
 

 
 

 

    

 

~ EJIMUS 

GRAS Notice (GRN) No. 1079 Part 2 - Amendments

From: Joel Villareal 
To: Hice, Stephanie 
Cc: Jim Lassiter; Brandon M. Griffin; Kenneth Cairns; Kent Phan; Livia Consedine 
Subject: FW: [EXTERNAL] Re: GRN 001079 - Questions for Notifier 
Date: Saturday, April 15, 2023 10:22:00 PM 
Attachments: image001.png 

image002.png 
image003.png 
image004.png 
image005.png 
image006.png 
image007.png 
image009.png 
II965.1-CBI.2.1.pdf 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Dear Dr. Hice, 

Upon additional review of the documents that were sent as attachments to the previous response 
identified in II965.1-CBI.2, there was an inclusion of documents received from the Sponsor that were 
incorrectly demarked as "Confidential" and were uploaded in that previous response. 

The attached response to this has been amended accordingly to remove "Confidential" citation in 
the attached documents. Therefore, please disregard the prior notification and please accept the 
interim response with the amended report II965.1-CBI.2.1 for your review. This will be followed by 
the subsequent response in the next email with the remaining items requested for the Agency for 
this submission. 

Respectfully, 
 
Joel Villareal |  Regulatory Manager 
Quality Development Services 
joel@rejimus.com 
 

REJIMUS INC. 
600 W. Santa Ana Blvd. Suite 1100 & 1110 
Santa Ana, CA 92701 
Main: 949.485.2112 | Fax: 949.200.8546 
www.rejimus.com 

Notice: This message is intended for the use of the person or entity to which it is addressed and may contain information that is 
privileged and confidential, the disclosure of which is governed by applicable law. If the reader of this message is not the intended 
recipient, or the employee or agent responsible to deliver it is the intended recipient, you are hereby notified that any dissemination, 
distribution or copy of this information is STRICTLY PROHIBITED. If you have received this message by error, please notify us immediately 
by replying to this email and destroy the related message. This e-mail is covered by the Electronic Communications Privacy Act, 18 USC SS 
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2510-2521 and is legally privileged. 

From: Joel Villareal <joel@rejimus.com> 
Date: Friday, April 14, 2023 at 6:09 PM 
To: Stephanie.Hice@fda.hhs.gov <Stephanie.Hice@fda.hhs.gov> 
Cc: Jim Lassiter <jim@rejimus.com>, Brandon M. Griffin <brandon@rejimus.com>, Kenneth 
Cairns <kenneth@rejimus.com>, Kent Phan <kent@rejimus.com>, Livia Consedine 
<livia@rejimus.com> 
Subject: FW: [EXTERNAL] Re: GRN 001079 - Questions for Notifier 

Dear Dr. Hice, 

In response to the document “2023-03-15 GRN 1079 – Questions for Notifier” for the request for 
more information for GRN 001079 (Bifidobacterium longum CBT BG7) and in accordance with the 
below correspondence, attached you will find responses to the questions/comments (II965.1-CBI.2) 
with the respective attachments included therein. 

Please note that there are still five (5) questions that will require additional time to gather/verify 
information and documentation from the Sponsor.  These additional information and documents will 
be provided to the agency for review once we have received them and we anticipate this 
information to be provided by Friday, 4/21/23.  Please let us know if this suffices for this response. 

Thank you for sending your initial feedback and if there any other questions/concerns, please let us 
know. 

Kind Regards. 

Joel Villareal | Regulatory Manager 
Quality Development Services 
joel@rejimus.com 

REJIMUS INC. 
600 W. Santa Ana Blvd. Suite 1100 & 1110 
Santa Ana, CA 92701 
Main: 949.485.2112 | Fax: 949.200.8546 
www.rejimus.com 

Notice: This message is intended for the use of the person or entity to which it is addressed and may contain information that is 
privileged and confidential, the disclosure of which is governed by applicable law. If the reader of this message is not the intended 
recipient, or the employee or agent responsible to deliver it is the intended recipient, you are hereby notified that any dissemination, 
distribution or copy of this information is STRICTLY PROHIBITED. If you have received this message by error, please notify us immediately 
by replying to this email and destroy the related message. This e-mail is covered by the Electronic Communications Privacy Act, 18 USC SS 
2510-2521 and is legally privileged. 
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From: Jim Lassiter <jim@rejimus.com> 
Date: Monday, April 3, 2023 at 1:50 PM 
To: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov> 
Cc: Brandon M. Griffin <brandon@rejimus.com>, Joel Villareal <joel@rejimus.com>, Kenneth 
Cairns <kenneth@rejimus.com> 
Subject: Re: [EXTERNAL] Re: GRN 001078 - Questions for Notifier 

Dr. Hice: 

After careful conferring with colleagues assigned aspects of completion – we 
wish to avail ourselves of your kindness in allowing for complete delivery of the 
materials by the end of NEXT week. We will forward each individually as they 
are completed and reviewed. Thank you again for your assistance and efforts. 

Respectfully, 
-- 
Jim C. Lassiter |  COO 
jim@rejimus.com 

REJIMUS. INC. 
600 W. Santa Ana Blvd. Suite 1100 & 1110 
Santa Ana, CA 92701 
Main: 949.485.2112 x 403 | Direct: 949.683.7897  | Fax: 949.200.8546 
www.rejimus.com 

All of your regulatory and quality needs in one place. 

Notice: This message is intended for the use of the person or entity to which it is addressed and may contain information that is privileged and confidential, the 
disclosure of which is governed by applicable law. If the reader of this message is not the intended recipient, or the employee or agent responsible to deliver it is the 
intended recipient, you are hereby notified that any dissemination, distribution or copy of this information is STRICTLY PROHIBITED. If you have received this 
message by error, please notify us immediately by replying to this email and destroy the related message. This e-mail is covered by the Electronic Communications 
Privacy Act, 18 USC SS 2510-2521 and is legally privileged. 

