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ABSTRACT
Background: Probiotics can modulate the immune system in healthy
individuals and may help reduce symptoms related to respiratory
infections.
Objective: The objective of the study was to investigate the effect of
the probiotic strain Lactobacillus paracasei subsp. paracasei, L. casei
431 (Chr. Hansen A/S) (hereafter, L. casei 431) on immune response
to influenza vaccination and respiratory symptoms in healthy adults.
Design: A randomized double-blind, placebo-controlled trial was
conducted in 1104 healthy subjects aged 18–60 y at 2 centers in
Germany and Denmark. Subjects were randomly assigned to receive
an acidified milk drink containing $109 colony-forming units of
L. casei 431 (n = 553) or placebo (n = 551) for 42 d. After 21 d,
subjects received the seasonal influenza vaccination. The primary out-
come was seroprotection rate (anti-influenza antibody titers by hem-
agglutination inhibition) 21 d after vaccination. Other outcomes were
seroconversion rate and mean titers, influenza A–specific antibodies
and incidence, and duration and severity of upper respiratory symp-
toms. Antibiotic use and use of health care resources were recorded.
Results: There was no effect of L. casei 431 on immune responses to
influenza vaccination. Generalized linear mixed modeling showed
a shorter duration of upper respiratory symptoms in the probiotic group
than in the placebo group (mean6 SD: 6.46 6.1 vs. 7.36 9.7 d, P =
0.0059) in the last 3 wk of the intervention period. No statistically
significant differences were found for incidence or severity.
Conclusions: Daily consumption of L. casei 431 resulted in no ob-
servable effect on the components of the immune response to influenza
vaccination but reduced the duration of upper respiratory symptoms.
The trial was registered at www.isrctn.com as ISRCTN08280229.
Am J Clin Nutr 2015;101:1188–96.
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INTRODUCTION

Upper respiratory tract infection (URTI)5 is the most common
illness for which patients seek medical care, and the financial costs
related to URTI are substantial (1). Because there are no effective
antiviral therapies for most URTIs, other remedies that could re-
duce susceptibility to URTIs or decrease symptom load and thereby

the number of lost school and work days are needed. Interventions
that improve immune function could serve this purpose.

Studying the functionality of the immune system in healthy
humans poses a special challenge. The immune system has a high
degree of excess capacity and redundancy, which makes it dif-
ficult to detect and interpret small responses to interventions such
as nutrition (2). Exploring immune parameters in healthy subjects
not being challenged by a pathogen has so far not provided
valuable insight into how the immune system may react (3, 4).
Moreover, no biomarkers of immune function reliably reflect an
individual’s resistance to an infection (2, 5). The use of an in
vivo infection or challenge model is therefore considered to
provide the best method for exploring the response of the im-
mune system in healthy humans (2, 6). One of the suggested
methods is the use of a vaccine challenge (2, 7). The vaccine
challenge model is also included in the guidelines on the sci-
entific requirements for health claims related to gut and immune
function from the European Food Safety Authority (8).

Probiotics are defined as “live microorganisms which when
administered in adequate amounts confer a health benefit to the

1 FromChr. Hansen A/S, Hørsholm, Denmark (LJ, IT, DE, CMM, and

BM); Department of Nutrition, Exercise and Sports, Faculty of Science,

University of Copenhagen, Copenhagen, Denmark (SB and LOD); Department

of Sciences, Roosevelt Academy, Middelburg, The Netherlands (GTR); Human

Development and Health Academic Unit, Faculty of Medicine, University of

Southampton, Southampton, United Kingdom, and National Institute for Health

Research Southampton Biomedical Research Centre, University Hospital

Southampton National Health Service Foundation Trust and University of

Southampton, Southampton, United Kingdom (PCC).
2 Supported by Chr. Hansen A/S. L. casei 431 is a registered trademark of

Chr. Hansen A/S.
3 Present address: Department of Veterinary Clinical and Animal Studies, The

Faculty of Health andMedical Sciences, University of Copenhagen, Denmark (IT).
4 Address correspondence to CM Morberg, Chr. Hansen A/S, Bøge Alle

10-12, DK-2970 Hørsholm, Denmark. E-mail: dkcmm@chr-hansen.com.
5Abbreviations used: AE, adverse event; GMT, geometric mean titer; HAI,

hemagglutination inhibition; ILI, influenza-like illness; L. casei 431, Lactoba-

cillus paracasei subsp. paracasei, L. casei 431 (Chr. Hansen A/S); URTI,

upper respiratory tract infection; WURSS-24, Wisconsin Upper Respiratory

Symptom Survey–24.

