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BALF: bronchoalveolar lavage fluid  

BLI: bioluminescent imaging   

EHEC: enterohemorrhagic Escherichia coli  

ELISA: enzyme-linked immunosorbent assay  

EPEC: enteropathogenic Escherichia coli   

EPS: exopolysaccharide  

GHS: general health score  

HA : hemagglutination   

IFV: influenza virus  

IFN-α: interferon-alpha  -α 

IFN-γ: interferon-gamma -γ 

IFN-λ: interferon-lamda -λ 

IgA: immunoglobulin A A 

IgG: immunoglobulin G A 

IL-1β: interleukin-1 beta  -1 

IL-6: interleukin-6 -6 

IL-12: interleukin-12 -12 

MDCK : Madin-Darby canine kidney  

MLD50: 50% mouse lethal dose 50%  

NK : natural killer   

PBS: phosphate-buffered saline  

ROI: region of interest  

TCID50: median tissue culture infectious dose 50%  

TNF-α: tumor necrosis factor-alpha  

ZO-1: zona occludens protein  
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FFigure 1. Suguki  
KB290 were isolated from a Japanese traditional pickle made from a 
turnip, Suguki, which is cultivated in the Kyoto area. 
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1 Lactobacillus brevis KB290
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4

29, 30

IFV

21, 78

IFV

 

IFV IFV

IFV IFN-α

IFN-λ

14, 15 IFN IFV

IFV 22, 49, 68 NK

IFV

15, 44 T

T B

B immunoglobulin (Ig) 

A IgG IFV IFV  

KB290 IFN-α 51

NK 26, 52



6 
 

IFN-α NK

KB290 IFV

KB290 IFV KB290 IFV

 

  

2  

2-  

AgResearch IFV

BALB/c

7-8 BALB/c AgResearch Ruakura Small Animal Facility, 

Palmerston North, New Zealand Prolab® 

RMH 1800; LabDiet, Richmond, IN, USA) 12

21 50.1±1.4 AgResearch 

Ltd., Hopkirk Research Institute Palmerston North, New Zealand

Agresearch Grasslands Animal Ethics Committee Palmerston 

North, New Zealand  

 

2-2  

KB290 1×1011 cfu/g

KB290

phosphate buffered saline; PBS  
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2-3 IFV  

IFV A/PR/8/34 (H1N1) University of Otago, 

Dunedin, New Zealand 10 IFV

3 IFV 80

50% median tissue culture infectious dose; TCID50

Madin-Darby Canine Kidney MDCK

Hemagglutination, HA 18

MDCK IFV 3 HA TCID50

10 6.75 /mL 14 50% 50% mouse lethal 

dose, MLD50 2 × TCID50  

 

2-4. IFV  

Fig. 2 60 5 / 12

KB290 3 4 /

KB290 KB290

10 mg/100 μL PBS 14 Day 14 1

KB290 KB290 1×109 cfu/ / 15

Day 0 KB290

/  (0.1 mg/g body weight) PBS IFV

2 MLD50/20 μL/ 3 Day 3 10

CO2 1,200 
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× g 15 20 80

10 Day 0 7 Day 7

general health score; GHS

GHS 5 48  

5 =   

4 =   

3 =   

2 =   

1 =   

7 Day 7  CO2

20

2-8, 3-5

1 mL PBS 3

PBS bronchoalveolar lavage 

fluid; BALF BALF 150 × g 15

80  

 

2-5. IFV  

80 2.0 mM Invitrogen, California

USA 100 U/mL Invitrogen 100 μg/mL

Invitrogen Invitrogen

10% (w/v) 7,000 × g 20
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IFV MDCK HA

 

 

2-6. IFN-α  

IFN-α Mouse IFN-alpha Platinum ELISA eBioscience, Bender 

MedSystems Gmbh, Vienna, Austria

4 duplicate

7.48 pg/mL  

 

2-7. BALF IFV IgA  

BALF IFV IgA ELISA 2-3

IFV A/PR/8/34

0.05 M pH 9.6, Sigma, St. Louis, MO, USA 5 μg/mL

96 well 50 μL/well 4 0.5 

(v/v) Tween20 PBS 1% (v/v) 0.5% 

(v/v) Tween 20 PBS 100 μL/well 60

0.5 (v/v)Tween20 PBS BALF 50 μL/well

60 5000 Goat-anti-

Mouse-IgA-HRP Bethyl, Montgomery, TX, USA 50 μL/well 60

0.15 M pH 5.0, 

Sigma 0.5 mg/mL o- Sigma 50 μL/well

1 M H2SO4 50 μL/well
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VERSAmax; Molecular Devices, Sunnyvale, CA, USA 490 nm

650 nm

 

 

2-8.  