From: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov> 
Date: Monday, April 3, 2023 at 12:17 PM 
To: Jim Lassiter <jim@rejimus.com> 
Subject: RE: [EXTERNAL] Re: GRN 001078 - Questions for Notifier 

Dear Mr. Lassiter, 
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Thank you for providing an update. 

You mention in your email that the responses to the questions for GRN 001078, 001080, 
001081, and 001082 are intended to be delivered over the course of the next week (with the 
responses to the questions for GRN 001079 to be issued shortly). Do you anticipate that 
you’ll transmit each of the amendments to us by Friday, April 7, 2023? Or, are you referring 
to the end of next week? 

Thank you in advance for your clarification. 

Sincerely, 

Stiffy Hice 

Stephanie (Stiffy) Hice, Ph.D. (they/them/their) 
Regulatory Review Scientist & Microbiology Reviewer 

Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
stephanie.hice@fda.hhs.gov 

Pronouns: They-Them-Their (what is this?) 

From: Jim Lassiter <jim@rejimus.com> 
Sent: Monday, April 3, 2023 12:58 PM 
To: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov> 
Subject: [EXTERNAL] Re: GRN 001078 - Questions for Notifier 
 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments 
unless you recognize the sender and know the content is safe. 

Dr. Hice: 

Please excuse the delay in providing updates and requests concerning this filing as we are 
actively working to address each of the requests for each of the submissions. We are 
preparing the responses to the inquiries posted and will issue the GRN 001079 shortly. The 
inquires posed to the notices 001078, 001080, 001081 and 001082 are also intended to be 
delivered promptly thereafter over the course of the next week as they are completed. 

The majority of the requests have resulted in inquires and clarifications common across the 
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--

submissions needing input from the Sponsor of the notifications to address the last of the 
issues fully. We are working to address those succinctly with each update to follow. 

Your continued patience in this matter is sincerely appreciated. 

Respectfully, 

Jim C. Lassiter | COO 
jim@rejimus.com 

REJIMUS. INC. 
600 W. Santa Ana Blvd. Suite 1100 & 1110 
Santa Ana, CA 92701 
Main: 949.485.2112 x 403 | Direct: 949.683.7897  | Fax: 949.200.8546 
www.rejimus.com 

All of your regulatory and quality needs in one place. 

Notice: This message is intended for the use of the person or entity to which it is addressed and may contain information that is privileged and confidential, 
the disclosure of which is governed by applicable law. If the reader of this message is not the intended recipient, or the employee or agent responsible to 
deliver it is the intended recipient, you are hereby notified that any dissemination, distribution or copy of this information is STRICTLY PROHIBITED. If 
you have received this message by error, please notify us immediately by replying to this email and destroy the related message. This e-mail is covered by 
the Electronic Communications Privacy Act, 18 USC SS 2510-2521 and is legally privileged. 

From: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov> 
Date: Friday, March 31, 2023 at 11:39 AM 
To: Jim Lassiter <jim@rejimus.com> 
Subject: RE: GRN 001078 - Questions for Notifier 

Dear Mr. Lassiter, 

I wanted to follow-up to my March 15, 2023, email to see if you intended to provide 
responses to our questions for GRN 001078 soon? We typically request from 
a response within 10 business days. If you are unable to complete the response 
within that time frame, you may contact me to discuss further options. 

Thank you for your attention to our comments. 
 
Sincerely, 
 
Stiffy Hice 
 
Stephanie (Stiffy) Hice, Ph.D. (they/them/their) 
Regulatory Review Scientist & Microbiology Reviewer 
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Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
stephanie.hice@fda.hhs.gov 
 
Pronouns: They-Them-Their (what is this?) 

From: Hice, Stephanie 
Sent: Wednesday, March 15, 2023 12:03 PM 
To: Jim Lassiter <jim@rejimus.com> 
Subject: GRN 001078 - Questions for Notifier 

Dear Mr. Lassiter, 

During our review of GRAS Notice No. 001078, we noted questions that need to be 
addressed and are attached to this email. 

We respectfully request a response within 10 business days. If you are unable to 
complete the response within that time frame, please contact me to discuss further 
options. Please do not include any confidential information in your response. 

If you have questions or need further clarification, please feel free to 
contact me. Thank you in advance for your attention to our comments. 

Sincerely,  
 
Stiffy Hice 
 
Stephanie (Stiffy) Hice, Ph.D. (they/them/their) 
Regulatory Review Scientist & Microbiology Reviewer 
 
Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
stephanie.hice@fda.hhs.gov 
 
Pronouns: They-Them-Their (what is this?) 
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4/15/2023 
Stephanie Hice, PhD 
Regulatory Review Scientist & Microbiology Reviewer 
Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
United States Food and Drug Administration 
stephanie.hice@fda.hhs.gov 

RE:   Response  to  FDA Q uestions/Comments Regarding GRN 001079  
II965.1-CBI.2.1  

Dear Dr. Hice, 

REJIMUS, INC. received your email dated 3/15/23 regarding additional FDA questions/comments to GRN 
001079. This is the first response to address the majority of the questions presented. Additional 
documentation from the Sponsor has been requested and a follow-up response will be necessary and is 
expected to be provided to you by 4/21/23 to address the identified questions surrounding the intended 
use levels and the overall safety conclusion. 

Should you have any questions or concerns with this additional information or have additional requests 
based on the information provided so far, please let us know, and we will be sure to address that promptly 
for the Agency. 

Sincerely, 

Jim  Lassiter, President/COO  
REJIMUS, INC.  
jim@rejimus.com   

 

REJIMUS, INC. ™ 2023 
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4/15/23  
Stephanie H ice, PhD.  –  United  States  Food  and  Drug  Administration  

RE:   Response  to  FDA Questions/Comments  Regarding GRN 001079  
II965.1-CBI.2.1  
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FDA  QUESTIONS/COMMENTS  REGARDING GRN 001079  

  Question 1 

              
   

             
     

On page 7, the notifier states “… originally isolated from human feces or fermented food is identified as 
Bifidobacterium longum and has been uniquely characterized as a distinct strain known as CBT BG7 by 
means of genomic typing”. For the administrative record, please clarify whether B. longum strain KCTC 
12200BP (B. longum strain “CBT BG7”) was originally isolated from human feces or human food. 