ReceivedNovember 18, 2014. Accepted for publication March 31, 2015.

First published online April 29, 2015; doi: 10.3945/ajcn.114.103531.

1188 Am J Clin Nutr 2015;101:1188–96. Printed in USA. � 2015 American Society for Nutrition

 by guest on S
eptem

ber 11, 2017
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


host” (9). They are known to have beneficial effects on the gas-
trointestinal and immune systems (9, 10). However, the observed
beneficial effects are bacterial strain dependent (9, 10). Lactoba-
cillus paracasei subsp. paracasei, L. casei 431 (Chr. Hansen A/S)
(hereafter, L. casei 431) is a probiotic bacterial strain with im-
munomodulatory activity, as demonstrated in several in vitro and
animal studies (11–13). The effect of L. casei 431 has been in-
vestigated in a dose-response study in healthy unchallenged sub-
jects and in 2 vaccine challenge studies. In the dose-response
study, no effect on immune parameters was found, confirming the
need for studying the immune function after a challenge (4). The
vaccine challenge studies demonstrated an effect of the L. casei
431 probiotic strain, shown by an increase in protective antibody
titers toward polio (14) and an increase in influenza vaccine–
specific antibodies (15). Smaller vaccine challenge studies using
other probiotic strains have also demonstrated higher antibody
responses than seen in the absence of probiotics (16–19), whereas
one large recently published study showed no effect (20). To our
knowledge, no studies have investigated the effect of L. casei 431
on susceptibility to URTI.

This randomized controlled trial in a large population of healthy
adults assessed whether supplementation with the L. casei 431
probiotic strain 1) improved the immune response to an influenza
vaccine, shown by an increase in antibody titers (through hem-
agglutination inhibition) and specific antibodies, and 2) decreased
the susceptibility to and/or symptom load of URTIs.

METHODS

Study design

The study was a randomized, double-blind, placebo-controlled,
2-arm parallel-group study in healthy adult volunteers. Study
products were consumed daily for 6 wk, 3 wk before and 3 wk after
a challenge with the seasonal influenza vaccination. A 2-wk run-in
period after screening and before randomization was used to
ensure eligibility of subjects and to wash out potential prestudy
probiotics. Efficacy evaluations were performed at 4 visits: ran-
domization visit (day 221), vaccination visit (baseline, day 0),
and primary efficacy visit (3 wk after vaccination, day 21). A
follow-up visit was scheduled 9 wk after the end of the in-
tervention period (12 wk after vaccination, day 84). Information
on common cold and influenza-like illness (ILI) was collected
during the intervention and follow-up periods.

Ethics and subjects

The study was performed in accordance with the principles in
the Declaration of Helsinki and Good Clinical Practice. Ethical
approval was obtained from the National Committee on Health
Research, Hillerød, Denmark (reference number H-1-2011-107)
and Ethik-Kommission der Bayerischen Landesärztekammer,
Munich, Germany (reference number 11075). The study was
registered at www.isrctn.com as ISRCTN08280229. All in-
dividuals were informed about the study orally and in writing and
gave their written informed consent to participate. The partici-
pants were identified through flyers and newspaper advertise-
ments and enrolled at 2 centers: Harrison Clinical Research,
Munich, Germany, and Department of Nutrition, Exercise and
Sports, University of Copenhagen, Denmark, in September and
October 2011.

Potential subjects were screened for eligibility and randomly
allocated 1:1 into 2 groups. The study staff allocated randomi-
zation numbers consecutively to the subjects in the order in which
they attended the randomization visit. Eligible subjects were
healthy men and women aged 18–60 y with a BMI (in kg/m2)
from 19 to 30. Exclusion criteria were the presence of acute
disease requiring treatment, chronic immunologic diseases, can-
cers within the past 5 y, pregnancy or planning to become preg-
nant, intolerance of milk protein or lactose, hypersensitivity to
any of the components of the vaccine, gastrointestinal surgery,
antibiotic treatment or treatment with any drug known to affect
the immune response within 1 mo before the trial, and con-
sumption of probiotic products and fermented food during run-in.
Furthermore, subjects were excluded if they had already received
the seasonal influenza vaccine, were participating in another re-
search study, had a fever at the time of recruitment, or had had
influenza between August 2011 and the beginning of the study.
Athletes who undertook intensive physical activity ($14 h/wk)
were also excluded.

