
lable at ScienceDirect

Synthetic and Systems Biotechnology 3 (2018) 113e120
Contents lists avai
Synthetic and Systems Biotechnology
journal homepage: http: / /www.keaipubl ishing.com/en/ journals /synthet ic-

and-systems-biotechnology/
Prospective study of probiotic supplementation results in immune
stimulation and improvement of upper respiratory infection rate

Hong Zhang a, Chiajung Yeh b, Zonglian Jin c, Liwei Ding b, Bryan Y. Liu e, Li Zhang d,
H. Kathleen Dannelly e, *

a Beijing Chao-Yang Hospital affiliated to Capital Medical University, 8 Gongti South Road, Chaoyang District, Beijing, 10020, China
b Hangzhou Weiquan Foods Co., LTD R&D Center, 1688 Wu Zhong Road, Minhang District, Shanghai, 201100, China
c College of Applied Arts and Science of Beijing Union University, 197 Bei Tu Cheng West Road, Haitian District, Beijing, 100108, China
d SPRIM China, 100 Zunyi Road, Changning District, Shanghai, 200336, China
e Indiana State University, Department of Biology, 600 Chestnut Street, Terre Haute, IN 47809, USA
a r t i c l e i n f o

Article history:
Received 18 January 2018
Received in revised form
4 March 2018
Accepted 6 March 2018

Keywords:
Probiotics
Upper respiratory infections
Human microbiota
IFN-g
sIgA
* Corresponding author.
E-mail address: kathleen.dannelly@indstate.edu (H
Peer review under responsibility of KeAi Commu

https://doi.org/10.1016/j.synbio.2018.03.001
2405-805X/© 2018 The Authors. Production and hosti
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

The human gut microbiota is an important environmental factor for human health with evolutionarily
conserved roles in immunity, metabolism, development, and behavior of the host. Probiotic organisms
are claimed to offer several functional properties including stimulation of immune system. The purpose
of this study is to investigate the effects of a probiotic supplementation on adult volunteers who have
contracted the common cold four or more times in the past year. This study is a single center, double-
blind, randomized, controlled, prospective trial. Subjects received a probiotic drink containing Lactoba-
cillus paracasei (at least 3� 107 colony forming units (CFU) ml�1), Lactobacillus casei 431® (at least
3� 107 CFUml�1) and Lactobacillus fermentium PCC® (at least 3� 106 CFUml�1) or an identical placebo
without probiotics for a 12-week study period. The consumption of probiotics significantly reduced the
incidence of upper respiratory infection (p < 0.023) and flu-like symptoms with an oral temperature
higher than 38 �C (p< 0.034) as compared to the placebo group. Subjects that consumed probiotics
demonstrated a significantly higher level of IFN-g in the serum (p< 0.001) and sIgA in the gut (p< 0.010)
as compared to the placebo group and a significant higher level of serum IFN-g (p< 0.001) and gut sIgA
(p < 0.001) as compared to their baseline test results. In contrast, there were no significant differences in
the serum IL-4, IL-10, IgA, IgG or IgM between the probiotics and the placebo groups. Results of this study
demonstrated that probiotics were safe and effective for fighting the common cold and influenza-like
respiratory infections by boosting the immune system.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

The intestinal microbiota is an ecosystem containing tens of
trillions of microorganisms including many species of known bac-
teria. Bacterial cells outnumber human cells in the body by
approximately ten times with 10e100 trillion microbes living in the
gastrointestinal (GI) tract alone [1,2]. Probiotics are “live microor-
ganisms which could possess a health benefit on the host when
administered in appropriately adequate amounts” [3]. A number of
genera of bacteria and yeasts are used as probiotics, including
Lactobacillus, Bifidobacterium, Leuconostoc, Pediococcus, and
.K. Dannelly).
nications Co., Ltd.
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Enterococcus. Species belonging to the genera Lactobacillus and
Bifidobacterium are found as a part of the gastrointestinal normal
microflora; they are safe and widely used in yogurts and other dairy
products [4,5]. There are no universal probiotic strains that could
meet all clinical needs [3]. Health benefits derived from the con-
sumption of foods containing probiotic bacteria, such as Lactoba-
cillus casei, Lactobacillus acidophilus, and Bifidobacterium spp., have
been well studied and reviewed. The probiotics health benefits
include controlling gastrointestinal infections, improvement in
lactose metabolism, anticarcinogenic and antimutagenic proper-
ties, cholesterol reduction, immune system stimulation, and
improvement in inflammatory bowel disease [6].