 Response 

             
        

 

  

In general, Bifidobacteria and lactic acid bacteria were isolated from human feces or fermented foods. 
However, B. longum BG7 (KCTC 12200BP) was “originally isolated from feces of healthy breast-fed infant.” 
(Kwon et al. 2015) 

Attachment II965.1-CBI.2.1-A1 

  Question 2 

         
     

       
    

On page 7, the notifier states “The gram staining morphology of Bifidobacterium can vary as long, slender 
rods, in clusters, pairs or even independently”, however, does not describe the morphology of B. longum 
strain KCTC 12200BP. For the administrative record, please provide a brief description of the morphology 
of B. longum strain KCTC 12200BP. 

 

           
 

Response 

B. longum strain KCTC 12200BP is a gram-positive non-spore forming rod. The morphology of the colony 
is a circular shape with raised convex and smooth surface. 

  Question 3 

        
          

              
    

     

For the administrative record, please provide a brief description of B. longum strain KCTC 12200BP 
including phenotypic characteristics (e.g., production of antimicrobials, production of secondary 
metabolites), and whether this poses a safety concern. For example, on page 16, the notifier states, 
“Bifidobacterium longum CBT BG7 is not known to secrete any exotoxins or any other substances that are 
classified as harmful to humans” but does not describe how this was confirmed. 

 Response 

        
           

              
     

         
        

       

Bifidobacterium longum CBT BG7 is a lactic acid bacterium (LAB). LAB produce bacteriocins, small peptides 
3-6 kDA in size that help protect against pathogenic invasion (Savadogo et al. 2006, Toure et al. 2003). 
Most bacteriocins produced by LAB are membrane active compounds that increase permeability of the 
cytoplasmic membrane and show a spectrum of bactericidal activity that falls within two broad groups as 
shown in the Table 1 below (Savadogo et al. 2006). Characteristics of bacteriocins produced by 
Bifidobacterium spp. are shown in Table 2 below. Therefore, the phenotypic characteristics of B. longum 
strain KCTC 12200BP do not pose a safety concern. 

••• 4   
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Stephanie Hice, PhD. – United States Food and Drug Administration 

RE: Response to FDA Questions/Comments Regarding GRN 001079 
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Question 4 

On page 26, the notifier states “The substance’s potential for pathogenicity and acute toxicity tested 
negative”. For the administrative record, please provide a statement affirming that B. longum strain KCTC 
12200BP is non-pathogenic and non-toxigenic. 

Table 1: Antimicrobial peptides produced by lactic acid bacteria (Savadogo et al. 2006). 

Group I: Modified bacteriocins (the (antibiotics) Group II : Unmodified bacteriocins 
Type A Type B One peptide bacteriocins Two peptide bacteriocins 

Nisin NK a Pediocin-like bacteriocins b : Lactococcin G 
Lactocin S Pediocin PA 1, Leucocin A, Lactacin F 
Lacticin 481 Sakacin P, Curvacin A, Plantaricin E/F 

Carnocin UI 49 Mesentericin Y105, Plantaricin J/K 

Cytolysin Carnobacteriocin BM1 , 
Carnobacteriocin B2, 

Lactobin A 
Plantaricin S0 

Enterocin A, Piscicolin 126, 
Bavaricin MN, Piscicocin V1 a 

Pediocin L50d 
Thermoohilin 13 

Non~diocin- like bacteriocins: 
Lactococcin A and B, Crispacin A, 
Divergicin 750, Lactococcin 972, 
AS-48°, Enterocin B, 
Carnobacteriocin A 

• Not known: !antibiotics of type B produced by lactic acid bacteria are presently not known 
• References for the pediocin like bacteriocins are: Pediocin PA 1 (Henderson et al., 1992 ; Marug et al., 1992), leucocin A (Hastings et al., 
1991 ), sakacin P (Tichaczek et al., 1992 ), curvacin A (Tichaczek et al., 1992 ; Holck et al., 1992), mesentericin Y105 (Hechaj"d et al., 1992), 
camobacterioin BM1 and B2 (Quadri et al., 1994), enterocin A (Aymerich et al. , 1996), piscicolin 126 (Jack et al. , 1996), bavaricin MN (Kaiser , 
Montville , 1996), piscicocin V1 a (20). 
c Reference for plantaricin S: (Tichaczek et al. , 1993). 
d originally published as a modified ine peptide bacteriocin (Cintas et al. , 1995), but recent results indicate that is an unmodified two-peptide 
bacteriocin (Cintas et at.unpublished results) 
• As-48 is a cvclic antimicrobial peptide produced by Enterococcus faecalis (Martinez-Bueno et al. , 1994 ).  

••• 5   

Table 2: Bacteriocins from Bifidobacterium spp. and their main characteristics (Martinez et al. 2013). 

Bacteriocin Species and Molwt Heat range pH range Production Optimal Inhibitory spectrum Reference 
strain (kDa) stability stability phase production 

Bifidin B. bifidum (-) (100 · c- 30 min ) 4.8-5.5 After48 h pH: 4.8 Gram-positive and Gram.negative Anand et al 
NCDC 1452 bacteria (1984. 1985) 

Bifidocin B B. bifidum 33 (121 "C- 15 min) 2-12 (12- 18 h) 31 ·c Bacillus c.ereus. Enterocoaus faecalis , Vildirim aoo Johnson 
NCFB 1454 pH 5.0- 6.0 List.eria monocytogenes, Pediococcus (1998): Vild irim et al . 

addolactid. Streptocoaus faecalis. etc. (1999) 
Bifilong B. longwn 120 (100 · c- 30 min ) 2.5-5.0 ( - ) ( - ) Gram-positive and Gram-negative Kang et al (1989) 

bacteria 
Bifilact Bb-46 B. longwn 25- 127 ( 121 "C- 15min) 4-7 (- ) ( - ) Staphylococcus aureus, Salmonello Saleh and El-Sayed 