Subjects were instructed to refrain from eating fermented dairy
products in addition to products containing probiotics from
screening until the end of the study.

Concomitant medication

Antimicrobial medication was prohibited from 1 mo before the
screening visit until the end of the study. Subjects taking antibiotics
during the run-in period were withdrawn from the study. If
a randomly allocated subject needed a course of antibiotic treat-
ment during the study, efforts were taken to separate the intake of
the study product and the antibiotic treatment by at least 2 h, but the
subject continued in the study and was included in the intention-to-
treat population. Use of concomitant medication was documented
from 1 mo before the screening visit until the end of the study.

Random assignment and blinding

The randomization list was provided by an independent
statistician not involved in the study. A statistical program (SAS
version 9.2; SAS Institute) was used to generate a list of random
numbers in blocks of 8, which were assigned to the 2 treatment
groups. Each product was labeled with a randomization number
according to the randomization list, and the list was kept confi-
dential during the study. Study subjects, the clinical team, statis-
ticians, and the sponsor were blinded until the database had been
locked. There was no difference in the packaging of the probiotic
and the placebo products, and the labels differed only by ran-
domization numbers. The blinding code was provided to the in-
vestigators after the statistical analyses were completed. Only the
study supply coordinator at Chr. Hansen was unblinded to perform
production and labeling of the study products.

Intervention/procedures

An acidified milk drink (100 mL) containing the probiotic
strain L. casei 431 (ATCC55544) or a matching placebo, an
acidified milk drink (100 mL) with no probiotic cultures, was
provided to the subjects. Study products were manufactured at
and provided by Chr. Hansen A/S. The probiotic milk drink
contained a minimum of 1 3 109 CFUs, and subjects consumed
1 drink once daily for 6 wk. The placebo product was similar to
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the active product in appearance, smell, and taste. Drinks were
stored below 88C after manufacture and at the study centers, and
volunteers were asked to keep the products refrigerated.

Subjects received an intramuscular injection with 0.5 mL of
influenza vaccine (Influvac; Abbott Health Care Products) 3 wk
after the start of the intervention. The vaccine used was the
seasonal influenza vaccine for the 2011–2012 season and con-
tained antigens from A/California/7/2009-like virus, A/Perth/16/
2009-like virus, and B/Brisbane/60/2008-like virus. At the
vaccination visit, ear temperature was recorded to determine
whether an acute febrile condition was present. If the subject
had a temperature above 388C, the visit was postponed for up to
4 d. If the elevated temperature persisted at the second visit, the
subject was withdrawn from the study.

Endpoints

The primary efficacy variablewas seroprotection rate defined, as
the proportion of subjects with a hemagglutination inhibition
(HAI) titer $40 at day 21 (3 wk after vaccination). HAI titers
were determined for each of the 3 viral antigens in the vaccine (A/
California/7/2009, A/Perth/16/2009, and B/Brisbane/60/2008).

Secondary variables were seroconversion rate, defined as the
proportion of subjects with a prevaccination HAI titer ,10 and
a postvaccination HAI titer $40 or subjects with a prevaccina-
tion HAI titer.10 and at least a 4-fold increase in titer at day 21
(21). Additional secondary variables were geometric mean HAI
titers (GMT) and influenza A–specific IgA in saliva at day 21.

Incidence, duration, and severity of common cold and ILI were
recorded by subjects in a diary together with use of health care
resources and reported as exploratory variables. Additional ex-
ploratory variables were influenza A–specific total IgG and
subclasses IgG1 and IgG3 in serum at day 21 and HAI titers at
day 84 (follow-up visit).

Information on adverse events (AEs) was collected from
screening to the end of the study. An AE was defined as any
untoward medical occurrence in a subject administered the test
product, whether or not considered related to the study treatment
or the vaccine. The study investigator rated relatedness of AEs to
the study product or vaccine.

