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Table 1. The US FDA recommended probiotic strains and their source

Strains

Source

L. acidophilus NCFM

Danisco(Madison W)

B. infantis 35264

Procter & Gamble (Mason OH)

L. fermentum VR1003(PCC)

Probiomics, Eveleigh, Australia

L. rhamnosus R0011, L. acidophilus R0052

Institute Rosell (Montreal, Canada)

. acidophilus LA-1, L. paracasei CRL 431, B. lactis Bb—12

Chr. Hansen (Milwaukee WI)

. casei Shirota, B. breve strain Yakult

Yakult (Tokyo, Japan)

. casei DN114001 (“L. casei Defensis ™",
. animalis DN173 010 (“Bifidis regularis™")

Danone (Paris, France), Dannon (Tarrytown NY)

. reuteri RC—14™

Chr. Hansens (Milwaukee WI)

e e

. rhamnosus GR—1™

Urex Biotech (London, Ontario, Canada)

L. johnsonii 1j—1 (same as NCC533 and formerly L. acidophilus La—1)

Nestlé (Lausanne, Switzerland)

L. plantarum 299V, L. rhamnosus 271

Probi AB (Lund, Sweden)

L. reuteri SD2112

Biogaia (Stockholm, Sweden)

. lactis HNO19 (DR10)

Danisco (Madison WI)

. rhamnosus HN0O1 (DR20)

L. rhamnosus GG (“LGG”) Valio Dairy (Helsinki, Finland)

L. rhamnosus LB21, Lactococcus lactis L1A Essum AB (Ume4, Sweden)

L. salivarius UCC118 University College (Cork, Ireland)

B. longum BB536 Morinaga Milk Industry Co., Ltd. (Zama—City, Japan)
B

L

Fonterra (Wellington, New Zealand)

L. acidophilus LB

Lacteol Laboratory (Houdan, France)

L. paracasei F19

Medipharm (Des Moines, lowa)

Source: Sanders (2008)
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Table 2. Populations in whom Lactobacillus rhamnosus GG
has been studied and has shown evidence of safety.

Table 3. Populations in whom safe use of other probiotics
has been studied.

Pregnant women

Critically ill children (Lactobacillus casei Shirota)

Premature neonates

Elderly individuals

Children with rotavirus diarrhea
Hospitalized children
Hospitalized adults

Finnish and other tourists

Malnourished Peruvian children

Patients with rheumatoid arthritis
Adults with Crohn’s disease
Adults with Helicobacter pylori infection

Adults with Clostridium difficile—associated diarrhea

Source: David R. Syndman (2008)
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Patients with Clostridium difficile-associated diarrhea (Lactoba-
cillus plantarum, Saccharomyces boulardii, and Lactobacillus
acidophilus plus Bifidobacterium)

Patients with Crohn’s disease (Lactobacillus johnsonii LA 1,
VSL#3)

Adult women with urinary tract infections

Children attending day care

Liver transplant recipients (L. plantarum 299V)

Adults in the intensive care unit (L. plantarum 299 V)

Patients with liver failure (L. plantarum 299 V)

Patients with rotavirus diarrhea (Bifidobacterium lactis BB—12,
Lactobacillus reuteri SD 2222, and many others)

Patients with necrotizing enterocolitis (L. acidophilus, Bifido-
bacterium infantis)

Patients with HIV infection—associated diarrhea (S. boulardii)

Adults with diarrhea (S. boulardii, L. casei, Streptococcus ther-
mophilus, Bacillus bulgaricus, L. acidophilus)

Adults with antibiotic—associated diarrhea (L. plantarum, S.
boulardii, L. acidophilus, B. bulgaricus)

Patients with bacterial vaginosis and candida vaginitis (Lactoba-
cillus fermentum RC—14 plus Lactobacillus rhamnosus GR-1,
L. plantarum)

Patients with Helicobacter pylori infection (many)

Patients with irritable bowel syndrome (many)

Source: David R. Syndman (2008)
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Table 4. Summary Recommendations for the Use of probiotics in diarrhea in children.

