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USE OF LACTOBACILLUS FOR TREATMENT OF VIRUS INFECTIONS

Field of the invention

The present invention relates to the use of at least

one strain of probiotic bacteria selected from Lactoba-

cillus for the manufacture of a pharmaceutical composi-

5 tion for the treatment and/or prevention of a virus in-

fection.

Background art

Probiotic bacteria are defined as live micro-

organisms which when administered in adequate amounts
10 beneficilally affect the host. Lactobacilli and bifido-

bacteria are the most frequently used bacteria in pro-

blotic products. These bacteria are generally safe, as
are probilotics based on these organisms. The lack of pat-

hogenicity extends across all age groups and to immuno-

15 compromised individuals. Intake of different probiotic

bacteria has been shown to have clinical benefits in

various physiologic or pathologic situations. The most

P

clear cut effects have been shown in diarrhea caused by

antibiotic therapy or rotavirus infection. There are also

20 studies showing positive clinical effects in inflammatory

bowel diseases, atopic dermatitis and hypercholesterole-

mia after intake of probiotic bacteria. The mechanism, by

which probiotic bacteria contribute to these clinical im-

provements are not clear. In vitro human, as well as both

25 in vivo and in vitro animal studies have shown that dif-

pr—

ferent species of lactobacilli affects the innate and ac-

)

P-

quired immune system in many different ways. Clinical

P

studies have mainly shown stimulation of the innate cel-

lular immune system and enhancement of humoral immune re-

30 sponses to natural infections and systemic or oral immu-

=

nisation. Regarding effects of the innate immune system,

increased phagocytic activity of polymorphonuclear cells

(PMN) and increased NK cell tumor killing activity have

been reported. To our knowledge, there are no clinical
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studies showing effects on the specific cellular immune

system after intake of probiotic bacteria.

According to the present invention the effects on

the innate and acquired immune system following daily in-
take of lactobacilli or the Gram-negative bacteria P.

lundensis have been thoroughly investigated. Interes-

tingly, it has been observed an activation of the spe-
cific cellular immune system in subjects receiving L.

plantarum and indications of such in subjects receiving

L. paracasei. Moreover, immunity-enhancing effects on the
innate immune system, such as expansion of the NKT cell
population and increased phagocytic activity were ob-

P

served 1n subjects receiving different lactobacilli spe-

F

cies. Intake of the Gram-negative bacteria P. lundensis

had no effects, whatsocever, on the different immune pa-
rameters measured according to the experiments described

herein.

The development of antibiotic resistance and fail-

ures in various treatment of infections have risen an in-

creased interesting in probiotics as an alternative tool.

There might be a need for a probiotic functional food

product targeting the common cold problem. It is clear in

F

Cerms of the high number of incidence of cold infections

every year. Traditionally foods with high levels of vita-

=

min C have been taken to try to reduce the incidence of

common cold. On the market there are a number of differ-

ent products claiming some effect on the immune system.

The present application will aim to study if a pro-

biotic functional food product after regular administra-

tions could affect the common cold symptoms in a similar
way and thus can be an alternative solution for this

problem in the general community.

csummary of the invention

An object of the present invention is the use of at

least one strain of probiotic bacteria selected from Lac-

"

tobacillus for the manufacture of a pharmaceutical compo-
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sition for the treatment and/or prevention of a virus in-

fection.

Another object

of the present invention is a method

for treatment and/or prevention of a virus infection,

SO wherein at least one strain of probiotic bacteria se-

lected from Lactobacillus is administered to an individ-

ual.

—

Brief description of the drawings

Figure 1 shows

the numbers of volunteers reporting

10 any minor adverse gastrointestinal effects during the

trial.

I

Figure 2 shows base line numbers (day 0) of differ-

ent lymphocytes per ml blood (mean * (SEM))

Figure 3 shows base line (day 0) percentages or GMFI

15 (mean £ (SEM)) of lymphocytes positive for different cell

activation and memory markers.

Figure 4. Subjects were randomly assigned to nine

different study groups. The trial started with a wash out

p—

period of two weeks.

Thereafter, the active study period

20  followed. During this period, the subjects consumed one

p—

dose of study product per day for 14 (L. plantarum Heal

19, L. fermentum, L.

P. lundensis groups)

paracasei, L. gasseri, L. rhamnosus,

or 35 days (L. plantarum 299v and

placebo group). Each dose contained 10'° coloni forming
25 units (CFU) (lactobacilli groups) or 10° CFU bacteria (P.

lundensis group) .

F

Figure 5. Percentages of lymphocytes expressing the

activation phenotypes CD8CD25, CD8HLA-DR, CD4CD25 and

CD4HLA-DR was analysed by flowcytometry. Group means
30 (SEM) based on individual ratios, day 14/day 0 and day
35/day 0 (for L. plantarum and placebo group only) is

shown.

—

Figure 6. Percentages of lymphocytes expressing the
memory phenotypes CD8CD45RO and CD4CD45R0O was analysed by

35 flowcytometry. Group means (+SEM) based on individual ra-

tios, day 1l4/day 0 and day 35/day 0 (for L. plantarum and

placebo group only)

is shown.
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Figure 7. Percentages of lymphocytes positive for
the NKT cell markers (CD56CD16CD3) was analysed by flow-
cytometry. Group calculations are based on individual ra-
tios (day 14/day 0).

Figure 8. The phagocytic activity of neutrophils was

analysed by incubating whole blood cells with FITC-
labelled

fluorescence values obtained at day 14 and day 0 was de-

coll or S. aureus. The ratio between mean

[

termined individually and group calculations are shown in

this figure.