40 μm Product Number 431750, Corning, NY, USA

10% Invitrogen RPMI 1640

120 × g 5

17 mM Tris–HCl, 140 mM NH4Cl 3

120 × g 5 20% 

(v/v) Sigma Invitrogen

80

YAC-1 51Cr

111 51Cr YAC-1

YAC-1

51Cr YAC-

100% YAC-1

0%

20:1 40:1  

 

2-9.  
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3-2. IFV  

IFV
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FFigure 2. Schedule for animal experiments. Mice were assigned to three groups, Normal, Control, and KB290. Mice 
in the Normal and Control groups were orally administered potato starch daily from day −14 to day −1, while mice 
in the KB290 group were orally administered KB290 daily at the same period (solid lines). Control and KB290 
group mice were intranasally infected with IFV on day 0, while mice in the Normal groups were not infected. Ten 
mice in each group were evaluated for IFN-α level in serum, IFV titres in the lungs, and cell-mediated cytotoxic 
activity of splenocytes on day 3. The remaining 10 mice in each group were weighed daily and their general  health 
status was scored from Day 0 to 7. Levels of IFN-α in serum, cell-mediated cytotoxic activity of splenocytes, and 
IFV-specific IgA in BALF were evaluated on Day 7 in those mice. 
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FFigure 3. Body weight (A) and general health score (B) of mice in the 
Normal ( , n = 10), Control ( , n = 10), and KB290 ( , n = 10) groups. The 
comparative body weight loss between mice in the KB290 group and the 
Control group was analysed using a mixed effects model, and P-values for 
pairwise comparison were adjusted by ‘FDR’ method (*P < 0.05, **P < 0.01). 
The comparative general health scores between mice in the KB290 group 
and the Control group were analysed using the Kruskal-Wallis test (*P < 
0.05).
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FFigure 4. Levels of IFN-α in sera collected on both days 3 and 7 from mice 
in Normal, Control, and KB290 groups (n = 10 in each group on days 3 and 
7). Data were analysed using one-way ANOVA (*P < 0.05). 
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FFigure 5. IFV-specific IgA levels in BALF collected from mice in Normal, 
Control, and KB290 groups (n = 10 in each group) on day 7 after IFV 
infection. OD490 readings were log10 transformed and analysed using one-
way ANOVA (*P < 0.05). 
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FFigure 6. The cell-mediated cytotoxic activity of splenocytes using 
51Cr release assay. Splenocytes were collected from mice on days 3 and 7 
after IFV infection (mice in the Normal group were not challenged with 
IFV). The splenic NK cell cytotoxicity was assayed at effector (splenocytes) : 
target (51Cr-labelled YAC-1) cell ratios as 20:1. Means of the specific lysis 
were pairwise compared using one-way ANOVA. Means that do not share a 
letter are significantly different (P < 0.05).
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3-3.  

KB290

Table 1

0 2 2

3-2

15.7%

23.9%

Table 1 p < 0.001  

15

Group A 19.8%

325/1645 Group B 17.9% 306/1711

 = 1.105, 95%  = 0.960 

– 1.272, p = 0.165  
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KB290

16.3% 28.7%
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Table 1 p < 0.001  
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FFigure 7. Clinical trial schedule (A) and number of people diagnosed with 
influenza in Tochigi prefecture (B). For subjects in Group A, test drink 
containing KB290 was provided 5 d per week for 2 months in the first 
period (consumption period; solid arrow) and no treatment in the second 
period (non-consumption period; dotted arrow), while those in Group B were 
defined vice versa (A). Data of number of people diagnosed with influenza 
in Tochigi prefecture were derived from the Tochigi Prefectural Infectious 
Disease Surveillance Centre (B). 
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FFigure 8. Flow of participants through the study. 
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TTable 1. Incidence of influenza 

   

RR: relative risk, CI: confidence interval, Non-consumption group: the group which did NOT consume test drink including 
KB290, Consumption group: the group which consumed test drink including KB290  

  

Non-consumption group Consumption group RR 95% CI P  value
First period

All subjects analysed 2/1089 (0.2) 0/694 (0.0) 0.259

Second period

All subjects analysed 166/694 (23.9) 171/1089 (15.7) 0.656 0.542, 0.795 < 0.001
   - Vaccinated subjects 70/356 (19.7) 70/466 (15.0) 0.764 0.565, 1.032 0.079
   - Unvaccinated subjects 96/335 (28.7) 101/620 (16.3) 0.568 0.445, 0.727 < 0.001