The immune system is complex and needs to be maintained and
constantly stimulated by antigens in order to recognize and
neutralize pathogens efficiently. The immune system can be
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classified into subsystems, such as, innate immunity versus adap-
tive immunity or humoral immunity versus cell-mediated immu-
nity. Probiotics play a role in balancing the host defensive
mechanism including innate and adaptive immune responses.
Probiotics should be safe for use and benefit the host colonic mu-
cosa and systemic immunity by definition [7]. The mechanism of
how probiotics work on the host organism and immune system is
complicated and still not fully elucidated. However, it is believed
that probiotics could promote the production of bacteriocins and
short chain fatty acids, lower gut pH, complete available nutrients
in the colon, colonization site interference, colonize and compete
for binding sites on gut epithelial cells, stimulate mucosal barrier
function and modulate the immune system [8]. There are
numerous studies which demonstrated that probiotics stimulate
the innate and acquired immune response by inducing secretory
and systemic IgA secretion, promoting phagocytosis, modifying T-
cell responses, maintaining the homeostasis of Th1 and Th2 activ-
ities by enhancing Th1 responses and attenuating Th2 responses
[9e11]. Animal and human clinical studies showed the various
Lactobacillus strains modified the Th1 responses by the induction of
IFN-g, IL-2 and tumor necrosis factor (TNF)-b [12e17]. Several an-
imal studies demonstrated the reduction of IL-4, IL-5, IL-10, and IL-
13 by either oral feeding or intraperitoneal injection with Lacto-
bacillus casei, Bifidobacterium animalis, or Bifidobacterium breve
[15,18,19]. Several animal and human clinical studies showed the
induction of serum IgA and IgA secreting cells by either Lactoba-
cillus or Bifidobacterium strains [20e23].

Numerous human and animal studies have been conducted and
suggest that probiotics are safe and effective for clinical application
on human diseases, such as antibody-associated diarrhea [24,25],
inflammatory bowel disease [26], ulcerative colitis [27], GI tumors
[28], allergy and eczema [17,19,29,30], and virus infection [31,32]. A
randomized, double-blind, placebo-controlled study showed the
reduction of the incidence of the common cold, the duration of the
common cold symptoms and the pharyngeal symptoms that
accompany the common cold by consumption of Lactobacillus
plantarum HEAL 9 and Lactobacillus paracasei 8700 [32]. Lactoba-
cillus acidophilus has been used as a live vehicle for oral immuni-
zation against chicken anemia virus [33]. A murine study showed
that milk fermented with Lactobacillus casei and Lactobacillus aci-
dophilus could be used as a prophylactic against gastrointestinal
infections caused by Shigella [34]. Also yogurt supplemented with
Lactobacillus acidophilus and Bifidobacterium spp. stimulated the
mucosal and systemic IgA responses to the cholera toxin immu-
nogen [35].
2. Materials and methods

2.1. Participants

Subjects were recruited from Beijing Chaoyang Hospital in the
city of Beijing, China. The inclusion criteria were: male or female,
25e45 years old, succumbed to the common cold or influenza at
least four times in the past calendar year, fully understood the risks
and potential benefits of participation in this study, and signed
informed consent forms before entering the study. Subjects were
excluded if: they were diagnosed with decreased immunity caused
by any diagnosed chronic illness, they had any GI illness with
medical treatment when being enrolled, they had any diagnosed
respiratory illness with symptoms similar to the common cold or
influenza, they were currently taking any pain medication, they
received any vaccine for upper respiratory infectionwithin 6month
before enrollment, they received any purgative drug or digestion-
related drug two weeks prior to enrollment, they took any dairy
product containing prebiotics and probiotics ten days prior to
enrollment, they took any preventive drug for upper respiratory
infection, they received any drug which may impact the immune
system (such as antibiotics) three months before enrollment, they
were alcoholic or drug addicted, they were pregnant or breast-
feeding mothers, or they participated in another clinical trial three
months prior to enrollment.

2.2. Study design

This study was a single center, randomized, double-blind, pla-
cebo-controlled, prospective trial with a 12-week probiotics inter-
vention. Any changes inmedication, health status or adverse events
were recorded. All probiotic products except the test drink were
forbidden during the entire study. All subjects were given a list of
probiotic foods and supplements available in the market to ensure
that no forbidden products were consumed. The Human Ethics
Committee of Beijing Chaoyang Hospital approved the study pro-
tocol. All subjects provided written informed consent.

2.3. Sample size and randomization

Subjects (136) were screened, randomized and enrolled; 67
subjects completed each group with one dropout per group. Sub-
jects were assigned to the groups randomly by the physician and
the intervention began immediately following randomization. The
subjects, the investigators, the physicians, the study nurses and
other study personnel were blinded using randomization codes
andwere kept confidential until the end of the data analysis. With a
power of 80% and at a significance level of 0.05, the difference
between the groups would be statistically significant with 60
subjects per group.