Figure 9 shows the ratio of lymphocytes expressing

the activation phenotypes CD4CD25 from experiment 2.

Figure 10 shows the ratio of lymphocytes expressing

the activation phenotypes CD47CD25" from experiment 2.

Figure 11 shows the ratio of lymphocytes expressing

the activation phenotypes CD8'HLA-DR" from experiment 2.

Figure 12 shows the ratio of lymphocytes expressing

the activation phenotypes CD8+CD25+ from experiment 2.

Figure 13 shows the ratio of lymphocytes expressing

the activation phenotypes CD4CD45RO from experiment 2.

=

Detalled description of the invention

The Lactobacillus used according to the invention

may be selected from, but not limited to, the group con-

it

sisting of Lactobacillus plantarum, Lactobacillus

rhamnsosus, Lactobacillus fermentum, Lactobacillus para-

casel and Lactobacillus gasseri.

The Lactobacillus plantarum used according to the

invention may be selected from, but not limited to, the
group consisting of Lactobacillus plantarum 299, DSM
6595, Lactobacillus plantarum 299v, DSM 9843, Lactobacil-
lus plantarum HEAL 9, DSM 15312, Lactobacillus plantarum
HEAL 19, DSM 15313, and Lactobacillus plantarum HEAL 99,
DSM 15316.

The Lactobacillus paracasel used according to the

invention may be selected from, but not limited to, the

group consisting of Lactobacillus paracasei 8700:2, DSM
13434, and Lactobacillus paracasei 02A, DSM13432. The
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Lactobacillus gasseri used according to the invention may
be selected from, but not limited to, Lactobacilillus gas-
serl VPG44, DSM 16737.

Other probiotic bacterial strains, than the ones ex-
plicitly disclosed herein, may naturally be used accord-
1ng to the present invention and are within the scope of

the invention as long as they provide the desired ef-

fects, i.e. have a preventive effect on a virus infection

or alleviates a virus infection.

In an embodiment of the invention at least two

strains of probiotic bacteria are used in the pharmaceu-

tical composition. Said at least two strains are intended
to be administered sequentially or simultaneously. Thus,
the strains may be administered in a mixture in one com-
position or they may be adminlistered in a sequence sepa-
rately 1n different compositions.

According to the invention it is possible to treat

virus infections. Treatable virus infections are i.e.

those caused by a virus selected from, but not limited

to, the group consisting of herpes simplex I virus, her-

pes simplex II virus, herpes zoster virus, common cold

virus, rhinovirus, adenovirus, parainfluenza virus, res-

piratory syncytial virus, enterovirus and coronavirus.

Any other virus infection, not specifically mentioned

here, that the probiotic bacteria have an effect on are

also within the scope of the present invention. It is

known that there are many different viruses and forms

o

thereof that cause a common cold. All such viruses are

within the scope of the present invention.

In the present context the word “treatment and/or

g

prevention” includes a prophylactic treatment of an indi-

vidual, 1.e. the treatment with the probiotic bacteria is

started before the disease or virus infection has devel-

oped 1n order to prevent the disease/infection, as well

as a treatment of a disease/infection that already has

developed 1n an individual. In the latter case an alle-

F

viation of the symptoms i1s for instance expected or the
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general condition of the patient is enhanced or the pa-

tient i1s cured from the disease/infection faster. Thus,

the individual may be a person at risk for developing an
infection or not or an infection has already developed in

the patient.

In an embodiment of the invention each of said

strain(s) 1s present in the pharmaceutical composition in

an amount of, but not limited to, about 1x10° to about
1x10** CFU, preferably from about 1x10° to about 1x10%'%?,

and more preferably from about 1x10° to about 1x10.

The pharmaceutical composition according to the in-

ventlion may e.g. be a liquid formulation or a solid for-

mulation.

When the pharmaceutical composition is a solid for-

mulation it may be formulated as a tablet, a sucking tab-

let, a sweet, a chewing tablet, a chewing gum, a capsule,

a sachet, a powder, a granule, a coated particle, a

coated tablet, an enterocoated tablet, an enterocoated

capsule, a melting strip or a film.

When the pharmaceutical composition is a liquid for-

mulation it may be formulated as an oral solution, a sus-

pension, an emulsion or syrup. Said composition may fur-

ther comprise a carrier material independently selected

from, but not limited to, the group consisting of oat

meal gruel, lactic acid fermented foods, resistant

starch, dietary fibres, carbohydrates, proteins, and gly-

cosylated proteins.

In an embodiment of the invention said pharmaceuti-

cal composition is a medical food, a functional food, a

dietary supplement, a nutritional product or a food
preparation.

The pharmaceutical composition according to the in-
vention, used according to the invention or produced ac-

cording to the invention may also comprise other sub-

stances, such as an inert vehicle, or pharmaceutical ac-

ceptable adjuvants, carriers, preservatives etc., which

are well known to persons skilled in the art.




CA 02625074 2008-04-07

WO 2007/040445 PCT/SE2006/001138

10

15

20

25

30

35

7

The wording “pharmaceutical composition” does not
necessarily need to be a pharmaceutical composition in
1ts normal sense but may be formulated as a food composi-

tion, a dietary supplement, a functional food, a medical

food or a nutritional product as long as the required ef-

fect 1s achieved, i.e. treatment or prevention of wvirus

infections. Said food composition may be chosen from the

group consisting of beverages, yoghurts, juices, ice

Creams, breads, biscuits, cereals, health bars, spreads

and nutritional products. The food composition may fur-

ther comprise a carrier material, wherein said carrier

material is chosen from the group conslsting of oat meal

gruel, lactic acid fermented foods, resistant starch,

dietary fibres, carbohydrates, proteins and glycosylated

proteins.