Bb-46 typhimurium. Bacillus c.ereus. E. coli (2004) 
Bifilact Bb-12 B. lactis Bb-12 25-89 Unstable br high 4-7 ( - ) ( - ) Staphylococcus aureus, Salmonella Saleh and El-Sayed 

temperatures typhimurium, Bacillus cereus. E.coli (2004) 
Therrnophilkin B. thermophUum 5-6 (100 · c- 5 min) 2- 10 24 h pH 6 and Listeria sp. Lactobadllus addophilus von Ah (2006) 

B67 RBL67 40 "( 
Bifidin I B. in fan ds BCRC 3 (121 "C- 15min) 4-10 18 h ( - ) I.AB strains. Staphylococrus, Badllus. Cheikhyousser 

14602 Streptocoaus. Salmonella. Shigella. E. colL et al (2009a, 2010) 
!..antibiotic B. longwn OJOlOA (-) (-) (-) 1- 8 h Aut~indoction Streptocoaus thermophilus ST403. Lee et al . (2011 ) 

(Bisin) by crude Clostridium pe,fringens. Staphylococcus 
!antibiotic epidermidis. Badllus subtilis. Senuda 

marcescens, E. coli OHSa. 

( - ): not available.  

Attachment(s) II965.1-CBI.2.1-A2 and II965.1-CBI.2.1-A3 

REJIMUS, INC. ™ 2023 
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 Response 

         
          

          
  

  

Based on the results of the toxicity study, there were no signs of the mortality or adverse effects of the 
animals at levels of 1 x 1011 CFU/kg. In addition, “no virulence genes or pathogenicity islands were detected 
in the genome” (Kwon et al. 2015). Therefore, it can be affirmed that B. longum strain KCTC 12200BP is 
non-pathogenic and non-toxigenic. 

Attachment II965.1-CBI.2.1-A1 

  Question 5 

              
    

In Table 10, the notifier lists “nr” under the EFSA cutoff value for kanamycin (page 19). For the 
administrative record, please clarify if this stands for “not required”. 

 Response 

      
   

The notation “nr” in Table 10 refers to “not required” according to EFSA. Owing to the inherent 
characteristics of Bifidobacterium species regarding aminoglycosides, kanamycin is not required. 

  Question 6 

            
       

    

In Table 1, the notifier lists “w” under “utilized” column for a few of the substrates assessed in the 
notifier’s assessment of B. longum strain KCTC 12200BP’s fermentative characteristics (page 8). For the 
administrative record, please clarify what “w” means. 

 Response 

             
        

 

The notation in the table shown “w” is an indication of a “weak” reaction. These individual data points (D-
Turanose and 5-Ceto-gluconate) were not considered critical to the overall acceptability of the data and 
information regarding the safety determinations for this microorganism. 

  Question 7 

       
 

For the administrative record, please state whether B. longum strain KCTC 12200BP is genetically 
engineered. 

Response  

B.  longum  strain KCTC  12200BP is  not  genetically  engineered.  The strain was  naturally  isolated from  
human feces (Kwon et al.  2015).   

Attachment  II965.1-CBI.2.1-A1  

  Question 8 

             
        

      

On pages 8 and 9, the notifier discusses various genotypic analyses performed on B. longum strain KCTC 
12200BP, including comparisons to six other strains of Bifidobacterium. Table 2 includes the comparisons 
of these seven Bifidobacteria strains, however, the accompanying legend only lists six of the strains. For 
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the administrative record, please provide an updated copy of Table 2 with a revised legend that correctly 
identifies each of the seven strains. 

 Response 

         
   

Table 2 has been updated to include the seven strains. B. lactis (DSM 10140) has been included as part of 
the seven strains. 

 

ercent Identity 

1 2 3 4 5 6 7 

1 99 .1 99 . l 98 .0 92 .9 90 .8 93.2 
1. B . longum (KCTC l 2200BP) 

2 0.5 98.8 95.8 93.4 90.6 93.7 2. B. longum T (ATCC 15707) 

3 0.9 0 .9 96.8 93.4 90.8 93 .0 3. B . infantisT (ATCC 15697) 

4 3.0 3.1 2.3 92 .9 91.4 93. 1 
4. B . breveT (ATCC 15700) 

5 . B . bifidumT (DSM 20456T) 

5 5.0 5.1 4.6 4.6 89.3 94.l 6. B. lactisT (DSM 10140) 

6 6.7 7.0 6.9 6.3 7.6 90.9 7. B. catenu la tumT (KCTC 3221) 

7 4.9 5.0 5.2 5.1 4.9 6.7 

  Question 9 

            
      

        

On page 9, the notifier describes how pulse field gel electrophoresis was performed on B. longum strain 
KCTC 12200BP and B. longum strain ATCC 15707, however, does not provide a discussion regarding the 
results obtained. For the administrative record, please briefly summarize the results from this analysis. 

 Response 

         
         

                
  

The presented method for pulse field gel electrophoresis in the notification demonstrated that the DNA 
fragments of B. longum strain KCTC 12200BP are different from the reference B. longum strain ATCC 
15707. Therefore, it can be indicated that B. longum strain KCTC 12200BP is a new strain of B. longum 
species. 

  Question 10 

            
        

On page 12, the notifier states “Stock organism is prepared and tested for microbiological contaminants”. 
Please clarify what microbiological contaminants are analyzed for at this stage. 

Response  

The stock organi  sm i s analyzed for i)  aerobic microbial  count  and  ii)  total  yeast and mold count.   
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  Question 11 

           
           

  

For the administrative record, please briefly specify how the purity of B. longum strain KCTC 12200BP is 
ensured during manufacturing, and state whether the fermentation process is conducted in a contained, 
sterile environment. 