Subjects diagnosed with Influenza (n/total n (%))



34 
 

TTable 2. Incidence of common cold and gastroenteritis 

  

RR: relative risk, CI: confidence interval, Non-consumption group: the group which did NOT consume test drink including 
KB290, Consumption group: the group which consumed test drink including KB290  

Non-consumption group Consumption group RR 95% CI P  value
First period

Common cold 131/1089 (12.0) 108/694 (15.6) 1.294 1.021, 1.638 0.033
Gastroenteritis 19/1089 (1.7) 17/694 (2.4) 1.404 0.735, 2.682 0.302

Second period

Common cold 62/694 (8.9) 117/1089 (10.7) 1.203 0.897, 1.612 0.215
Gastroenteritis 27/694 (3.9) 63/1089 (5.8) 1.487 0.957, 2.310 0.075

Subjects diagnosed with 
common cold or gastroenteritis (n/total n (%))
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3 Citrobacter rodentium Lactobacillus brevis KB290

 

1  

enteropathogenic Escherichia coli ; EPEC

enterohemorrhagic Escherichia coli ; EHEC 2

30 40

17  

EPEC EHEC attaching

/effacing A/E  lesions

92

Citrobacter (C.) rodentium

71 C. rodentium A/E 

lesions 5, 58, 87, 88  EPEC

EHEC 103

C. rodentium EPEC EHEC locus for enterocyte effacement LEE

20 C. rodentium EPEC
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EHEC KB290  
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C. rodentium
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in 

vivo C. rodentium

82, 107

Photorhabdus luminescens lux operon

lux operon

lux operon

40, 45, 62, 83, 94

C. rodentium lux operon 16S rDNA

C. rodentium ICC169::p16Slux (C. rodentium lux) 

82  

C. rodentium KB290

C. rodentium C. rodentium lux BLI

C. rodentium

C. rodentium 1×PBS

24, 41, 92 1×PBS



38 
 

C. rodentium

C. rodentium

C. rodentium 

KB290  

 

 

2  

2-  

5 C57BL/6 1

C57BL/6 C. rodentium

 

AIN-93

12 23 ± 2 50 ± 10

135006  
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2-2 Citrobacter rodentium ICC169::p16Slux  

C. rodentium lux 250 μg/mL

LB

37 4 mL 250 μg/mL

LB 37 250 μg/mL

LB 50 ml 2% v/v 3 37

4 2,500 × g 10

C. rodentium lux 1×PBS 0.2 g KH2PO4 0.2 g KCl 1.15 g 

Na2HPO4 8.0 g NaCl 1.0 L 2 1×PBS 10×PBS 

2.0 g KH2PO4 0.2 g KCl 11.5 g Na2HPO4 8.0 g NaCl 1.0 L

3% w/v NaHCO3

2×1010 cfu/mL  

 

2-3 KB290  

KB290 MRS

30 48 50 mL

MRS 30

4 2,500 × g 10 1×PBS 2 1×1010 cfu/mL
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1×PBS  

 

2-4  

2-4-1. C. rodentium lux  

1×PBS 10×PBS Salmonella 

enterica serovar Enteritidis Escherichia coli

36 3% w/v NaHCO3 1

1×PBS 10×PBS 3% w/v  NaHCO3 2 × 1010 cfu/mL

C. rodentium lux 1 100 μL 2×109 cfu/

4 5% 1 3%

C. rodentium lux

IVIS Imaging System Xenogen Co., Alameda, CA, USA

3 cm× 2 cm

Region of Interest; ROI Fig. 9 ROI 1 Living 

Image Software version 3.0 Xenogen Co. photons/s/cm2
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2-4-2. KB290 C. rodentium  

Fig. 10 1 2 2

1 KB290 10 7

C. rodentium 10 3 2

15 7 C. rodentium 15 8

 

1×PBS KB290

KB290 1 100 μL 1 × 109 cfu/

1×PBS KB290 7 KB290

3% w/v NaHCO3 2×1010 cfu/mL C. rodentium lux

100 μL 2×109 cfu/ 3% w/v

NaHCO3 100 μL

1 3 2

8

20 30 mm  RNA 

RNA later® Solution, Ambion, USA 4 24

-80  
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2-5  

Total RNA NucleoSpin RNA MACHEREY-NAGEL GmbH & Co. 