P
b
hny

Thus, the use o:

a composition according to the in-

vention may be very beneficial in the sense of belng us-

able prophylactically, i.e. before the virus infection

has developed. Since the pharmaceutical composition used

1s not necessarily a pharmaceutical composition in its

normal sense, but can also be a dietary supplement or

runctional food, it is very convenient for a normal

o=

healthy individual to take to composition of the inven-

tion prophylactically.

Examples

hExample 1

Subjects and trial criteria

Fifty-seven apparently healthy volunteers within the

randomly assigned to eight groups, recelving either one
of the following Gram-positive bacteria, I.. plantarum

299v (n=7), L. plantarum Heal 19 (n=7), L. fermentum 35D
(n=7), L. paracasei 8700:2 (n=7), L. gasserl VPG44 (n=7),

L. rhamnosus 271 (n=7), or the Gram-negative bacteria, P.

lundensis (n=7) or placebo (n=10). The dose of bacteria

vwmsjiﬂoﬁbacteria/day for lactobacilli and 10° bacte-
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ria/day for P. lundensis. The control group took skim
milk powder (1 g). Depending on the group, the study had

a duration period of 6 or 9 weeks consisting of two weeks

wash out period, 2 or 5 weeks active study period and 2

weeks follow up period (Fig. 4). Each subject was sup-
plied with a list of products containing probiotic prod-
ucts, which should not be consumed during the whole study

period. Peripheral blood samples were withdrawn from sub-

jects by venipuncture at two or three time points, day O,

day 14 and day 35. A diary, in which each subject stated

=

adverse effects, health conditions and confirmed intake

p—

of study product, was kept during the trial.

Flow cytometry

Phenotypic analysis of lymphocytes in whole blood

was performed by flow cytometry. The following anti-human

monoclonal antibodies were used as surface markers for
different cell populations: CD3 FITC (SK7), CD4 APC
(SK3), CD8 PerCP (SK1l), CD19 PerCP (SJ25Cl), CD56 PE
(MY31), CDle PE (B73.1), and CD5 FITC (L17F12). Following

anti-human monoclonal antibodies were used for detection

g

of di:

=

ferent activation and memory markers: CD25 FITC
(2A3), HLA-DR PE (L243), CD45RO PE (UCHL-1), CD38 P
(HB7), CD27 PE (L128), and CDllb PE (D12). All antibodies

were purchased from Becton-Dickinson (Erembodegum, Bel-

ER

L]

L]

gium) . Whole blood (100 ul) was incubated with antibodies
(10 uwl/antibody) for 30 min at 4° C in the dark. Thereaf-
ter, 2 ml of FACS lysing solution (Becton-Dickinson) was
added and incubated for 15 min at 20° C in the dark.
Cells were washed by adding 3 ml FACSFlow and centrifuged

at 300 x g for 5 min. Washed cells were resuspended in

200 pl FACSFlow and analysed on a FacsCalibur (Becton-

Dickinson) with CellQuest software.

Phagocytosis assay

The phagocytic activity of granulocytes and mono-

cytes were quantified with PHAGOTEST® (Orpegen Pharma,

Heidelberg, Germany) according to manufacturers instruc-

tion with some modifications. Briefly, 20 x10° FITC la-




CA 02625074 2008-04-07

WO 2007/040445 PCT/SE2006/001138

10

15

20

25

30

35

9

belled E. coli or FITC labelled S. aureus was added to
pre-cooled whole blood (100 pl). Blood cells and bacteria
were incubated on 37° C for 10 FacsCalibur with CellQuest

software.

Calculations

Individual changes regarding different immune pa-
rameters were determined by calculating the ratio between

the individual values obtained at day 14 and day 0, or

the values at day 35 and day 0. These ratios were used

for all group calculations and statistics.

Statistics

All statistilical analyses were performed using Stat-

view. Mann-Whitney U test were used to compare different
groups.
Results

Clinical observations

= r—~ )
—-—

Fifty-four out of fifty-seven volunteers completed

the study. Two persons were excluded due to infection and

antiblotic treatment (one in the placebo group and one in
the group receiving P. lundensis). One person was ex-

cluded day 16 due to pregnancy (placebo group). Only mild

adverse gastrointestinal side effects were reported fol-

F

lowing intake of study products (Fig. 1).

o~

Intake of lactobacilli activates T cells

There were great baseline (day 0) individual varia-

tions regarding activation markers on CD4% and CD8" T

cells. The baseline percentages of cells expressing dif-

ferent cell surface markers are shown in Fig. 2. No sig-

nificant differences were observed between different

groups at this time point. Since huge inter-individual

variations were observed, it was chosen to compare ratio

values at day 14 and day 35 compared to day 0 for each

individual. All calculations and comparisons were done on
these ratio values (day 1l4/day 0 and day 35/day 0).

After 14 days of intake of study product containing L.

plantarum 299v there was an approximately twofold in-

—

crease of the expression of the activation marker CD25 on
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CD8" T cells (p=0.01) (fig. 5). There was also a strong,
although not significant (p=0.12), indication of upregu-
lation of HLA-DR on CD8" cells following L. plantarum

299v 1intake. In addition, it was also observed a tendency

—

towards activation of CD4" T cells after L. plantarum

299v intake. Intake of the other lactobacilli species in-

cluded in this study, as well as the Gram-negative bacte-

ria P. lundensis activated neither CD8' nor CD4T T cells.

