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Abstract

Beta-Glucans are heterogeneous polysaccha-
rides of glucose polymer, and its activity depends on 
the molecular structure, size, branching frequency, 
structural modification, conformation, and solubil-
ity. Recent findings indicate that β-glucans enhance 
the immune system underlying the activation of 
lymphocytes, monocytes, macrophages, granulo-
cytes, and natural killer (NK) cells. This study aims 
to evaluate the effect of yeast (1,3)-(1,6)-beta-glu-
can with 90-day consumption on the improvement 
of immunity in healthy individuals during the flu 
season. 12 healthy participants received oral yeast 
(1,3)-(1,6)-beta- D-glucan dose (30 mg) per day 
over a course of 90 days. The subjects were exam-
ined by the investigator at the study visits of enroll-
ment (baseline), 30-day, 60-day and 90-day. Serum 
biomarkers and   Peripheral Blood Mononuclear 
Cells (PBMC)s were measured at baseline, 30-day, 
60-day and 90-day visits. In the study population, 
supplementation with yeast (1,3)-(1,6)-beta-glucan 
reduced the number of symptomatic upper respira-
tory tract infections (URTIs) by 44% as compared 
to the same winter time period (December through 
March) from the previous year (p = 0.027). The 
duration of sickness of URTIs reduced by 50% as 
compared to the previous year (p < 0.0001). The 
serum levels of IFN-γ, IL-2 and IFN-γ/IL-4 ratio 
statistically increased as compared to the baseline. 
The cell numbers from in vitro PBMC Cell prolifer-
ation assay for IFN-γ and IFN-γ/IL-4 ratio statisti-
cally increased. The findings from the present study 

suggest that yeast beta-glucan dietary supplement 
preparation reduced the upper respiratory tract in-
fection by improving the body’s immunity to de-
fend pathogens.

Key words: dietary supplement, efficacy, im-
mune system, beta-glucan, PureMune

Introduction

Beta-glucans are mainly found in the extracts 
of some species of mushrooms and in microbes, 
such as black yeast, and possess some unique 
immunological activities (1, 2). Beta-Glucans 
are heterogeneous polysaccharides of glucose 
polymer, consisting of a backbone of beta-(1-3)-
linked beta -D-glucopyranosyl units with beta-(1-
6)-linked side chains of varying distribution and 
length. The activity of beta-glucan depends on the 
molecular structure, size, branching frequency, 
structural modification, conformation, and solu-
bility. It appears that the most active forms of 
β- glucans contain beta-(1-3)(1-6) linkages (3). 
Beta-glucans have been shown to exert cytotoxic 
activity against cancer cells (4) accompanied by 
activating the production of interleukin-2 (IL-2), 
IL-4, IL-6, IL-12, CD44, interferon-γ (IFN-γ) and 
tumor necrosis factor-α (TNF-α) (5,6). These find-
ings indicate that β-glucans enhance the immune 
system underlying the activation of lymphocytes, 
monocytes, macrophages, granulocytes, and natu-
ral killer (NK) cells (7). Beta- Glucan has been 
shown to protect against infection by bacteria, vi-
ruses, and pathogenic microorganisms (8). 
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Beta-Glucan also prevents cancer promotion 
and progression and has synergistic anti-tumor 
effects with monoclonal antibodies and cancer 
chemotherapeutics (9). Beta-Glucan promotes 
antibody- dependent cellular cytotoxicity through 
a biological pathway involved in carcinogen-
esis (10). In general, the anticancer actions of 
β-glucans are not attributable to their direct ac-
tions on cancer cells, as is the case with chemical 
anti-cancer drugs, but depends on the immunolog-
ical enhancement of the host, e.g., by acting as a 
biological response modifier (BRM) (4). 

