL-8, and IL-1ra mRNA expression.
This study is different from our current
study in several aspects. The study
reported here included both male and
female healthy community dwelling
adults, while Nieman et al 56 studied
male endurance athletes. The chemical
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composition of the beta-glucan and its
dosage differed between the two studies,
thus making direct comparisons difficult.
Soluble and insoluble beta-glucans may
stimulate the immune system differently
[53]. Higher doses of oat-derived beta-
glucan may also be required to see any
effects on SRI incidence such as those
reported in rodent studies [44,45].

The current pilot study reported
results from 27 participants who report-
ed 11 colds. The small sample size may
be insufficient to detect possible thera-
peutic or prophylactic effects of beta-
glucan from Saccharomyces cerevisiae.
Given the economic burden of the com-
mon cold, alternative approaches that
can lessen the financial impact on socie-
ty and health burden on individuals
should be investigated. Further research
in larger groups is needed to determine
if this type of beta-glucan, 1-3,1-6 linked
from Saccharomyces cerevisiae can mod-
ulate the immune system to reduce the
risk of developing seasonal cold and flu
illness in healthy people across the age
spectrum
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a b s t r a c t

Objective: Wellmune WGP is a food supplement containing a refined 1,3/1,6 glucopolysaccharide
that improves the antimicrobial activity of the innate immune cells by the priming of lectin sites.
This study aimed to investigate whether Wellmune decreases the frequency and severity of upper
respiratory tract infection (URTI) symptoms over 90 d during the peak URTI season in healthy
university students. The secondary aims included an assessment of plasma cytokine and chemo-
kine levels.
Methods: This was a randomized, double-blinded, placebo-controlled trial lasting 90 d. One
hundred healthy individuals (18–65 y old, mean age w21 y) were randomized to 250 mg of
Wellmune once daily or to an identical rice flour-based placebo. Health was recorded daily and two
or more reported URTI symptoms for 2 consecutive days triggered a medical assessment and blood
collection within 24 h. The URTI symptom severity was monitored. Plasma cytokines and che-
mokines were measured at day 0, day 90, and during the confirmed URTI.
Results: Ninety-seven participants completed the trial (Wellmune, n ¼ 48; placebo, n ¼ 49). The
Wellmune tended to decrease the total number of days with URTI symptoms (198 d, 4.6%, versus
241 d, 5.5% in the control group, P ¼ 0.06). The ability to “breathe easily” was significantly
improved in the Wellmune group; the other severity scores showed no significant difference.
Cytokines and chemokines were not different between the groups at study entry or day 90, but
monocyte chemotactic protein-1 was lower in the Wellmune group during the URTI.
Conclusion:Wellmune may decrease the duration and severity of URTI. Larger studies are needed to
demonstrate this.

� 2012 Elsevier Inc. All rights reserved.

Introduction

Upper respiratory tract infection (URTI) is the most frequent
infectious disease in humans, with an average of two to four
episodes per year in adulthood and 6 to 10 episodes per year in
childhood [1,2]. Often referred to as the “common cold,” there
are 100 to 400 viruses that have been implicated in the onset of
symptoms such as a runny nose, a sore throat, nasal congestion,
fever, and headache [3,4]. The common cold is usually

self-limiting but carries a risk of secondary bacterial infection
and morbidity and has an enormous impact on socioeconomic
performance [5,6]. According to data from the USA, there are
approximately 500 million non–influenza-related URTI episodes
per year, with an estimated annual economic impact of $40
billion [5]. Therefore, strategies to decrease the frequency and
severity of URTI symptoms and to decrease physician attendance
would have a highly beneficial impact on health and socioeco-
nomic performance. The control of infectious disease often has
been targeted by vaccine approaches facilitating an adaptive
immune response. Efforts to create a vaccine against the
common cold have failed thus far and remain a distant possibility
because of the heterogeneity of causal viruses that are also
capable of seasonal mutation [3]. Non-prescription medications

This study was funded by a grant from Biothera, Inc., the manufacturer of
Wellmune WGP.
* Corresponding author. Tel: þ44-0-1962-718-000; fax: þ44-1962-717-060.

E-mail address: richard.fuller@doveclinic.com (R. Fuller).

0899-9007/$ - see front matter � 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.nut.2011.11.012

Contents lists available at ScienceDirect

Nutrition

journal homepage: www.nutr i t ionjrnl .com

Nutrition 28 (2012) 665–669

mailto:richard.fuller@doveclinic.com
http://dx.doi.org/10.1016/j.nut.2011.11.012
www.sciencedirect.com/science/journal/08999007
http://www.nutritionjrnl.com
http://dx.doi.org/10.1016/j.nut.2011.11.012


such as decongestants and cough suppressors may decrease the
severity of some cold symptoms but do not decrease the
frequency or duration of illness, and some have been associated
with undesirable side effects [7–9]. Various nutritional and
herbal supplements such as zinc, vitamin C, and Echinacea have
shown promise, yet studies have suggested that no supplement
confers a reliable and clinically relevant protection against URTI
symptoms [10–14].

The innate immune system is essential for the initial detec-
tion and control of invading viruses and bacteria and for the
subsequent activation of adaptive immunity. Rapid and non-
specific recognition occurs by pathogen-associated molecular
patterns and complement binding [15]. Novel strategies have
focused on the biological response modifiers of the innate
immune system to support resistance to viral and bacterial
infection. This approach is highly appealing because it has the
benefit of potentially conferring non-specific protection to
a wide variety of pathogens without the need for a diagnosis of
the specific causal virus to determine a treatment strategy and
may confer an ability to prevent and treat infection. Wellmune
WGP contains a highly refined 1,3/1,6 glucopolysaccharide (also
referred to as 1,3/1,6 b-glucan) derived from the cell wall of
baker’s yeast (Saccharomyces cerevisiae). This glucopoly-
saccharide has previously demonstrated an ability to increase
the antimicrobial response of human innate immune cells
in vitro [16–19] and increase the survival in animals challenged
with a variety of pathogens in vivo [20–22]. A mechanism of
action has been defined for 1,3/1,6 glucopolysaccharide to
increase the immune response by a priming of complement
receptor-3 (also known as CD11b/CD18), which is found on
innate immune cells such as neutrophils, macrophages, and
natural killer cells. Complement receptor-3 interacts with the
complement protein (C3b) that is bound to pathogenic targets
and to non-self carbohydrate structures such as 1,3/1,6 gluco-
polysaccharide, in a process capable of inducing phagocytosis
[23,24]. Therefore, priming innate immune cells with 1,3/1,6
glucopolysaccharide has the potential to improve the antimi-
crobial activity against opsonized foreign challenges [24].

Previous randomized, double-blinded, placebo-controlled
clinical trials of 1/3,1/6 glucopolysaccharide have demonstrated
an increased resistance to postoperative infection [25] and
a decreased frequency of URTI symptoms in moderately stressed
individuals [26] and in physically challenged groups such as
marathon runners during the 4-wk period after a race [27]. A
significant improvement in psychological mood state has also
been noted [26,27]. However, further studies are required to
evaluate the efficacy of 1,3/1,6 glucopolysaccharide on infection.
In the present study, we tested the hypothesis that 1,3/1,6 glu-
copolysaccharide (in the form ofWellmuneWGP, a commercially
available product with generally recognized as safe recognition
[28]) can decrease the frequency, duration, and severity of URTI
symptoms over a 90-d period during the winter months. We also
monitored plasma cytokine and chemokine profiles.

Materials and methods

Study design, subjects and sample collection

The study was a double-blind, randomized placebo-controlled trial of 1/3,1/6
glucopolysaccharide (in the form of Wellmmune WGP, Biothera, Inc., Eagen,
Minnesota, USA; 250 mg/d, n ¼ 50 subjects) versus rice flour as a placebo (n ¼ 50
subjects). Previous research in marathon runners did not show a significant
difference in outcomes with 250 versus 500 mg/d [27]; therefore, the lower dose
was selected for this study. The study was approved by the Berkshire research
ethics committee and all subjects gave written informed consent before their
participation. Subjects were medical students at the University of Southampton

School of Medicine; this population has regular contact with patients and staff in
hospitals and clinical environments and is susceptible to lifestyle stress and
examination pressure, factors known to impair the immune system and to
potentially increase susceptibility to infection [29]. Potential subjects were
recruited by invitation and volunteers were assessed against the inclusion and
exclusion criteria (see below) during a clinic visit at the Wellcome Trust Clinical
Research Facility, Southampton General Hospital over a 2-wk period in January
2010, within the peak season for URTI. Assessment appointments were given to
the first 150 volunteers on a first-come first-served basis with the aim of
recruiting 100 subjects. Subjects with current URTI symptoms were not allowed
to start the trial until an assessment could be completed after the resolution of
symptoms.

The inclusion criteria were an age 18 to 65 y, general good health, an
agreement to all study visits and procedures, be living in a community dwelling,
and had at least one self-reported cold in the previous 12 mo. The exclusion
criteria were a current respiratory illness, currently taking immune-modifying
medications (including steroids, antibiotics, immunosuppressants, or immune-
modifying dietary supplements), a known immune or autoimmune disorder
(including the human immunodeficiency virus, ankylosing spondylitis, chronic
fatigue syndrome, Crohn’s disease, ulcerative colitis, vitiligo, and psoriasis),
diabetes, use of an immunosuppressive medication within the previous 5 y,
a low body mass index (<18 kg/m2), having an eating disorder, a history of
tuberculosis, previous splenectomy, untreated or unstable hypothyroidism,
active renal disease (abnormal estimated glomerular filtration rate), liver
disease (two times the normal reference range) or active asthma requiring
treatment other than bronchodilators, and a recent (<3 mo) or current
involvement in any clinical trial.

The blinded randomization of subjects to Wellmune WGP or placebo
occurred by a random block allocation sequence produced by the University of
Southampton Research Design Service. Subjects self-administered one capsule of
Wellmune WGP or placebo before breakfast each morning for 90 d. Compliance
was checked at days 30, 60, and 90, with six or more missed capsules in any 30-d
period leading to exclusion from the trial owing to a protocol violation. Subjects
received a daily health log to record the presence or absence of URTI symptoms
(see below).

Blood was taken for routine hematology (full blood cell count) and
biochemistry (urea, electrolytes, and liver function tests) and for the measure-
ment of cytokine and chemokine concentrations at day 0 and at day 90.

At any stage within the 90-d trial, participants who reported two or more
URTI symptoms for 2 consecutive days as defined in the daily health log con-
tacted the study team. This triggered a same-day telephone interview and a face-
to-face medical assessment was completed within 24 h. The medical assessment
involved a confirmation of URTI symptoms, nose and throat swabs for H1N1
polymerase chain reaction analysis, and another blood sample to monitor cyto-
kine and chemokine concentrations during the symptomatic phase of the URTI
episode.

During each day of a confirmed URTI episode, participants also completed the
Wisconsin Upper Respiratory Tract Infection Severity Score–21 (WURSS-21) to
assess the severity of URTI symptoms from the first day of symptoms until their
resolution (see below).

Daily health log

Participants were provided with daily health logs covering days 0 to 30, 31
to 60, and 61 to 90. Participants were instructed to complete a score according
to the presence or absence of symptoms and to return the diary at the end of
the 30-d period in stamped addressed envelopes. Categories were 1 (no health
problems today), 2 (cold symptoms, e.g., runny nose, blocked nose, sore
throat, coughing, sneezing, and/or colored discharge), 3 (flulike symptoms,
e.g., fever, headache, general aches and pains, fatigue and weakness, and/or
chest discomfort), and 4 (gastrointestinal symptoms, e.g., nausea, vomiting,
and diarrhea). These categories are in accordance with previous URTI research
[4,30]. The presence of two or more symptoms for 2 consecutive days
prompted the participants to make immediate contact with the study team.
Symptom patterns were then medically assessed to confirm the URTI and
blood and H1N1 swab samples collected.

Wisconsin Upper Respiratory Tract Infection Severity Score–21

After confirmation (as above) of the URTI, participants were provided with
aWURSS-21 form and instructed to complete the 21 questions; the form includes
a specific symptom severity scale (from 0, “do not have this symptom,” to 7,
“severe”) and the severity of impact on activities of daily living such as the ability
to sleep well. A form was completed for each symptomatic day of the URTI for
each confirmed episode. The WURSS-21 score is a validated tool for URTI
symptom severity that has been used in many published peer-reviewed studies
[31]. TheWURSS-21 forms were posted to the central locationwith the health log
data.

R. Fuller et al. / Nutrition 28 (2012) 665–669666



Measurement of chemokine and cytokine concentrations

Plasmawas prepared from fresh blood collected into heparin and then stored
at �80�C until analysis. A range of cytokines (interleukin [IL]-1b, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12p70, tumor necrosis factor [TNF]-a, TNF-b, and interferon-g)
and chemokines (macrophage inflammatory protein [MIP]-1b, granulocyte
colony-stimulating factor, monokine induced by Interferon gamma, and mono-
cyte chemotactic protein-1 [MCP-1]) were measured from plasma using Flow-
Cytomix Multiplex kits (eBioscience, Hatfield, UK) according to the
manufacturer’s instructions. The limits of detection ranged from 0.9 to 20.8 pg/
mL. Any value lower than the limit of detectionwas assigned half the value of the
lowest detectable standard.

Statistical analysis

Data were initially entered into Excel (Microsoft, Redmond, WA, USA) and
transferred to SPSS (SPSS Inc., Chicago, IL, USA). The chi-square test was used for
between-group comparisons of the total number of days of cold and flu symp-
toms. The Mann–Whitney U test was used for between-group comparisons of
data from the WURSS-21 assessment and the plasma chemokine and cytokine
concentrations. The median differences and the 95% confidence intervals were
generated by the software CIA (Southampton, UK). In all cases, P< 0.05 was taken
to indicate statistical significance.

Results

Subject characteristics

One hundred male and female subjects 18 to 65 y old were
recruited into the study from the Southampton University
Medical School. Ninety-nine participants were 18 to 30 y old
and one participant was 50 y old. Table 1 lists the characteristics
of subjects in each group at study entry. There were no differ-
ences between the two groups in any of these characteristics.
Figure 1 shows the flow of subjects through the study. Fifty
subjects were randomized to each arm of the study. Three
subjects were excluded as protocol violators (n ¼ 1 in the
placebo group, n ¼ 2 in the Wellmune group). None of the
excluded participants reported side effects from the study
supplementation. Few side effects from the placebo or

Wellmune were reported and all routine hematologic,
biochemistry, and liver function tests remained in the normal
range in the two groups.

Self-reported days of URTI symptoms

Table 2 presents data from the daily health log, presenting the
total person-days for each category in each treatment group over
the course of the study period. In the two groups, most subjects
scored 1 (no symptoms) on most days (approximately 95%)
during the study. The total number of days with reported URTI
symptoms tended to be lower in the Wellmune group (241, 5.5%,
versus 198, 4.6%, P ¼ 0.06).

URTI symptom severity assessed by WURSS-21

Twenty-four episodes of URTI were confirmed for assess-
ment with the WURSS-21, with 12 URTI episodes in each group.
Eleven participants in each group were confirmed as having
URTI and completed the daily WURSS-21 scores for each
symptomatic day. Two participants in each group developed

Table 1
Characteristics of subjects according to treatment group

Variables Wellmune WGP
(n ¼ 50)

Placebo
(n ¼ 50)

Age (y) 21.9 � 4.8 21.3 � 2.7
Sex
Men 25 (50%) 25 (50%)
Women 25 (50%) 25 (50%)

Height (cm) 172.2 � 9.4 173.3 � 9.9
Weight (kg) 69.8 � 10.2 69.7 � 11.3
Body mass index (kg/m2) 23.5 � 2.7 23.1 � 2.6
Systolic blood pressure (mmHg) 125 � 13 125 � 15
Diastolic blood pressure (mmHg) 72 � 10 71 � 10
Heart rate (beats/min) 76 � 13 76 � 13

Data are presented as mean � SD or numbers of subjects (percentage)

Fig. 1. Consort diagram illustrating the flow of subjects through the study. GP, general practitioner; WTCRF, Wellcome Trust Clinical Research Facility.
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two episodes of URTI during the trial period. However, because
there were at least 14 asymptomatic days between the first and
second symptomatic periods, they were assessed as separate
episodes. The ability to “breathe easily” was significantly better
in the Wellmune group (P < 0.05), but there were no significant
differences between the groups for any of the other components
of the WURSS-21 (Table 3).

Plasma cytokine and chemokine concentrations

The concentrations of interferon-g, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-12p70, TNF-a, and TNF-bwere rarely above the limit of detec-
tion in any plasma sample in either group. IL-1b, IL-8, MIP1-a,
MIP-1b, MCP-1, granulocyte colony-stimulating factor, and MIG
were detected in most samples. There were no differences in the
concentration of these mediators from day 0 to day 90 according
to the treatment group. Cytokines and chemokines were also
measured inplasmaat the timeof the self-reportedURTI (Table4).
A significant difference was observed in MCP-1 concentration,
which was lower in the Wellmune group (median 183.8 pg/mL,
25th percentile 172.8, 75th percentile 106.7, versus 240.4 pg/mL,
25th percentile 207.2, 75th percentile 172.6, P ¼ 0.006).

Potential H1N1 infection

The polymerase chain reaction analysis of the nose and throat
swabs taken during the URTI episodes did not detect any positive
H1N1 infection.

Discussion

Viral URTI is a leading cause of lost work and school days,
with a considerable impact on health and socioeconomic
performance [1,5,6]. Despite the common nature of this
problem, it remains a medical challenge to decrease the
frequency, duration, and severity of episodes [3]. The present
study of a healthy student population taking Wellmune 250
mg/d demonstrated a tendency to a decreased number of days
with cold or flu symptoms (18% less) compared with placebo
(P ¼ 0.06). This finding is consistent with previous clinical
studies in other groups [26,27]. The relatively small number of
confirmed URTI episodes was below the expected levels [1,2]
and limited the likelihood of achieving statistical significance
in the present study. During acute URTI, the ability to breathe
easily was significantly improved in those taking Wellmune.
Other symptoms did not reach statistical significance, yet the
low level of background URTI symptoms makes this assessment
limited. Further studies capable of capturing larger numbers of
symptom days would provide further assessment of severity
scores.

Wellmune was well tolerated, with similar reported side
effects in the active and placebo groups. No participants exited
the study because of side effects or tolerability issues.

Serum cytokine analysis demonstrated no change in
profiles after 90 d of Wellmune consumption compared with
placebo. The lack of an induction of inflammatory cytokines
is in keeping with previous in vitro results [16]. During
periods of symptomatic URTI, there were also no cytokine
changes compared with placebo, but the results for the
monocyte attractant MCP-1 did display a significant
decrease in the Wellmune group compared with the placebo

Table 2
Total subject-days of upper respiratory tract infection symptom according to
treatment group

Cold and flu status Total

No cold/flu Cold þ flu

Treatment group
Placebo
Count 4169 241 4410
Percentage within treatment group 94.5 5.5 100.0

Wellmune
Count 4122 198 4320
Percentage within treatment group 95.4 4.6 100.0

Total
Count 8291 439 8730
Percentage within treatment group 95.0 5.0 100.0

Table 3
Wisconsin Upper Respiratory Tract Infection Severity Score–21 symptom severity scores in each treatment group

Measurement Placebo
(n ¼ 12)

Wellmune
(n ¼ 12)

Difference (placebo versus Wellmune) P

Median (LQ, UQ) Median (LQ, UQ) Median (95% CI)

How sick did you feel today? 2.77 (2.33, 2.94) 2.31 (1.85, 3.20) 0.31 (�0.54, 1.00) 0.729
Runny nose 2.54 (1.88, 3.00) 2.42 (1.20, 3.12) 0.13 (�0.83, 1.31) 0.707
Plugged nose 1.96 (0.67, 2.48) 1.67 (0.32, 2.00) 0.31 (�0.85, 1.44) 0.469
Sneezing 1.69 (0.60, 2.06) 0.68 (0.15, 1.46) 0.49 (�0.36, 1.47) 0.259
Sore throat 0.72 (0.00, 2.18) 2.20 (0.68, 3.22) �1.10 (�2.40, 0.07) 0.126
Scratchy throat 0.39 (0.13, 1.60) 1.09 (0.07, 2.10) �0.22 (�1.35, 0.44) 0.467
Cough 1.33 (0.11, 1.83) 1.87 (0.00, 2.63) �0.32 (�1.77, 0.80) 0.520
Hoarseness 0.58 (0.00, 1.27) 0.53 (0.00, 0.92) 0.00 (�0.75, 0.67) 0.790
Head congestion 1.79 (1.00, 2.69) 0.68 (0.00, 2.27) 0.78 (�0.43, 1.78) 0.139
Chest congestion 0.06 (0.00, 0.95) 0.33 (0.00, 1.87) 0.00 (�1.33, 0.43) 0.544
Feeling tired 2.08 (1.47, 2.70) 1.67 (0.48, 3.10) 0.50 (�0.83, 1.57) 0.488
Think clearly 2.00 (1.04, 2.44) 1.15 (0.15, 2.07) 0.70 (�0.30, 1.75) 0.148
Sleep well 1.36 (0.92, 2.20) 0.99 (0.00, 2.03) 0.42 (�0.66, 1.22) 0.418
Breathe easily 1.74 (1.06, 2.29) 0.65 (0.00, 2.03) 1.00 (�0.07, 1.75) 0.049
Walk, climb stairs, exercise 0.75 (0.15, 2.25) 0.24 (0.00, 1.36) 0.22 (�0.11, 1.75) 0.139
Accomplish daily activities 0.88 (0.19, 1.97) 0.17 (0.00, 0.80) 0.25 (�0.11, 1.67) 0.114
Work outside home 1.55 (0.42, 2.30) 0.68 (0.00, 0.93) 0.70 (�0.25, 1.63) 0.163
Work inside home 1.08 (0.20, 1.92) 0.30 (0.00, 0.78) 0.38 (�0.29, 1.67) 0.206
Interact with others 0.75 (0.15, 1.88) 0.37 (0.00, 0.68) 0.17 (�0.28, 1.50) 0.337
Live your personal life 0.50 (0.19, 2.00) 0.37 (0.00, 0.68) 0.19 (�0.28, 1.55) 0.324
Compared with yesterday, I feel that my cold is 4.08 (3.64, 4.33) 4.00 (3.64, 4.32) �0.02 (�0.50, 0.38) 0.885

CI, confidence interval; LQ, lower quartile; UQ, upper quartile

R. Fuller et al. / Nutrition 28 (2012) 665–669668



group. This warrants further investigation to clarify the
potential to modulate this inflammatory chemokine, which
has been associated with increased viral symptom severity
[30,32]. Further clinical studies could also assess the
capacity to modulate innate immune functions such as
natural killer cell activity and the phagocytic index in
addition to data on URTI symptom patterns.

Strategies to increase the non-specific innate immune
response are clinically appealing because these may improve
host resistance to diverse immune challenges. This is particularly
relevant to the management of viral URTI given the significant
heterogeneity of viral causes, which limits vaccination develop-
ment [3]. An increase of the innate immune response using
yeast-derived 1/3,1/6 glucopolysaccharide may also have wider
clinical potential such as a role in postoperative infection control
[25] and as an adjuvant for cancer immunotherapy using
monoclonal antibodies [33].

Although the present study had a larger sample and a longer
trial duration comparedwith previous trials ofWellmune inURTI,
the sample was found to be too small to identify a significant
effect on URTI outcomes in this population. Identifying the
sample size was hampered by the lack of accurate data for the
incidence of URTI in healthy students. Further trials of Wellmune
with a larger sample and including populations that are suscep-
tible to developing URTI and its complications seem justified.

Conclusion

WellmuneWGPwaswell tolerated and tended to decrease the
number of days with reported cold and flu symptoms (P ¼ 0.06)
compared with placebo. Further studies are warranted to clarify
the potential role of this food supplement to increase the innate
immune response and decrease the burden of viral URTI.
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Table 4
Comparison of plasma cytokine and chemokine concentrations during symp-
tomatic upper respiratory tract infection according to treatment group

Mediator (pg/mL) Placebo group Wellmune group P

IL-1b 2.10 (2.10, 2.10) 2.10 (2.10, 13.77) 0.456
IL-8 13.22 (9.74, 21.16) 7.86 (2.39, 15.93) 0.296
MIP-1b 15.17 (11.24, 21.52) 18.00 (7.74, 26.45) 0.697
MCP-1 240.39 (207.18, 272.59) 183.82 (172.82, 196.97) 0.006
MIP-1a 918.87 (179.44, 1851.37) 627.25 (95.41, 2541.04) 0.750
G-CSF 115.26 (1.70, 608.11) 83.94 (1.70, 792.20) 0.860
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G-CSF, granulocyte colony-stimulating factor; IL, interleukin; MCP-1, monocyte
chemotactic protein-1; MIG, monokine induced by interferon gamma; MIP,
macrophage inflammatory protein
Values are presented as median (25th, 75th percentiles)
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ABSTRACT 

Objective: This study aimed to test whether yeast-derived beta 1,3/1,6 glucan can prevent 

the occurrence or reduce the severity of upper respiratory tract infection (URTI) and 

modulate innate immune responses during winter months in community dwelling older 

adults. 5 

Methods: This was a double-blind placebo-controlled trial of community-dwelling adults 

aged 50 to 70 years randomised to once daily beta 1,3/1,6 glucan (Wellmune 250 mg daily; 

n=50) or identical placebo capsule (n=50) over 90 days during winter. URTI episodes were 

medically-confirmed. Symptom severity was recorded via self-reported daily Wisconsin 

Upper Respiratory Tract Infection Score 21.  Blood and saliva samples were collected at days 10 

0, 45 and 90 for measurements of innate immune parameters. 

Results: Forty-nine participants completed the trial in each group. Supplementation was 

well-tolerated. A total of 45 URTIs were confirmed, 28 in the placebo group and  17 in the 

Wellmune group (odds ratio 0.55 (95% CI 0.24, 1.26); p=0.149). There was a strong trend for 

Wellmune to decrease the number of symptom days (p=0.067). Symptom severity was not 15 

significantly different between groups.  Compared to the placebo group, lipopolysaccharide-

stimulated blood from participants in the Wellmune group showed an increase in 

interferon-gamma concentration from baseline at day 45 (p=0.016) and smaller decreases in 

monokine induced by interferon-gamma concentration from baseline at days 45 and 90 

(p=0.032 and 0.046). No difference was seen in serum or non-stimulated blood cytokines 20 

and chemokines or in salivary IgA. 

Conclusion: Daily oral beta 1,3/1,6 glucan may protect against URTIs and reduce the 

duration of URTI symptoms once infected in older people. This may be linked to effects on 

innate immune function. Larger studies are needed to confirm the benefits of beta 1,3/1,6 

glucan on URTIs in older people. 25 
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Introduction 

Upper respiratory tract infection (URTI) is the most frequent infectious illness in 

humans, with an estimated prevalence of two to four episodes per person per year in adults 

[1]. While usually self-limiting, URTIs have marked social and economic consequences due 

to sickness-related absence, care-giving and primary care attendance [2,3]. Effective 5 

antiviral treatment strategies remain elusive and the wide variety of causal pathogens and 

associated antigenic shift provide significant challenges to the development of vaccines [4]. 

Within primary care in the UK the proportion of antibiotic prescriptions for cough and cold 

presentations increased from 39% to 51% between 1999 and 2011 [5], despite considerable 

attention to appropriate prescribing, with respiratory tract infection reported as the leading 10 

indication for antibiotic prescription [6].  Novel strategies to prevent URTI are urgently 

required in order to reduce the burden of infection, associated antibiotic use and the 

subsequent development of antimicrobial resistance [7].  

Innate immune cells including neutrophils and macrophages form the front line of 

host defence to pathogenic viral and bacterial challenges [8]. Modification at the initial, non-15 

specific, level of innate immunity may confer benefit in the prevention or amelioration of 

URTI. Wellmune is a beta 1,3/1,6 glucan derived from the cell wall of Saccharomyces 

cerevisiae (“baker’s yeast”). Wellmune has European Food Safety Authority approval for use 

as a novel food ingredient [9], and is available to the general public as a supplement. 

Wellmune up-regulates phagocytosis and chemotaxis of innate immune cells via priming of 20 

lectin-sites on complement-receptor 3 and results in enhanced resistance to infection in 

animal models [10-15]. A previous trial in one hundred healthy young adults (mean age ~ 21 

years) conducted during the winter months demonstrated reduction in the concentration of 

the chemokine monocyte chemoattractant protein (MCP)-1 during symptomatic URTI, a 

reduction in the total number of days with cold and flu symptoms, and a tendency towards 25 

reduced symptom severity in those treated daily with 250 mg Wellmune compared with 

placebo [16]. Furthermore, a significant reduction in reported URTI symptoms was seen 

post-event in marathon runners taking Wellmune [17] and in individuals with moderate 

lifestyle stress [18]. Effects in older people have not been investigated. Therefore, this study 

investigated the effect of daily Wellmune supplementation on URTIs and selected innate 30 

immune markers in older community dwelling people.    
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Materials and Methods 

Study design, subjects and sample collection 

This study was a randomized, double-blind, placebo-controlled trial of 250 mg 

Wellmune (Biothera, Eagan, MN, USA) (n=50) once daily for 90 days versus an identical in 

appearance rice-flour placebo capsule (n=50). The study was approved by the South Central 5 

Hampshire B Research Ethics Committee (approval number 11/SC/0520), received Clinical 

Trial Authorisation from the Medicines and Healthcare Products Regulatory Agency and is 

listed on the European Clinical Trials Database (EudraCT number 2011-004910-41).  

Recruitment and study commencement were completed over a three week period 

during January 2012 at a single National Health Service Primary Medical Care site in 10 

Hampshire, UK. Written invitations and participant information sheets were posted to 

approximately 600 registered patients who met the principal inclusion criterion (age 50 to 

70 years). Invitations to an assessment appointment and to undertake completion of 

written informed consent were sent in time order of initial patient response.  

Inclusion criteria were age 50-70 years, general good health, body mass index (BMI) 15 

18-40 kg/m2, agreement to attend all study visits and undergo all procedures, community-

dwelling, and at least one self-reported URTI in the last 12 months. Exclusion criteria were 

current symptomatic respiratory illness; current use of oral steroids, antibiotics or 

immunosuppressant medication; known immune or auto-immune disorders (including HIV 

infection, ankylosing spondylitis, Crohn’s Disease, ulcerative colitis); having low BMI or an 20 

eating disorder; severe renal or liver disease; symptomatic heart failure. Medical records 

and patient history were used to assess recruitment criteria. Symptomatic respiratory and 

cardiac conditions were excluded to prevent difficulty assessing URTI symptoms. The lower 

age limit of 50 years was selected as a generally accepted threshold for the development of 

age-related immune decline (“immunosenescence”) [19] and the upper limit of 70 years to 25 

prevent wide heterogeneity in general health and frailty. Smoking status and influenza 

vaccine uptake over the previous 12 months were recorded to control for potential 

confounding. 

Randomization to Wellmune or placebo was blinded and used a random block 

allocation sequence generated by the University of Southampton Research Design Service. 30 

The packaging and capsules used for Wellmune and placebo were identical in appearance 

and were labelled with a study identifier code 001-100. Participants were allocated to the 
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lowest available study identifier on completion of the consent process. Participants were 

asked to self-administer the intervention once daily before food.  

Saliva and blood samples were collected at study entry, at day 45 and at day 90. 

Heparin was used as an anticoagulant. Whole blood was used for culture (see below) and 

for preparation of plasma which was stored at minus 80oC prior to analysis 5 

 

Health diary and Wisconsin Upper Respiratory Tract Severity Score 21 

The presence or absence of URTI symptoms was recorded in a daily health diary 

using the following numerical categories: “1” no health problems today; “2” cold symptoms 

(listed as runny nose, blocked nose, sore throat, coughing, sneezing, coloured discharge); “3” 10 

flu-like symptoms (fever, headache, general aches and pains, fatigue and weakness, chest 

discomfort). The presence of any two or more URTI symptoms for two consecutive days 

triggered telephone or face-to-face review to medically confirm URTI. Participants were 

instructed to complete the validated Wisconsin Upper Respiratory Tract Severity Score 21 

(WURSS-21) for each symptomatic day. WURSS-21 contains a Likert scale 0-7 for specific 15 

URTI symptoms and the impact of symptoms on activities of daily living. 

Adherence, side effects (self-classified by symptom and severity as 

mild/moderate/severe) and concomitant medication use were self-recorded in the health 

diary which was reviewed along with an unused capsules count during face-to-face 

interviews at days 45 and 90. Non-adherence was classified as more than 9 or more missed 20 

capsules in either 45 day period. 

 

Salivary immunoglobulin A and plasma cytokine concentrations 

 Secretory immunoglobulin A (SIgA) concentration in saliva was measured using a 

commercially available ELISA kit (Immundiagnostik AG, Bensheim, Germany).  Saliva was 25 

centrifuged at 3000 rpm for 10 min prior to assay. The manufacturer’s instructions were 

followed. The detection limit of the assay is 13.4 ng/ml. 

 Plasma was collected from fresh blood collected into heparin and then stored at 

minus 80oC until analysis. Cytokines (interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-

12p70, IL-13, IL-17a, IL-22, interferon (IFN)-γ, tumor necrosis factor (TNF)-α) and 30 

chemokines (IL-8, macrophage inflammatory protein (MIP)-1α, MIP-1β, MCP-1, granulocyte 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

6 

 

colony stimulating factor (GCSF), monocyte induced by interferon-γ (MIG)) were measured 

in plasma using flow-cytomix 6-plex and 13-plex kits (eBiosciences, Hatfield, UK).  The 

manufacturer’s instructions were followed. The detection limits of the assays are 0.9 to 20.8 

pg/ml; any value lower than the limit of detection was assigned half of the value of the 

lowest detectable standard. 5 

 

Whole blood cultures and supernatant cytokine concentrations 

Whole blood was diluted one in ten with RPMI culture medium containing 2 mmol/l 

glutamine and antibiotics. Cultures were stimulated with the toll-like receptor 4 ligand 

lipopolysaccharide (LPS (ultrapure Escherichia coli K12 lipopolysaccaride; InvivoGen, San 10 

Diego, CA, USA) final concentration 1 ng/ml). Medium was collected after 24 hr and then 

stored at minus 80oC until analysis. Cytokines and chemokines (as listed above for plasma) 

were measured in plasma using flow-cytomix 6-plex and 13-plex kits (eBiosciences, Hatfield, 

UK).  The manufacturer’s instructions were followed.  

 15 

Sample size and statistical analysis 

Given the lack of data regarding Wellmune use in older adults, the pragmatic sample 

size of 100 participants was selected for this trial, with the aim of further informing effect 

size, mechanisms of action and potential benefit of a larger trial; therefore this trial should 

be regarded as a pilot study. Data were collated in Excel (Microsoft, Redmond, WA, USA) 20 

and then transferred to Stata (Stata, College Station, TX, USA) for analysis on an intention-

to-treat basis. The Chi-Squared test was used to determine the odds ratio for between-

group difference in the number of URTI episodes and an Anderson-Gill model was used to 

analyse difference in the number of symptom days due to heterogeneity in the distribution 

of data between groups.  The Mann Whitney U test was used to analyse between-group 25 

difference in mean daily WURSS-21 symptom severity score and between-group difference 

in the change from baseline at day 45 and day 90 in plasma cytokines, LPS-stimulated whole 

blood cytokines and salivary IgA. In all cases statistical significance was set at P<0.05. 

 

 30 
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Results 

Participant characteristics 

Table 1 lists the characteristics of the 100 participants who entered the study. The 

groups did not differ according to age or age distribution, sex distribution, weight or BMI, 

cigarette smoking or recent seasonal influenza vaccination. Figure 1 shows the flow of 5 

participants through the study. 

Forty-nine participants completed the study in each group and supplementation was 

well-tolerated. One participant in the placebo group left the trial due to constipation as a 

reported side effect within days 0-45. One participant in the Wellmune group failed to take 

the supplement on more than 9 days during days 0-45 and so was excluded from the study; 10 

this participant did not report any adverse events from supplementation. Table 2 provides a 

summary of reported side effects. Side effects were more common in the placebo group.  

 

Upper respiratory tract infections 

A total of 45 URTI episodes were confirmed. Smokers were more likely to experience an 15 

URTI than non-smokers (odds ratio 2.81 (95% CI 0.67, 11.67)), but this difference was not 

statistically significant, likely due to small sample size (n = 10 smokers).  Twenty-eight URTI 

episodes were in the placebo group while 17 were in the Wellmune group (odds ratio 0.55 

(95% CI 0.24, 1.26); this difference was not statistically significant (p=0.149) (Table 3). After 

controlling for both seasonal influenza vaccine uptake within the previous 12 months and 20 

smoking status, the odds ratio for URTI in the Wellmune group was 0.66 (95% CI 0.28, 1.57; 

p=0.346).  Six participants in the placebo group (12%) reported two URTI episodes over the 

90 days of the study compared to two participants (4%) in the Wellmune group (Table 3). 

There was a trend towards fewer symptom days in the Wellmune group (median 3.0 (IQR 2, 

9)) than in the control group (median 3.5 (IQR 1, 9)) (p=0.067). No difference was seen in 25 

symptom severity between groups in either global or mean daily WURSS-21 scores (data not 

shown).   

 

Salivary IgA concentration 

No between-group difference was detected in the change from baseline at day 45 or 30 

90 in salivary IgA concentration (data not shown). 
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Plasma cytokine and chemokine concentrations 

No between-group differences were detected in the change from baseline at day 45 

or 90 in plasma cytokine and chemokine concentrations (data not shown). However, many 

of these analytes were present at very low concentrations in many of the samples.  5 

 

LPS-stimulated whole blood cytokine and chemokine concentrations 

The concentrations of IL-2, IL-4, IL-13, IL-17a and GCSF were very low in LPS-

stimulated whole blood cultures, often being below the limit of detection. In contrast, the 

other cytokines and chemokines were detected in most samples. The concentrations of IL-10 

1β, IL-6, IL-8, TNF-α, MCP-1, MIP-1α and MIP-1β were easily detected in all samples. There 

were some changes with time that occurred in both groups, such that there were few 

between-group differences in the change from baseline at day 45 or 90. However, LPS-

stimulated blood samples from the Wellmune group showed an increase in IFN-γ 

concentration from baseline at day 45 compared to a small reduction from baseline in the 15 

placebo group (p=0.016) (Table 4). However, no between-group difference was seen for IFN-

γ for the change from baseline at day 90. The concentration of MIG decreased from baseline 

in both groups at days 45 and 90 (Table 4). However, the decreases were smaller in the 

Wellmune group at both time points (p = 0.032 and 0.046 at days 45 and 90, respectively) 

(Table 4). The concentration of MCP-1 decreased from baseline in the placebo group at days 20 

45 and 90 and in the Wellmune group at day 90. However, the decrease tended to be 

smaller in the Wellmune group (Table 4). 

 

Discussion 

Finding effective prevention and management strategies for URTI remains an area of unmet 25 

healthcare need. Despite the usually self-limiting nature of illness, the high incidence of 

URTI causes significant health, social and economic impact which was estimated by Fredrick 

et al. to cost the United States economy nearly $40 billion per annum due to use of 

healthcare resources and lost productivity [2]. Given the scale of the problem, even 

interventions with a modest ability to reduce URTI incidence and/or severity may be 30 

beneficial if proven safe, effective and acceptable for widespread use. Here, we examined 
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the ability of Wellmune to reduce incidence, severity and duration of URTI in elderly 

subjects living in the community. There was a trend to fewer illness episodes with Wellmune 

compared to placebo (odds ratio 0.55; p = 0.149) and to fewer days of illness (p = 0.067) but 

there was no effect on symptom severity.  In a previous study in healthy young subjects 

given the same dose of Wellmune (250 mg/day) for the same duration (90 d) as used here, 5 

we also found a trend towards fewer days with symptoms of URTI (p = 0.06) and no effect 

on severity of most symptoms as assessed by WURSS-21 [16]. It is clear that larger studies 

are needed in order to identify significant effects of Wellmune on URTIs, and that such 

studies should be performed. Using number of illness episodes as the primary outcome, in 

order to detect a difference between groups of about 15% with 90% power a sample size of 10 

217 per group would be needed without any allowance for loss to follow up. Future studies 

may benefit from targetting populations at risk of higher incidence or severity of infection, 

such as the inclusion of adults aged over 70 y [20], children [21], or individuals self-reporting 

high frequency of URTI. 

The intervention was well tolerated in the elderly subjects studied here, with no 15 

withdrawals due to adverse effects and with a better (self-reported) side effect profile 

compared to placebo. Informal feedback from participants during the recruitment phase of 

the study often cited the appeal of nutritional options as a self-care strategy to enhance 

immune function and prevent the burden of common infections.  

Intervention with Wellmune did not modify plasma cytokine or chemokine 20 

concentrations in the current study. There was also no effect on salivary SIgA concentration. 

Furthermore, there was a limited effect of Wellmune on the inflammatory response of 

immune cells in cultured blood. In the previous study in young adults [16], there was no 

effect of Wellmune on plasma cytokine or chemokine concentrations in the absence of any 

illness symptoms; the current finding of lack of effect of Wellmune on plasma cytokines and 25 

chemokines in older subjects is consistent with this. In the earlier study, Wellmune resulted 

in lower plasma MCP-1 concentration during infection [16], i.e., in the presence of an 

immune/inflammatory stimulus.  Therefore it is interesting that, in the current study, 

Wellmune did promote an increase in LPS-stimulated IFN-γ production (at day 90) and 

smaller time-dependent decreases in LPS-stimulated MCP-1 (trend at day 90) and MIG (at 30 

both day 45 and 90) than seen in the placebo group.  These observations suggest priming of 

innate immune cells to an inflammatory stimulus by Wellmune; the stimulus was infection 
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in vivo in the study in young adults [16] and ex vivo exposure to LPS in the current study. 

There is evidence that Wellmune can prime innate immune cells to a subsequent immune 

stimulus [10-15]. Such an effect may underlie the trends to an effect seen on URTI incidence 

and duration in the current study. It is likely that the main responder cell type in LPS-

stimulated whole blood cultures is the monocyte. We did not assess the effects of 5 

Wellmune on isolated innate immune cells or on innate immune responses other than 

peptide mediator production, such as phagocytosis and natural killer cell activity. These 

immune outcomes should be assessed in future studies. 

 

Conclusion 10 

Daily supplementation with Wellmune is well tolerated in older community dwelling 

subjects and may have a role in the prevention and faster resolution of URTI. This effect may 

be related to differences in innate immune responses in subjects consuming Wellmune. 

Larger studies seem warranted to explore the role of Wellmune for the prevention and 

control of common infections. 15 
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Figure captions 

Figure 1. Consort diagram showing the flow of participants through the study. 
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Table 1 

Characteristics of participants at study entry according to treatment group 

Variables Wellmune group (n=50) Placebo group (n=50) 

Age (y) *58.9 + 5.6 

Range: 50-68ǂ 

*59.16 + 5.5 

Range: 50-68ǂ 

Sex: 

Male 

Female 

 

26 (52%) 

24 (48%) 

 

28 (56%) 

22 (44%) 

Height (m) *1.7 ± 9.4 *1.7 ± 0.9 

Weight (kg) *78.5± 18.1 *78.8 ± 15.6 

Body mass index (kg/m2) *26.8 + 4.3 *26.8 + 4.1 

Current cigarette smoker 3 (6%) 7 (14%) 

Seasonal influenza 

vaccination within past 12 

months 

18 (36%) 23 (46%) 

*Values are mean ± standard deviation;  

ǂn = 29 aged 50 to 60 y and n = 21 aged > 60 y in each group 

  5 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 

 

Table 2 

Summary of self-reported side effects according to treatment group 

Placebo group Wellmune group  

Indigestion (mild) n=1 Bloating (mild) n=1 

Generalised itch (moderate) n=1 Headaches (moderate) n=1 

Constipation (severe) n=1* 

Constipation (mild) n=1 

 

Nausea (mild) n=1  

Tiredness (mild) n=1  

*Withdrew from the study 
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Table 3 

A comparison of the number of participants experiencing URTI episodes by treatment group 

 No episodes 1 episode 2 episodes 

Placebo group 28 (56%) 16 (32%) 6 (12%) 

Wellmune group 35 (70%) 13 (26%) 2 (4%) 
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Table 4 

Within and between-group differences in the change from baseline at days 45 and 90 in 

selected cytokines and chemokines in LPS-stimulated blood samples  

 Placebo 

group  

day 0 

Wellmune 

group  

day 0 

Placebo  

group  

difference: 

Day 0-45 

Wellmune  

group 

difference: 

Day 0-45 

Between 

groups 

P 

Placebo 

 group 

difference: 

Day 0-90 

Wellmune  

group  

difference: 

Day 0-90 

Between 

groups 

P 

IFN-γ 139.4  

(0.8, 

859.5) 

107.8 

(0.8, 637.3) 

4.8  

(-48.5, 

432.8) 

-49.1 

(-639.7, 

73.8) 

0.016 15.5  

(-172.1, 

319.5) 

0.0  

(15.2, 372.8) 

0.758 

MCP-1 2335.0 

(1277.6, 

2911.8) 

1411.1 

(986.5, 

2744.6) 

477.9  

(-323.7, 

1997.9) 

77.7  

(-729.0, 

919.9) 

0.102 1666.6  

(507.3, 

2400.7) 

796.7  

(347.1, 

1492.0) 

0.069 

MIG 104.6  

(37.8, 

205.7) 

58.2 

(17.7, 144.5) 

79.7  

(0.0, 187.3) 

22.6  

(-38.2, 

131.5) 

0.032 104.0  

(38.7, 

202.2) 

48.4  

(2.3, 102.4) 

0.046 

Data are median and 25th and 75th percentiles. IFN-γ, interferon-gamma; MCP-1, monocyte 

chemoattractant protein-1; MIG, monocyte induced by interferon-gamma 5 
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Study Invitation and information 

posted to ~ 600 patients registered 

aged 50-70 years 

(~ 130 responses) 

Assessment appointment (n=106) 

Earliest responders invited first 

All participants assessed face-to-face 

• Explain study 

• Review past medical history 

• Check inclusion/exclusion criteria 

• Record demographic details 

• Complete written informed consent 

• Inform GP of participation 

Meet inclusion and 

exclusion Criteria 

Wellmune 

supplement 

(n=50) 

Placebo 

supplement 

(n=50) 

Study Appointments - Days 0, 45, 90 

• Blood – serum cytokines & chemokines, LPS-stimulated 

whole blood, Saliva – SIgA 

• Health assessment - Health diary, compliance & 

concomitant medication use and side effect review 

• Presence of cold/flu symptoms reported by phone/email 
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• A double-blind, randomized, placebo-controlled trial of once daily beta 1,3/1,6 glucan 

(Wellmune 250 mg daily)  was conducted over 90 days in community-dwelling adults aged 

50 to 70 years  

• Wellmune tended to reduce the number of medically confirmed upper respiratory tract 

infections (URTIs) and the number of symptom days  

• Lipopolysaccharide-stimulated blood from participants in the Wellmune group showed an 

increase in interferon-gamma concentration from baseline at day 45  

• Daily oral beta 1,3/1,6 glucan may protect against URTIs and reduce the duration of URTI 

symptoms once infected in older people. This may be linked to effects on immune function.  



Effects of an Immunomodulating 
Supplement on Upper Respiratory 
Tract Infection Symptoms in Wildland 
Fighters 
Montana Center for Work Physiology and Exercise Metabolism, University of Montana, 
Missoula MT 

Harger-Domitrovich SG, Domitrovich JW, Ruby BC. (2008) 

Medicine & Science in Sports & Exercise 40:S353. 

Abstract: 

Purpose: The purpose of this study was to determine the effects of a yeast based 

(beta glucan) antioxidant supplement on symptoms of upper respiratory tract 

infections (URTI) in WLFF. 

Methods: Fifty-four members from eight Type I and II hand crews were recruited 

from national regions I, III, V and VI, and served as subjects for this study.  In a 

single blind, random cross-over design subjects consumed either the beta 

glucan supplement (βG) or the placebo (P) daily for 14 days, followed by a 3-

day wash out period and another 14-day treatment period.  Two cross-sectional, 

non-incentive based health surveys were completed during and at the end of 

each treatment period.  Subjects were classified with a URTI if symptoms 

occurred on two or more consecutive days.  Twenty-four subjects wore 

accelerometers in order to quantify activity counts between trials.  A Wilcoxon’s 

signed ranks test was used to examine differences in URTI symptoms between 

treatments.  A dependent t-test was used to examine differences in days of work 

missed during each trial, and a 2-way ANOVA with repeated measures was used 

to analyze activity counts.  Statistics from the surveys were also performed on the 

subset of subjects that used the accelerometers.  Significance was set the 0.05 

level. 

Results: There was a trend for the βG trial to demonstrate a lower incidence of 

URTI symptoms of URTI (p=0.06) compared to placebo.  Perceived overall health 

was significantly higher in the βG compared to the placebo trial (p=0.006).  No 

differences were found in days missed from work between the two trials.  In the 

subset of subjects that wore activity monitors, there were no differences in the 

average daily activity over the 14-day work period (154.9+/-508.5 and 180.4+/-

534.0 counts/min for the ßG and P trials, respectively). 

http://journals.lww.com/acsm-msse/Fulltext/2008/05001/Effects_of_an_Immunomodulating_Supplement_on_Upper.2178.aspx


Conclusions: A beta glucan antioxidant supplement may help to suppress 

symptoms of URTI and increase perceptions of overall health in WLFF during 14 

days of arduous wildfire management. 