However, there was a tendency that intake of I. paracasei

did increase the expression of HLA-DR on CD4%' T cells
(p=0.18) .
Intake of lactobacilli induces a memory phenotype of CD4+
T cells

Geometric means of the fluorescence intensity (GMFI)
of the expression of CD45RO on CD4+ and CD8+ T cells were

compared between groups receiving different study prod-

ucts. As above, group calculations based on individual

ratio values (day 14/day 0 and day 35/day 0) were used

for comparisons. After 35 days of intake of study product
containing L. plantarum 299v the CD45RO GMFI on CD4+ T

cells increased significantly (p=0.03). There was also a

tendency towards increased CD45RO expression on CDS8+ T

F

cells following intake of L. plantarum (Fig. 6). More-

—

over, intake of L. paracasei seems to have a positive ef-
rect on upregulation of CD45RO on CD8+ T cells (p=0.10)
(Fig. 6).

Effect on different cell populations following intake of

'

study product

i

Following intake of L. pararcasei there was an in-

crease 1n the percentage of lymphocytes being identified

as NKT cells (P=0.06) (Fig 7). Relative increase/decrease
compared to day 0 could not be detected regarding other
cell populations, such as CD4+ T cells, CD8+ T cells, B
cells, B-1 cells (CD19+CD5+), NK cells, granulocytes and

monocytes.
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Phagocytic activity

Granulocytes and monocytes were identified in the
FSC-SSC diagram. The ability of these cells to phagocy-

Cose FITC~-labelled Gram-positive or Gram-negative bacte-

ria was tested. As shown in fig. 8, granulocytes from
volunteers given L. plantarum 299v (p=0.064), L. planta-
rum Heal 19 (p=0.064), L. fermentum (p=0.064) or L. para-

casel (p=0.05) were more efficient then granulocytes from

placebo treated volunteers in phagocytosis of the Gram-

negative bacteria E. coli. However, there was no differ-

ence between the groups in phagocytosis of the Gram-

positive bacteria S. aureus. No differences in the phago-

cytic activity of monocytes could be detected (data not
shown) .

Discussion

o

The primary task of the immune system is to react

rapidly and violently to micro-organisms thereby

preventing and curing infections. The killing of

microorganisms employs powerful mechanisms that also

cause harm to our own tissues. Therefore, it is necessary

that it neither reacts to our own tissues, nor to

innocuous substances present in the environment.

Therefore, the immune system develops and maintains

tolerance both to the components of our own body, and to

food and inhaled proteins. If this faills, a number of

diseases may arise. Means to develop specific immune

—

tolerance are an essential task of the immune system.

A central role in all immune reactions is played by

the T helper cell. When a T helper cell becomes activated

by its specific antigen, it becomes activated, divides,

i

matures and produces a range of cytokines which direct

— g

the action of other types of cells in the immune system,

such as cytotoxic T cells and B cells. Activation of T

helper cells is necessary in order to produce most types

p— g

of immune reactions, including production of antibodies.

Conversely, if activation of T helper cells is prevented,

most types of immune reactions are paralysed.
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There are several mechanisms by which activation of
T helper cells and malntenance of tolerance is ensured.
One mechanism is elimination in the thymus of T cells
with capacity to recognize and react to own tissue.
However, this elimination is not complete and,
furthermore, we also need to develop specific immune

tolerance to exogenous antigens. Otherwise we would react

violently to all types of inhaled and ingested sub-

stances, leading to massive inflammation and wasted

immune resources.

A cell type that i1s central for maintenance of

tolerance is the regulatory T cell. This cell type can be

recognized by certain markers, such as surface expression

g~ F~

of CD4 and CD25, possession of intracellular CTLA-4, and

transcription of the nuclear protein Foxp3. The

)

regulatory T cells are capable of preventing other T

cells to become activated when encountering harmless

=

substances and, hence, prevent all types of unwanted

immune reactions.

In the present context the symbol “+” in connection

with a certain marker such as CD4+ and CD25+ means that

the marker 1s expressed on a T cell. For instance
CD4+CD25+ T cells are T cells that expresss both the CD4

marker and CD25 marker on its surface. However, nothing

1s said about the amount of the marker that is expressed,

only that it is present. In the present context the

symbol “+4+” in connection with a marker such as CD4++ or

CDZ25++ means that there is a lot of marker expressed. The

regulatory T cells are those cells with a lot of CD25 on
the surface, i.e. CD4+CD25 cells. On the other hand,
CD4+CD25+ T cells are only activated T cells. Sometimes

the specific symbols “+” and “++” are not used, e.qg.
CD4CD25 only, and this means that the cells are activated
such CD4+CD25+ cells. Thus, CD4CD25 is the same as
CD4+CDZ25+. When discussing regulatory T cells, it is
always written as CD4+CD25++ cells.
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This blind placebo-controlled study is unique in

that it is the first study comparing the influence of

several ilmmune parameters following intake of different

Gram-positive lactobacilli or the Gram-negative bacteria

S P. lundensis. Interestingly, intake of P. lundensis did

not influence any of the measured parameters. In con-

i)

trast, intake of lactobacilli affected different compo-

pr—

nents of both the specific and innate immune system. A

novel finding in this study was that intake of L. planta-

10 rum had a pronounced positive effect on activation and

induction of memory cells in the T cell populations.