Blood sampling and laboratory methods

Serum was collected at days 221, 0, 21, and 84 and frozen
at 2208C until analysis. Saliva was collected by using a stan-
dardized saliva sampling kit (Saliva Collection System; Greiner
Bio-One) and frozen at 2808C until analysis. HAI titers were
determined at a WHO reference laboratory (Statens Serum In-
stitut, Copenhagen, Denmark) by using a standard procedure.
Influenza A–specific IgA in saliva was detected by using an
ELISA method developed by Covance, Inc., in which IgA bound
to influenza A antigen coated on microtiter plates was visualized
by using anti–human IgA antibodies. Influenza A–specific total
IgG in serum was determined by using a commercial kit ac-
cording to the manufacturer’s instruction (IBL-America). In-
fluenza A–specific IgG1 and IgG3 in serum were determined by
using a modification of the commercial kit for total IgG to allow
for detection of the IgG subclasses 1 and 3. The analytic methods
were validated and analyzed by Covance Inc. according to
guidelines from International Conference of Harmonization (22).

Diary data

Subjects recorded data daily in a diary during the 6-wk in-
tervention period (days 221 to 21) and the 9-wk follow-up
period (days 22–84). The diary included the validated Wisconsin
Upper Respiratory Symptom Survey (WURSS)–24, which was
used to determine whether a subject had a URTI and to record
the duration and severity of symptoms during a URTI episode.
Once weekly, the diary also included the following question:
“Have you been in contact with the health care system during
the past week?” (answer yes/no).

The WURSS-24 is composed of 1 global severity item (“How
sick do you feel today?”), 10 common cold–related symptom
items, 3 ILI-related symptom items, 9 “interference with daily
activity” items, and 1 global change item (23). A common cold
episode was defined to start when “How sick do you feel today?”
was answered as $1 ($“very mildly”) and $1 common cold
symptom was present on 2 consecutive days and to last until the
question “How sick do you feel today?” was answered “0” (not
sick) for 2 consecutive days (24). An ILI episode was defined to
start if 2 of the 3 symptoms (fever, body aches, and headache
were present) or if fever plus one of the common cold symptoms
(cough, sore throat, runny nose, plugged nose, feeling tired)
were present for 2 consecutive days. Alternatively, one of the
aforementioned criteria should have been fulfilled $1 d fol-
lowed by days with symptoms of common cold, even if fever,
body aches, or headache was not present after day 1. Incidence
was defined as the number of episodes/total number of subjects
in the intervention and follow-up periods, respectively.

Sample size calculation

The sample size was based on the primary endpoint, sero-
protection rate for the 3 viral antigens in the vaccine. A sig-
nificance level of 0.0166 was chosen to compensate for multiple
testing of 3 primary efficacy endpoints. With a significance level
of 0.0166, a placebo response rate of 30%, a difference of 10
percentage points between the probiotic and placebo groups,
a 2-sided approach, and a potential dropout rate of 10%, a total of
1058 subjects were planned to be randomly allocated.

A separate sample size calculation was performed for the
subgroup for the determination of influenza-specific IgA and IgG
based on data from the study by Rizzardini et al. (15), and
a subgroup of 178 subjects in each treatment arm was applied for
the IgG and IgA assessments.

Statistical analysis

Data were analyzed by using appropriate statistical models,
adjusting for relevant and preselected covariates. Age and sex
were used as covariates in all models. Where a baseline value
(antibody titers and antibody levels at day 0) was available, this
was included in the model. A sensitivity analysis was performed,
where applicable, by using the randomization date (day 221) as
baseline. Center was included in all models, except for analysis
of IgA and IgG, because samples for these parameters were
obtained only at the German center. The binary primary end-
points were analyzed by using a logistic regression model. The
output of this statistical analysis was a P value and OR (with
95% CI) for the chance of being seroprotected for probiotic vs.
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placebo. Probiotic against placebo comparisons were performed
for each viral strain separately.

A multivariate ANOVA was used for GMT, IgA, and IgG.
Because data were nonnormally distributed, the ANOVA was
performed on ranked data for the GMT analysis and on log-
transformed data for the IgA and IgG analyses.

The following items were calculated from the WURSS-24 in
subjects with common cold or ILI episodes: mean number of
episodes, duration of each episode, and severity (questions 2–23
in WURSS-24). A mean score per episode was calculated based
on the daily severity sum score for both intervention and follow-
up periods.

An episode starting in the intervention period and continuing
into the follow-up period was considered belonging to the in-
tervention period. For each of the items, a linear mixedmodel was
used to account for repeated measures and to test the effect of the
probiotic strain on the chosen outcomes for each period. Period,
sex, age, center, and treatment3 period interaction were included
as covariates. Because normality of the data was not obtained,
nonparametric analyses based on ranks were carried out.