 



Intestinal and Systemic Immune Development and Response to
Vaccination Are Unaffected by Dietary (1,3/1,6)-�-D-Glucan
Supplementation in Neonatal Piglets

Shelly N. Hester,a Sarah S. Comstock,b Shannon C. Thorum,a Marcia H. Monaco,b Brandt D. Pence,c Jeffrey A. Woods,a,c and
Sharon M. Donovana,b

Division of Nutritional Sciences,a Department of Food Science & Human Nutrition,b and Department of Kinesiology & Community Health,c University of Illinois, Urbana,
Illinois, USA

Infants are susceptible to infections in early life and must rely on their innate immune system for protection. �-Glucans potenti-
ate immune responses. Therefore, we evaluated the influence of purified yeast (1,3/1,6)-�-D-glucan (Wellmune WGP, here re-
ferred to as WGP) on the development of the gastrointestinal tract and the intestinal and systemic immune systems in neonatal
piglets. Piglets were fed formula containing 0 (control), 1.8, 18, or 90 mg WGP/kg body weight (BW) and were vaccinated against
human influenza. Piglets were euthanized at 7 or 21 days of age. Piglet weight and small intestinal length and weight were unaf-
fected by dietary WGP. In addition, WGP did not affect ileal crypt depth, villus height, or ascending colon cuff depth. Immune
parameters not affected by WGP supplementation included T cell phenotypes, cytokine gene expression, and cell proliferation.
However, vaccination and developmental effects were seen. Overall, the doses of 1.8, 18, and 90 mg/kg BW of dietary WGP had
no effect on intestinal or immune development and did not improve the antibody response to vaccination in neonatal piglets.

Infants must rely on their innate immune systems for protection
against infections to a significant extent during early life. Active

adaptive immunity must develop rapidly and appropriately in the
neonate because immune protection acquired by the fetus from
the mother via placental transfer, colostrum, and breast milk does
not confer protection against antigens to which the mother has
not been exposed. The process of immune maturation is even
more important for infants who are not breast-fed, since they
receive passive immunity only from placental transfer and no fur-
ther immune protection through their diet. The U.S. Centers for
Disease Control and Prevention currently recommend that in-
fants receive six vaccinations prior to 3 months of age. For these
vaccinations to be effective, it is important for the neonate to
produce adequate amounts of antigen-specific antibodies and cir-
culating memory cells specific for the antigens in the vaccinations
being received. Therefore, studies which examine the effects of
dietary supplementation with immune-stimulating compounds
on the overall T helper status of the immune system and on the
immune response to vaccination are valuable. Furthermore, the
identification and characterization of compounds that enhance
the growth, development, and health of those infants remains a
priority.

The rate of maturation of the immune system is influenced by
exposure to commensal bacteria and to dietary antigens (4, 18,
21–23, 48). Modifications to infant formula are hypothesized to
enhance the process of immune maturation in formula-fed in-
fants (38). Although an emphasis has been placed on identifying
and replicating the components found in breast milk, other com-
pounds can stimulate immune development. One such class of
compounds is �-glucans (�G). �-Glucans are a family of ho-
mopolysaccharides of glucose commonly found in fungi, yeasts,
plants, and seaweeds. They boost the natural defense mechanisms
of the adult host by stimulating both innate (16) and adaptive (1)
immune responses. �G are recognized by the pattern recognition
receptors of the innate immune system (13). At least four recep-

tors have been identified for the recognition of �G: complement
receptor 3, lactosylceramide, scavenger receptors, and dectin-1,
the latter of which is considered the most important �G receptor
(16, 40). Thus, dietary �G, through binding to innate immune
receptors, has the potential to enhance the infant’s ability to fight
infections and respond to challenges.

Others have examined the effects of yeast �G on immunity in
young animals (42, 43). Dietary yeast �G supplementation im-
proved the humoral immunity of pigs and modulated cellular
immunity of weanling pigs by mitigating the elevation of proin-
flammatory cytokines and increasing the production of anti-in-
flammatory cytokines after an immunological challenge with li-
popolysaccharide (LPS) (28). Furthermore, yeast �G exerted
antiviral effects against both swine influenza virus in 5-day-old
piglets (20) and porcine reproductive and respiratory virus in
weanling pigs (47). In both studies, yeast �G administration was
associated with an increase in circulating gamma interferon
(IFN-�) concentrations.

To our knowledge, no studies have examined chronic, enteral
�G supplementation in a neonatal population. Herein we test a
clinically relevant �G, (1,3/1,6)-�-D-glucan (Wellmune WGP,
herein referred to as WGP), which is generally recognized as safe
(GRAS) by the U.S. FDA, in a developmentally appropriate
model. Based on data obtained in experiments in older popula-
tions and shorter-term studies in �G-supplemented neonates, we
hypothesized that chronic dietary WGP would alter the develop-
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ment of the intestinal mucosal and systemic immunity in the neo-
natal piglet. Our data demonstrate that WGP did not affect intes-
tinal or immune development in neonatal piglets.

MATERIALS AND METHODS
Chemicals. All chemicals were purchased from Sigma-Aldrich (St. Louis,
MO) unless otherwise indicated.

Dietary yeast �-glucan. (1,3/1,6)-�-D-Glucan (Wellmune WGP,
herein referred to as WGP) was obtained from Biothera, Inc. (Eagan,
MN). This compound was extracted from Saccharomyces cerevisiae using a
process that produces a whole glucan particle in which the outer surface of
mannoprotein and inner cellular contents are removed (2). WGP existed
as a particulate suspension in the bovine milk-based formulas used herein.
WGP was added to formula to provide doses at 1.8 mg/kg of body weight
(BW)/day, 18 mg/kg BW/day, or 90 mg/kg BW/day. The lowest dose
provided an average WGP intake of 5 mg/day, slightly exceeding Bio-
thera’s recommendation of 2 mg/kg BW/day. The middle dose provided
an average WGP intake of 50 mg/day. The highest dose provided an aver-
age WGP intake of 250 mg/day. The two lowest doses do not surpass the
level generally recognized as safe by the U.S. FDA (200 mg/serving;
GRAS GRN 239; www.FDA.gov, accessed 27 October 2010). Further-
more, these levels are within the range that has been shown to result in
no observed adverse effects in toxicological testing (2 to 100 mg/kg
BW/day) (2).

Dietary treatment and animal protocol. Piglets (n � 68) were ob-
tained at 48 h postpartum to allow for consumption of colostrum. The
piglets were randomized to one of four dietary treatment groups: (i) a
medicated sow milk replacer formula (WGP0) (formula) (Milk Special-
ties Global Animal Nutrition, Carpentersville, IL), (ii) formula plus 5
WGP mg/liter (WGP1.8), (iii) formula plus 50 WGP mg/liter (WGP18),
or (iv) formula plus 250 WGP mg/liter (WGP90). Piglets were individu-
ally housed in environmentally controlled rooms (25°C) in cages capable
of maintaining six piglets separated by Plexiglas partitions. Radiant heat-
ers were attached to the tops of the cages to maintain an ambient temper-
ature of 30°C. Formula was offered 14 times daily at a rate of 360 ml/kg
BW/day. The piglets were monitored daily for normal growth and food
intake, as well as the presence of fever, diarrhea, or lethargy. All animal
procedures were approved by the Institutional Animal Care and Use
Committee of the University of Illinois.

Vaccination. On day 7 postpartum, a subset of piglets from each treat-
ment group (WGP0, n � 5; WGP1.8, n � 6; WGP18, n � 5; WGP90, n �
6) were vaccinated with a 0.25-ml intramuscular (i.m.) injection of hu-
man influenza vaccine (Fluzone; Sanofi Pasteur, Swiftwater, PA). A blood
sample was drawn on day 7 from the jugular vein prior to administration
of the vaccine. Vaccinated animals were boosted on day 14 with the same
dose of influenza vaccine. Blood samples were collected longitudinally
from all piglets on day 14 and day 21 from the jugular vein or following
euthanasia, respectively.

Sample collection. On day 7 (WGP0, n � 5; WGP1.8, n � 5; WGP18,
n � 5; WGP90, n � 5) or day 21 (WGP0, n � 12; WGP1.8, n � 13;
WGP18, n � 11; WGP90, n � 12) postpartum, piglets were sedated with
an intramuscular injection of tiletamine HCl and zolazepam HCl, 3.5
mg/kg BW each [Telazol]; Pfizer Animal Health, Fort Dodge, IA). After
sedation, blood was collected by cardiac puncture into plain vials for
serum isolation and into heparin-laced vials (BD Biosciences, Franklin
Lakes, NJ) for isolation of mononuclear cells. Piglets were then euthanized
by an intravenous injection of sodium pentobarbital (Fatal Plus, 72 mg/kg
BW; Vortech Pharmaceuticals, Dearborn, MI). After death, a laparotomy
was performed. The small intestine was quickly excised from the pyloric
sphincter to the ileocecal valve, and its length was measured. The small
intestine was cut into three segments: duodenum (first 10%), jejunum
(middle 75%), and ileum (final 15%). All sections were flushed with ice-
cold saline and weighed. The portion of the ascending colon (ASC) most
proximal to the ileocecal junction was also excised and rinsed with ice-
cold saline. Sections (1 to 2 cm) of each intestinal section were fixed in

Bouin’s solution or snap-frozen in liquid nitrogen. Remaining ileal seg-
ments were opened longitudinally, and ileal Peyer’s patches (IPP) were
isolated for the preparation of cells and snap-frozen in liquid nitrogen for
RNA analysis. Spleen and mesenteric lymph nodes (MLN) were also col-
lected for isolation of cells and snap-frozen for RNA analysis.

Intestinal histomorphology and immunohistochemistry. Bouin’s
solution-fixed ileum and ASC samples were embedded in paraffin, sliced
to approximately 5 �m with a microtome, and mounted on glass micro-
scope slides. Slides were hematoxylin and eosin (H&E) stained (Univer-
sity of Illinois Veterinary Diagnostic Laboratory). Slides were visualized in
the University of Illinois Institute of Genomic Biology Imaging Facility
using the NanoZoomer Digital Pathology System (Hamamatsu Corpora-
tion, Bridgewater, NJ) and analyzed using AxioVision 4.8 digital image
processing software (Carl Zeiss MicroImaging, Inc., Thornwood, NY). To
assess ileal villus length and crypt depth, 10 measurements for each pa-
rameter were taken per piglet. Additionally, 10 ASC cuff depths were
measured per piglet. Ileum samples were also stained for T cells (Univer-
sity of Illinois Veterinary Diagnostic Laboratory). Because the tissues were
paraffin embedded and bouin fixed, antigen retrieval was done. A citrate
buffer (pH 6.0) was used to break protein cross-links formed by fixation,
allowing the antibody to recognize the CD3 protein. After antigen re-
trieval, slides were incubated with a rabbit anti-human CD3 polyclonal
antibody (Biocare Medical, Concord, CA). This antibody cross-reacts
with pig CD3 and is extensively used by the Veterinary Diagnostic Histol-
ogy Laboratory at the University of Illinois College of Veterinary Medicine
(whose staff has verified this cross-reactivity by achieving the expected
staining of pig lymph node sections). Staining was visualized using a
horseradish peroxidase-diaminobenzidine (HRP/DAB) system (Super
Sensitive polymer-HRP detection system; Biogenex, San Ramon, CA),
following the manufacturer’s instructions. Briefly, slides were blocked
(casein-phosphate-buffered saline [PBS]) for 20 min, and secondary anti-
rabbit-polymer-HRP antibodies were incubated with slides for 30 min.
HRP was visualized by DAB exposure for 5 min. Slides were counter-
stained with hematoxylin for 1 min. The NanoZoomer digital pathology
system was used to image slides. Images were analyzed using AxioVision
4.8 digital image processing software. CD3� cells were counted in 10 villus
areas (area � 100 �m2) per piglet. Care was taken to include only the
lamina propria area and exclude the epithelial layer and IPP in the areas
analyzed. CD3� cell numbers are expressed relative to 100-�m2 villus
area.

Isolation of mononuclear cells from peripheral blood and total cells
from immune tissues. Peripheral blood mononuclear cells (PBMC) were
isolated by density gradient centrifugation. Briefly, 10 ml of heparinized
blood was diluted in 25 ml of RPMI 1640 (Life Technologies Invitrogen,
Grand Island, NY) and layered over Ficoll-Paque Plus lymphocyte sepa-
ration medium (GE Healthcare, Uppsala, Sweden). The PBMC were re-
covered after centrifugation (400 � g, 30 min) across the density gradient.
Isolated PBMC were placed in complete medium (RPMI 1640 containing
10% fetal calf serum [Life Technologies Invitrogen, Carlsbad, CA], 2 mM
L-glutamine [Life Technologies Invitrogen, Carlsbad, CA], 100 �g/ml
penicillin, 100 �g/ml streptomycin, and 50 �g/ml gentamicin [Life Tech-
nologies Invitrogen, Carlsbad, CA]). Red blood cells were lysed using
ammonium chloride lysing buffer. Cells from spleen, MLN, and IPP were
obtained by cutting tissues into small pieces and dissociating using a Gen-
tle Macs dissociator (Miltenyi Biotec, Auburn, CA). Cells were then se-
quentially passed through 100-�m and 40-�m cell strainers (BD Biosci-
ences, Bedford, MA) to form single-cell suspensions. Cells were counted
using a Countess automated cell counter (Life Technologies Invitrogen,
Carlsbad, CA). The number of viable cells was assessed by trypan blue
(Life Technologies Invitrogen, Eugene, OR) exclusion. Isolated cells were
kept in complete medium until use.

Phenotypic identification of cells. The phenotypes of T lymphocyte
subpopulations from PBMC, MLN, IPP, and spleen were monitored us-
ing fluorescently labeled monoclonal antibodies (MAbs). Lymphocytes
were identified by anti-swine CD45 (clone K252-1E4; AbD Serotec,
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Raleigh, NC). Anti-CD45 was conjugated to Alexa 647 with a Zenon
mouse antibody labeling kit (Invitrogen Molecular Probes, Eugene, OR).
T lymphocytes were identified by mouse anti-pig CD3-biotin (clone
BB23-8E6; Southern Biotech, Birmingham, AL), which was visualized
with streptavidin-phycoerythrin (PE)-Cy7 (Southern Biotech). To fur-
ther differentiate T cell populations, cells were stained with mouse anti-
pig CD4-fluorescein isothiocyanate (FITC) (clone 74-12-4; Southern Bio-
tech) and mouse anti-pig CD8-PE (clone 76-2-11; Southern Biotech)
antibodies. All staining procedures took place on ice, and care was taken to
prevent unnecessary exposure to light. Briefly, one million cells per tube
were blocked with anti-pig CD16 (clone G-7; AbD Serotec) for 5 min.
Next, cells were incubated for 20 min in a total of 10 �l CD3-biotin. Cells
were then centrifuged at 2,000 rpm for 5 min at 4°C. Supernatants were
removed. Then, cells were incubated for 20 min in a total volume of 40 �l
(10 �l of each MAb: CD45, CD4, and CD8, as well as 10 �l of streptavidin-
PE-Cy7). Cells were washed twice with PBS–1% bovine serum albumin
(BSA)– 0.1% sodium azide and then fixed with 2% paraformaldehyde.
Staining was assessed using an LSRII flow cytometer (BD Biosciences, San
Jose, CA). The relative number of T cell subpopulations was determined
using the FlowJo 7.0 software program (FlowJo, Ashland, OR). CD45�

CD3� events were considered T cells. CD45� CD3� CD4� CD8� events
were considered T helper cells. CD45� CD3� CD8� CD4� events were
considered cytotoxic T cells. CD45� CD3� CD4� CD8� events were
considered double-positive T cells.

Mitogenic cell stimulation. PBMC, spleen, and MLN cells were plated
in 96-well plates (2 � 105 cells/well) in a final volume of 200 �l complete
medium at 37°C under 5% CO2. Twenty microliters of concanavalin A
(ConA) (25 �g/ml) or 20 �l of LPS (20 �g/ml) was added on day 0 (n �
3 wells per sample per stimulant). [3H]thymidine (Perkin Elmer, Boston,
MA) was added 72 h after the initiation of the mitogenic stimulation at a
concentration of 1 �Ci per well, and plates were incubated for an addi-
tional 24 h. Plates were stored at �80°C until analysis. Cells were har-
vested (Harvester 96 Mach III M; TomTec, Hamden, CT) onto 1.5-�m
glass fiber filter paper (Skatron Instruments, Sterling, VA) and put into
vials containing 7 ml Ultima Gold F scintillation fluid (Perkin Elmer,
Waltham, MA). Samples were counted on a Beckman Coulter, LS 6500
scintillation system (Brea, CA). Data are expressed as a change in counts
per minute (�cpm), which was obtained by subtracting counts from un-
stimulated control wells from counts for wells with mitogens. Samples
were analyzed in triplicate. Data analysis was performed on log-trans-
formed �cpm values.

Influenza vaccine preparation for ex vivo analyses. Prior to use in ex
vivo assays, influenza vaccine was dialyzed to remove additives that inhibit
cell proliferation. The vaccine solution was placed in Spectra/Por 4 dialy-
sis membranes (Spectrum Laboratories, Rancho Dominguez, CA) and
submerged in PBS for 24 h at 4°C. The protein content of predialyzed and
dialyzed influenza vaccine was assessed using a Bradford assay (Quick
Start Bradford; Bio-Rad, Hercules, CA). Both samples contained 130 �g
protein/ml.

Assessment of cell-mediated response to influenza vaccine antigen.
The cell-mediated immune (CMI) response of the piglets was monitored
by stimulating PBMC and spleen cells with the dialyzed influenza vaccine
solution ex vivo. This strategy had previously been used to assess CMI in
response to the influenza vaccine in human subjects (24). Cells (2 � 105)
were added to each well of round-bottom microtiter plates in 150 �l of
complete cell culture medium. Fifty microliters of dialyzed influenza vac-
cine (0.875, 1.75, 3.5, or 7 �g/ml) was added to each well (n � 3 wells per
sample per stimulant). On day 4, [3H]thymidine (Perkin Elmer, Boston,
MA) was added at a concentration of 1 �Ci per well, and plates were
incubated overnight. For this antigen-specific assay, cells were treated and
analyzed as described above for mitogen stimulation.

Assessment of influenza vaccine-specific antibody response. An en-
zyme-linked immunosorbent assay (ELISA) was used to detect swine IgG
specific for influenza virus antigens. Flat-bottom plates (Nunc, Rochester,
NY) were coated with dialyzed influenza vaccine at a 1:80 dilution in

coating buffer (0.5 M carbonate-bicarbonate buffer, pH 9.6) and incu-
bated overnight at 4°C. Following incubation, 200 �l of PBS–10% fetal
bovine serum (FBS) was added to each well to block nonspecific binding.
Following incubation (1 h at 4°C), the plate was washed three times with
PBS– 0.05% Tween 20. Duplicate serum samples (50 �l) diluted in PBS–
10% FBS were added to each well, and plates were incubated for 1 h at
37°C. Positive stock serum was run on each plate in dilutions ranging
from 1:100 to 1:1,600. A standard curve was made using these dilutions.
Samples were diluted to fall within the linear range of the standard curve.
Plates were washed three times with PBS–Tween. Fifty microliters of goat
anti-pig IgG (GeneTex, Irvine, CA), not gamma chain specific, conjugated
to peroxidase, was added to each well at a dilution of 1:400 in PBS–10%
FBS. Following 1 h of incubation at 37°C, the plate was washed three times
with PBS– 0.05% Tween. Fifty microliters of tetramethylbenzidine (TMB)
substrate reagent (BD Biosciences) was added, and plates were incubated
at room temperature (RT) for 20 min. Then, 50 �l 2 N sulfuric acid was
added. The plate was analyzed on a spectrophotometer (SpectraMax M2e;
Molecular Devices, Sunnyvale, CA) at 450 nm. Influenza vaccine-specific
IgG is expressed in arbitrary units calculated from the linear portion of the
standard curve.

Assessment of serum total immunoglobulin levels. Total serum im-
munoglobulin levels were detected by ELISA using porcine IgG, IgM, and
IgA quantification sets (Bethyl Laboratories, Montgomery, TX). A 96-
well, flat-bottom plate (Nunc, Rochester, NY) was coated with 100 �l
coating antibody (no. of �g of coating antibody as suggested by the man-
ufacturer, diluted in 0.05 M carbonate-bicarbonate buffer, pH 9.6) and
incubated overnight at 4°C. The antibody solution was poured off, and the
plate was washed three times with PBS– 0.05% Tween 20. The plates were
blocked with 300 �l of 3% BSA-PBS for 1 h at RT. The plates were washed
as before. Serum samples were serially diluted in 0.05% gelatin-PBS and
added to the wells in duplicate (100 �l per well), and plates were incubated
for 1 h at RT. Samples for standard curves were used as directed. Plates
were washed as before, and 100 �l HRP-conjugated detection antibody
(concentration as recommended by the manufacturer) in 0.05% gelatin-
PBS was added to each well. Plates were protected from light and incu-
bated for 1 h at RT. Plates were washed four times with PBS-Tween 20.
One hundred microliters TMB reagent solution (OptEIA; BD Biosciences,
San Diego, CA) was added to each well and allowed to develop protected
from light at RT for the time recommended by the manufacturer. The
reaction was stopped with 100 �l 2 N sulfuric acid per well. The absor-
bance was read at 450 nm with 570-nm correction using a spectropho-
tometer (SpectraMax M2e; Molecular Devices, Sunnyvale, CA). Total im-
munoglobulin values were determined based on a standard curve that was
run on each plate.

Tissue mRNA expression. Total RNA was extracted from snap-frozen
IPP, ASC, MLN, and spleen samples with TRIzol reagent (Invitrogen,
Carlsbad, CA). RNA was quantified by spectrophotometry (absorbance at
260 nm) using a Nanodrop 1000 instrument (Thermo Scientific, Rock-
ford, IL). The RNA concentration was adjusted to 0.25 �g/ml using
RNase-free water. RNA quality was assessed by using a 2100 bioanalyzer
(Agilent Technologies, Inc., Santa Clara, CA). All samples had an RNA
integrity number (RIN) greater than 6. Reverse transcription was per-
formed on 3 �g total RNA in a reaction volume of 20 �l (high-capacity
cDNA reverse transcription kit; Applied Biosystems, Foster City, CA).
Quantitative real-time PCR was conducted using SYBR green (Applied
Biosystems Inc.), and data were collected using the TaqMan ABI 7900
PCR system (Applied Biosystems Inc.). A total of 40 PCR cycles were run.
Primers used are listed in Table 1, and final primer concentrations were
300 nM. The relative standard curve method was used for quantitation.
Standard curves consisted of dilutions of pooled spleen cDNA. �-Actin
was used as the internal standard reporter gene. Normalized values for
each target were calculated by dividing the target quantity mean by the
�-actin quantity mean. A fold difference was calculated for each measure-
ment by dividing the normalized target values by the normalized calibra-
tor sample. Tissue from the day 21, formula-fed, nonvaccinated (NV)
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animals was used as the calibrator in each instance. All samples that were
statistically compared to each other were run on the same plate.

Statistical analysis. Statistical analyses were performed using the soft-
ware program SAS (SAS, Cary, NC). Body weight, formula intake, and
assessment of antibody response were tested between groups by repeated-
measures analysis of variance (ANOVA). All other data were analyzed by
2-way ANOVA using the general linear model (GLM) procedure to de-
termine the effects of diet and vaccination or time and their interactions.
In the event of a significant main effect being significant, a post hoc least-
significant-difference test was used. Statistical significance was defined as
a P value of 	0.05, and trends were reported as a P value of 	0.10. Data
are presented as means 
 standard deviations (SD).

RESULTS

Because dietary WGP had no effects on the outcomes measured,
the results, tables, and figures for all measurements except WGP
intake, body weight, intestinal weight, and intestinal length in-
clude only control (WGP0) and high-dose WGP (WGP90) treat-
ments.

Formula intake, body weight, intestinal weight, and intesti-
nal length. Daily formula intake averaged 808 
 167 ml/day/pig
for the first week and 1,488 
 129 ml/day/pig during the last 2
weeks of the study. Mean WGP intakes over the 21-day period
were 0 
 0, 4.6 
 0.6, 46.1 
 7.7, and 225.1 
 26.6 (mg/day) for
WGP0, WGP1.8, WGP18, and WGP90, respectively. At day 21, as
planned, mean WGP intakes were 0 
 0, 1.7 
 0.2, 16.5 
 1.6, and
86.1 
 10.0 (mg/kg BW) for WGP0, WGP1.8, WGP18, and
WGP90, respectively (Table 2). Body weight, small intestinal
weight, and small intestinal length were not affected by WGP sup-
plementation (Table 2). Additionally, vaccination did not influ-

ence formula intake or body weights. Thus, addition of WGP to
formula did not affect BW or intestinal growth.

Immunohistochemistry and histomorphology. To deter-
mine if WGP had an effect on intestinal development, ileal CD3�

T lymphocytes, as well as ileal villus length and ASC cuff depth,
were measured. There was a tendency (P � 0.1218) for increasing
dietary WGP to decrease numbers of CD3� cells in the ileal villi of
21-day-old animals (Fig. 1A). Additionally, ASC cuff depth, ileal
villus length, and ileal crypt depth at day 21 were not affected by
dietary WGP supplementation (Fig. 1B). Therefore, intestinal
growth and intestinal T cell numbers were unaffected by chronic
enteral WGP administration.

T cell populations. T cell phenotypes in PBMC, spleen, MLN,
and IPP were evaluated by flow cytometry. No diet or vaccination
effects were seen in T cell populations for T helper cells, but T
helper cells were significantly increased on day 21 compared to
levels on day 7 in all tissues (Table 3). Conversely, cytotoxic T cells
were significantly decreased on day 21 compared to levels on day 7
in all tissues (Table 4). The T helper/cytotoxic T cell ratio was
higher at day 21 in MLN, but in IPP it was higher at day 7 (Fig. 2A).
As previously reported (49), the doubly positive T cell populations
were greater on day 21 than on day 7 in MLN, IPP, spleen, and
PBMC (Fig. 2B).

Mitogenic cell stimulation and assessment of cell-mediated
response. Proliferation was evaluated to determine if cells isolated
from animals fed WGP or vaccinated with influenza vaccine
showed increased proliferation to mitogens. LPS- or ConA-stim-
ulated PBMC, spleen, and MLN cells from all animals proliferated

TABLE 1 Primers used for quantitative RT-PCR

Gene product Forward primer (5= to 3=) Reverse primer (5= to 3=) GenBank accession no.

�-Actina CACGCCATCCTGCGTCTGGA AGCACCGTGTTGGCGTAGAG DQ845171.1
Dectinb CTCTCACAACCTCACCAGGAGAT CAGTAATGGGTCGCCAATAAGG FJ386384.1
IL-2c TCAACTCCTGCCACAATGT CTTGAAGTAGGTGCACCGT EU139160.1
IL-12 p35c CGTGCCTCGGGCAATTATAA CAGGTGAGGTCGCTAGTTTGG NM_213993.1
IL-4d TTGCTGCCCCAGAGAAC TGTCAAGTCCGTCAGG AY294020
IL-10d CAGATGGGCGACTTGTTG ACAGGGCAGAATTGATGAC L20001
IL-6c CTGGCAGAAAACAACCTGAACC TGATTCTCATCAAGCAGGTCTCC AB194100.1
IL-1�c AACGTGCAGTCTATGGAGT GAACACCACTTCTCTCTTCA NM 214055.1
TNF-�c AACCTCAGATAAGCCCGTCG ACCACCAGCTGGTTGTCTTT EU682384.1
TGF-�2c TGTGTGCTGAGCGCTTTTCT GAGCGTGCTGCAGGTAGACA L08375.1
a Reference 30.
b Reference 40.
c Reference 8.
d Reference 10.

TABLE 2 Body weight, WGP intake averaged over time and absolute WGP intake, and total small intestinal weight and length

Measurementa

Value for diet groupb

Day 7 Day 21

WGP0 WGP1.8 WGP18 WGP90 WGP0 WGP1.8 WGP18 WGP90

Avg body wt (kg) 2.3 
 0.4 2.3 
 0.7 2.2 
 0.3 2.3 
 0.5 4.1 
 0.7 4.5 
 0.7 4.5 
 0.8 4.3 
 0.5
Avg WGP intake over 7- or 21-day period (mg/day) 0 
 0 2.7 
 0.7 25.5 
 3.7 45.0 
 9.9 0 
 0 4.6 
 0.6 46.1 
 7.7 225.1 
 26.6
WGP intake at d7 or d21 (mg/kg body wt) 0 
 0 1.8 
 0.0 17.6 
 0.3 88.2 
 1.1 0 
 0 1.7 
 0.2 16.5 
 1.6 86.1 
 10.0
Small intestinal wt (g kg body wt) 40 
 9 46 
 4 39 
 7 42 
 4 43 
 6 42 
 4 40 
 4 41 
 9
Small intestinal length (cm/kg body wt) 229 
 28 212 
 67 223 
 23 255 
 39 160 
 39 160 
 21 156 
 29 164 
 21
a d, day.
b Data are expressed as means 
 SD.
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more than unstimulated cells (P 	 0.0001). Data are expressed as
changes in counts per minute (�cpm), which were obtained by
subtracting counts from unstimulated control wells from counts
for wells with mitogens, which is why unstimulated data are not
shown. All animals responded to LPS or ConA similarly, indepen-

dent of in vivo treatment of WGP or vaccination (Table 5). Influ-
enza vaccine treatment of 0.875, 1.75, 3.5, and 7 �g/ml did not
stimulate proliferation compared to results for unstimulated cells
in the blood and spleen for vaccinated or nonvaccinated piglets
(P � 0.05) (data not shown).

FIG 1 Immunohistochemistry and histomorphology for 21-day animals. (A) Number of CD3 cells per 100 �m2 of ileum villus did not differ by dietary treatment
(P � 0.12). (B) Dietary WGP did not affect ASC colon cuff depth (P � 0.54), ileal villus length (P � 0.15), or ileal crypt depth (P � 0.55). Values are expressed
as means 
 SD.

TABLE 3 T helper cell populationsa

Tissue Day

% T helper cells

P valueWGP0 WGP90

NV V NV V Modelb (day) Modelc

PBMC 7 35.8 
 22.9 34.2 
 26.1
PBMC 21 48.6 
 5.8 41.6 
 20.1 53.0 
 16.1 45.4 
 14.5 0.5476 (0.0294) 0.8875
Spleen 7 32.6 
 24.3 24.2 
 22.8
Spleen 21 40.7 
 11.9 33.4 
 16.8 43.3 
 14.3 45.7 
 11.5 0.3909 (0.0358) 0.5992
MLN 7 46.2 
 24.8 35.4 
 30.1
MLN 21 64.3 
 10.2 60.8 
 7.9 65.0 
 11.3 62.0 
 9.9 0.0255 (0.0003) 0.5500
IPP 7 45.5 
 33.6 24.2 
 22.4
IPP 21 50.7 
 13.7 44.4 
 21.7 60.1 
 21.1 44.4 
 23.6 0.3216 (0.0481) 0.9481
a Data are expressed as means 
 SD. Values are CD45� CD3� CD4� CD8� events as a percentage of CD45� CD3� events. NV, nonvaccinated; V, vaccinated.
b “Model” included diet, day, and interaction: model P value (day P value). All diet and interaction P values � 0.05.
c “Model” included diet, vaccination, and interaction. All diet, vaccination, and interaction P values � 0.05.
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Assessment of influenza vaccine-specific antibody response.
Vaccine-specific serum IgG levels were measured to determine if
dietary WGP would improve the humoral response to vaccina-
tion. Serum influenza vaccine-specific IgG was similar in all vac-
cinated animals at all time points regardless of dietary treatment
(Fig. 3). Vaccinated animals had a significantly larger amount of
influenza vaccine-specific IgG than nonvaccinated animals at day
14 and day 21 (P 	 0.0001). Day 21 piglets had a greater vaccine
response than day 14 piglets (P 	 0.0001). Influenza vaccine-
specific IgG is low on day 7, which implies that sows and piglets
were negative for influenza virus antibodies at the start of the
study.

Assessment of total serum immunoglobulin levels. To deter-
mine if dietary WGP could increase total immunoglobulin con-
centrations, sera from the WGP0 and WGP90 groups were ana-
lyzed for serum IgG, IgM, and IgA concentrations at day 7, day 14,
and day 21. Serum IgG concentrations were higher (P 	 0.05) at
day 7 than at day 14 and day 21 (Fig. 4A). However, serum IgG
concentrations were unaffected by diet and vaccination. WGP0
piglets had higher (P � 0.04) serum IgM concentrations than
WGP90 piglets (Fig. 4B). However, serum IgM concentrations
were unaffected by vaccination and day. Serum IgA concentra-
tions were higher (P 	 0.05) at day 7 than at day 14 and day 21
(Fig. 4C). However, serum IgA concentrations were unaffected by
vaccination and diet.

Tissue mRNA abundance. Based on previous studies where
�G influenced cytokines (20, 47), we examined cytokine mRNA
expression. In addition, mRNA levels of dectin-1, a primary re-
ceptor for �G, was measured to test if dietary WGP would regulate
the receptor’s expression. Measurement of mRNA levels also en-
abled the determination of developmental or vaccination effects.
Expression of dectin-1 did not change in IPP, MLN, ASC, or
spleen in response to chronic dietary WGP administration (Tables
6 and 7). No dietary or vaccination differences in the relative
abundances of cytokine mRNAs were detected in whole-tissue
samples of MLN, IPP, or ASC from 21-day animals (Table 6). In
addition, neither WGP supplementation nor day affected mRNA
abundance in the spleen. However, vaccination significantly in-
creased (P 	 0.05) interleukin 2 (IL-2), IL-4, IL-6, and dectin
mRNA abundance in whole spleen tissue from 21-day animals
(Table 7). IL-1�, IL-10, IL-12, tumor necrosis factor alpha (TNF-
�), or TGF-�2 mRNA abundance in whole spleen tissue was not
altered.

DISCUSSION

At birth, the neonatal immune system is Th2 polarized (14). For-
mula-fed neonates also produce less-robust antibody responses to
vaccination than breast-fed infants (31, 32, 34, 36, 38). It was
hypothesized that supplementation of formula with a yeast prod-
uct, WGP, would potentiate immune system responses to vacci-
nation and boost the overall immune system in formula-fed pig-
lets. However, dietary WGP had no effect on intestinal or systemic
immune development in full-term, colostrum-fed, neonatal pig-
lets. Importantly, no adverse effects of orally administered WGP
were observed, and WGP did not negatively impact the expected
immune system development. Studies examining the effects of �G
on the local intestinal immune response in neonatal pigs are
scarce. The experiment presented herein allowed for the local in-
testinal immune response to be examined in tissues in addition to
being monitored in the blood.

Other studies have shown �G to impact immune development.
In our study, lymphocyte populations (PBMC, MLN, spleen, or
IPP) were not altered by WGP supplementation, nor was prolif-
eration affected (PBMC, MLN, spleen). Previous literature has
shown �G effects on lymphocyte populations. Levels of CD4� and
CD8� T cells were higher in weaned pigs fed Saccharomyces cerevi-
siae-derived �G-supplemented diets than in pigs fed control diets
(17). However, it took 8 weeks for this effect to be detected. In
contrast, animals in our study were fed WGP for a total of 3 weeks.
We vaccinated and boosted such young pigs in a close interval
because we are interested in early immune development. In an-
other study looking at older animals, spleen cells from mice sup-
plemented with one to five intragastric �G treatments (obtained
from culture filtrate of the fungus Sclerotinia sclerotiorum IFO
9395) proliferated more strongly when stimulated with T or B cell
mitogens than did those from control mice (44). Not only were
the animals older in that study, but also �G was administered in a
more concentrated form over a shorter time period than in our
study. Others have shown that cells directly treated with some
forms of �G proliferate more than untreated cells (41). In other
studies, �G from S. cerevisiae has been shown to enhance the
activities of natural killer cells and peritoneal macrophages, as
well as stimulating cytotoxic T lymphocytes, B cells, and mac-
rophages in mice (11). However, these effects were seen only
when �G was applied to cells in vitro or administered intraperi-
toneally (i.p.). We did not evaluate the effects of WGP added to

TABLE 4 Cytotoxic T cell populationsa

Tissue Day

% cytotoxic T cells

P valueWGP0 WGP90

NV V NV V Modelb (day) Modelc

PBMC 7 23.8 
 28.6 24.6 
 24.9
PBMC 21 10.4 
 5.8 7.3 
 3.7 7.1 
 2.3 8.8 
 6.4 0.0443 (0.0006) 0.7515
Spleen 7 21.6 
 26.8 24.1 
 23.0
Spleen 21 6.2 
 3.0 4.9 
 2.9 5.6 
 2.7 6.8 
 3.1 0.0015 (	0.0001) 0.7926
MLN 7 19.5 
 24.1 30.4 
 32.3
MLN 21 8.4 
 4.3 8.7 
 6.7 6.2 
 2.7 9.6 
 5.5 0.0058 (	0.0001) 0.7894
IPP 7 12.8 
 24.5 19.4 
 25.7
IPP 21 3.6 
 2.3 5.5 
 4.3 5.2 
 6.4 3.8 
 2.1 0.5446 (0.0323) 0.5301
a Data are expressed as means 
 SD. Values are CD45� CD3� CD8� CD4� events as a percentage of CD45� CD3� events. NV, nonvaccinated; V, vaccinated.
b Model included diet, day, and interaction: model P value (day P value). All diet and interaction P values � 0.05.
c Model included diet, vaccination, and interaction: model P value (vaccination P value). All diet, vaccination, and interaction P values � 0.05.
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cells in culture because we are primarily interested in assessing
the effects from dietary exposure in vivo and not direct effects
on immune cells in vitro. In addition, WGP may be a less bio-
logically active form of �G than those used in studies men-

tioned above. However, the WGP used in our study is a clini-
cally relevant �G, since it is generally recognized as safe for
infants by the U.S. FDA. Thus, differences in our results from
those previously reported could be due to the ages of the ex-
perimental subjects, the mode/length of administration of
WGP, or the specific �G used.

It is possible that an immunocompromised immune system is
needed to see the effects of WGP. As such, our ability to detect
significant changes in body weight, intestinal growth, and im-
mune status with dietary WGP treatment may have been limited
by the fact that full-term, colostrum-fed piglets rather than dis-
eased or immunocompromised animals were used in our studies.
In fact, dietary supplementation of weaned pigs with �G Original
XPC yeast culture (Diamond V, Cedar Rapids, IA) improved
growth in pigs challenged with Salmonella (35), and WGP given
orally increased the survival rate of mice infected with anthrax

FIG 2 T helper cells, cytotoxic T cells, and double-positive T cells in 7-day and 21-day piglets. (A) The ratio of CD45� CD3� CD4� CD8�/CD45� CD3� CD8�

CD4� T cells was significantly higher on day 21 than on day 7 (P � 0.009) in MLN and significantly higher on day 7 than on day 21 (P � 0.046) in IPP. (B) The
percentage of double-positive (CD45� CD3� CD4� CD8�) T cells was significantly higher on day 21 in MLN, IPP, spleen, and PBMC (P � 0.0113, 0.03, 0.045,
and 0.004, respectively). Values are expressed as means 
 SD. �, P 	 0.05.

TABLE 5 Proliferation of PBMC, spleen, and MLN cells at day 21a

Cell
type

Proliferation (log �cpm) with stimulation by:

LPS ConA

WGP0 WGP90
Modelb

P value WGP0 WGP90
Modelb

P value

PBMC 3.0 
 3.3 2.7 
 2.7 0.9465 4.8 
 4.9 4.5 
 4.3 0.8181
Spleen 3.6 
 3.8 4.1 
 4.1 0.1541 4.6 
 4.6 4.7 
 4.7 0.8690
MLN 2.9 
 3.4 3.3 
 3.5 0.2212 5.1 
 4.4 5.1 
 4.4 0.7964
a Data are expressed as means 
 SD.
b Model included diet as a main effect.

Effects of Dietary �-Glucan on Development

September 2012 Volume 19 Number 9 cvi.asm.org 1505

 on M
arch 26, 2015 by U

N
IV

 O
F

 C
A

LG
A

R
Y

http://cvi.asm
.org/

D
ow

nloaded from
 

http://cvi.asm.org
http://cvi.asm.org/


(26). Finally, WGP has demonstrated effectiveness by switching a
Th2 response to a protective Th1 cell-mediated response in tu-
mor-bearing mice when it was given orally and combined with
antitumor monoclonal antibodies (3). Thus, the health of our
animals may have limited our ability to detect effects of WGP
supplementation, but the study was designed to assess effects in
healthy formula-fed infants using an FDA-approved �G.

However, some differences in mRNA levels based on the vac-
cination status of an animal were observed. Tissue mRNA abun-
dances of IL-2, IL-4, IL-6, and dectin were significantly higher in
whole spleen tissue from 21-day vaccinated animals compared to
those from nonvaccinated animals. Previously these cytokines
have not been found to be significantly increased in serum con-
centrations of adults vaccinated against influenza (6). However,
blood cultures from infants who had been vaccinated against tu-
berculosis (TB) had a greater cytokine response when exposed to
TB for 15 out of 21 cytokines tested, including IL-2, IL-4, and IL-6
(27). Most cytokines tested tended to be increased, although not
all were increased significantly, for vaccinated animals than for
nonvaccinated animals. Because we collected samples on day 7,
prior to vaccination, and on day 21, 1 week after the last vaccina-
tion, our ability to detect some cytokine differences was compro-
mised.

Although cytokine expression was increased due to vaccina-
tion in our study, a WGP effect on the influenza vaccine vaccina-
tion response was not seen. We used an ELISA to measure anti-
body concentrations, since it is more sensitive than the
hemagglutination assay (45). Our lab has shown that an influenza
virus hemagglutination inhibition (HI) assay was not able to de-
tect influenza virus antibodies in our nonvaccinated or vaccinated
piglets, confirming the lack of sensitivity of the HI assay (data not
shown). Our current WGP study suggests that dietary WGP does
not improve immune response to influenza vaccination in a full-
term, colostrum-fed, and otherwise healthy neonatal piglet pop-
ulation. This is surprising, since a number of studies have shown

FIG 3 Influenza vaccine-specific serum IgG levels. Piglets were vaccinated on
day 7 and day 14 with a 0.25-ml i.m. injection of human influenza vaccine. A
prevaccination blood sample was drawn on day 7, and blood samples were
collected longitudinally from all piglets on day 14 and day 21. On day 14 and
day 21, vaccinated piglets had greater serum influenza vaccine-specific IgG
than nonvaccinated piglets (P 	 0.0001). Vaccinated piglets had greater serum
influenza vaccine-specific IgG levels at day 21 than at day 14 (P 	 0.0001).
Values are expressed as means 
 SD. Repeated-measures ANOVA: overall
model, P � 0.02; diet, P � 0.17; day, P 	 0.001; and diet-day interaction, P �
0.68.

FIG 4 Total serum IgG, IgM, and IgA concentrations. Data are expressed as
means 
 SD. Data with different letters are significantly different. (A) Total
serum IgG concentrations were higher on day 7 than on day 14 and day 21 (P �
0.002). No diet (P � 0.6) or vaccination (P � 0.88) differences were detected.
Model, P � 0.002; day, P 	 0.0001; diet, P � 0.6; and day-diet interaction, P �
0.49. (B) Total serum IgM concentrations were higher in WGP0 piglets than in
WGP90 piglets (P � 0.04). No day (P � 0.09) or vaccination (P � 0.23)
differences were detected. Model, P � 0.04; day, P � 0.09; diet, P � 0.01; and
day-diet interaction, P � 0.80. (C) Total serum IgA concentrations were
higher on day 7 than on day 14 or day 21 (P 	 0.0001). No diet (P � 0.49) or
vaccination (P � 0.17) differences were detected. Model, P 	 0.0001; day, P 	
0.0001; diet, P � 0.49; and day-diet interaction, P � 0.32.
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that �G supplementation improves immune responses. A number
of other studies, however, have shown little effect of �G supple-
mentation on the antibody response to systemic immunization.
For instance, yeast �G did not enhance the efficacy of vaccinations
for porcine reproductive and respiratory syndrome (PRRS) virus
(19) or different enterotoxinogenic Escherichia coli (ETEC) anti-
gens (12). Additionally, dietary WGP did not affect antibody or
cell-mediated immune responses to influenza virus vaccination in
mice (33). �G from S. cerevisiae supplemented to piglets vacci-
nated with an atrophic rhinitis vaccine actually caused pigs to
produce fewer antigen-specific antibodies (17), but pigs supple-
mented with �G from S. cerevisiae injected with ovalbumin pro-
duced more antibodies (28). An oral dietary supplement may have
a greater chance of affecting an oral vaccination than an i.m. vac-
cination. However, most vaccinations are administered i.m., with
the exception of the rotavirus vaccine. Additionally, we have tried
to use an oral rotavirus vaccine with our piglet model, but we
could not detect an effect of vaccination on antibody titer (unpub-
lished observation). This is likely because rotavirus commonly
infects pig herds, and so maternally transferred antirotavirus an-
tibody levels were high. Ultimately, we are interested in the effects
of oral �G on immune development, and our functional outcome
was antibody production in response to an i.m. vaccination, since
the majority of neonatal vaccinations are given i.m.

To gain a perspective of systemic immune development of pig-
lets, total serum IgG, IgM, and IgA concentrations were measured.
Our developmental study showed results similar to the findings of
Bourne et al. (9). We found that the serum IgG concentrations
were higher (P 	 0.05) at day 7 than at day 14 and day 21. Serum
IgM concentrations were higher (P 	 0.05) in WGP0 piglets than
in WGP90 piglets. IgA serum concentrations were higher at day 7
than at day 14 and day 21 (P 	 0.05). Our previous developmental

study, as well as Bourne’s research, suggests that this is a typical
developmental pattern in pigs receiving colostrum (9), where ma-
ternal antibody is transferred to the piglets’ circulation early and
disappears over time due to normal protein turnover. WGP sup-
plementation only moderately affected total IgM and had no effect
on total IgG or IgA levels.

One potential source of variation seen in these studies may be
the form of �G utilized. �G can be extracted from a number of
sources, and these forms have been shown to have various activity
levels. Although the molecular structures of the various �G chains
with branch points at 1,3/1,6 are highly conserved, the three-di-
mensional structure of the molecule can be different among or-
ganisms and depends on the chain length, branch type, and
branch frequency. The method by which �G are processed or
manufactured can also have a significant impact on their immune
stimulatory activity (7, 29) (37) (39) (46). There are also data that
indicate that more water-soluble polymers are more active, and
related to that, the immunopotentiating activity of �G can depend
on the helical conformation and on the presence of hydrophilic
groups located on the outside surface of the helix. Evidence also
suggests that the activity is dependent on the size, with high-mo-
lecular-weight (100,000 to 200,000) fractions being most active,
while fractions from the same source with molecular weights of
5,000 to 10,000 show no activity (5, 15, 25). Thus, the physical
structure of WGP may have limited its ability to affect change
when administered orally. Again, we utilized WGP since it is a
clinically relevant �G, which is generally recognized as safe by the
FDA for the population we wanted to target.

In conclusion, the effects of orally administered �G on immu-
nity vary by �G source and animal model. Further studies are
needed to examine the effectiveness of modulating the neonate’s
immune system with different forms of �G.

ACKNOWLEDGMENTS

This work was funded by Abbott Nutrition, Columbus, OH.
We thank Barbara Pilas and Ben Montez from the University of

Illinois Roy J. Carver Biotechnology Center, Flow Cytometry Core Facil-
ity, for their expertise and guidance on flow staining and analysis. Special
thanks also go to the members of the Donovan laboratory for assistance
with piglet care and tissue processing.

Sharon Donovan and Jeff Woods have received grant funding from
Abbott Nutrition. Sharon Donovan has served as a paid consultant for

TABLE 7 Cytokine and dectin mRNA expression in spleen of
nonvaccinated and human influenza vaccine-treated 21-day-old pigletsa

Cytokine
or dectin

mRNA expression

Model P valueb

(vaccination)

NV V

WGP0 WGP90 WGP0 WGP90

IL-2 1.0 
 1.1 1.3 
 1.1 12.4 
 5.9 2.5 
 2.4 0.0321 (0.0056)
IL-12 1.0 
 1.1 13.8 
 4.7 6.3 
 3.9 2.8 
 1.4 0.4981 (0.6394)
IL-4 1.0 
 0.5 0.6 
 0.4 3.8 
 1.5 1.3 
 0.7 0.0004 (	0.0001)
IL-6 1.0 
 0.5 1.0 
 0.4 3.1 
 1.1 2.2 
 1.6 0.0299 (0.001)
TNF-� 1.0 
 0.3 3.3 
 2.7 5.3 
 1.5 2.1 
 1.7 0.1388 (0.0451)
Dectin 1.0 
 0.6 0.6 
 0.4 4.3 
 2.8 1.4 
 0.6 0.0226 (0.0046)
TGF-�2 1.0 
 0.3 1.9 
 2.7 6.4 
 4.5 1.6 
 1.0 0.0500 (0.084)
a Data are expressed as mean 
 SD, relative to fold difference of gene expression in day
21 nonvaccinated formula diet group. NV, nonvaccinated; V, vaccinated.
b Model included diet, vaccination, and interaction: model P value (vaccination P
value). All diets and interaction were nonsignificant (P � 0.05).