There was a significant upregulation of the IL-2 receptor

o chain (CD25) and a strong tendency towards upregulation

of HLA-DR on cytotoxic T cells. A tendency towards

p—

15 upregulation of these activation markers was also ob-

served on helper T cells after intake of I. plantarum.

Expression of activation markers indicates that the T

cells have started to proliferate in response to antigen-

specific or non-specific stimuli and that these cells

gy
gy

20  more readily exert their effector functions compared to

resting T cells. The mechanisms behind L. plantarum in-
duced activation of T cells could be via antigen present-

ing cells that are activated by toll-like receptors bind-

e
—

ing to microbial compounds. Activation o: antigen pre-

25 senting cells makes them more efficient in presenting an-
Ligen to T cells. In addition, both helper and cytotoxic
T cells have shown to have various expressions of toll-

like receptors, which probably make these cells sensible

for non-specific activation by microbial components and
30 products.

In analogy to the helper T cell compartment, expres-

)

sion of CD45RO seems to mark a memory population also

among cytotoxic T cells. There was found a significant

p—

increase in the expression of this memory cell marker on

35 helper T cells, and a tendency towards upregulation on

=

cytotoxic T cells following 35 days intake of L. planta-

rum. In addition, intake of L. paracasei also showed a
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tendency towards upregulation of CD45RO on cytotoxic T
cells. Relative to naive T cells, CD45RO+ T cells can se-

crete a broad spectrum of cytokines. Moreover, CD45RO+ T

cells can proliferate and produce IL-2 when the CD3-TCR

5 complex is stimulated under suboptimal conditions,

whereas naive T cells require a strong CD3-TCR stimulus

Co carry out these functions. The formation of memory T

cells 1s important for induction of an efficient immune

response after infection and wvaccination.

10 The innate cellular immune system was also affected

by intake of probiotic bacteria. It was demonstrated that

the natural killer T (NKT) cell population was expanded
following intake of L. paracasei. NKT cells constitute a
Lymphocyte subpopulation that coexpress the NK cell

15 marker CD56 and the T cell marker CD3-T cell receptor

complex. Studies in both humans and mice have demon-

strated that NKT cells play a central role in the regula-

tion of autoimmune diseases, such as multiple sclerosis,

type I diabetes, and systemic lupus. NKT cells also exert

20 effector functions against tumour and virus infected

cells. Thus, NKT cells are pleotropic in their functions.

Other clinical studies evaluating the immunological ef-

‘ects of probiotic bacteria have shown that intake of I.

rhamnosus HNOOl and Bifidobacterium lactis HN019 enhance
25 NK (including NKT) cell tumour killing activity of K562

cells. In this study it was also confirmed the observa-

tion by others that phagocytic activity of polymorphonu-

clear cells is increased after intake of different lacto-

bacilli. The consequence of the observed effects on the

30 different immune parameters in the present study is that

one could speculate that the coincident activation of cy-

Cotoxic T cells and NKT cell expansion points to a

strengthened immune defense against viral infections

and/or tumours. The in vitro finding that lactobacilli

35 induce mononuclear cells to secrete IL-12 and IL-18, sup-

ports the theory that intake of these bacteria stimulates

cell-mediated activity.
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In accordance with the present invention it has been

gt

concluded that intake of L. plantarum and L. paracasei

has a profound effect on the specific and innate cellular

immune system. However, the increase in immune function

demonstrated herein is for the time being difficult to

correlate to a proven health benefit in humans. In order

to address this specific issue, further clinical trials

in individuals suffering from e.g. viral infections or

tumours need to be accomplished. In such studies, it

would be of special interest to compare the effect of ad-

ministration of L. plantarum and L. paracasei separately

or 1n combination.

Example 2

The goal of this example was to investigate the ef-

fect on the immune system by giving the same species of

lactobacilli for a longer period of time compared to sev-

eral lactobacilli (different species) administered in a

sequence one after the other.

The volunteers were given a powder with freeze-dried
pacterla during 14 or 35 days. As gram-positive bacteria

the problotic bacteria Lactobacillus plantarum 299v is

used alone or in combination with L. rhamnosus, L. fer-

mentum, L. paracasei, and L. gasseri. As gram-negative

pbacterla Psedomonas lundensis is given.

The following groups are studied:

L) Lactobacillus plantarum 35 days
2) L. plantarum 7d, L. rhamnosus 7d, L. fermentum 7d, T

paracasel 7d, L. gasseri 7d. Totally 35 days. (Sequence)

-

3) A mixture of L. plantarum, L. rhamnosus, L. fermentum,
L. paracasei, L. gasseri. Totally 14 days

4) L. rhamnosus 14 days
o) L. fermentum 14 days
6)
1)

L. paracasei 14 days

L. gasseri 14 days
8) Pseudomonas lundensis 14 days
Control group 1) Placebo 35 days

Control group 2) Placebo 14 days
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Blood samples are taken at day 0, 14 and 35. The
amount of helper T cells (CD4+) expressing high amounts
of CDz5 was defined in each group by flow cytometry as
have been explained above in experiment 1.

Results

On day 14, there was a borderline significance of

CD4+CD25++ T cells being expanded in individuals consum-

ing the sequence of five different lactobacilli strains.

Discussion

T helper cells (CD4+) expressing high density of the
CDZ25 molecule (CD4+CD25++) have been shown to be impor-

tant in order to protect against autoimmune diseases, al-

lergies and inflammatory bowel diseases. The finding that

these cells are expanded after intake of a sequence of

different lactobacilli indicate that intake of these bac-

teria might be beneficial for the individual concerning

the risk of developing the above mentioned diseases.