- Patients and . - Evidence of Efficacy
Condition Controls Most Studied Probiotics (= to ++4)

Bi . ; ;

Prevention of daycare diarthea 1700 tﬁdobac.terlum lactis and Streptococcus thermophilus, n
Lactobacillus GG

Prevention of nosocomial diar- 356 Lactobacillus GG, Bifidobacterium lactis+ Streptcoccus +/

rhea thermophilus B

Antibiotic—associated diarrhea 2000 Lactobacillus GG, Saccharomyces boulardii +++

Infectious diarthea 3000 Lactobacz.llus GC? Sac?haromyces boulardii possibly tia
Lactobacillus acidophilus LB

Persistent diarrhea 235 Lactobacillus GG ++

Source: Stefano Guandalni (2008)
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Table 5. Risk of eczema/atopic dermatitis in randomized placebo—controlled primary prevention trials.

Number of sub- Daily bacterial IgE—associat-  Other signifi
Study location  jects random- Bacterial strains y Eczema g 9
. dose (cfu) ed eczema cant results
ized/ completed
RR 0.51
Turku, Finl 159/132 L 1 X 101
urku, Finland 59/13 GG 010 (CL 0.32-0.84)
Freiburg, OR, 0.96
105/94 LGG 1 X 1010
Germany / (CI, 0.38-2.33)
. . . . Significantly
. L. acidophilus No significant  Significantly .
X
Perth, Australia 231/178 LAVRI-AI 3 X 109 difference higher rate hlghe.:r. rat.e o.f
sensitization,
No signifi cant OR, 0.36,
i X
Sweden 232/188 L. reuteri ATCC 55730 1 X 108 difference P = 0,047
Tended to reduce
LGG, L. rhamnosus LC705, IgE—associated
B. breve Bb99 OR, 0.74 OR, 0.66 diseases:
Helsinki, Finland ~ 1223/925 | 2.44 X 1010 ) ’
cIsti, Fman / P. shermanii JS plus (CL, 0.55-0.98) (CL 0.46-0.95)  OR, 0.71
galactooligosaccharides (0.5-1.00);
P =10.052

Values in bold type designate significant risk reduction

P. shermanii, Propionibacterium freudenreichii ssp. shermanii; RR, relative risk; OR, odds ratio; CI, confidence interval; LGG, Lacto-

bacillus rhamnosus GG
Source: K. Wickens (2008)
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Table 6. Randomized controlled trials of probiotics in IBS since 2000.

Organism(s) Population Size Study Duration Outcome
Multispecies 86 5mo Reduced IBS composite score
B. animalis 274 owk Increased responder rate for HRQoL discomfort and bloating
Lactobacillus GG c3h7il<(1(r)§navt/?:1€ill~?(f}11]§:) 4wk Reduced pain frequency
B. infantis 162 Awk izil:;z(el f:t:l and all major IBS symptoms; increased global
Multispecies 48 4 or 8wk Reduced flatulence
Lactobacillus GG 50 children 6wk Reduced distension
Lactobacillus reuteri 54 6wk Negative
Multispecies 103 6mo Reduced symptom score, borborygmi
B. infantis 77 8wk Reduced pain and composite score
Multipecies 25 8wk Reduced bloating
L. plantarum 12 4wk Negative
Lactobacillus GG 24 owk Negative
L. plantarum 40 4wk Reduced pain
L. plantarum 60 4wk Reduced flatulence

FGID indicates functional gastrointestinal disorder; HRQoL, health-related quality of life.

Source: Eamonn. M (2008)
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Table 7. Probiotic influence on different immune functions.

Immune system effect

Organism

References

L. acidophilus(johnsonii) Lal
L. ]
case.l (Arunachalam et al., 2000; Donnet-Hughes et
. . B. lactis Bb12 . . .
Increased phagocytosis capacity B. lactis HNOI9 al.,, 1999; Pelto et al., 1998; Perdigon et al.,
e 1988; Schiffiin, 1994; Schiffrin et al., 1997)
L. rhamnosus GG
L. rhamnosus HN0OO1
L. rhamnosus HN0OO1
ill et al., 2001a; t al., 2006; Sheih
Increased NK cell activity B. lactis HN109 (Gill et al., 2001a; Ogawa et al., 2006; Shei
. . et al., 2001)
L. casei subsp. casei + dextran
B. bifidum (Fukushima et al., 1998; Ibnou—Zekri et al.,
Stimulation of TeA production L. acidophilus(johnsonii) Lal 2003; Isolauri et al., 1995; Kaila et al., 1995;
gAp L. casei rhamnosus GG Link—Amster et al., 1994; Majamaa et al., 1995;
B. lactis Bb12 Park et al., 2002)
L. rhamnosus GG
L. casei GG
B. lactis
Suppression of lymphocyte proliferation L. acidophilus (Carol et al., 2006; Pessi et al., 1999; Sturm et
Induction of apoptosis L. delbrueckii subsp. bulgaricus al., 2005; von der Weid et al., 2001)
S. thermophilus