Macrophages and dendritic cells have typical 
cell surface receptors called pattern recognition 
receptors (PRRs) that detect innately non-self-
molecules including pathogen-associated molecu-
lar patterns (PAMPs) (11). β-Glucans might act as 
PAMPs and are recognized by PRRs, because β- 
glucans cannot directly penetrate cell membrane 
due to their large molecular size (12). The major 
PRRs for β-glucans might be dectin-1 and the roll-
like receptor (TLR). After binding with β- glucan, 
dectin-1 and TLR may induce signaling cascade 
and activate immune cells. Other receptors, such 
as complement receptor 3 (CR3), scavenge recep-
tors (SR), and lactosylceramide (LacCer), may be 
involved as well (11, 13). 

The biological effects beta-1,3/1,6-glucans 
depends on the interaction between beta-1,3/ 1,6- 
glucan and specific receptors on epithelial sur-
faces (14). However, beta-1,3/1,6-glucans may 
stimulate the gut immune system, such as sup-
pressive effects on asthma and allergy symptoms. 
Beta-1,3/1,6-glucan may interact indirectly with 
the gut microbiota by affecting intestinal barrier 
function and LPS toxicity, and by enhancing the 
production and secretion of components such as 
lysozyme, antimicrobial peptides and IgA. 

Several double-blind, randomized and con-
trolled clinical studies have demonstrated that 
beta- glucans could reduce the incidence of com-
mon cold, upper respiratory infection and im-
prove the mood state in young children, adults and 
stressed women (15, 16, 17, 18). 

This study is designed to examine the effect of 
PureMune with beta-glucan on the improvement 
of immunity in healthy individuals during the flu 
season. The immunity can be measured by analyz-
ing the immune biomarkers of IFN γ, IL-2, TNF-

alpha/beta, IL-4, IL-5, IL-10, IL-13, IL- 12, IL 17, 
IL-6 and CD44 at baseline, 30-day, 60-day and 
90-day visits. In addition, in vitro cell prolifera-
tion assay of PBMCs can be measured to assess 
immune cells DNA synthesis at baseline, 30-day, 
60-day and 90-day visits. 

Methods

Study population and investigational product

Twelve subjects with at least four common 
colds within the last twelve months were enrolled 
into the study. They must meet the following in-
clusion criteria: written consent to participate, age 
≥ 18–80 years, at least four common cold infec-
tions within the last 12 months and agree not to 
take any nutritional medications or supplements 
during the study. The main exclusion criteria were 
as follows: diseases of cardiovascular, cerebrovas-
cular, liver, kidney, hematopoietic system and oth-
er serious diseases, congenital or acquired immu-
nodeficiency diseases, pregnant or lactating, has 
an allergy to beta-glucan, takes any drugs or food 
supplement related to the study product in recent 
days, participated another clinical trial in the past 
three months, has any diseases or takes any drugs 
or nutrition products that can affect the evaluation 
of the study product. 

The beta-glucan is an insoluble (1,3)-(1-6)-
beta glucan which was made from Baker’s yeast 
(S. cerevisiae), with a purity of at least 80% on 
dry matter (branching factor approximately: 
1,3[backbone]: 1,6 [side chain]: 1,3/1,6 [branch-
ing] = 10:1:0.6). In addition, it contains <2% α-D- 
Mannose; < 6% fat; < 3% protein; <6% moisture; 
and < 3% ash on dry matter. The dry matter is 
more than 80%.

Subjects received a total of 30 mg of insoluble 
yeast beta-glucan (PureMune provided by Immu-
Dyne Nutritional LLC, USA) in one sachet bag 
per day for 90 days.

The clinical study was approved by the Ethics 
Committee of Shanghai Nutrition Society. The 
written informed consent was obtained from all 
participants prior to entering the study. The study 
was registered in the Chinese Clinical Trial Regis-
try at https://www.chictr.org.cn/index.aspx ChiC-
TR2000040893. 
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Study design

The study was a single center, open label, pros-
pective pilot trial which was carried out in accor-
dance with the Helsinki declaration and ICH GCP 
E6 from December 2020 to April 2021 in the De-
partment of Gastroenterology of Jinhua People’s 
Hospital, Jinhua, Zhejiang Province, China. 