Experiment 3

The aim of the present study is to investigate

whether intake of the lactic acid bacteria in a freeze-

dried formula/functional food product during at least 3

P

months 1nfluences the severity of symptoms and the inci-

£

dence and duration of common cold.

It is important that this is carried out in vivo in

humans, as neither in vitro studies nor animal studies

g— pr—
—d —i

a-

would reflect the degree o: ficacy when administered to

humans. The abllity of these bacteria to become estab-

lished in the intestine when administered directly after

cultivation is documented in earlier studies.

g

Thus, the objective is to investigate if consumption

r'

Of a mixture of Lactobacillus plantarum 299v (DSM 9843)
and Lactobacillus paracasei 8700:2 (DSM 13434) (1x10°

cfu/d) can reduce the risk for common cold.

The study will take place during 90 days and 500 in-
dividuals will take part in the study. 250 individuals

will receive the active product and 250 individuals will

be given a placebo.
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The study will be randomized, double blind and pla-

cebo-controlled with two parallel arms.

Exclusion criteria are as follows: Known intolerance

or allergy to any ingredient included in the formula-

g

tions; allergy medically treated; Current treatment for

severe gastrointestinal disorders; Pregnancy or lacta-

tion; Vaccination against influenza within the last 12
months; and smokers.

The probiotic given: Lyophilized Lactobacillus plan-
tarum 299v and Lactobacillus paracasei 8700; 2 . Sucrose,
maltodextrine and hydrolysed gelatine are added as CLyoO-
protectants. Dosage will be a daily intake of 1 g lyophi-

lized Lactobacilli (approximately 1x10° cfu/day). The
dose 1s taken in association with breakfast.

The products will be produced, packed and labelled
by Probi AB, Lund, Sweden. The quality of the product
will also be checked by Probi AB. Each sachet will be la-
belled with the name of the study, the best by date, how

Chey are to be stored, the name of the manufacturer, the

-

name or the responsible investigator and her/his tele-

phone number. In addition to the above information, a

number denoting the subject is added on the secondary

package. A detailed instruction for dissolution and in-
take will be inserted in the secondary package. The prod-

uct will be supplied in sachets.

From day -14 to day 104, the subject may not ingest

products containing probiotic bacteria. The subject will

ol

be provided with a list of probiotic products not allowed

Lo be consumed during the study period.

Faecal samples are to be handed in on days 1 (before
intake of study product), 15 (after intake), and 104 (af-

ter intake). The samples should be collected in two tubes

no more than 18 hours before being handed in for analy-

sis, and during this period are to be stored in a refrig-

erator. The samples will be analysed for lactobacilli.

Blood samples are to be taken day 1 and 15. The sam-
ples will be analyzed for CD4+ and CD8+.
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In view of experiments 1 and 2 it is expected that
an enhanced protection against common cold will be seen

in the individuals taking the probiotic mixture compared

to the placebo group.
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1. Use of at least one strain of probiotic bacteria of Lactobacilius se-
lected from the group consisting of Lactobacillus plantarum 299, DSM 6599,
Lactobacillus plantarum 299v, DSM 9843, Lactobacillus plantarum HEAL 9,
DSM 15312, Lactobacillus plantarum HEAL 19, DSM 15313, Lactobacillus
plantarum HEAL 99, DSM 15316, Lactobacillus paracasei 8700:2, DSM
13434, and Lactobacillus paracasei 02A, DSM13432, for the manufacture of a
pharmaceutical composition for the treatment and/or prevention of a virus in-
fection chosen from common cold virus, rhinovirus, adenovirus, parainfluenza
virus, respiratory syncytial virus, enterovirus and corona virus.

2. Use according to claim 1, wherein at least two strains of probiotic
bacteria are used.

3. Use according to claim 2, wherein said at least two strains are in-
tended to be administered sequentially or simultaneously.

4. Use according to any one of claims 1-3, wherein said pharmaceuti-
cal composition is a liquid formulation or a solid formulation.

5. Use according to claim 4, wherein said solid formulation is chosen
from the group consisting of tablets, sucking tablets, sweets, chewing tablets,
chewing gums, capsules, sachets, powders, granules, coated particles and
coated tablets, enterocoated tablets and capsules, and melting strips and
films. |

6. Use according to claim 4, wherein said liquid formulation is selected
from the group consisting of oral solutions, suspensions, emuisions and syr-
ups.

7. Use according to any one of claims 1-4, wherein said composition
comprises a carrier material.

8. Use according to any one of claims 1-4, wherein said pharmaceuti-
cal composition is a medical food, a functional food, a dietary supplement, a
nutritional product or a food preparation.

9. Use according to claim 7 or 8, wherein said carrier material is inde-
pendently selected from the group consisting of oat meal gruel, lactic acid
fermented foods, resistant starch, dietary fibres, carbohydrates, proteins, and
glycosyiated proteins.
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10. Use according to claim 8, wherein said food preparation is selected
from the group consisting of beverages, yoghurts, juices, ice creams, breads,
biscuits, cereals, health bars, and spreads.

11. Use according to any one of claims 1-10, wherein each of said
strain(s) is present in the composition in an amount of about 1x1 0° to about
1x10™ CFU, preferably from about 1x108 to about 1x10', and more prefera-
bly from about 1x10° to about 1x10"".