L. paracasei

E. coli Nissle 1917
Increased cellmediated immunity L. casei Shirota (de Waard et al., 2003)
Source: K. Wickens (2008)
LA O
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Table 8. Regulation of immunity and inflammatory gene expression in the gut by probiotics.

Study Probiotic strain Genes involved

Intestinal cultured cells
DNA from L. rhamnosus GG and B. longum TLR-9 and IL-8

E. coli Nissle 1917 and VSL#3 Mucins genes

L. plantarum 299v and L. rhamnosus GG MUC2 and MUC3

L. plantarum MB452 Tight junction—related genes

Lactobacilli and bifidobacteria strains MAPK signaling pathway

Bifidobacteria strains NF-«B activation, /-8, TNF-a , COX=2, and ICAM-1
B. lactis BB12 NF-«B, MAPK signaling, and /L-6

B. lactis HNO19 IL-8

Bifidobacteria IL12p40, IL- 1B, TNF-o. , and SOCSI

B. breve strain Yakult and B. bifidum strain Yakult /-8 and IkB—zeta
B. breve strains M—16V, NR246 and UCC2003 ~ CASP7, IRF3, A4, APBAI, NOXS, and LIFR

L. lactis subsp. cremoris FC IL-8
L. acidophilus NF-«B signaling
Bifidobacteria, lactobacilli, and P. freudenreichii ~ FCERIA, FCERIG, IL-8, TNF-a, and IL—10
L. plantarum 2142 and bifidobacteria IL-8 and TNF-a
Saccharomyces cerevisiae CNCM 1-3856 PPAR-y
Lactobacillus and Streptococcus species SOCS3
E. coli Nissle 1917 MCP-1, MIP-2alpha and MIP-2beta
L. casei Zhang TLR2, TLR3, TLR4, and TLRY
L. plantarum genomic DNA TLR2, TLR4, and TLRY
L. plantarum DSMZ 12028 TLR2 and TLR4
Eleven different probiotic strains MAPK and NF-«B pathways
C. butyricum IL-8, IL-6, and TNF—o.
C. butyricum TO-A TLR—4
Bacillus species TLR-2 and TLR—4
Dendritic cells
L. paracasei CNCM 1-4034 TLR9, CASPS, and TOLLIP
L. acidophilus Genes encoding [FN, TLR-3, and [L-12
S. boulardii and B. subtillis B10 MyDS88, NF—x B, TLR-1, 2, 4, and 15
Bifidobacteria, lactobacilli, and S. thermophilus THS TNF-o., IL=1f , IL=6, IL=10, IL-12, and IFN-y
L. rhamnosus 35 IL12, TNF-a, ILIB, IL6, TGFBI, IL-23, and IL—8
B. breve CNCM 1-4035 TLR-9 and TOLLIP
L. delbrueckii subsp. bulgaricus TLR—-4, p38, and Ik B
B. animalis subsp. lactis LKM512 Aging-associated and inflammation—associated genes
B. breve M—16V LBP
B. animalis TLR-2 and TLR—4
Bifidobacteria and lactobacilli MUC2, MUC3, NAIP, HIAP1/cIAP2, and HIAP2/cIAP1




Study Probiotic strain Genes involved
L. acidophilus IL-10 and TGF-
B. subtillis RIGP16 and L. salivarius B1 IL-6 and pBD-2
L. casei IFN—y and IL-2

L. plantarum, L. lactis, and L. mesenteroides IL-1P , IL-8, IL-10, TNF-o. , IL=8, TLRS, and IgT

Human studies
L. rhamnosus GG TNF-o. and IL-1

Gene-regulat tworks and path in h
L. acidophilus, L. casei, and L. rhamnosus enereguiatory NELworks and pathiways in uman

mucosa
IL-1B , IL-6, [FN— F-a, IL-12, IL-10, TGF—
VSLA3 B, IL-6, IFN-y, TNF-a, , 0, TGF-f ,
and IL-8
B. clausii Genes involved in the immune response and inflammation