TABLE 6 Cytokine and dectin mRNA expression in MLN, IPP, and
ASC of nonvaccinated and influenza vaccine-treated 21-day-old pigletsa

Sample and
cytokine or
dectin

mRNA expression

Model P
valueb

NV V

WGP0 WGP90 WGP0 WGP90

MLN
IL-2 1.0 
 0.7 0.5 
 0.5 1.3 
 0.3 0.5 
 0.4 0.1601
IL-12 1.0 
 0.6 0.5 
 0.4 0.4 
 0.4 0.7 
 0.3 0.4369
IL-4 1.0 
 0.4 0.6 
 0.3 1.1 
 0.3 1.1 
 0.3 0.4978
Dectin 1.0 
 0.3 0.6 
 0.5 0.8 
 0.5 0.9 
 0.3 0.6668

IPP
IL-2 1.0 
 0.6 0.8 
 0.3 1.2 
 0.4 3.6 
 0.2 0.3157
IL-12 1.0 
 0.3 0.8 
 0.2 1.0 
 0.6 1.5 
 0.2 0.7665
IL-4 1.0 
 0.3 1.4 
 0.1 1.6 
 0.2 1.0 
 0.2 0.1392
Dectin 1.0 
 0.2 2.5 
 0.2 2.0 
 0.1 1.2 
 0.1 0.4426

ASC
IL-2 1.0 
 0.2 0.8 
 0.7 0.6 
 2.0 1.0 
 0.2 0.5407
IL-12 1.0 
 0.4 0.9 
 0.4 0.4 
 0.8 1.1 
 1.3 0.7454
IL-4 1.0 
 0.3 0.2 
 1.0 0.3 
 0.8 1.1 
 0.9 0.9978
Dectin 1.0 
 1.1 0.4 
 0.5 0.2 
 0.3 0.3 
 0.2 0.4514

a Data are expressed as means 
 SD relative to fold difference of gene expression in
nonvaccinated, formula diet samples at day 21. NV, nonvaccinated; V, vaccinated.
b Model included diet and vaccination. Interaction between diet and vaccination was
previously run and was found to be nonsignificant. All diet and vaccination P values �
0.05.
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Follow-up Formula Consumption in 3- to 4-Year-Olds
and Respiratory Infections: An RCT

WHAT’S KNOWN ON THIS SUBJECT: Inadequate nutrient intake
can compromise a child’s nutritional status, which may affect
immune function. Improving dietary intake via a follow-up formula
may support appropriate immune responses and improve
a child’s ability to resist infection.

WHAT THIS STUDY ADDS: Children who consumed an
experimental follow-up formula had fewer episodes and shorter
duration of acute respiratory infections, as well as less antibiotic
treatment, and fewer days missed of day care due to illness.

abstract
OBJECTIVE: Children are vulnerable to diet inadequacies, which may
affect immune function. Our objective was to determine if a follow-up
formula (FUF) containing DHA, the prebiotics PDX and GOS, and yeast
b-glucan affects incidence of respiratory infections and diarrheal
disease in healthy children.

METHODS: In a double-blind, randomized, controlled, prospective trial,
3-4 year old children were fed 3 servings per day of either a FUF with 25
mg DHA, 1.2 g PDX/GOS, and 8.7 mg yeast b-glucan per serving or an
unfortified, cow’s milk-based beverage (control) for 28 weeks. Fecal
and blood samples were collected to assess immune markers and
iron/zinc status. Incidence of acute respiratory infections (ARI),
diarrheal disease, and antibiotic treatment were obtained from
medical records.

RESULTS: The FUF group had fewer episodes and shorter duration of
ARI (mean days [SE]; control = 4.3 [0.2]; FUF = 3.5 [0.2]; P = .007), less
antibiotic use (n [%]; control = 21 [14%]; FUF = 8 [5%]; P = .01), and
fewer missed days of day care due to illness. No diarrheal disease
was diagnosed in either group. The FUF group had higher interleukin-
10 and white blood cell count at the end of the study. There were no
differences in hemoglobin, serum ferritin and zinc, or fecal secretory
immunoglobulin A.

CONCLUSIONS: Daily consumption of a FUF was associated with fewer
episodes and shorter duration of ARI, as well as less antibiotic use. The
children who consumed the FUF had increased interleukin-10 and
white blood cells, suggesting an antiinflammatory mechanism and/
or an increase of effector immune cells. Pediatrics 2014;133:e1533–
e1540
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Children experience rapid growth and
are vulnerable to diet inadequacy,
which may affect immune function.1,2

The transition from a diet of human
milk and/or infant formula to a diet
consisting of cow’s milk, nonmilk bev-
erages, and solid foods may compro-
mise a child’s nutritional status.3 Much
of the current understanding of nutri-
tional impact on immune outcomes
derives from animal studies, which are
easily controlled for specific dietary
components or from populations
whose nutrient deficiencies are en-
demic.4 A systematic review of studies
on diets of well-nourished children,5
years of age from developed countries
identified a prevalence of incomplete
adherence to dietary guidelines, in-
dicating that there is room for im-
provement.5

Docosahexaenoic acid (DHA) has been
associated with improved immune out-
comes and fewer respiratory infections
in infants and children.6–9 Previous
studies of children ,6 years of age in
the United States have reported in-
adequate intake of DHA and corre-
sponding low DHA status.7,10 In one
study, children who consumed a cow’s
milk–based formula supplementedwith
DHA had improvedDHA status and fewer
respiratory illnesses, compared with
children consuming unsupplemented
formula.7 Dietary components, such as
prebiotic oligosaccharides, can also in-
fluence host immune responses.11,12

Prebiotics may promote an increase
in beneficial gut bacteria such as
bifidobacteria13,14 and support re-
spiratory and intestinal health.15–17

Another nutrient with immunomodu-
latory properties is yeast b-glucan,
a polysaccharide isolated from the cell
wall of Saccharomyces cerevisiae.18

Consumption of yeast b-glucan has
been associated with fewer symptoms
of acute respiratory infection (ARI) in
healthy adults.19–21 A b-glucan from a dif-
ferent fungal source was reported to

promote an increase of blood NK lym-
phocytes and fewer ARIs in children with
recurrent ARIs.22 However, no data on
immune benefits of dietary intake of
yeast b-glucan in children is currently
available.

Respiratory infections, followed by di-
arrhea, are the leading cause of mor-
bidity and mortality among children,5
years of age in China and worldwide.23

Furthermore, diarrhea can compro-
mise the nutritional status and be
a risk factor for respiratory infections.24

Our objective was to evaluate whether
a follow-up formula (FUF) enriched with
DHA, a prebiotic blend of polydextrose
(PDX) and galacto-oligosaccharides
(GOS), and yeast b-glucan has an ef-
fect on the incidence of ARI and/or di-
arrheal disease in healthy children
attending day care in China.

METHODS

Population

Children (aged 3–4 years) who had
been attending day care for up to 3
months and were consuming cow’s
milk or a cow’s milk–based beverage
before randomization were eligible.
Exclusion criteria were (1) consump-
tion of prebiotics or probiotics in the 15
days before randomization; (2) di-
arrhea or ARI during the 48 hours be-
fore randomization; (3) a z score of
weight-for-height , 23; or (4) serious
concurrent illness. The study sponsor
(Mead Johnson Nutrition, Evansville, IN)
provided a computer-generated ran-
domization schedule and sealed con-
secutively numbered envelopes to the
study site. Study formulas, designated
by unique codes known only to the
sponsor, were assigned by the study site
to eligible children by opening the next
sequential envelope. Product labels and
envelopes were constructed to prevent
unblinding. The study products were
identical in odor, color, and flavor (va-
nilla). The study was conducted at a day
care in Jinhua, Zhejiang Province, China

from November 2011 to May 2012. The
Shanghai Nutrition Society institutional
review board approved the protocol,
and a parent/legal guardian provided
signed informed consent before enroll-
ment.

Design

In this double-blind, randomized, con-
trolled, parallel-designed, prospective
trial, children were fed an experimental
FUF,accordingtotheCODEXAlimentarius
definition,25 enriched with 25 mg DHA,
1.2 g blend of PDX/GOS (1:1 ratio), and
8.7 mg yeast b-glucan (Wellmune WGP,
Biothera, Eagan, MN) per serving, or
a nonenriched, cow’s milk–based bev-
erage (control). Previous studies have
demonstrated health benefits of similar
levels of DHA7 and PDX/GOS26 in chil-
dren. Because of the lack of published
studies in children, the level ofb-glucan
was extrapolated from the efficacious
range of daily intake in adults.20,21 Study
products were given 3 times per day for
28weeks. Each serving consisted of 40 g
of powdermixed with 200 mLwater. See
Table 1 for study product nutrient
composition.

Outcomes

The primary outcome was incidence of
ARI and/or diarrheal disease. ARI was
defined as upper respiratory infections,
including common cold, pharyngitis,
tonsillitis, otitis media, infectious sinusi-
tis and rhinitis, and lower respiratory
infections, including pneumonia, bron-
chiolitis, and bronchitis. Diarrheal dis-
ease was defined as $3 liquid/
semiliquid stools in 24 hours with fever
and/or vomiting and/or dehydration and
compromised general status. Secondary
outcomes included duration of ARI and
diarrheal disease, systemic antibiotic
treatment, allergic manifestations, days
missed at day care due to illness, stool
pattern, and growth. All children were
referred to a single designated study
clinic.
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Stool and blood samples were collected
at baseline and at the end of study to
assess stool parasites by direct mi-
croscopy, peripheral blood cell count,
serum ferritin and zinc, and immune
markers by enzyme-linked immunosor-
bent assay (fecal secretory immuno-
globulin A and serum interleukin [IL]-10,
tumorgrowth factor [TGF]-b1, TGF-b2, IL-
4, and IFN-!). Laboratory analyses were
conducted by R&D Systems (Shanghai,
China). Weight and height measure-
ments were obtained at randomization
and every 4 weeks thereafter and con-
verted into z scores based on World
Health Organization references.27

Sample Size and Statistics

A sample size of 125 per group was
needed to achieve 90%power, assuming

a control group proportion of 0.5 and
a test group proportion of 0.3 at an a
level of .05. The frequencies of ARI, di-
arrheal disease, or allergic manifes-
tations, as well as number of missed
days of day care due to illness, were
compared with the Cochran-Mantel-
Haenszel test. The average duration of
ARI was analyzed by analysis of variance
and antibiotic treatment and incidence
of fecal parasites by Fisher’s exact test.
Fecal and serum immune markers, se-
rum ferritin and zinc, and peripheral
blood count values were compared by
using Kruskal-Wallis test, whereas
changes from baseline to end of study
were analyzed by using analysis of
covariance, with baseline values as
covariates. Stool frequency and consis-
tency and weight and height z scores
were analyzed by using repeated
measures analysis of variance.

RESULTS

Study Population and Clinical
Outcomes

The study initially enrolled 310 children,
and 264 completed the study. Reasons
for discontinuation were participants’
move to another city (control = 13; FUF =
19) or parental decision (control = 10;
FUF = 4). Demographic and baseline
characteristics (race, age, gender dis-
tribution, and anthropometric mea-
sures) were similar between groups,
exceptweight-for-age z-scores of females
(mean z score [SE]; control = 0.3 [0.1]
vs FUF = 0.1 [0.1]; P = .03). During the
study, height-for-age z-scores of females
were higher in the control group
compared to FUF at study week 28.
Both genders in the two groups had
an increase in weight-for-age and
height-for-age z scores from baseline
to end of study (P , .001). Weight-for-
height z scores also increased (girls:
0.2 and 0.1–0.4 and 0.5; boys: 0.9 and
0.5–1.1 and 0.8, in controls and FUF,
respectively; P , .001). Intake of study
products was similar between groups.

Children consuming the FUF had fewer
episodes and shorter average duration
of ARI comparedwith control, and fewer
children in the FUF group were treated
with systemic antibiotics (Table 2 and
Fig 1). The mean duration of each an-
tibiotic treatment was 3 days, and none
of the children received more than
a single course of antibiotics.

The FUF groupmissed fewer days of day
care due to illness (Table 3). Themedian
number of days absent was 0 for both
groups (60%–70% missed no days due
to illness), and the average number of
days missed due to illness was 0.8 and
0.5 for control and FUF groups, re-
spectively. The percentage of children
who missed at least 1 day of day care
due to illness was lower in the FUF
group compared with control (29% vs
37%; absolute risk reduction = 0.08;
number needed to treat = 13).

No lower respiratory infections were
diagnosed, and no children were hos-
pitalized during the study. Only 1 case of
allergic manifestation (food allergy)
wasreported. Nodiarrhealdiseasewas
reported; however, diarrhea was to be
confirmed using strict preestablished
criteria, potentially excluding mild
cases of diarrhea that could be of in-
fectious origin. No differences in stool
consistency or frequency between
groups were observed.

Fecal/Blood Outcomes

Children consuming FUF had higher
levels of serum IL-10 at 28 weeks com-
paredwith control. No differenceswere
observed in fecal secretory immu-
noglobulin A, TGF-b1, TGF-b2, IL-4, and
IFN-! (Table 4). Therewere no differences

TABLE 1 Nutrient Composition of Study
Formulas

Per 40 g Serving of Powder Control FUF

Energy, kcal 180 180
Protein, g 7.3 7.3
Fat, g 6.6 6.6
DHA, mg — 25

Carbohydrate, g 23 23
Dietary fiber, g (1:1 ratio

polydextrose/galacto-
oligosaccharides)

— 1.2

Yeast b-1,3/1,6-glucans, mg — 8.7
Vitamin A, IU 380 630
Vitamin D, IU 31 119
Vitamin E, IU 0.33 2.6
Vitamin K1, mcg 0.41 9.5
Thiamine, mcg 57 210
Riboflavin, mcg 520 490
Vitamin B6, mcg 42 183
Vitamin B12, mcg 0.72 0.72
Niacin, mcg 144 2200
Folic acid, mcg 7.8 31
Pantothenic acid, mcg 770 1160
Biotin, mcg 5.4 4.7
Vitamin C, mg 2.4 29
Choline, mg 28 44
Calcium, mg 280 290
Phosphorus, mg 200 187
Magnesium, mg 25 26
Sodium, mg 97 96
Potassium, mg 400 420
Chloride, mg 330 320
Iodine, mcg 13.4 15.2
Iron, mg 0.05 3.0
Zinc, mg 0.72 2.3
Manganese, mcg 5 19.2
Copper, mcg 4.8 82

—, indicates that formula did not contain nutrient.

TABLE 2 Frequency of ARI During the 28-
Week Study Period

Number of ARI Episodes P

None 1 2 3

Control,
n (%)

73 (47) 68 (44) 11 (7) 2 (1)
.04

FUF, n (%) 90 (58) 58 (37) 8 (5) 0

ARTICLE

PEDIATRICS Volume 133, Number 6, June 2014 e1535
 at University of Otago on May 20, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


in serum ferritin and zinc, hemoglobin,
hematocrit, or red blood cells (Table 5).
Based on World Health Organization
criteria for anemia (hemoglobin,11.0
g/dL) and iron deficiency (ferritin ,
12.0 ng/mL),28 the overall study pop-
ulation had a prevalence of anemia of
65% (n = 202) and 58% (n = 153) and
iron deficiency of 41% (n = 108) and
42% (n = 104) at onset and end of study,
respectively. There were no differences
in the number of participants who
remained anemic or iron deficient at
the end of the study. Children con-
suming FUF had higher white blood cell
(WBC) count at 28 weeks; a difference
in the change in WBC from baseline
between groups was also observed
(Table 6). The only fecal parasites
detected were Blastocystis hominis
(27%, both control and FUF groups, at
baseline; 18%, control, and 24%, FUF, at
end of study) and Ascaris lumbricoides
(only 1 participant in control group, at
baseline). No antiparasite treatment
was given during the study, and there
were no differences in fecal parasites.

DISCUSSION

We report that children who consumed
an FUF had fewer episodes and shorter
duration of ARI, fewer systemic antibi-
otic treatments, andmissed fewer days
atdaycaredue to illnesscomparedwith
children who consumed an unfortified,
cow’s-milk based beverage. They also
had higher serum levels of IL-10, as well
as higher blood leukocytes. No occur-
rence of diarrheal disease was reported
during the study.

ARIwas identifiedas causing symptoms
22% to 40% of the time during a 2-year
observation period in an epidemiologic
study in 0-5 year old children from 10
countries, including two in Asia.29 The
number of episodes of ARI observed in
the current study (Table 2) was pro-
portionally lower than the number of
episodes previously reported in 3- to 4-
year-old children in the United States
(average 4.7 episodes per year).30 We
are not aware of data on frequency of
ARI in 3- to 4-year-old children in China
to which our findings could be com-

pared. ARI is commonly diagnosed in
both children who stay at home and
thosewho attend day care; however, it is
reported to be more frequent in the
latter, especially among those who at-
tend day care during the first year of
life.31,32 The impact of late day care ex-
posure (.2 years of age) on ARI at 3- to
4-years of age was reported in 2 distinct
populations in the United States and the
Netherlands, with divergent outcomes
of either decreasing32 or increasing33

ARI frequency. Regardless of whether
ARI frequency was higher or lower than
expected in our control group, it was
significantly lower in the FUF compared
with the control group, with potential
repercussions in overall health and
development.

In the United States, rhinovirus has
been identified as the most common
cause of ARI in children requiring
physician consultation.30 Likewise, re-
cent data from China indicate that the
most common ARI agents in children
were respiratory syncytial virus, para-
influenza virus, and rhinovirus.34 All
ARIs diagnosed in our study were up-
per respiratory infections, which are
usually less severe and have shorter
duration than lower respiratory infec-
tions. Themean duration of ARI reported
in the control group (4.3 days) was

FIGURE 1
A, Average duration in days of ARI for thosewhohad ARIs (Mean [SE]; control = 4.3 [0.2] days; FUF= 3.5 [0.2] days;P= .007). B, Participants (%) receiving systemic
antibiotic treatment (n [%]; control = 21 [14%]; FUF = 8 [5%]; P = .01).

TABLE 3 Frequency of Day-Care Days Missed Due to Illness During the 28-Week Study Period

Number of Days Missed P

None 1 2 3 4 5 6

Control, n (%) 97 (63) 20 (13) 18 (12) 12 (8) 3 (2) 2 (1) 2 (1)
.01

FUF, n (%) 111 (71) 25 (16) 11 (7) 7 (4) 2 (1) 0 0
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shorter than the duration of upper
respiratory infections reported in
a previous study in 2- to 3-year-old day-
care children (7.8 days); this difference
may be explained by the different age
range in the 2 studies, because shorter

duration of respiratory infection has
been demonstrated as a child grows
older.35 Notably, the decrease in dura-
tion of ARI in the FUF group when
compared with control (mean of 0.8
days) is of a similar magnitude as the

decrease in duration reported with use
of antiviral treatment (1 day).36 A di-
etary approach, however, does not
have the risks of adverse events linked
to the use of antiviral drugs.37

The prevalence of allergic diseases
reported in 3- to 4-year-old children in
China is lower than the prevalence in
some Western countries, especially for
asthma (2.2%–9.7%), although it is in-
creasing.38 It has been amatter of debate
whether exposure to early infections is
a risk or a protective factor against later
allergic disease. The existence of siblings
or day-care attendance are proxy varia-
bles for early exposure to infections and
have been identified as protective
against allergy and asthma at 3 to 4
years of age, according to the hygiene
hypothesis.39,40 Contrary to the hygiene
hypothesis, some studies showed that
attending day care in the first year
of life was a risk factor for wheezing
and allergic rhinitis at 1 to 4 years of
age32,33,41; likewise, ARI caused by rhi-
novirus have been identified as the
strongest predictor of wheezing in the
third year of life.42 In the current study,
the absence of asthma-like wheezing
and allergy symptoms (only 1 child
with food allergy reported) is note-
worthy. This may be partially explained
by the low prevalence of childhood al-
lergy in China and seems to conflict
with the hygiene hypothesis because
both groups had low exposure to sib-
lings and no early day-care attendance
that could explain the low incidence of
allergy. Nonetheless, our findings are
consistent with data showing that ab-
sence of siblings or of early day-care
exposure are associated with de-
creased wheezing and allergy at 3 to 4
years of age.32,33

A notably high prevalence of anemia
was observed in the overall study
population. Anemiawashigher than the
48% prevalence reported in preschool
children in Asia43 (65% at start and 58%
at end of study), with no response to

TABLE 4 Comparison of Immune Markers Between Study Groupsa

Control Median (IQRb) FUF Median (IQRb) P

Fecal Secretory IgA, mg/dL
Baseline 151 (59–324) 199 (70–144) .19
Week 28 449 (227–760) 511 (234–788) .30
Baseline to wk 28 237 (84–432) 238 (103–450) .38

IL-10, pg/mL
Baseline 3.9 (#3.2–7.5) 4.4 (#3.4–7.2) .62
Week 28 5.8 (4.1–8.0) 6.5 (4.8–9.4) .04
Baseline to wk 28 0.5 (–1.0 to 3.0) 1.3 (–1.0 to 4.0) .24

TGF–b1, pg/mL
Baseline 24042 (20179–29814) 24040 (19807–27696) .38
Week 28 22319 (18021–29588) 22967 (17743–30973) .52
Baseline to wk 28 22467 (–8184 to 5878) 1340 (–5119 to 7769) .13

TGF-b2, pg/mL
Baseline 338.3 (,243.4–521.5) 323.8 (,243.4–420.1) .40
Week 28 305.3 (,243.4–443.6) 362.9 (,243.4–502.8) .26
Baseline to week 28 231.2 (–66.0 to 0.0) 28.9 (–45.0–0.0) .39

IL-4, pg/mLc

Baseline ,1.6 (,1.6-,1.6) ,1.6 (,1.6–,1.6) 1.00
Week 28 ,1.6 (,1.6–,1.6) ,1.6 (,1.6–,1.6) .15

IFN-g, pg/mLc

Baseline ,15.6 (,15.6–,15.6) ,15.6 (,15.6–,15.6) .99
Week 28 ,15.6 (,15.6–,15.6) ,15.6 (,15.6–,15.6) .30

Ig, immunoglobulin; IQR, interquartile range.
a All markers except fecal secretory IgA were measured in serum.
b IQR = 25%–75% interquartile range.
c Changes from baseline to Week 28 not analyzed because most of the samples were under detection limit.

TABLE 5 Comparison of Zinc and Iron Status Between Study Groups

Control Median (IQRa) FUF Median (IQRa) P

Serum zinc, mmol/L
Baseline 22.1 (18.1–25.6) 22.2 (18.0–25.7) .88
Week 28 23.7 (21.3–28.5) 24.4 (21.6–28.0) .45
Baseline to wk 28 3.4 (–2.0 to 11.0) 3.5 (–2.0 to 8.0) .85

Serum ferritin, ng/mL
Baseline 13.3 (,10–24.2) 15.4 (,10–25.0) .27
Week 28 13.8 (,10–21.9) 16.8 (,10–26.7) .10
Baseline to wk 28 0.0 (–4.0 to 3.0) 0.0 (–4.0 to 9.0) .31

Hemoglobin, g/dL
Baseline 10.6 (10.2–11.2) 10.7 (10.1–11.1) .52
Week 28 10.9 (10.4–11.3) 10.8 (10.4–11.3) .96
Baseline to wk 28b 0.1 (0.06) 0.2 (0.06) .32

Hematocrit, %
Baseline 32.3 (30.9–33.8) 32.4 (30.8–33.5) .66
Week 28 33.4 (31.8–35.1) 33.3 (32–34.9) .90
Baseline to wk 28b 0.9 (0.19) 1.1 (0.19) .42

Red blood cells, 3109/mL
Baseline 4.0 (3.8–4.1) 3.9 (3.7–4.1) .33
Week 28 4.0 (3.8–4.2) 4.0 (3.8–4.1) .25
Baseline to wk 28b 0.0 (0.02) 0.0 (0.02) .80

a IQR = 25% to 75% interquartile range.
b Changes from baseline to study week 28 were analyzed by using analysis of covariance, with baseline values as the
covariate; the values listed are Adjusted Mean (SE).

ARTICLE

PEDIATRICS Volume 133, Number 6, June 2014 e1537
 at University of Otago on May 20, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


the supplemental amount of iron in the
FUF (9 mg/day), suggesting that this
dose was too low compared with the
recommended dose to treat anemia (3
mg/kg/day)28 and/or other causes of
anemia could be operating. Similarly,
we observed a 41% prevalence of iron
deficiency in the study population,
which is higher than a prevalence of
24%, reported in a mixed urban and
rural preschool cohort in China,44 and
was not reverted by the FUF, remaining at
42% at the end of the study. Zinc status
was normal, with no differences be-
tween groups at onset and end of study.

Given the contribution of direct trans-
mission of pathogens to the prevalence
of ARI in children inadaycare, aswell as
the limitedability to reduce incidenceof
ARI through infection control techni-
ques,45 alternative measures such as
nutritional supplementation should be
considered. Cow’s milk is a regularly
consumed beverage after 1 year of age.
A recent survey in France showed that
1- to 2-year-old children consuming
regular cow’s milk were at increased
risk of insufficient intake of nutrients,
such as essential fatty acid, iron, and
vitamins C and D, compared with those
consuming a fortified cow’s milk–
based formula.46 The higher amount of

micronutrients in FUF compared with
the control may have contributed to
improved respiratory health in our
study, with DHA, prebiotics, and yeast
b-glucan contributing to specific im-
mune effects. To identify the contribu-
tion of individual nutrients to the
respiratory findings, subsequent stud-
ies are warranted.

The higher levels of IL-10 in the FUF
group suggest an antiinflammatory
mechanism, and the higher WBC values
in the FUF group, albeit within the
normal range, suggest an increase in
effector immune cells, both of which
may have contributed to decreased
ARIs. DHA can reduce production of
pro-inflammatory cytokines,47,48 and an-
tiinflammatory effects have been dem-
onstrated for DHA and its metabolites
such as resolvins and protectins.49 For
example, protectin D1 (PD1) reduces
allergic pulmonary inflammation,50 and
inhibits production of pro-inflammatory
cytokines such as IL-1b, TNFa, and IFNg.49

DHA can also exert antiinflammatory
effects via G protein-coupled receptors
in macrophages, thereby inhibiting pro-
inflammatory signaling pathways.51 Our
data are also consistent with a study in
which subcutaneous injections of yeast
b-glucan for 8 weeks increased serum

IL-10 levels and improved asthma symp-
toms in children.52 Additionally, admin-
istration of a combination of colloidal
silver and b-glucan relieved viral rhinitis
and ARI in children.53 b-glucan polymers
are pathogen-associated molecular pat-
terns that are recognized by multiple
pattern recognition receptors expressed
in various cells of the innate immune
system, includingmonocyte/macrophage
and neutrophil.54 By binding to those
receptors, b-glucan initiates a cascade
of events that results in enhanced
macrophage and neutrophil function
and increased microbial clearance.55,56

Our observation of an increase in WBCs
seems consistent with the mecha-
nisms described for b-glucan and with
the previous reporting of increased
blood natural killer lymphocytes in
children receiving fungal b-glucan.22,57

To our knowledge, this is the first study
reporting a potential impact of oral
intake of yeast b-glucan on immune
markers in healthy children. It is to be
noted that the high prevalence of
Blastocystis hominis in the current
study (up to 27%) is consistent with
reports of up to 33% prevalence of this
parasite in China.58 Data in vitro sug-
gest that Blastocystis hominis may in-
duce inflammatory cytokines in the
host’s gut epithelial cells.59 No differ-
ences in the prevalence of this parasite
were seen between groups at the end
of the study. Because no antiparasite
treatment was given during the study,
we suggest that immune active ingre-
dients in the FUF such as yeast b-glucan
and DHA have no detectable action
against this parasite.

Normal diet often contains naturally
occurring prebiotics, b-glucan, and
DHA. However, the levels of these com-
ponents vary according to the quality of
the diet and may not be sufficient to
promote measurable health benefits.
There is currently no agreement on the
optimal diet for young children or on
what impact improved diet would have

TABLE 6 Comparison of WBCs and Platelets Between Study Groupsa

Control Median (IQRb) FUF Median (IQRb) P

WBC, x106/mL
Baseline 8.0 (7.0–9.2) 8.1 (6.9–9.5) .93
Week 28 7.7 (6.6–9.3) 8.5 (7.2–9.7) .05
Baseline to wk 28 20.4 (0.2) 0.1 (0.2) .01

Neutrophils, %
Baseline 52.6 (46.8–59.6) 52.2 (46.7–57.3) .44
Week 28 49.5 (42.1–55.5) 50.3 (45.6–56.3) .19
Baseline to wk 28 26.0 (1.1) 23.1 (1.1) .07

Lymphocytes, %
Baseline 41.2 (34.1–46.8) 41 (36.6–47.5) .44
Week 28 42.2 (36.6–50.5) 42.3 (37–46.7) .34
Baseline to wk 28 3.6 (1.1) 2.3 (1.1) .40

Platelets, 3106/mL
Baseline 282 (244–315) 280.5 (241–317.5) .93
Week 28 281 (246–328) 283 (249–319) .81
Baseline to wk 28 3.7 (4.2) 0.1 (4.1) .54

a Changes from baseline to week 28 were analyzed by using analysis of covariance, with baseline values as the covariate; the
values listed are adjusted mean (SE).
b IQR = 25%–75% interquartile range.
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in those children whose dietary intake
meets the minimal nutrient require-
ments but may not be of the highest
quality necessary to promote improved
health. The findings in the current
study suggest that regular consump-
tion of a follow-up formula enriched
with DHA, the prebiotics PDX and GOS,

yeast b-glucan, and essential nutrients
may improve respiratory health.
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ARTICLE

Beverage Containing Dispersible Yeast β-Glucan Decreases
Cold/Flu Symptomatic Days After Intense Exercise:
A Randomized Controlled Trial

Eunice Mah, PhD, Valerie N. Kaden, BS, Kathleen M. Kelley, MD, and
DeAnn J. Liska, PhD

Biofortis, M�erieux NutriSciences, Addison, IL, USA

ABSTRACT
In this double-blind, randomized, placebo-controlled parallel study, we
examined the effect of dairy-based beverages (250mL/day) containing
250mg of dispersible baker’s yeast b-glucan (Wellmune) compared to
a macronutrient- and calorie-matched control on upper respiratory
tract infection (URTI) in marathon runners. Healthy adults running in
the 2017 Austin Marathon consumed either b-glucan (N¼ 132) or
control (N¼ 225) for the 45days prior to, day of, and 45days after the
marathon (91days total). Participants completed a daily online survey
assessing compliance, training status, and URTI symptoms. URTI occur-
rence and severity were evaluated using the Jackson Index and con-
firmed by the study physician. No significant differences in average
duration and number of URTI episodes were found between b-glucan
and control. However, those who completed the study per protocol
on the b-glucan beverage reported significantly fewer URTI symptom-
atic days (3.43±6.44days, max 27days) compared to those on control
beverage (3.84±6.84days, max 49days). Total URTI severity was
significantly lower for b-glucan (4.52±1.61) compared to control
(5.60±2.23). Specifically, lower (p< .05) severity ratings for nasal
discharge and sore throat were reported for b-glucan compared to
control. Average missed postmarathon workout days due to URTI
were significantly less for b-glucan (0.09±0.38days, max 2days) com-
pared to control (0.36±1.40days, max 10days). Overall, consumption
of dairy-based beverages containing dispersible yeast b-glucan
decreased URTI symptomatic days, severity of specific URTI symptoms,
and missed postmarathon workout days due to URTI, without affect-
ing duration and number of URTI episodes.

KEYWORDS
clinical trial; human;
immune;
marathon; Wellmune

Introduction

b-glucan is a family of natural polysaccharides consisting of D-glucose monomers
linked by a b-glycosidic bond. They are important structural elements of the cell
wall and serve as energy storage in bacteria and fungi, including yeast, algae, and plants.
Oat and barley b-glucans are primarily linear with large regions of (1,4)-b linkages
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separating shorter stretches of (1,3)-b structures, mushroom b-glucans have short
(1,6)-b-linked branches coming off of the (1,3)-b backbone, and yeast b-glucans have
(1,6)-b branches that are further elaborated with additional (1,3)-b regions (Bashir and
Choi 2017). Not all b-glucans are able to modulate immune function, and the ability to
do so depends mainly on the primary chemical structure of the b-glucan. Of these,
those derived from fungi and yeast are known for their immunomodulating effects.
Wellmune is a commercially available (1,3)/(1,6)-b-linked glucan derived from the cell

wall of a proprietary strain of yeast. It is currently incorporated into more than 100 food,
beverage, and supplement products sold in more than 50 countries. Two separate clinical
studies have reported a reduction in postmarathon URTI symptomatic days with Wellmune
supplementation in the form of a capsule (Talbott and Talbott 2009; McFarlin et al. 2013)
although the effect of this supplement on training regimen is unknown. In addition, the
immunomodulating effect of Wellmune when incorporated into a food product, such as a
beverage, has not been explored. The conformation of b-glucans can be modified via phys-
ical, chemical, and biological methods, which in turn modify the functionality of these
b-glucans (Wang et al. 2017). Given food products undergo different processing, and that
processing can affect the structure and, therefore, the function of b-glucan, it is important
to understand the effect of this ingredient when incorporated into food.
Intensive physical activity is often used as a model of increased susceptibility to URTI,

as supported by several marathon study surveys. Ultramarathoners and marathoners
reported greater number of incidence of URTI symptoms compared to control (nonrun-
ning household members or marathon drop-outs) (Peters and Bateman 1983; Nieman
et al. 1990; Robson-Ansley et al. 2012). In addition, several studies have demonstrated
that athletes (professional and recreational) are at an increased risk of infections during
periods of heavy training (Chubak et al. 2006; Moreira et al. 2007). Suggested mechanisms
behind the increase in infection following strenuous physical activity include depression
of natural killer cell function (Pedersen and Ullum 1994), impaired cell-mediated immun-
ity due to decreases in the expression of toll-like receptors, and increasing production of
stress hormones and proinflammatory cytokines, leading to a state of inflammation
(Gleeson and Bishop 2013), imbalanced immunity response by an enhanced release of
proinflammatory cytokines followed by anti-inflammatory cytokines (Nieman et al. 2001),
and suppression of cellular immunity, leading to increased susceptibility to infections
(Suzuki et al. 2002). Other nonexercise factors, such as psychological stress and anxiety,
nutritional deficiencies, and increased exposure to infectious pathogens common in large
gatherings of people, have also been suggested as reasons for the increased susceptibility
to infection in marathoners (Campbell & Turner 2018).
In this study, we investigated the effect of Wellmune incorporated into a UHT-

processed diary-based beverage on URTI occurrence and severity and its impact on train-
ing regimen of individuals undergoing intense exercise stress (i.e., marathon training).

Methods

Study design

The screening and intervention for this randomized, double-blind, controlled, parallel
study were conducted between October 2016 and April 2017. The study was designed

2 E. MAH ET AL.



as a three-arm study to compare dispersible yeast b-glucan and soluble yeast b-glucan
with a placebo control. Participants were randomized to receive one of the three
products: 250mL/d dairy-based beverages containing 250mg dispersible yeast b-glucan,
250mg soluble yeast b-glucan, or 0mg yeast b-glucan (control). Only findings from the
dispersible yeast b-glucan and control groups are reported herein, and the soluble yeast
b-glucan will be reported in a future publication.
Study products were sent to participants as prepackaged, aseptic, sealed 250mL

Tetra Pak cartons in two shipments, one prior to the start of the intervention period
for consumption during the first half of the intervention period and another prior to
the start of the marathon for consumption during the second half of the interven-
tion period. Participants were instructed to consume a 250mL serving of study
product each day over a 91-day intervention period, which included the 45 days
prior to the marathon, the day of the marathon, and the 45 days after the marathon.
All products were matched for appearance and taste. Throughout the intervention,
participants were required to complete a Daily Health Log and other questionnaires
to assess their health and training status and to capture incidence of URTI and
URTI symptoms. To minimize wastage of study product, participants who failed to
complete the Daily Health Log for �19 days (< 80% compliance) during the first
half of the intervention period were discontinued from the study prior to the second
shipment of study product.
A statistician generated a block randomization list for intervention sequence using

the SAS PROC PLAN with a 5:3:3 (control:dispersible:soluble) allocation ratio. Each
randomization number on the list corresponded to one of the three blinded study
product codes. A randomization number was manually assigned in sequential order
by study staff to each eligible participant who completed the online screening
survey, the online informed consent document, and the marathon registration
process. Participants, study staff, and outcome assessor were blinded to the interven-
tion assignments.

Participants

The study protocol and relevant documents were approved by an institutional review
board (IntegReview, Austin, TX) prior to initiation of the trial, and participants pro-
vided informed consent and authorization for disclosure of protected health information
before enrolling in the study. This study was conducted consistent with appropriate
Good Clinical Practice Guidance, the Declaration of Helsinki (2006), and the United
States 21 Code of Federal Regulations. Eligible participants were healthy men and
women, 18–65 years of age, who were registered to participate in the 2017 Austin Full
Marathon. Participants were required to complete an online screening survey and
medical history questionnaire to rule out conditions that may affect the outcome of
the study, including clinically important immune-compromising (e.g., HIV, chronic
hepatitis, and/or chronic mononucleosis) disorders. Participants were also excluded
if they smoked, were unwilling to refrain from taking medications and supplements
that may affect the immune system, or had known allergy, sensitivity or intolerance to
the study products.
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Procedures

Participants completed an online Daily Health Log, which included questions on study
product consumption, training/exercise frequency and intensity, muscle soreness or
joint pain, changes in medication/supplementation, and URTI symptoms. Compliance
was calculated from the online Daily Health Log, which included the question “Did you
consume your beverage in its entirety today?” Participants were assumed to not have
consumed the study product if they failed to complete the online Daily Health Log.
Participants who reported experiencing any cold or flu symptoms on the online Daily

Health Log were instructed to complete the Jackson Index score, which included the
following symptoms: nasal discharge, nasal obstruction, sneezing, sore throat, malaise,
headache, cough, and chilliness. Symptoms were rated using the published Jackson
Index scoring system on a 4-point scale: 0¼ absent (symptom not present in previous
24 h), 1¼mild, 2¼moderate, and 3¼ severe (Jackson et al. 1958). Categorization of an
URTI episode was based on published criteria (Jackson et al. 1958; Tiralongo et al.
2016), and each episode report was reviewed and confirmed by the study physician.
Specifically, potential URTI episodes were identified by participants reporting �2
consecutive days of symptoms and indicating they had a cold/flu on the Daily Health
Log questionnaire and were either confirmed by a total Jackson Index score of �14 or,
if the total Jackson Score was <14, confirmed by the study physician following
assessment of symptoms. In addition, when participants reported �2 consecutive days
of symptoms but indicated they did not have a cold/flu and had a total Jackson Index
score of <14, URTI was confirmed by the presence of �3 days of nasal discharge.
If none of these requirements were fulfilled, the symptoms/episode was categorized
either as a nonconfirmed URTI or an “other” (e.g., allergies).

Statistical analyses

Power calculations were performed in SAS for Windows (version 9.4; Cary, NC) using
data from a previous study that investigated an encapsulated Wellmune in marathon
runners (McFarlin et al. 2013). To reject the null hypothesis of equal means with a 90%
power, when the population mean difference is l1–l2¼ 1.30 – 2.30¼�1.00 with stand-
ard deviations of 1.74 for group 1 (active) and 2.25 for group 2 (control), and with a
nominal significance level (alpha) of .025 using a two-sided two-sample unequal-vari-
ance z test, with a Hochberg correction for multiplicity (Chow at al. 2008; Julious 2010;
Machin et al. 1997; Zar 1984), the required samples sizes per group were 87 (active)
and 145 (control) evaluable participants. Since there were two active groups and one
control group, the total number of evaluable participants was 87þ 87þ 145¼ 319. An
attrition of 36% was used to estimate the dropout rate, resulting in the minimum total
number of 500 participants to be randomized.
The primary outcome variable was the average duration of confirmed URTI episodes

(one episode defined as �2 consecutive symptom days). Differences among groups were
analyzed using a two-sided Wilcoxon rank sum test, and the Hochberg procedure was
used to control for multiplicity. Secondary outcomes included total number of
confirmed URTI symptom days, total number of confirmed URTI episodes, missed days
of premarathon training due to confirmed URTI, and missed days of postmarathon
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workouts due to confirmed URTI, analyzed using two-sided, two-sample zero-inflated
Poisson model, severity of confirmed URTI analyzed using two-sided, two-sample
unequal-variance z test, days to starting postmarathon workouts analyzed using log-
rank test, and frequency or intensity of workouts postmarathon analyzed using two-
sided Wilcoxon rank sum test. Unless otherwise stated, tests of significance were two-
sided and performed at a 5% significance level. Missing data were not imputed; thus,
only observed data were analyzed. Data are presented as mean ± standard deviation
(SD) unless otherwise stated.
Primary analysis was completed for the intent-to-treat (ITT) population, which

included all participants who were randomized into the study and completed at least
one Daily Health Log. In addition, analyses were conducted for the per-protocol (PP)
population, which included only participants who finished the intervention, completed
at least 80% of the daily questionnaires, and consumed at least 80% of the study prod-
uct. The ITT and PP populations were identified prior to locking the database, and the
scientific investigators and statisticians remained blinded to the intervention sequence
until after the completion of all statistical analyses. Results for the PP population are
reported herein, with reference to the findings in the ITT population when qualitative
differences were noted only.

Results

Participants

A total of 370 participants were randomized to the control and dispersible yeast
b-glucan groups and were included in the ITT analysis (Supplemental Figure 1).
Of these, 21 in the control group and 18 in the dispersible yeast b-glucan group failed
to complete at least one Daily Health Log and did not contribute any outcome data.
Participants who failed to complete the Daily Health Log for �19 days prior to the
marathon were categorized as lost to follow-up if they were unresponsive to emails or
phone calls (n¼ 45) or noncompliant (n¼ 27), and discontinued from the study. Four
participants (n¼ 2 per group) reported adverse effects, which included upset stomach,
dizziness, muscle soreness, and itchy throat after consumption of the dispersible
b-glucan beverage and nausea and lower leg cramps after consumption of the control
beverage. Of the 236 participants who completed the study in its entirety, 34
were excluded from the PP population due to noncompliance. Average compliance for
the PP population was 93.3% and 93.4% (range of 80–100%) in the control and
dispersible yeast b-glucan groups, respectively. Participants in the control and
dispersible yeast b-glucan groups were similar in age (18–66 years) with near-equal
distributions of females to males (Table 1).

URTI days and episodes

No differences in the number of confirmed URTI episodes or the average duration of
confirmed URTI episodes between b-glucan and control groups were found; however,
in the PP population, participants consuming the dispersible yeast b-glucan beverage
reported an average of 11% fewer URTI symptomatic days (range of 0–27 days)
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compared to those consuming the control beverage (range of 0–49 days; Table 2). By
contrast, the number of URTI symptom days was significantly higher in the dispersible
yeast b-glucan group (4.28 ± 8.27 days, range of 0–62 days) compared to control
(3.38 ± 6.56 days, range of 0–49 days) in the ITT sample.

URTI severity

Total severity of URTI was significantly lower in the dispersible yeast b-glucan group
compared to the control group in the PP population (Table 3). Consistent with this,
severity ratings for nasal discharge and sore throat were lower in the dispersible yeast
b-glucan group compared to the control group in the PP population. These were not
significantly different in the ITT population.

Exercise activities

There were no significant differences between the dispersible yeast b-glucan and
control groups for number of missed days of marathon training due to URTI in the PP
population (Table 4). Number of missed days of postmarathon workout due to URTI
was significantly lower in the dispersible yeast b-glucan group (range of 0–2 days)
compared to the control group (range of 0–10 days) in the PP population. There were
no significant differences between groups in the number of days it took participants to
resume workouts after completion of the marathon and intensity of their postmarathon
workouts in the PP population.

Table 2. Upper respiratory tract infection outcomes.

Control
(N¼ 133)

b-Glucan
(N¼ 69) p value

Duration of URTI episodes 2.99 ± 4.43 2.80 ± 4.84 .5304
Total symptomatic days 3.84 ± 6.84 3.43 ± 6.44 .0346
Total number of URTI episodes 0.52 ± 0.71 0.38 ± 0.60 .1647

All values are expressed as mean± standard deviation. Results shown here are from the per-protocol (PP) population.
Duration of URTI episodes was analyzed using two-sided Wilcoxon rank sum test using Hochberg procedure for multipli-
city. Total symptomatic days and total number of URTI episodes were analyzed using two-sided, two-sample zero-
inflated Poisson model. One URTI episode is defined as �2 symptomatic days. URTI¼ upper respiratory tract infection.

Table 1. Demographics.

Variable
Control
(N¼ 133)

b-Glucan
(N¼ 69)

Sex
Sex (% female) 68 (51.1%) 34 (49.3%)

Age (y) 39.2 ± 10.2 37.4 ± 10.3
Race
White 104 (78.2%) 56 (81.2%)
Black or African American 4 (3.0%) 2 (2.9%)
American Indian/Alaskan Native 2 (1.5%) 1 (1.4%)
Asian or Pacific Islander 13 (9.8%) 5 (7.2%)
Multiracial Origin 6 (4.5%) 1 (1.4%)
Other 4 (3.0%) 3 (4.3%)
Not Provided 0 (0.0%) 1 (1.4%)

Values are expressed as mean ± standard deviation for quantitative data and N (%) for categorical data and are for the
per-protocol (PP) population.
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Discussion

To the best of our knowledge, this randomized, controlled study is the first report of
the effect of dispersible yeast b-glucan incorporated into a pasteurized beverage on
URTI in marathon runners. Study results indicate that dispersible yeast b-glucan bever-
age consumption prior to and after a marathon decreased the number of symptomatic
URTI days and severity of URTI symptoms, without affecting duration and number of
URTI episodes. Consumption of dispersible yeast b-glucan beverage also decreased the
number of missed postmarathon workout days without affecting premarathon training
and intensity of postmarathon workouts.
Previous studies have investigated the effects of dispersible yeast b-glucan as an

encapsulated supplement on URTI postmarathon and reported beneficial effects.
Marathon runners who consumed 250mg/day or 500mg/day of encapsulated dispersible
yeast b-glucan for 28 days after completing a marathon reported fewer URTI symptoms
(Talbott and Talbott, 2009) and tended to experience fewer cold symptomatic days
compared to those who were on the control (0mg b-glucan) (McFarlin et al. 2013).
Similarly, we observed decreases in URTI symptomatic days and URTI severity follow-
ing consumption of dispersible yeast b-glucan before and after a marathon. The results
suggest that the structural characteristics of the dispersible yeast b-glucan important
for priming the immune system are still present and accessible following incorporation
into a food matrix and undergoing additional processing (e.g., pasteurization). However,
the extent to which these characteristics are affected by food manufacturing is unknown,
and additional study is warranted to compare the immunomodulating properties
of dispersible yeast b-glucan before and after incorporation into a food product.

Table 3. Jackson index rating.

Control
(N¼ 133)

b-Glucan
(N¼ 69) p value2

Total score 5.60 ± 2.23 4.52 ± 1.61 .0184
Nasal discharge 1.38 ± 0.47 1.07 ± 0.31 .0008
Nasal obstruction 0.93 ± 0.59 0.94 ± 0.48 .8955
Sneezing 0.73 ± 0.56 0.76 ± 0.50 .7948
Sore throat 0.64 ± 0.53 0.28 ± 0.27 < .0001
Malaise 0.49 ± 0.61 0.32 ± 0.41 .1453
Headache 0.43 ± 0.46 0.39 ± 0.43 .7673
Cough 0.77 ± 0.62 0.58 ± 0.60 .1981
Chilliness 0.23 ± 0.37 0.18 ± 0.27 .4703

All values are expressed as mean ± standard deviation. Results shown here are from the per-protocol (PP) population; p
values obtained from two-sided, two-sample unequal-variance z test.

Table 4. Exercise-related outcomes.