 Response 

             
             

   

      
           

             
     

Prior to inoculation of the organism into the prepared sterilized medium, the stock of the strain is checked 
for purity. As a process inspection in the cultivation of the organism, a bacterial morphology under 
microscopy is performed. 

The fermentation process is conducted in a contained, sterile environment. The broth storage tank and its 
components used in the fermentation process are steam sterilized prior to use. During the fermentation 
process, the bottom valve of the broth storage tank is opened, and the cultivated broth is transferred to a 
separator that is cleaned via Clean-in-place (CIP) procedures. 

  Question 12 

           
  

     
                

    

In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
The CAS numbers provided for yeast extract powder, fructose, monobasic potassium phosphate, and corn 
starch do not appear to correspond to the correct substances. For the administrative record, please 
provide the correct CAS numbers for these substances. In addition, we note that the correct name for the 
ingredient designated by CAS No. 10034-99-8 is magnesium sulfate heptahydrate. Please confirm. 

 Response 

     

   

  

  

    
 

            
         

 

The CAS numbers for the following raw materials have been corrected. 

Ingredient CAS No. 

Fructose [57-48-7] 

Yeast Extract Powder [8013-01-2] 

Potassium Phosphate, Monobasic [7778-77-0] 

According to the U.S. Food and Drug Administration Substances Added to Food database (screenshot 
below), Magnesium sulfate has an identified CAS Number of 10034-99-8 as shown in the screenshot below. 
It is acknowledged that Magnesium sulfate heptahydrate does have the same CAS number. 
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  Question 13 

           
     

        
      

      
       

     
     

      
   

In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
The reference provided for L-cysteine monohydrochloride (21 CFR 182.1272) does not correspond to a 
regulation in the CFR. For the administrative record, please provide a clarified reference for this substance. 
Further, the references provided for trehalose (FEMA No. 4600), dibasic potassium phosphate (21 CFR 
182.1073), monobasic potassium phosphate (21 CFR 175.105), and corn starch (21 CFR 182.70/21 CFR 
182.90), either do not appear to be applicable references for these substances based on the intended use 
or correspond to different substances than those listed in the table. Based on these intended uses, more 
appropriate references would be GRN 000045, SCOGS Report No. 32 (for both dibasic and monobasic 
potassium phosphate), and SCOGS Report No. 115, respectively. For the administrative record, please 
provide a statement of affirmation. 

Response  

The re gulatory references for the f ollowing raw m aterials have be en corrected  and are af firmed.  

  

   

  

     

     

   
 

SULFATE 

CAS Reg. No. (or other ID}": 

Substance•: 

Other Names: 

Used for"t (Technlcal Effect): 

Food additive and GRAS regulatlons (21 CFR Parts 170-186)': 

10034-99-8 

MAGNESIUM SULFATE 

• MAGNESIUM SULFATE 
• EPSOM SALT 
• MAGNESIUM SULFATE HEPTAHYDRATE 
t SULFURIC ACID MAGNESIUM SALT (1:1), HEPTAHYDRATE 
• MAGNESIUM SULFATE (1:1), HEPTAHYDRATE 

ANTI CAKING AGENT OR FREE-FLOW AGENT, 
EMULSIFIER OR EMULSIFIER SALT, 
FORMULATION AID, 
LUBRICANT OR RELEASE AGENT, 
MALTING OR FERMENTING AID, 
NUTRIENT SUPPLEMENT, 
PH CONTROL AGENT. 
PROCESSING AID, 
STABILIZER OR THICKENER 

184.1443 

4/15/23 
Stephanie Hice, PhD. – United States Food and Drug Administration 

RE: Response to FDA Questions/Comments Regarding GRN 001079 
II965.1-CBI.2.1 

Ingredient Reference 

L-cysteine monohydrochloride 21 CFR§184.1272 

Trehalose GRN 000045 

Potassium Phosphate, Dibasic SCOGS Report No. 32 

Potassium Phosphate, Monobasic SCOGS Report No. 32 

Corn starch SCOGS Report No. 115 
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11965.1-CBl.2.1 

Question 14 

In Table 3, the notifier cites 21 CFR 172.320 to support the regulatory status of the use of L-arginine as a 
"coating ingredient" (page 11). We note that 21 CFR 172.320 authorizes the use of L-arginine as a nutrient 
added to food and is not applicable to its use as a coating ingredient. FDA has not evaluated its use as a 
coating ingredient. Therefore, we respectfully request that you provide a statement stating that you will 
remove the use of arginine as a coating ingredient. 

Response 

The formulation of the microorganism delivered in dry form will not use L-arginine as a coating ingredient. 
The coating system for the microorganism consists of the remaining ingredients shown in the original Table 
3. 

Coating Ingredient CASNo. Reference 

Trehalose [6138-23-4] GRN 000045 

Potassium Phosphate, Dibasic [7758-11-4] SCOGS Report No. 32 

Potassium Phosphate, Monobasic [7778-7-0] SCOGS Report No. 32 

Xanthan Gum [11138-66-2] 21 CFR §172.695 

Corn starch [977050-21-3] SCOGS Report No. 115 

Sodium Carboxymethylcellulose [9004-32-4] 21 CFR §182.1745 

Sodium Chloride [7647-14-5] 21 CFR §182.1 

Question 15 

In Table 3 (page 11), the notifier lists the components of the fermentation media, and other raw materials, 
including soy peptone. Per the Food Allergen Labeling and Consumer Protection Act, soy is one of the 
major food allergens. Aside from this substance, please state whether any of the remaining raw materials 
used in the manufacturing process are major allergens or are derived from any of the nine major allergens. 
For any of the raw materials used that are major allergens or are derived from any of the nine major 
allergens, please discuss why these materials do not pose a safety concern. 

Response 

Aside from the noted soy peptone used only in the fermentation medium, the product that is the subject 
of this GRAS determination does not have any other raw materials used in the manufacturing process that 
represent any of the major food allergens required to be listed in accordance with the Food Allergen 
Labeling and Consumer Protection Act, identified as milk, eggs, fish, Crustacean shellfish, tree nuts, 
peanuts, wheat, soybeans and sesame. 