A4: Amyloid beta; APBA1: Precursor protein—binding family A member 1; CASP7: Cysteine protease caspase 7; COX2: Cyclooxy-
genase 2; FCERIA: Allergyrelated high—affinity IgE receptor subunits a; FCER1G: Allergy—related high—affinity IgE receptor subunits
v; HIAP1/cIAP2: Human inhibitor of apoptosis protein 1/cellular inhibitor of apoptosis 2; HIAP2/cIAP1: Human inhibitor of apoptosis
protein 2/cellular inhibitor of apoptosis 1; ICAM-1: Intercellular adhesion molecule 1; IFN-y: Interferon gamma; IL: Interleukin; IRF3:
Interferon regulatory factor 3; LBP: Lipopolysaccharide—binding protein; LIFR: Leukemia inhibitory factor receptor; MAPK: Mitogen—
activated protein kinases; MCP—1: Monocyte chemo—attractant protein—1; MIP—2a: Macrophage inflammatory protein—2 alpha; MIP—2(:
Macrophage inflammatory protein—2 beta; MUC: Mucins; MyD88: Myeloid differentiation primary response protein 88; NAIP: Neuronal
apoptosis inhibitor protein; NF-«kB: Nuclear factor—kappa beta; NOX5: NADPH oxidase; PPAR-y: Peroxisome proliferator—activated
receptor gamma; SOCS: Suppressor of cytokine signaling; p~BD2: Porcine beta—defensins 2; TGF—f: Transforming growth factor beta;
TLR: Toll-like receptor; TNF— a: Tumor necrosis factor—alpha; TOLLIP: Toll-interacting protein; VSL#3: mixture of Bifidobacterium
longum, Bifidobacterium infantis, Bifidobacterium breve, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus delbrueckii subsp.
bulgaricus, Lactobacillus plantarum, and Streptococcus salivarius subsp, thermophilus.

Source: Julio Plaza—Diaz (2014)
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ol WAz dof U3t AHATE Table 83} o] @ 3 2Hg-o] WAIE 31 Q) Th(43). Kendaly (2013)
o}8h91tH4o) =g AAl o) Al dE AAAE L 2 @ 2
I, A E] A of o) ek AdR1e] 7Hr] 9} 5

5) Respiratory Infection A1 datol QlolA Gt §lS Bk oy
2k, Al 7H7] At 9 598 gk A Y

W7, w58 Fs5, v FTNE E Fold & TolA FY2Q g st Bt
S &3t 54 A7 % 7 (Acute upper respi- (44). ¥bA of] Hao 2011+ "1' B 55 7] 719

ratory tract infection, URTIs)<> d 57} of o] o ] ¢t Probiotics&] & ¥}ol tff gt ﬂ-rroﬂ ], URTIs 2]
Aol Fo3 AP Alouk4l), WA <bell vf FAFE Fol AW A A Folm F
ojH A/ ATl Tk ek o] kAol Afo] gl Jom FRIEUAIRE Al thFh
ok Ao A= 75% o)/do] @Al s 8 HlolE 7t gl SIS XA SHEA S Probiot-

UIL42), HolH A4 F4) URTIsE 7F &2F ies7} 3H719] efell= a7t Qlvtal A& A1 &
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™ (46), 2~6412] o] o] 5239 A Al Lactobacillus
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W 2877 Fof Al 357] Agke] FAto] il E
S Q1613 2™ (46), Lactobacillus rhamnosus GG
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lactis BB12 Z&AE 18~3041¢] "M &= A
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& 3T AF Al AR 2Ho] I EHE EQl
S TH4R). Bk, H<e] 58] QIA| Al o
St Meta—analysis®ll 1= Lactobacillus plantarum
3} Lactobacillus rhamnosus Tt B+ Pediococcus
pentosaceus, Leuconostoc mesenteroides, Lactobacil-
lus paracasei subsp. paracasei 9 Lactobacillus plan-
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B2 s B oty e}, Pseudomonas aeruginosa
o] TE7H A ARATIE Ao® gy
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A ¢e 2l A, Probiotics”t S57] A%
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Table 10. Commercial probiotic microorganisms.