Control
(N¼ 133)

b-Glucan
(N¼ 69) P value

Missed days of premarathon training due to URTI 0.43 ± 1.10 0.29 ± 0.96 0.5702
Missed days of postmarathon workout due to URTI 0.36 ± 1.40 0.09 ± 0.38 0.0054
Days to resuming postmarathon workout 3.52 ± 3.19 3.57 ± 4.74 0.7007
Intensity of postmarathon workout 5.94 ± 0.96 5.77 ± 1.19 0.8252

All values are expressed as mean± standard deviation. Results shown here are from the per-protocol (PP) population.
Missed days of marathon training and missed days of postmarathon workout due to URTI were analyzed using two-
sided, two-sample zero-inflated Poisson model. Days to resuming postmarathon workout was analyzed using log-rank
test. Intensity of postmarathon workout was analyzed using two-sided Wilcoxon rank sum test. Intensity was measured
using an 11-point scale whereby 0¼ extremely easy and 10¼ extremely hard. URTI¼ upper respiratory tract infection.
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In addition to a reduction in URTI symptomatic days, participants in the dispersible
yeast b-glucan group reported fewer missed days of postmarathon workout due to
URTI, without any changes in premarathon training. None of the previous studies on
dispersible yeast b-glucan in marathon runners (Talbott and Talbott, 2009; McFarlin
et al. 2013) have assessed the effect of the supplement on exercise regimen. Our obser-
vations suggest that dispersible yeast b-glucan may improve postevent workout, possibly
by reducing the occurrence and severity of URTI symptoms that would otherwise
prevent exercise activities. Indeed, the rate of infection is associated with training
volume in elite athletes (Martensson et al. 2014), whereby greater occurrence of
infection is related to less training. Additional study is needed to investigate the
relationship between URTI and exercise activities in recreationally active individuals,
either in preparation for or following a sporting event.
b-Glucans are a heterogeneous group of polysaccharides found in the bran of oat and

barley cereal grains, the cell wall of baker’s yeast, and mushrooms (Jesenak et al. 2017).
Similar to those observed for dispersible yeast b-glucan, supplementation with dispers-
ible b-glucan derived from Pleurotus ostreatus (oyster mushroom; 200mg/day for
3months) decreased the incidence of URTI in elite athletes (Bergendiova et al. 2011).
By contrast, supplementation of dispersible oat b-glucan (5.6 g/day for 2weeks) failed to
affect URTI incidence in trained male cyclists (Nieman et al. 2008). The effect of yeast
b-glucan on URTI in comparison to other types of b-glucan is unknown and warrants
investigation to better understand the structure–function relationship between the
different b-glucans and URTI induced by strenuous exercise.
Various studies have investigated the mechanism by which b-glucans regulate the

immune function. Dispersible b-glucans are not absorbed into the blood and the
mechanism by which they interact with the immune system is unclear. b-Glucan may
enter the matrix of Peyer’s patches of the small intestinal lumen through microfold (M)
cells and interact with resident macrophages and dendritic cells (Volman et al. 2008).
Alternatively, the dendritic cells of the follicle-associated epithelium extend projections
into the intestinal lumen that may capture b-glucan by binding to various receptors,
such as dectin-1 and complement receptor 3 (CR3) (Goodridge et al. 2009). A limitation
of this study is our participants were screened for immune-related disorders, but
not specifically for gastrointestinal disorders, which may affect the absorption of
the dispersible yeast b-glucan. An important receptor mediating the biological effects of
dispersible b-glucan is dectin-1, a pattern-recognition receptor for a variety of b-glucans
(Goodridge et al. 2011). It is expressed on the cells of nonspecific immunity (e.g.,
macrophages, neutrophils, and dendritic cells) and activates antimicrobial and inflam-
matory responses and plays a role in the adaptive immune immunity. Activation of
dectin-1 is dependent on the solubility of the b-glucan as soluble yeast b-glucan does
not induce dectin-1 signaling (Goodridge et al. 2011). Instead, studies have
demonstrated binding of soluble yeast b-glucan to CR3 expressed on neutrophils and
monocytes (Bose et al. 2013). In addition, supplementation with soluble yeast b-glucan
decreased URTI symptomatic days in marathon runners (McFarlin et al. 2013), suggest-
ing that soluble yeast b-glucan possesses immunomodulating properties as well.
Although we did not investigate the possible mechanisms by which yeast b-glucan
decreased URTI symptomatic days and severity, others have demonstrated changes in
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inflammatory mediators and antibodies following dispersible yeast b-glucan supplemen-
tation (Carpenter et al. 2013; McFarlin et al. 2013; Fuller et al. 2017).
We noted differences between the analysis of the ITT and PP populations; however,

the PP population is more reflective of the response in individuals who actually consumed
the product. Thus, our observations suggest that dispersible b-glucan is likely to confer
beneficial immunomodulating effects if taken as instructed during the preparation for,
and recovery from, a strenuous exercise activity. A reason for the high attrition and
noncompliance rate is the lack of personal interaction due to the online/electronic nature
of the study, despite implementation of several strategies to encourage retention such
as reminder emails, follow-up telephone calls, and scheduled updates on study progress.
In addition, high prerace dropout rates are inherent to marathons due to such factors
as injury, loss of motivation, and scheduling changes (Clough et al. 1987). Finally, while
the current study suggests beneficial effects of dispersible b-glucan in marathon runners,
studies are needed to investigate the effects of this beverage in other populations.

Conclusion

In conclusion, the consumption by marathon runners of a dairy-based beverage
containing dispersible yeast b-glucan decreased severity ratings for specific URTI
symptoms and the number of missed days of postmarathon workout due to URTI
without affecting duration and number of URTI episodes. The results demonstrate
that dispersible yeast b-glucan, incorporated into a food matrix, confers beneficial
effects on exercise-induced URTI in marathon runners.
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Soluble and Insoluble Yeast b-Glucan Differentially Affect Upper Respiratory
Tract Infection in Marathon Runners:

A Double-Blind, Randomized Placebo-Controlled Trial

Eunice Mah, Valerie N. Kaden, Kathleen M. Kelley, and DeAnn J. Liska

Biofortis, Mérieux NutriSciences, Addison, Illinois, USA.

ABSTRACT In a previous study, consumption of a dairy beverage incorporating insoluble b-glucan decreased upper

respiratory tract infection (URTI) symptomatic days and severity in marathon runners. In this report, we extended our previous

findings by presenting data on a dairy beverage containing soluble b-glucan and URTI in marathon runners. Healthy adults

running in the 2017 Austin Marathon consumed dairy beverages (250mL/day) containing 250mg of insoluble (n= 69) or
soluble (n = 76) baker’s yeast b-glucan (Wellmune�) or placebo (n = 133) for the 45 days before, day of, and 45 days after the

marathon (91 days total). Participants completed a daily online survey assessing compliance and URTI symptoms, which were

evaluated using the Jackson Index and confirmed by the study physician. Total severity of URTI was significantly lower in the

insoluble yeast b-glucan group compared to the placebo group, but was not different between the soluble yeast b-glucan group
and placebo group. Severity ratings for nasal discharge were significantly lower in both the insoluble and soluble yeast b-
glucan groups compared to the placebo group. Additionally, severity rating for sore throat was lower in the insoluble, but not

the soluble yeast b-glucan group compared to the placebo group. The insoluble yeast b-glucan group, but not the soluble yeast

b-glucan group also reported fewer URTI symptomatic days compared to the placebo group. The results suggest that soluble

and insoluble yeast b-glucan, incorporated into a food matrix, differentially affected exercise-induced URTI in marathon

runners.

KEYWORDS: � cold � flu � human � immune � infectious disease

We recently reported decreased upper respiratory
tract infection (URTI) symptomatic days and URTI

severity in marathon runners following consumption of a
dairy beverage containing insoluble yeast b-glucan.1 Other
studies that have investigated the effects of insoluble yeast
b-glucan as an encapsulated supplement on URTI also re-
ported beneficial effects.2–5 Compared to insoluble yeast b-
glucan, fewer clinical studies have assessed the effects of
soluble yeast b-glucan on immune function. In one such
study, supplementation with soluble yeast b-glucan tended
to decrease the number of symptomatic URTI days among
marathoners3; however, the effect of soluble yeast b-glucan
on severity of URTI symptoms is unknown.3

The availability of differing processing techniques, as
well as a solubility of yeast b-glucan, would allow for a
larger range of food, beverage, and medical applications.
Our previous report was the first to explore delivery of in-
soluble yeast b-glucan in an ultra-high temperature (UHT)
dairy beverage. In this report, we present results of our in-
vestigation on the effects of a soluble yeast b-glucan in-

corporated into a UHT-processed diary beverage on URTI
occurrence and severity in individuals undergoing intense
exercise stress (i.e., marathon training).

The study was approved by an Institutional Review Board
(IntegReview, Austin, TX, USA) before initiation of the
trial, and participants provided voluntary informed consent
before enrolling in the study. A detailed description of the
study design and protocol has been published.1 Briefly, this
was a three-arm study comparing insoluble and soluble
yeast b-glucan with a placebo. Eligible participants were
healthy men and women, 18–65 years of age, who registered
in the 2017 Austin Full Marathon. Participants completed an
online screening survey and were randomized to receive one
of the three products: dairy beverages containing 0mg
(placebo) or 250mg/serving/day of insoluble yeast b-glucan
or soluble yeast b-glucan for 91 days. A block randomiza-
tion list for intervention sequence was created using the SAS
PROC PLAN with a 5:3:3 (placebo:insoluble:soluble) al-
location ratio and randomization number was manually as-
signed in sequential order by study staff to each eligible
participant. Participants, study staff, and outcome assessor
were blinded to the intervention assignments.

The soluble yeast b-glucan was produced from the in-
soluble b-glucan using a proprietary process. In general, the
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process involved heating the insoluble b-glucan to high
temperatures (>120�C) in an acidic condition (pH< 4.0) for
more than 2 h. The resulting soluble yeast b-glucan was
similar in branch-chain structure (3–6% branching in both),
as well as the maintenance of the b-1,3 linkages (80–85% in
both), but differed in the quaternary structure. The soluble
b-glucan was composed of soluble single polymer chains,
whereas these chains are interlinked in the insoluble form.
Both soluble and insoluble yeast b-glucan products used in
this study contained 75% b-glucan. Total fiber content was
82.2% and 88.9% by weight, for the insoluble and soluble,
respectively, with the remainder of components primarily
carbohydrates, moisture, and negligible levels of protein and
fat.

URTI- and exercise-related outcomes were collected
through daily online questionnaires. URTI symptoms (nasal
discharge, nasal obstruction, sneezing, sore throat, malaise,
headache, cough, and chilliness) were rated using the pub-
lished Jackson Index scoring system.6 Categorization of an
URTI episode was based on published criteria6,7 and re-
viewed and confirmed by the study physician.

All statistical analyses were performed using SAS for
Windows (version 9.4; Cary, NC, USA). Outcomes were
analyzed using a two-sided Wilcoxon rank sum test, two-
sided, two-sample zero-inflated Poisson model, and log-rank
test as appropriate.1 Unless otherwise stated, tests of sig-
nificance were two sided and performed at a significance
level (alpha) of 0.05. Missing data were not imputed; thus,
only observed data were analyzed. Analysis populations
were identified before database lock and outcome assessors
remained blinded to the intervention sequence until after the

completion of all statistical analyses. Results reported herein
are for the Per Protocol (PP) population, which included
only participants who finished the intervention, completed at
least 80% of the daily questionnaires, and reported con-
suming at least 80% of the study product.
A total of 509 participants were randomized and 322

completed the study in its entirety. Of the 187 who did not
complete the study, 16 withdrew before consumption of
study product and the remaining 171 received the inter-
ventions, but were lost to follow-up or discontinued. Main
reasons for discontinuation were failure to complete the
daily questionnaire for ‡19 days (<80% compliance) during
the first half of the intervention period and withdrawal from
the marathon.
Of the 322 participants who completed the study in its

entirety, 44 participants were excluded from the PP popu-
lation due to noncompliance (<80% of scheduled intake).
Average compliance for the placebo, insoluble, and soluble
yeast b-glucan groups was 93.3%, 93.9%, and 94.8%, re-
spectively. Participants in the placebo and insoluble yeast b-
glucan groups were similar in age (19–66 years old) with
near equal distribution of females to males in both groups.
Total severity of URTI symptoms was significantly lower

in the insoluble yeast b-glucan group compared to the pla-
cebo group, but was not different between the soluble yeast
b-glucan and placebo groups. Severity ratings for nasal
discharge were significantly lower in both the insoluble and
soluble yeast b-glucan group compared to the placebo
group. In addition, compared to the placebo group, severity
rating for sore throat was lower in the insoluble, but not the
soluble yeast b-glucan group (Fig. 1). Comparisons between

FIG. 1. Upper respiratory tract infection
symptom rating. Jackson index ratings for
upper respiratory tract infection symptoms
according to groups. Data are mean– standard
error of the mean. Significant (P < .05) dif-
ferences with the placebo group are indicated
by asterisk (*).
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the insoluble and soluble groups revealed differences in sore
throat ratings, whereby severity ratings were lower in the
insoluble compared to the soluble yeast b-glucan group.
Finally, the insoluble yeast b-glucan group, but not the
soluble yeast b-glucan group also reported fewer URTI
symptomatic days compared to the placebo group.

Previously, we reported that consumption of a UHT
dairy-based beverage with insoluble yeast b-glucan de-
creased URTI symptomatic days and severity of total and
specific (nasal discharge and sore throat) URTI symptoms
following a marathon.1 In this report, we present the results
of a UHT dairy-based beverage with soluble yeast b-glucan
from the same study. With both insoluble and soluble yeast
b-glucan, severity for nasal discharge decreased compared
to placebo; however, insoluble yeast b-glucan additionally
decreased severity for sore throat and number of URTI
symptomatic days, whereas these outcomes were not sig-
nificant for the soluble yeast b-glucan.

In general, soluble and insoluble yeast b-glucan from the
same source have essentially the same composition, but vary
in tertiary structure.8 In this study, the two preparations
delivered similar amounts of b-glucans of similar primary
and secondary composition and structure. The main differ-
ence between the b-glucans in this study was the number of
interchain linkages, with the soluble existing in single-chain
form and the dispersible having a more complex quaternary
structure. This slight difference in structure may cause dif-
ferences in the magnitude and/or rate of immunomodula-
tion. For example, the lower mean ratings for total URTI
symptom severity and for certain individual symptoms for
insoluble compared to soluble yeast b-glucan groups (Fig. 1)
suggest a response that is stronger and/or more rapid.

Alternatively, insoluble and soluble yeast b-glucan may
modulate different immune responses, resulting in the dif-
ferent observed outcomes. For example, one of the most
studied b-glucan receptors is dectin-1, which elicits innate
immune responses and influences the development of
adaptive immunity. Both soluble and insoluble yeast b-
glucans contain essential structural components (i.e., a
backbone chain length of at least seven glucose subunits and
at least one 1,6-glucose side chain branch) to bind to this
receptor.9 However, in vitro and animal studies show that
binding of insoluble b-glucan to dectin-1 leads to complete
activation of downstream immune responses, but the acti-
vation of dectin-1 by soluble b-glucan is incomplete.9,10 On
the other hand, soluble b-glucans likely regulate the immune
system through the complement receptor 3 (CR3), thus trig-
gering the alternative complement pathway.11 Both dectin-1
and the alternative complement pathway are involved in the
immune response to influenza infections,12 and the different
mechanisms involved may contribute to the differential ef-
fects of insoluble and soluble b-glucan on URTI. An in-
vestigation of the mechanisms behind the differential effect
of soluble and insoluble yeast b-glucan is outside the scope
of this human clinical trial and should be assessed in future
mechanistic studies.

A strength of our study is the combined use of the Jackson
Index and physician assessment to confirm the presence of

URTI. A major limitation of this study is the high attrition
and noncompliance rate, despite implementation of several
strategies to encourage retention such as reminder emails
and follow-up telephone calls. This issue is likely due to
several factors such as high prerace dropout rates, which are
inherent to marathons,13 and the lack of personal interaction
due to the online/electronic nature of the study. Finally, we
employed marathon running as a model of suppressed immune
function; however, further studies are needed to investigate
the effects of this beverage in other immune-compromised
populations.

Overall, consumption of dairy beverages containing sol-
uble and insoluble yeast b-glucan for 91 days before and
after a marathon event decreased severity for nasal dis-
charge among marathon runners. Insoluble yeast b-glucan
additionally decreased severity for sore throat and number
of symptomatic URTI days. The results suggest that soluble
and insoluble yeast b-glucan, incorporated into a food ma-
trix, differentially affected exercise-induced URTI in mar-
athon runners.
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Baker’s Yeast Beta Glucan Supplementation
Increases Salivary IgA and Decreases Cold/Flu

Symptomatic Days After Intense Exercise

Brian K. McFarlin1, Katie C. Carpenter2, Tiffany Davidson3,
& Meredith A. McFarlin1

1Applied Physiology Laboratory, College of Education, University of North Texas,
Denton, Texas, USA, 2Department of Kinesiology, Health Promotion, and Recreation,
University of Minnesota, Minneapolis, MN, USA, 3Laboratory of Integrated Physiology,

University of Houston, Houston, Texas, USA

ABSTRACT. Strenuous exercise, such as running a marathon, is known to suppress
mucosal immunity for up to 24 hr, which can increase the risk of developing an up-
per respiratory tract infection (URTI) and reduced performance capacity (Allgrove
JE, Geneen L, Latif S, Gleeson M. Influence of a fed or fasted state on the s-IgA
response to prolonged cycling in active men and women. Int J Sport Nutr Exerc
Metab. 2009;19(3):209–221; Barrett B, Locken K, Maberry R, Schwamman J, Brown R,
Bobula J, Stauffacher EA. The Wisconsin Upper Respiratory Symptom Survey
(WURSS): a new research instrument for assessing the common cold. J Fam Pract.
2002;51(3):265; Carpenter KC, Breslin WL, Davidson T, Adams A, McFarlin BK.
Baker’s yeast beta glucan supplementation increases monocytes and cytokines post-
exercise: implications for infection risk? Br J Nutr. 2012;1–9). While many dietary inter-
ventions have been used to combat postexercise immune suppression, most have been
ineffective. The key purpose of this study was to determine if baker’s yeast β-glucan
(BG) could positively affect the immune system of individuals undergoing intense ex-
ercise stress using two experiments. In the first (E1; N = 182 men and women), BG
was compared to placebo supplementation for the incidence of URTI symptoms for
28 days postmarathon. In the second (E2; N = 60 men and women) changes in salivary
immunoglobulin A (IgA) were evaluated after 50-min of strenuous cycling when par-
ticipants had been supplemented for 10 days with either BG (250 mg/day) or placebo
(rice flour). For E1, subjects reported URTI symptoms using a daily health log. For
E2, saliva was collected prior to, immediately, and 2-hr postexercise using a salivette.
Data for E1 and E2 were analyzed using separate analyses of variance (ANOVAs) with
repeated measures (p < .05). In E1, BG was associated with a 37% reduction in the
number of cold/flu symptom days postmarathon compared to placebo (p= .026). In E2,
BG was associated with a 32% increase in salivary IgA (p = .048) at 2 hr after exercise
compared to placebo. In summary, the present study demonstrates that BGmay reduce
URTI symptomatic days and improve mucosal immunity (salivary IgA) postexercise.
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Kinesiology, Health Promotion, and Recreation, College of Education, University of North Texas, 1921
Chestnut Street, Denton, TX 76203, USA (E-mail: brian.mcfarlin@unt.edu).
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KEYWORDS. Immune health, marathon running, open window, URTI

INTRODUCTION

Temporary disruptions in mucosal immunity are common in the 24 hr after a stren-
uous exercise session, resulting in an increased risk of developing an upper res-
piratory tract infection (URTI) (McFarlin, Flynn, Stewart, & Timmerman, 2004;
Woods, Davis, Smith, & Nieman, 1999; Walsh et al., 2011). Sickness can result in
lost practice days, reductions in performance, and lost working days. In the case of
athletes, physical laborers, police officers, firefighters, and soldiers, such illness may
increase the risk of job-related injuries and fatalities due to fatigue. The first line
of defense against respiratory viruses and bacteria is mucosal immunity, which is
characterized by salivary immunoglobulins (Igs) and antimicrobial proteins (Walsh
et al., 2011). Previous reports have demonstrated that salivary IgA is reduced fol-
lowing a strenuous exercise session and that reduced salivary IgA is associated
with an increase in the number of URTI symptomatic days postexercise (Allgrove,
Geneen, Latif, & Gleeson, 2009; Davison & Diment, 2010; Moreira, Arsati, de
Oliveira Lima-Arsati, de Freitas, & de Araújo, 2011; Peters, Shaik, & Kleinveldt,
2010; Sari-Sarraf, Doran, Clarke, Atkinson, & Reilly, 2011; Usui et al., 2011). This
established link between salivary IgA levels and URTI symptomatic days postex-
ercise in the literature has resulted in the accepted use of salivary IgA levels as a
proxy measure for mucosal immunity.

Of the many dietary interventions evaluated for potential to enhance/modulate
the immune response following exercise, beta glucans (BGs) have been repeated
targets (Goodridge et al., 2011; Harger-Domitrovich, Domitrovich, & Ruby, 2008;
Hong et al., 2004; US Pharmacopiea, 2011; Qi et al., 2011; Talbott & Talbott, 2009).
The termBG includes carbohydrates withmany different linkage patterns (Qi et al.,
2011), leading to great variation in outcomes with regard to the efficacy of BG to
modulate immunity. For example, grain BGs have a linear structure 1/3, 1/4 linkage
pattern while fungal (including yeast) have a branched 1,3/1,6 linkage pattern. The
frequency and length of side chain branches have been shown to have important
implications for biological activity; in general, the higher the degree of branching,
the more biologically active the BG (US Pharmacopiea, 2011; Qi et al., 2011). Beta
1,3/1,6 glucans bind with specific immune receptors including Dectin 1 and comple-
ment receptor 3 (CR3) (Goodridge et al., 2011; Hong et al., 2004). In the body, BG
is phagocytized by macrophages and broken down into smaller fragments, which
are released over several days (Harger-Domitrovich et al., 2008; Qi et al., 2011;
Talbott & Talbott, 2009). These fragments interact with and modulate the func-
tional capacity of many innate immune cells (i.e., granulocytes and macrophages),
the complement system, and antibody-mediated immunity (Harger-Domitrovich
et al., 2008; Qi et al., 2011; Talbott & Talbott, 2009). The latter is the target of the
present investigation since salivary IgA plays a role in the defense of the mucosal
space.

While reducing the exercise stimulus or the stress of the work environment will
improve immune outcomes; such reductions are not always possible due to the ex-
ercise or work requirements. Much research is being done to identify and describe
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nutritional countermeasures thatmay possess immune boosting potential (Allgrove
et al., 2009; Davison & Diment, 2010; Sari-Sarraf et al., 2011); however, the results
of such investigations have been mixed and limited. BG exists in various forms
from different sources such as mushrooms, oats, or yeast. Previous research has
documented the efficacy of using a purified, commercially available preparation
of baker’s yeast BG (Wellmune WGPR©) to reduce URTI symptomatic days post-
marathon (Qi et al., 2011; Talbott & Talbott, 2009). Similar reductions in URTI
symptoms were reported in a separate study that examined forest firefighters who
work in a physically stressful occupation (Harger-Domitrovich et al., 2008). The
objective of the present twofold investigation are, first, to confirm the results of
other investigators of the effect of BG supplementation onURTI symptomatic days
postmarathon (Harger-Domitrovich et al., 2008) and, second, to evaluate the abil-
ity of BG to modulate mucosal immunity by monitoring salivary IgA levels after
a strenuous bout of exercise. These objectives were achieved in two independent
experiments in which participants were supplemented with either BG or placebo
and monitored for either URTI symptoms for 28 days postmarathon or changes in
salivary IgA after 50 min of strenuous cycling.

METHODS

Approach to the Problem

This study was conducted according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects/patients were approved by
the University of Houston (UH) Committee for the Protection of Human Subjects.
Written informed consent was obtained from all subjects/patients prior to being
screened for exclusion/inclusion criteria. It is important to note that both experi-
ments utilized double-blind procedures and a placebo group to ensure the integrity
of the key outcomemeasures (Rowe et al., 2009). The present study was completed
using two separate experiments that employed different exercise models and are
described in more detail below.

Experimental Blinding

Given that an industry partner funded the present project, great care was taken
to minimize bias of the results. We followed previously published procedures re-
garding how to safeguard data when funding comes from an industry source (Rowe
et al., 2009). Specifically, our partner was not involved with any aspect of the data
collection, analysis, or interpretation. All supplements were provided to the project
team using random code numbers. According to double-blind procedures, no mem-
ber of the study staff [including the principal investigator (PI)] nor the subjects were
privy to the condition codes. Once both experiments were complete and raw data
reports had been submitted to Biothera, the PI and his team were decoded (un-
blinded) as to the study conditions in order to allow for further interpretation and
preparation of the current manuscript.
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Inclusion/Exclusion Criteria

Subjects who volunteered for either experiment were screened for inclu-
sion/exclusion criteria using a briefmedical history form. Inclusion criteria included
low–moderate intake of alcohol (<1 drink per day), physically active for at least
the past 6 months, and normal body weight [BMI (body mass index) 20.0–24.9].
Exclusion criteria included weight loss of >2 pounds in the last month, taking med-
ications known to influence the immune system (i.e., antibiotics, corticosteroids,
allergy medication, cold/flu medication, etc.), taking medications for high blood
cholesterol (i.e., Lipitor, etc.), have an autoimmune disease or immune compro-
mising disease (i.e., type I diabetes mellitus, HIV, hepatitis, etc.), taking dietary
supplements purported to influence the immune system (i.e., zinc, excessive vita-
min C, etc.), recently had a flu vaccine (within past 3 months), current URTI symp-
toms, tobacco users, asthmatics, active form of type II diabetes mellitus, active form
of cardiovascular disease, and individuals who took ibuprofen, naproxen sodium,
acetaminophen, and/or aspirin on a daily basis.

Baker’s Yeast Beta Glucan Supplement

BG was prepared by Biothera: The Immune Health Company (Eagan, MN) and
consisted of β 1,3/1,6 glucans derived frombaker’s yeast (Saccharomyces cerevisiae)
(US Pharmacopiea, 2011). The Biothera source of BG is unique because it has a
consistent, well-defined chemical structure with a known and reproducible branch-
ing and linkage pattern. Rice flour was used as a placebo because it was similar in
color and appearance to the BG supplement. Both supplements were in powder
form and were packed into VegeCapR© capsules prior to packaging in individual
coded bottles. In both experiments, subjects were randomly assigned to a study con-
dition with the exception that we attempted to assign the same number of men and
women to each study condition. In experiment one, subjects only participated in 1
of 3 possible supplement conditions. In experiment two, subjects were randomized
to an experimental condition order because all subjects completed both conditions
(random, counterbalanced design).

Experiment One: Subjects

Men and women (29–46 years) who were registered to run the 2011 Austin Live
Strong Marathon (Austin, TX) volunteered to participate in our study. A total of
324 subjects were enrolled at the prerace exposition for the marathon; however,
only 182 completed all study requirements (∼44% attrition). Prior to the study, we
completed an a priori sample size analysis using a preliminary data set (Talbott
& Talbott, 2009) and determined that we needed a minimum of 50 subjects in each
BG group and 30 in the placebo group in order to detect BG alterations in reported
URTI. Our final number of subjects who completed each condition exceeded our
a priori determination, so the study was appropriately powered. Eligible subjects
were provided with directions for completing and returning the forms used in the
study. We also collected additional subject descriptive information that is summa-
rized in Table 1.
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TABLE 1. Experiment One: Marathon Study Subject Characteristics

Characteristic Soluble BG (N = 74) Insoluble BG (N = 73) Placebo (N = 35)

Women (N) 39 32 15
Minority (N, %) 15, 20% 22, 30% 8, 22%
Age (y) 34 ± 9 34 ± 11 35 ± 11
13.1 mile time (HH:MM:SS) 2:13:47 ± 0:19:22 2:12:42 ± 0:17:11 2:10:50 ± 0:11:12
26.2 mile time (HH:MM:SS) 4:05:06 ± 0:20:12 3:47:42 ± 0:27:15 4:20:12 ± 0:15:14

Note: These values represent the mean ± SE. No significant differences were found among groups for any of the
variables in Table 1.

Experiment One: Beta Glucan Supplementation

Subjects were randomized to one of three treatment conditions by having them
select a subject bag at random: soluble BG, insoluble BG, or placebo. Subjects were
instructed to consume one capsule (250 mg) eachmorning with food for the 28 days
after completing the marathon. Subjects were provided more capsules than needed
in the event that they lost one or more while completing the study. Details of the
testing timeline are presented in Figure 1(A).

FIGURE 1. Testing Timelines for Experiment One (A) and Two (B). (A) Testing in experiment
one was completed using a field study where subjects completed 28 days of supplemen-
tation with either soluble BG, insoluble BG, or placebo (rice flour) after completion of
a marathon. Subjects were provided two packets of health surveys in a business reply
envelope and asked to return them to the laboratory for evaluation at 14 and 28 days post-
marathon. (B) In experiment two, subjects were supplemented with either insoluble BG or
placebo in a randomized crossover design for 10 days prior to a cycling bout (49 ± 6 min)
in a hot (45◦C), humid (50% relative humidity) environment. Saliva samples were collected
with a salivette at baseline (prior to supplementation), prior to exercise (PRE), immediately
(POST), and 2 hr (2H) after exercise.
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Experiment One: Health Questionnaires

Subjects completed daily tracking of the presence of symptoms associated with
URTI. On any day when subjects indicated they were experiencing URTI symp-
toms, they also completed the clinically validated Wisconsin Upper Respiratory
Symptom Survey (WURSS-44) (Barrett, et al., 2002). The University of Wisconsin
granted contractual permission to the UH to use the WURSS for the present in-
vestigation. Subjects also were asked to complete a weekly profile of mood states
(POMS) questionnaire to evaluate and track mental health. All surveys were cre-
ated in a scannable form (ZipScan Survey, Salt Lake City, UT) that allowed for
semiautomated data entry. Subjects were asked to return their completed forms
at weeks 2 and 4 postmarathon in a business reply envelope. Subjects were incen-
tivized with a $25 gift card after weeks 2 and 4 to complete and return each set of
forms.

Individual surveys were scanned to a 150 dpi tiff image format using a standard
Xerox office copier (Xerox, Norwalk, CT, USA). Scanned surveys were saved to
a network hard drive and individually uploaded an MS Excel worksheet using the
ZipScan Survey software. Once entered, data were verified to ensure that the cor-
rect data for each subject time point had been entered.

Experiment One: Statistical Analysis

Prior to formal statistical testing, data were checked for normality and constant
error variance using the EXPLORE function in SPSS (v 19.0; Chicago, IL). Non-
normal data were log-transformed as noted in the Results section. Each outcome
variable was separately tested for significance using a 3 (Group: soluble, insoluble,
or placebo) by 4 (Time: 1, 2, 3, and 4 weeks postmarathon) linear mixed model
with repeated measures on the second factor (time). Significance was set at p< .05.
Location of significant main effects and interactions was determined using a Tukey
post-hoc test.

Experiment Two: Subjects

Subjects (18–35 years) were identified from a larger ongoing study that was de-
signed to evaluate the effect of BG on other immune system changes as a result
of intense exercise. Subject recruitment for the larger study is described in detail
elsewhere (Carpenter, Breslin, Davidson, Adams, & McFarlin, 2012). Briefly, we
screened 289 individuals and 69 met all of our inclusion/exclusion criteria (see de-
tailed criteriamentioned earlier). Of these 69, 9 subjects either dropped out or were
excused from the study for failure to follow study protocol (final N = 60). Sub-
ject demographics are presented in Table 2. The initial screening session included
the measurement of height (stadiometer), weight (digital scale), body composition
[whole body dual-energyX-ray absorptiometry (DXA) scan; Hologic DiscoveryW,
Bedford, MA], and peak aerobic fitness level (VO2peak; graded exercise test on an
electronically braked cycle ergometer; Velotron; Portland, OR).

Experiment Two: Beta Glucan Supplementation

Subjects were supplemented with either BG or placebo in a random, counterbal-
anced order. Once approved, subjects were randomly assigned to one of two orders
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TABLE 2. Experiment Two: Lab Study Subject Characteristics

Characteristic Men (N = 29) Women (N = 31)

Age (y) 23 ± 5 22 ± 5
Ethnicity (N, %) 16, 55% 10, 31%
Height (cm) 176.2 ± 7.3 165.2 ± 5.9
Weight (kg) 75.7 ± 8.1 63.1 ± 7.2
BMI (kg/m2) 24.4 ± 1.7 22.5 ± 1.9
VO2max (ml/kg/min) 45.7 ± 5.1 42.4 ± 6.1
% body fat (%) 14.2 ± 4.7 23.7 ± 4.0

Note: Values represent the mean ± SD.

One, placebo then BG or Two, BG then placebo. This arrangement was designed to
minimize order effects associated with carryover between experimental conditions.
A minimum of 7 days separated the completion of each trial condition. In a previ-
ous study, we demonstrated that the 7-day washout period was sufficient to restore
the immune system to pre-BG supplementation levels (Carpenter et al., 2012). In
both conditions, subjects consumed a daily 250-mg capsule for 10 days prior to the
experimental exercise trial. Details of the testing timeline for experiment two are
presented in Figure 1(B).

Experiment Two: Exercise Trial

Exercise consisted of up to 60 min of cycling in a hot (38◦C ± 2◦C), humid (45% ±
2%) environment. During the exercise trial, physiological stress was monitored by
themeasurement of core body temperature (rectal,TC), heart rate (HR), and rating
of perceived exertion (RPE) (McFarlin & Mitchell, 2003). Exercise sessions were
stopped if the subject reached a TC > 39.2◦C. In the event that the subject stopped
before 60min, then the exercise duration wasmatched for the next exercise trial for
that individual to ensure similar amounts of exercise stress were applied between
trials. This was further confirmed by monitoring the other physiological variables
that we measured. Given these factors, subjects in the present study completed an
average of 49 ± 6 min of exercise per experimental exercise session. Subjects were
allowed water intake ad libitum during the exercise trial and after recovery from
exercise; however, they refrained from drinking within 15 min of a saliva collection.

Experiment Two: Saliva Collection

Subjects arrived at the laboratory following an overnight fast (>8 hr) and ab-
stention (>24 hr) from exercise. After at least 15 min of seated rest, subjects
were instructed to place a salivette under the tongue for 2 min (Salimetrics, State
College, PA). At the end of the saliva collection period, the subject placed the
salivette in a salivette storage tube (without touching it with their hands), which was
capped, labeled, and stored at−80◦C. Salivawas collected prior to supplementation
(baseline), after supplementation and prior to exercise (PRE), immediately after
exercise (POST), and 2 hr after exercise (2H). This sampling schedule resulted in
the collection of eight saliva samples per subject (four per arm of the trial).
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Experiment Two: Salivary Immunoglobulin Analysis

After all saliva samples had been collected, collection tubes were thawed and cen-
trifuged (30 min at 300 × g) to remove saliva from salivettes into the bottom of the
storage tube. Saliva was then transferred to a freezer tube and diluted 1:750 using
sterile phosphate buffered saline (PBS; Sigma-Aldrich, St. Louis, MO). The saliva
dilution factor was previously determined to ensure that all raw values would fall
within the linear range of the standard curve. We used the Luminex MagPix plat-
form (Austin, TX) alongwith anEMDMilliporeMilliplex kit (HGAMMAG-301K;
Billerica, MA) optimized for the measurement of salivary IgA. In addition to study
samples, a positive control (included in the kit) was a part of all assays. All of the
study samples were analyzed in duplicate on the same day to minimize day-to-day
assay performance. The inter- and intra-assay coefficient of variation was <11%.
After Luminex analysis, calculated values were adjusted to account for the initial
dilution factor.

Experiment Two: Statistical Analysis

The data presented here were collected during a larger study described previously
(Carpenter et al., 2012). Since the larger study was ongoing, we were unable to
complete an a priori sample size calculation using preliminary data; however, the
larger study was powered to detect other immune system variables that had a small
effect size. Based on the assumption that changes in salivary IgAwere likely to have
a similar or larger effect size, it is reasonable to assume that the present study was
appropriately powered to detect changes in salivary IgA. Prior to formal statistical
testing, data were analyzed for normality and constant error variance. Non-normal
data were transformed to stabilize assumptions (noted in the Results section by
variable). Exercise response variables were analyzed using a 2 (BG and placebo)
by 5 (10, 20, 30, 40, and 50 min of exercise) analysis of variance (ANOVA) with
repeated measures on both factors. Salivary Igs were analyzed using a separate 2
(BG and placebo) by 4 (baseline, PRE, POST, and 2H) ANOVA with repeated
measures on both factors. Significance was set at p < .05 and significant p values
were adjusted using theHuynh–Feldt method to account for the repeatedmeasures
design. Location of significant effects was determined using a Tukey post-hoc test.
Data are reported as the mean ± SE (standard error).

RESULTS

Experiment One: Marathon Results

Approximately 52% of the subjects in each group were women. The average
marathon completion time (4:18:12 ± 0:10:11) did not differ significantly between
subject conditions. Thus, we assume that given the similar characteristics of the sub-
jects enrolled in each supplement group, the quantity of stress during the perfor-
mance of the marathon was also similar. Complete race results can be found in
Table 1.
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FIGURE 2. Postmarathon Sickness. (A and B) Subjects reported significant reductions
in the number of URTI symptomatic days postmarathon when consuming BG compared
with placebo. Values represent the average number of days a group of subjects reported
health issues out of a maximum of 28 possible reporting days. BG was associated with an
∼50% reduction in URTI symptomatic days compared to placebo. The symbol “∗” indicates
placebo greater than both soluble and insoluble BG.

Experiment One: Health Questionnaires

We found a significant main effect for time (p = .001) by global mental health
(as measured by POMS), where mental health was lowest 7 days after and high-
est 28 days after the marathon. Data associated with post marathon health is pre-
sented in Figure 2. There were no significant differences between supplement con-
ditions for global mental health. On the daily URTI symptom log, there was a
significant condition by time interaction (p = .026) for the following question:
“Did you experience any health problems today (i.e., cold, flu, etc.)?” Subjects in
the placebo group reported yes to this question on 5.8 ± 0.6 days compared to
3.5 ± 0.6 (insoluble BG) and 3.5 ± 0.8 (soluble BG). There was also a trend to-
ward significance (p = .096) for the following question: “Did you experience any
cold symptoms today?” Subjects in the placebo group reported yes to this question
on 3.9 ± 0.2 days compared to 2.4 ± 0.2 (insoluble BG) and 2.2 ± 0.6 (soluble BG).
In general, the statistical power associated with theWURSS-44 measurements was
low, so statistical significance was not achieved for this outcome.

Experiment Two: Physiologic Exercise Stress

Based on the outcome measures that we selected, there was significant main effect
for time for TC (p< .001), HR (p< .001), and RPE (p< .001); however, there was
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FIGURE 3. Salivary Immunoglobulin Response. Subjects who were participating in a larger
clinical trial provided a saliva sample prior to supplementation with either placebo or BG.
After 10 days of supplementation, subjects provided a second resting saliva sample. Ad-
ditional saliva samples were collected immediately and 2-hr postexercise. We found a
significant reduction in salivary IgA after exercise in the placebo condition at POST and
2H, which is the typical exercise response. The BG condition demonstrated a statistically
significant increase in salivary IgA at 2H. The symbol “∗” indicates greater than placebo
(p < .05).

no difference between conditions. TC increased by 6% over the course of exercise
(37.0◦C ± 0.2◦C to 39.2◦C ± 0.1◦C), HR increased by 55% (100 ± 10 to 180 ± 11
bpm), and RPE increased by 33% (6 ± 1 to 18 ± 2). Based on these measurements,
we are confident that the physiological stress associated with the experimental ex-
ercise sessions was similar between BG and placebo conditions.

Experiment Two: Salivary Immunoglobulins

We found significant condition by time interactions for salivary IgA (p = .048;
Figure 3). In the placebo condition, there was a progressive decline in salivary
IgA, with the most pronounced reduction occurring at POST and 2H compared
with PRE. In contrast, after 10 days of BG supplementation, salivary IgA was in-
creased at 2H compared with placebo and increased at PRE compared with BG
and placebo. This demonstrates that BG supplementation enhanced salivary IgA
recovery over placebo control in an experimental model of strenuous exercise.

DISCUSSION

The key findings of the present study demonstrate that BG supplementation re-
duced the duration of URTI symptoms following a marathon and prevented pos-
texercise suppression of salivary IgA following a strenuous bout of exercise. This
work complements previous findings from our lab and others demonstrating that
this particular source of BG with a well-characterized chemical structure improves
specific immune outcomes in response to exercise, stressful working environments,
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and cancer (Carpenter et al., 2012; Harger-Domitrovich et al., 2008; Hong et al.,
2004; US Pharmacopiea, 2011; Qi et al., 2011; Talbott & Talbott, 2009). In addition
to our observations with respect to BG, it is also important to note that we observed
a typical immunosuppressive response in placebo conditions, which is consistent
with what others have reported after exercise (Allgrove et al., 2009; Davison &
Diment, 2010; Sari-Sarraf et al., 2011; Usui et al., 2011).

Previous studies using the insoluble preparation of BG have reported reduced
URTI prevalence and severity in marathon runners and forest firefighters (Harger-
Domitrovich et al., 2008; Talbott & Talbott, 2009). The experiment we completed
at the marathon was designed to replicate previous efforts and to compare the ef-
ficacy of different oral delivery preparations (i.e., soluble vs. insoluble) of BG on
URTI symptom prevalence (Talbott & Talbott, 2009). These preparations of BG
were selected because they are routinely used for the manufacture of beverages
(soluble) or other food products (insoluble). In the present study, we found that
regardless of BG preparations, similar reductions in the number of URTI symp-
tomatic days were measured following a marathon as measured by our daily health
survey. Interpretation of this finding suggests that regardless of the preparation, BG
supplementation allowed subjects to recover from URTI more quickly compared
with placebo. Such a recovery may have allowed the BG supplemented subjects to
resume their exercise training or work routines in a timelier manner, thus reducing
the health toll associated with marathon running.

In addition to measuring URTI symptoms, we also tracked the subjects’ mental
health postmarathon using a POMS survey. This measure was included because it is
well established that reduced mental health can cause excess stress on the immune
system, increasing URTI risk (Fink et al., 2012). In this experiment, we did not
observe any difference between groups in POMS scores during recovery from the
marathon. Thus, we can rule out a change in global mental health as a confounder
in our observed BG-mediated reduction in URTI symptomatic days.

While the marathon experiment provided key information regarding the effect
of BG on URTI symptoms, its field study design was not well suited for track-
ing changes in mucosal immunity. Given this limitation, we completed a second
experiment in the laboratory to evaluate the ability of BG to alter mucosal im-
munity. Salivary Igs along with antimicrobial proteins are major components of
the mucosal immune system, whose disruption has been linked to an increased
risk of URTI (Walsh et al., 2011). In examining the published literature, strenuous
bouts of exercise tend to suppress salivary IgA concentration and/or secretion rate
(Allgrove et al., 2009; Davison & Diment, 2010; Sari-Sarraf et al., 2011; Usui et al.,
2011; Walsh et al., 2011). These previous studies used subjects and exercise condi-
tions similar to the present laboratory experiment. The key finding from our labo-
ratory’s analysis was that BG supplementation prior to a bout of strenuous cycling
increased salivary IgA concentration at 2H postexercise, compared with placebo.
This increase is consistent with an improved mucosal immunity that has been sum-
marized elsewhere (Walsh et al., 2011) and therefore has implications for infection
risk. It is plausible that similar elevations in salivary IgA may have occurred in
BG-supplemented individuals following the marathon in the first experiment. Im-
provedmucosal immunity as a result of BG supplementation is one potential expla-
nation for the reduced number of cold/flu symptomatic days experienced by those
subjects. Since the second experiment only evaluated salivary IgA and did not track
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URTI symptom incidence, we are unable to determine if an improved mucosal im-
munity is the sole factor contributing to the reduction of URTI symptomatic days
by BG. More research is needed to evaluate other immune system outcomes that
may contribute to the BG supplementation effect onURTI symptom day reduction
postmarathon.

Although the two experiments employed different supplementation patterns
(i.e., before vs. after exercise), a statistically significant enhancement in the mea-
sured outcomes was evident in BG and placebo groups in both studies. We feel that
this design difference strengthens the overall conclusions of our study by suggest-
ing that supplementation with BG before strenuous exercise may not be necessary
in order to observe a benefit to the immune system. In summary, the present study
provides confirmation of the observations from other investigators that this com-
mercially available source of baker’s yeast BG decreases URTI symptom preva-
lence postmarathon. Here we add the novel insight that salivary IgA concentration
following a strenuous exercise session is improved in subjects supplementing with
BG. In future experiments, we will seek to address the limitations of the present
study and further explore the mechanism of action for BG. More research is also
needed to understand what type of supplementation regime maximizes the effec-
tiveness of BG in terms of minimizing postexercise URTI.
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Exercise and physical labor in extreme environmental conditions causes transient

decreases in immune cell and cytokine concentrations, likely increasing the susceptibility

to opportunistic infection. Baker’s yeast beta glucan (BYBG) has been previously

demonstrated to be an effective countermeasure in athletes, but its effectiveness in

individuals of average fitness under similar physical stress is unknown. The purpose

of this study was to determine if 10 days of oral supplementation with BYBG could

modify previously observed suppression of monocytes, T cells, circulating and whole

blood LPS-stimulated cytokines due to strenuous exercise. Venous blood samples were

collected from 109 healthy volunteers prior to, immediately after, 2 and 4 h post-exercise.

Monocyte and T cell concentration, cell-surface receptor expression and serum and

LPS-stimulated cytokines were assessed. BYBG significantly (P < 0.05) altered total

and classic monocyte concentration and expression of CD38, CD80, CD86, TLR2,

and TLR4 on monocyte subsets. BYBG also significantly increased CD4+ and CD8+

T cell concentration and the exercise response of CCR7+/CD45RA- central memory

(TCM) cells. Likewise, BYBG significantly (P < 0.05) altered serum IFN-γ and IL-2,

and LPS-stimulated IFN-γ, IL-2, IL-4, and IL-7. Taken together these data support the

hypothesis that oral BYBG supplementation modulates the expected exercise response

for individuals of average fitness. This may result in a decrease in susceptibility to

opportunistic infections after strenuous exercise.

Keywords: baker’s yeast beta glucan, cytokine response, monocytes, T cells, Th1/Th2, exercise response

INTRODUCTION

Our laboratory and others have demonstrated that moderate exercise is beneficial to the immune
system. However, strenuous exercise can cause immune suppression for up to 24 h after exercise
(McFarlin et al., 2003, 2007a, 2013; Strohacker et al., 2012; Carpenter et al., 2013). This period
of transient immunosuppression, often termed the “open window,” represents a time when an
individual may be more susceptible to infection (Pedersen and Bruunsgaard, 1995). Our laboratory
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has sought to use the “open window” paradigm to evaluate the
potential of naturally occurring substances to reduce the duration
or magnitude of immunosuppression following exercise. One
such substance we have studied previously is Baker’s yeast beta-
glucan (BYBG).

Baker’s yeast beta glucan (BYBG) is a known
immunomodulator (Pharmacopiea, 2011) that has been
studied for over 50 years. However, despite the large body of
evidence for this activity, the mechanism of action is not fully
characterized. BYBG has been reported to have the capacity to
alter a variety of cellular functions, including but not limited
to: priming granulocytes for quicker activation, increasing
salivary immunoglobulin (Ig)A, improving circulating monocyte
count and altering the balance of T helper (Th1/Th2) cytokines
(Goodridge et al., 2011; Pharmacopiea, 2011; Qi et al., 2011;
Williams et al., 2016; Zheng et al., 2016). Previous research from
our laboratory and others into the effects of BYBG on the human
immune system following exercise has focused on changes to the
cellular immune response and symptoms of cold/flu illness in
physically fit individuals under physical stress (such as exercise)
(Harger-Domitrovich et al., 2008; Talbott and Talbott, 2009;
Carpenter et al., 2013; McFarlin et al., 2013). Indeed, a majority
of the published literature has focused on this population.
Therefore, it is unknown how these previously reported effects
translate to a general population with a much lower fitness
level.

In the present study, we have employed a well-characterized
model of exercise-induced stress with a study population
composed of individuals of average fitness in order to determine
if BYBG supplementation mediates a consistent effect on
exercise-induced immune system changes regardless of fitness

FIGURE 1 | Experimental timeline. After screening, subjects were randomized to an order to complete either a 10-days supplementation with BYBG (250 mg/d) or

placebo (rice flour 250 mg/d). After 10-days of supplementation, subjects reported to the laboratory to complete an experimental exercise session (90-min) in a hot,

humid environmental chamber. Venous blood samples were collected prior to supplementation (baseline), prior to exercise (Pre), within 5-min of the end of exercise

(Post), 2- and 4-h post-exercise. The later three samples were used to assess the effect of exercise on early phase immunity. After collection of the 4-h sample,

subjects completed a 7-days washout and repeated the entire protocol again.

level. In this exercise model, heat exposure is used to increase
the physiological stress of a typical exercise session. Thus,
combining exercise and heat exposure increases the likelihood
of reduced immune response. Specifically, the purpose of
the present study was to determine how 10-days of oral
supplementation with BYBG alters monocyte concentration,
monocyte cell-surface receptor expression, circulating and whole
blood LPS-stimulated cytokines and T cell concentration after
strenuous exercise. We hypothesized that oral supplementation
with BYBG would be associated with improved immune system
function in individuals of average fitness both at rest and
following a bout of strenuous exercise. The long-term goal
of this research is to provide insight concerning the use
of functional nutrition to broadly improve human health
outcomes.

METHODS

Experimental Design
All methods described in this study were completed in
accordance with the latest Declaration of Helsinki. The study
was conducted at two locations where Dr. McFarlin worked and
thus was approved by both the University of Houston and the
University of North Texas Institutional Review Boards (IRB). All
subjects gave written and verbal consent to participate. This study
was completed in collaboration with an industrial partner and
conducted according to previously published guidelines designed
to eliminate bias in industry-funded research (Rowe et al., 2009).
The study consisted of two, 10-days supplementation periods
that were separated by a 7-days washout period (Figure 1). The
suitability of the washout period length was based on previously
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published studies from our laboratory (Carpenter et al., 2013;
McFarlin et al., 2013). Blood samples were collected prior to
supplementation (baseline), after 10-days of supplementation
(pre), within 5-min (min) of completing exercise (post), 2-
h after exercise (2-h), and 4-h after exercise (4-h). Subjects
reported for all sample collection appointments between 0,400
and 1,000 following an overnight fast (>8 h) and abstention from
exercise (>24 h). On the day of the experimental exercise session,
subjects maintained a fasting state until collection of the 4-h
sample.

Sample Size Determination
We previously determined effect sizes associated with BYBG
treatment in very active individuals (Carpenter et al., 2013;
McFarlin et al., 2013). In general, most effect sizes for monocyte
and cytokine changes were of moderate size and reached
statistical significance with n = 60 subjects. Therefore, in order
to confirm effect size calculations in a general population
we conducted a pilot study, identical to the study design
described below, with 40 enrolled subjects. We observed an
unexpectedly high attrition rate (55%) in this study. The
most common reason the subjects discontinued participation
was due to missed study appointments. No subjects were
dismissed due to complications associated with either BYBG
or the exercise protocol. Twenty-two subjects completed the
pilot and analysis of the data revealed that the smallest effect
size (0.19) was associated with monocyte concentration. We
decided to estimate sample size for the larger study using
0.15 to take a conservative approach and ensure a sufficient
number of subjects. Sample size was estimated using an a
priori within factor ANOVA test and an effect size of 0.15
(G-Power v.3.1; Dusseldorf, Germany). We determined that a
properly powered study required a minimum of 90 individuals
to complete the protocol. To account for the anticipated
attrition we randomized 217 subjects, 109 of whom completed
all the study requirements. The most common reason that
subjects were dismissed from the study after randomization
was for either failure to follow study protocol (i.e., not
taking their supplement) or missed study appointments. A
full consort diagram has been provided to detail subject
recruitment, enrollment, randomization, and progression in the
study (Figure 2).