2.4. Cultures and probiotic drink

All bacterial strains were supplied as a lyophilized powder from
Chr. Hansen (Hørsholm, Denmark). Cultures and were stored at
(�18 �C). Lactobacillus casei 431® and L. paracasei cultures were
grown on LCmedium (Land Bridge, Beijing. China) and Lactobacillus
fermentum PCC® was grown on MRS (de Man, Rogosa and Sharpe)
agar with tetracycline (tetracycline hydrochloride, Sigma Chemical
Company, T-8032) at 37 �C for 3 days. The yogurt drink was fer-
mented from milk (homogeneous, pasteurized at 90e95 �C for
5e10min, then cooled to 42e43 �C) (800 g L�1), glucose (10 g L�1),
and sucrose (Hangzhou Weichuan Foods Company, LTD, Shanghai,
China) (70 g L�1) plus the starter culture. Starter culture consisted
of Lactobacillus bulgaricus and Streptococcus thermophiles.

Placebo yogurt drink: The placebo yogurt was fermented by
starter culture only. The starter culture contained 1� 105 CFUml�1

Lactobacillus bulgaricus and 1� 1010 CFUml�1 Streptococcus ther-
mophiles. After fermentation for seven hours, stirring and cold
storage, the placebo yogurt contained starter culture at
2� 107 CFUml�1. The shelf life of the placebo yogurt drink was 28
days when stored at 4 �C. The starter culture remaining in the
placebo yogurt after 28 days in storage was 5� 106 CFUml�1.

Probiotic yogurt drink: The probiotic yogurt contained starter
culture at 2� 107 CFUml�1 plus Lactobacillus paracasei at
1� 108 CFUml�1, L. casei 431® at 1� 108 CFUml�1 and Lactobacillus
fermentum PCC® at 6� 107 CFUml�1, otherwise the procedures
were the same for preparation. The shelf life of the probiotic yogurt
drink was 28 days in cold storage (4 �C) after which it contained
starter culture (5� 106 CFUml�1), Lactobacillus paracasei at
3� 107 CFUml�1, L. casei 431® at 3� 107 CFUml�1 and Lactobacillus
fermentum PCC® at 3� 106 CFUml�1.
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2.5. Interventions

During the intervention, all subjects received once daily doses;
probiotic drink (150mL) or placebo drink (150mL) was adminis-
tered after lunch for a total of 12 weeks. Subject compliance was
followed by daily questionnaires.
2.6. Collection of blood and fecal samples

Blood and fecal samples were collected at two time points:
baseline, before the intervention began, and at 12 weeks, at the
conclusion of the study. Fecal samples were collected into two
plastic tubes and immediately frozen at �20 �C for the fecal sIgA
analysis. At each time point, 5.0mL of blood was drawn for IFN-g,
IL-4, IL-10, IgA, IgG and IgM analysis, and 2.0mL for the complete
blood count analysis.
Fig. 2. Incidence of subjects with URI with fever, subjects with URI without fever,
subjects who took medication, subjects who missed work due to URI (percentages) (*
indicates statistical significance).
2.7. Statistical analysis

Descriptive statistics were provided for baseline subject char-
acters and outcome variables by study groups. Mean and standard
deviation (SD) were reported for continuous variables; frequency
and percentage were reported for categorical variables.

Incidence of flu-like illness and upper respiratory infection
(URI), as well as, medical treatments and absence fromwork due to
flu-like illness and URI during the study were calculated for each
study group. The difference between study groups in these vari-
ables was evaluated using logistic regression models.

For continuous outcomes (IL-4, IL-10, IFN-g, IgA, IgG, IgM and
sIgA concentrations) differences between study groups were
Fig. 1. Flowchart of the study parti

Table 1
Differences of demographic, body condition and the incidence of the common cold at ba

Baseline Placebo (n¼ 67)

Sex
male 33 (49.3%)
Female 34 (50.7%)

Age(year) 32.6± 6.5
Body weight(KG) 68.3± 11.2
Height(cm) 166.9± 7.1
BMI 24.4± 2.8
Body temperature(�C) 36.3± 0.2
Systolic (mm Hg) 127.4± 5.3
Diastolic (mm Hg) 79.0± 4.0
Incidence of the common cold and flu in the past calendar year 4.9± 0.9
History of smoking 8 (11.9%)
History of alcohol use 14 (20.9%)
evaluated using F-test; pre- and post-intervention difference
within each study group was evaluated using paired t-test.