The eligible twelve subjects were enrolled at 
one study site. There were four study visits of ba-
seline, 30-day, 60-day and 90-day during the stu-
dy period of 12 weeks. A common cold episode 
was defined by the occurrence of at least two of 
the following cold symptoms: fever, cough, runny 
nose and throat pain. During the common cold, the 
subjects were instructed to record and assess their 
cold symptoms at home for a period of 14 days 
for each occurring episode. Their cold symptoms 
include fever, cough, runny nose, throat pain, hea-
dache, muscle pain, week feeling, hard breathing, 
retrosternal pain and lack of appetite. In addition, 
the subjects the duration of sickness by counting 
the start date of the beginning of any of the symp-
toms and the stop date of the last symptom. The 
duration of one URTI is defined as the number of 
days from the date of onset of any of the above-
mentioned symptoms to the date that all the symp-
toms are relieved. 

The study product compliance was determined 
by counting the returned unconsumed sachets. 
The subjects were instructed to record each sachet 
that they took. Sufficient compliance was defined 
if 75 and 110 % of the sachets were consumed.

Outcome measures

The primary objective of the study is to evalu-
ate the effects of 90-day beta-glucan consump-
tion on the improvement of immunity in healthy 
individuals with having more than four times of 
common colds within the last 12 months. The in-
cidence of URTIs was defined as the number of 
URTIs during the study period. The severity and 
duration of URTIs episodes, the incidence of med-
ically confirmed adverse events and concomitant 
medications were assessed. 

Processing of the blood and serum samples: 
blood samples of 12 normal individuals (5 males 
and 7 females) were obtained at Jinhua People’s 

Hospital (Jinhua, Zhejiang Province, China). The 
serum samples were prepared using the standard 
method and the sera were stored at -80°C until 
analysis. 

Serum Immune Biomarkers Measurement and 
Analysis: IFN γ, IL-2, and TNF-alpha/beta, IL-4, 
IL-5, IL-10 and IL-13, ((Th1: Th2 ratio (percent-
age of IFN γ and IL-4)), IL-12, IL 17, IL-6, IgE 
and CD44 at enrollment (baseline), 30-day, 60-
day and 90-day visits. 

In vitro cell proliferation assay (innate im-
munity): Peripheral Blood Mononuclear Cells 
(PBMCs) are cultured with or without con-cana-
valin A (Con A) for 72 h at 37C and label with 
[3H] thymidine, then assess DNA synthesis by 
measuring thymidine uptake at enrollment (base-
line), 30-day, 60-day and 90-day visits. 

Statistical analysis 

This is a prospective, open label study in which 
all 12 subjects taking the same product. Data were 
summarized as mean ± standard deviation or me-
dian (the 25th percentile, the 75th percentile) for 
continuous variables, and frequency (percentage) 
for categorical variables. The summary URTIs 
symptoms were presented by age groups. 

The comparison of the number and the duration 
of URTIs at the end of the study versus baseline 
were performed using paired t-test. The compari-
son of post-intervention blood biomarkers versus 
baseline were performed using paired t-test for each 
time point (day 30, 60 and 90). All statistical tests 
were performed at a significance level of 0.05. 

Statistical analysis in this study was performed 
using SAS 9.3 statistical software (SAS Institute 
Inc., USA). All tests employed a 0.05 significance 
level. 

