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Abstract

Ingestion of probiotics appears to have modest effects on the incidence of viral respiratory infection. The mechanism
of these effects is not clear; however, there is evidence from animal models that the probiotic may have an effect
on innate immune responses to pathogens. The purpose of this randomised, placebo-controlled study was to
determine the effect of administration of Bifidobacterium animalis subspecies lactis Bl-04 on innate and adaptive
host responses to experimental rhinovirus challenge. The effect on the response of chemokine (C-X-C motif)
ligand 8 (CXCLS) to rhinovirus infection was defined as the primary endpoint for the study. 152 seronegative
volunteers who had been supplemented for 28 days, 73 with probiotic and 79 with placebo, were challenged with
RV-A39. Supplement or placebo administration was then continued for five days during collection of specimens
for assessment of host response, infection, and symptoms. 58 probiotic and 57 placebo-supplemented volunteers
met protocol-defined criteria for analysis. Probiotic resulted in higher nasal lavage CXCL8 on day 0 prior to virus
challenge (90 vs 58 pg/ml, respectively, P=0.04, ANCOVA). The CXCLS8 response to rhinovirus infection in nasal
lavage was significantly reduced in the probiotic treated group (P=0.03, ANCOVA). Probiotic was also associated
with a reduction in nasal lavage virus titre and the proportion of subjects shedding virus in nasal secretions (76%
in the probiotic group, 91% in the placebo group, P=0.04, Fisher Exact test). The administration of probiotic did
not influence lower respiratory inflammation (assessed by exhaled nitric oxide), subjective symptom scores, or
infection rate. This study demonstrates that ingestion of Bl-04 may have an effect on the baseline state of innate
immunity in the nose and on the subsequent response of the human host to rhinovirus infection. Clinicaltrials.gov
registry number: NCT01669603.
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1. Introduction

Probiotics are non-pathogenic living organisms that are
ingested with the intent of providing a health benefit. The
use of probiotics for treatment or prevention of illnesses
related to intestinal infection or inflammation has been
the primary focus of the use of these agents but recent
studies have reported that ingestion of probiotics may be

beneficial for prevention of upper respiratory illnesses (Hao
et al., 2015). Systematic reviews of the use of probiotics for
upper respiratory illnesses note that, while there appear to
be modest effects on the incidence of illness, information
about the role of probiotic bacterial strain and dose, efficacy
in healthy adult populations, and mechanism of action
against specific viral pathogens is incomplete (Esposito et
al., 2014; Lehtoranta et al., 2014).
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While potential mechanisms for an effect of probiotics on
respiratory infection have not been defined, the interactions
between the human microbiome and innate and adaptive
immunity appear to be robust and complex (Winkler et
al., 2007). The pathogenesis of common cold symptoms
associated with rhinovirus infection is related to the innate
inflammatory response to the virus. Multiple studies
have demonstrated that nasal lavage concentrations of
inflammatory cytokines, especially chemokine (C-X-C
motif) ligand 8 (CXCLS), and the inflammatory response
in the nose correlate with symptom severity (Barrett et
al., 2006; Proud, 2008). Thus, interaction between the gut
microbiome and the innate immune system is a potential
mechanism by which a probiotic might affect viral upper
respiratory disease. Studies in animal models suggest that
the gut microbiome provides a low-level stimulation to the
innate immune system that modulates the susceptibility of
the host to viral infection (Pang and Iwasaki, 2012). The
concept that innate ‘tone’ can be altered by non-pathogenic
organisms to modify the host response to the viral infection
was examined in this study of the effect of probiotics on
host responses to rhinovirus infection.

Bifidobacterium animalis subsp. lactis Bl-04 (BI-04) has
been previously reported to decrease the risk of upper
respiratory illness in the natural setting (West et al., 2014b).
However, an extensive analysis of cytokines and immune
cell profiles in plasma revealed no differences attributable to
the probiotic in healthy individuals (West et al., 2014a). The
purpose of this study was to conduct a detailed assessment
of the effect of ingestion of Bl-04 on the host response to
rhinovirus infection in the upper respiratory tract of human
volunteers using the experimental rhinovirus challenge
model.