Subjects
As described above, determination of the number of subjects to
be enrolled in the present study was based on a combination
of data from other published studies in our laboratory and
a pilot study specific to the subject population and exercise
protocol (McFarlin et al., 2006, 2013; Strohacker et al., 2012;
Carpenter et al., 2013). Over a period of 2 years, we enrolled
subjects until we reached our target of over 100 total subjects
completing the entire study protocol. College-aged men and
women who were of average physical activity status and who
were not actively exercising were recruited. Subjects were
screened for inclusion/exclusion criteria using a written medical
history form, a whole body DXA scan for body composition
(GE Lunar Prodigy; USA), and a graded exercise test on

FIGURE 2 | Consort Diagram. Demonstrates subject progression through the

various phases of the study from initial inquiry (top black box) to completion of

all study tasks (bottom black bar). During the Pre-Screening and Lab

Screening phases subjects who did not meet the study requirements were

dismissed from further participation. Once subjects were randomized, the

most common reasons that subjects were dismissed was for failure to follow

the study protocol (i.e., irregular consumption of supplement) or missed study

appointments. No subjects dropped or were dismissed due to adverse

reactions to the supplement or study protocol.

a treadmill. Detailed subject characteristics are presented in
Table 1.

Dietary Supplement Conditions
All subjects completed two conditions (placebo and BYBG)
using a double-blind, crossover approach with a 7-days washout
between conditions. The laboratory team was blinded until
all raw data had been analyzed. Placebo consisted of veggie
capsules filled with rice flour. BYBG (250 mg/days) was supplied
by Kerry Inc. (Beloit, WI, USA). To our knowledge the
blinding procedures were sufficient because neither subjects
nor investigators were aware of the conditions. Subjects were
asked to consume their supplements with food and immediately
report any adverse reactions. Subjects did not report any adverse
reactions with either placebo or BYBG supplementation in this
study, consistent with previous reports from our lab and others
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TABLE 1 | Subject characteristics.

Characteristic Men (N = 50) Women (N = 59)

Age (y) 22 ± 3 21 ± 3

Height (m) 1.74 ± 0.04 1.63 ± 0.07

Weight (kg) 76.98 ± 2.04 62.90 ± 1.74

BMI (kg/m2) 24.74 ± 0.40 23.29 ± 0.53

VO2max (ml/kg/min) 38.3 ± 0.7 36.5 ± 0.7

% Body Fat 17.6 ± 0.9 30.8 ± 1.0

Values represent the mean ± SEM. No significant gender differences were noted.

(Harger-Domitrovich et al., 2008; Talbott and Talbott, 2009;
Auinger et al., 2013; Carpenter et al., 2013; McFarlin et al., 2013).

Experimental Exercise Challenge
Subjects reported to the laboratory between 0,400 and 1,000
following an overnight fast (>8-h) and abstention from formal
exercise (>24-h). Following collection of the pre-exercise blood
sample, subjects were fitted with a heart rate monitor and moved
to an environmental chamber set to a heat index of 51 ± 2◦C.
Subjects completed 6 slow speed (8-min; men= 3 miles per hour
(MPH), 38% of max; women = 2.5 MPH, 36% of max) and fast
speed (7-min; men= 4.5 MPH, 56% of max; women= 4.0 MPH,
57% of max) treadmill intervals for a total of 90-min of exercise.
Subjects were allowed water ad libitum and were encouraged to
drink fluid regularly by a member of the study staff. Subjects
were also fitted with a forehead temperature monitor to ensure
that they did not overheat during the exercise session. In any
instance where subjects reported signs or symptoms consistent
with heat-related illness the experimental exercise challenge was
immediately stopped. Subjects who were unable to complete the
90-min protocol were excluded from further participation in the
study.

Venous Blood Sample Collection and
Processing
Venous blood was collected and treated with either
ethylenediaminetetraacetic acid (EDTA), lithium heparin or a
clotting agent in Vacuette blood collection tubes (Griener Bio
One; Monroe, NC). EDTA blood was used immediately (within
2-h of collection) to isolate peripheral blood mononuclear cells
(PBMC) using Histopaque 1,077 (MilliporeSigma; St. Louis,
MO) and Leukosep isolation tubes (Griener Bio One). Lithium
heparin blood was used immediately (within 2-h of collection)
for in vitro LPS-stimulation assays. Blood exposed to the clotting
agent was allowed to clot at room temperature for 30-min and
then centrifuged to yield serum. Isolated serum was frozen at
–80◦C until analysis for serum cytokines.

Flow Cytometry Staining and Analysis
All PBMC isolation and staining procedures were completed in
a manner consistent with previously established best practice
methods in our laboratory (McFarlin et al., 2004, 2006,
2015; Breslin et al., 2012; Strohacker et al., 2012; Carpenter
et al., 2013). After isolation of PBMC, cells were checked
for viability and concentration using the ViaCount assay per

manufacturer instructions (MilliporeSigma, Heyward, CA). All
PBMC isolations were >98% viable. All cell fractions were
adjusted to 5 × 106/mL viable PBMCs using staining buffer
(Affymetrix/eBioscience; San Diego, CA). An aliquot of the
PBMC fraction (75 µL) was dispensed into each of 8 library
tubes using a calibrated, electronic pipet (Integra Biosciences;
Hudson, NH). The first two tubes were used to stain for positive
events and the remaining six tubes were used as either fluorescent
minus one (FMO) or cells only (negative or auto-fluorescence)
controls. A fixable viability dye was used to confirm that all
cells were >99% live at the time of staining. Table 2 identifies
the relevant product information for each antibody used in
the present study. A dump channel consisting of CD19, CD56,
viability dye and CD3 (for monocyte tubes) or CD14 (for T-
cell tubes) depending on the cell type under investigation was
utilized to ensure identification of live cells only of the intended
lineage. CD14 and CD16 were used to establish primary and
secondary gates for total and monocyte subsets. Primary and
secondary gates for T-cells were based on co-expression of CD3
and CD4 (helper T-cell) or CD8 (cytotoxic T-cell). Lineage of
T-cells was separately subdivided using CCR7 and CD45RA
expression. Once the desired lineage subset was identified,
populations were gated to determine CD38, CD80, CD86, TLR2,
TLR4, CX3CR1, CD54, and CD195 expression (Table 2). Samples
were acquired uncompensated using an EasyCyte 8HT flow
cytometer (MilliporeSigma) equipped with 488 and 642 nm
lasers. An autosampler was used to automate acquisition and
throughput. The staining conditions were optimized to ensure
that a minimum of 40,000 PBMC events were collected on each
sample.

After collection, a compensation matrix was created using
the various controls and applied to each positively stained
sample using commercially available software (FCS Express
v.5; De Novo Software; Glendale, CA). For monocyte analysis,
primary gates were established to identify total (CD14+), classic
(CD14+/CD16−), and non-classic (CD14+/16+) monocytes in
a manner consistent with previously published studies from
our laboratory (McFarlin et al., 2004, 2006; Strohacker et al.,
2012; Carpenter et al., 2013). FMO controls were used to define
secondary gates and histograms for the expression of CD38,
CD80, CD86 TLR2, TLR4, CX3CR1, CD54, and CD195 on
total, classic and non-classic monocytes. For T-cell analysis,
primary gates were established to identify total CD3+/CD4+ and
CD3+/CD8+ cells and further subdivided based on CCR7 and
CD45RA expression. All data files were analyzed in a blinded,
codedmanner so that investigator bias wasminimized. Data were
reported as cell concentration, percent positive, or geometric
mean fluorescence intensity (gMFI) depending on the outcome
measure.

In Vitro Cytokine Production Assay
In order to assess the capacity of blood leukocytes to produce
cytokines, we used a method previously validated in our
laboratory (McFarlin et al., 2004, 2006; Carpenter et al., 2013).
Briefly, lithium heparin-treated whole blood was diluted 1:10
in sterile PBS (pH = 7.4). Aliquots (1mL) of the diluted
blood were transferred to separate wells of a sterile, 24-well
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TABLE 2 | Antibodies for flow cytometry staining.

Target Clone/Catalog # Color Target Clone/Catalog # Color

CD14 61D3 47-0149-42 APC-eFluor780 CD3 OKT3 17-0037-42 APC

CD16 eBioCB16 25-0168-42 PE-Cy7 CD4 RPA-T4 47-0049-42 APC-eFluor780

CD38 HIT2 17-0389-42 APC CD8 RPA-T8 45-0088-42 PerCP-Cy5.5

CD80 2D10.4 11-0809-42 FITC CCR7 3CD12 12-1979-42 PE

CD86 IT2.2 15-0869-42 PE-Cy5 CD45RA HI100 25-0458-42 PE-Cy7

TLR2 TL2.2 17-9922-42 APC CD56 CMSSB 47-0567-42 APC-eFluor780

TLR4 HTA125 12-9917-42 PE CX3CR1 2A9-1 12-6099-42 PE

Fixable viability dye N/A 65-0865-18 eFluor780 CD54 RR1/1 BMS108FI FITC

CD19 HIB19 47-0199-42 APC-eFluor780 CD195 313715 HEK/1/85a PerCP-Cy5.5

tissue culture plate using aseptic technique in a laminar flow
tissue culture hood. An aliquot of ultrapure lipopolysaccharide
from Salmonella minnesota R595 (LPS; final concentration
10µg/mL; InvivoGen; San Diego, CA) was added to each diluted
blood sample (mixing with an electronic pipet set to “pipet
and mix” function). This dose of LPS was optimized prior
to the study (data not shown). Blood/LPS suspensions were
incubated (37◦C, 5% CO2) for 24-h to elicit cytokine production.
After incubation, cell-free supernatants were carefully removed
and frozen at −80◦C until analysis for cytokine production
using a Luminex-basedmultiplex cytokine assay (MilliporeSigma
Milliplex Cat# HSTCMAG28SPMX13; Luminex MagPix; Austin,
Texas). Multiplex cytokine assays were completed at the end of
the study on all samples at the same time to minimize intra-
assay variability. Within this model, we calculated the inter-
assay coefficient of variation (CV) to be 8%. Prior to assay,
the MagPix was calibrated and verified according to standard
Luminex procedures. Each stimulated supernatant was analyzed
in duplicate to simultaneously determine the concentration of
IFN-γ, IL-1β, IL-2, IL-4, IL-7, TNF-α, IL-10, MCP-3, MIP-1α,
and MIP-1β.

Serum Cytokine Analysis
At the conclusion of the study all serum samples were thawed
and analyzed using a high-sensitivity cytokine assay specifically
designed for human serum samples (McFarlin and Venable,
2014). Using commercially-available multiplex technology
(MilliporeSigma Milliplex Catalog # HSTCMAG28SPMX13)
common to our laboratory (McFarlin and Venable, 2014;
McFarlin et al., 2016), we measured each serum sample in
duplicate to determine the concentration of IFN-γ, IL-1β, IL-2,
IL-4, IL-7, and TNF-α. The same MagPix setup procedures and
variability were observed as described above in the measurement
of stimulated cytokines.

Statistical Analysis
Amixed linear effects model was used for the analysis, which is a
generalization of the standard linear model. The generalization
being that the data are permitted to exhibit correlation and
nonconstant variability. Both a full and a reduced mixed effects
model for crossover design were applied using proc mixed in
SAS version 9.3. The full model was used to test for suitability

of the wash-out period between BYBG and placebo conditions.
With the exception of serum IL-2, no “carry-over” effects were
observed from the first to the second period for any other
variables and thus statistical analysis is reported as the reduced
mixed model analysis. In the case of serum IL-2, additional post-
hoc testing did not reveal any “carry-over” effect, but the full
model provided a better fit of the data than the reduced model.
Thus, for serum IL-2, we reported statistical results associated
with the full mixed linear model. In these models the class
variables were treatment, sequence, the repeated measure (for
Baseline, Post, 2- and 4-h), and subject. The denominator degrees
of freedom were set to the Kenward and Roger option. The
repeated statement had all interactions in the full model and
treatment by repeated measures in the reduced model. The
significance levels were set to 0.050.

RESULTS

Monocyte Variables
Strenuous exercise is known to transiently increase the
concentration of circulating monocytes during and immediately
after exercise (Strohacker et al., 2012; Carpenter et al., 2013).
In a typical exercise response monocyte numbers decline in the
first 12 h of recovery from exercise and return to baseline levels
by 24-h (Walsh et al., 2011). BYBG supplementation increased
the concentration of total monocytes found in the peripheral
blood after exercise (Post, 2-h, 4-h) compared to placebo but
had no effect prior to exercise stress (Figure 3A). The increase in
monocyte concentration was due predominantly to an increase in
classic monocytes (Figure 3B; CD14+/CD16−) with no change
in non-classic monocytes (Figure 3C; CD14+/CD16+) after
exercise compared to placebo.

Next we investigated whether monocyte phenotype was
affected by BYBG supplementation. Surface expression of several
proteins known to have roles in canonical monocyte functions
were evaluated. CD38 expression was lower on CD14+ cells in
the BYBG arm (Figure 4; p < 0.0001). All of the modulation of
CD38 expression was due to changes in expression on classic
monocytes (Figure 4A), no change to CD38 expression was
observed on non-classic monocytes (Figure 4B).

When we evaluated expression of the T cell activation
co-stimulatory receptors CD80 and CD86, we observed no
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FIGURE 3 | Effect of BYBG on CD14+ cells in peripheral blood. Monocyte concentrations were determined using peripheral blood mononuclear cells (PBMC)

isolated from human whole blood samples. PBMCs were analyzed using flow cytometry to determine total (A, CD14+), classic (B, CD14+/CD16-), and non-classic

(C, CD14+/CD16+) monocyte concentrations. Placebo (black bars) and BYBG (green bars) are represented separately and were statistically compared. Values

represent the mean ± SEM. *indicates BYBG significantly different than placebo (p < 0.05).

change in CD80 on any monocyte subset but did observe
a significant increase in CD86 expression on non-classic
monocytes (Figure 4). TLR2 expression was reduced on both
classic and non-classic monocytes with BYBG supplementation.
TLR2 expression was down-modulated at all time points after
supplementation (pre- through 4-h) on non-classic monocytes
while on classic monocytes TLR2 expression was reduced
compared to control only at pre-exercise and 4-h post-
exercise. In contrast, TLR4 expression was increased on non-
classic monocytes. No other monocyte cell surface molecules
demonstrated either a significant treatment or interaction effect;
however, the traditional exercise response was observed in a
manner consistent with previous findings from our laboratory
and others (data not shown) (Pedersen and Bruunsgaard,
1995; Mitchell et al., 2002; McFarlin and Mitchell, 2003;
McFarlin et al., 2004; Simpson et al., 2009; Carpenter et al.,
2013).

T Cells
The response of T-cells to a bout of strenuous exercise is similar
to that observed for monocytes and is characterized by a transient
increase in concentration immediately after exercise followed
by a period of decline below pre-exercise levels during the
recovery period. Peripheral blood T cell counts return to baseline
within 12- to 24-h after exercise (Gleeson and Bishop, 2005).
CD4+ and CD8+ T cells have both been reported to follow this
pattern (Nieman et al., 1994; Turner et al., 2010). Since BYBG
supplementation prior to exercise improves the exercise-induced
transient decrease in peripheral blood monocyte concentration,
we investigated whether BYBG supplementation has similar
effects on the reported circulatory pattern of T cells after
exercise.

CD4+ T Cells
The protocol used in this study elicited the expected response
of CD4+ T cells to exercise: increased CD4+ cells immediately
post-exercise followed by a decrease to below pre-exercise levels
that was sustained for at least 4-h (black bars, Figure 5A). Shown
in the green bars of Figure 5A, BYBG supplementation had a
modest effect on the concentration of total peripheral blood
(PB) CD4+ cells. The number of circulating CD4+ cells was
significantly increased before exercise (pre) and maintained at
a consistent percent greater than placebo through the exercise
response (post, 2-h, 4-h). CD4+ is present on multiple distinct
populations of T cells present in peripheral blood. Therefore,
we used the established convention of differential expression of
CCR7 and CD45RA expression to further explore the effects of
BYBG supplementation on the four major CD4+ populations in
human PB; naïve (CCR7+/CD45RA+), effector memory (TEM,
CCR7-/CD45RA-), central memory (TCM, CCR7+/CD45RA-)
and terminally differentiated effector memory cells re-expressing
CD45RA (TEMRA, CCR7-/CD45RA+).

Baker’s yeast beta glucan (BYBG) supplementation did not
affect the expected response of naïve or TEMRA CD4+ cells to
a bout of strenuous exercise (data not shown), but did change
the numbers of effector memory (TEM) and central memory
(TCM) cells in circulation (Figures 5B,C). The number of TEM in
circulation after exercise when subjects had been supplemented
with BYBG was increased compared to placebo and followed
a similar pattern of change over the recovery period as in
the placebo condition, but maintained a concentration nearly
the same as placebo pre-exercise (Figure 5B). The response
of TCM cells after BYBG supplementation was similar to that
observed for total CD4+ and CD4+ TEM cells (Figure 5C).
The number of circulating TCM cells was elevated before
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FIGURE 4 | Effect of BYBG on peripheral blood monocyte phenotype. Monocyte cell-surface receptor expression on monocyte subsets was determined using

peripheral blood mononuclear cells (PBMC) isolated from human whole blood samples. The expression of CD38, CD80, CD86, TLR2, TLR4 was analyzed by gMFI for

each receptor on the whole population of classic CD14+/CD16− (A) and non-classic CD14+/CD16+ (B). Values represent the mean ± SEM. *indicates BYBG

significantly different than placebo (p < 0.05).

exercise after 10-days of BYBG supplementation and was
maintained at a consistent percent increase compared to placebo
throughout the recovery period (Figure 5C), similar to the
response of the total CD4+ and CD4+ TEM cell populations
(Figure 5).

CD8+ T Cells
The expected response of CD8+ T cells to a bout of strenuous
exercise is similar to that described above for CD4+ cells
(Nieman et al., 1994; Turner et al., 2010) and was elicited
as expected by this exercise protocol (black bars, Figure 6).
Supplementation with BYBG increased the number of circulating
CD8+ T cells even before exercise stress (Figure 6A). This
increased number of total CD8+ T cells compared to placebo was
observed immediately after exercise as well as during the first 4 h
of recovery (Figure 6A).

Again, PB CD8+ cells were divided into naïve, TEM,
TCM, and TEMRA cells based on CCR7 and CD45RA
expression as described above. After BYBG supplementation and
before exercise changes in the number of TEM and TEMRA
populations were evident (Figures 6B,D). After exercise, TEM

cells were increased by consistent percentage compared to
placebo at 2- and 4-h post-exercise (Figure 6B). Similarly,
CD8+TEMRA cells were increased by a consistent percentage
after BYBG supplementation and at all time points before
and after exercise (Figure 6D). In contrast to this pattern,
CD8+TCM cells were not increased before exercise but did
increase during the early period of recovery compared to
the placebo condition. Subjects supplemented with BYBG
maintained CD8+TCM cells at somewhat increased levels
(compared to pre-exercise) through 2-h post-exercise timepoint
(Figure 6C).

Serum Cytokines
Baker’s yeast beta glucan (BYBG) supplementation significantly
increased serum IFN-γ (P = 0.010) and approached significance
for IL-2 (P = 0.050) (Figures 7A,B). No other serum cytokines
(IL-4, IL-5, IL-7) or chemokines (IL-8) measured demonstrated a
significant main effect (treatment) or interaction effect. However,
the traditional exercise response was observed in a manner
consistent with previous findings (data not shown) (Pedersen and
Bruunsgaard, 1995; Mitchell et al., 2002; McFarlin and Mitchell,
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FIGURE 5 | Effect of BYBG on CD4+ T cells. CD4+ T cell concentrations were determined using peripheral blood mononuclear cells (PBMC) isolated from human

whole blood samples. PBMCs were analyzed using flow cytometry to determine total (A, CD3+/CD4+), TEM (B, CCR7-/CD45RA-), and TCM (C, CCR7+/CD45RA-)

concentrations. Placebo (black bars) and BYBG (green bars) are represented separately and were statistically compared. Values represent the mean ± SEM.

*indicates BYBG significantly different than placebo (p < 0.05).

2003; McFarlin et al., 2004; Simpson et al., 2009; Carpenter
et al., 2013). It has been proposed that strenuous exercise
increases susceptibility to infection in part due to a disruption
of Th1/Th2T cell homeostasis. Characterization of a T cell as
Th1 or Th2 is based on both transcription factors expressed and
the cytokine repertoire of the cell. These assays were beyond
the scope of the study. However, it was possible to examine the
ratio of the Th1-associated cytokine IFN-γ to the Th2-associated
cytokine IL-4 in serum. It has been demonstrated in recreational
marathon runners that the ratio of IFN-γ:IL-4 mRNA as well as
similar changes in other Th1 or Th2-associated genes is skewed
after exercise toward a Th2 response (Xiang et al., 2014). In
the current study although no changes in the quantity of IL-
4 present in serum was observed, serum IFN-γ was increased
after BYBG supplementation. This resulted in modulation of
the Th1/Th2 cytokine ratio in serum toward a Th1(IFN-γ)
cytokine profile (Figure 8). The changes did not reach statistical

significance but did show a trend toward significance at 4-h (p=
0.092).

Stimulated Cytokine Production
Measurement of in vitro cytokine responses to LPS-stimulation
is a proxy assay for bacterial infection in human systems. We
used LPS-stimulation of whole blood to determine whether
BYBG supplementation affects the PBMC response to molecular
components of a bacterial infection. BYBG supplementation
increased secretion of IFN-γ (P = 0.038), IL-2 (P = 0.001),
IL-4 (P = 0.0459), and IL-7 (P =0.034) in LPS-stimulated
whole blood cultures (Figures 7C–G). Neither BYBG treatment
or interaction effects were observed for IL-1β, TNF-α, IL-
10, MCP-3, MIP-1α, or MIP-1β; however, the traditional
exercise response was observed in a manner consistent with
previous findings from our laboratory and others (data not
shown).
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FIGURE 6 | Effect of BYBG on CD8+ T cells. CD8+ T cell concentrations were determined using peripheral blood mononuclear cells (PBMC) isolated from human

whole blood samples. PBMCs were analyzed using flow cytometry to determine total (A, CD3+/CD8+), TEM (B, CCR7-/CD45RA-), and TCM (C, CCR7+/CD45RA-),

and TEMRA (D, CCR7-/CD45RA+) concentrations. Placebo (black bars) and BYBG (green bars) are represented separately and were statistically compared. Values

represent the mean ± SEM. *indicates BYBG significantly different than placebo (p < 0.05).

DISCUSSION

The present study represents a continuation of research from

our laboratory which has sought to identify and characterize

naturally occurring substances with potential to prevent post-
exercise immunosuppression (Carpenter et al., 2013; McFarlin
et al., 2013, 2015, 2016). Our previous research was the first
to demonstrate the specific immune system effects by which

BYBG prevented post-exercise immunosuppression (Carpenter
et al., 2013; McFarlin et al., 2013). Our previous and current
findings are consistent with what other laboratories have reported

regarding actions of BYBG (Rowe et al., 2009; Talbott and Talbott,
2009). It is important to note that although beta glucan can be

derived from a variety of sources (Pharmacopiea, 2011; Walsh
et al., 2011), consistent results have only been reported with
respect to beta glucan purified from baker’s yeast. It is therefore
important to be cognizant of the source of the beta glucan
when comparing studies. Also, an individual’s physical activity
status greatly effects how their body responds to exercise stress
(Pedersen and Bruunsgaard, 1995;Walsh et al., 2011). Thus, prior
to the present study it was not known how accurately results
from previous BYBG studies using trained individuals would
translate to a general population, who tends to have a lower
physical fitness level. We hypothesized that the effect of BYBG
supplementation would be similar for individuals of average

physical fitness after a bout of strenuous exercise although
potentially less pronounced. The key findings of the present study
support this hypothesis.

We observed increased concentration of peripheral blood
monocytes at 2-h and 4-h after exercise compared to placebo.
When the kinetics of the exercise response were examined,
subjects on placebo experienced on average a 23 and 29%
drop in circulating monocytes at 2- and 4-h post exercise,
respectively compared to pre-exercise. In our previous study
we noted a 17% decline in total monocyte concentration at 2-
h with placebo suggesting that the overall decline in monocyte
concentration in the present study wasmore severe. Interestingly,
the BYBG effect in the current study was the same as that
observed in our previous study, despite the larger net decline in
monocyte concentration post-exercise (Carpenter et al., 2013).
All subjects experienced a small magnitude increase in monocyte
concentration immediately following exercise (POST), but when
the exercise was preceded by BYBG supplementation the result
was no net change in circulating monocyte concentration
during recovery compared to pre-exercise (2- and 4-h). One
factor that may have contributed to the change in monocyte
trafficking behavior is the reduction in CD38 expression
observed on classic monocytes after BYBG supplementation.
CD38 is known to be an important part of the trafficking
and adhesion machinery that affects extravasion of leukocytes
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FIGURE 7 | Effect of BYBG on serum and LPS-stimulated cytokines. Cytokine concentrations were determined using a multiplex bead-based assay that was

optimized for either low concentration serum (high-sensitivity kit) or tissue culture supernatant (standard sensitivity) samples. All samples were analyzed in duplicate.

Of the measured cytokines, significant differences between BYBG and placebo were observed for serum IFN-γ (A) and IL-2 (B). Differences were also observed for

LPS-stimulated IFN-γ (C), IL-1β (D), IL-2 (E), IL-4 (F), and IL-7 (G). Values represent the mean ± SEM. *indicates BYBG significantly different than placebo (p < 0.05).

from the vessels (Dianzani et al., 1994; Musso et al., 2001).
The reduction in CD38 expression may be permissive for
increased monocyte circulation after exercise which may result in
increased immunosurveillance. This interpretation is consistent
with other research which has demonstrated that monocyte
adhesion molecule expression determines migration capacity
into inflamed or infected tissue compartments (Liberek et al.,
2004; Iijima et al., 2011).

This study extended our previous observations by exploring
whether there were phenotypic changes to either classic or
non-classic monocytes associated with the BYBG effect. We
observed an increase in CD86 expression on non-classic
monocytes at all times after BYBG supplementation which may
indicate a more robust capacity of the non-classic monocytes
to provide co-stimulation to T-cells in response to an antigenic
challenge. Although TLR2 expression was decreased on both
classic and non-classic monocytes, an overall increase in
TLR4 expression on non-classic monocytes was observed. The
change to TLR4 expression levels may be a consequence
of increased circulating IFN-γ (Bosisio et al., 2014). Pattern
recognition receptors have a key role in the immune system’s
danger response, which can be activated by either exogenous
(i.e., PAMP) or endogenous (i.e., DAMP) signals. TLR4 has
been linked to the regulation of post-exercise inflammation
following resistance exercise (McFarlin et al., 2004) and thus,
the observed response may be indicative increased immune
surveillance.

To our knowledge, the present study is the first published
report that BYBG supplementation modulates post-exercise T-
cell response. T-cell response to a strenuous bout of exercise
has been reported to be similar to that of monocytes, namely
a transient increase in concentration post-exercise followed
by a decrease below pre-exercise during the recovery period
(Kruger and Mooren, 2007). We observed a significant increase
in the number of total circulating CD4+ and CD8+ cells
prior to exercise after 10-days of BYBG supplementation.
Of note, the exercise response was preserved in these cell
populations in BYBG-supplemented subjects with similar
percent decreases from pre-exercise levels as in placebo during
the 4-h recovery period. This suggests that the increased
number of circulating CD4+, CD4+ TCM, and CD8+ TEM

and CD8+ TEMRA cells present in BYBG-supplemented subjects
before exercise is likely responsible for the increased number
of these cells observed circulating post-exercise and during
recovery.

In contrast, the effect of BYBG supplementation on CD8+
TCM cells was observed only after exercise and on post-
exercise circulation dynamics. This increased presence of
CD8+ TCM cells in peripheral blood has been suggested
to be an indicator of increased immune surveillance (van
Aalderen et al., 2015). The difference observed in the post-
exercise response of TCM cells from TEM and TEMRA cells
suggests that BYBG supplementation may exert a specific
effect on CD8+ TCM cells or the processes that regulate
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FIGURE 8 | BYBG supplementation shifts the ratio of IFN-γ/IL-4 in serum after

exercise toward IFN-γ. The ratio of the serum concentrations of IFN-γ and IL-4

was calculated on an individual donor basis and the average of all donors was

computed and is reported as the mean response ± SEM.

their egress from secondary lymphoid tissues. The present
study aimed to characterize the T-cell subset response to
strenuous exercise; however, additional research will be
required to investigate the mechanisms responsible for these
observations.

It has been reported that suppression of monocyte capacity
to produce Th1 cytokines can affect the immune response to
peripheral tissue infection (Iijima et al., 2011). It is reasonable to
speculate that modulation of cytokine production may be related
to the efficacy of systemic immune surveillance. Therefore, in
addition to investigating the profile of circulating immune cells,
we examined the quantity of cytokines present both in blood
and secreted by effector cells after LPS-stimulation. The use
of the in vitro LPS stimulation assay represents a useful proxy
measure for the response to a bacterial challenge (McFarlin et al.,
2004, 2006, 2007b; Walsh et al., 2011). This assay measures
predominantly the response of monocytes (via CD14/TLR4
mechanism) to a bacterial challenge while serum cytokine
concentrations reflect the response of a variety of leukocyte types
(Walsh et al., 2011; McFarlin and Venable, 2014; McFarlin et al.,
2015).

Previously we have reported an increase in serum IFN-γ in
highly trained individuals following exercise when supplemented
with BYBG (Carpenter et al., 2013). In the present study
BYBG supplementation was also associated with an increase
serum IFN-γ concentration post-exercise in lower fitness
subjects. This consistent effect of BYBG on serum IFN-γ
concentration across study populations strengthens confidence
in this observation. It suggests that BYBG affects pathways
that regulate IFN-γ production in a manner that is not
dependent on physical fitness level. Likewise, when the cytokine
secretion potential from individuals of average fitness was
assessed by LPS-stimulation, we observed an increase in the
capacity to secrete IFN-γ in BYBG-supplemented subjects. These

observations demonstrate that previously reported responses
to BYBG (Carpenter et al., 2013; McFarlin et al., 2013) are
not specific to a highly physically trained population and can
be generalized to individuals of lower physical fitness. One
mechanism of action is BYBG binds to neutrophils and increases
their recognition of pathogen associated molecular patterns
(PAMP) (Hong et al., 2004; Qi et al., 2011). Based on our
current and previous findings, we speculate that BYBG may
exert similar “priming” effects on monocytes, such that capacity
to produce Th1 cytokines is enhanced. Our observed increase
in monocyte TLR4 expression supports the hypothesis that
monocytes have been “primed” by BYBG to respond more
effectively to bacterial challenge. Enhanced monocyte response
capacity may partially explain previously reported improvements
in upper respiratory tract infection (URTI) outcomes in
marathon runners (Talbott and Talbott, 2009; McFarlin et al.,
2013) and wilderness firefighters (Harger-Domitrovich et al.,
2008).

In summary, the present study demonstrated that oral BYBG
supplementation was associated with increased circulating
monocyte concentration, altered monocyte cell-surface
receptors, increased T-cell concentration, increased serum
IFN-γ, and an increase in LPS-stimulated production of
IFN-γ and IL-2. Based on the current literature the observed
immune responses would be consistent with an increased
ability to respond to antigenic challenge. When combined
with our previous studies (Carpenter et al., 2013; McFarlin
et al., 2013), it appears that the systemic effect of oral BYBG
supplementation was independent of physical fitness level.
This supports the hypothesis that BYBG supplementation
supports the post-exercise immune system in individuals
with a wide range of physical fitness levels. There are many
kinds of physical stress beyond structured exercise, so future
research may seek to apply this supplementation paradigm
to individuals who work in stressful, physically demanding
jobs (i.e., law enforcement officers, public safety officers, and
soldiers).
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Abstract

Infections are common in early childhood and create a large economic burden on both the healthcare system and
individual family. To solve this problem, we evaluated the ability of baker’s yeast beta glucan (BYBG) to reduce the
number of episodes of common childhood illness in 174 Chinese children with 1 to 4 years old in a 12 week
randomized, double-blinded, placebo controlled study. We found that children in BYBG group experienced less
common childhood infectious illness episodes during the study compared to the placebo group and BYBG were well
tolerated for the children with 1 to 4 years old.

Keywords: Yeast; Beta-glucan; Healthcare; Susceptibility

Introduction
Infections, especially upper respiratory tract infections (URTI) are

common in early childhood because of their narrower airways,
developing lungs and immune systems [1]. The overall incidence of
acute respiratory infection in the children less than 5 years old was
observed to be 2.5 episodes per child per year, of which, 2.2 episodes
per year per child were URTI [2]. According to a survey conducted in
China, there were 3.1 episodes of common cold per year per child
fewer than 7 years old and most occurred during the autumn and
winter months [3]. The incidence of common cold episodes was twice
as high for children under 4 years compared to children between 4 and
7 years [3]. URTI in children creates a large economic burden on both
the healthcare system and individual family, including lost work hours
due to parents attending to the sick child [4,5]. In addition to the drugs
or vaccines, there are many foods and dietary supplement ingredients
intended to improve children’s health status and immune function to
decrease their susceptibility to common childhood illness, but the level
of supporting evidence needs to be further substantiated with well-
designed clinical research [6].

Baker’s yeast β-glucan (BYBG) has been shown to have immuno-
modulatory effects and to reduce the incidence of URTI symptoms in
adults in previous studies [7-10]. There are significantly fewer studies
on the effects of BYBG on the physical health status of young children.
BYBG is a naturally occurring β-1,3/1,6 glucan purified from the cell
wall of Saccharomyces cerevisiae. It is widely approved for use in food,
beverage and dietary supplement products in Asia, Europe, North and
South America. In 2010, the Chinese Ministry of Health approved
BYBG as a novel food ingredient. Additionally, in 2012 BYBG was
approved as nutrient supplement added when added to toddler
formula and milk powder intended for young children by the No. 6
announcement of the Ministry of Health in China.

The immuno-modulatory effect of BYBG and reduced URTI
incidence has been demonstrated in adults [7-10] and this study was
intended to evaluate similar benefits for children. There are

significantly fewer studies on the effects of BYBG on the physical
health of young children and additional support is prudent. This study
was designed to evaluate the effect of BYBG on the incidence of
infectious illnesses in children between 12 to 48 months in China
during cold season.

Materials and Methods 

Study design
This study was a randomized, double-blinded, placebo controlled

study completed in Beijing, China. It was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by the Changping
Women’s and Children’s Hospital research ethics committee. The
parent or legal guardian of subjects gave written informed consent
before their participation. The study was conducted from November
2013 to April 2014. Potential subjects were screened against inclusion
and exclusion criteria (see below) during an initial meeting with the
investigator. According to the recommendation of CFDA, we chose
about one-third dosage of adults (250 mg every day in previous studies
[7-10]), 75 mg as the high dosage and half of high dosage, 35 mg as low
dosage in our study. The blinded randomization of enrolled subjects
was 1:1:1 to two treatment groups (35 mg or 75 mg of BYBG per day)
or placebo group, according to a randomly generated coding allocation
produced by the statistical staff.

Study population
The inclusion criteria included healthy children from 12 to 48

months of age (≥ 12 months to ≤ 48 months) enrolled in daycare at
Beijing Changping Maternal and Child Health Hospital with a medical
history of upper respiratory tract infection of at least two URTI
episodes in the previous three months. The exclusion criteria were:

• History of severe infectious diseases (i.e., pneumonia, septicemia,
urinary tract infection).
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• History of cardiac, liver or kidney diseases, endocrine and
metabolism system diseases, hematological diseases and peripheral
and central nervous system diseases.

• Family history of inherited diseases.
• Current use of immune-potentiator or immune-suppressive agents

within the last three months.
• Current use of any product therapy or supplement that might

affect the safety of the product user or complicate the study results.
• Any medical condition or disease that might affect the safety of the

product user or make the study results complicated, or a history of
allergy to food especially dairy products.

Test samples and compliance
The BYBG treatment samples contained Wellmune® (manufactured

by Kerry, Inc. Beloit, WI USA) as the source of BYBG along with
maltodextrin and sugar. The placebo contained only sugar and
maltodextrin. All samples were prepared by Kerry and packaged in
single serve packets with 5 g contents which were dissolved in warm
water prior to consumption. Each child needed to consume one packet
(BYBG treatment or placebo) once daily for 12 weeks.

Assessments
This study aimed to evaluate the health status of children in

different groups. The health status of the children was assessed as the
proportion of subjects that experienced any confirmed common
childhood infectious illness episodes, which determined by the
investigator based on a study diary maintained by subject’s parent or
legal guardian and medical records (original materials including clinic
visits, outpatient records, laboratory tests, use of prescription drugs,
etc.) during the study. The study diary was used to record symptoms in
the following categories: respiratory system; urinary system; digestive
system; aches; general symptom; any other symptoms. Secondary
endpoints included the duration and number of episodes of upper
respiratory tract infection (URTI) and duration and number of
episodes of all common childhood infectious illness symptoms. Safety

was evaluated by monitoring adverse events, physical examination and
vital signs of subjects.

Statistical Analyses
The statistical analyses were conducted using SAS 9.1.3. All

randomized subjects who received at least one dose of yeast BYBG or
placebo and had at least once efficacy evaluation after baseline were
included into the FAS statistical analysis. All subjects who received at
least one dose of yeast β-glucan/placebo and had at least one safety
evaluation were included into the analysis of safety. Results are
described as mean ± SD (standard deviation). For qualitative variables
the results are described as frequency (percentage). The primary
endpoints of the three groups were compared using the Cochran-
Mantel-Haenszel test. When P < 0.05, comparisons between either two
groups were conducted by ANCOVA. The secondary endpoints of
three groups were compared with ANCOVA. A P-value less than or
equal to 0.05 was considered as statistically significant. The safety
parameters including the incidence, the severity and type of AEs,
physical examination and vital signs of the product users were
analyzed.

Results

Study population
Of 174 subjects enrolled, 152 subjects completed the study (Figure

1). Of 22 subjects whose participation was terminated, there were 4
subjects who received yeast β-glucan/placebo and had efficacy
evaluation after base-line; these 156 subjects represent the full analysis
set and were included in the FAS efficacy analysis. Figure 1 shows the
flow of subjects in the study. A total of 73 boys and 83 girls were
included. The mean (± SD) of age was 28.86 (± 11.75) months. The
mean (± SD) of height was 90.22 (± 12.36) centimeters. The mean
(± SD) of weight was 13.86 (± 3.35) kilograms. All the subjects have
upper respiratory tract infection history in the past three months. All
relevant characteristics in the three groups were comparable (Table 1).

Variables Statistics 75 mg BYBG (n = 51) 35 mg BYBG (n = 53) Placebo (n = 52)

Age (months)
N 51 53 52

Mean (SD) 29.7 (12) 29.6 (11) 27.3 (11)

Gender     

Male N (%) 20 (39%) 26 (49%) 27 (52%)

Female N (%) 31 (61%) 27 (51%) 25 (48%)

Height(cm) Mean (SD) 91 (13) 91 (12) 88 (12)

Weight(kg) Mean (SD) 14.0 (3.5) 14.4 (3.6) 13.3 (2.9)

Days with childhood infectious symtoms* Mean (SD) 17.1 (5.0) 16.1 (3.5) 16.7 (3.7)

Episodes of childhood infectious disease* Mean (SD) 2.5 (0.6) 2.3 (0.5) 2.3 (0.5)

Days with URTI symptoms* Mean (SD) 15.3 (5.1) 15.0 (3.27) 15.6 (3.33)

Episodes of URTI* Mean (SD) 2.1 (0.46) 2.1 (0.27) 2.1 (0.27)

Table 1: Demographics and baseline characteristics (FAS). *In three months previous to start of trial.
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Figure 1: Flow diagram of the study.

Incidence of one or more episodes of infectious illness during
the study

During the 12-week study, the mean (± SD) of administration of β-
glucan/placebo according to the protocol was 80 (± 6) days. During the
12-week course of the study 85% of children in the placebo group
experienced one or more episodes of infectious illness. By contrast,
children in either of the two BYBG treatment groups (47% in BYBG 75
mg/d group, 32% in BYBG 35 mg/d group) experienced a significantly
reduced incidence of infectious illness (Figure 2). There was no
significant difference in infectious illness episodes between either
BYBG treatment groups (P=0.6314) (Figure 2).

Figure 2: The proportion of subjects with common childhood
infectious episodes during the study. The subjects received yeast β-
glucan at the indicated dose or placebo for 12 weeks. All infections
during the study were recorded. Both BYBG groups were
significantly different from placebo (*75 mg p < 0.001 and **35 mg
p < 0.0001) and there was no significant difference between the two
BYBG groups.

Duration and number of URTI episodes
The duration and number of episodes of all infectious illness

experienced in the three months prior to starting the study was similar
among all study participants. During 12-week study period BYBG was
observed to decrease the both the duration and number of URTI
episodes compared to children in the placebo group. The average URTI
duration in the placebo group was 8.9 days compared with 3.5 and 2.9
days in the 75 mg/d and 35 mg/d BYBG groups respectively
(P < 0.0001). Similarly, the average number of URTI episodes in the
placebo group was 1.5, compared to 0.7 and 0.5 in the BYBG 75 mg/d
and 35 mg/d treatment groups respectively (P < 0.0001). No difference
in either URTI duration or episode incidence was observed between
either BYBG treatment groups (Figure 3).

Duration and number of all infectious illness episodes
A total of 153 episodes of common childhood illness in 94 children

were recorded during this study (BYBG 75 mg/d: 27 children, BYBG
35 mg/d: 22 children, placebo: 45 children). This included 135 URTI
episodes in 83 children, 16 episodes of bronchitis in 9 children, one
episode of pyrexia and one episode of diarrhea. The average day with
common childhood illnesses symptoms in the placebo group was 9.9
days. This was significantly longer than the average days with common
childhood illnesses symptoms in either BYBG treatment group (75
mg/d group: 3.6 days, P < 0.0001 or /d group: 4.7 days, P < 0.001). The
average number of incidents of all common childhood illnesses in the
placebo group was 1.6 episodes during the study, significantly more
than BYBG 75 mg/d (0.7 episodes, P < 0.0001) or BYBG 35 mg/d (0.7
episodes, P < 0.0001). There was no difference in number of common
childhood illness episodes between either BYBG treatment groups
(Figure 4).

Safety
All reported adverse events (AE) were mild to moderate and no

serious adverse events (SAE) were reported during the study. Only 1
AE (mild vomiting) in the BYBG 35 mg/d group was considered to
have a doubtful relationship with the study product and the rest were
determined to be not related to the investigational product. All results
of the physical examinations that were done in the baseline and visits
were normal and there was no clinically significant difference in the
vital signs among the three groups.

Discussion
BYBG is a naturally occurring β 1,3/1,6 glucan purified from the cell

wall of Saccharomyces cerevisiae that is a known biological response
modifier (BRM) [11]. It is one of many microbe associated molecular
patterns (MAMPs) which are recognized by the human immune
system’s pattern recognition receptors (PRRs) such as Toll-like
receptors (TLRs), nucleotide-binding oligomerization domain (NOD)-
like receptors (NLRs), retinoic acid-inducible gene (RIG)-I-like
receptors (RLRs),and C-type lectin receptors (CLRs). These receptors
are expressed in distinct patterns mainly on cells of the immune and
epithelial systems. When PRRs recognize a MAMP, defined
intracellular signaling pathways are activated. Both secretion of so
called “level 1” cytokines and in some cases activation of cellular
effector functions are the result of MAMP detection by PRRs [12,13].
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Figure 3: Total duration and incidence of URTI in FAS. After enrollment, subjects received BYBG or placebo at the indicated dose for 12
weeks. Both BYBG groups had significantly fewer (p < 0.0001) URTI episodes and total days with URTI symptoms than the placebo group.
There was no significant difference between the two BYBG groups for either measure.

Figure 4: Duration and total number of episodes of all infectious illness in FAS. After enrollment, subjects received BYBG or placebo at the
indicated dose for 12 weeks. Both BYBG groups had significantly fewer (p < 0.0001) common childhood illness episodes and total days with
common childhood illness symptoms than the placebo group (p < 0.0001). There was no significant difference between the two BYBG groups
for either measure.

Research conducted over the past 10 years has suggested that
supplementing a healthy diet with BYBG may have beneficial effects on
the human immune system. This has been demonstrated in previous
studies as a reduction in the incidence of URTI symptoms in adults
supplemented with BYBG [7-10]. Talbott et al. [10] reported that after
2 weeks of BYBG supplementation in stressed, otherwise healthy

adults, only 8-10% of subjects reported URTI symptoms while 32% of
the placebo group reported URTI symptoms. Auinger et al reported β-
glucan could reduce the number of symptomatic common cold
infections by 25% as compared to placebo in the people with at least
three colds in the last 6 months [14]. Additionally, in three separate
studies in children between the ages of 3 and 12 years [15-17], BYBG
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supplementation resulted in a reduced incidence and duration of acute
respiratory infection (ARI). Richter et al reported that the production
of lysozyme, CRP and calprotectin significantly increased in glucan-
treated children from 8 to 12 years old [16].

This study was designed to answer the question of whether
supplementing a normal diet with BYBG in children aged 1-4 year in a
daycare in China would have a similar beneficial effect on the health
status of the children during the cold/flu season. Here we report that
BYBG supplementation during a 12-week study improved the health
status of the children in the treatment group as measured by a
reduction in incidence and duration of infectious illness compared to
placebo. Eighty-five percent of children in the placebo group reported
one or more episode of infectious illness during the 12-week study
compared with only 47% and 32% of children in the BYBG
supplementation groups. Further, the incidence and duration of URTI
in the BYBG supplementation groups was significantly lower than in
the placebo group. Two doses (75 mg/d and 35 mg/d) of BYBG were
evaluated in this trial for safety and efficacy and no difference in any
outcome or safety parameter was observed. Both doses were well
tolerated. Therefore we suggest that the 35 mg/d dose is sufficient for
children between 12 and 48 months of age to observe optimal benefit
during the cold and flu season. Since this study was limited to a single-
center trial in Beijing, future work should expand the study population
into other larger districts to confirm the result of the study.
Additionally, future trials would benefit from evaluating some
biomarkers of immune status as further evidence of efficacy. In the
pediatric population this presents some challenges including
enrollment barriers when invasive techniques are used (i.e., blood
collection), but options for investigation of biomarkers in non-
invasively collected body fluids (saliva, urine, feces) could be explored.
Combining monitoring infection status with an immune biomarker
would strengthen future studies in this area. However, despite these
limitations of the study we believe that BYBG supplementation in
children could decrease the incidence and severity of infectious illness
during the cold/flu season, alleviating some of the burden on parents
of caring for sick children.
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Cow’s milk-based beverage consumption
in 1- to 4-year-olds and allergic
manifestations: an RCT
M. V. Pontes1, T. C. M. Ribeiro1, H. Ribeiro1, A. P. de Mattos1, I. R. Almeida1, V. M. Leal1, G. N. Cabral1, S. Stolz2,
W. Zhuang2 and D. M. F. Scalabrin2*

Abstract

Background: Nutrients such as docosahexaenoic acid (DHA), prebiotics and β-glucan have been associated with
reduced incidence of respiratory illnesses and allergic manifestations (AM). Our objective was to assess if consumption
of a cow’s milk-based beverage with these and other nutrients supports respiratory, gastrointestinal, and skin health in
otherwise well-nourished, healthy children.

Methods: In this double-blind, randomized, controlled trial, healthy children (1–4 years of age) from two daycare
centers in Brazil were fed three servings/day of a cow’s milk-based beverage (CMBB; n = 125) containing DHA, the
prebiotics polydextrose (PDX) and galactooligosaccharides (GOS), β-glucan, and other key nutrients, or a control cow’s
milk-based beverage (control; n = 131) for up to 28 weeks. Occurrence of respiratory infections, diarrheal disease and
AM was assessed by study pediatricians and the number of episodes were analyzed with the Cochran-Mantel-Haenszel
test and the Andersen-Gill model.

Results: The CMBB group had fewer episodes of AM, which included allergic rhinitis or conjunctivitis, wheezing,
allergic cough, eczema and urticaria, compared to the control group (p = 0.021). The hazard ratio for increased number
of episodes of AM was lower in the CMBB group compared to control (HR, 0.64; 95 % CI 0.47–0.89; p = 0.007). There
was no difference in the incidence of respiratory infections and diarrheal disease between groups.

Conclusion: A cow’s milk-based beverage containing DHA, PDX/GOS, and yeast β-glucan, and supplemented with
micronutrients, including zinc, vitamin A and iron, when consumed 3 times/day for 28 weeks by healthy 1- to 4-year-
old children was associated with fewer episodes of allergic manifestations in the skin and the respiratory tract.