A Cox proportional hazards regression model was used to
analyze time to first common cold episode by using center, sex,
and age as covariates.

All randomly allocated subjects who had consumed at least 1
dose of study product and had available efficacy data were in-
cluded in the intention-to-treat analyses (n = 1099). The analyses
of primary and secondary variables were also performed on the
per-protocol population (subjects with no major protocol de-
viations, n = 1060).

The primary and secondary efficacy endpoints were adjusted
for multiplicity by the Holm-Bonferroni method. None of the
exploratory variables were adjusted for multiplicity. All statis-
tical analyses were performed according to a written statistical
analysis plan by using SAS version 9.2 (SAS Institute).

RESULTS

Subject disposition and compliance with study product

A total of 1104 subjects were eligible to participate in the study
and were randomly allocated into the intervention groups. In
total, 33 of the randomly allocated subjects discontinued the
study (13 in the probiotic group and 20 in the placebo group). The
most common reason for discontinuation was “subject with-
drawal of consent for personal reasons” (11 of 33). A flowchart
of participant involvement is shown in Figure 1. Scheduling of
further randomization appointments was stopped when the total
number of randomly allocated subjects had exceeded 1058.

The characteristics of the 2 study groups were similar at
baseline (Table 1).

Treatment compliance was estimated by counting the number
of returned unopened bottles during the intervention period.
Compliance was 99.9% 6 2.5% (mean 6 SD) in the probiotic
group and 99.9% 6 2.5% in the placebo group (NS).

Hemagglutination inhibition titers and influenza A–specific
antibodies

There was no statistically significant difference in baseline
seroprotection rates, GMT, IgA, or IgG between probiotic and
placebo groups. Intention-to-treat analysis of the primary efficacy
endpoint showed no significant difference between probiotic and
placebo groups in protection rates at day 21 for any of the virus
strains (Table 2). Analysis of seroconversion rates and GMT, IgA
in saliva, and IgG and subclasses in serum also showed no dif-
ferences between treatment groups (data not shown). Sensitivity
analysis of the same parameters by using the per-protocol pop-
ulation or day 221 as baseline gave similar results. There was no
heterogeneity in seroconversion rates or in any other endpoint
between the 2 centers (data not shown).

FIGURE 1 Disposition of the subjects. Values are expressed as the number of participants. 1The subjects were discontinued before any efficacy data were
obtained, and 2 were discontinued before receiving any study product. The main reasons for discontinuation were the following: subjects’ wish for personal
reasons (probiotics, n = 6; placebo, n = 9), terminated by the investigator because of infection at the vaccination visit or subjects’ general condition (probiotics,
n = 1; placebo, n = 5), or adverse events or serious adverse events (probiotics, n = 3; placebo, n = 4).
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Incidence, duration, and severity of common cold and ILI;
use of antibiotics; and health care resources

The number of subjects with episodes and the total number of
episodes for common cold and ILI are summarized in Table 3.
An effect of the L. casei 431 probiotic strain on the number of
episodes of common cold and ILI was not found (Table 3). A
post hoc time-to-event analysis showed no significant impact of
the probiotic strain on the risk of common cold (Figure 2). The
preplanned analysis showed a trend for a shorter duration of
common cold in the probiotic group in the intervention period
(weeks 1–6) (mean 6 SD days; probiotics: 6.3 6 7.3; placebo:
7.1 6 8.5; P = 0.10). Therefore, a post hoc analysis was per-
formed to investigate treatment effects in weeks 1–3, 4–6 (in-
tervention period), 7–9, 10–12, and 13–15 (follow-up period) on
incidence, duration, and severity of common cold and ILI epi-
sodes. The 3-wk periods were chosen based on the assumption
that it takes w3 wk for the probiotics to modulate the antiviral
immune defense through the gut. The post hoc analysis of
WURSS-24 scores in 3-wk periods showed a significant effect of
the L. casei 431 probiotic strain on the duration of common cold
and ILI in the second half of the intervention period (days 1–21)
(Table 4). During the intervention period, the mean severity
score for the common cold was 12% lower in the probiotic
group compared with placebo, although not statistically sig-
nificant (P = 0.12), whereas no effect was found on the severity
of ILI.