2. Methods
Subjects

Healthy adult volunteers were recruited from the University
of Virginia (UVa) community. This study was reviewed
and approved by the by the Institutional Review Board
for Health Sciences Research at the University of Virginia.
Written informed consent was obtained prior to study
participation and the study was conducted in compliance
with Good Clinical Practices and in accordance with the
Declaration of Helsinki. Subjects were compensated for
participation. Volunteers susceptible to rhinovirus type 39,
as evidenced by a serum neutralising antibody titre of <1:4,
were invited to participate. Volunteers who had significant
underlying respiratory or gastrointestinal disease, an acute
illness, or any condition that would potentially compromise
assessment of the study endpoints were excluded. The
complete inclusion/exclusion criteria are provided in the
Supplementary material.

Study material

The probiotic supplement was Bl-04 (Danisco US, Madison,
WI, USA). The daily dose of probiotic was provided in a
sachet containing a minimum of 2x10° cfu of Bl-04 mixed
with 1 g of sucrose as a carrier. The placebo was provided
as a sachet containing 1 g of sucrose that was identical to
the study product in appearance, smell, and taste. Subjects
were advised to mix the study product into drink that
was not hot or alcoholic. The probiotic and placebo were
randomised in a 1:1 allocation ratio by the sponsor using
commercially available software (nQuery Advisor 7.0,
Statistical Solutions, Boston, MA, USA) in blocks of six and
numbered sequentially. All study personnel were blinded
to the randomisation scheme until the study database was
locked. Volunteers were assigned a subject number as they
enrolled in the study and then provided numbered study
product corresponding to their subject number.

Conduct of the study

The study was conducted as a randomised, double-
blind, placebo controlled trial with two parallel arms.
Three cohorts of volunteers, with 55, 61 and 74 subjects
randomised to treatment per cohort, were studied between
January and December, 2013. On day -28 of the study; all
eligible volunteers had a baseline nasal lavage for CXCL8
concentration and analysis of exhaled nitric oxide (eNO)
and then began the supplement. Volunteers returned to the
study site on days -21, -14, and -7 to monitor compliance
with the study protocol. On study day 0, after collection
of eNO, blood for antibody to RV-A39, nasal lavage for
CXCLS8 and viral PCR, and a symptom assessment, all
volunteers were challenged with the study virus. Study
supplement was continued for the next five days during
which the volunteers returned to the study site daily for
assessment of symptoms, eNO, and collection of nasal
lavage for CXCL8 and quantitative viral culture for RV-A39.
Volunteers returned a final time at day 28 for collection
of convalescent serum for antibody to RV-A39. During
the supplementation period, days -28 to 5, the volunteers
were instructed to avoid ingestion of other probiotics or
probiotic containing foods and were prohibited from taking
antibiotics or anti-inflammatory agents.

Assessment of compliance and blinding

Compliance with study supplements was assessed by
counting used sachets of the study products and by qPCR
for Bl-04 on stool specimens collected at day 0. For the
PCR, faecal samples were collected from the subjects
on study day 0 and stored at -80 °C. Samples were
processed to extract DNA and analysed using MagMAX™
Total Nucleic Acid Isolation Kit (Applied Biosystems,
Bridgewater, NJ, USA) followed by PCR inhibitor removal
with OneStep-96™ PCR Inhibitor Removal Kit (Zymo
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Research, Irvine, CA, USA). Bl-04 was quantified from
the samples with strain specific primers (forward primer
5-CTTCCCAGAAGGCCGGGT-3’ and reverse primer
5-CGAGGCCACGGTGCTCATATAGA-3’) using Fast
SYBR Green Master mix (Applied Biosystems) and the ABI-
PRISM FAST 7500 sequencing detection system (Applied
Biosystems) with melt-curve analysis. The detection limit
was approximately 475 genomes per reaction. The adequacy
of study blinding was assessed on day 0, after 28 days of
treatment but prior to virus challenge.

Challenge virus

The challenge virus used for this study was rhinovirus-A39.
This challenge pool was produced under GMP conditions
and was used for this study under FDA IND #15241. All
subjects were inoculated with approximately 100 tissue
culture infectious dose 50 (TCID,) of virus by intranasal
drops.

