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Abstract

Objective: The effectiveness of influenza vaccination in
preventing illness is lower in the elderly; this is why the
ability of Lactobacillus plantarum CECT 7315/7316 to
stimulate the response to influenza vaccination in elderly
was evaluated.

Research methods and procedures: A randomized,
double-blind, placebo-controlled human trial including
60 institutionalized volunteers aged 65-85 years was
performed. All the volunteers were vaccinated with a
trivalent influenza vaccine (A/Wisconsin/67/2005 NYMC
X-161B (H3N2), A/Solomon Islands/3/2006 (H1IN1) and
B/Malaysia/2506/2004) for the Spanish vaccine campaign
2006/2007. The consumption of the probiotic began
between three and four months after the vaccination.
Volunteers were randomly assigned to one of three
following groups: group A (receiving 5%10° cfu/day of L.
plantarum CECT 7315/7316 in 20 g powdered skim milk),
group B (receiving 5*10¢ cfu/day of L. plantarum CECT
7315/7316 in 20 g powdered skim milk) and group C or
placebo (20 g powered skim milk). The participants
consumed the probiotic during 3 months.

Results: The consumption of L. plantarum CECT
7315/7316 during 3 months after influenza vaccination
increased the levels of influenza-specific IgA and IgG
antibodies. Moreover, a trend towards an increase in
influenza-specific IgM antibodies was also observed.

Conclusion: L. plantarum CECT7315/7316 has an
immunostimulating effect and could be used to improve
the response to influenza vaccination in elderly.
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LACTOBACILLUS PLANTARUM CECT7315
Y CECT7316 ESTIMULA LA PRODUCCION
DE INMUNOGLOBULINAS TRAS LA VACUNACION
CONTRA LA INFLUENZA EN ANCIANOS

Resumen

Introduccion y objetivos: La efectividad de la vacuna-
cion contra la influenza es menor en ancianos por lo que
en este trabajo se evaliia la habilidad de las cepas de Lac-
tobacillus plantarum CECT 7315/7316 para estimular la
respuesta a la vacuna contra la influenza en ancianos.

Meétodos: 60 ancianos institucionalizados (65-85 afos)
participaron en un disefio aleatorizado, doble ciego con-
trolado por placebo. Los voluntarios fueron vacunados
con una vacuna trivalente contra influenza (A/Wiscon-
sin/67/2005 NYMC X-161B (H3N2), A/Solomon Islands/
3/2006 (HIN1) and B/Malaysia/2506/2004) durante la
campaiia espaiiola de vacunacién 2006/2007. El consumo
del probidtico empezé entre tres y cuatro meses después
de la vacunacién. Los voluntarios fueron distribuidos ale-
atoriamente en tres grupos: grupo A (recibieron 5%10°
ufc/dia de L. plantarum CECT 7315/7316 en 20 g de leche
desnatada en polvo), grupo B (recibieron 5%10° ufc/dia de
L. plantarum CECT 7315/7316 en 20 g de leche desnatada
en polvo) y grupo C o placebo (recibieron 20 g de leche
desnatada en polvo). Los participantes consumieron el
probiotico durante 3 meses.

Resultados: El consumo de L. plantarum CECT 7315/
7316 durante tres meses después de la vacunaciéon contra
influenza incrementé los niveles de anticuerpos IgA y IgG
especificos contra la influenza. Ademas, se observé una
tendencia hacia un incremento en los niveles de anticuer-
pos IgM especificos contra la influenza.

Conclusiones: Las cepas de L. plantarum CECT 7315/
7316 tienen un efecto inmunoestimulador y podrian utili-
zarse para mejorar la respuesta a la vacuna contra la
influenza en ancianos.
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Introduction

Probiotics are live microorganisms which, when
administered in adequate amounts, confer a health
benefit to the host.! The potential benefits of probiotics
have been studied extensively for a variety of systemic
indications and medical disorders, such as gastroin-
testinal and cardiovascular disorders, respiratory infec-
tions, allergies, gynecology and atopic eczema.>®
Initially, it was thought that this beneficial effect was a
consequence of improvements in the intestinal micro-
bial balance. However, there is now substantial
evidence that probiotics can also provide benefits by
modulating immune functions.