A significant effect was seen when use of health care resources
was analyzed. During the follow-up period, 154 (28.2%) subjects
had answered yes to the question “Have you been in contact with
the healthcare system during the past week?” in the placebo
group compared with 122 (22.1%) in the probiotic group (P =
0.028). There was no significant difference in the use of health
care resources in the intervention period. The use of concomi-
tant antibiotic medication during the study was lower in the
probiotic group, in which 22 courses of antibiotics were taken,
compared with 38 in the placebo group (P = 0.036).

Adverse events

A total number of 2212 AEs in 914 subjects were reported
during the study. Of these, 41 events in 34 subjects (21 in the
probiotic group and 20 in the placebo group) were assessed as
study product related. The most prevalent of the product-related
AEs were gastrointestinal disorders (48% of events) and naso-
pharyngitis (29%). In total, 373 events in 344 subjects (186 in the
probiotic group and 187 in the placebo group) were assessed as
vaccine related. Five AEs were defined as serious; none of these
were assessed to be related to the study product or vaccine.

DISCUSSION

In the present study, we investigated the effect of L. casei 431
on the immune response to vaccination and on symptoms related
to URTIs. Analyses of the primary and secondary efficacy var-
iables showed no significant difference between probiotic and
placebo groups; however, data showed a shorter duration of
common cold and ILI episodes in weeks 4–6 in subjects who had
consumed the probiotic product. Moreover, use of health care
resources and number of antibiotic courses were both lower in
the probiotic group.

To our knowledge, this is the first large randomized controlled
trial investigating the effect of a probiotic strain on immune
response to vaccination in immunocompetent healthy adults.
Several smaller studies have reported a positive effect of pro-
biotic strains on antibody response to vaccination (16–19). There
are 2 reports of a positive effect of L. casei 431 from vaccine
challenge studies, one using a polio vaccine (14) and another
using an influenza vaccine in a similar design as the present
study (15). The latter found that subjects who received the L.
casei 431 probiotic strain had significantly increased antigen-
specific immune response compared with subjects who received
placebo. A recent study in .700 elderly subjects failed to show
the effect of L. casei Shirota on immune response to influenza
vaccination or on the susceptibility to URTI (20). The authors

TABLE 1

Demographic and baseline characteristics of the subjects (intention-to-treat population)

Characteristic Placebo (n = 551) Probiotics (n = 548)

Age, y 31.3 (18.2–60.5)1 31.6 (18.2–60.8)

Men, n (%) 213 (38.9) 240 (43.6)

BMI, kg/m2 23.8 (18.7–30.4) 23.7 (18.6–30.4)

Current smoker, n (%) 149 (27.0) 149 (27.0)

Influenza vaccination in 2010–2011, n (%) 32 (5.8) 37 (6.7)

Ethnic group, Caucasian/other, n (%) 524 (95.6)/24 (4.4) 539 (97.8)/12 (2.2)

1Mean; range in parentheses (all such values).

TABLE 2

Seroprotection rates at day 21 (3 wk after vaccination) (intention-to-treat

population)1

Time point, strain

Placebo

(n = 542)2
Probiotics

(n = 531)2
OR3,4 (95% CI),

day 21

Day 0 (baseline), H1N1 116 (21.9) 108 (19.9)

Day 21, H1N1 445 (83.8) 448 (82.7) 0.99 (0.70, 1.39)

Day 0 (baseline), H3N2 338 (63.7) 343 (63.3)

Day 21, H3N2 526 (99.1) 536 (98.9) 0.81 (0.22, 3.01)

Day 0 (baseline), B 75 (14.1) 73 (13.5)

Day 21, B 465 (87.6) 475 (87.6) 0.99 (0.69, 1.44)

1Seroprotection rate is defined as proportion of subjects with a hemag-

glutination inhibition titer $40. Day 0 (vaccination visit) was used as the

baseline. Values are given as the number of seroprotected subjects (% of total).

B, B/Brisbane/60/2008; H1N1, A/California/7/2009; H3N2, A/Perth/16/2009.
2Samples were missing or titers not available from 9 subjects in the

placebo group and 17 in the probiotic group.
3OR of being seroprotected.
4None of the ORs were statistically significant when analyzed with

logistic regression, including baseline, age, sex, and center as covariates in

the model.
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speculated whether the immune system of the elderly included
in the study may not be sensitive for stimulation, which could be
the reason for the lack of effect of the probiotic intervention.