Virus isolation and serology

Nasal lavage specimens collected on day 0, before virus
challenge, were tested by a multiplex PCR for the detection
of unsuspected viral respiratory infections. Nasal lavage
collected on study days 1-5 was cultured for rhinovirus by
standard methods (Turner et al., 1998). Sera were tested for
neutralising antibody to RV-A39 by a standard microtiter
assay (Gwaltney et al., 1989). Volunteers who had RV-A39
isolated from at least one post-inoculation specimen or had
at least a 4-fold increase in serum neutralising antibody to
RV-A39 were considered infected with the study virus. Viral
titres were determined in the original nasal wash specimens
stored at -80 °C by culturing serial 10-fold dilutions in
microtiter plates of MRC-5 cells as previously described
(Turner et al., 1999).

Symptom assessment

Symptom scoring was done daily on each of the five days
after virus challenge using the standardised Wisconsin
Upper Respiratory Symptom Survey WURSS-21
questionnaire (Barrett et al., 2005, 2006). This questionnaire
assesses both symptom severity and functional status. The
total symptom score reported in this study includes only
the symptom severity evaluations.

Assessment of airway inflammation

CXCL8 concentration was measured in nasal lavage using
a commercially available ELISA assay (R&D Systems,
Minneapolis, MN, USA) as previously described (Turner
et al., 1998). A panel of cytokines and chemokines
(transforming growth factor (TGF)-B1, granulocyte-
colony stimulating factor (GCSF), granulocyte-macrophage
colony-stimulating factor (GMCSF), interferon (IFN)-y,

interleukin (IL)-1a, IL-12p70, IL-15, chemokine (C-C
motif) ligand (CCL)20, IL-1f, IL-6, IL-10, chemokine
(C-X-C motif) ligand 10 (CXCL10), CCL2, CCL3, CCL5,
tumour necrosis factor (TNF)-a) were measured in nasal
lavage fluid using a commercially available multiplex assay
(Aushon BioSystems, Inc., Billerica, MA, USA). The eNO
was measured with commercially available instruments and
reagents (NIOX MINO, Aerocrine, Inc., New Providence,
NJ, USA). This assay has a functional range of 5-300 ppb.
The measurements were done according to the published
guidelines of the American Thoracic Society (Anonymous,
1999).

Statistical analysis

The primary outcome variable for this study was defined by
the study protocol as comparison of the CXCL8 response
to rhinovirus infection in nasal lavage in the probiotic and
placebo groups. The planned analysis cohort was those
volunteers who were susceptible to RV-A39 by neutralising
antibody titre, had no virus detected in the nasal lavage
on day 0, and who were infected and completed the study.
Based on previous studies (Barrett et al., 2006; Turner et
al., 1998, 1999) a sample size of 60 subjects/treatment arm
was sufficient to detect approximately a 50% reduction
in the change in nasal lavage concentration of CXCLS8 in
response to rhinovirus infection after probiotic treatment
with p_=0.05 (two-sided) and pB:O.Z (one-sided). We
planned to randomise up to 80 subjects per arm to assure
at least 60 subjects per treatment arm in the analysis cohort.
For the secondary comparisons, a Bonferonni two-sided
P<0.05 decision rule was established a priori as the null
hypothesis rejection criterion. A complete description
of the statistical methods for the study is provided as
Supplementary material.

3. Results
Subjects

789 subjects signed consent for participation in the trial.
The study was conducted in three cohorts, two in the spring
of 2013 and one in the fall of 2013. The flow of subjects
through the study is shown in Figure 1. 190 subjects were
randomised to treatment and, after withdrawals and per
protocol exclusions, 115 (58 probiotic, 57 placebo), were
available for analysis. The pivotal analysis for the study was
done on those subjects, 51 probiotic and 55 placebo, who
were infected with rhinovirus. The study population was
drawn primarily from the UVa student population and the
demographics of the study reflect that population. Age,
gender, race and ethnicity were comparable between the
two study groups (Table 1).
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Enrolled: 789

Seropositive to RV39: 348
Met other exclusion criteria: 129
Voluntary withdrawal: 6

| Met screening criteria: 306 |

Met day -28 exclusion criteria: 22
Voluntary withdrawal: 49
Insufficient product supply: 45

| Randomized to treatment: 190 |

@e: 95

Met day 0 exclusion: 18
Voluntary withdrawal: 4

@Ilenged: 73

Wild virus on day 0: 5
Seropositive on day 0: 10

| Analysis cohort: 58 |

@bo: 95

Met day 0 exclusion: 13
Voluntary withdrawal: 3

| Challenged: 79 |

Wild virus on day 0: 11
Seropositive on day 0: 11

| Analysis cohort: 57 |

Figure 1. Enrolment and disposition of study subjects over the course of the study.