Influenza is an acute viral respiratory infection
caused by RNA viruses of the family Orthomyx-
oviridae. The most common symptoms of the disease
are fever and coughs but in most serious cases,
influenza causes pneumonia, which results in high
morbidity and significant mortality especially for chil-
dren and elderly. To control influenza, protective immu-
nity must be induced in advance by the administration of
a vaccine. Vaccination of children, healthy younger
adults, elders and both children and adults with high-risk
medical conditions provides substantial benefits,
although the types of benefits vary with age.’ The effec-
tiveness of influenza vaccination in preventing illness
ranges from 70 to 90% in healthy persons younger than
65 years but only from 30 to 40% in the elderly residing
in nursing homes,'® although these values varies among
studies. To improve the effectiveness of the vaccine,
co-administration of the inactivated virus with adju-
vants such as cholera toxin or heat-labile enterotoxin
has been used. However, the addition of these kinds of
adjuvants may not be clinically safe.!" In these sense,
the use of a probiotic with the status QPS (Qualified
Presumption of Safety) by EFSA (European Food
Safety Authority) able to stimulate the immune system
could be a perfect alternative to increase the effective-
ness of the influenza vaccine.

Lactobacillus plantarum is extensively used as a
probiotic due to its beneficial effects on human health.
Lactobacillus plantarum is a nonspecific stimulator of
the immune response. In fact, it has been identified as
the major determinant of the adjuvanticity of a
mistletoe preparation, which in in vitro models
promotes the secretion of TNF-o (tumor necrosis

factor-alpha) and IL-12.2 Intriguingly, L. plantarum
may induce innate or adaptive immune responses,
dependent on the viability of the bacteria.”* Recently,
Maiié et al.'*demonstrate that L. plantarum CECT
7315 and CECT 7316 dietary supplementation results
in overall activation of the immune system, as well as
in a decrease of TGF-f3 release, which inhibits dendritic
cell maturation and natural killer activity. Moreover,
Bosch et al."” demonstrate that L. plantarum CECT
7315 and CECT 7316 also helps to regulate intestinal
transit and improves the nutritional status in elderly.
The aim of the present work is to evaluate the effect of
the consumption of the probiotic L. plantarum CECT
7315 and CECT 7316 on the immune response induced
by an influenza vaccine in elderly individuals, who
tend to immune decline and are at high-risk of devel-
oping serious influenza infections.

Materials and methods
Study design

Sixty institutionalized volunteers aged 65-85 years
were recruited to participate in the study. The exclusion
criteria were presence of serious acute illness; supple-
mentation with vitamin/oligoelements, probiotics or
antibiotics within one month previous to the study;
advanced neoplasic disease; intolerance to dairy prod-
ucts; and swallowing disorders. A written consent was
obtained from all the subjects prior to their enrolment.
The study was carried out according to the Helsinki
Declaration. The study protocol was approved by the
Ethical Committee of the Health Sciences Research
Institute of the “Germans Trias i Pujol” Foundation
(IGTP, Badalona, Spain) and the participating institu-
tions.

All the volunteers were vaccinated with a trivalent
influenza vaccine (A/Wisconsin/67/2005 NYMC X-
161B (H3N2), A/Solomon Islands/3/2006 (HIN1)
and B/ Malaysia/2506/2004) for the Spanish vaccine
campaign 2006/2007. The consumption of the probi-
otic began between three and four months after the
vaccination. Therefore, at the moment of supplemen-
tation with the probiotic the response to the vaccine
—it means the induction of memory cells— was
already produced. During the intervention time, the
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Table I
Influenza-specific immunoglobulin concentrations