Trial registration: registration number: NCT01431469

Keywords: DHA, Prebiotics, Yeast β-glucan, Allergic manifestations, Children

Background
Two leading causes of morbidity and mortality among
children younger than 5 years of age are respiratory
infections and diarrheal disease [1], which can be inter-
related, as diarrhea increases the risk of lower respira-
tory infections [1, 2]. The global rise of allergic diseases,
including asthma, atopic dermatitis and allergic rhinitis,
is another cause of concern in children, with a signifi-
cant impact on quality of life [3–5]. Nutrition-related

factors are responsible for 11 % of the total global
disease burden in children younger than 5 years [6].
Children are particularly vulnerable to diet inadequacies,
which can compromise various mechanisms of immune
function, thereby increasing risk of infections [7, 8] and
also of allergic diseases, since oral tolerance to antigens
may be impaired [9]. A recent study in 2- to 6-year-old
daycare children from all regions in Brazil showed that
even those of the highest socioeconomic levels had
insufficient consumption of fiber and micronutrients,
including calcium and vitamins D and E [10]. A system-
atic review concluded that apparently well-nourished
children younger than 5 years from developed countries
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have diets that are inadequate in meeting the recom-
mendations, placing them at nutritional risk [11]. There-
fore, even diets of eutrophic children have room for
improvement.
There is currently no agreement on the impact of a

dietary improvement in children whose nutrient intake
meets minimal requirements but may not be the most
effective to promote improved health outcomes. Certain
nutrients support the immune system, such as long-
chain polyunsaturated fatty acids (LCPUFAs), especially
omega-3 LCPUFAs, whose consumption has been asso-
ciated with reduced allergic and/or respiratory illnesses
in infants and children [12–16]. Likewise, prebiotic
oligosaccharides support the immune system through
stimulation of beneficial gut bacteria [17–20] and were
associated with decreased respiratory infections and
allergic diseases [21–24]. β-glucan, a polysaccharide
derived from yeasts, fungi or bacteria, has also demon-
strated immune-supporting properties [25, 26], with data
showing protection against respiratory infections and al-
lergy in adults and children [26–28]. In a recent random-
ized clinical trial in 3- to 4-year-old children attending
daycare in China, we demonstrated that daily consump-
tion of a cow’s-milk based beverage (CMBB) containing a
combination of nutrients including docosahexaenoic acid
(DHA), the prebiotics polydextrose (PDX) and galacto-
oligosaccharides (GOS), and yeast β-glucan, and enriched
with micronutrients such as vitamin A, zinc and iron, was
associated with fewer acute respiratory infections (ARI)
compared to cow’s milk [29].
Our objective in the current study was to evaluate if

consumption of the nutritionally enriched CMBB used
in the study in China had an effect on the incidence of
ARI and diarrheal disease and secondarily on allergic
manifestations (AM) in a distinct population of children
attending daycare in Brazil. Typically, children in China
start attending daycare when they are 3 year-old whereas
in Brazil children usually start at daycare when they are
1 year old or earlier. Consequently, we wanted to assess
in the current study if potential outcomes associated
with consumption of the CMBB are influenced by age,
ethnicity, climate and/or socioeconomic status. The
implication would be to allow recommendation of the
CMBB to children from different parts of the world with
diverse ethnic and socioeconomic status.

Methods
Population
Children (1 up to 4 years of age) from 2 daycare centers
in Salvador, Bahia, Brazil who had been consuming cow’s
milk or cow’s milk-based beverage for at least 48 hours
prior to randomization were eligible. Exclusion criteria
were: > 50 % of total feedings consisting of breast milk;
consumption of prebiotics or probiotics in the 15 days

prior to randomization; diarrhea or ARI during the
48 h prior to randomization; a z-score of weight-for-
height < −3; or any serious concurrent illness.
Eligible children were randomly assigned to one of

two study products according to a computer-generated
randomization sequence provided by the study sponsor
(Mead Johnson Nutrition). The next sealed randomization
envelope in sequence was opened to reveal the code of the
product that the participant should receive. Product labels
and randomization envelopes were created to prevent
unblinding and the study products were similar in odor,
color, and flavor (vanilla). Due to the broad variation of
ages and to adjust for any potential impact of age on out-
comes, participants were stratified at randomization into
12–24 months of age or 25–48 months of age. We
estimated that children in these two age-range groups
would be fairly homogenous in terms of potential out-
comes related to the consumption of CMBB, including
susceptibility to infections, diarrhea and AM.
The study was conducted from October 2011 to April

2012. The Federal University of Bahia Ethical Committee
approved the protocol, and a parent/legal guardian
provided signed informed consent prior to enrollment.

Design
In this double-blind (participants and researchers), ran-
domized, controlled, parallel-designed, prospective trial,
children were fed an experimental CMBB, according to
the CODEX definition for follow-up formula [30], with
25 mg of DHA, 1.2 g of a blend of PDX/GOS (1:1 ratio)
and 8.7 mg of yeast β-glucan (Wellmune WGP®, Biothera,
Eagan, Minnesota) per serving, or an isocaloric, non-
supplemented cow’s milk-based beverage (control). Study
products were given three times per day for 28 weeks, as a
replacement for the usual breakfast, afternoon and dinner
beverages. The breakfast and afternoon servings were
offered by daycare attendants and the evening serving as
well as weekend and holiday’s servings were offered at
home by the caregiver. Each serving consisted of 40 g of
powder mixed with 200 mL of water. The leftover of each
serving was measured and recorded. See Table 1 for nutri-
ent composition of study products.

Outcomes
The primary outcome was incidence of ARI and/or diar-
rheal disease. ARI comprised upper respiratory infections,
including common cold, pharyngitis, tonsillitis, otitis
media, infectious sinusitis and rhinitis, and lower respira-
tory infections, including pneumonia, bronchiolitis and
bronchitis [31]. Diarrheal disease was defined as ≥ 3 liquid
or semi-liquid stools in 24 h with fever and/or vomiting
and/or dehydration and compromised general status.
Secondary outcomes included incidence of AM (allergic
rhinitis or conjunctivitis, wheezing, allergic cough, eczema
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and urticaria) [31], incidence of all adverse events, growth,
stool characteristics, fecal and serum immune markers,
iron and zinc status and incidence of stool parasites.
In a post hoc analysis, we compared incidence of

constipation during the study in the two study groups.
Constipation was defined as presence of at least two of
the following for at least two uninterrupted weeks: hard
stools, difficulty or pain to defecate and a > 72-h interval
without defecation.
All clinical outcomes were diagnosed by study pediatri-

cians. Participants were evaluated by study pediatricians at
the pediatric office in the daycare every time a health
complaint was reported, either by parents/caregivers or

daycare assistants. In addition, every 4 weeks participants
were routinely assessed by study pediatricians at the
time of anthropometric measurements. Weight and
length/height measurements were obtained during
randomization and every 4 weeks thereafter and con-
verted into z-scores based on WHO growth standards
[32]. Blood and stool samples were collected at base-
line and end of study to assess peripheral blood cell
count, serum ferritin and zinc, immune markers by
ELISA (fecal secretory IgA and serum IL-10, TGF-β1,
TGF-β2, IL-4 and IFN-ϒ) and stool parasites by direct
microscopy. Laboratory analyses were conducted by R&D
Systems, Minneapolis, MN, USA; Doctor’s Data, St.
Charles, IL, USA; and the study site’s local lab.

Sample size and statistics
A sample size of 125 completed per group was needed
to achieve 90 % power, assuming a control group pro-
portion of 0.5 and a test group proportion of 0.3 at an
alpha level of 0.05. Frequencies of ARI, diarrheal disease
and AM were compared using the Cochran-Mantel-
Haenszel test stratified by age category and were further
analyzed using the Andersen-Gill model with recurrent
events modeled under the framework of the propor-
tional hazards assumption. Fecal sIgA and serum TGF-
β1 and TGF-β2 as well as their changes from baseline to
end of study were compared using the van Elteren test
stratified by age category. The Kruskal-Wallis test was
used for all other serum immune markers, serum ferritin
and zinc and peripheral blood counts, as well as changes
in IL-10 and ferritin and zinc from baseline to end of
study. Changes in peripheral blood counts were analyzed
using ANCOVA, with baseline values as covariates. Stool
frequency and consistency and weight- and length/
height-for-age and weight-for-length/height z-scores
were analyzed using repeated measures ANOVA.

Results
Study population and clinical outcomes
The study enrolled 256 children (control = 131; CMBB =
125); 2 discontinued in control and five in the CMBB
group. Demographic and baseline characteristics (race, age,
gender distribution and weight- and length/height-for-age
and weight-for-length/height z-scores) were similar be-
tween groups. There were no growth differences between
groups during the study. In both groups there was signifi-
cant increase from baseline to end of study in weight- and
length/height-for-age z-scores, as well as weight-for-
length/height z-scores (females: 0.4 and 0.2 to 0.5 and 0.3;
males: 0.4 and 0.4 to 0.5 and 0.5, in control and CMBB,
respectively; p < 0.001). The average daily intake of study
products was not significantly different between groups
over the duration of the study (12–24 months of age:
control 531 mL/day vs. CMBB 504 mL/day, p = 0.32; 25–

Table 1 Nutrient composition of study products

Per 40 g serving of powder Control CMBB

Energy, kcal 180 180

Protein, g 7.3 7.3

Fat, g 6.6 6.6

- DHA, mg – 25

Carbohydrate, g 23 23

- Dietary fiber, g (1:1 ratio PDX/GOS) – 1.2

- Beta-1,3/1,6-glucans, mg – 8.7

Vitamin A, IU 380 630

Vitamin D, IU 31 119

Vitamin E, IU 0.33 2.6

Vitamin K1, mcg 0.41 9.5

Thiamine, mcg 57 210

Riboflavin, mcg 520 490

Vitamin B6, mcg 42 183

Vitamin B12, mcg 0.72 0.72

Niacin, mcg 144 2200

Folic acid, mcg 7.8 31

Pantothenic acid, mcg 770 1160

Biotin, mcg 5.4 4.7

Vitamin C, mg 2.4 29

Choline, mg 28 44

Calcium, mg 280 290

Phosphorus, mg 200 187

Magnesium, mg 25 26

Sodium, mg 97 96

Potassium, mg 400 420

Chloride, mg 330 320

Iodine, mcg 13.4 15.2

Iron, mg 0.05 3.0

Zinc, mg 0.72 2.3

Manganese, mcg 5 19.2

Copper, mcg 4.8 82

– Indicates that product did not contain the nutrient

Pontes et al. Nutrition Journal  (2016) 15:19 Page 3 of 10



48 months of age: control 547 mL/day vs. CMBB 498 mL/
day, p = 0.06).
There was no difference in the incidence of ARI or

diarrheal disease between groups. The CMBB group had
fewer episodes of AM compared to control (Table 2).
The hazard ratio for increased number of episodes of
AM was lower in the CMBB group compared to control,
with no difference for ARI or diarrheal disease (Fig. 1).
There was no significant difference between groups in
the hazard ratio of having at least one episode of ARI
(0.93, 95 % CI 0.49, 1.79; p = 0.84), diarrheal disease
(1.57, 95 % CI 0.71, 3.46; p = 0.26) or AM (0.61, 95 % CI
0.36, 1.04; p = 0.07). Among 99 types of adverse events
reported and compared between groups, only occur-
rence of thrush was statistically different between groups
(5 cases in CMBB vs. none in control; p = 0.03); 10 partici-
pants who experienced at least one serious adverse event
were reported in the control vs. 2 in the CMBB group.
The CMBB group had softer stools compared with

control in the first 3 months of the study (p ≤ 0.024). In
the subgroup of children 12–24 months of age, 8 of 98
children (8 %) met the criteria for constipation. How-
ever, all were in the control group, and five of the eight
(63 %) remained constipated at end of the study. In the
subgroup of children 25–48 months of age, no signifi-
cant difference was detected in the percentage of chil-
dren who remained constipated at end of study (CMBB
group 1/14; 7 % vs. control group 3/10; 30 %; p = 0.27).

Blood and fecal outcomes
There were no differences between groups in any of the
measured immune markers (Table 3). Additionally, no
relevant differences were observed between groups for
serum zinc and ferritin, hemoglobin, hematocrit, and red
blood cells (Table 4); white blood cells and platelets
(Table 5). According to WHO criteria (anemia:
hemoglobin < 11 g/dL) [33], 18.04 % of the overall popu-
lation was anemic at baseline and 13.33 % at end of

study; 37.50 % was iron deficient at baseline and 45.83 %
at end of study (iron deficiency: ferritin < 12 ng/mL)
[33], with no differences between groups. Incidence of
fecal parasites detected among the 17 assessed parasites
is presented in Table 6.

Discussion
In this randomized, double-blind, controlled study we
demonstrated for the first time that healthy 1- to 4-year-
old children who consumed a CMBB with DHA, PDX/
GOS and yeast β-glucan for 28 weeks had fewer AM
episodes compared to children who consumed an unfor-
tified, cow’s milk-based beverage. No effect on ARI or
diarrheal disease was associated with consumption of
the CMBB.
These results are consistent with studies linking pro-

tection against AM with LCPUFAs [12, 34], prebiotics
[21, 22, 35] and β-glucan [28, 36, 37]. Dietary LCPUFAs
were associated with less atopic dermatitis and wheezing
[12, 34], and amelioration of symptoms in asthmatic
children [38]. Likewise, prebiotics have been associated
with reduced incidence of atopic dermatitis, wheezing
and allergic rhinitis [21, 35]. β-glucan was shown to
alleviate symptoms of asthma in children when injected
subcutaneously for 8 weeks [39] and symptoms of aller-
gic rhinitis in adults [28, 36, 37]. In an RCT, adults with
seasonal allergic rhinitis receiving β-glucan 250 mg/day
orally for 4 weeks had reduced nasal and eye symptoms
compared with a group who received placebo [28].
Additionally, vitamin D deficiency has been correlated
with respiratory allergy [40], thus the addition of vitamin
D to the CMBB could have contributed to our results.
Future studies may identify the contribution of individ-
ual nutrients to the present findings.
LCPUFAs modulate some aspects of the innate and

adaptive immune systems via different mechanisms,
affecting cell membrane fluidity, membrane receptors
and signaling pathways. DHA can prevent NF-κB

Table 2 Frequency of episodes of illness during the 28-week study period

Number of episodes p-value*

None 1 2 3 4 >5

Acute respiratory infections (ARI)

Control; n (%) 25 (19) 40 (31) 28 (21) 21 (16) 10 (8) 7 (5) 0.938

CMBB; n (%) 25 (20) 40 (32) 24 (19) 16 (13) 14 (11) 6 (5)

Diarrheal disease

Control; n (%) 119 (91) 11 (8) 0 (0) 1 (1) – – 0.354

CMBB; n (%) 108 (86) 15 (12) 2 (2) 0 (0) – –

Allergic manifestations (AM)

Control; n (%) 71 (54) 30 (23) 19 (15) 10 (8) 1 (1) – 0.021

CMBB; n (%) 81 (65) 28 (22) 12 (10) 3(2) 1 (1) –

*Statistical analysis used Cochran-Mantel-Haenszel test adjusted for age category
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Fig. 1 Hazard ratios (95 % CI) for increased number of episodes of illness using Andersen-Gill model adjusted for age category (12–24 or 25–48 months)
and compared to control. ARI = acute respiratory infections

Table 3 Comparison of immune markers between study groups

Variablea Control median (IQRb) CMBB median (IQRb) p-value*

Fecal Secretory IgA, mg/dL

Baseline 102 (12–226) 67 (7–228) 0.975

Week 28 45 (8–183) 32 (6–153) 0.452

Baseline to Week 28 −1 (−110–28) −5 (−131–24) 0.664

IL-10, pg/mL

Baseline 19.1 (11.9–27.5) 17.3 (12.0–27.6) 0.760

Week 28 13.9 (9.1–18.6) 13.6 (9.8–19.1) 0.771

Baseline to Week 28 −4.9 (−13.0–3.0) −.39 (−12.0–0.0) 0.827

TGF-β1, pg/mL

Baseline 20572 (15943–25641) 22386 (17161–29081) 0.109

Week 28 29133 (22432–35466) 29131 (22010–37532) 0.957

Baseline to Week 28 7863 (2569–14178) 6351 (−1346–12472) 0.132

TGF-β2, pg/mLc

Baseline 344.1 (252.9–479.8) 326.0 (≤262.2–461.7) 0.801

Week 28 438.1 (296.7–600.2) 414.5 (≤331.0–586.3) 0.602

Baseline to Week 28 48.7 (0–123) 48.7 (0–125) 0.465

IL-4, pg/mLd

Baseline <1.6 (<1.6- < 1.6) <1.6 (<1.6- < 1.6) 0.305

Week 28 <1.6 (<1.6- < 1.6) <1.6 (<1.6- < 1.6) 0.305

IFN-ϒ, pg/mLd

Baseline <15.6 (<15.6- < 15.6) <15.6 (<15.6- < 15.6) 0.368

Week 28 <15.6 (<15.6- < 15.6) <15.6 (<15.6- < 15.6) 0.378
aAll markers except fecal secretory IgA were measured in serum
bIQR = 25–75 % interquartile range
c28 % of samples were under the detection limit
dChanges from baseline to week 28 were not analyzed because most of the samples were under detection limit
*Van Elteren test stratified by age category was used for fecal secretory IgA, TGF-β1 and TGF-β2; Kruskal-Wallis test was used for all other immune markers
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Table 4 Comparison of zinc, iron and red blood cell status between study groups

Variable Control median (IQRa) CMBB median (IQRa) p-value*

Serum Zinc, μmol/L

Baseline 21.4 (17.6–25.4) 21.8 (17.2–25.9) 0.793

Week 28 24.4 (20.5–29.5) 24.6 (20.2–28.2) 0.648

Baseline to Week 28 3.2 (−1.0–8.0) 3.3 (−2.0–8.0) 0.820

Serum Ferritin, ng/mLb

Baseline 16.4 (<10–26.2) 14.8 (<10–21.8) 0.413

Week 28 13.5 (<10–19.6) 13.3 (<10–21.8) 0.863

Baseline to Week 28 −2.2 (−10.0–3.0) 0.0 (−7.0–6.0) 0.148

Hemoglobin, g/dL

Baseline 11.8 (11.2–12.3) 11.7 (11.1–12.3) 0.432

Week 28 12.0 (11.4–12.6) 11.9 (11.4–12.5) 0.595

Baseline to Week 28c 0.26 (0.1) 0.30 (0.1) 0.561

Hematocrit, %

Baseline 35.5 (34.0–37.1) 35.3 (33.8–37.2) 0.560

Week 28 35.1 (33.0–36.9) 34.9 (33.4–36.8) 0.736

Baseline to Week 28c −0.41 (0.2) 0.32 (0.2) 0.747

Red Blood Cells, x109/mL

Baseline 4.6 (4.4–4.8) 4.6 (4.4–4.8) 0.678

Week 28 4.6 (4.3–4.7) 4.5 (4.2–4.8) 0.200

Baseline to Week 28c −0.05 (0.0) −0.12 (0.00) 0.024
aIQR = 25–75 % interquartile range
b26 % of the samples were at or under the detection limit
cChanges from baseline to study week 28 were analyzed using analysis of covariance (ANCOVA), with baseline values as covariate; the values listed are adjusted mean (SE)
*Kruskal-Wallis test was used for all variables except the ones described in footnote c

Table 5 Comparison of white blood cells and platelets between study groups

Variable Control median (IQRa) CMBB median (IQRa) p-value*

White Blood Cells, x106/mL

Baseline 9.7 (7.5–11.4) 9.1 (7.3–11.6) 0.471

Week 28 8.3 (7.2–10.6) 8.5 (7.2–10.1) 0.710

Baseline to Week 28b −0.95 (0.2) −0.75 (0.2) 0.565

Neutrophils, %

Baseline 41.0 (29.5–49.5) 36.4 (28.4–45.5) 0.069

Week 28 38.8 (28.9–47.2) 37.2 (29.9–45.3) 0.371

Baseline to Week 28b 0.25 (1.0) −0.57 (1.1) 0.578

Lymphocytes, %

Baseline 45.7 (35.0–55.7) 50.9 (40.2–58.0) 0.028

Week 28 47.1 (37.6–56.3) 48.3 (40.8–56.5) 0.230

Baseline to Week 28b −0.26 (1.0) 0.99 (1.0) 0.390

Platelets, x106/mL

Baseline 341 (286–401) 345.5 (301.5–400.5) 0.760

Week 28 315 (266–369) 311 (263–367) 0.771

Baseline to Week 28b −3.9 (0.77) −3.7 (.82) 0.837
aIQR = 25–75 % interquartile range
bChanges from baseline to study week 28 were analyzed using analysis of covariance (ANCOVA), with baseline values as covariate; the values listed are adjusted mean (SE)
*Kruskal-Wallis test was used for baseline and study week 28 values of all variables in this table
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activation with consequent decrease in production of
IgE and pro-inflammatory cytokines that initiate and
prolong allergic reactions [41]. DHA metabolites such as
resolvins and protectins also act to limit inflammation
[42]. Prebiotics, through stimulation of gut bacteria, may
cause skewing of the perinatal allergy-prone Th2 milieu
towards a balanced Th1 immune pathway [43]. β-glucan
polysaccharides may also induce anti-allergic mecha-
nisms [44]. In asthmatic children, β-glucan promoted an
increase of IL-10 cytokine [39], which can inhibit Th2
mediators and allergic inflammation [45]. Interestingly,
higher exposure to microbial components endotoxin and
β-glucan was associated with decreased risk of
sensitization to inhalant allergens, in accordance with
the hygiene hypothesis [46].
Similar to the study in China [29], there was no effect

on diarrheal disease in the current study. Additionally,
we found no effect of CMBB on ARI in the Brazilian co-
hort, in contrast to the study in China in which the

CMBB group had fewer episodes of ARI and just one
case of AM in the whole study population [29]. Several
factors could explain the different results. The diverse
racial and genetic backgrounds of the two populations
may have differently affected the impact of the various
nutrients of the CMBB on the immune system. The Inter-
national Study of Asthma and Allergies in Childhood
(ISAAC) Phase Three trial reported low prevalence of
asthma and wheezing in the Asia-Pacific region and high
prevalence in Latin America [47] and Brazil is among the
countries with the highest prevalence of asthma [48].
Repeated episodes of ARI were more frequent in the
Brazil study, likely due to the younger age (1–4 years vs.
3–4 years in China) and predisposing conditions linked to
lower socioeconomic level in the Brazil cohort.
The combined prevalence of Ascaris lumbricoides and

Trichuris trichiura in our study (up to 5.6 % in the 2- to
4 year-olds at study week 28) is similar to the 5.4 %
prevalence of these helminths reported in children at-
tending daycare in Salvador, Brazil [49] and lower than
the prevalence reported in daycare children in São Paulo
(13 %) [50]. However, the prevalence of Giardia duode-
nalis in our study (up to 26 % in the 2- to 4-year-olds at
study week 28) was higher than the prevalence of Giar-
dia in those two studies [49, 50]. Intestinal parasites may
have contributed to the high incidence of AM in our
cohort, as suggested in a large survey in Brazilian
children < 5 years [51], including Giardia, which was
shown to be a risk factor for allergy [52].
Five children in the CMBB group, corresponding to

2 % of the overall population, were diagnosed with
thrush; one of them had varicella and one had been on a
recent course of antibiotic, both potential risk factors for
thrush [53]. High rates of colonization with Candida are
reported in healthy children, 12.5 % in 2 year-olds [54]
and 45 % in 3 to 5 year-olds [55]. We found an inci-
dence of thrush of 2.4 % in a previous study evaluat-
ing an experimental cow’s milk-based beverage in one
of the daycare centers of the current study [56], cor-
responding to three cases in the control group and
suggesting that thrush is not uncommon in that
population of daycare children.
In the first 3 months of the study, the CMBB group

had softer stools compared with control. We previously
demonstrated that daycare children of a similar age
receiving a CMBB with the same prebiotic blend used in
this study had softer and more frequent stools [56].
There are very limited data on the role of prebiotics to
alleviate constipation in young children [57]. In the
current study, no conclusions can be made regarding the
incidence of constipation in the 12- to 24- month age
group, since no one in this group receiving the CMBB
met the criteria for constipation in the post hoc analysis.
In the small number of participants who met the criteria

Table 6 Incidence of fecal parasites at baseline and study week
28 in the overall populationa

Type of parasite 12–24 months
of age n (%)

25–48 months
of age n (%)

Giardia duodenalis

Baseline 21 (21.6) 38 (24.4)

Week 28 36 (37.9) 37 (25.7)

Blastocystis hominis

Baseline 2 (2.1) 4 (2.6)

Week 28 6 (6.3) 7 (4.9)

Endolimax nana

Baseline 0 (0) 9 (5.8)

Week 28 5 (5.3) 4 (2.8)

Entamoeba coli

Baseline 0 (0) 7 (4.5)

Week 28 0 (0) 8 (5.6)

Ascaris lumbricoides

Baseline 1 (1.0) 3 (1.9)

Week 28 0 (0) 4 (2.8)

Trichuris trichiura

Baseline 0 (0) 3 (1.9)

Week 28 0 (0) 4 (2.8)

Cryptosporidium sp.

Baseline 3 (3.1) 0 (0)

Week 28 0 (0) 0 (0)

Entamoeba histolytica

Baseline 0 (0) 0 (0)

Week 28 0 (0) 1 (0.7)
aParticipants from both study groups combined. Participants who were
symptomatic as per physician’s evaluation received anti-parasite treatment
during the study
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for constipation in the 25- to 48- month age group,
fewer children receiving CMBB remained constipated at
end of study than control, although the difference was
not statistically significant.
An increase in weight and length/height z-scores

from baseline to end of study was observed in both
groups but there were no differences in growth be-
tween the two groups. According to standard criteria
to diagnose malnutrition [58], none of the children
were malnourished at enrollment. Inadequate adher-
ence to dietary guidelines has been identified in
apparently well-nourished children < 5 years of age
[11]. Moreover, young children consuming unfortified
cow’s milk were found to be at increased risk of
insufficient intake of various nutrients, including iron
and vitamin D, compared with those consuming a
fortified CMBB [59, 60]. These data suggest that the
use of a CMBB such as the one in this study may be
justified to correct inadequate nutrient intake leading
to hidden nutritional deficiencies that can impact a
child’s health and development in the absence of an
effect on growth. Iron deficiency, for instance, can
lead to decreased cognitive function even in the
absence of anemia [61]. Additionally, some nutrient
deficiencies such as zinc deficiency impair normal
appetite prompting a vicious circle; thus correction of
the deficiency helps establish an adequate eating
pattern [62].
There were no differences between groups in zinc

and iron status at onset and end of study, with an
incidence of anemia in the overall population of 18
and 13 %, at baseline and end of study, respectively.
Reported prevalence of anemia in Brazil reached 47 %
in children < 5 years of age, affecting all income strata
but being higher in the poorest ones [63]. Participants
in our study spent all weekdays at the daycare, receiv-
ing a high standard of dietary care, which likely con-
tributed to the low incidence of anemia. Our findings
are consistent with data showing a positive associ-
ation between daycare attendance and hemoglobin
level [64], which points to daycare attendance as
protective against anemia.
The strengths of the current study include confirm-

ation of diagnosis of ARI, diarrheal disease and AM
as well as adverse events by experienced study pedia-
tricians, close monitoring of the children at the
daycare on a daily basis and meticulous assessment of
intake of study formula. A weakness of the study is
the inclusion of four immune active components and
increased amount of minerals and vitamins in an
experimental formula compared to a control formula
without those improvements, which does not allow
attributing the benefits of the experimental formula
to individual components.

Conclusion
In this study, regular consumption of a cow’s milk-based
beverage containing DHA, PDX/GOS, and yeast β-
glucan, and supplemented with micronutrients including
zinc, vitamins A and D, and iron promoted improved
immune outcomes, with fewer episodes of allergic mani-
festations in the skin and the respiratory tract in young
children. These outcomes are highly relevant for a child’s
overall health and physical, cognitive, psychological and
social development and may contribute to the quality of
life of the whole family, potentially decreasing school ab-
senteeism, thus allowing less disruption on the lives of
working parents. They may also have a direct econom-
ical impact linked to the cost of treating AM episodes,
for parents and the health care system, and those costs
likely surpass the cost of providing CMBB to the child.
Naturally occurring prebiotics, β-glucan and DHA are

usually present in normal diet but their levels vary
according to the quality of the diet and may not be suffi-
cient to promote measurable health benefits. A CMBB
such as the one used in this study may be of benefit in
increasing the intake of such nutrients and correcting
nutritional deficiencies that can affect immune function.
We propose that a CMBB should be consumed in the
context of a healthy, balanced diet. Since this is the first
study showing a benefit of this CMBB on allergic mani-
festations in healthy young children, additional studies
are warranted to confirm the current results and
reinforce the recommendation of this formula to help
reducing allergic manifestations.
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Baker’s Yeast Beta-Glucan Supplement Reduces Upper
Respiratory Symptoms and Improves Mood State in
Stressed Women

Shawn M. Talbott, PhD,FACN, and Julie A. Talbott, MBA

SupplementWatch, Draper, Utah

Key words: dietary supplements, stress, beta-glucan, immune support

Objective: Several studies have shown a baker’s yeast beta-1,3/1,6-D-glucan, extracted from Saccharomyces

cerevisiae, is effective in reducing the incidence of cold and flu symptoms. This study evaluated the effect of a

specific beta-glucan supplement (Wellmune) on upper respiratory tract symptoms and psychological well-being

in women with moderate levels of psychological stress.

Methods: Healthy women (38 6 12 years old) prescreened for moderate levels of psychological stress, self-

administered a placebo (n¼38) or 250 mg of Wellmune (n¼39) daily for 12 weeks. We used the Profile of Mood

States (POMS) psychological survey to assess changes in mental/physical energy levels (vigor) and overall well-

being (global mood state). A quantitative health perception log was used to track upper respiratory symptoms.

Results: Subjects in the Wellmune group reported fewer upper respiratory symptoms compared to placebo

(10% vs 29%), better overall well-being (global mood state: 99 6 19 vs 108 6 23, p , 0.05), and superior

mental/physical energy levels (vigor: 19.9 6 4.7 vs 15.8 6 6.3, p , 0.05).

Conclusions: These data show that daily dietary supplementation with Wellmune reduces upper respiratory

symptoms and improves mood state in stressed subjects, and thus it may be a useful approach for maintaining

immune protection against daily stressors.

INTRODUCTION

The relationship between stress and decreased immune

function is well established [1–3], with psychological stress

having been shown to increase susceptibility to the common

cold and increased upper respiratory tract infection (URTI)

episodes [3–5]. Psychological stress reduces immune cell

populations, lowers antibody production, and alters cytokine

responses [6,7]. Subjects reporting higher levels of psycholog-

ical stress have a higher incidence and greater severity of

illness [2–4].

A variety of dietary supplements have been studied for the

prevention and treatment of both experimentally induced and

naturally occurring colds, including echinacea [8], vitamin C

[9,10], ginseng [11], vitamin E [12,13], and zinc [14], with

equivocal results. In 3 previously published clinical trials, beta-

1,3/1,6-glucan derived from bakers yeast (beta-glucan) has

been shown to reduce the severity and duration of URTI

symptoms in healthy subjects [15], physically stressed subjects

[16], and healthy-stressed subjects [17]. The mechanism of

action by which beta-glucan enhances the activity of innate

immune cells has been extensively described [18–20] with

increased survival in animals challenged with a variety of

pathogens in vivo [21–23].

In this study, we report the effect of using beta-glucan on

the physical and psychological well-being of healthy women

under moderate levels of perceived psychological stress. The

current study employed a series of subject self-assessment

questionnaires that addressed overall health status and upper

respiratory symptoms. In addition to evaluation of subjects for

physical health, a psychological assessment known as the

Profile of Mood States (POMS) was conducted to assess mood

state. A key objective of the study was to explore how 12

weeks of beta-glucan supplementation (vs placebo) affected

various moods, upper respiratory symptoms, and overall health

status under conditions of moderate psychological stress.
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MATERIALS AND METHODS

Study Design

This study was done in accordance with the Helsinki

Declaration, as revised in 1983, for clinical research involving

humans and was approved by an external human subjects

review board (Aspire IRB, La Mesa, CA). Subjects signed

informed consent documents after the study details were

explained. The study used a randomized placebo-controlled,

double-blind design. Each subject was evaluated for inclusion

and exclusion criteria and included in the study if meeting

appropriate criteria, mentioned below. Subjects were randomly

assigned through a random number generator to either 250 mg/

d beta-1,3/1,6-glucan–containing supplement (250 mg of

Wellmune WGPt) or a placebo (250 mg of rice flour); bottles

were labeled with only a preassigned random code. Subjects

self-administered the allotted capsule once daily in the morning

at least 30 minutes before breakfast for 12 weeks. Subjects

were contacted weekly to remind them to take their capsules

daily and to complete survey forms at weeks 4, 8, and 12.

Empty bottles were not returned after the study, but subjects

were asked to report any unused capsules (an indicator of

missed doses). Compliance with these instructions was high

(data not shown). Participants completed a baseline POMS and

health log questionnaire on the first day of the study. Subjects

completed another health log and filled out a POMS assessment

and a physical health questionnaire at weeks 4, 8, and 12 of the

12-week treatment period.

Subjects

Ninety female subjects were screened for ‘‘moderate’’ levels

of perceived stress using a screening survey (77 female subjects

completed the trial). The stress survey (15 questions) strongly

correlates with other measures, such as the POMS

[16,17,24,25], and served as a reliable screening tool for

identifying subjects undergoing ‘‘moderate’’ levels of perceived

stress. Subjects scoring 6–10 (indicating moderate stress) on

this screening survey were eligible for enrollment. Inclusion

criteria included healthy, asymptomatic adult women screened

for moderate stress level who provided a completed informed

consent form. Exclusion criteria included current upper

respiratory symptoms, an inability to complete all question-

naires, low stress levels, and current use of antibiotic or other

‘‘immune’’ support product. The final subject pool was

composed of healthy stressed women (n ¼ 39 beta-glucan

and n¼38 placebo) ranging in age from 18 to 65 (mean age: 41

6 11 years).

Mood Assessment

We employed the POMS questionnaire [24,25] to measure

6 primary psychological factors (tension, depression, anger,

fatigue, vigor, or confusion) plus the combined global mood

state as an indication of subjective well-being. The POMS

methodology has been used in more that 2900 studies [24], and

its validity is well established. The POMS profile uses 65

adjective-based intensity scales scored on a 0–4 hedonic scale

(0 ¼ not at all, 4 ¼ extremely). The 65 adjective responses are

categorized into the 6 mood factors (tension, depression, anger,

fatigue, vigor, or confusion), tabulated, scored, and analyzed.

The output of the POMS questionnaire is an assessment of the

positive and negative moods of each subject at baseline and at

4, 8, and12 weeks.

Health Log

The daily health log contained questions related to overall

health status and 11 specific upper respiratory symptoms,

including nasal congestion, runny nose, sore throat, sneezing,

cough, chest congestion, fatigue, headache, fever, body aches,

and general malaise. Upper respiratory symptoms were

evaluated using a check box format, with frequency assessment

(ranging from no symptoms to multiple symptoms per day)

providing total upper respiratory symptoms for each subject.

The upper respiratory symptoms reported by subjects are

typical of cold and flu symptoms and analogous to self-reported

symptoms measured in other studies [26–30], but they differed

from some studies in which subjects were quarantined and

upper respiratory symptoms clinically validated (as true viral

infections) by a health care professional [31]. The study was

conducted during the months of October 2008 through

February 2009 (cold and flu season).

Data Management and Analysis

All questionnaires were mailed to a central location and

transcribed to a central database. Subjects who did not

complete the questionnaires or who submitted incomplete

questionnaires were dropped from the study and not included in

the study analysis. Data were identified by subject number and

examined for accuracy and completeness. Tabulated data were

analyzed with JMP 8.0 (SAS Institute, Cary, NC) using

standard parametric paired t tests, and significance was

assessed with a 2-tailed alpha level set at 0.05.

RESULTS

Compliance

Seventy-seven of 90 subjects completed the study require-

ments and were included in the study analysis. Reasons for

dropping from the study included failure to return a completed

questionnaire, providing incomplete answers to questionnaires,

and failure to comply with supplementation instructions.

Unused capsules were returned to the study site for subjects

in the local area or verbal confirmation of compliance with dose
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regimen was obtained; dose compliance was estimated to be

close to 100%. Two subjects reported stomachaches when

taking the assigned dose, but both were found to be in the

placebo group; no other adverse events (other than upper

respiratory symptoms, the primary outcome of the study

design) were reported in this study.

Upper Respiratory Symptoms

Subjects in the beta-glucan–containing supplement treat-

ment group had statistically significant (p , 0.05) improve-

ments in measurements of physical health as indicated by fewer

reported upper respiratory symptoms (days of symptoms)

compared to the placebo group (Fig. 1). There were

significantly (p , 0.05) fewer reported upper respiratory

symptoms in the beta-glucan treatment group, defined as fewer

people with one or more reported upper respiratory symptoms

during the reporting period (4-week questionnaire period).

After 12 weeks, 29% of subjects in the placebo group reported

upper respiratory symptoms, but only 11% in the beta-glucan

group reported symptoms (Fig. 1). The most common upper

respiratory symptoms reported by subjects were sore throat,

stuffy or runny nose, and cough. Other symptoms were

reported infrequently or not reported at all.

POMS Assessment

The POMS assessment for psychological health strongly

supported and mirrored the physical health assessment, as

indicated by upper respiratory symptoms. The data analysis

included an assessment of mood state at baseline (presupple-

mentation) 4, 8, and 12 weeks after supplementation with 250

mg of a beta-glucan–containing supplement or placebo.

Significant (p , 0.05) differences in mood state responses

between the placebo and the beta-glucan treatment group were

observed after 12 weeks for vigor (Fig. 2) and global mood

Fig. 1. Upper respiratory symptoms. Total number of subjects reporting any of 11 preselected upper respiratory symptoms at the conclusion of the

study. Subjects were orally administered placebo or 250 mg beta-glucan–containing supplement daily for 12 weeks. The beta-glucan group reported

fewer upper respiratory symptoms at each week (range 4–9 symptoms per week) and across all weeks (19 total) vs the placebo group (range 7–12

symptoms per week and 30 total).

Fig. 2. Vigor score (POMS). Vigor improved 41% from baseline to week 12 in the beta-glucan group (14.1 6 4.8 to 19.9 6 4.7) compared to 7% in

the placebo group (14.8 6 5.5 to 15.8 6 6.3). Vigor was significantly higher in the beta-glucan group (compared to placebo) at week 12 (p , 0.01)

and showed a trend toward being higher at week 4 (p¼0.08) and week 8 (p¼ 0.07). Vigor is one of the 6 subscales of the POMS [25], encompassing

physical energy, mental acuity, and emotional well-being.
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state (Fig. 3). There were no significant differences observed

for other mood state subscales (tension, depression, anger,

confusion; data not shown).

DISCUSSION

During the course of the 12-week treatment period, subjects

supplementing their diets with a beta-glucan–containing

supplement (250 mg/d) reported fewer upper respiratory

symptoms (indicating better physical health) and higher overall

mood state (global mood state and vigor, both indicating

superior psychological health) compared to moderately stressed

subjects taking a daily placebo.

Previous reports have suggested a link between chronic

stress and increased susceptibility to the common cold and

URTIs [3–5]. In the current study, moderately stressed

participants in the beta-glucan treatment group self-reported

fewer upper respiratory symptoms (Fig. 1) as well as a more

positive psychological assessment (Figs. 2 and 3) than did

subjects receiving placebo during a 12-week treatment period.

The reduction in upper respiratory symptoms reported here is

similar to those reported in other trials evaluating the effect of

bakers yeast–derived beta-1,3/1,6-glucan on upper respiratory

symptoms of healthy and physically stressed individuals [15–

17]. This strongly suggests that bakers yeast beta-glucan is able

to counteract the negative effects of stress on the immune

system, which can increase susceptibility to upper respiratory

symptoms. A possible weakness of the current study is that our

assessment of the incidence of upper respiratory symptoms was

based on self-reported symptoms. Although symptom self-

reports are routinely employed in field studies of URTI

incidence [15–17,27–30], others have verified symptomatology

using viral identification or clinical examination [31].

Bakers yeast beta-glucan has been shown to bind to specific

receptors on innate immune cells (CR3), priming them to be

more effective in killing opsonized foreign challenges [20].

This binding site preferentially recognizes bakers yeast–derived

beta-1,3/1,6-glucan over other forms of beta-glucans, resulting

in a significantly higher level of immune system activation as

compared to other immune modulators in an in vivo murine

mouse model system [32]. The specificity of the activation

mechanism [33] and preferential binding of bakers yeast beta-

glucan on the CR3 receptor site on innate immune cells [34]

also explains the lack of effect on URTI symptoms reported

with cereal-derived beta-glucan supplementation [35].

The results of the POMS survey (Figs. 2 and 3) suggest that

the reduction in upper respiratory symptoms (Fig. 1) for the

beta-glucan group resulted in an improvement of various

psychological factors that could be directly related to an

individual’s state of physical well-being (vigor and global

mood state, with a trend for improvements in fatigue). It is

interesting to note that although trends (p , 0.10) were found

for the beta-glucan group on measures of fatigue at week 8 (p¼
0.08) and week 12 (p ¼ 0.07) and vigor at week 4 (p ¼ 0.08)

and week 8 (p ¼ 0.07), statistically significant differences in

mood state parameters did not emerge in the current study until

12 weeks of supplementation (Figs. 2 and 3). In previous trials

of physical stress [15] and high psychological/lifestyle stress

[16] we found mood state improvements with beta-glucan as

early as 4 weeks. This may be due to differences in overall

stress load between the subjects in this trial vs those in the

Fig 3. Global mood state score (POMS). Global mood state improved 29% in the beta-glucan group (140 6 43 to 99 6 19) compared to 16% in the

placebo group (128 6 37 to 108 6 23). The global mood state was calculated based on scoring (0–4, with 0 ¼ not at all, 2 ¼ moderately, and 4 ¼
extremely) answers to 58 of the 65 adjectives of the POMS (a lower number is a ‘‘better’’ global mood state).
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previous studies. It is possible that elevated levels of physical

or psychological stress lead to a more severe suppression of

immune system function and thus sets the stage for a superior/

faster benefit of beta-glucan to restore normal immune function

(i.e., the higher the stress load, the greater immune system

suppression and the more benefit beta-glucan provides).

It is logical to speculate that the subjects in the placebo

groups who experienced increased prevalence of upper

respiratory symptoms ‘‘felt worse’’ physically, and this was

then reflected in their psychological assessment. Conversely,

subjects taking beta-glucan reported lower levels of upper

respiratory symptoms and ‘‘felt better,’’ which was then

reflected in the psychological assessment techniques. The lack

of an impact on certain mood state subscales (tension,

depression, anger, confusion) is not surprising since yeast

beta-glucan should not have a psychoactive effect, and the

increases in vigor and global mood state (analogous to ‘‘overall

psychological well-being’’) can be explained as a logical result

of improvement in physical well-being.

CONCLUSION

This study shows that improving immune system function

with bakers yeast beta-glucan has a noticeable effect on

maintaining health and a positive mental attitude in psycho-

logically stressed women. Daily supplementation with a beta-

glucan–containing supplement reduced the incidence of upper

respiratory symptoms and improved psychological well-being.

Additional research is needed to investigate the mechanism(s)

by which baker’s yeast-derived beta-glucan improves immune

function and psychological well-being in response to various

sources of physical and psychological stress.
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Abstract

This randomized, placebo-controlled, double-blind study compared the effects

of daily supplementation for 4 week with 250 mg Wellmune WGP® b-1,3/1,6-
Glucan (WGP) with placebo 250 mg/day (rice flour) on physical and psycho-

logical health attributes of self-described “moderate” ragweed allergy sufferers.

Study participants (mean age = 36 � 9 year; range 18–53 year) were recruited

before the beginning of ragweed season (September) in Northeastern Ohio.

Serum IgE concentration, allergy symptoms [via self-report, Visual Analog Scale

(VAS), and Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ)], psycho-

logical well-being [Profile of Mood States (POMS)], and physical function

(RAND SF-36 Medical Outcomes Study) were measured immediately prior to

and after supplementation with WGP (n = 24) or placebo (n = 24) for

4 weeks. Data were analyzed using repeated measures analyses of variance

(ANOVA). Compared with placebo, WGP reduced total allergy symptoms

(28%), symptom severity (52%), and symptom rating on the VAS (37%)

(P < 0.05), but had no effect on serum IgE levels. As measured by the POMS,

WGP increased participants’ rating of vigor (10%), but reduced tension (34%),

depression (45%), anger (41%), fatigue (38%), and confusion (34%)

(P < 0.05). Study participants given WGP reported increased physical health

(11%), energy (19%), and emotional well-being (7%) compared with study par-

ticipants given the placebo (RAND SF-36 Medical Outcomes Study). The WGP

group also reported decreased sleep problems (53%), reduced nasal symptoms

(59%), eye symptoms (57%), non-nasal symptoms (50%), activities (53%),

emotions (57%), and improved quality of life (QOL) (56%), as well as

improved global mood state (13%). Supplementation with WGP for 4 weeks

improved allergy symptoms, overall physical health, and emotional well-being

compared with placebo in self-described “moderate” ragweed allergy sufferers

during ragweed allergy season.

Introduction

An estimated 40–50 million Americans are affected by

allergic disease (National Institute of Allergy and Infec-

tious Diseases 2003). Pollen from plants of the genus

Ambrosia (which includes ragweed) is a primary cause of

allergic rhinitis, also known as hay fever, during summer

and fall (Frenz et al. 1995). In the U.S., ragweed season

can extend from August through October (Pongdee

2011). The U.S. National Health and Nutrition Examina-

tion Survey III conducted from 1988 through 1994

reported a prevalence of 26.2% for ragweed allergy as

determined by skin test reactivity (Arbes et al. 2005).

Approximately 45% of atopic individuals in the U.S. and

Canada are allergic to ragweed (Boulet et al. 1997) and

the prevalence of allergy to ragweed is increasing in some

areas of Europe (Zanon et al. 2002; Wopfner et al. 2005;

Oswalt and Marshall 2008).

Allergic disease has various manifestations. Seasonal

allergic rhinitis is an IgE-mediated inflammatory disease

of the nasal mucous membranes that often presents with

rhinorrhea, sneezing, nasal congestion, and itching, as

well as ocular redness, tearing, and itching (Nathan

2003). Allergic rhinitis is associated with reduced quality
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of life (QOL) (Leynaert et al. 2000; Meltzer 2001), and

decreased work productivity, accounting for an estimated

3.5 million work days and 2 million school days lost per

year (Nathan 2007). In addition to local inflammation,

allergic rhinitis can induce systemic inflammation, which

may result in inflammation of the upper and lower air-

ways (Pawankar et al. 2011). Comorbid conditions for

allergic rhinitis include asthma, rhinosinusitis, nasal

polyposis, serous otitis media, and sleep disorders (Young

1998; Bousquet et al. 2001; Pawankar et al. 2011). Allergic

conjunctivitis affects more than 20% of the U.S. popula-

tion (Nathan 2003) and approximately 18% of children,

aged 12–14 in the U.K. (Austin et al. 1999). Inadequate

control of allergic rhinoconjunctivitis leads to decreased

QOL, reduced productivity, and potentially, increased vis-

its to doctor’s offices.

Approaches to reduce the physical and psychological

symptoms of allergic disease include allergen avoidance,

pharmacotherapy, and immunotherapy (Bousquet et al.

1994). Standard allergen immunotherapy can prove prob-

lematic due to inconvenient dosing regimens and the

potential for induction of systemic allergic reactions, such

as anaphylaxis, because of the relatively large doses of aller-

gen administered (Lockey et al. 1987; Du Buske et al.

1992; Bukantz and Lockey 2004). A safe, effective, and

convenient therapy for allergic disease would provide relief

of the physical and psychological effects of allergies and

improve the QOL of allergy sufferers (Kim et al. 2011).

b-Glucans are a diverse class of long-chain glucose

polymers that have a backbone of b-(1-3)-linked b-D-
glucopyranosyl units with primarily b-(1,4)- or (1,6)-

linked side chains. These naturally occurring substances

have been shown to provide health benefits including

wound healing (Delatte et al. 2001), decreasing blood

lipid concentration (Bell et al. 1999; Nicolosi et al. 1999),

protection against infection (de Felippe 1993; Babineau

et al. 1994a, b; Dellinger et al. 1999), inhibition of tumor

development (Cheung et al. 2002; Hong et al. 2004) and

metastasis (Yoon et al. 2008), and promotion of tumor

regression (Driscoll et al. 2009). b-Glucans are known as

biological response modifiers. Their effects have been

investigated by administration through diverse routes;

importantly, they exhibit biological activity when con-

sumed orally (Hong et al. 2004; Rice et al. 2005) and

may be combined with other immunotherapies to elicit a

more powerful effect (Hong et al. 2004; Chen and Seviour

2007). They activate the entire immune system, which

may be advantageous for their use as therapy for disease.

b-Glucans are found abundantly in bacterial and fungal

cell walls and in plants, such as oat, barley, and seaweed

(Akramiene et al. 2007). b-Glucans derived from different

sources exhibit structural differences and their biological

activities are determined by molecular structure, size,

degree of branching, structural modification, conforma-

tion, and solubility (Kim et al. 2011). Because mamma-

lian cells do not synthesize b-glucans, they are recognized

as pathogen-associated molecular patterns (PAMPs) by

germline-encoded pattern recognition receptors (PRRs)

on cell surfaces (Willment et al. 2005). PRRs that recog-

nize b-glucans include the toll-like receptors (TLR), C-

type lectin receptors (CLR) such as dectin-1 (Brown and

Gordon 2001; Brown et al. 2002, 2003; Taylor et al. 2002;

Tsoni and Brown 2008), complement receptor 3 (CR3)

(Ross et al. 1987; Thornton et al. 1996), lactosylceramide

(Zimmerman et al. 1998), and scavenger receptors (Pear-

son et al. 1995; Rice et al. 2002). b-Glucan receptors have

been identified on the surfaces of immune cells, including

neutrophils, eosinophils, natural killer cells, endothelial

cells, alveolar epithelial cells, fibroblasts, and various types

of macrophages (Brown 2006; Shah et al. 2008), as well

as nonimmune cells, such as epithelial cells (Ahren et al.

2001), vascular endothelial cells (Lowe et al. 2002), and

fibroblasts (Kougias et al. 2001). b-Glucans are powerful

activators of macrophages/monocytes (Adachi et al. 1994;

Lebron et al. 2003) and neutrophils (Zhang and Petty

1994) and are primarily responsible for stimulating the

reticuloendothelial system (Di Carlo and Fiore 1958; Riggi

and Di Luzio 1961; Wooles and Diluzio 1963).