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.
3. Results

A total of 136 participants (25e45 years old) who sustained
common cold or influenzaelike respiratory illness (collectively
upper respiratory infections (URI)) at least four times in the
cipants throughout the study.

seline between the placebo and investigational groups (p> 0.05) (n¼ 134).

Probiotic (n¼ 67) All subjects(n¼ 134) Group difference (p value)

33 (49.3%) 66 (49.3%) N/A
34 (50.7%) 68 (50.7%)
34.3± 6.0 33.4± 6.3 0.118
68.7± 11.6 68.5± 11.3 0.838
167.3± 8.4 167.1± 7.8 0.791
24.4± 2.9 24.4± 2.9 0.913
36.3± 0.2 36.3± 0.2 0.684
126.7± 7.2 127.1± 6.3 0.504
78.6± 5.1 78.8± 4.6 0.665
4.7± 0.8 4.8± 0.9 0.313
9 (13.4%) 17 (12.7%) 0.795
11 (16.4%) 25 (18.7%) 0.507



Fig. 3. Incidence of study participants with URI with and without probiotics (per-
centages) (* indicates statistical significance).

Fig. 4. Duration, severity, days of medication, and sick leave days (Panels aed, respect
significance).
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previous year were enrolled; 67 participants completed the trial
from each group (Fig. 1). The gender ratio of completed participants
was 66 males to 68 females (49.3%:50.7%) (Table 1). There were a
total of two dropouts during the study, one from each group.

Statistically significant differences between the two groups
regarding the incidence of upper respiratory infection during the
study are presented in Supplemental Table 1. There were a total of
14 participants (11 from the placebo group (16.4%) and 3 from the
investigational group (4.5%), p< 0.034) who had an influenza-like
illness with body temperature higher than 38 �C and at least one
of the URI symptoms, such as cough, nasal congestion, headache, or
muscle pain, etc. There were a total of 38 participants (25 from the
placebo group (37.3%) and 13 from the investigational group
(19.4%), p< 0.023) who had no fever but showed at least one of the
URI symptoms during the study. There were a total of 27 partici-
pants (24 from the placebo group (35.8%) and 3 from the investi-
gational group (4.5%), p< 0.001) who received drug treatment for
their URI symptoms during the study. Even though there were 3
participants from the placebo group that missed work and one
participant from investigational group that missedwork due to URI,
there was no statistically significant difference between the two
groups. The incidence of URI with and without flu and fever is
presented in Fig. 2.
ively) in each group with URI symptoms (Total participants) (* indicates statistical
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The results (Supplemental Table 2) showed that the differences
between the groups during the trial with no incidence of URI, with
one incidence of URI, and with two incidences of URIl are statisti-
cally significant (p< 0.004). Supplemental Table 2 shows the
average cases of URI without flu among the placebo and probiotics
groups; the total cases of URI among the individuals who received
probiotics were less than half that of the placebo group (Fig. 3). The
ANOVA test showed significantly fewer incidences of common
cold/flu in the probiotics investigational group than the placebo
group (p< 0.002). FISHER statistical method was used for the
analysis.

The results (Supplemental Table 3) showed that the average
days of URI symptoms, total scores of severity of URI symptoms,
and the average days receiving medicine (Fig. 4, panel aec) during
the trial, counting all participants. The probiotics group is statisti-
cally less than the placebo group (p< 0.001, p< 0.001 and
p< 0.002, accordingly). However, the average days of sick leave
between the two groups (Fig. 4, panel d) did not show any
Fig. 5. Duration, severity, days of medication, and sick leave days (Panels aed, respectively)
indicates statistical significance).
significant differences (p< 0.074). ANOVA statistical method was
used for the analysis.

The results (Supplemental Table 4) showed that the average
days of having URI symptoms and total scores of severity of URI
symptoms (Fig. 5, panel a, b) during the trial when counting only
participants with URI in the probiotics group are statistically less
than in the placebo groups (p< 0.002 and p< 0.028, respectively).
However, the average days receivingmedicine and the average days
of sick leave (Fig. 5, panels c, d) between the two groups did not
show any significant differences (p< 0.064 and p< 0.290, respec-
tively). ANOVA statistical method was used for the analysis.

Participants in the probiotics group showed significantly higher
levels of serum IFN-g than the placebo group at the end of the
probiotics intervention (Table 2, Fig. 6) (p< 0.001) but without
significant differences at baseline (p< 0.654). Also, participants in
the probiotics group showed significantly increased serum IFN-g
levels after probiotics intervention compared to baseline levels
(Table 2) (p< 0.001). ANOVA and paired t-test statistical method
22.80

in each group with URI symptoms (Only participants with common cold/flu counted) (*



Table 2
Fecal sIgA level and serum immune markers at baseline and after intervention; mean value± standard deviation, differences between groups (ANOVA).