Results

A total of 12 participants (18 to 80 years old) 
who sustained common cold (collectively UR-
TIs) at least four times in the previous years were 
enrolled. All 12 subjects completed the trial. The 
gender ratio of completed participants was 5 males 
to 7 females (41.7%:58.3%), as shown in Table 1. 
The related symptoms of URTIs for all subjects 
are presented in Table 2. 
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Table 1.  Baseline characteristics
Baseline characteristics Summary statistics

Number of subjects 12
Males, % 5 (41.7%)
Females, % 7 (58.3%)
Age (years), mean (SD), median (q1, q3) 49.4 ± 17.2, 51.0 (38.0, 59.8)
18-30 years, % 2 (16.7%)
30-40 years, % 3 (25.0%)
50-60 years, % 4 (33.3%)
70-80 years, % 3 (25.0%)
Number of medical confirmed upper respiratory tract infections from the previous 
year during 3-month winter from December through March 1.33 ± 0.49, 1 (1, 2)

Average duration of upper respiratory tract from the previous year during 3-month 
winter from December through March 5.42 ± 1.16, 5 (4.75, 6.25)

Data are presented as mean±SD and median (Q1, Q3), or frequency (%). 
SD: standard deviation; Q1: the 25th percentile; Q3: the 75th percentile.

Table 2.  Symptoms of upper respiratory tract infections

Symptom Overall (n=12)
Day 30 Day 60 Day 90

18-30 years (n=2)
Day 30 Day 60 Day 90

30-40 years (n=3)
Day 30 Day 60 Day 90

50-60 years (n=4)
Day 30 Day 60 Day 90

70-80 years (n=3)
Day 30 Day 60 Day 90

a. Fever 2 (16.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (66.7) 0 (0.0) 0 (0.0)
b. Cough 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
c. Runny nose 6 (50.0) 2 (16.7) 0 (0.0) 1 (50.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0) 2 (50.0) 1 (25.0) 0 (0.0) 2 (66.7) 1 (33.3)0 (0.0)
d. Throat pain 4 (33.3) 2 (16.7) 0 (0.0) 1 (50.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (50.0) 1 (25.0) 0 (0.0) 1 (33.3) 1 (33.3)0 (0.0)
e. Headache 5 (41.7) 1 (8.3) 0 (0.0) 1 (50.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 2 (66.7) 1 (33.3)0 (0.0)
f. Muscle pain 1 (8.3) 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3)0 (0.0)
g. Week feeling 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
h. Hard breathing 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0)
i. Retrosternal pain 2 (16.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (66.7) 0 (0.0) 0 (0.0)
j. Lack of appetite 3 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0) 0 (0.0)

Table 3.  Number and duration of upper respiratory tract infections and treatment

Outcomes In the past year of 
baseline During the study Post-intervention vs. Baseline

  Difference (95% CI)              p-value
Number of 
medical confirmed 
upper respiratory 
tract infections

Per 3 months
(December to March):

1.33±0,49, 1 (1, 2)

Per 3 months
(December to March):

0.75±0.62, 1 (0, 1)

Per 3 months
(December to March):

-0.58 (-1.09, -0.08)

Per 3 months
(December to March):

0.027

Average duration 
of sickness per 
URTI

Per 3 months
(December to March):

5.42±1.16, 5 
(4.75, 6.25)

Per 3 months
(December to March):
2.71±2.22, 3 (0, 4.5)

Per 3 months
(December to March):

-2.71 (-3.61, -1.81)

Per 3 months
(December to March):

<0.0001

Total duration of 
sickness

Per 3 months
(December to March):
7.42±3.78, 5.5 (5, 9)

Per 3 months
(December to March):
2.92±2.31, 3.5 (0, 5)

Per 3 months
(December to March):

-4.50 (-6.39, -2.61)

Per 3 months
(December to March):

0.0003
Data are presented as mean±SD and median (Q1, Q3).
SD: standard deviation; Q1: the 25th percentile; Q3: the 75th percentile.
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The symptoms of URI for all subjects are re-
corded and summarized in Table 2. The durations 
of the time from start to stop of the common cold 
are recorded through the study but not for each 
single symptom. 

The number and duration of upper respiratory 
tract infections and treatment for all subjects were 
recorded and summarized in Table 3. 