Microorganism

Strain

Company (product)

Bifidobacterium adolescentis ATCC 15703

Bifidobacterium animalis  Bb—12 Chr. Hansen
Bifidobacterium bifidum  Bb—-11 Chr. Hansen
Bifidobacterium breve
Bifidobacterium essencis Danone® (Activia)
Bifidobacterium infantis Shlrota‘ Ykt

Immunitas®  Danone®

Bb-02,
Bifidobacterium lactis LafiTM B94 DSM
Bifidobacterium CRL 431

BB536 l(;i[l(;z}rllaga Milk In-
Bifidobacterium longum SBT-2928 Snow Brand Milk

Products

UCC 35624  UCCork
Bacillus lactis DR10 Danisco (Howaru™)
Enterococcus faecium

LA-1/LA-5 Chr. Hansen

NCFM Rhodia
Lactobacillus acidophilus  DDS-1 Nebraska Cultures

SBT-2062 lS);l(i::/lct]:rand Milk
Lactobacillus bulgaricus ~ Lbl2
Lactobacillus casei Shirota Yakult (Yakult®)
Lactobacillus casei Immunitas®  Danone®
Lactobacillus delbrueckii
ssp. bulgaricus
Lactobacillus fermentum — RC-14 Urex Biotech
Lactobacillus GG
Lactobacillus helveticus ~ B02
Lactobacillus lactis LIA Essum AB
Lactobacillus paracasei  CRL 431 Chr. Hansen

GG Valio

GR-1 Urex Biotech
Lactobacillus rhamnosus

LB21 Essum AB

271 Probi AB
Source: Carlos Ricardo Soccol (2010)
H2ke] @ 7= #rH, At " 35 S ollA Probi-
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Table 11. Probiotic products with targeted health benefits available in the US

Indication

Strains

Products

) L. rhamnosus GG
Infant diarrhea

Culturelle (capsule)
Danimals (drikable yogurt)

L. casei DN-114001 (aka “Immunitas™”)

DanActive (fermented milk)

8—strain combination of 3 Bifidobacterium strains, 4
Lactobacillus strains and S. thermophilus

Inflammatory bowel conditions

VSL#3 (powder)

S. boulardii

Florastor (powder)

Antibiotic associated diarrhea; C. difficile L. rhamnosus GG

Culturelle (capsule)
Danimals (drikable yogurt)

L. casei DN114001

DanActive (fermented milk)

Gut transit time

B. animalis DN-173 010 (aka “Bifidus regula-

Activia (yogurt)

ris™”)
L. reuteri ATCC 55730 Stonyfield yogurt

Keeping healthy L. casei DN=114001 DanActive (fermented milk)
L. casei Shirota Yakult

Allergy (atopic dermatitis in infants) L. rhamnosus GG

Culturelle (capsule)
Danimals (drikable yogurt)

Lactose intolerance L.

bulgaricus and/or S. thermophilus (most strains)

All yogurts with live, active cultures

Colic in infants L. reuteri ATCC 55730

Reuteri drops

B. lactis HNO19 (aka HOWARU™ or DR10)

Naked Juice Probiotic Juice Smoothie
Strain sold as an ingredient for dairy and
supplement products — contact Danisco

B. lactis Bb—12
Immune support

Good Start Natural Cultures (infant for-
mula) Nestle; Strain also sold as an ingre-
dient for dairy and supplement products
~ contact Chr. Hansens (800-558-0802)

L. casei DN114001

DanActive (fermented milk)

L. rhamnosus GG

Culturelle (capsule)
Danimals (drikable yogurt)

L. reuteri ATCC 55730

Stonyfield yogurt

Vaginal applications L.

rhamnosus GR-1, L. reuteri RC—14

Fem—Dophilus (capsules)

Irritable bowel syndrome symptoms B.

infantis 35264 (aka “Bifantis™")

Align (capsules)

Source: Bhadoria PBS (2011)
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Gut-brain axis

Effect of the microbiota
on the ENS

Effect of the microbiota
on the ANS
and humoral system

Effect of the microbiota
on the CNS

Microbiota

probiotics

Fig. 1. Interaction of the gut microbiome, probiotics and prebiotics
on the brain gut axis. Source : Delpnine (2013)
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Genomic
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Transcription

Translation

Cloned DNA Emparation

Determine and analyse sequence of metagenomic DNA

Fig. 2. Construction and analysis of metagenomic libraries.
Source : Jo Handelsman (2007)
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