Blood index Placebo Investigational Group difference (p value)

Baseline human interleukin 4(IL-4) (ng/ml) 0.77± 0.09 0.79± 0.10 0.261
human interleukin10(IL-10) (pg/ml) 25.03± 1.31 25.11± 1.22 0.716
interferon IFN-g (pg/ml) 121.97± 16.35 123.25± 16.59 0.654
immunoglobulin A IgA (g/L) 2.12± 0.51 2.15± 0.53 0.706
immunoglobulin G IgG (g/L) 12.08± 2.05 11.84± 1.97 0.501
immunoglobulin M IgM (g/L) 1.10± 0.45 1.07± 0.37 0.688
sIgA(ng/ml) 39.71± 23.93 39.35± 23.73 0.930

After intervention human interleukin 4 IL-4(ng/ml) 0.78± 0.09 0.76± 0.09 0.292
human interleukin 10 IL-10(pg/ml) 24.77± 1.11 24.82± 1.06 0.794
interferon IFN-g (pg/ml) 123.09± 17.15 147.10± 17.49 <0.001***
immunoglobulin A IgA (g/L) 2.10± 0.52 2.23± 0.61 0.204
immunoglobulin G IgG (g/L) 11.97± 1.73 12.10± 2.00 0.695
immunoglobulin M IgM (g/L) 1.12± 0.43 1.14± 0.44 0.834
sIgA(ng/ml) 40.09± 26.60 52.93± 29.90 0.010*

Difference before and after intervention(after intervention-baseline) human interleukin 4 IL-4(ng/ml) 0.01± 0.13 �0.03± 0.12 0.061
human interleukin 10 IL-10(pg/ml) 0.25± 1.71 0.29± 1.52 0.886
interferon IFN-g (pg/ml) 1.11± 22.67 23.84± 23.51 <0.001***
immunoglobulin A IgA (g/L) �0.01± 0.31 0.08± 0.49 0.212
immunoglobulin G IgG (g/L) �0.10± 1.40 0.26± 1.57 0.164
immunoglobulin M IgM (g/L) 0.02± 0.29 0.07± 0.30 0.372
sIgA(ng/ml) 0.38± 15.32 13.59± 20.99 <0.001**

*: p < 0.05; **: p < 0.01; ***: p < 0.001; no mark ¼ p � 0.05.

147.10

Fig. 6. Serum IFN-g level at baseline and after probiotic intervention (* indicates
statistical significance).
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were used for the analysis.
Participants in the probiotics group showed significantly higher

levels of fecal sIgA than the placebo group at the end of probiotics
intervention (Table 3, Fig. 7) (p< 0.001) but without significant
differences at baseline (p< 0.930). Also, participants in the pro-
biotics group showed significantly increased fecal sIgA levels after
probiotics intervention compared to baseline (Table 2) (p< 0.001).

The test results of serum IL-4, IL-10, IgA, IgG and IgM did not
show any statistically significant difference between the two
groups, baseline and after the probiotics intervention (Table 2).

Only one participant in the probiotics group experienced the
adverse event of diarrhea that was attributed to the probiotics used
in the study and the participant was withdrawn from the trial by
the investigators (Supplemental Table 5). One participant in the
placebo group experienced increased defecation and bowel sounds
leading to withdrawal by the investigators. The symptoms of URI
due to the common cold or flu are listed as adverse events but are
also the primary outcome measures by design. Those incidences of
the common cold and flu are not related to the study products.
The complete blood count showed no statistical differences

between the two study groups (data not shown).

4. Discussion

The findings of our study indicate that the combination of
probiotics (Lactobacillus paracasei, Lactobacillus casei 431® and
Lactobacillus fermentum PCC®) could reduce the incidence of the
upper respiratory infection, which is possible by increasing the
level of IFN-g in the blood and sIgA in the gut. The safety of pro-
biotics (Lactobacilli and Bifidobacterium) that have been used in
food supplements have been demonstrated by numerous clinical
studies [36,37]. The Th1 response is characterized by the produc-
tion of IFN-g, which activates the bactericidal activities of macro-
phages, induces B cells to make opsonizing and complement-fixing
antibodies, and leads to cell-mediated immunity. In contrast, the
probiotics combination did not show any statistically significant
effect on changing the level of IL-4 and IL-10 indicating that Th2
helper cells were not activated during the probiotics intervention.
(Th2 cells produce IL-4, which facilitates B cell isotype switching.)
Nor did the probiotics combination have any impact on the level of
IgA, IgG and IgM, which must be explained as the combination of
probiotics in this study have little or no activation of Th2 cells.