The results presented in Table 3 showed that 
the incidence of the sickness for all subjects dur-
ing the study are significantly less as compared 
with the same 3-month winter period from De-
cember through March from the previous year 

(p=0.027). The duration of the sickness per URTIs 
during the study are significantly less than from 
the previous year (p<0.0001). The total duration 
of sickness including URTIs are significantly less 
than the previous year (P=0.0003). 

The results presented in Table 4 showed that 
statistically significant higher serum IFN-γ levels 
at day 30, day 60 and day 90 were observed as 
compared with the baseline (p<0.0001). Table 4 
shows that statistically significant higher serum 
IL-2 levels at day 30 and day 60 (p<0.05) and day 
90 (p>0.05 NOT statistical significant) were ob-
served as compared with the baseline. Table 4 also 

Table 4.  Serum biomarkers

Bio-
markers Baseline Day 30 Day 60 Day 90

Change compared to
baseline (p-value)

Day 30 vs. 
Baseline

Day 60 vs. 
Baseline

Day 90 vs. 
Baseline

IgE 
(IU/ml)

19.54±3.32
18.95 (17.73, 21.35)

20.40±5.87
18.85 (17.20, 21.03)

20.85±3.08
19.80 (18.45, 22.35)

19.14±3.41
18.65 (16.10, 20.93) 0.563 0.074 0.676

IFN-γ 
(pg/ml)

1.16±0.06
1.17 (1.13, 1.21)

1.31±0.13
1.33 (1.23, 1.41)

1.29±0.11
1.32 (1.22, 1.37)

1.27±0.10
1.28 (1.21, 1.37) <0.0001 0.0001 <0.0001

IL-4 
(pg/ml)

1.46±0.16
1.45 (1.35, 1.55)

1.42±0.13
1.39 (1.31, 1.54)

1.45±0.15
1.42 (1.36, 1.53)

1.50±0.16
1.48 (1.39, 1.61) 0.357 0.904 0.188

IFN-γ: 
IL-4 ratio

0.80±0.09
0.81 (0.72, 0.85)

0.93±0.12
0.89 (0.84, 0.98)

0.89±0.11
0.91 (0.82, 0.97)

0.86±0.12
0.87 (0.78, 0.92) 0.005 0.010 0.043

IL-2 
(pg/ml)

1.29±0.07
1.28 (1.25, 1.34)

1.71±0.65
1.39 (1.24, 1.97)

1.63±0.56
1.50 (1.23, 1.68)

1.40±0.21
1.35 (1.21, 1.58) 0.034 0.039 0.058

TNF-α 
(pg/ml) 

1.92±0.72
1.72 (1.40, 2.19)

2.00±0.73
1.72 (1.49, 2.63)

1.93±0.73
1.75 (1.33, 2.31)

1.90±0.64
1.73 (1.45, 2.21) 0.204 0.789 0.489

IL-5 
(pg/ml)

1.43±0.10
1.44 (1.35, 1.48)

1.51±0.26
1.43 (1.34, 1.60)

1.41±0.18
1.35 (1.30, 1.53)

1.41±0.17
1.35 (1.29, 1.49) 0.212 0.697 0.505

IL-6 
(pg/ml)

4.41±0.48
4.62 (4.20, 4.70)

4.49±0.63
4.45 (4.15, 5.01)

4.42±0.52
4.63 (4.18, 4.71)

4.39±0.53
4.55 (4.25, 4.76) 0.379 0.903 0.397

IL-10 
(pg/ml)

2.72±0.45
2.66 (2.36, 3.03)

2.91±0.66
2.71 (2.37, 3.36)

2.83±0.64
2.67 (2.30, 3.12)

2.70±0.46
2.67 (2.29, 2.97) 0.079 0.202 0.302

IL-12P70 
(pg/ml)

2.10±0.32
2.17 (1.87, 2.34)