KG, Düren, Germany RNA

-80 cDNA PrimeScript RT reagent Kit

37 15 85 5  

mRNA

Thermal Cycler Dice Real Time System

PCR tumor necrosis factor-alpha

TNF-α interleukin-1 beta IL-1β interleukin-6 IL-6 interleukin-12 p40

IL-12 p40 interferon-gamma IFN-γ

occludin zona occludens protein 1 ZO-1 Table 3

β-actin 2-ΔΔCt

57  

 

2-6  

n C. rodentium 

lux Mann–Whitney U Tukey
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Steel-Dwass P 0.05

 

 

3  

3- C. rodentium lux  

C. rodentium lux

Fig. 11A 1×PBS  10×PBS

3% w/v NaHCO3

3% w/v NaHCO3

Fig. 11B C. rodentium lux 3% w/v NaHCO3

3% w/v NaHCO3

 

 

3-2 KB290 C. rodentium  

3-2-1. C. rodentium lux  

3 C. rodentium lux 3

Fig. 12A Fig. 12B
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KB290

C. rodentium lux

 

1

C. rodentium lux

C. rodentium lux

2 3 KB290

 

2 8 IVIS Fig. 12

Fig. 13A, B 1 3

KB290

4

KB290 Fig. 13B, p < 0.1 

on Day 6, 8  

 

3-2-2.  

1 2 14A 14B

1 C. rodentium lux
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14A 2

3 2 4, 5

KB290 14B  

 

3-2-3.  

3-2-1 KB290 C. rodentium lux

C. rodentium

Fig. 15 Fig. 16

3 KB290 TNF-α

IFN-γ Fig. 15A

8 IFN-γ KB290

Fig. 15B 3

3 8

occludin ZO-1

3 8

Fig. 16A, B  
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4  

C. rodentium lux

C. rodentium 1×PBS

10×PBS  3% w/v NaHCO3

C. rodentium lux 1×PBS

3% w/v NaHCO3

 

C. rodentium KB290

1 2 KB290

C. rodentium lux KB290

C. rodentium  

C. rodentium 1 2

C. rodentium C57BL/6

1, 90, 96

C57BL/6 C. rodentium 1 2

2

KB290
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C. rodentium

1 2 1

C. rodentium lux

 

KB290 C. rodentium lux

occludin ZO-1 3 8

C. rodentium 50, 56

KB290 C. rodentium lux

 

KB290 TNF-α IFN-γ

C. rodentium TNF-α IFN-γ

3, 93, 104

C. rodentium

84
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C. rodentium

Gonçalves 33 TNF-α
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C. rodentium

IFN-γ

C. rodentium

C. rodentium 93 TNF-α IFN-γ

C. rodentium

KB290

C. rodentium

KB290 NK

26, 27 NK C. rodentium TNF-α IFN-γ

C. rodentium

81 KB290 NK
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C. rodentium 12, 
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3 TNF-α

Fig. 15A C. rodentium 3
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C. rodentium lux 2×109 cfu/

12, 23, 42

C. rodentium

KB290

C. rodentium KB290

C. rodentium

KB290

 

KB290 TNF-α IFN-γ

C. rodentium

C. rodentium

C. rodentium C. rodentium
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TTable 3. Sequences of primers used in real-time PCR 
Prrimer  Sequence (5′––3′)  Reference  