Table 1. Demographics of the study participants included in
the data analysis.

Probiotic (n=58) Placebo (n=57) P-value

Gender 0.339
Male 19 (33%) 24 (42%)

Female 39 (67%) 33 (57%)

Race 0.2702
Asian 2 (3%) 8 (14%)

Black 3 (5%) 2 (4%)
White 52 (90%) 46 (81%)
Other 1 (2%) 1 (2%)

Ethnicity 0.8572
Hispanic 3 (5%) 4 (T%)
Non-Hispanic 54 (93%) 52 (91%)

Unknown 1 (2%) 1 (2%)
Age (yrs, mean (SD)) 22 (6) 23 (7) 0.975°

1 Fisher’s Exact test.
2 Pearson Exact test.
3 Wilcoxon Rank Sum test.

Compliance and blinding

Based on counting of used sachets, 5/58 (9%) of probiotic-
treated and 10/57 (18%) of placebo-treated volunteers
missed at least one dose of the study treatment. Two of
the volunteers, both in the probiotic group, missed more
than one dose of treatment. Forty (69%) of 58 probiotic
treatment volunteers had Bl-04 detected in stool on day
0. The majority of volunteers in both treatment groups
believed they were taking the placebo preparation but
there was no evidence of unblinding (P=0.56, Likelihood
Ratio Chi-square test).

Effect of probiotic on nasal inflammatory response to
rhinovirus

Nasal lavage CXCL8 concentrations were comparable in the
probiotic and placebo groups at day -28 prior to probiotic
treatment (medians 130 and 106 pg/ml, respectively). On
day O prior to challenge, the CXCL8 concentrations in the
lavage from placebo-treated volunteers were significantly
decreased from day -28 and were significantly lower than
in the probiotic-treatment group (P=0.04, ANCOVA,
Figure 2A). After rhinovirus infection, the concentration
of CXCLS8 in nasal lavage increased, compared to day 0, in
both treatment groups, but these increases were statistically
significant only for the placebo group on study days 3, 4
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Figure 2. (A) Concentration of chemokine (C-X-C motif) ligand
8 (CXCL8) in the nasal lavage by study day (geometric mean *
95% CI). The concentration on the day of rhinovirus challenge
(day 0) was significantly lower in the placebo group (P=0.04,
ANCOVA). (B) Change in CXCL8 concentration from day 0
prior to virus challenge in volunteers treated with probiotic or
placebo. The overall change from baseline was significantly
greater in the placebo than in the probiotic group geometric
mean ratio, probiotic:placebo=0.65, P=0.03, ANCOVA.

and 5. Comparison of the treatment groups revealed that
the CXCLS8 response to virus infection over the course of
the 5 days after virus challenge was significantly reduced
in the probiotic treatment group (Figure 2B, geometric
mean ratio, probiotic:placebo=0.65, P=0.03, ANCOVA).
The planned pivotal analysis, the change in CXCL8 from
day O to day 3, was not different between the two study
groups (P=0.14).

Evaluation of CXCL10, IL-6, and GCSF in nasal lavage
revealed a pattern similar to that seen for CXCL8 with a
decrease in the nasal lavage concentration between days -28
and 0 in both treatment groups and a significant increase in
the concentration of all three cytokines after virus challenge
(Figure 3). There was no significant effect of the probiotic
on any of these parameters. The concentration of IL-1p
and CCL2 did not change significantly either prior to the
virus challenge or in response to the viral infection. The
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Figure 3. Concentration of (A) chemokine (C-X-C motif) ligand
10 (CXCL10), (B) interleukin 6 (IL-6) and (C) granulocyte-colony
stimulating factor (GCSF) in the nasal lavage of volunteers
treated with probiotic or placebo (geometric mean * 95% Cl).
Rhinovirus challenge was on day 0.

other analytes tested were not consistently detectable in
nasal lavage.