12. A method for treatment and/or prevention of a virus infection cho-
sen from common cold virus, rhinovirus, adenovirus, parainfluenza virus, res-
piratory syncytial virus, enterovirus and corona virus, wherein at least one
strain of probiotic bacteria of Lactobacillus selected from the group consisting
of Lactobacillus plantarum 299, DSM 6595, Lactobacillus plantarum 299v,
DSM 9843, Lactobacillus plantarum HEAL 9, DSM 15312, Lactobacillus plan-
tarum HEAL 19, DSM 15313, Lactobacillus plantarum HEAL 99, DSM 13316,
L actobacillus paracasei 8700:2, DSM 13434, and Lacfobacillus paracasel
02A, DSM13432, is administered to an individual.

13. A method according to claim 12, wherein at least two strains of
probiotic bacteria are administered.

14. A method according to claim 13, wherein said strains are adminis-
tered in a sequence or simultaneously.
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Fig. 1
Wash out period Study period Post study
(Week) (Week) period (Week)

-2 -1 1 2 3 4 5 +1 +2
L. plantarum  0/7 1/7 3/7  2/7 3/7  2/7 U7 | 17 07
L. Heal 19 0/7 1/7 1/7 2/7 2/7 .1/7
L. fermentum  0/7 0/7 0/7 0/7 1/7 0/7
L. paracasei  0/7 0/7 1/7 0/7 0/7 0/7
L. gasseri 0/7 0/7 3/7 1/7 4/7 0/7
L. rhamnosus  1/7 1/7 0/7 0/7 1/7 0/7
P. lundensis 1/6 1/6 1/6 1/6 0/6 0/6
Placebo 0/9 0/9 2/9 3/9 1/8 1/8 0/8 0/8 0/8
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Fig. 2.
- ~ CD4+ Tcells CD8+ T cells NKT cells |
(x 10°) (x 10°) (x 10%)
L. plantarum | 647 (92) 318 (37) 64 (17)
L. Heal19 817 (105) 328 (43) - 56(19)
L. fermentum 907 (82) 479 (51) 872D
L. paracasei 794 (87) 321 (64) 98 21)
L. gasseri 767 (54) 497 (110) 111 (39)
L. rhamnosus 775 (109) ~ 387(50) 109 (22)
P. lundensis 731 (65) 468 (84) 87 (29)
Placebo 650 (43) 300 (34) - 107(30)

- ma e e -
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Fig. S (continued)
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Applicant's or agent's Q/pz " |Internationalapplication No,
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INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13bis)
A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page gg/‘i‘g" ? 5 line _ /1‘4/ 30 g I
B. IDENTIFICATION OF DEPOSIT Further dep031ts are 1dent1ﬁed on an addltlonal sheet .

Nl e -t

Name of depositary institution
DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLLKULTUREN GmbH

Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-3300 Braunschweig

Date of deposit Accession Number

I 1991-07-02 DSM 6595

—r- e
i

-

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet I:I

il g il

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ( if the indications are not for all designated States)

——- - - P aaaa

I E. SEPARATE FURNISHING OF INDICATIONS (leave biank if not applicable)

The indications listed below will be submitted to the International Burcau later (specify the general nature of the indications e. z, "4 ccession
| Number of Deposit' )

I

For receiving Office use only For International Bureau use only
This sheet was received with the international application D This sheet was received by the International Bureau on:
Authorized Ofﬁcer (7 % %?? Authorized Of%;er - —
Inger Willén

Form PCT/R0O/134 (July1998; reprint January 2004)
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Applicant's or agent's % &,2 International application No.
pp /.
file reference PC-21027944 SE2006/001138 //35

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 135is)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description

on page M éﬂ line  __14-10 /5
B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet

Name of depositary institution

DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-38124 Braunschweig

Date of deposit Accession Number
1995-03-16 DSM 8843

n—

e SV

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

e o Py -k,

ri—— s e

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

| -, P — Madaa e g o Seaaaa

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later @Ciﬁ) the general nature of the indicationse.g., "docession
Number of Deposii")

For receiving Office use only For International Bureau use only
m This sheet was received with the international application EI This sheet was received by the International Bureau on:
3011 2006
Authorized officer - o L8 o / Authorized officer - S
o7 4 ZM&?
Inger Willén

Form PCT/RO/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07

PCT/SE2006/001138
3/8
Applicant's or agent's q,f 2 International application No.
file reference PC-21027944 SE2006/001138 //3&

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 135bis)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description

onpage €919 7 Jdine 1548 3/

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet

e - A ki Tl

Name of depositary institution
DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

- ——— TS — Sb—— Namamn

Address of depositary institution (including posial code and couniry)

Mascheroder Weg 1 B
D-38124 Braunschweig

Date of deposit Accession Number

2002-11-27 DSM 15312

- A aaa i
e i - P e

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet I:I

— - - - PP - - A ik

EE— i

— Sl -

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated Siates)

Phd- e e o i — - s aa o AP el

i . A AP Al AR
—— - e - N S e Tl - - aama oL

.. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g, "Accession
Number of Deposit")

For receiving Office use only For International Bureau use only

B] This sheet was received wiatl@ilgﬂg}ic?ﬂhﬁplication D This sheet was received by the International Bureau on:

A . N - o . -
uthorized officer 7? o 7 (f: % 27, Authorized officer
e

Inger Willén

Form PCT/RO/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07

PCT/SE2006/001138
4/8
Applicant's or agent's 12 International application No.
file reference PC.21027944 SE2006/001439  //.2&

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13bis)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description

on page 99/1'9 é’ , line J& 3 é?