Numerous studies have illustrated the effects of the intestinal
microflora on the functioning immune response, therefore, it seems
reasonable that changing the microflora with probiotics could
potentially modulate the immune response and, in fact, improve
the immune status of individuals. Live probiotic cultures can induce
mucin expression, phagocytosis and modulate cytokine profiles.
The induction effects can also be seen when using specific parts of
the probiotic cells, such as, peptidoglycan, LPS or DNA, without the
whole live bacteria. Yet, the immune stimulation and cytokine
expression is strain specific, may vary with Gram positive and Gram
negative bacteria, and also may vary with mixtures of the probiotic
bacteria.

Further randomized, controlled studies, including a larger
number of subjects and a healthy group of participants, should be
performed to understand the immunomodulatory effects of
selected probiotics and its consequences in terms of disease pre-
vention. Though there is good evidence that probiotics stimulate



Table 3
Group differences in serum immune biomarkers and fecal sIgA at baseline and group differences after intervention (paired t-test).

Blood index Placebo Investigational

Mean difference before and
after intervention(after
intervention-baseline)

Difference before and after(p
value)

Mean difference before and
after intervention(after
intervention-baseline)

Difference before and after(p
value)

human interleukin 4(IL-4) (ng/ml) 0.01 0.640 �0.03 .068
human interleukin 10(IL-10) (pg/ml) �0.26 0.223 �0.29 .128
interferon IFN-g (pg/ml) 1.11 0.689 23.84 <.001***
immunoglobulin A IgA (g/L) �0.02 0.678 0.08 .213
immunoglobulin G IgG (g/L) �0.11 0.533 0.25 .189
immunoglobulin M IgM (g/L) 0.02 0.520 0.07 .070
sIgA(ng/ml) 0.38 0.841 13.59 <0.001***

***: p < 0.001; no mark ¼ p � 0.05.

Fig. 7. Fecal sIgA level at baseline and after probiotic intervention (* indicates statis-
tical significance).
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the immune system, additional in vivo studies are needed to
confirm that probiotic-mediated immune stimulation can promote
prolonged resistance to various infections and diseases in humans.
5. Compliance with ethical standards

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent: “Informed consent was ob-
tained from all individual participants included in the study. No
authors had any conflict of interest while participating in this study.
No animals were used by any authors while participating in this
study.
Declarations of interest

None.
Acknowledgements

Funding for this study was received from Hangzhou Weiquan
Foods Co., LTD R&D Center, 1688Wu Zhong Road, Minhang District,
Shanghai, China 201100.
Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.synbio.2018.03.001.

References

[1] Turnbaugh PJ, Ley RE, Hamady M, Fraser Liggett CM, Knight R, Gordon JI. The
human microbiome project. Nature 2007;449(7164):8104e8.

[2] Xu J, Gordon JI. Honor thy symbionts. Proc Natl Acad Sci USA 2003;100(18):
10452e9.

[3] Reid Gregor, Jass Jana, Sebulsky Tom, McCormick John K. Potential uses of
probiotics in clinical practice. Clin Microbiol Rev 2003;16(4):658e72.

[4] Gibson GR, Beatty EH, Wang X, Cummings JH. Selective stimulation of bifi-
dobacteria in the human colon by oligofructose and inulin. Gastroenterology
1995;106:975e82.

[5] Christl SU, Gibson GR, Cummings JH. Role of dietary sulphate in the regulation
of methanogenesis in the human large intestine. Gut 1992;33:1234e8.

[6] Aurelia P, Capursob L, Castellazzic AM, Clericid M, Giovanninie M, Morellif L,
Polig A, Pregliascoh F, Salvinii F, Zuccottil GV. Probiotics and health: an
evidence-based review. Pharmacol Res 2011;63:366e76.

[7] Famularo G, Moretti S, Marcellini S, De Simone C. Stimulation of immunity by
probiotics. In: Fuller R, editor. Probiotics:therapeutic and other beneficial ef-
fects. London: Chapman and Hall; 1997. p. 133e61.

[8] Shah NP. Functional cultures and health benefits. Int. Dairy J 2007;17:
1262e77.

[9] Guarner F, Malagelada JR. Gut flora in health and disease. Lancet
2003;361(9356):512e9.

[10] McNaught CE, MacFie J. Probiotics in clinical practice: a critical review of the
evidence. Nutr Res 2001;21(1e2):343e53.