Identification of b-glucans as nonself molecules by

mammalian cells induces innate and adaptive immune

responses (Vetvicka and Yvin 2004; Brown and Gordon

2005). The initial response to b-glucans occurs via the

innate immune system. This response is rapid and non-

specific, occurs without memory, and primarily involves

phagocytic cells, such as macrophages and neutrophils.

Following ingestion, b-glucans are bound to PRRs on

macrophages and are internalized. As reviewed by Vol-

man et al. (2008), b-glucans interact with the mucosal

immune system including the intestinal intraepithelial

lymphocytes and Peyer’s patches, inducing cytokine pro-

duction and increasing resistance to infection (Suzuki

et al. 1990; Tsukada et al. 2003). Whole glucan particle

(WGP), a purified yeast b-glucan sphere derived from

standard food-grade Baker’s yeast, Saccharomyces cerevisi-

ae, enters the gut and is taken up by Microfold (M) cells

in the Peyer’s patches. Intestinal macrophages transport

b-glucan to the organs of the immune system (e.g., the

spleen, lymph nodes, and bone marrow) via the lympha-

tic system In the bone marrow, larger WGP are degraded

into smaller fragments by macrophages (Hong et al.

2004). b-Glucan-induced signaling is not dependent on

internalization of whole b-glucan particles (McCann et al.

2005). b-Glucans are believed to induce phagocytosis

(Ladanyi et al. 1993; Kurashige et al. 1997; Brown et al.

2002), stimulate microbial killing by mechanisms such as

respiratory burst (Tsoni and Brown 2008), and initiate
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production of innate immune system components includ-

ing inflammatory mediators such as tumor necrosis factor

alpha (TNF-a), interleukin-1 (IL-1) (Li et al. 2006),

macrophage inflammatory protein 2-alpha (MIP-2), eico-

sanoids, reactive oxidants (Vassallo et al. 1999, 2000;

Hahn et al. 2003), and local immunomodulators. Effects

of b-glucans on nonimmune cells have also been reported

(Hahn et al. 2003; Ramakers et al. 2007). Other cells are

recruited to the infection site and activate the adaptive

immune system.

The response of the adaptive immune system involves

production of antibodies against specific substances by B-

lymphocytes. Assay of IgE can determine whether an indi-

vidual has been sensitized to a substance such as ragweed.

The adaptive immune system response also involves anti-

gen presentation by leukocytes to T-lymphocytes. Cyto-

toxic and T-helper cells attack infected body cells (Volman

et al. 2008) and depending on the antigen presented,

results in the development of immature cells to type 1

helper T-lymphocytes (Th1) or type II helper T-lympho-

cytes (Th2) (Volman et al. 2008). Individuals experiencing

an allergic response of asthma are thought to have an

overactive Th2 response. b-1,3-glucan can stimulate mac-

rophages, which secrete anti-inflammatory mediators, such

as prostaglandin E2, tumor growth factor, and IL-10, and

may inhibit the Th2 response (Sarinho et al. 2009).

In this study, we investigated whether supplementation

with WGP would alleviate the physical and psychological

effects of allergies and improve QOL in self-described

“moderate” ragweed allergy sufferers during ragweed

allergy season.

Materials and Methods

Recruitment of study participants

The conduct of this study adhered to the Helsinki Decla-

ration, which was revised in 1983, for clinical research

involving humans. To recruit subjects, we posted flyers at

a walk-in medical clinic where we have conducted previ-

ous studies, asking that “people with ragweed allergies”

contact us. We screened 62 otherwise healthy self-

described “moderate” sufferers of ragweed allergy or indi-

viduals who considered themselves to have “hay fever”

before peak ragweed allergy season in Northeastern Ohio

in 2010 during September and October. Subjects were

given a description of the study protocol. On the first

visit, we conducted a physical examination of subjects.

Individuals who had current URTI symptoms, were cur-

rently taking allergy or asthma medications, cited an

inability to understand the study objective, were unable

to complete all questionnaires and provide blood samples,

were pregnant or lactating, or were currently using anti-

biotics or other “immune” support products were excluded

from the study. The Institutional Review Board at Aspire

IRB, La Mesa, CA, approved the protocol for the study.

All study participants provided written informed consent

prior to the start of the study. The flow of the study par-

ticipants is shown in Figure 1 and demographic informa-

tion about the study population is shown in Table 1.

Wellmune WGP® b-1,3/1,6-glucan

The source of Wellmune WGP® b-1,3/1,6-glucan (WGP)

was a purified proprietary strain of Baker’s yeast (Saccha-

romyces cerevisiae). WGP was supplied by Biothera, The

Immune Company (Eagan, MN). Wellmune WGP is gen-

erally recognized as safe (GRAS) (U.S. Food and Drug

Administration 2008).

Study design and intervention

We conducted a randomized, placebo-controlled, double-

blind study. Study participants were randomly assigned

using a random number generator to one of two treat-

ment groups and were instructed to ingest a capsule con-

taining 250 mg WGP (WGP group) or 250 mg of rice

flour (placebo group) once per day, preferably in the

Table 1. Subject characteristics (baseline).

Treatment group Placebo WGP 3-6 b-glucan

N 24 24

Age

Mean � SD 39 � 9 36 � 11

Range 18–66 years 18–65 years

Sex

Men 5 (20%) 12 (50%)

Female 19 (80%) 12 (50%)

N, number of subjects; all subjects were self-described moderate rag-

weed allergy sufferers.

62 screened

50 enrolled

25 randomized to Placebo 25 randomized to WGP

1 withdrawn 1 withdrawn
due to failure to
complete all 
surveys and

due to failure to
complete all
surveys and 

24 completed
questionnaires questionnaires

24 completed

Figure 1. Flow of study participants.
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morning for 4 weeks. Fifty of the 62 individuals that we

screened met the inclusion criteria for the study, and 25

study participants were assigned to each treatment group.

Study participants reported to the test site 7 days prior to

the start of the study. We supplied study participants with

sufficient WGP and placebo capsules to last for the dura-

tion of the study. One subject from each group did not

complete the study. The final subject population consisted

of 17 men and 31 women (36 � 9; range 18–53 years of

age) (see Table 1).

Outcome measures

The outcomes of the study were ragweed-specific blood

IgE concentrations and physical and psychological health

attributes of the study participants. Measurements were

made at baseline and after study participants consumed

WGP or placebo for 4 weeks. IgE concentrations were

measured using stored serum samples (N = 48). Measure-

ments were made for three common ragweed allergens

(Giant, Common, and False). IgE levels were measured

using the IMMULITE 2000 3gAllergy test kit (Siemens

AG, Eschborn, Germany; as described by Biagini et al.

2006). Subjects were asked to complete study surveys that

provided information about their physical symptoms

(allergy symptoms via self-report, the Visual Analog Scale

[VAS; Hornblow and Kidson 1976; Price et al. 1983;

Linder 1988; Hallen et al. 2001; Bousquet et al. 2007];

and Rhinoconjunctivitis Quality of Life Questionnaire

[RQLQ; Juniper and Guyatt 1991; Juniper et al. 1996]);

psychological well-being (Profile of Mood States [POMS;

McNair et al. 1971, 2003]); global mood state (POMS);

and physical function (RAND SF-36 Medical Outcomes

Survey [Ware 1992; Hays et al. 1993]).

Compliance and adverse events

Compliance with the study protocol was determined by

completion and return of study surveys and verbal com-

pliance to daily supplementation instruction. Pills were

counted when subjects returned their bottles of capsules

at the last visit. Except for two individuals, study partici-

pants were better than 90% compliant with the study

protocol. The two subjects who did not comply with the

study protocol were dropped from the study. Adverse-

event information was collected by verbal disclosure; no

adverse events (other than allergy symptoms, the primary

outcome of the study design) were reported in this study.

Statistical analysis

Data were analyzed using repeated measures analyses of

variance (ANOVA). Statistical analysis was conducted

using JMP 8.0 (SAS Institute, Cary, NC) software and sig-

nificance was set at P < 0.05. The study was set up as a

pilot study to determine design criteria for future

rhinoconjunctivitis studies; no power calculations were

performed.

Results

Fifty subjects were enrolled in the study; 48 individuals

completed the study. Subject attrition, one from each

treatment group, was due to failure to submit all com-

pleted surveys and questionnaires.

Physical Symptoms (Allergy Symptoms and
RQLQ Survey)

Figure 2 compares the serum IgE concentrations

(reported in kU/L), total number of allergy symptoms,

allergy symptom severity, and allergy symptom scores on

the VAS (Hornblow and Kidson 1976; Price et al. 1983;

Linder 1988; Hallen et al. 2001; Bousquet et al. 2007)

before and 4 weeks after treatment with WGP or placebo.

There were no differences in ragweed-specific serum IgE

levels. Compared with the placebo post-treatment group,

the total number of allergy symptoms (Sx) for the WGP

group was reduced 28% (WGP group post-treatment =
4.2, placebo group post-treatment = 5.8, P < 0.001), and

participants’ ratings of symptom severity were reduced

52% (WGP group post-treatment = 6.9, placebo group

post-treatment = 14.3, P < 0.001). The rating of symp-

toms on the VAS was reduced by 37% after study partici-

pants were treated with WGP compared with after

treatment with placebo for 4 weeks (WGP group post-

treatment = 15.2 vs. placebo group post-treatment = 24.2,

P = 0.024).

Figure 2. Allergy Symptoms. When compared with placebo

treatment with Wellmune WGP® for 4 weeks, there was a reduction

observed in total number of allergy symptoms (28%), in symptom

severity (52%), and in the rating of symptoms on the VAS (37%).

*P < 0.05 compared with placebo.
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Profile of mood states

Figure 3 shows study participants’ reports of level of

tension, depression, anger, vigor, fatigue, and confusion

as rated using the POMS before and after treatment

with WGP and placebo. When compared with mean

pretreatment values for Wellmune WGP, treatment with

WGP for 4 weeks reduced tension by 34%: 7.3 versus

4.8, P < 0.05; depression by 45%: 5.1 versus 2.8,

P < 0.05; anger by 41%: 6.6 versus 3.9, P < 0.05; fatigue

by 38%: 6.8 versus 5.4, P < 0.05; and confusion by 40%:

5.3 versus 3.2, P < 0.05. Subjects reported increased

vigor after WGP treatment compared with before treat-

ment (+10%, WGP pretreatment = 18.3 vs. WGP post-

treatment = 20.3). There were no significant differences

between the placebo pre- and post-treatment groups or

between the WGP post-treatment group and placebo

post-treatment in tension, depression, fatigue, confusion,

and vigor.

Global Mood State (cumulative POMS
measurement)

Figure 4 compares study participants’ reporting of Global

Mood State, a cumulative POMS measurement, pre- and

post-4-week treatment with WGP or placebo. Global

Mood State ratings were 110 and 108 pre- and post-treat-

ment with placebo (n.s.), and 115 and 100 pre- and

post-treatment with WGP (13%) for 4 weeks (P < 0.05).

This demonstrates that subjects on Wellmune WGP had

an improved Global Mood State over the 4-week period

compared with WGP pretreatment levels.

RAND SF-36 (Medical Outcomes Study)

Figure 5 compares study participants’ ratings of physical

health, energy, and emotional well-being using the RAND

SF-36 (Medical Outcomes Study) before and after treat-

ment with WGP or placebo. After 4 weeks of consuming

WGP, there was an increase in study participants’ ratings

of their energy (+19%, at baseline = 56.1, after treatment

= 66.5; P � 0.05) and emotional well-being (+7%, at
baseline = 76.9, after treatment = 82.6; P = 0.034), and
reduced rating of pain (�15%, at baseline = 69.1, after
treatment = 79.2; P < 0.05). There was a nonsignificant
effect of WGP on social functioning, limitations due to
emotional problems, and general health, and a trend
toward significance on limitations due to physical health
(+11%, WGP at baseline = 81.3, WGP after treatment =
90.6; P = 0.06).

Figure 3. Profile of Mood States. POMS factors improved from week

0 to week 4 following treatment with Wellmune WGP® including

reduced tension (34%), depression (45%), anger (41%), fatigue

(38%), confusion (34%), and increased vigor (10%). *P < 0.05.

Treatment with placebo from week 0 to week 4 did not result in

statistically significant improvements in these six POMS factors.

Figure 4. Global Mood States. The Global Mood State showed a

34% improvement (P < 0.05) following 4 weeks of treatment with

Wellmune WGP. The placebo group did not show a significant

improvement over the 4-week treatment period. A lower number is a

“better” global mood state.

Figure 5. RAND SF-36 Medical Outcomes. After 4 weeks of

treatment with Wellmune WGP®, there was an elevation in physical

health (11%), energy (19%), and emotional well-being (7%),

compared with placebo. *P < 0.05 compared with placebo.
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Rhinoconjunctivitis QOL questionnaire

Figure 6 compares study participants’ reporting of sleep

problems, nasal and eye symptoms, non-nasal symptoms,

practical problems, activities, emotions, and QOL (mean

of all items) in the placebo and WGP groups as reported

on the Rhinoconjunctivitis QOL questionnaire. In the

WGP group, there was a reduction in sleep problems after

treatment compared with the ratings at baseline (53%, 0.8

vs. 1.7; P < 0.05), nasal symptoms (59%, 0.7 vs. 1.7;

P < 0.0001), eye symptoms (57%, 0.6 vs. 1.4; P < 0.001).

Study participants also reported improvements in non-

nasal symptoms after treatment with WGP compared

with at baseline (50%, 0.8 vs. 1.6; P < 0.01), activities

(53%, 0.7 vs. 1.5; P < 0.05), emotions (57%, 0.4 vs. 1.3;

P < 0.01). Treatment with placebo also elicited significant

decreases in ratings for non-nasal symptoms compared

with baseline ratings (31%, 1.1 vs. 1.6; P < 0.05) and

emotions (44%, 0.5 vs. 0.9; P < 0.04), but this was not

the case for activities (100%, 0.9 vs. 0.9; n.s.).

Discussion

In this study, we showed that administration of WGP

during allergy season reduced the total number of allergy

symptoms, rating of symptom severity, and symptom rat-

ing on the VAS, but had no effect on IgE concentration

compared with placebo treatment in self-described rag-

weed allergy sufferers. Compared with pretreatment,

WGP decreased study participants’ ratings of tension,

depression, anger, fatigue, and confusion and increased

vigor as measured by the POMS (P < 0.05 for all). WGP

improved global mood states (POMS) and had an

improved effect on physical health, energy, and emotional

well-being according to the SF-36 questionnaire, which

has been validated for internal consistency, test–retest and
interobserver reliability, discriminative properties, and

evaluative properties (McHorney and Ware 1994; Leplege

et al. 1995). In addition, study participants reported a

decrease in sleep problems, nasal and eye symptoms, and

QOL in the placebo and WGP treatment groups as

reported using the Rhinoconjunctivitis QOL question-

naire.

The potential usefulness of b-glucan as a food additive

is supported by work showing that yeast b-glucan exhibits

immune-modulating function (Ikewaki et al. 2007); how-

ever, our study is one of few that have investigated

whether b-glucan can alleviate the symptoms of allergic

disease. Yamada et al. (2007) demonstrated a beneficial

effect of oral consumption of b-1,3-glucan, derived from

shiitake mushroom (Lentinus edoses Berk [Sing]), on

symptoms of rhinoconjunctivitis and observed that the

size of b-glucan particle influences efficacy. Their ran-

domized, placebo-controlled, double-blind study showed

that oral administration of superfine dispersed b-1,3-glu-
can (SDG) for 8 weeks improved ongoing symptoms of

rhinoconjunctivitis and rhinitis in Japanese individuals

with seasonal allergy to cedar pollen and perennial allergy

symptoms (P < 0.0002), compared with an identical

amount of nondispersed b-1,3-glucan (NDG) that was

administered during the same period to a different group

of study participants (Yamada et al. 2007). SDG, with a

particle size of 0.08 lm, is thought to be absorbed easily

by the intestinal mucosa, in contrast to NDG, which has

a particle size of 288 lm. SDG reduced symptoms during

the 8-week follow-up period that occurred immediately

after the intervention (P < 0.0001) and prevented symp-

tom development when taken prior to symptom onset

(P < 0.05). The study also showed that consumption of

SDG decreased allergen-specific and total IgE titers (initial

Figure 6. Rhinoconjunctivitis Quality of Life. After 4 weeks of treatment with Wellmune WGP®, there was a reduction in sleep problems (53%),

nasal symptoms (59%), and eye symptoms (57%) and an elevation in QOL (56%); *P < 0.05 compared with placebo.
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high-IgE group, P < 0.043; initial low-IgE group,

P < 0.03) and exhibited a good correlation with allergen-

specific and total IgE titers (Yamada et al. 2007). Caveats

of this study include a short observation period and a

small study population.

Similarly, Szabo et al. (2000) showed that b-glucan
alleviated some symptoms of allergic conjunctivitis, Sarin-

ho et al. (2009) showed the effect of b-glucan on elevat-

ing IL-10 production and relieving asthma symptoms,

and Damiani et al. (2011) showed the combination of

colloidal silver and b-glucan on viral rhinitis and upper

respiratory symptoms in children.

Other studies have also reported no increase or a small

increase in Ig concentrations after b-glucan consumption.

Lehne et al. (2005) reported no increase in IgA or IgG in

serum or saliva after healthy subjects, age 20–30 years,

orally consumed 100 mg/day yeast b-glucan for four con-

secutive days compared to concentrations at baseline.

Consumption of 400 mg/day b-glucan for the same

amount of time elicited an increase only in salivary IgA

(mean � SD = day 1: 39.6 � 21.1 vs. 105.4 � 73.9,

P < 0.05). Browder et al. (1990) observed an increase in

serum IL-1 in trauma patients, ages 18–65, 3 days after

they had been treated with b-glucan (143.4 � 193% vs.

78.6 � 11.7%; P < 0.05), but there was no difference

after that time point. b-Glucan had no effect on TNFa
concentrations.

Allergic rhinitis is an IgE-mediated disease that presents

with elevated allergen-specific IgE titers, IgE-dependent

activations of mast cells, recruitment of activated eosin-

ophils and T cells to mucosal surfaces, inflammation, and

disease (Holgate 1999; Kay 2001a, b) T helper (Th) 2 cells

contribute to the induction of IgE-mediated disease by

overproducing Th2 cytokines (IL-4, IL-5, and IL-13) at

the inflammation site (Romagnani et al. 1991; Huang

et al. 1995). However, Th-1 cytokines (IL-12 and IFN-c)
inhibit the Th2 immune response. In a randomized, pla-

cebo-controlled, double-blind study of 24 subjects with

seasonal allergic rhinitis, Kirmaz et al. (2005) investigated

whether b-glucan from S. cerevisiae reversed the Th2-

mediated immune response in individuals who were sen-

sitized to Olea europea. Compared with pretreatment val-

ues, 20 mg b-glucan administered for 12 weeks reduced

IL-4 (mean � SEM = 5.48 � 0.92 vs. 3.66 � 0.64 pg/mL,

P = 0.027) and IL-5 concentrations (mean � SEM =
8.58 � 1.58 vs. 5.81 � 0.83 pg/mL, P = 0.04). Although

there was no difference between the placebo group

(n = 12) and the b-glucan group (n = 12) in the percent-

age of eosinophils in nasal lavage fluid after nasal provo-

cation with Olea europea, the percentage of eosinophils in

nasal lavage fluid was significantly reduced after a nasal

provocation test with Olea europea compared with con-

centrations measured before the nasal provocation test

(P = 0.01). In contrast, IL-12 levels increased after b-glu-
can treatment compared with pretreatment values (mean

� SEM = 11.08 � 2.43 vs. 17.31 � 2.75 pg/mL, P = 0.008).

There was no change in IFN-c (mean � SEM =
6.19 � 1.18 vs. 7.83 � 1.22 pg/mL, P = 0.1) in the b-
glucan group, and no changes in any cytokines for the

placebo group. Furthermore, the percentage of eosinoph-

ils was unchanged for both treatment groups. The authors

proposed that b-glucan is potentially an adjunct to stan-

dard therapy in individuals with allergic rhinitis.

Human studies have reported that b-glucan can

improve QOL for individuals with cancer or upper respi-

ratory influenza infections. In a randomized, placebo-

controlled, double-blind, parallel group intervention study,

Feldman et al. (2009) reported an improvement from

baseline indicated by scores on two QOL measures of the

SF36v-2 questionnaire after study participants, aged 18–
65 years, consumed 500 mg/day WGP for 90 days as

compared with consuming a rice flour placebo for the

same amount of time. Study participants who consumed

WGP reported an improved Physical Component Sum-

mary score (57.5 � 4.5 vs. 55.5 � 3.5; P = 0.029) and a

greater General Health summary score (58.7 � 7.0 vs.

52.0 � 14.6; P < 0.038) compared with study participants

who consumed the placebo. The b-glucan, lentinan,

improved QOL in individuals with advanced cancer when

administered intravenously (Yoshino et al. 2010) or orally

for gastric cancer (Nakano et al. 1999; Kataoka et al.

2009), and orally for pancreatic (Shimizu et al. 2009) and

colorectal cancer (Hazama et al. 2009). Nakano et al.

(1999) reported that the total QOL score for gastric can-

cer subjects, in particular appetite and sleep quality,

improved with lentinan consumption. In another study of

20 individuals between the ages of 38 and 84 years with

advanced malignancies who were undergoing chemother-

apy, b-1,3-glucan consumption resulted in a sense of

well-being for 60% of study participants, and less fatigue

during chemotherapy was reported by 40% of subjects

who reported being fatigued (Weitberg 2008).

Immunotherapy has also been used to decrease the

effects of ragweed allergy. A randomized, double-blind,

placebo-controlled study, investigated the effectiveness of

immunotherapy with a Ragweed-Toll-like receptor 9 ago-

nist vaccine for allergic rhinitis (Creticos et al. 2006).

Vaccination with the Ragweed-Toll-like receptor 9 agonist

did not change the vascular permeability response to

nasal provocation in the first season, as reflected in the

albumin level in nasal lavage fluid, but improved peak-

season rhinitis scores (P = 0.006) on the visual analog

score, peak-season daily nasal symptom diary scores

(P = 0.02), and mid-season overall quality-of-life scores

(P = 0.05). The vaccine also inhibited the seasonal eleva-

tion of Amb a 1-specific IgE antibody. In a later ragweed
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season, compared with placebo, there were improvements

in the peak-season rhinitis visual analog score (P = 0.02)

and the peak-season daily nasal symptom diary score

(P = 0.02). As with our study, the authors noted no

change in IgE antibody titer during ragweed season

(P = 0.19).

Some studies have reported that airway exposure to b-
(1,3)-D-glucan, found in house dust, indoor molds, and

some bacteria, can increase the airway allergic response as

well as induce other health effects (Rylander et al. 1998).

As summarized in Douwes (Douwes 2005), these data are

inconsistent and further investigation is necessary to

determine whether inhalation of b-(1,3)-D-glucan affects

respiratory health. Infants who are exposed to a high con-

centration of b-(1,3)-D-glucan (60 lg/g) have a reduced

risk of recurrent wheezing (adjusted odds ratio = 0.39,

95% CI = 0.16–1.93) and recurrent wheezing combined

with allergen sensitization (adjusted odds ratio = 0.57,

95% CI = 0.30–1.10) (Iossifova et al. 2007).

One limitation of our study is the small study popula-

tion. Additional studies including more study participants

should be conducted. Furthermore, ragweed pollen levels

were not measured during the study. In addition, there

was inadequate characterization of the ragweed allergy

status of study participants. Our study involved partici-

pants who were self-described allergy sufferers and had

not received a clinical diagnosis of ragweed allergy. In

contrast, Juniper et al. (1992) characterized subjects’ rag-

weed allergy by requesting a 2-year history of symptoms

for which treatment was necessary during the ragweed

pollen season and required a positive skin-test result to

ragweed pollen extract as a criterion for inclusion in the

study.

Our findings suggest that the b-1,3/1,6-glucan, WGP,

can be used to decrease the symptoms of allergy in indi-

viduals with self-described ragweed allergy. b-Glucans can
be given orally, are typically less costly than immunother-

apies, and have fewer side effects than immunotherapies

(Murphy et al. 2010). Furthermore, they occur naturally,

and are effective. Additional studies investigating the

effect of b-1,3/1,6-glucan on allergies should be con-

ducted.
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Abstract  
This was a placebo-controlled, double-blind study designed to 
evaluate the effect of a commercially available dietary supple-
ment on upper-respiratory tract symptoms (URTI) and mood 
state. Seventy-five marathon runners (35 men, 40 women) rang-
ing in age from 18–53 years, mean age: 36 ± 9, self-
administered placebo, 250 mg or 500 mg of BETA 1,3/1,6 
GLUCAN (commercial name Wellmune WGP®) daily during 
the 4 week post-marathon trial period following the 2007 Carls-
bad Marathon.  Subjects filled out the profile of mood state 
(POMS) assessment and a questionnaire style health log measur-
ing health status and URTI symptoms after 2- and 4-week 
treatment administrations. During the course of the 4-week 
study, subjects in the treatment groups (250 mg and 500 mg 
BETA-GLUCAN per day) reported significantly fewer URTI 
symptoms, better overall health and decreased confusion, fa-
tigue, tension, and anger, and increased vigor based on the 
POMS survey compared to placebo. BETA-GLUCAN may 
prevent URTI symptoms, and improve overall health and mood 
following a competitive marathon.  
 
Key words: Dietary supplements, exercise, beta-Glucans, respi-
ratory tract infections. 

 
 
Introduction 
 
Heavy exercise or elite training may lead to increased 
susceptibility to upper respiratory tract infections (URTI) 
(Nieman et al., 1990; Peters and Bateman, 1983; Spence 
et al., 2007). Heavy exercise is a physical stressor that 
results in measurable immune challenges with reductions 
in key immune system components such as neutrophils, 
natural killer cells, T cells and B cells (Mackinnon and 
Hooper, 1994; Nieman et al., 1995; Ostrowski et al., 
1998). Athletes are particularly susceptible in the 2 week 
recovery period after competitive marathons or ultra-
marathons partially due to elevations in hormones that 
coordinate the stress response (Peters and Bateman, 
1983). The net effect of an ongoing immune challenge is 
a weakened immune system, which often results in URTI.   

Exercise stress is similar to other stressors, such as 
psychological stress, which can lead to a weakened im-
mune system and increased susceptibility to URTI and 
other disease states (Mackinnon, 1997). Psychological 
stress can also result from prolonged training and compe-
tition at the elite level. Elite athletes have deterioration in 
mood state during intense training periods, and before and 
after a marathon race (Achten et al., 2004; Hassmen and 
Blomstrand, 1991). Lifestyle factors, such as coping with 
daily stress, may influence the immune response to exer-
cise (Konig et al., 2000). Reductions in immune cell 

populations, lowered antibody production and altered 
cytokine response have been observed due to psychologi-
cal stress (Cohen et al., 1999; Glaser et al., 1999).  

A variety of intervention techniques can be used to 
ameliorate psychological and physical stress, such as 
administering selective dietary supplements containing 
immune modulating compounds (Akerstrom and Peder-
sen, 2007; Nieman and Bishop, 2006; Peters et al., 1993).  
In ultra-marathon runners, 600mg of vitamin C, taken 21 
days before and 14 days after a 90 km race, reduced URTI 
symptoms (Peters et al., 1993). Biological response modi-
fiers, for example BETA-GLUCAN, enhance the innate 
immune response (Luhm et al., 2006; Niederman et al., 
2002). BETA-GLUCANS are glucose polymers derived 
from a variety of sources including yeast, grain, or fun-
gus. In vitro, BETA-GLUCAN enhanced the microbicidal 
activity of neutrophils, macrophages and natural killer 
cells against a variety of pathogens (Bedirli et al., 2007; 
Ikewaki et al., 2007; Liang et al., 1998). In vivo, oat-
derived BETA-GLUCAN, prevented increased risk of 
URTI after stressful exercise in mice (Davis et al., 
2004;Murphy et al., 2008). In human clinical trials, 
BETA-GLUCAN reduced postoperative infection rates 
and shortens intensive care unit stay duration (Babineau et 
al., 1994a; 1994b; Dellinger et al., 1999). 

In this study, we report the effect of using BETA-
GLUCAN on the physical and psychological well-being 
of marathon runners who participated in the 2007 Carls-
bad Marathon. The current study employed a series of 
subject self-assessment questionnaires that addressed 
overall health status and URTI symptoms. In addition to 
evaluation of subjects for physical health, a psychological 
assessment known as the Profile of Mood States (POMS) 
was conducted to assess mood state.  A key objective of 
the study was to explore how BETA-GLUCAN affected 
various moods, URTI symptoms, and overall health status 
4 weeks following a marathon competition.  

 
Methods 
 
Subjects 
This study was done in accordance with the Helsinki 
Declaration, as revised in 1983, for clinical research in-
volving humans. Subjects signed informed consent docu-
ments after the study details were explained. Seventy-five 
healthy men (n = 35) and women (n = 40) ranging in age 
from 18–53 years (mean age: 36 ± 9) participated in this 
study.  Enrollment took place through a recruitment table 
in the runner registration area for the Carlsbad Marathon 
(Carlsbad, California, USA) on January 20, 2007. The 
marathon race took place on January 21, 2007. Inclusion 
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criteria included healthy, asymptomatic adults who were 
marathon participants, and a completed informed consent 
form. Exclusion criteria included those with current URTI 
symptoms, injury, and inability to complete all question-
naires and current use of antibiotics or other “immune” 
support products.  

 
Dietary supplement 
A placebo-controlled, double-blind design was employed 
for this study. Each subject was evaluated for inclusion 
and exclusion criteria, and included in the study only if 
they met the appropriate criteria.  Subjects began treat-
ment the day following the marathon race.  Subjects were 
randomly assigned, through a random number generator, 
to either BETA-GLUCAN (250 mg, 500 mg; BETA 
1,3/1,6 GLUCAN; commercial name Wellmune WGP®) 
or a placebo group, immediately after enrolling in the 
study.  Placebo capsules were 250 mg of rice flour; 
BETA-GLUCAN capsules were 250 mg of BETA 1,3/1,6 
GLUCAN isolated from the yeast Saccharomyces cere-
visiae.  Participants completed a baseline POMS and 
health log questionnaire on the first day of the study. 
Dosing was placebo, 250 mg or 500 mg BETA-GLUCAN 
per day for 4 weeks. Subjects were instructed to self-
administer the allotted dose once daily in the morning, at 
least 30 minutes prior to breakfast for a period of 4 weeks. 
Following the 2- and 4-week administration periods, 
subjects filled out the POMS test and a questionnaire style 
health log.  Subjects were instructed to maintain their 
normal activity levels following the marathon.  

 
Mood assessment 
The Profile of Mood States is a validated psychometric 
test, a sensitive measurement of mood in normal healthy 
subjects, and has been employed in over 2,900 health 
studies (McNair et al., 1971; 2003). The POMS profile 
uses 65 adjective-based intensity scales that measures 6 
mood factors: tension, depression, anger, fatigue, vigor 
and confusion (McNair et al., 1971). The adjective re-
sponses and scores were measured on a 0–4 scale (0 = not 
at all, 4 = extremely). Individual mood state factors were 
assessed using specific adjective scales. For example, the 
tension factor was assembled using responses to adjective 
scales 2, 10, 16, 20, 22, 26, 27, 34 and 41 in conjunction 
with the specified analysis. Other mood state factors used 
responses to other adjectives including depression (15 
adjectives), anger (12 adjectives), vigor (8 adjectives), 
fatigue (7 adjectives) and confusion (7 adjectives). The 
output of the POMS questionnaire is an assessment of the 
positive and negative moods of each subject at the base-
line assessment, 2- and 4-week intervals of the study. 
Combining the scores of all 6 mood state factors created a 
global mood state. Data is reported for each mood state 
and the global mood state. 

 
Health log 
Subjects completed a physical health questionnaire at 
baseline, 2- and 4-week assessment periods. The health 
log was a daily health perception log containing questions 
related to overall health status and specific URTI symp-
toms. The URTI-related symptoms measured included 
nasal congestion, runny nose, sore throat, sneezing, 

cough, fatigue, headache, general malaise and body aches. 
Subjects also responded to a supplement effectiveness 
question:  “During the course of the supplement regimen, 
my health has been…:” Scores for the question were 
based on a scale of 0–10 with 0 being worse, 5 being 
same and 10 being better health. Subjects were also asked 
to record various health codes in a daily log using a nu-
merical system ranging from no health problems to spe-
cific symptoms and rating for severity of the symptoms 
(A = mild, B = moderate and C = severe). In addition to 
the scaled questions, there were questions that evaluated 
the annual number of illness episodes; e.g., Compared to 
this time last year, do you feel that you generally have 
____ episodes with the common cold or flu? Choices 
were fewer, about the same or a greater number. 

 
Data analysis 
All questionnaires were mailed to a central location and 
transcribed to a central database. Data was identified by 
subject number and examined for accuracy and complete-
ness.  Tabulated data was analyzed with StatView (SAS 
Institute) using standard parametric statistical tests (paired 
t-tests). Significance was set at p < 0.05. 
 
Results 
 
All descriptive data is expressed as mean ± SD. Seventy-
five total subjects (35 male, 40 female; mean age 36 
years, range 18–53 years) completed and returned all 
questionnaires. Marathon runners in both BETA-
GLUCAN groups had statistically significant (p < 0.05) 
improvements in measurements of physical health, in-
cluding reported URTI symptoms and overall health 
status.  
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Figure 1. Total number of subjects reporting any of 11 pre-
selected upper-respiratory tract infection symptoms. Sub-
jects orally administered placebo, 250 mg or 500 mg BETA-
GLUCAN. Data analysis was by paired t-tests. * p ≤ 0.05 
 
URTI symptoms 
Figure 1 shows data for subjects reporting URTI symp-
toms at 2- and 4 weeks post-marathon.  There was a sig-
nificant (p < 0.05) decrease in URTI symptoms in both 
BETA-GLUCAN treatment groups after 2- and 4-weeks. 
After 2 weeks, 68% of subjects in the placebo group re-
ported symptoms associated with URTI, while only 32% 
(250 mg) and 24% (500 mg) of the BETA-GLUCAN 
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groups reported similar URTI symptoms. Upper respira-
tory tract infections were reported by only 8% of subjects 
in both treatment groups at week 4 versus 24% of placebo 
subjects. The most common URTI symptoms reported by 
subjects were sore throat, stuffy or runny nose and cough.  
Compliance in completing the daily health log was not 
sufficient to allow analysis of individual symptom scores. 
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Figure 2. Health score during BETA-GLUCAN administra-
tion. Subjects responded to 2 and 4 week supplement effec-
tiveness question:  “During the course of the supplement 
regimen, my health has been…:” Scores for the question 
were based on a scale of 0–10 with 0 being worse, 5 being 
same and 10 being better health. Data analysis was by paired t-
test. *p ≤ 0.05. 
 
Health perception 
When asked how the supplement regimen was affecting 
their overall health, subjects taking 250 mg BETA-
GLUCAN  reported  38%  higher  scores  and subjects 
administering 500 mg BETA-GLUCAN reported 58% 
higher health scores compared to placebo (p < 0.05) Fig-
ure 2. Subjects were asked to rate how their health was 
affected by the supplement (BETA-GLUCAN or placebo) 
and asked to compare their current health status to their 
typical health history, see Figure 3. Participants taking 
250 mg BETA-GLUCAN rated their health 15% higher 
versus placebo; subjects taking 500 mg BETA-GLUCAN 
rated their health 44% higher as compared to placebo, p < 
0.05. In addition to the scaled questions, there were ques-
tions that evaluated the annual number of illness episodes, 
but compliance to these questions was poor and the data 
obtained was not meaningful.  
 
POMS assessment 
The data analysis included an assessment of mood state at 
baseline (day 0), 2-, and 4 weeks after treatment. As de-
scribed, the POMS survey consists of a number of adjec-
tive based scales. Significant mood state responses for 
confusion (reduced), fatigue (reduced), vigor (increased), 
and tension (reduced) were observed (Figure 4), p < 0.05. 
BETA-GLUCAN generated a statistically significant 
reduction in anger, p < 0.05, after 2 weeks on 500 mg. 
There were no changes in depression after treatment. 

Observed improvements included a 48% reduction 
in fatigue for the 250 mg dose and 59% for the 500 mg 
doses of BETA-GLUCAN compared to placebo after 4 
weeks of treatment.  Vigor increased after 2 and 4 weeks 
of 500mg BETA GLUCAN, but no change in vigor oc-

curred in the 250 mg dose group.  Subjects reported a 
38% and 47% reduction in tension (250 mg and 500 mg 
respectively) over the 4-week study period.  Subjects also 
reported a 38% and 45% reduction in confusion (250 mg 
and 500 mg) respectively over the 4-week study period 
compared to placebo. After 4 weeks, both the 250 mg and 
500 mg doses reduced tension (p < 0.05), but only the 500 
mg dose reduced tension after week 2 (p < 0.05).  Anger 
was only reduced after 2 weeks of treatment with the 
500mg dose (p < 0.05).  
 
 

0

1

2

3

4

5

6

7

8

Placebo 250mg BETA-
GLUCAN

500mg BETA-
GLUCAN

He
do

ni
c 

S
ca

le

Week 2
Week 4

**

**

 
 
 

Figure 3. Overall health-score. Subjects responded to a 2- 
and 4-week health status question:  “At the end of this 2-
week period, how would you rate your overall health...?” 
Scores for the question were based on a scale of 0-10 with 0 
being worse, 5 being same and 10 being better health.  Data 
analysis was by paired t-test. *p ≤ 0.05. 
 

The global mood state, a combination of 6 main 
factors, improved after both the 250 mg dose at 4-weeks 
and both 2- and 4-weeks in the 500 mg treatment groups 
compared to placebo (Figure 5). The global mood state 
improved by 11% for subjects taking 250 mg and 13% for 
subjects taking 500 mg per day versus placebo, p < 0.05. 
 
Discussion 
 
During the course of the 4-week treatment period, sub-
jects in both treatment groups, 250 mg and 500 mg 
BETA-GLUCAN, reported fewer URTI symptoms, better 
overall health and a more positive mood state compared 
to placebo 4 weeks after completing a marathon. 

Marathon runners and other athletes, whose ath-
letic activities cause significant physical stress, are more 
susceptible to URTI (Nieman et al., 1990; Peters and 
Bateman, 1983; Spence et al., 2007). Previous research 
reported that nutritional supplementation can modulate 
the health status of these high-performance athletes (Nie-
man and Bishop, 2006; Peters et al., 1993). In this study, 
BETA-GLUCAN, a commercially available dietary sup-
plement, reduced the incidence of URTI symptoms and 
had a positive impact on mood state as measured by the 
POMS assessment. BETA-GLUCAN participants re-
ported both fewer URTI symptoms and a better overall 
health status. The URTI symptoms reported by subjects 
are typical of cold and flu symptoms, and analogous to 
symptoms reported in other studies (Cohen et al., 1999; 
Konig et al., 2000). Total URTI symptoms were summed 
by subject, but individual symptoms could not be  
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Figure 4. Data analysis for specific POMS factors calculated from POMS score sheet.  Data analysis was by paired t-test. Each factor 
was determined using answers to specific adjective based scales as described in the Profile of Mood States manual by McNair et al., 1971.. A value of 
p ≤ 0.05 was considered significant *p ≤ 0.05.  
 
analyzed due to a lack of data. Well-established and clini-
cally valid techniques (POMS survey, URTI symptoms) 
were used during the course of this study, while exploring 
more subjective techniques such as the health status ques-
tions. Therefore, the results of the health status questions 
(Figures 2 and 3) are valid and will be employed in future 
studies.  

Physical and psychological factors of subjects un-
dergoing stressful situations are reported to increase 
URTI (Cohen et al., 1999; Konig et al., 2000). In all 
cases, the subjects on BETA-GLUCAN experienced bet-
ter physical health and a significantly improved psycho-
logical status, including more positive feelings, than those 
in the placebo group. The results of the POMS survey 
suggest that subjects self-administering BETA-GLUCAN 
(250 mg and 500 mg per day) reported reduced fatigue 
and tension after 4 weeks and increased vigor for subjects 
on the 500 mg dose. The confusion factor was reduced for 
both treatment groups at 2- and 4-week intervals. In con-

trast, the anger and depression factors did not show statis-
tical significance at the 4-week reporting period, although 
anger was reduced after 2 weeks in the 500 mg BETA-
GLUCAN treatment group. Previous research reported 
that elite athletes training for a marathon experience a 
non-significant deterioration in global mood state and 
significantly decreased vigor and increased fatigue (Ach-
ten et al., 2004; Hassmen and Blomstrand, 1991). Al-
though there is little evidence that mood changes occur 
after a strenuous exercise event, the global mood state 
score continued to be elevated 4 weeks post-marathon in 
the placebo group; while there were statistically signifi-
cant improvements in both BETA-GLUCAN groups at 
the same time point. Our results suggest that BETA-
GLUCAN may ameliorate mood changes occurring after 
heavy exercise exertion.   

The POMS assessment for psychological health 
strongly supported and mirrored the physical health as-
sessment.  Illness and stress impact the immune system in 
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both physical and psychological ways (Konig et al., 2000; 
Strasner et al., 2001). The POMS methodology has been 
used in more that 2,900 studies (McNair et al., 1971); thus 
it has well-established validity. The survey instrument 
employs 65 adjective based scales that are scored by sub-
jects without knowledge of how the scale scoring will be 
analyzed. The POMS survey instrument assesses the 
overall global mood state of subjects and provides feed-
back on specific moods and feelings such as tension, 
depression, fatigue, vigor, confusion and anger.  
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Figure 5. The global mood state was calculated based on 
scoring (0-4 with 0 = not at all, 2 = moderately and 4 = ex-
tremely) answers to 58 of the 65 adjectives. Data analysis was 
by paired t-test. *p ≤ 0.05  
 

BETA-GLUCAN improves immune function in a 
variety of animal models (Hetland et al., 1998; Hong et 
al., 2004;Kernodle et al., 1998; Vetvicka et al., 2002; 
2008). Research by Vetvicka et al. (2002) demonstrated 
that BETA-GLUCAN helped prevent anthrax infection 
and mortality in mice. Additional studies support further 
antibacterial (Kernodle et al., 1998) and anti-tumor prop-
erties (Hong et al., 2004; Vetvicka et al., 2008). Other 
dietary supplements may reduce URTI symptoms (Cox et 
al., 2008; Kekkonen et al., 2007; Peters et al., 1993), i.e., 
zinc treatment reduced duration and severity of cold 
symptoms (Prasad et al., 2000). Probiotics (Lactobacillus 
rhamnosus) given 3 months prior to a marathon race had 
no effect on URTI symptoms or duration (Kekkonen et 
al., 2007). However a different probiotic (Lactobacillus 
fermentum) reduced the severity and duration of URTI in 
elite athletes (Cox et al., 2008).  Vitamin C supplementa-
tion in ultramarathoners reduced the duration and severity 
of URTI when taken 21 days before an ultramarathon (90 
km) (Peters et al., 1993).  

A recent study reported no change in self-reported 
URTI symptoms in endurance athletes given a BETA-
GLUCAN supplement for 18 days (Nieman et al., 2008). 
Beta-glucan was administered at 5.6 g·day-1 in a 600 ml 
beverage containing Gatorade® and Oatvantage®, a 54% 
oat BETA-GTLUCAN concentrate.  Subjects ingested the 
supplements in two 300 ml doses each day before their 
first and last meals on an empty stomach. Nieman, et al., 
2008 reported no changes in natural killer cell activity, 
polymorphonuclear respiratory burst activity, phytohe-
magglutinin-stimulated lymphocyte proliferation, plasma 
interleukin 6 (IL-6), IL-10, IL-1 receptor agonist (IL-1ra), 
and IL-8, and blood leukocyte IL-10, IL-8, and IL-1ra 

mRNA expression. This study is different from the pre-
sent study in timing, chemical composition, and dosing 
making direct comparisons difficult. The current study 
administered the supplement after a marathon, whereas 
Nieman, et al., 2008 gave the supplement before strenu-
ous exercise. Nieman, et al., 2008 gave a 600 ml beverage 
supplement, containing Gatorade® and Oatvantage® 
(soluble oat derived beta-glucan), whereas the current 
study administered 2 different doses (250 mg and 500mg) 
insoluble yeast-derived beta-glucan supplement (WGP®3-
6). Soluble and insoluble BETA-GLUCANS may stimu-
late the immune system differently (Rice et al., 2005). 
The current study suggests that yeast derived BETA-
GLUCAN may be effective in preventing URTI in ath-
letes, while oat derived BETA-GLUCAN is not.  
 
Conclusion 
 
In this study, BETA-GLUCAN significantly decreased 
URTI incidence and improve mood state compared to 
placebo. Daily supplementation with BETA-GLUCAN 
reduced the incidence of symptoms associated with upper 
respiratory tract infections and improved the psychologi-
cal well being of participants.  Additional research is 
needed to investigate the ability of BETA-GLUCAN to 
reduce the incidence of URTI in high-performance ath-
letes.  
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Key points 
 
• Beta-Glucan supplementation maintains immune 

function in endurance athletes. 
• Beta-Glucan supplementation reduces post-exercise 

URTIs in marathon runners. 
• Maintenance of post-exercise immune function is 

associated with improved mood state, including re-
duced fatigue and increased vigor in athletes. 
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Functional food
Beta 1,3/1,6 glucan 

decreases upper respiratory tract infection 
symptoms and improves psychological well-

being in moderate to highly-stressed subjects
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ABSTRACT: A randomized, placebo-controlled, double blind design study was conducted to evaluate the effect of b-1,3/1,6 

glucan derived from bakers yeast, a commercially available dietary supplement, on symptoms associated with upper-

respiratory tract infections and psychological well-being. Moderate to highly stressed subjects (45 men, 105 women) 

ranging in age from 18–65 (mean age: 39 ± 11 years) were administered placebo, 250 mg, or 500 mg b-1,3/1,6 glucan 

during a 4 week treatment period. Subjects in both treatment groups (250 mg and 500 mg b-1,3/1,6 glucan per day) 

reported fewer upper respiratory tract infection symptoms, better overall health and increased vigour, and decreased 

tension, fatigue, and confusion based on the profile of mood states assessment. 

KEYWoRdS: yeast b-glucan, b-glucan, b-1,3/1,6 glucan, dietary supplements, respiratory tract infections, stress.

Shawn
Talbott

IntroductIon

The relationship between stress and decreased immune 

function is well established (1-3), but the mechanisms are 

unclear. Psychological stress also increases susceptibility to 

the common cold and increases upper respiratory tract 

infection (URTI) episodes (3-5). Psychological stress reduces 

immune cell populations, lowers antibody production and 

alters cytokine responses (6, 7). Subjects reporting higher 

levels of psychological stress have a higher incidence and 

greater severity of illness (2-4). Chronic stress can cause 

deleterious effects on the immune system by reducing the 

responsiveness of the innate and humoral systems and 

increasing inflammatory mediators. A variety of dietary 

supplements have been studied for the prevention and 

treatment of both experimentally induced and naturally 

occurring colds, including Echinacea (8), vitamin C (9, 10), 

ginseng (11) vitamin E (12, 13) and zinc (14). None of these 

supplements has clearly demonstrated a clinically-relevant 

reduction in URTI symptoms. In previous clinical trials, 

b-glucan has been shown to reduce the severity and 

duration of URTI symptoms in physically stressed subjects (15) 

and non-stressed subjects (16). b-glucan has enhanced the 

microbiocidal activity of innate 

immune cells in vitro (17-19) and 

increased survival in animals 

challenged with a variety of 

pathogens in vivo (20, 21) 

Therefore, b-glucan may be 

effective in reducing the 

incidence or severity of 

URTI in humans whose 

immune systems have 

been affected by 

c h r o n i c  s e l f 

reported stress. In 

t h e  c u r r e n t 

s t u d y ,  w e 

r e p o r t  t h e 

e f f e c t s  o f 

b - 1 , 3 / 1 , 6 

glucan derived from bakers yeast (b-glucan), on the physical 

and psychological well-being of subjects who self-reported 

moderate to high levels of perceived stress.

MaterIals and Methods

study design
This study followed the Helsinki declaration as revised in 1983 

for clinical research involving humans. Subjects received 

study details and signed an informed consent document. 