Question 16 

In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
For the administrative record, please clarify what "coating ingredient" means in this context. 

EJIMUS 
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10 



 
         

      
 
 

 
         

~ EJIMUS 
REJIMUS, INC. ™ 2023  

  
••• 11   

 Response 

          
           
  

The inclusion of these materials occurs toward the end of the fermentation process. The intent of the 
inclusion is to encapsulate the microorganism comprising the finished ingredient for delivery in its dried 
and final form. 

  Question 17 

       Please clarify whether all raw materials used during the manufacturing process are food grade. 

 Response 

           
     

All raw materials used during the manufacturing process are food grade. The raw materials used have 
regulatory statuses that are safe for inclusion in food. 

  Question 18 

        
         

             

Figure 3 includes an “enzymatic modification” in the flow chart for the manufacturing process as the first 
step, however, this step is not described in any detail in the notice (page 12). Table 3 does not specify 
what type of enzyme, or its source (page 11). Please clarify the following: 

a.  the  identity  of the  enzyme(s) used in the  stated “enzymatic modification” step, including  the  
enzyme commission  number(s)  

b.  the i ntended use of  the e nzyme(s) during the m  anufacturing proce ss  

c.  the source of   the e nzyme(s) (e.g., microbial-derived)  

d.  if  the  enzyme  is  produced  by  a  microorganism,  please  provide  clarification  regarding  the  strain’s  
phenotype  (i.e., pathogenicity, toxigenicity), and genotype (i.e., genetically engineered)  

e.  how  the  notifier ensures that the  enzyme(s)  is inactivated and/or removed from  the  final  product  

 Response 

         
  

        

         

     
       
     

    

     
    

4/15/23 
Stephanie Hice, PhD. – United States Food and Drug Administration 

RE: Response to FDA Questions/Comments Regarding GRN 001079 
II965.1-CBI.2.1 

a. The enzyme used in the enzymatic modification step is a protease (Alcalase) with the enzyme 
commission number 3.4.21.62. 

b. The intended use of the enzyme during the manufacturing process is for protein hydrolysis. 

c. The source of the enzyme is from the microorganism, Bacillus licheniformis. 

d. The microorganism, Bacillus licheniformis, where the enzyme is produced is a non-pathogenic 
strain and is not genetically engineered. In addition, protease enzymes using the non-pathogenic 
strain of Bacillus licheniformis are considered GRAS according to 21 CFR§184.1027 “Mixed 
carbohydrase and protease enzyme product.” 

e. After fermentation is complete, all components of the fermentation media, including the enzyme, 
are removed from the strain through the separator. 
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  Question 19 

         
           

 

In Table 4, the notifier lists a specification for appearance as “light yellow powder”, however, the results 
from the batch analyses are “light brown powder” (page 13). For the administrative record, please clarify 
this discrepancy. 

 Response 

            
       

         
 

    

The submitted specification in Table 4 shows a correct result for Appearance as “Light yellow powder.” The 
description included on page 13 was a typographical error and should be identified consistently as “light 
yellow powder” consistent with the attached is the Certificate of Analysis for the three non-consecutive 
batches. 

Attachment II965-CBI.2.1-A4 

  Question 20 

          
            

  

The method for measuring viable cell count is listed on page 13 as USP <2022>. We note that this method 
is intended to be used to measure the absence of Clostridium species, Escherichia coli, Salmonella species, 
and/or Staphylococcus aureus in dietary supplements. Please clarify this discrepancy. 

 Response 

      
           

  

The method referenced in the GRAS notification was misidentified. As a clarification, the viable cell count 
is performed as an in-house method. The method for viable cell count is attached. 

Attachment: II965.1-CBI.2-A5 

  Question 21 

        
            

        

The method for measuring coliforms is listed on page 13 as USP <2023>, we note that this is not a USP 
method, but rather refers to “Microbiological Attributes of Nonsterile Nutritional and Dietary 
Supplements”. Please provide the correct method used to analyze for the presence of coliforms. 

 Response 

           

  Question 22 

     
  

              
           
       

      

In Table 4, the notifier lists specifications for microorganisms, including coliforms, but does not provide 
specifications for other common, notable foodborne pathogen analyses, such as Salmonella serovars 
(page 13). For the administrative record, please clarify if further analysis is performed to identify the 
genera or species of any presumptive positive result from analysis of coliforms. If further analysis is not 
performed, please describe why analysis for coliforms is sufficient. Additionally, please briefly describe 
how contamination is controlled during the manufacturing process. 

••• 

Coliforms are tested according to Korean FDA Food Code VIII. Food Analytical Method, 4.7 Coliforms. 
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 Response 

             
          

       
  

           
        

     
              

    

  Question 23 

          
  

             
         

                
         

    

The notifier does not provide specifications for heavy metals (Table 4, page 13). We note that we typically 
request that, at a minimum, a limit for lead be included in the specifications for fermentation-derived 
ingredients. Please include a limit for lead in the specifications for B. longum strain KCTC 12200BP and 
provide analytical results from a minimum of three non-consecutive batches to demonstrate that the 
ingredient can be manufactured that to meet this specification limit. Please note that the limit for lead 
should be as low as possible and be reflective of the results of the batch analyses. In addition, please 
specify the analytical method that is used to test for lead. 

Response  

Heavy  metals  are being  performed  as  identified  in  the Certificate of  Analysis.  These include results  for  Lead,  
Arsenic,  Cadmium,  and  Mercury  in  three  non-consecutive  batches.  The  limit for Lead is <  1.0 mg/kg.  
Attached  is  the Certificate of  Analysis  of  the three non-consecutive  batches.  The  analytical  method used 
for  testing  for  lead  is  through ICP  performed under Korean FDA  Food  Code, VIII.  Food  Analytical  Method,  
9.1 Heavy  Metal.   