NP ke
N— .

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet

1 e

Name of depositary institution

DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-38124 Braunschweig

Date of deposit i ) l - Accession Number
2002-11-27 DSM 15313
C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet I:I

aaa gy—

-~
il il b b -

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

R — A
— — T R~ kel

| E. SEPARATE FURNISHING OF INDICATIONS (leave biank if not applicable)

The indications listed below will be submitted to the Intern attonal Bureau later (specify the general nature of the ina}caﬁong, "Accession
| Number aof Deposit*)

I

For receiving Office use only For International Bureau use only

II[ This sheet was received v»féh 66 il;]tcinatic:ﬁaﬁlﬁapplication I_ This sheet was received by the International Bureau on:

e e——

Authorized officer (7@?/ 2%’; Auth;rizedwéfﬁce;
Inger Willén

Form PCT/R0/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07
PCT/SE2006/001138

5/8
Applicant's or agent's International application No.
file reference pG-21027 £ SE2006/001130 //3 &

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 135is)
A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page (:}_g/fg %’ , line .,-J}' & ?
B. IDENTIFICATION OF DEPOSIT Further depos1ts are 1dent1ﬁed on an adchtlonal sheet .

Name of depositary institution

DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

i

e Laa s - b b

Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-38124 Braunschweig

— - v

Date of deposit ‘ Accessic;n Num"l;er
2002-11-27 DSM 15316

s Mamma s i P

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

e .y . i P i s

PP——— e . P

A, i aan et

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (.s'pec&ﬁ) the geveral nature of the indications e.g, "Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only
D This sheet was received with ’%e Btemational application I:I This sheet was received by the International Bureau on:
30 -11- 2006
Autharized officer 7 % Au &orizme T officor - - e
Inger Wlllén

Form PCT/RO/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07

PCT/SE2006/001138
6/8
Applicant's or agent's /2 International application No.
file reference PG-21027944 SE2006/001489 /.3 &

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 135is)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description

on page €919 ?  line 207 3 %

VPOV v P, bl S e —_
| -

PP P— A v v R Sl

B. IDENTIFICATION OF DEPOSIT Further dep031ts are identified on an additional sheet .

aa

i

Name of depositary inst-itutioxi
DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

| Address of depositary institution (including postal code and country)

Mascheroder Weg 1B
D-38124 Braunschweig

- - - e e P i Namas o

- - aa o

Date of deposit Accession Number

2000-04-06 DSM 13434

bbb i b

—

o b i b

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not jor all designated States)

-~ s
PP Sl Nt — i

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (spe (specify the general nature of the indications c:.g;, "Accession
Number of Deposit")

i e

For receiving Office use only For International Bureau use only

[:I This sheet was received with the 3teﬂ1a£;iqixl a?ﬂﬁslion l:l This sheet was received by the International Bureau on:

Authorized officer - %M&/\ Authoriz-ed c;fﬁéer—“ ) -
Inger dlén

Form PCT/RO/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07

PCT/SE2006/001138
//8 i
Applicant's or agent's International application No,
tile reterence pG.p1 027;'{;'-02 SE2006/001139 /. /(3 6?

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13bis)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description

on page 9'9/1'9 7 , line /% cg?

-. e i

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet

Name of depositary institution
DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

- Maamm aa e Al -ulP P AP e .

Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-38124 Braunschweig

i Raas AL AR e me—- ——

Date of deposit Accession Number

2000-04-06 DSM 13432

e Sl e . A i e “ubui

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

aaas

V-

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not Jor all designated States)

_—— e e A e ATt -dulbubub

— PSS AP
. T

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indicationse. g, "dccession
Number of Deposit”)

For receiving Office use only

I:I This sheet was received with the mternatlonal

0-11- 20
Authorized officer 7,6’(5/’(}/ %&W Authorized ;Iﬁcer o —

For International Bureau use only

ﬁpllcatlon [:I This sheet was received by the International Bureau on:

Form PCT/R0O/134 (July1998; reprint January 2004)

SUBSTITUTE SHEET (RULE 26)



CA 02625074 2008-04-07

PCT/SE2006/001138
8/8
Applicant's or agent's 142 International application No.
tile reference pC.-21027944 SE2006/001139 //35

INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13bis)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the desecription

on page M 5‘ , line _‘}3’2'4' (2)

- L
e —— _— - - e

B. IDENTIFICATION OF DEPOSIT

Further deposits are identified on an additional sheet I:I

I—_Name; of depositary institution
DSM-DEUTSCHE SAMMLUNG VON MIKROORGANISMEN UND ZELLKULTUREN GmbH

A ——— i e i — — el - -

| Address of depositary institution (including postal code and country)

Mascheroder Weg 1 B
D-38124 Braunschweig

Accession Number

2004-09-17 DSM 16737

b
—

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

v

Date of depositm

Sl

L T e -
——

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

- pp— sl a o
-
PP v b e e —

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

| The indications listed below will be submitted to the International Bureau later (spegjﬁ/ the gener;fnature of the indications e.g,, "Accession
Number of Deposit")

- _ _

For receiving Office use only For International Bureau use only

l:l This sheet was received with the international application [:I This sheet was received by the International Bureau on:

30 -11- 2005

Auﬂlo;ize.c_i officer % ,, . 427
Inger Willén

Form PCT/RO/134 (July1998; reprint January 2004)

Authorized officer

SUBSTITUTE SHEET (RULE 26)
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