The study used a randomized placebo-controlled, double-

blind design. Each subject was evaluated for inclusion and 

exclusion criteria and included in the study if meeting 

appropriate criteria, mentioned below. Subjects were 

randomly assigned, through a random number generator, to 

one of three groups of 50 subject each: placebo, 250 mg / 

day b-1,3/1,6 glucan or 500 mg /day b-1,3/1,6 glucan 

(commercial name Wellmune WGP®). Placebo capsules 

contained 250 mg of rice flour. Subjects self-administered the 

allotted dose once daily in the morning at least 30 minutes 

before breakfast for 4 weeks. Participants completed a 

baseline PoMS and health log questionnaire on the first day 

of the study. Subjects completed a daily health log, filled out 

a PoMS assessment, and a physical health questionnaire 

after both 2- and 4-week treatment periods.

subjects
Subjects were screened for “moderate” to “high” levels of 

perceived stress using a screening survey. We used a 

screening survey that has been used in past studies of stress/

PoMS to identify individuals with high levels of perceived 

stress. Although this screening survey is not clinically 

validated in a large population, we have successfully used it 

in 2 studies of exercise training and 4 studies of weight loss to 

stratify subjects with respect to levels of perceived stress (22, 

23). The stress survey (15 questions) strongly correlates (22, 23) 

with other measures such as the Profile of Mood States 

(PoMS) (24, 25) and served as a reliable screening tool for 

identifying subjects undergoing “moderate” to “high” levels 

of perceived stress. Subjects scoring 6 or greater on this 

screening survey were eligible for enrolment. A score of 6-10 

indicates moderate stress; a score of >10 indicates high 

stress. Inclusion criteria included healthy, asymptomatic 

adults, screened as moderate to high stress level, 
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examined for accuracy and completeness. Tabulated data 

was analyzed using standard parametric paired t-tests and 

significance was assessed with a two-tailed alpha level set 

at 0.05.

results

urtI symptoms
one-hundred-fifty subjects (45 male, 105 female; mean age 

39 years, range 18-65 years) completed and returned all 

questionnaires, any incomplete or 

non-returned forms were excluded 

from the dataset. Compliance was 

nearly equal in all three subject 

groups; therefore, bias is not 

considered l ikely in the data 

analysis. Healthy, stressed subjects in 

both t reatment groups had 

statistically significant (p < 0.05) 

improvements in measurements of physical health including 

fewer reported URTI symptoms and better overall health status 

compared to the placebo group (Table 1). There was a 

significant (p < 0.05) decrease in reported URTI symptoms in 

both b-glucan treatment groups. After 2 weeks, 32 percent of 

subjects in the placebo group reported symptoms associated 

with URTI, but only 10 percent in the 250 mg group and 8 

percent in the 500 mg b-glucan group reported URTI 

symptoms. The most common URTI symptoms reported by 

subjects were sore throat, stuffy or runny nose, and cough. 

other symptoms were reported infrequently or not reported at 

all. In general, subjects completed the URTI symptom check 

box form, but there was poor compliance to completing the 

daily health log. Thus, data was analyzed for overall URTI 

symptoms, but not for individual symptom severity scores.

health perception
Subjects also completed a health perception log. Subjects 

rated how their health was affected 

by the supplement (b-glucan or 

placebo) compared to their current 

health status and their typical health 

history. Both treatment groups 

reported significantly higher scores 

in the health perception survey 

(Table 1). Study subjects scored their 

overall health compared to their 

historical health status at the end of 

each 2-week period (2 and 4 weeks, 

respectively). Both treatment groups 

rated their health significantly higher as compared to 

placebo (Table 1). 

providing a completed informed consent form. Exclusion 

criteria included those with current URTI symptoms, injury, 

and inability to complete all questionnaires, low stress level 

and current use of antibiotic or other “immune” support 

product. The final subject pool (150 subjects, 50 per group) 

was composed of healthy men (n = 45) and women (n = 

105) ranging in age from 18–65 (mean age: 39 ± 11 years). 

Profile of mood states
We employed the Profile of Mood States questionnaire 

(PoMS) (24, 25) to measure 6 primary psychological factors 

( tens ion,  depress ion,  anger , 

fatigue, vigour or confusion). The 

PoMS methodology has been 

used in more that 2,900 studies 

(24) ;  and i t s  val id i ty  i s  wel l 

established. The PoMS profile uses 

65 adjective-based intensity scales 

scored on a 0-4 scale (0 = not at 

all, 4 = extremely) The 65 adjective 

responses are categorized into the six mood factors, 

tabulated, scored and analyzed. The output of the PoMS 

questionnaire is an assessment of the positive and negative 

moods of each subject at baseline, 2- and 4-week intervals 

of the study. 

health log
The daily health log contained questions related to overall 

health status and specific URTI symptoms. The URTI-related 

symptoms included nasal congestion, runny nose, sore 

throat, sneezing, cough, fatigue, headache, body aches, 

and general malaise. There were 11 URTI symptoms 

evaluated using a check box format with frequency 

assessment (ranging from no symptoms to multiple 

symptoms per day). In the current study, total URTI symptoms 

were summed by subject and symptoms were not 

evaluated for severity (symptom score). The URTI symptoms 

reported by subjects are typical of cold and flu symptoms 

and analogous to symptoms 

reported in other studies (26, 27) In 

addition to the symptom form, 

subjects were asked to record 

various health codes into a daily log 

using a numerical system ranging 

from no health problems to specific 

symptoms and rating for severity of 

the symptoms (A = mi ld, B = 

moderate and C = severe). Subjects 

were also asked to score their daily 

health during the supplementation 

using a typical hedonic scale (1 = worse, 10 = better). 

Additionally, subjects completed an overall health 

questionnaire at baseline, and 

at 2- and 4-week intervals. 

Subjects were asked to rate 

how their health was affected 

by the supplement (b-glucan 

or placebo) and asked to 

compare their current health 

status to their typical health 

history. 

d a t a  m a n a g e m e n t  a n d 
analysis
All questionnaires were mailed 

to a central location and 

t ranscr ibed to a centra l 

database. data was identified 

by  sub ject  number  and 

Table 1. Effect of WGP treatment or placebo on physical health of subjects reporting moderate to high lifestyle stress 
over a four-week monitoring period.

after 2 weeks, 32% of subjects in 
the placebo group reported 

symptoms associated with urtI, 
but only 10% in the 250 mg group 
and 8% in the 500 mg b-glucan 
group reported urtI symptoms

Boosting the immune system 
with bakers yeast b-glucan has 

been shown to have a 
noticeable effect on 

maintaining health and a 
positive mental attitude in 
psychologically stressed 
individuals in this study
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Functional food
PoMs assessment
The PoMS assessment for psychological health strongly 

supported and mirrored the physical health assessment. The 

data analysis included an assessment of mood state at 

baseline (day 0), and 2- and 4-weeks after subjects began 

treatment (placebo, 250 mg or 500 mg b-glucan). 

Significant (p<0.05) differences in mood state responses 

between the placebo and the 500 mg b-glucan treatment 

group was observed after 2 weeks (Figure 1) for tension 

(reduced) and confusion (reduced). After four weeks both 

the 250 mg and 500 mg treatment groups were significantly 

different (P <0.05) from the placebo for confusion (reduced 

15 percent at 250 mg and 17 percent at 500 mg), fatigue 

(reduced 35 percent at 250mg and 42 percent at 500 mg), 

vigour (increased 16 percent at 250 mg and 21 percent at 

500 mg), and tension (reduced 19 percent at 250 mg and 

30 percent at 500 mg) (Figure 1). Mood state factors not 

related to physical health (depression and anger) were not 

statist ical ly different between placebo and either 

treatment group (data not shown).

dIscussIon

Previous reports have suggested a link between chronic 

stress and increased susceptibility to the common cold and 

URTIs (3-5). In the current study, moderate to highly stressed 

participants in both b-glucan treatment groups reported 

fewer URTI symptoms and better overall health (Table 1), as 

well as a more positive psychological assessment (Figure 1) 

than did subjects receiving placebo during a 4-week 

treatment period. The reduction in URTI symptoms reported 

here is similar those reported in other trials evaluating the 

effect of bakers yeast derived b-1,3/1,6 glucan on URTI 

symptoms of healthy and physically stressed individuals (16, 

15). This strongly suggests that bakers yeast b-glucan is able 

to counteract the negative effects of stress on the immune 

system which can increase suspeciptibility to URTI. Bakers 

yeast b-glucan has been shown to bind to specific 

receptors on innate immune cells (CR3), priming them to be 

more effective in killing opsinized foreign challenges (28). 

This binding site preferentially recognizes bakers yeast 

derived b1,3/1,6-glucan over other forms of b-glucans 

resulting in a significantly higher level of immune system 

activation as compared to other immune modulators in an 

in vivo murine mouse model system (29). The specificity of 

the activation mechanism and preferential binding of 

bakers yeast b- glucan on the CR3 receptor site on innate 

immune cells also explains the lack of effect on URTI 

symptoms reported with cereal der ived b-glucan 

supplementation (30).

The results of the PoMS survey (Figure 1) suggest that the 

reduction in URTI symptoms reported in Table 1 for the 

b-glucan groups (250 mg and 500 mg per day) resulted in 

an improvement of the 4 psychological factors measured 

by PoMS that could be directly related to an individuals 

state of physical well being (fatigue, vigour, tension and 

confusion). It is logical to speculate that the subjects in the 

placebo groups who experienced increased prevalence of 

URTI symptoms “felt” worse physically and this was then 

reflected in their psychological assessment. Conversely 

subjects taking b-glucan reported lower levels of URTI 

symptoms and “felt” better which was then reflected in the 

psychological assessment techniques. The lack of any 

impact on the anger and depression scores is not surprising 

since yeast b-glucan should not have a psycho-active 

affect and the increase in vigour along with decreases in 

tension, fatigue and confusion can be explained as a 

logical result of improvement in physical well being. It is 
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Immunopharmacol., 20, pp. 595-
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possible that b-glucan is directly 

active at reducing stress levels in 

subjects, but this is considered a 

less likely mechanism of action 

g i v e n  t h e  w e l l  u n d e r s t o o d 

biological mechanism of action of 

the b-glucan on the immune 

system. Further, the b-glucan used 

in this study was a highly purified 

form (>75 percent). Although it is 

possible that non-glucan elements 

i n  t h e  p r o d u c t  t e s t e d  a r e 

responsible for the observed effect 

it is considered unlikely because 

other studies using b-glucan have 

had similar findings (15, 16) and the 

only standardized component is 

the b-glucan.

Boosting the immune system with 

bakers yeast b-glucan has been 

shown to have a noticeable effect 

on maintaining health and a positive 

mental attitude in psychologically 

stressed individuals in this study. daily 

supplementation with b-glucan 

reduced the incidence of symptoms 

associated with URTIs and improved 

psychological well-being. Additional 

research is needed to explore the 

relationship between various doses 

of b-glucan and maintenance of a 

healthy immune system. 
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Dietary (1,3/1,6)-β-D-glucan decreases transforming growth
factor β expression in the lung of the neonatal piglet
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Identification and characterization of compounds that enhance the growth, development,
and health of infants who are not breastfed continues to be a goal for nutritional science.
This study explored the effects of one dietary component, (1,3/1,6)-β-D-glucan (Wellmune
WGP), on lung immune development in the neonatal piglet. The hypothesis was that
supplementation with WGP, a pathogen-associated molecular pattern, would enhance
pathogen-responsive elements of the immune system, for instance, by increasing the size of
the cytotoxic T-cell population or the expression of inflammatory cytokines. Piglets were fed
a control formula or formula plus WGP at 1.8, 18, or 90 mg/kg body weight per day. Serum,
thoracic lymph nodes (TLNs), mediastinal lymph nodes, and lung were collected at days 7 or
21. Immune parameters including tissue messenger RNA (mRNA) expression and T-cell
phenotypes were analyzed. Normal developmental changes were observed, with a decrease
in T-helper cells and an increase in cytotoxic T cells in both TLN and mediastinal lymph
node, but there was no effect of WGP. Dietary WGP reduced the mRNA expression of
transforming growth factor (TGF) β2 and tended to reduce themRNA expression of TGF-β1 in
lung tissue. With the exception of reducing TGF-βmRNA in the lung and tending to decrease
the ratio of T helper to cytotoxic T cell in the TLN, dietaryWGP did not affect lung-associated
adaptive immunity in piglets.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Upon taking their first breath, the newborn is exposed to
airborne pathogens. The first point of contact for inhaled
substances is the epithelial lining of the upper airways and
lungs [1]. Therefore, mucosal defense mechanisms are critical

in preventing colonization of the respiratory tract by patho-
gens and penetration of antigens through the epithelial
barrier. In recent years, it has become clear that airway
epithelial cells not only function as a passive barrier but also
actively participate in innate immune responses [1,2]. Respi-
ratory infections are a major cause death in infants and
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transforming growth factor β; TLN, thoracic lymph nodes; WGP, Wellmune (1,3/1,6)-β-D-glucan.
⁎ Corresponding author. Department of Food Science and Human Nutrition, University of Illinois, Urbana, IL 61801, USA. Tel.: +1 217 333

2289; fax: +1 217 333 9368.
E-mail address: sdonovan@illinois.edu (S.M. Donovan).

0271-5317/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.nutres.2013.02.006

Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

www.n r j ou rna l . com

http://dx.doi.org/10.1016/j.nutres.2013.02.006
mailto:sdonovan@illinois.edu
http://dx.doi.org/10.1016/j.nutres.2013.02.006
http://www.sciencedirect.com/science/journal/02715317


children worldwide [3]. Infants must rapidly develop immune
protection to defend against infection, while avoiding harmful
inflammatory responses, and optimal nutrition is key to the
development of such responses within the innate and
adaptive immune system [4]. Breastfeeding confers protection
against respiratory infections in both developed [5,6] and
developing countries [7], with infants who were exclusively
breastfed for 4 to less than 6 months being 4.27 (95%
confidence interval, 1.27-14.35) more likely to develop pneu-
monia than infants exclusively breastfed for more than 6
months [5]. However, recent statistics show that the current
rates of exclusive or any breastfeeding fall below recommen-
dations [8]. Therefore, there remains a need to identify
potential ingredients that will improve immune function of
formula-fed infants.

β-Glucans (βGs) are polysaccharides that occur as a
principal component of cellular walls in yeast, fungi,
seaweeds, mushrooms, and some cereals such as oats and
barley. They do not have direct cytotoxic activities but are
able to boost the natural defense mechanisms of the host. β-
Glucans signals the immune system through pattern recog-
nition receptors (PRRs) present on immune cells. These PRRs
include at least 4 receptors including dectin-1, complement
receptor 3 (CD11b/CD18), lactosylceramide receptors, and
scavenger receptors [9]. Through these receptors, βGs stim-
ulate the innate immune system, modulate humoral and
cellular immunity, and may improve an individual's ability
to fight infections [10-13].

Airway epithelial cells participate in immune responses
through PRR signaling, which results in the expression of a
variety of immune-related genes. In fact, airway epithelial
cells have been shown to secrete a large variety of
molecules that are involved in inflammatory and immune
processes including cytokines, chemokines, leukotrienes,
calprotectin, β-defensins, and other factors [1,2]. Through
the secretion of these substances, the airway epithelium
attracts and activates cells of the innate immune system.
These cells subsequently immobilize and kill microorgan-
isms, induce wound healing and angiogenesis in response
to injury, and orchestrate the initiation of adaptive immune
responses [1].

A previous study demonstrated a reduction in pulmonary
lesion score and viral replication rate of pneumonia induced
by swine influenza virus in young piglets fed Saccharomyces
cerevisiae (S cerevisiae) βG (50 mg/d) [14], suggesting the
potential for dietary yeast βG to exert activity in the lung.
However, minimal research has been done to explore the
effects of βG on immune development of the lungs in very
young animals or humans. Herein we tested a clinically
relevant βG, (1,3/1,6)-β-D-glucan (Wellmune WGP, or WGP),
which is generally recognized as safe by the US Food and Drug
Administration, on the development of lung-associated
adaptive immunity in piglets younger than 3 weeks. We
hypothesized that the addition of dietaryWGPwould enhance
pathogen-responsive elements of the immune system by
increasing the size of the cytotoxic T-cell population or the
expression of inflammatory cytokines. The rationale was that
WGP would increase signaling through pathogen recognition
receptors in the intestine, thereby stimulating the develop-
ment of the mucosal immune system.

2. Methods and materials

2.1. Chemicals

All chemicals were purchased from Sigma-Aldrich (St Louis,
MO, USA), unless otherwise indicated.

2.2. Dietary yeast β-glucan

(1,3/1,6)-β-D-glucan (Wellmune WGP) was obtained from
Biothera, Inc (Eagan, MN, USA). This compound was extracted
from S cerevisiae using a process that produces a whole glucan
particle in which the outer surface of mannoprotein and inner
cellular contents are removed [15]. Wellmune WGP existed as
a particulate suspension in the bovine milk-based formulas
used herein. It was supplemented to formula to provide doses
at 1.8, 18, or 90 mg/kg body weight (BW) per day. The lowest
dose provided an average WGP intake of 5 mg/d, slightly
exceeding Biothera's recommendation of 2 mg/kg BW per day.
The middle dose provided an average WGP intake of 50 mg/d.
The highest dose provided an average WGP intake of 250 mg/
d. The 2 lowest doses do not surpass the level generally
recognized as safe by the US Food and Drug Administration
(200mg/serving, GRNNo. 239, www.FDA.gov, accessed July 16,
2012). Furthermore, these levels are within the range that has
been shown to result in no observed adverse effects in
toxicologic testing (2-100 mg/kg BW per day) [15].

2.3. Dietary treatment and animal protocol

Piglets (n = 68) were obtained at 48 hours postpartum to allow
for consumption of colostrum. Total serum IgG was between
20 and 40 mg/mL at day 7, confirming that adequate passive
transfer had occurred [16]. The piglets were randomized to 1 of
4 dietary treatment groups: (1) a medicated sow milk replacer
formula (WGP0; Formula; Advance Liqui-Wean, Milk Special-
ties Global Animal Nutrition, Carpentersville, IL, USA), (2)
Formula + 5 WGP mg/L (WGP1.8), (3) Formula + 50 WGP mg/L
(WGP18), or (4) Formula + 250 WGP mg/L (WGP90). The
composition of the diet can be found at the following Web
site: http://www.milkspecialties.com/product_literature/
milk_replacers/LiquiWean%20Product%20Info.pdf

Piglets were individually housed in environmentally con-
trolled rooms (25°C) in cages capable of maintaining 6 piglets
separated by Plexiglas partitions. Radiant heaters were
attached to the tops of the cages to maintain an ambient
temperature of 30°C. Formula was offered 14 times daily at a
rate of 360 mL/kg BW per day. The piglets were monitored
daily for normal growth and food intake, as well as the
presence of fever, diarrhea, or lethargy. All animal procedures
were approved by the Institutional Animal Care and Use
Committee of the University of Illinois.

2.4. Sample collection

On day 7 (WGP0 n = 5,WGP1.8 n = 5,WGP18 n = 5,WGP90 n = 5)
or day 21 (WGP0 n = 10, WGP1.8 n = 12, WGP18 n = 10, WGP90
n = 11) postpartum, piglets were sedated with an intramus-
cular injection of Telazol (tiletamine HCl and zolazepam HCl,
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3.5 mg/kg BW each; Pfizer Animal Health, Fort Dodge, IA,
USA). Piglets were then euthanized by an intravenous
injection of sodium pentobarbital (Fatal Plus; Vortech Phar-
maceuticals, Dearborn, MI, USA; 72 mg/kg BW). After death, a
thoracotomy was performed, and lungs, mediastinal lymph
nodes (MSLNs), and thoracic lymph nodes (TLNs) were
quickly excised. Sections (3-4 cm) of the lung were snap
frozen in liquid nitrogen or fixed in Bouin solution. Both
MSLN and TLN were snap frozen in liquid nitrogen. The
remaining MSLN and TLN were collected for isolation of cells.
In addition, intestine (from the pyloric sphincter to ileocecal
valve; cut into 3 segments: duodenum [first 10%], jejunum
[middle 75%], and ileum [final 15%]), spleen, mesenteric
lymph nodes, and peripheral blood mononuclear cells were
collected, and data obtained from those tissues are presented
in another article, where intestinal and systemic immune
development was unaffected by dietary WGP [16].

2.5. Lung histomorphology and
T-cell immunohistochemistry

Bouin-fixed lung sampleswere embedded in paraffin, sliced to
approximately 5 μmwith a microtome, and mounted on glass
microscope slides. Slides were then stained with hematoxylin
and eosin or antihuman CD3 polyclonal antibody at the
University of Illinois Veterinary Diagnostic Laboratory. Anti-
gen retrieval was performed using a citrate buffer (pH 6.0) to
break protein cross-links formed by fixation allowing the
antibody to recognize the CD3 protein. After antigen retrieval,
slides were incubatedwith a rabbit antihuman CD3 polyclonal
antibody (Biocare Medical, Concord, CA, USA). This antibody
cross-reacts with pig CD3 and is extensively used by the
Veterinary Diagnostic Histology Laboratory at the University
of Illinois College of Veterinary Medicine (whose staff has
verified this cross-reactivity by achieving the expected stain-
ing of pig lymph node sections). Staining was visualized using
a horseradish peroxidase (HRP)/diaminobenzidine system
(Super Sensitive Polymer-HRP Detection System; Biogenex,
San Ramon, CA, USA), following the manufacturer's instruc-
tions. Briefly, slides were blocked (casein/phosphate-buffered
saline) for 20 minutes, followed by incubation with a
secondary anti–rabbit-polymer-HRP antibody for 30 minutes.
Horseradish peroxidase was visualized by diaminobenzidine
exposure for 5 minutes. Slides were counterstained with
hematoxylin for 1 minute. The NanoZoomer Digital Pathology

System was used to image slides (University of Illinois,
Institute for Genomic Biology, Core Facilities). Images were
then analyzed by a board-certified veterinary pathologist at
the University of Illinois College of Veterinary Medicine.

2.6. Isolation of total cells from lymph nodes

Mononuclear cells from TLN and MSLN were obtained by
mechanical dissociation using a Gentle Macs Dissociator
(Miltenyi Biotec, Auburn, CA, USA). Cells were then sequen-
tially passed through 100- and 40-μm cell strainers (BD
Biosciences, Bedford, MA, USA) to form single-cell suspen-
sions. Cells were counted using a Countess automated cell
counter (Life Technologies, Carlsbad, CA, USA). The number of
viable cells was assessed by trypan blue (Life Technologies)
exclusion. Isolated cells were kept in complete medium (RPMI
1620; Invitrogen Gibco, Grand Island, NY, USA), 20% fetal calf
serum (Invitrogen Gibco), 2 mM L-glutamine (Invitrogen
Gibco), 50 μg/mL gentamicin (Invitrogen Gibco), 100 μg/mL
penicillin, and 100 μg/mL streptomycin until use.

2.7. Phenotypic identification of cells

The phenotypes of T-lymphocyte subpopulations from MSLN
and TLN were monitored using fluorescently labeled mAbs.
Lymphocytes were identified by antiswine CD45 (Clone K252-
1E4; AbD Serotec, Raleigh, NC, USA). Anti-CD45 was conjugat-
ed to Alexa 647 with a Zenon Mouse Antibody Labeling Kit
(Invitrogen Molecular Probes, Eugene, OR, USA). T cells were
identified by mouse antipig CD3:biotin (Clone BB23-8E6;
Southern Biotech, Birmingham, AL, USA), which was visual-
ized with streptavidin:PE-Cy7 (Southern Biotech). To further
differentiate T-cell populations, cells were stained with
mouse antipig CD4:FITC (Clone 74-12-4; Southern Biotech)
and mouse antipig CD8:PE (Clone 76-2-11; Southern Biotech).
All staining procedures took place on ice, and care was taken
to prevent unnecessary exposure to light. Briefly, 1 million
cells per well were blocked with a mixture of 5%mouse serum
(Southern Biotech) and 200μg/mL purified mouse IgG (Invitro-
gen) for 5 minutes. Next, cells were incubated for 20 minutes
in a total of 10 μL CD3:biotin. Cells were centrifuged at 700 × g,
5 minutes, 4°C, and supernatants were removed. Cells were
then incubated for 20 minutes in a total volume of 40 μL (10 μL
each: CD45, Strep-PECy7, CD4, and CD8). Cells were washed
twice with phosphate-buffered saline/1% bovine serum

Table 1 – Primers used for quantitative real-time PCR

Gene Forward primer (5′-3′) Reverse primer (5′-3′) GenBank accession ID

β-Actin CACGCCATCCTGCGTCTGGA AGCACCGTGTTGGCGTAGAG DQ845171.1
Dectin CTCTCACAACCTCACCAGGAGAT CAGTAATGGGTCGCCAATAAGG FJ386384.1
IL-2 TCAACTCCTGCCACAATGT CTTGAAGTAGGTGCACCGT EU139160.1
IL-12 CGTGCCTCGGGCAATTATAA CAGGTGAGGTCGCTAGTTTGG NM_213993.1
IL-4 CACAGCGAGAAAGAACTCGT GTCCGCTCAGGAGGCTCTTC NM214123.1
IL-6 CTGGCAGAAAACAACCTGAACC TGATTCTCATCAAGCAGGTCTCC AB194100.1
IL-1α GTGCTCAAAACGAAGACGAACC CATATTGCCATGCTTTTCCCAGAA X52731.1
TNF-α AACCTCAGATAAGCCCGTCG ACCACCAGCTGGTTGTCTTT EU682384.1
TGF-β1 CCTGCAAGACCATCGACATG GCCGAAGCTTGGACAGAATC AF461808.1
TGF-β2 TGTGTGCTGAGCGCTTTTCT GAGCGTGCTGCAGGTAGACA L08375.1
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albumin (BSA)/0.1% sodium azide, and then fixed with 2%
paraformaldehyde. Staining was assessed using an LSRII flow
cytometer (BD; Biosciences, San Jose, CA, USA). The relative
number of T-cell subpopulations was determined using
FlowJo 7.0 software (FlowJo, Ashland, OR, USA). CD45+CD3+

events were considered T cells. CD45+CD3+CD4+CD8− events
were considered T-helper cells, whereas CD45+CD3+CD8+CD4−

were considered cytotoxic T cells and CD45+CD3+CD4+CD8+

were considered double-positive T cells.

2.8. Mitogenic cell stimulation

Thoracic lymph node and MSLN cells were plated in 96-well
plates, 2 × 105 cells per well, in a final volume of 200 μL
completemediumat 37°C under 5% CO2. Twentymicroliters of
a 20-μg/mL lipopolysaccharide (LPS) solution or 20 μL of a
25-μg/mL concanavalin A (ConA) solution was added on day
0 (n = 3 wells per sample per stimulant). Plates were incubated
for 72 hours, then pulsed with 3H-thymidine (1 μCi per well;
Perkin Elmer, Boston, MA, USA) and incubated for an
additional 24 hours. Plates were stored at −80°C until
analyzed. Before counting 3H-thymidine incorporation, cells
were harvested (TomTech; Harvester 96 Mach III M, Hamden,
CT, USA) onto 1.5-μm glass fiber filter paper (Skatron In-

struments, Sterling, VA, USA) and transferred into scintilla-
tion vials with 7 mL Ultima Gold F scintillation fluid (Perkin
Elmer). Samples were counted on a Beckman Coulter, LS 6500
Scintillation System (Brea, CA, USA). Data are expressed as a
change in counts per minute (Δcpm), which was obtained by
subtracting counts from unstimulated control wells from
counts for wells with mitogens. Samples were analyzed in
triplicate. Data analysis was done on log-transformed Δcpm.

2.9. Tissue cytokine messenger RNA expression

Total RNA was extracted from frozen lung, TLN, and MSLN
samples with TRIzol reagent (Life Technologies). RNA was
quantified by spectrophotometry using a Nanodrop 1000
(Thermo Scientific, Rockford, IL, USA) at a absorbancy of 260
nm. RNA concentration was adjusted to 0.25 μg/mL using
RNase-free water (Invitrogen). RNA quality was assessed by a
2100 Bioanalyzer (Agilent Technologies, Inc, Santa Clara, CA).
All samples had an RNA integrity number greater than 6.
Reverse transcription was performed on 3 μg total RNA in a
reaction volume of 20 μL (High Capacity cDNA Reverse
Transcription Kit; Applied Biosystems, Foster City, CA, USA).
Quantitative real-time polymerase chain reaction (PCR) was
conducted using SYBR-Green (Roche Diagnostics GmbH,

Table 2 – T-lymphocyte populations in TLNs of 7- and 21-day-old piglets consuming 0 to 90 mg WGP 1 per kg BW per day

WGP0 1 WGP1.8 WGP18 WGP90 Overall

Day 7 n = 4 n = 4 n = 4 n = 5 n = 17
Helper 2 73.4 ± 6.0 68.6 ± 10.2 72.1 ± 4.4 72.1 ± 3.0 71.6 ± 6.0a

Cytotoxic 3 7.3 ± 1.6 13.0 ± 3.0 14.1 ± 5.6 9.9 ± 2.0 11.0 ± 4.1a

Double positive 4 7.4 ± 0.7 9.0 ± 1.4 6.2 ± 1.9 6.6 ± 2.9 7.3 ± 2.1
Day 21 n = 5 n = 6 n = 6 n = 7 n = 24
Helper 66.4 ± 9.4 68.8 ± 6.6 65.7 ± 5.6 68.7 ± 4.0 67.5 ± 6.1b

Cytotoxic 12.0 ± 3.8 12.0 ± 3.2 14.8 ± 3.0 12.6 ± 2.8 12.9 ± 3.2b

Double positive 9.9 ± 5.1 10.4 ± 5.3 8.4 ± 1.1 8.2 ± 1.4 9.1 ± 3.5

Data are means ± SD. Percentages within a T-lymphocyte subpopulation with different superscript letters are significantly different by day
(general linear model, Fisher least-significant-difference post hoc testing [SAS 9.2]; P < .05). There were no differences by diet.
1 Numbers indicate dietary dose in milligrams per kilogram of BW per day.
2 Values are CD45+CD3+CD4+CD8− events as a percentage of CD45+CD3+ events.
3 Values are CD45+CD3+CD8+CD4− events as a percentage of CD45+CD3+ events.
4 Values are CD45+CD3+CD8+CD4+ events as a percentage of CD45+CD3+ events.

Table 3 – T-lymphocyte populations in MSLNs of 7- and 21-day-old piglets consuming 0 to 90 mg WGP 1 per kg BW per day

WGP0 1 WGP1.8 WGP18 WGP90 Overall

Day 7 n = 5 n = 4 n = 4 n = 4 n = 17
Helper 2 74.0 ± 7.0 75.2 ± 2.7 70.2 ± 14.1 75.1 ± 2.7 73.6 ± 7.5a

Cytotoxic 3 7.7 ± 1.9 8.4 ± 3.7 13.1 ± 4.0 7.6 ± 1.3 9.1 ± 3.5a

Double positive 4 6.2 ± 2.9 7.2 ± 2.9 7.7 ± 1.8 7.6 ± 2.9 7.1 ± 2.5
Day 21 n = 2 n = 3 n = 2 n = 3 n = 10
Helper 62.6 ± 8.7 61.3 ± 3.4 67.0 ± 7.6 66.6 ± 3.0 64.2 ± 5.1b

Cytotoxic 15.6 ± 2.9 16.9 ± 2.4 14.2 ± 2.0 17.3 ± 2.1 16.2 ± 2.3b

Double positive 9.3 ± 0.3 8.2 ± 2.0 7.2 ± 4.4 8.4 ± 4.0 8.3 ± 2.7

Data are means ± SD. Percentages within a T-lymphocyte subpopulation with different superscript letters are significantly different by day
(general linear model, Fisher least-significant-difference post hoc testing [SAS 9.2]; P < .05). There were no differences by diet.
1 Numbers indicate dietary dose in milligrams per kilogram of BW per day.
2 Values are CD45+CD3+CD4+CD8− events as a percentage of CD45+CD3+ events.
3 Values are CD45+CD3+CD8+CD4− events as a percentage of CD45+CD3+ events.
4 Values are CD45+CD3+CD8+CD4+ events as a percentage of CD45+CD3+ events.
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Mannheim, Germany), and amplificationwas performingwith
the Taqman ABI 7900 Fast Real-Time PCR System (Applied
Biosystems Inc) at the University of Illinois, Keck Center for
Comparative and Functional Genomics. A total of 40 PCR
cycles were run. Primers used are listed in Table 1, and final
primer concentrations were 300 nM. The relative standard
curvemethodwas used for quantification. β-Actinwas used as
endogenous control. Standard curves from a stock of pooled
porcine spleen complementary DNA was made and run on
each plate. Normalized values for each target were calculated
by dividing the target quantity mean by the β-actin quantity
mean. Fold change was calculated for each measurement by
dividing the normalized target values by the normalized
calibrator sample (in this case, the day 21, pooled average).
All samples that were statistically compared with each other
were run on the same plate.

2.10. Statistical analyses

Normality was confirmed by the Shapiro-Wilk test. Homoge-
neity of variance was confirmed using Levene test. Treatment
groups were compared using the PROC generalized linear
model procedure, followed by Fisher least-significant-differ-
ence testing within SAS (Cary, NC, USA). The initial model was
day, diet, and day × diet. If diet was not significant, days 7 and
21 data were combined. If day was not significant, data were
combined within a diet group. Statistical significance was
defined as P ≤ .05, with trends reported when P < .10. All data
are expressed as means ± SD.

3. Results

3.1. Formula intake and BW

Formula intake and BW were measured daily to determine if
WGP affected acceptance of diet or growth. Formula intake

and BW were similar across all treatment groups. An average
formula intake of 808 ± 167 mL/d was consumed for the first 7
days and 1488 ± 129 mL/d over the course of 21 days. The
increase in BW during the 7- or 21-day period did not differ
among groups. On average, piglets weighed 2.3 ± 0.5 and 4.5 ±
0.8 kg on days 7 and 21, respectively. Therefore, inclusion of
WGP had no effect on weight gain or dietary acceptance.

3.2. T-cell populations

Flow cytometry was used to analyze T-cell phenotypes in TLN
(Table 2) and MSLN (Table 3). Wellmune WGP supplementa-
tion did not affect T-cell phenotypes. However, MSLN and TLN
T-helper cells decreased, whereas cytotoxic T cells increased
between days 7 and 21 (P < .05), resulting in a decreased T-
helper/cytotoxic T-cell ratio (Fig. 1). There was a trend for
dietary WGP to decrease the T-helper/cytotoxic T-cell ratio in
the TLN (P = .0653), with the ratio in WGP0 at 8.1 ± 3.4, WGP1.8
at 5.9 ± 1.9, WGP18 at 5.3 ± 2.6, andWGP90 at 6.5 ± 1.7. Double-
positive T cells did not show the expected increase from days
7 to 21 in either the MSLN or the TLN. In TLN, similar
percentages of T cells were double positive on days 7 and 21,
7.2% ± 0.02% and 9.1% ± 0.04%, respectively (P = .24) (Table 2). In
MSLN, when averaged over all diets, 7.1% ± 0.03% of T cells
were double positive on day 7, whereas 8.3 ± 0.03% were
double positive on day 21 (P = .31) (Table 3).

3.3. Tissue messenger RNA abundance

The messenger RNA (mRNA) expression of various genes in
tissue samples from the lung, TLN, and MSLN was measured.
Neither day nor diet altered lung dectin, interleukin (IL)-1α, IL-
2, IL-4, IL-12, or tumor necrosis factor α (TNF-α) mRNA
expression. However, dietary WGP supplementation influ-
enced the expression of transforming growth factor β1
(TGF-β1) and TGF-β2 mRNA in the lung (Fig. 2; Table 4).
Although the effect of diet on lung TGF-β1 expression was
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Fig. 1 – T-helper/cytotoxic T-cell ratio decreases in MSLNs and TLNs as piglets age. No diet (MSLN P = .30, TLN P = .07)
differences were detected; therefore, data were pooled within day. MSLN (A; model P = .004, day P = .0001) and TLN (B; model
P = .019, day P = .0140). For day 7, n = 17 samples per tissue. For day 21, n = 24 samples for TLN and 10 samples for MSLN.
Data are expressed as the ratio of T helper to cytotoxic T cell (means ± SD) where T-helper-cell and cytotoxic T-cell events
were originally expressed as a percentage of T (CD45+CD3+) lymphocytes. Statistical significance was determined using the
general linear model, Fisher least-significant-difference post hoc testing (SAS 9.2; P < .05). Different letter superscripts
indicate significant differences.
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minimal, lung TGF-β21 mRNA expression significantly in-
creased between days 7 and 21 (Fig. 2A; P < .05). On the other
hand, WGP affected lung TGF-β2 mRNA expression. On both
days 7 and 21, lung TGF-β2 mRNA expression was lower in all
animals fed WGP compared with those fed formula alone
(Fig. 2B; P < .01). Interleukin-6 mRNA expression was not
evaluated in the lung because expression was below the
detection limits of our assay. Mediastinal lymph node mRNA
expression of dectin, IL-2, IL-4, IL-6, IL-12, TFGβ-1, or TNF-α
was not influenced by diet or day. However, MSLN TGF-β2
mRNA expression increased from days 7 to 21 (P < .05) (Fig. 3;
Table 4). Interleukin-1α mRNA expression could not be

evaluated in MSLN because expression was below the
detection limits of our assay. Neither day nor diet affected
TLN IL-4, IL-6, IL-12, TGF-β1, TGF-β2, or TNF-α mRNA
expression. Dectin mRNA expression was lower in TLN at
day 21 compared with day 7 (P < .05) (Fig. 4; Table 4). Both IL-2
and IL-1α were not analyzed in TLN because their expression
was low in TLN. The single effect of dietary treatment with
WGP was decreased TGF-β2 expression and a trend to
decrease TGF-β1 expression in whole lung tissue. No
consistent effects of dietary WGP treatment could be seen
on tissue-wide mRNA expression of inflammatory (IL-2, IL-
12, IL-6, IL-1α, TNF-α) or anti-inflammatory (IL-4, TGF-β1,
TGF-β2) cytokines.

3.4. Mitogenic cell stimulation and cell-mediated response

To determine whether cell proliferation was increased by
dietary WGP, cells were stimulated with LPS or ConA.
Concanavalin A– but not LPS-stimulated cells isolated from
the MSLN and TLN proliferated more than cells stimulated
with a protein control (BSA) (P < .05; Table 5); however, there
was no interaction between dietary WGP and stimulation in
either MSLN or TLN cells.

3.5. Histomorphology and immunohistochemistry

To evaluate the effects of WGP on morphology, lung sections
were stained with hematoxylin and eosin or anti-CD3
antibody. Lung sections had little T-cell infiltration and no
lesions (data not shown). Slides were analyzed by a board-
certified veterinary pathologist at the University of Illinois
College of Veterinary Medicine who determined that there
was no effect of WGP or day on CD3+ T-cell numbers or lung
morphology (data not shown).

4. Discussion

β-Glucans are polysaccharides that occur as a principal
component of cell walls and have been shown to affect a
variety of biological responses. This study used a neonatal
piglet model to determine the effects of dietary WGP on lung
immunity. Although dietary WGP was expected to be immu-
nostimulatory, this hypothesis was not supported because
WGP supplementation was not accompanied by increased
cytotoxic T-cell numbers or cytokine expression. Supplemen-
tation did, however, decrease TGF-β expression in the lung.
Overall, lung immune development in neonatal piglets was
minimally affected by treatment with dietary WGP at 1.8, 18,
or 90 mg/kg BW per day. In addition, WGP did not have any
negative effects on growth, dietary acceptance, or the immune
characteristics analyzed.

Cytokines are one of several immunomodulatory factors
that help protect neonates from pathogens. The cytokine
TGF-β is of particular interest because of its immunoregula-
tory role during pregnancy and birth as well as its role in the
Th2 bias of neonatal immune responses [17]. In this study,
lung TGF-β1 and MSLN TGF-β2 mRNA expression increased
with age. This is counter to the expected Th2 to Th1 shift
typically observed with age. Transforming growth factor β
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Fig. 2 – Transforming growth factor-β mRNA expression in
the lung. A, TGF-β1 expression increased between days 7
and 21 (P = .01). Increasing dietary WGP tended to decrease
TGF-β1 expression (P = .088). Model P = .06. B, TGF-β2
expression in the lung decreased with increasing dietary
WGP (P = .01). Piglet age did not affect TGF-β2 expression
(P = .49); therefore, data were pooled within diet. For WGP0,
n = 15; for WGP1.8, n = 17; for WGP18, n = 15; and for WGP90,
n = 16 samples. Data are expressed as fold-change over-
expression in day 21WGP0 animals and reported asmeans ±
SD. Statistical significance was determined using the general
linear model, Fisher least-significant-difference post hoc
testing (SAS 9.2; P < .05). Different letter superscripts indicate
significant differences. Numbers indicate dietary dose in
milligrams per kilogram of BW per day.
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helps regulate innate interferon-γ production, a signal that
controls Th1 development [17-19]. This evidence suggests that
the increase in TGF-β would decrease inflammatory condi-
tions in the day 21 pigs. Interestingly, we found that WGP
supplementation decreased TGF-β2 and tended to decrease
TGF-β1 mRNA expression in the lung, independently of age.
This decrease in regulatory cytokine message is consistent
with the role of WGP as an immune stimulator.

Typical developmental changes in T-lymphocyte popula-
tions were not dramatically altered by dietary supplementa-
tion with WGP. The pig immune system is unique from
humans because blood and lymphoid tissues express a
significant number of double-positive T cells. This subpopu-
lation of T cells has been shown to increase with age and
immunologic experience [20]. Despite a trend for the popula-
tion of double-positive T cells to increase over time in both the

MSLN and the TLN, this increase did not reach significance.
The size of this population in our animals was consistent with
that published by others (between 8% and 64% of the
circulating pool of T cells) [20-24]. Previous studies have
shown a higher percentage of T-helper cells than cytotoxic T
cells in peripheral blood mononuclear cells of piglets (T-
helper/cytotoxic T-cell ratio >1) until the 40th day of life [25].
T-helper cells decrease after about 1 week, and eventually, the
T-helper-cell population is smaller than the cytotoxic T-cell
population [25]. A similar shift in T-cell populations in the
MSLN and TLN was observed in the current study. In addition,
the CD4/CD8 T-cell ratio in TLN tended to be lower in pigs
receiving any dietary WGP (P < .0886), providing some sup-
port for WGP as an immune stimulator. Overall, dietary WGP
minimally affected the transition from the T-helper-cell

Table 4 – Gene expression in the lung, TLNs, andMSLNs of 7- and 21-day-old piglets consuming 0 to 90mgWGP a per kg BW
per day

Day 7 Day 21

WGP0 a

(n = 5)
WGP1.8
(n = 5)

WGP18
(n = 5)

WGP90
(n = 5)

WGP0
(n = 10)

WGP1.8
(n = 12)

WGP18
(n = 10)

WGP90
(n = 11)

Lung Dectin 1.0 ± 0.6 0.7 ± 0.4 0.7 ± 0.4 0.7 ± 0.2 1.0 ± 0.8 0.6 ± 0.5 0.9 ± 0.1 0.9 ± 0.4
TGF-β1b 0.7 ± 0.2 0.6 ± 0.2 0.5 ± 0.1 0.5 ± 0.1 1.1 ± 0.8 0.7 ± 0.3 0.7 ± 0.3 0.7 ± 0.3
TGF-β2c 0.8 ± 0.4 0.5 ± 0.2 0.2 ± 0.1 0.3 ± 0.1 1.1 ± 0.9 0.5 ± 0.3 0.3 ± 0.2 0.3 ± 0.1

TLN Dectin b 3.2 ± 1.3 3.6 ± 2.2 2.1 ± 0.9 1.7 ± 1.2 1.2 ± 0.6 1.6 ± 1.1 3.3 ± 2.8 1.9 ± 1.4
TGF-β1 1.3 ± 0.8 1.1 ± 0.2 0.5 ± 0.3 0.8 ± 0.4 1.0 ± 0.6 1.3 ± 1.0 1.5 ± 1.1 0.6 ± 0.1
TGF-β2 2.8 ± 2.9 2.0 ± 1.9 0.5 ± 0.5 1.3 ± 1.5 1.0 ± 0.9 1.1 ± 0.9 1.4 ± 1.1 0.6 ± 0.2

MSLN Dectin 1.7 ± 0.7 1.4 ± 1.3 1.0 ± 0.6 1.1 ± 0.7 1.0 ± 0.5 1.8 ± 1.6 1.3 ± 0.8 2.0 ± 1.6
TGF-β1 1.1 ± 0.4 0.8 ± 0.3 0.7 ± 0.3 0.6 ± 0.2 1.0 ± 0.4 1.2 ± 0.7 1.0 ± 0.6 1.3 ± 0.8
TGF-β2b 0.9 ± 0.2 0.7 ± 0.1 3.2 ± 5.0 0.6 ± 0.2 0.8 ± 0.7 1.7 ± 0.7 1.1 ± 0.7 1.5 ± 1.0

Data are fold-change overexpression in day 21 WGP0 animals and reported as means ± SD.
a Numbers indicate dietary dose in milligrams per kilogram of BW per day.
b Expression of these genes in the indicated tissues differed between days 7 and 21 (general linear model, Fisher least-significant-difference
post hoc testing [SAS 9.2]; P < .05).
c Lung TGF-β2 expression decreased with increasing WGP supplementation but was not affected by day (general linear model, Fisher least-
significant-difference post hoc testing [SAS 9.2]; P < .05).
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Fig. 3 – Transforming growth factor-β2 mRNA expression in
MSLNs increased from days 7 to 21 in all pigs (model P = .02,
day P = .02). No diet (P = .61) differences were detected;
therefore, data were pooled within day. For day 7, n = 20
samples. For day 21, n = 43 samples. Data are expressed as
fold-change overexpression in day 21 WGP0 animals and
reported as means ± SD. Statistical significance was deter-
mined using the general linear model, Fisher's least-signif-
icant-difference post hoc testing (SAS 9.2; P < .05). Different
letter superscripts indicate significant differences.
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Fig. 4 – DectinmRNA expression in TLNs was lower at day 21
compared with day 7 (model P = .02, day P = .004). No diet (P =
.76) differences were detected; therefore, data were pooled
within day. For day 7, n = 20 samples. For day 21, n = 43
samples. Data are expressed as fold-change overexpression
in day 21 WGP0 animals and reported as means ± SD.
Statistical significance was determined using the general
linear model, Fisher least-significant-difference post hoc
testing (SAS 9.2; P < .05). Different letter superscripts indicate
significant differences.
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predominance to an increased cytotoxic T-cell presence and
had no effect on the timing of the shift.

The route of administration, oral, and/or structure of the βG
used in this study may have limited our ability to detect
effects of WGP. Previous studies have examined the ability of
βG to target immune cells through the oral route [26]. After
absorption of the βG particles and uptake by the Peyer patches,
the βG may remain in the gut microenvironment. However,
analysis of the T-cell populations of peripheral blood mono-
nuclear cells and mesenteric lymph nodes isolated from the
same piglets, as studied herein, demonstrated no effect of
WGP on intestinal immune development [16]. Sequestration
of βG in the gut may have prevented dietaryWGP from having
large effects on lung-associated parameters that were studied.
In addition, evidence suggests that the biological activity of
βGs is associated with their structure, which, in turn, is
dependent on the source and method of extraction and
isolation. Processing [39-41], solubility, degree of polymeriza-
tion (solubility increases as degree of polymerization in-
creases) [40,41], size (high-molecular-weight [100-200 kd]
fractions being most active, whereas fractions from the
same source with lower molecular weights have no activity
[42-44]), charge of polymers, and structure also contribute to
functionality of βG. Several previous studies used the method
of extraction of Hunter and coworkers [45] with some
modifications [29], with positive biological results. In our
study, the βG was extracted from S cerevisiae using a
proprietary technology. Thismethod produces a whole glucan
particle in which the outer surface of mannoprotein and inner
cellular contents are removed to expose the β-(1,3/1,6)-glucan.
This processing may decrease recognition of the particle and
therefore alter the absorption of the molecule or the ability of
the molecule to be recognized by PRRs. This processing also
may decrease the solubility of the particle, leading to limited
absorption or decreased distribution of the βG in the formula
owing to the feeding method that was used. Despite these
limitations, testing oral administration of WGP in neonates is
needed because WGP is readily available and used in the
marketplace, and, for obvious reasons, an oral route of
administration is preferred, particularly in the case of infants.

Other groups have studied the effect of dietary βG on the
response to systemic immunization or microbial challenge,
but the results have been equivocal. For instance, in one
vaccination study, oral βG decreased antibody production
[27]. In another, βG increased antibody production [28]; yet
in others, dietary βG had no effect on antibody production

[29-31]. In infection-based studies, dietary βG protected the
weanling pigs from F4+ enterotoxigenic Escherichia coli infec-
tion in one study [32], but conferred no protection from F4+

enterotoxigenic E coli in a gnotobiotc piglets [32], suggesting
thatmicrobial colonizationmay be important inmediating the
effects of dietary βG. When administered by subcutaneous
injection, WGP protected mice from infection with anthrax
[33]. Soluble βG also protected weanling pigs from porcine
reproductive and respiratory virus infection [34]. In contrast,
dietary βG did not protect pigs from Streptococcus suis infection
[35]. It is unclearwhich factors, that is, route of administration,
dose, challenge organism, and so on, affected the outcomes of
these studies. However, it is clear that βGs have mixed effects
on immune responses. Generally, they appear to protect
against microbial challenges. Based on the results of our
study, this may be caused by decreases in anti-inflammatory
cytokines like TGF-β, but are not likely to be caused by changes
in T-cell populations.

Toll-like receptors and other innate receptors were not
examined in this study. However, dectin-1, a PRR for βG,
expression was measured. In part, dectin was chosen because
the mechanism by which this βG receptor translates recogni-
tion into intracellular signaling, stimulates cellular responses,
and participates in coordinating the adaptive immune re-
sponse is well characterized [36]. We found that TLN dectin-1
mRNA expression decreased between days 7 and 21. Surpris-
ingly, dectin-1 mRNA expression in the MSLN, TLN, and lung
was not affected by dietaryWGP supplementation. Dectin-1 is
expressedmainly on phagocytes, especiallymacrophages and
dendritic cells. It has been suggested that dectin-1 signals
alone are sufficient to trigger phagocytosis [37] and that
dectin-1 signaling in combination with toll-like receptor
signaling can regulate cytokine production [38]. The decrease
in TLN dectin-1 mRNA seen in this study may be associated
with altered phagocytosis and cytokine production in the TLN.
However, we did not measure phagocytic activity, and we
found that, unlike dectin-1 expression, TLN cytokine mRNA
expression was not affected by piglet age.

In conclusion, the effects of WGP on lung immunity in
the healthy neonatal piglet were minimal. Dietary WGP
reduced TGF-β mRNA expression in the lung and tended to
decrease the ratio of T helper to cytotoxic T cell in the TLN.
Further research targeted to examine effects on innate
immune mechanisms or acute microbial challenges is
needed to increase our understanding of the ability of
WGP to enhance the biological activity of the neonate's
immune system.
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