Attachment:  II965.1-CBI.2.1-A4  

  Question 24 

 
   

Please state whether all analytical methods used to analyze the batches for conformance with the stated 
specifications (including lead) have been validated for that particular purpose. 

Response  

           
  

  Question 25 

          
     

On page 14, the notifier states that B. longum strain KCTC 12200BP is intended to be added to dairy 
products at concentrations needed to provide at least 1011 CFU per serving. According to the stability 

••• 13   

Microbiological testing such as E. coli, S. aureus, Salmonella, L. monocytogenes is performed and meets 
specifications as shown in the Certificate of Analysis for each presented batch. Testing of presumptive 
positive coliform results are further conducted to confirm the genus and species of any presumptive 
coliforms identified during the initial testing. 

The contamination control program utilized during the manufacturing process includes the testing for 
contamination of stock organism(s), and all equipment used in the fermentation as well as the 
manufacturing processes, which are conducted through controlled cleaning programs. The finished 
ingredient testing is performed to verify purity and potency in accordance with the approved specification. 

Attachment II965-CBI.2.1-A4 

All analytical methods used in the testing of the batches (including lead) have been validated for their 
respective purposes. 
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study (Table 5, page 13), the survival rate decreases ~30% during 12-months of storage. Considering the 
loss during storage, please provide narrative how the notifier ensures that 1 × 1011 CFU per serving 
remains viable over the product shelf life. 

 Response 

 

              
      

In Progress 

Additional information has been requested to the Sponsor to verify the serving size/intended levels. The 
response to this question will be addressed in the follow-up response. 

  Question 26 

          
      

     

Please provide food subcategories included in the estimation of consumption of “dairy products” in Table 
7 (page 15). In addition, please specify a serving size for each food subcategory and provide the reference 
that was used as the basis for determining the serving size. 

 Response 

 

      
          

In Progress 

Additional information has been requested to the Sponsor to verify the serving size/intended levels of each 
of the food sub-categories. The response to this question will be addressed in the follow-up response. 

  Question 27 

        
          

      
 

Please clarify what population is represented by “all users” in the dietary exposure estimate (Table 7, page 
15). If the dietary exposure estimate is not for the U.S. population aged 2 years and older, please provide 
mean and 90th percentile eaters-only dietary exposure estimates for U.S. population aged 2 years and 
older. 

 Response 

 

               
        

  

In Progress 

Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
the appropriate dietary exposure. The response to this question will be addressed in the follow-up 
response. 

  Question 28 

        
     

        
        

      
      

 

On page 15, the notifier states, “three daily servings would result in a cumulative exposure of 2.68 × 1011 

CFU per day (8.94 × 1010 × 3)”. Further, the notifier states, “the recommended levels of the cumulative 
exposure of 2.68 × 1011 CFU per day and the cumulative exposure at an estimated 90th percentile of 5.55 
× 1011 CFU per day”. Please note that the cumulative dietary exposure should consider background 
sources, and all current and proposed uses of B. longum strain KCTC 12200BP. For the administrative 
record, please confirm that the term “cumulative” was incorrectly used in the statements mentioned 
above. 
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Further, on page 15 the notifier states, “The estimated 90th percentile of consumers of dairy products at 
this level of recommended consumption adjusted for the findings of the per capita data”. We consider 
that the data in Table 7 represents estimates for “users” (eaters) only, i.e., individuals consuming the 
proposed dairy products at least once during the survey period. Please note that “per capita” estimates 
would include eaters and non-eaters. For the administrative record, please confirm that the estimates in 
Table 7 are for the eaters-only population and explain what is meant by “the findings of the per capita 
data”. 

 Response 

         
            

   

        
      

Currently, B. longum strain KCTC 12200BP is considered a novel ingredient in food and there are no current 
uses of this strain. As dairy products are the only proposed food, the dietary exposure of the ingredient is 
only based on the dairy products only. Therefore, the term “cumulative” was inappropriately used. 

The estimates used in the Table 7 is confirmed as eaters-only population. Therefore, the appropriate term 
should be “findings from the eaters-only population” and not “findings of the per capita data.” 

  Question 29 

          
     

    
       

      

     
        

      

                 
   

         
    

Please provide an updated literature search that discusses the safety of B. longum, including the safety of 
Bifidobacteria, this strain, or closely related strains, as applicable. Please do not limit your discussion solely 
to studies in human populations and include a discussion on pathogenicity and toxigenicity. Further, any 
reports of bacteremia, or foodborne illness involving Bifidobacteria, should also be discussed. For 
example, but not limited to, please see: 

• Esaiassen, E., Hjerde, E., Cavanagh, J. P., Simonsen, G. S., and Klingenberg, C. (2017). 
Bifidobacterium bacteremia: clinical characteristics and a genomic approach to assess pathogenicity. 
Journal of Clinical Microbiology, 55, 2234- 2248. doi: 10.1128/JCM.00150-17 

• Ha, G. Y., Yang, C. H., Kim, H., and Chong, Y. (1999). Case of sepsis caused by Bifidobacterium 
longum. Journal of Clinical Microbiology, 37(4), 1227-1228. doi: 10.1128/JCM.37.4.1227-1228.1999 

Please include the date (month and year) the literature search was performed and discuss whether there 
are any publications that may be contradictory to a GRAS conclusion. 

Response  

A PubMed  and Google  Scholar search was performed for “Bifidobacterium  longum”, and “CBT BG7” to 
determine  if  there  are  any  adverse  events in a human populations or animal  studies. Published  studies  
are sum marized below.   
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Reference Study Title Subjects Dose Duration Summary of 
Safety 

Schellekens Bifidobacterium Healthy Mice were 12 weeks No 
et al. (2021) longum counters the 

effects of obesity: 
Partial successful 
translation from 
rodent to human 

overweight 
adults and 
mice 

administered 2 x 
108 CFU/mL of 
Bifidobacterium 
longum 
APC1472 and 
humans took a 
daily dose of 1 x 
1010 CFU. 

mortality 
was 
observed in 
the mice 
subjects. 
There were 
seven 
adverse 
events; 
however, 6 
of the 
adverse 
events were 
from the 
placebo 
group. The 
adverse 
event from 
the 
treatment 
group is 
constipation 
. 