IgA (ng/ul) 1gG (ng/ul) IgM (ng/ul)
Volunteer
t=0 t = 3 months t=0 t = 3 months t=0 t = 3 months
Probiotic high dose
Al 11.29 13.81 7.96 8.21 4.97 5.30
A2 4.08 7.17 9.11 9.22 12.39 13.66
A3 3.93 4.75 9.45 9.86 5.87 6.65
A4 3.98 3.49 7.80 7.95 3.31 3.04
A5 5.27 6.27 7.41 7.57 3.75 3.85
A6 4.66 4.88 7.85 8.00 4.37 4.82
A7 5.93 6.67 14.56 16.00 11.22 11.98
A8 5.68 4.90 16.18 18.34 8.93 9.54
A9 4.77 5.45 7.89 7.80 7.38 7.48
A10 4.37 4.50 8.18 8.01 3.82 4.19
All 3.64 3.59 7.55 7.73 3.23 3.23
Al2 3.74 3.68 7.95 8.16 2.94 2.96
Al3 3.90 3.37 9.29 9.62 4.56 4.06
Al4 4.93 5.87 10.66 11.13 5.01 4.54
AlS 3.98 4.81 8.93 9.23 6.30 6.33
Al6 441 5.40 7.60 7.69 7.80 6.97
Al7 3.77 4.01 9.29 9.79 5.00 5.34
Al8 3.76 3.31 8.19 7.81 5.79 6.03
Al9 4.00 4.70 7.70 7.58 4.07 4.46
Probiotic low dose
B1 4.85 5.23 7.74 7.83 4.39 4.81
B2 4.08 4.73 7.85 7.98 4.97 4.77
B3 5.20 5.52 .77 7.81 4.51 4.75
B4 3.33 3.43 7.62 7.78 4.89 5.15
B5 4.93 5.24 8.99 8.62 4.47 4.17
B6 6.87 7.08 7.67 7.73 4.37 3.79
B7 6.70 7.01 9.95 10.38 4.61 5.11
B8 8.42 9.21 7.93 8.01 5.15 5.18
B9 3.39 3.45 7.65 7.53 5.15 6.00
B10 6.40 5.63 8.32 8.12 4.95 4.29
B11 4.30 4.50 791 7.92 4.49 4.67
B12 5.16 5.48 8.08 8.15 3.79 3.79
B13 8.42 7.40 11.30 10.64 4.35 4.11
B14 6.11 7.18 8.99 9.33 3.48 3.30
Placebo
Cl1 6.15 5.32 7.99 8.03 5.44 5.23
Cc2 7.04 7.26 8.03 7.97 5.19 5.34
C3 7.34 6.67 7.68 7.67 4.39 4.27
C4 9.07 11.40 7.97 7.99 3.80 4.01
C5 6.36 6.76 7.68 7.83 4.83 4.96
Co6 8.37 8.89 7.75 7.61 4.71 4.58
C7 4.41 4.27 8.16 8.21 5.13 4.86
C8 6.61 7.13 791 7.78 4.57 4.69
C9 4.97 5.20 9.00 9.07 4.87 4.93
C10 7.96 8.84 7.64 7.63 5.91 5.36
Cl1 7.83 7.12 8.04 8.13 4.57 5.19
C12 7.69 7.21 7.92 7.97 4.69 4.81
C13 7.74 8.10 8.14 7.98 5.24 5.03
Cl14 10.03 9.57 8.06 8.08 5.76 5.38
CI15 10.03 9.92 8.37 8.27 5.68 6.22
volunteers were exposed to influenza virus, since otic on the modulation of the activity of memory
some cases of influenza infections in the institutions cells.
where they resided were recorded. This fact leads us Volunteers were randomly assigned to one of three
to evaluate the effect of the consumption of the probi- following groups: group A (receiving 5*10° cfu/day of
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L. plantarum CECT 7315/7316 in 20 g powdered skim
milk), group B (receiving 5*108% cfu/day of L. plan-
tarum CECT 7315/7316 in 20 g powdered skim milk)
and group C or placebo (20 g powered skim milk). For
the purposes of the present trial both strains were
mixed at a 1:1 ratio. The participants consumed the
probiotic during 3 months. Each dose was packed in a
vacuum sealed envelope to be dissolved in 200 ml of
water or other cold drink. Forty-eight volunteers
finished the study, 19, 14 and 15 of groups A, B and C,
respectively. Blood samples were taken immediately
before (t = 0) and after the consumption of the probiotic
(t=3 months) (fig. 1).