The effectiveness (i.e., the observed protection rates) after
a seasonal influenza vaccine varies from year to year (25). This
could explain the differences between the results obtained in the
current study using the 2011–2012 influenza vaccine and the study
published by Rizzardini and coworkers (15) using the influenza
vaccine for the 2008–2009 season. The results obtained in the
current study revealed that the 2011–2012 vaccine was un-

expectedly efficacious, with seroprotection rates ranging from
82% to 99%. Even the B strain, which historically has resulted
in seroprotection in w35% of vaccinated individuals, had un-
expectedly high postvaccination response rates (26). With response
rates up to 99%, it might not have been possible to further increase
protection rates and therefore not possible to detect any difference
between the probiotic group and the placebo group. Alternatively,
one could speculate that the potential effect exerted by the L. casei
431 probiotic strain could be detected by using other measures or
biomarkers of the immune system.

The data from our study showed a shorter duration of symptoms
during common cold and ILI episodes in the probiotic group
compared with the placebo group. This is supported by data from
other probiotic intervention trials showing that probiotics are
capable of reducing the duration and potentially severity of upper
respiratory symptoms (27–31). In these studies, the probiotic ef-
fect on URTI incidence is not so clear, which is also in line with
our data, in which no effect on the incidence of URTI or ILI and
no effect on time to URTI was found. In contrast, a Cochrane
review that assessed the efficacy of probiotics for the prevention
of acute URTIs found that probiotics were better than placebo in
reducing the number of URTI episodes, whereas no effect was
found on duration of episodes (32). This apparently conflicting
evidence may be due to different effect and mechanism of action
of different probiotics, as well as a high level of design hetero-
geneity and a generally low quality of the evidence included in
the Cochrane review (33). In addition, 2 of the above-mentioned
studies showing a positive effect of probiotics on the duration of

FIGURE 2 Time to common cold (intention-to-treat population). No statistically significant difference between placebo and probiotics was found when
data were analyzed in a Cox proportional hazards regression model adjusted for center, sex, and age (HR: 0.97; 95% CI: 0.84, 1.12; P = 0.67). Weeks 1–6 were
the intervention period, and weeks 7–15 were the follow-up period. Subjects at risk in the placebo and probiotics groups are provided at the bottom of the figure.

TABLE 3

Number of common cold and ILI episodes during the intervention and

follow-up periods (intention-to-treat population)1

Illness, period

Placebo (n = 551) Probiotics (n = 547)

n2 % of total E3 n2 % of total E3

Common cold

Intervention 314 57.4 489 315 57.2 505

Follow-up 275 50.3 412 261 47.4 375

ILI

Intervention 108 19.7 124 114 20.7 133

Follow-up 130 23.8 153 115 20.9 142

1No significant differences were found when data were analyzed with

a nonparametric linear mixed model, including period, sex, age, center, and

treatment 3 period interaction as covariates. ILI, influenza-like illness.
2Number of subjects with an episode in the given period.
3Number of episodes in given period.
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URTIs were not included in the Cochrane review (27, 28). Fur-
thermore, the clinical diagnosis of URTI is based on symptoms.
Because healthy adults are unlikely to seek medical care for mild
and uncomplicated URTIs, the symptoms are usually self-reported.
Collecting valid subject-reported data is a challenge, and different
methods for collecting data on URTI symptoms may also give
rise to differences between studies. We chose to use the WURSS,
which we believe is the best currently available and the only
validated questionnaire for self-reported symptoms of URTI.

It is generally considered that symptoms related to URTI do not
result from the infectious agents themselves but rather from the
inflammatory response of the host toward the agent (34). Current
knowledge suggests that probiotics work by stimulating the innate
viral defense mechanisms (35), thereby potentially reducing the
degree of inflammation in the host. This is supported by evidence of
modulation of the inflammatory response in probiotic clinical
studies. For example, high numbers of cytotoxic/suppressor T cells
(CD8+) and T-helper cells (CD4+) in combination with lower
disease duration were found in the probiotic group compared with
the placebo group by de Vrese et al. (31). It is likely that the effect
on URTI duration observed in this study is through modulation of
the host inflammatory response by the L. casei 431 probiotic
strain. Future research is needed to establish the effect of the
L. casei 431 probiotic strain on biomarkers of the immune system
related to anti-inflammation to elucidate the mechanism of action
of this probiotic strain on URTI duration. Such biomarkers may
include regulatory T cells, which reduce inflammation and can be
induced by probiotic strains (36, 37). In support of this, Johnstone
et al. (38) recently demonstrated that regulatory T cells are asso-
ciated with reduced risk of viral respiratory infection in the elderly.