[11] Isolauri E, Sütas Y, Kankaanp€a€a P, Arvilommi H, Salminen S. Probiotics: effects
on immunity. Am J Clin Nutr 2001;73(2):444Se50S.

[12] Clancy R. Immunobiotics and the probiotic evolution. FEMS Immunol Med
Microbiol 2003;38:9e12.

[13] Spanhaak S, Havenaar R, Schaafsma G. The effect of consumption of milk
fermented by Lactobacillus casei strain Shirota on the intestinal microflora and
immune parameters in humans. Eur J Clin Nutr 1998;52:899e907.

[14] Matsuzaki T. Immunomodulation by treatment with Lactobacillus casei strain
Shirota. Int J Food Microbiol 1998;41:133e40.

[15] Shida K, Makino K, Morishita A, Takamizawa K, Hachimura S, Ametani A,
Sato T, Kumagai Y, Habu S, Kaminogawa S. Lactobacillus casei inhibits antigen-
induced IgE secretion through regulation of cytokine production in murine
splenocyte cultures. Int Arch Allergy Immunol 1998;115:278e87.

[16] Yan F, Polk DB. Probiotic bacterium prevents cytokine-induced apoptosis in
intestinal epithelial cells. J Biol Chem 2002;277:50959e65.

[17] Prescott SL, Wickens K, Westcott L, Jung W, Currie H, Black PN, Stanley TV,
Mitchell EA, Fitzharris P, Siebers R, Wu L, Crane J, Black P, Green C, Jones B,
Lampshire P, Lester S, Mitchell E, Molloy S, Nagles H, Nicholson A, Purdie G,
Stanley T. Supplementation with Lactobacillus rhamnosus or Bifidobacterium
lactis probiotics in pregnancy increases cord blood interferon-g and breast
milk transforming growth factor-b and immunoglobulin A detection. Clin Exp
Allergy 2008;38:1606e14.

[18] Ezendam J, DeKlerk A, Gremmer ER, van Loveren H. Effects of Bifidobacterium
animalis administered during lactation on allergic and autoimmune responses
in rodents. Clin Exp Immunol 2008;154:424e31.

[19] Hougee S, Vriesema AJM, Wijering SC, Knippels LMJ, Folkerts G, Nijkamp FP,
Knol J, Garssen J. Oral treatment with probiotics reduces allergic symptoms in
ovalbumin sensitized mice: a bacterial strain comparative study. Int Arch
Allergy Immunol 2010;151:107e17.

[20] Kaila M, Isolauri E, Saxelin M, Arvilommi H, Vesikari T. Viable versus inacti-
vated Lactobacillus strain GG in acute rotavirus diarrhoea. Arch Dis Child
1995;72:51e3.

[21] Majamaa H, Isolauri E, Saxelin M, Vesikari T. Lactic acid bacteria in the

https://doi.org/10.1016/j.synbio.2018.03.001
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref1
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref1
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref1
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref2
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref2
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref2
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref3
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref3
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref3
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref4
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref4
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref4
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref4
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref5
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref5
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref5
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref6
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref6
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref6
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref6
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref7
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref7
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref7
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref7
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref8
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref8
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref8
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref9
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref9
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref9
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref10
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref10
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref10
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref10
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref11
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref11
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref11
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref11
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref12
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref12
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref12
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref13
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref13
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref13
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref13
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref14
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref14
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref14
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref15
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref15
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref15
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref15
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref15
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref16
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref16
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref16
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref17
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref18
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref18
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref18
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref18
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref19
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref19
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref19
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref19
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref19
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref20
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref20
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref20
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref20
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref21


H. Zhang et al. / Synthetic and Systems Biotechnology 3 (2018) 113e120120
treatment of acute rotavirus gastroenteritis. J Pediatr Gastroenterol Nutr
1995;20:333e8.

[22] Gill HS. Probiotics to enhance anti-infective defences in the gastrointestinal
tract. Best Pract Res Clin Gastroenterol 2003;17:755e73.

[23] De Vrese M, Rautenberg P, Laue C, Koopmans M, Herremans T, Schrezenmeir J.
Probiotic bacteria stimulate virus-specific neutralizing antibodies following a
booster polio vaccination. Eur J Nutr 2005;44:406e13.