Effect of probiotic treatment on rhinovirus infection and
antibody response

Rhinovirus infection was documented in 51/58 (88%) of the
volunteers challenged in the probiotic treatment group and
55/57 (96%) in the placebo group (P=0.3, Fisher Exact test).
Nasal lavage viral titres over the five days post-challenge
were significantly lower in the probiotic treated subjects
(Figure 4A; P=0.03, ANOVA). Similarly, a post-hoc analysis
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Figure 4. (A) Viral titres in nasal lavage from subjects treated

with probiotic or placebo by day after rhinovirus challenge

(P=0.03, ANOVA, for probiotic vs placebo) and (B) the cumulative

proportion of subjects shedding virus in nasal secretions by

day after virus challenge (P=0.02 logrank test, for probiotic vs
placebo). SEM = standard error of the mean.

found that the time to virus shedding was longer (P=0.02,
logrank test) and the proportion of subjects with virus
shedding was lower (76% in the probiotic group, 91% in the
placebo group, Figure 4B; P=0.04, Fisher Exact test) in the
probiotic treated group. There was no effect of probiotic
on convalescent antibody titre. The median convalescent
antibody titre in both groups was 1:8 (P=0.5, Mann Whitney
test).

Effect of probiotic on lower respiratory tract inflammation

There was a statistically significant increase in the
concentration of eNO in response to rhinovirus infection
in both the probiotic and placebo arms with no significant
difference between the two groups (Figure 5A). A post-hoc
analysis revealed a modest correlation between the peak
eNO concentration after virus challenge and total cough
symptom score (Figure 5B; r .=0.44, P<0.001, Spearman
rank correlation).

A -=- Probiotic -o-Placebo

(pg/mli)

Geometric mean eNO concentration

-28 0 1 2 3 4 5
Study day

S r=04

7 P<0.001

15+

10+

mee o o o

Total cough score for study day 1-5 @

0 25 50 75 100 125 150 175 200
Maximum eNO for study days 1-5 (ppb)

Figure 5. (A) Exhaled nitric oxide (eNO) concentrations in
volunteers treated with probiotic or placebo. (B) Correlation
between peak eNO concentration and total cough symptom
score (r,=0.44, P<0.0001, Spearman rank correlation).

Effect of probiotic treatment on symptom scores

There was no effect of probiotic on symptom severity in this
study. The mean (+ standard error of the mean) respiratory
symptom score for the five days after virus challenge was
9.2 (0.9) in the probiotic group compared to 8.0 (0.6) in the
placebo group. Comparison of total or daily nasal symptom
scores or total or daily rhinorrhoea or nasal obstruction
symptom scores revealed no significant differences between
the probiotic and placebo treatment groups (Figure 6).

Adverse events

Adverse events were recorded for all subjects who were
randomised to treatment (95 probiotic, 95 placebo).
Gastrointestinal adverse events (13 occurrences in 9
subjects) were reported only in the probiotic group
(P<0.01, Fisher exact test). There were no differences in the
occurrence of other adverse events between the treatment
groups. Adverse events in 5 subjects (4 gastrointestinal
and 1 respiratory) were judged to be possibly or probably
related to the study interventions.
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Figure 6. Total symptom scores by study day in volunteers

treated with probiotic or placebo. Rhinovirus challenge was
on day 0. SEM = standard error of the mean.

4. Discussion

This study suggests that ingestion of Bl-04 alters nasal lavage
CXCL8 levels at baseline and has a modest effect on the
inflammatory response to rhinovirus infection. There also
appears to be an effect on rhinovirus replication manifest
by decreased shedding of virus in the nasal secretions.
There was no effect of the probiotic on symptoms or on
the incidence of infection assessed by isolation of virus
and/or seroconversion.

Systematic reviews have documented increasing evidence
that ingestion of probiotics may be useful for reducing the
risk of viral upper respiratory illness (Hao et al., 2015). The
published studies report a variety of different probiotics,
study populations, dosages, supplementation schedules
and endpoints (Lehtoranta ez al., 2014), but do not address
strain or species specificity of the probiotics on immune
function (Hill et al., 2014). In healthy adults B. lactis Bl-04,
the probiotic strain used in this study, was associated with a
significant reduction in the occurrence of upper respiratory
tract illness (West et al., 2014b). Studies of innate immune
function in blood specimens from a subset of volunteers
revealed no alterations in systemic innate immunity that
would explain the observed effect on the incidence of illness
(West et al., 2014a).