Immunoglobulin measurements

The primary endpoint of the study was to evaluate
the modulation of the immune response induced by
influenza vaccination by the consumption of L. plan-
tarum strains. In concrete, differences in immunoglob-
ulin levels in blood before and after the consumption of
probiotic strains were determined.

Influenza-specific IgA, IgG and IgM concentrations in
plasma were measured by enzyme-linked immunosor-
bent assay (ELISA) quantification kits (Bethyl Labora-
tories Inc, Montgomery, TX, USA) as published.' The
measurements were performed in triplicate.

Statistical analysis

In order to compare the immunoglobulin levels within
each group before and after the consumption of the
probiotic (t = 0 and t = 3 months) the non-parametric
Wilcoxon test was performed. The difference in the
concentration of each immunoglobulin in each group
was calculated using the GraphPad Insat program. The
non-parametric Mann-Whitney and Spearman tests
were used to compare the immunoglobulin levels
between individuals infected and non-infected by
influenza during the course of the study. A p-value of
< 0.05 was regarded as statistically significant.

Results

Influenza-specific immunoglobulin levels were
measured before and after the consumption of the
probiotic. Significant differences in the probiotic but
not in the placebo group would indicate that the probi-
otic modulates the immune system stimulating the
production of immunoglobulins. It was observed a
significant increase in influenza-specific IgG only in
the group receiving the high dose of L. plantarum
CECT 7315/7316 (p = 0.023). Regarding influenza-
specific IgA, the increase in concentration was
observed in both probiotic groups but not in the
placebo (p = 0.008, 0.039 and 0.1 for groups A, B and
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Fig. 2.—Immunoglobulin levels in blood comparing infected
and non-infected individuals. (*) shows that IgG levels of non-
infected individuals are statistically higher than those of the in-
fected indivuals (p < 0.05, Mann-Whitney test). No differences
between groups were found in IgA or IgM levels.

C, respectively). Finally, the influenza-specific IgM
concentration was not significantly increased in any
group but there was a trend towards an increase in IgM
levels in the probiotic group A (p = 0.054) (table I).

The immunoglobulin levels between individuals
infected and non-infected by influenza were compared.
Individuals infected by influenza showed significantly
lower concentration of influenza-specific IgG, demon-
strating that IgG production could be a major defense
mechanism against influenza infections. In contrast, no
difference between groups was observed in IgA and
IgM levels (fig. 2).

Discussion

Defense against influenza infections involves innate
and adaptive immune responses. After infection, most
influenza viruses are detected and destroyed within
few hours by innate immune mechanisms, but if the
viruses escape, they are detected and eliminated specif-
ically by adaptive immune mechanisms. Among adap-
tive immune mechanisms, cytotoxic T lymphocytes and
antibodies (IgA and pre-existing IgG) play the major
role in combating influenza infections.” To control
influenza, protective adaptive immunity must be
induced in advance by the administration of a vaccine.
However, the effectiveness of the vaccine is limited in
some cases showing the need of developing strategies to
improve the response of host to vaccination.

It is generally accepted that the gut microflora could
have an influence on the host’s immune system. The
modification of this microflora could, therefore, help to
improve the response of the host to vaccination. In this
sense, some probiotic strains have been administered to
stimulate the response of the organism to the vaccina-
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tion increasing the immunoglobulin titers against the
bacteria or virus pathogen.'®? Davidson et al.?
concluded that Lactobacillus GG improved vaccine
immunogenicity for the H3N2 strain but not for HIN1
and B strains in a double-blind placebo controlled pilot
study. Recently, Olivares et al.'"* and Boge et al.*
showed that oral administration of Lactobacillus
fermentum CECT 5716 and Lactobacillus casei DN-
114001 potentiate the immunologic response of an
anti-influenza vaccine. While L. casei DN-114001
increases influenza-specific antibody titers and serocon-
version after vaccination,* L. fermetum CECT 5716
increases both T-helper type I response and virus-
neutralizing antibodies.'* Regarding humoral effects, L.
fermetum CECT 5716 induces an increase in specific
anti-influenza IgA antibodies in plasma whereas no
increase was observed in influenza-specific IgG or
IgM antibodies.' In the present work, it has been
demonstrated that L. plantarum CECT 7315/7316
increases both influenza-specific IgG and IgA anti-
bodies and a trend towards an increase in influenza-
specific IgM antibodies levels is also observed. More-
over, the same strains have shown a stimulatory effect
of the innate and acquired immunity, by promoting and
activating natural killer and antigen presenting cells
from the innate immunity system as well as increasing
the number of activated B and cytotoxic T cells from
the adaptive system.'*