2.25±0.53
2.30 (1.82, 2.56)

2.12±0.44
2.26 (1.79, 2.38)

2.06±0.44
2.18 (1.72, 2.32) 0.123 0.588 0.449

IL-17A 
(pg/ml)

1.28±0.07
1.29 (1.24, 1.33)

1.20±0.15
1.24 (1.09, 1.33)

1.29±0.12
1.29 (1.20, 1.34)

1.32±0.10
1.31 (1.24, 1.39) 0.117 0.745 0.074

CD44 
(pg/ml)

481.58±114.94
470.5 (403.5, 538)

486.42±117.67
459 (359.75, 559)

475.42±86.40
484.5 (395, 527.25)

477.00±101.80
474 (400.25, 536.25) 0.822 0.734 0.822

IL-13 
(pg/ml)

56.55±17.29
62.25 (41.70, 70.30)

56.06±13.24
55.44 (51.43, 60.25)

58.21±13.31
(58.35 (49.95, 65.34)

57.59±11.12
56.43 (52.58, 61.88) 0.910 0.471 0.850

TNF-β 
(pg/ml)

1.53±1.01
1.35 (0.93, 1.80)

1.48±0.86
1.10 (0.90, 2.00)

1.58±0.88
1.55 (0.85, 2.33)

1.55±1.10
1.25 (0.80, 2.05) 0.744 0.696 0.859

Data are presented as mean±SD and median (Q1, Q3).
SD: standard deviation; Q1: the 25th percentile; Q3: the 75th percentile.
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shows that statistically significant higher serum 
IFN-γ/IL-4 ratio at day 30, day 60 and day 90 were 
observed as compared with the baseline (p<0.05). 
However, no statistically significant changes were 
observed for other biomarkers at day 30, day 60 
and day 90 as compared with the baseline. 

The results presented in Table 5 showed that sta-
tistically significant higher IFN-γ levels at day 30, 
day 60 and day 90 were observed as compared with 
the baseline (p<0.05) from the in vitro PBMC cell 
proliferation assay. Table 5 also shows that statisti-
cally significant higher IFN- γ/IL-4 ratio at day 30 
and day 60 (p<0.05) and day 90 (p>0.05 NOT sta-
tistical significant) were observed as compared with 
the baseline. However, no statistically significant 
changes were observed for other biomarkers at day 
30, day 60 and day 90 as compared with the baseline 
(data from other biomarkers were not show). 

Percentages of INF- γ and IL-4-producing 
CD4+ T cells (Th1:Th2 ratio) were determined by 
single-cell measurement of intracellular cytokines 
using flow cytometry as described (Openshaw 
P et.al. Heterogeneity of intracellular cytokine 
synthesis at the single-cell level in polarized T 
helper 1 and T helper 2 populations. (J Exp Med. 
1995; 182: 1357–67). 

Regarding adverse events, five events were 
observed for all subjects enrolled in the study: 
allergic rhinitis, frequent defecation, fracture, tor-
ticollis and cardiac murmurs. All adverse events 
were not related to the study products and none 
of these subjects were withdrawn from the study 
because of adverse events.

Conclusion & discussion

This is a Pilot, Open-label Study to evaluate on 
the effect of PureMune with Beta-Glucan on the 
improvement of immunity in healthy individuals 
during the flu season. A total of 100 people were 
screened and 24 of them were scheduled and vi-
sited the study site. A total of 12 subjects met the 
inclusion and exclusion criteria and enrolled into 
this study, and all 12 subjects finished this study 
with zero dropout. 

The incidence of the sickness for all subjects 
during the study are significantly less as compa-
red with the same 3-month winter period from 
December through March from the previous year 
(p=0.027). The duration of the sickness per URTI 
during the study are significantly less than from 
the previous year (p<0.0001). The total duration 
of sickness including URTI are significantly less 
than the previous year (P=0.0003).