β-Actin Forward TGACAGGATGCAGAAGGAGA 76 
 Reverse GCTGGAAGGTGGACAGTGAG  

TNF-α Forward AAGCCTGTAGCCCACGTCGTA 112 

 Reverse GGCACCACTAGTTGGTTGTCTTTG  

IL-1β Forward TCCAGGATGAGGACATGAGCAC 75 

 Reverse GAACGTCACACACCAGCAGGTTA  

IL-6 Forward CCACTTCACAAGTCGGAGGCTTA 37 
 Reverse GCAAGTGCATCATCGTTGTTCATAC  

IL-12 p40 Forward ACTCACATCTGCTGCTCCACAAG 67 

 Reverse CACGTGAACCGTCCGGAGTA  

IFN-γ Forward CGGCACAGTCATTGAAAGCCTA 98 

 Reverse GTTGCTGATGGCCTGATTGTC  

Occludin Forward ATCCTGGGCATCATGGTGTTT 66 

 Reverse GGGCCGTCGGGTTCACT  

ZO-1 Forward CCAGGCATCATCCCAAATAAGAA 66 

 Reverse CCACCCGCTGTCTTTGGA  
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FFigure 9. ROI was selected as a red rectangular window in the image.  
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FFigure 10. Experimental design. Mice in the uninfected and infected groups 
were orally administered with PBS by gavage daily for 10 or 15 days, while 
mice in the KB290 + infected group were orally given KB290 in PBS by 
gavage daily for the same period (dotted lines). Mice in the infected and 
KB290 + infected groups were inoculated orally with C. rodentium 
ICC169::p16lux, while mice in the uninfected group were administered 3% 
NaHCO3 alone as a sham treatment (open triangle). Then, mice in the 
infected and KB290 + infected groups were daily analysed for the presence 
of bioluminescent bacteria under isoflurane anaesthesia by BLI using IVIS 
imaging system (solid line). On day 3 (1st study) or 8 (2nd study) after 
infection, mice were euthanised and the colonic tissue was collected (filled 
triangle). 
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(A) 

 

(B) 
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FFigure 11. IVIS imaging for the evaluation of three solutions to re-suspend 
C. rodentium ICC169::p16lux for the establishment of stable infection. (A) 
The in vivo imaging of mice inoculated with C. rodentium ICC169::p16lux 
suspended in 100 μL of PBS, 10× PBS or 3% NaHCO3. The images were 
taken immediately after inoculation. (B) The quantitative analysis of 
bioluminescence emission in the region of interest of the murine abdomen. 
Data represent the means of luminescence intensity from the respective 
mouse group; n = 3 (PBS group), except for a luminescent-undetected mouse 
(the rightmost one of the PBS group in Figure 11A), n = 5 (10× PBS group) 
or n = 6 (3% NaHCO3 group).
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FFigure 12. Colonisation dynamics of C. rodentium ICC169::p16lux in mice 
in the 1st study. After treatment with PBS or KB290 for 7 days, mice were 
inoculated orally with 2 × 109 cfu of C. rodentium ICC169::p16lux. Then, 
mice were analysed daily for the presence of bioluminescent bacteria under 
isoflurane anaesthesia by IVIS, and the bacterial emission (photon sec-1 cm2 
-1) was quantified in the region of interest of the murine abdomen. * p < 
0.05, by Mann–Whitney U test; n = 4 (Infected group), n = 5 
(KB290+Infected group).  
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((B) 

 
 
Figure 13. Colonisation dynamics of C. rodentium ICC169::p16lux in mice 
in the 2nd study. After treatment with PBS or KB290 for 7 days, mice were 
inoculated orally with 2 × 109 cfu of C. rodentium ICC169::p16lux. Then, 
mice were analysed daily for the presence of bioluminescent bacteria under 
isoflurane anaesthesia by IVIS, and the bacterial emission (photon sec -1 cm2 
-1) was quantified in the region of interest of the murine abdomen. ** p < 
0.01, * p < 0.05, by Mann–Whitney U test; n = 5 (Infected group), n = 6 
(KB290+Infected group).  
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Figure 14. Body weight of mice in each groups. After treatment with PBS or 
KB290 for 7 days, mice were inoculated orally with C. rodentium 
ICC169::p16lux. Then, the bodyweight of mice were measured daily. 
Statistical differences are shown by different letter in Tukey's test.  
(A) n = 4 (Uninfected group), n = 4 (Infected group), n = 5 (KB290+Infected 
group); (B) n = 5 (Uninfected group), n = 5 (Infected group), n = 6 
(KB290+Infected group).
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Figure 15. Cytokine mRNA levels in colonic tissue on day 3 (A) and day 8 (B) after infection. The relative 
expression level of cytokines was normalised against the expression of β-actin, and the 2-ΔΔCt method used to 
calculate the relative expression level of the cytokines in the Uninfected, Infected, and KB290 + Infected groups. * 
p < 0.05, by Steel–Dwass test. (A) n = 4 (Uninfected group), n = 4 (Infected group), n = 5 (KB290+Infected group); 
(B) n = 5 (Uninfected group), n = 5 (Infected group), n = 6 (KB290+Infected group). 
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Figure 16. mRNA expression of tight junction proteins in colonic tissue on 
day 3 (A) and day 8 (B) after infection. The relative expression level of 
cytokines was normalised against the expression of β-actin, and the 2-ΔΔCt 
method used to calculate the relative expression level of the cytokines in 
the Uninfected, Infected, and KB290 + Infected groups. 
(A) n = 4 (Uninfected group), n = 4 (Infected group), n = 5 (KB290+Infected 
group); (B) n = 5 (Uninfected group), n = 5 (Infected group), n = 6 
(KB290+Infected group). 
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