[24] Shah NP. Probiotics and prebiotics. Agro Food Ind Hi-Tech 2004;15:13e6.
[25] Weichselbaum E. Probiotics and health: a review of the evidence. Nutr Bull

2009;34:340e73.
[26] Amit-Romach E, Uni Z, Reifen R. Multistep mechanism of probiotic bacterium,

the effect on innate immune system. Mol Nutr Food Res 2010;54:277e84.
[27] Amit-Romach E, Uni Z, Reifen R. Therapeutic potential of two probiotics in

inflammatory bowel disease as observed in the trinitrobenzene sulfonic acid
model of colitis. Dis Colon Rectum 2008;51:1828e36.

[28] Commane D, Hughes R, Shortt C, Rowland I. The potential mechanisms
involved in the anti-carcinogenic action of probiotics. Mutat Res 2005;591:
276e89.

[29] Roessler A, Friedrich U, Vogelsang H, Bauer A, Kaatz M, Hipler UC, Schmidt I,
Jahreis G. The immune system in healthy adults and patients with atopic
dermatitis seems to be affected differently by a probiotic intervention. Clin
Exp Allergy 2008;38:93e102.

[30] Wickens K, Black PN, Stanley TV, Mitchell E, Fitzharris P, Tannock GW,
Purdie G, Crane J. A differential effect of 2 probiotics in the prevention of
eczema and atopy: a double-blind, randomized, placebo controlled trial.
J Allergy Clin Immunol 2008;122:788e94.
[31] Gabryszewski SJ, Bachar O, Dyer KD, Percopo CM, Killoran KE,
Domachowske JB, Rosenberg HF. Lactobacillus-mediated priming of the res-
piratory mucosa protects against lethal pneumovirus infection. J Immunol
2011;186:1151e61.

[32] Berggren A, Lazou Ahren I, Larsson N, Onning G. Randomised, double-blind
and placebo controlled study using new probiotic lactobacilli for strength-
ening the body immune defence against viral infections. Eur J Nutr 2011;50:
203e10.

[33] Moeini H, Rahim RA, Omar AR, Shafee N, Yusoff K. Lactobacillus acidophilus as
a live vehicle for oral immunization against chicken anemia virus. Appl
Microbiol Biotechnol 2011;90:77e88.

[34] Nader De Macias ME, Apella MC, Romero NC, Gonzalez SN, Oliver G. Inhibition
of Shigella sonnei by Lactobacillus casei and Lactobacillus acidophilus. J Appl
Bacteriol 1992;73:407e11.

[35] Tejada-Simon MV, Lee JH, Ustunol Z, Pestka JJ. Ingestion of yogurt containing
Lactobacillus acidophilus and Bifidobacterium to potentiate immunoglobulin a
responses to cholera toxin in mice. J Dairy Sci 1999;82:649e60.

[36] Barlow S, Chesson A, Collins JD, Dybing E, Flynn A, Fruijtier-P€olloth C, Hardy A,
Knaap A, Kuiper H, Neindre PL, Schans J, Schlatter J, Silano V, Skerfving S,
Vannier P. Introduction of a qualified presumption of safety (QPS) approach
for assessment of selected microorganisms referred to EFSA. Opinion of the
Scientific Committee. EFSA J 2007;587:1e16.

[37] Jansen WT, van der Bruggen JT, Verhoef J, Fluit AC. Bacterial resistance: a
sensitive issue complexity of the challenge and containment strategy in
Europe. Drug Resist Update 2006;9:123e33.

http://refhub.elsevier.com/S2405-805X(18)30003-6/sref21
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref21
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref21
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref22
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref22
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref22
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref23
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref23
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref23
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref23
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref23
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref24
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref24
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref25
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref25
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref25
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref26
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref26
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref26
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref27
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref27
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref27
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref27
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref28
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref28
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref28
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref28
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref29
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref29
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref29
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref29
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref29
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref30
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref30
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref30
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref30
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref30
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref31
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref31
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref31
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref31
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref31
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref32
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref32
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref32
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref32
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref32
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref33
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref33
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref33
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref33
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref34
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref34
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref34
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref34
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref35
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref35
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref35
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref35
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref36
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref37
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref37
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref37
http://refhub.elsevier.com/S2405-805X(18)30003-6/sref37

	Prospective study of probiotic supplementation results in immune stimulation and improvement of upper respiratory infection ...
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Study design
	2.3. Sample size and randomization
	2.4. Cultures and probiotic drink
	2.5. Interventions
	2.6. Collection of blood and fecal samples
	2.7. Statistical analysis

	3. Results
	4. Discussion
	5. Compliance with ethical standards
	Declarations of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