Lactobacillus fermentum CECT 5716, L. casei DN-
114001 and L. plantarum CECT 7315/7316 are able to
stimulate the response of the host to influenza vaccine.
Lactobacillus casei DN-114001 is excluded from the
comparison among strains since the effect of this probi-
otic on the induction of the different types of Igs is not
described.* It seems that L. plantarum CECT 7315/
7316 potentiates the response to influenza vaccination
in a broader way than L. fermentum CECT 5716.
Therefore, to our knowledge this is the first time that
the ability of probiotic strains to significantly increase
the production of influenza-specific IgG antibodies,
which are key factors in the defense against influenza
infections'” has been demonstrated. However, the
differences between L. fermentum CECT 5716 and L.
plantarum CECT 7315/7316 could not be only attrib-
uted to the use of different strains. There are some
issues in the design of both studies that could
contribute to explain this different behavior. First, in
this work the probiotic was administered during 3
months while in Olivares et al.' the administration of
the probiotic was during 28 days. However, in this
shorter period, Olivares et al.' were able to detect an
increase in total IgG levels, showing that the difference
in the administration period seems not so important as
to explain the differences observed in both studies.
Second, while Olivares et al."* vaccinated the volun-
teers during the period of probiotic supplementation, in
the present study the probiotic was administered
between three and four months after influenza vaccina-
tion. Therefore, what it is really measured is the effect

of the probiotic on the response of previous created
memory cells to a re-infection with influenza virus.
Our results show that in order to improve the response
to influenza vaccine is not necessary the consumption
of the probiotic before or at the same time as vaccina-
tion. On the contrary, the stimulating effect of the
humoral immune system is also present even four
months after influenza vaccination. Finally, the age of
the integrants of both studies is also different. Whereas
the medium age in Olivares et al.'* was 33 years, in this
study the integrants are elder people (between 65 and
85 years). The trial was performed in elders for two
reasons: they are among the high-risk groups of devel-
oping serious influenza infections and it is well-charac-
terized that increasing age involves a thymus involution
and immunosenescence.” The immunosenescence has
been related to a decrease of mature T lymphocytes
numbers, of natural killer and dendritic cell numbers,
and the loss of the diversity of 3 cells population in the
blood of elders. Moreover, aging causes declines in cell-
mediated cytotoxic and phagocytic responses, and
increases circulating levels of pro-inflammatory
cytokines. These alterations of both innate and acquired
immunity in elder people result in decreased capacity to
mediate effective immune responses to vaccination and
invading pathogens increasing susceptibility to infec-
tious diseases, and inflammatory conditions.” For these
reasons, the need of improving the response to influenza
vaccination is even more urgent in this group. The results
obtained in this study demonstrate that L. plantarum
CECT 7315/7316 is able to stimulate the immune system
even in those individuals who tend to immune decline.

It is interesting to note that other attempts based on
gut microflora modification have been made in order to
increase the effectiveness of the influenza vaccine in
the elderly. In these sense, prebiotics which stimulate
the growth of bifidogenic bacteria in the gut, could
have a beneficial effect. However, the administration
of a prebiotic mixture (containing raftilose and
raftilinae or maltodextrin) during 28 weeks and 2
weeks prior to influenza vaccination to healthy elder
people does not increase the production of antibodies
against influenza when comparing with the control
individuals.?* On the contrary, the consumption of L.
casei DN-114001 increases influenza-specific anti-
body titers and seroconversion after vaccination.*
These results show that, although the modification of
gut microflora could improve the response to influenza
vaccine, this effect is strain-dependent.

Conclusion

The consumption of the probiotic L. plantarum
CECT7315/7316 could be an efficient, safe, and easy
method to improve the protective immune response trig-
gered by influenza vaccination in groups, such as old
people, at high-risk for developing serious influenza
infections.
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