The experimental rhinovirus challenge model has been used
for many years for the study of rhinovirus pathogenesis
and treatment. This model is particularly well-suited for
the goals of our study. The ability to control the baseline
characteristics of the volunteers and give a uniform viral
challenge precisely timed in relation to the administration
of the probiotic and collection of specimens provides an
opportunity to characterise the interaction between the
probiotic, the infection and host responses under controlled
conditions in human volunteers. While the study was

conducted under Good Clinical Practice guidelines and
generally follows the CONSORT guidelines for reporting,
this study was not intended or designed to establish the
clinical efficacy of the probiotic.

The results of our study suggest that ingestion of Bl-04 can
modify the inflammatory response in the nose following
rhinovirus infection. We chose to study the CXCL8
response to infection as the primary outcome variable
based on previous studies that demonstrate a consistent
increase in nasal lavage concentrations of CXCL8 and a
modest correlation between the increase in CXCL8 from
baseline and symptom severity (Barrett et al., 2006; Turner
et al., 1998). We found that the nasal CXCL8 response to
the infection was modestly reduced by Bl-04. The decrease
in CXCL8 concentrations in both the probiotic and placebo
groups after starting the study product is unexplained
but the volunteers in the Bl-04 group had significantly
higher nasal lavage CXCL8 concentrations at day 0 than the
placebo group. Studies in animals suggest that probiotics
administered directly to the nasal mucosa may induce a mild
inflammatory response that limits the ability of the host
to mount an inflammatory response to a virus challenge
(Garcia-Crespo et al., 2013; Youn et al., 2012). A previous
study in the human rhinovirus challenge model also
reported that volunteers who were infected but not ill had
higher CXCL8 concentrations in the baseline nasal lavage
than those volunteers who developed illness in association
with their infection (Zhu et al., 1997). Similarly, our
observations are consistent with a hypothesis that ingestion
of the probiotic is associated with an increased CXCL8
response in the nose at baseline that modifies the response
to infection. The modest magnitude of the effect on the
CXCL8 response and the fact that symptom scores were not
affected; however, suggest that this may not be sufficient to
explain the observed effect of probiotic on common cold
incidence in the natural setting. Also, in spite of the effect
of probiotic on the innate inflammatory responses in the
nose, there was no effect on lower respiratory inflammation,
as measured by eNO, or on adaptive responses, assessed
by development of type-specific neutralising antibody, to
the virus.

There was a suggestion in our study that the Bl-04 may have
reduced virus shedding in nasal secretions. Although there
was not a significant effect of the tested probiotic on the
proportion of volunteers who became infected, there was
a significant effect on the quantitative virus titre in nasal
lavage. Our study was not able to define the mechanism
of this apparent antiviral effect and this observation will
require confirmation in future studies. It is noteworthy
that probiotics have been shown to induce expression of
antiviral responses i vitro and in animal models (Kitazawa
and Villena, 2014; Weiss et al., 2010). The role of probiotic
modulation of antiviral defence in the human host remains
to be explored.
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The potential for prevention of viral respiratory infection
and illness by probiotic supplementation warrants further
investigations. While studies of common cold illnesses in
the natural setting have provided evidence of a beneficial
effect, the effects have generally been modest and vary
among different study populations and the probiotic
strains tested. Our study suggests that ingestion of Bl-04
may modulate innate host responses in the nose and may
impact virus replication in humans. Although these effects
were modest and seem insufficient to explain reduction
in illness reported in the natural setting, the results do
suggest the utility of further investigations of the effect
of specific probiotics on innate immune function in the
human host. Whether different preparations or doses or
intranasal administration of Bl-04 would enhance the effect
of probiotics on rhinovirus infection and illness remains
to be determined.

Supplementary material

Supplementary material can be found online at https://doi.
org/10.3920/BM2016.0160.

S1. Complete inclusion/exclusion criteria.
S2. Complete statistical plan.
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