Higher serum IFN-γ levels at day 30, day 60 and 
day 90 were observed as compared with the baseli-
ne (p<0.0001). Higher serum IL-2 levels at day 30 
and day 60 (p<0.05) and day 90 (p>0.05 NOT stati-
stical significant) were observed as compared with 
the baseline. Higher serum IFN-γ/IL-4 ratio at day 
30, day 60 and day 90 were observed as compared 
with the baseline (p<0.05). However, there are no 
statistical significant changes that were observed 
for other serum biomarkers at day 30, day 60 and 
day 90 as compared with the baseline. 

For the in vitro PBMC cell proliferation assay, 
higher IFN-γ levels at day 30, day 60 and day 90 

Table 5.  In Vitro PBMC Cell Proliferation Assay

Biomark-
ers Baseline Day 30 Day 60 Day 90

Change compared to baseline 
(p-value)

Day 30 vs. 
Baseline

Day 60 vs. 
Baseline

Day 90 vs. 
Baseline

IFN-γ (% 
CD4 + cells)

25.82±9.15
29.34 (20.06, 32.76)

31.20±10.69
32.51 (24.99, 38.43)

29.73±10.03
29.73 (22.89, 36.82)

28.21±10.04
30.86 (22.87, 33.44) 0.001 0.005 0.028

IL-4 (% 
CD4 + cells)

2.70±1.16
2.73 (1.65, 3.52)

2.50±1.20
2.34 (1.55, 3.50)

2.60±1.22
2.55 (1.44, 3.43)

2.80±1.23
2.77 (1.73, 3.91) 0.260 0.499 0.411

IFN-γ: IL-4 
ratio

12.28±8.29
8.56 (6.96, 18.45)

15.62±9.91
12.39 (9.75, 19.76)

14.32±8.70
11.42 (8.90, 21.53)

12.61±7.60
10.35 (8.14, 20.82) 0.048 0.040 0.607

IL-2 (pg/ml) 1.58±0.14
1.60 (1.50, 1.66)

1.74±0.37
1.68 (1.43, 1.94)

0.66±0.23
1.76 (1.50, 1.82)

1.61±0.25
1.57 (1.46, 1.70) 0.071 0.092 0.555

Data are presented as mean±SD and median (Q1, Q3).
SD: standard deviation; Q1: the 25th percentile; Q3: the 75th percentile.
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were observed as compared with the baseline 
(p<0.05). Higher IFN-γ/IL-4 ratio at day 30 and 
day 60 (p<0.05) and day 90 (p>0.05 NOT statisti-
cal significant) were observed as compared with the 
baseline. There are no statistical significant changes 
were observed for IL-2 and IL-4 at day 30, day 60 
and day 90 as compared with the baseline. 

Taken together, PureMune (30mg beta-glucan) 
consistently stimulate immune cells through the 
study (at 30, 60 and 90 days of intervention) for 
increasing the IFN-γ production both in vivo and 
in vitro. In addition, higher IFN-γ/IL-4 ratio at day 
30, day 60 and day 90 for both in vivo and in vi-
tro were observed as compared with the baseline 
(p<0.05). The higher ratio suggests that Th1:Th2 
ratio was higher at day 30, 60 and 90 after receiving 
the beta-glucan than at the baseline because of the 
increasing IFN-γ (Th1 cells) and no percent change 
in IL-4 (Th2 cells) after receiving beta-glucan than 
at the baseline, which further suggest that intake of 
PureMune (beta-glucan) may be useful for preven-
tion and treatment of infectious and allergic disea-
ses induced by a weak Th1-type immune response. 

These study results suggest that a daily intake of 
PureMune augments acquired immunity, especially 
Th1-related immune functions in healthy subjects. 
Augmentation of the Th1 response may be benefi-
cial for individuals living in modern cities, because 
the better public hygiene and fewer infections in 
these societies may reduce the Th1 response, the-
reby increasing the risk of developing allergies. 
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