The finding of a shorter duration of illness in the probiotic
group is supported by the observation that subjects in this group
had less use of health care resources and fewer antibiotic courses
probably due to less severe URTI symptoms. The data on duration
should be interpreted with some caution because the endpoint
was qualified as exploratory and the analysis was performed post
hoc with no correction for multiplicity. However, considering that
the clinical effect has been found consistently in several ran-
domized controlled trials of probiotics, these findings are likely to

be valid. A confirmation in an intervention trial with duration and
severity of upper respiratory symptoms as the primary outcome is
warranted.

One strength of the current study is that it was a highly
controlled and fully blinded study performed according to good
clinical practice. A further strength is that it was conducted as
a 2-center study with no heterogeneity between outcomes at the 2
centers. A final strength is the large sample size of the current
study. It may be considered a weakness of the study that the
antibody response to the vaccination was so strong in both groups
that there was little dynamic range to actually observe a differ-
ence between the groups with respect to the primary outcome.
Furthermore, only the humoral immune response was studied.
Helper T-cell activity is needed for antibody production against
influenza, but the potential effects of the study product on antigen-
specific cytotoxic T-cell function were not investigated in this
study. However, relating individual aspects of the immune re-
sponse to antibody production is complex because of the many
cells types involved in generating an antibody response and to the
many interactions among those cells, as discussed elsewhere (36).
Probiotics may affect the activity of certain immune cell types
and not others, with these effects seeming to be probiotic strain
specific (36). Hence, directly linking immunologic measurements
with antibody responses to vaccines is likely to be challenging,
especially given the paradoxical observations that probiotic
strains may induce regulatory T cells, as demonstrated in animal
models (36), which could impair antibody production.

In conclusion, in the present study, L. casei 431 did not show
an effect on antibody titers and influenza A–specific antibodies
3 wk after influenza vaccination. The data suggest that the
L. casei 431 probiotic strain may reduce the duration of common
cold and ILI episodes in healthy adults. This could point toward
a positive effect of the L. casei 431 probiotic strain on the im-
mune system despite no effect being observable by using the
vaccination model.

The authors thank Anne Sophie Daugaard Peters, Anders Neimann Sørensen,

and Mette Øhrstrøm Runge at Chr. Hansen A/S for support in production and

quality assurance of study material and Andreas Habicht at Signifikans A/S,

Vedbæk, Denmark, for statistical support. At the Department of Nutrition,

TABLE 4

Duration of common cold and influenza-like illness episodes in the 6-wk intervention period (days 221 to 21) (intention-

to-treat population)

Illness

Placebo (n = 551) Probiotics (n = 547)

Mean 6 SD Median (range) Mean 6 SD Median (range)

Common cold

Weeks 1–3 (days 221 to 0) 7.3 6 9.7 4 (1–106) 6.4 6 6.1 4 (2–50)

Weeks 4–6 (days 1–21) 6.8 6 7.1 5 (2–67) 6.1 6 9.5 4 (2–81)1

Influenza-like illness

Weeks 1–3 (days 221 to 0) 7.8 6 13.8 5 (1–106) 7.2 6 5.5 6 (2–31)

Weeks 4–6 (days 1–21) 8.1 6 10.5 4 (2–67) 4.8 6 3.1 4 (2–15)2

1Generalized linear mixed modeling (post hoc) of duration of the common cold in weeks 4–6 of the intervention as the

response variable showed a significantly lower duration in the probiotic group than in the placebo group (P = 0.0059 for the

treatment effect). The model included period, sex, age, center, and treatment 3 period interaction as covariates, and

the analysis was performed on ranks because data were not normally distributed.
2Generalized linear mixed modeling (post hoc) of duration of influenza-like illness in weeks 4–6 of the intervention as

the response variable showed a significantly lower duration in the probiotic group than in the placebo group (P = 0.017 for

the treatment effect). The model included period, sex, age, center, and treatment 3 period interaction as covariates,

and the analysis was performed on ranks because data were not normally distributed.
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