Jiang et al. Strain-Specific effects Sprague- Six groups were 28 days No 
(2021) of Bifidobacterium 

longum on 
hypercholesterolemic 
and potential 
mechanisms 

Dawley rats administered 
109 CFU/mL of 
different B. 
longum strains 
(HC-CCFM 1077, 
HC-I3, HC-J3, ad 
HC-B3) 

mortality 
was notated 
in the study. 

Takeda et Usefulness of 80 older 5 x 1010 CFU of Once daily No 
al. (2023) Bifidobacterium 

longum BB536 in 
Elderly Individuals 
With Chronic 
Constipation: A 
Randomized 
Controlled Trial 

adults with 
constipation 

B. longum 
BB536 

for 4 weeks mortalities 
were 
notated. 
One case of 
diarrhea in 
both the 
treatment 
and placebo 
group. 
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Reference Study Title Subjects Dose Duration Summary of 
Safety 

Mitelmao et The effect of 132 Adults Two treatment Once daily One adverse 
al. (2022) probiotics on 

functional 
constipation in 
adults: A randomized, 
double-blind 
controlled trial 

with 
constipation 

groups: 
3 x 109 CFU of L. 
acidophilus 02, 
B. bifidum 01, L. 
rhamnosus 04 

8 x 109 CFU of B. 
longum 03, B. 
lactis 01, L. casei 
03, B. animalis 
THT, L. 
acidophilus 02, 
B. bifidum 01, L. 
rhamnosus 04 

for 30 days event was 
observed in 
one of the 
groups 
(abdominal 
pain), but 
the author 
deemed the 
adverse 
event as not 
serious. 

Tremblay et Safety and effect of a 69 healthy 5 billion or 25 Daily for 28 No adverse 
al. (2021) low- and high-dose 

multi strain probiotic 
supplement on a 
microbiota in a 
general adult 
population: a 
randomized, double-
blind, placebo-
controlled study 

adults billion CFU of L. 
helveticus 
R0052, L. 
rhamnosus 
R0011, 
Pediococcus 
acidilactiti 
R1001, B. 
longum ssp. 
longum BB536, 
L. casei R0215, 
L. plantarum 
R1012, B. breve 
R0070, 
Lactococcus 
lactis ssp. lactis 
R1058 

days events were 
observed. 

Karyana et The efficacy of 58 obsese 1.25 x 109 CFU 8 weeks No adverse 
al. (2022) probiotics 

supplementation of 
the lipid profiles of 
obese adolescents: a 
randomized trial 

adolescents of 5 strains 
containing 
Bifidobacterium 
longum 

effects were 
observed. 

Esaiassen et al. (2017) discusses the frequency and causes for bacteremia by Bifidobacterium species. A 
review of the publication shows that Bifidobacterium longum is the most frequent species that caused 
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bacteremia. However, the authors specifies that these cases of bacteremia occur mainly in patients who 
were immunocompromised, had a known medical condition, or a gastrointestinal tract condition. Ha et al. 
(1999) presented a case of sepsis in a human male where the isolated organism was identified as 
Bifidobacterium longum. The author concluded that this case of sepsis was introduced externally (i.e., 
“improperly sterilized acupuncture needles or from the colon via minute perforations caused by those 
needles”). Boyle et al. (2006) presented a review publication on what may cause bacteremia. However, the 
author mentions “all cases of bacteremia or fungemia gave occurred in patients with underlying immune 
compromise, chronic disease, or debilitation, and no reports have described sepsis related to probiotic use 
in otherwise healthy persons.” Therefore, these publications conclude that food-borne illness, such as 
bacteremia, are typically caused by medical or external causes. 

Owing to the results of the updated literature search performed on April 2022 and additional publication 
on the pathogenicity and toxigenicity as well as no significant adverse effects of B. longum, none of the 
published studies is contradictory with the GRAS conclusion. 

Attachment(s) II965.1-CBI.2.1-A6, II965.1-CBI.2.1-A7, II965.1-CBI.2.1-A8, II965.1-CBI.2.1-A9, II965.1-
CBI.2.1-A10, II965.1-CBI.2.1-A11, II965.1-CBI.2.1-A12, II965.1-CBI.2.1-A13, II965.1-CBI.2.1-A14 

  Question 30 

          
      

              

      
        

 

Tables 8 and 9, the notifier lists several GRAS notices, where the subject of the notice was a strain of B. 
longum or Bifidobacteria, that have been submitted to FDA and have received “no questions” letters (page 
18). We evaluated GRNs 000049, 000950, 000952, 000985, 001002, and 001003, and responded in letters 
respectively dated March 19, 2002, March 1, 2021, March 17, 2021, December 21, 2021, July 22, 2022, 
and April 26, 2022, stating that we had no questions at the time regarding the notifiers’ GRAS conclusions. 
For the administrative record, please briefly discuss these GRNs in the context of the notifier’s safety 
conclusion. 

 Response 

In Progress 

Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
confirm the safety conclusion. The response to this question will be addressed in the follow-up response. 

  Question 31 

            
       

      

In Table 9, the notifier lists the substance associated with GRN 000813 as “Bifidobacterium bifidum BORI”, 
however, the substance associated with this GRAS notice is B. longum BORI. For the administrative record, 
please provide a statement of acknowledging this (page 18). 

Response  

It is acknowledged  that the  substance  associated  with  GRN  000813  should  be  identified  as  B. longum  BORI.  
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  Question 32 

           
      

     
            

        
 

On page 26, the notifier states “The applicable GRAS notices, referenced in Table 8 and Table 9 within Part 
6 of this notice, incorporate myriad studies demonstrating the safety of ingestion of substances closely 
related to Bifidobacterium longum CBT BG7” but does not identify or summarize the relevant information 
from each GRAS notice. As each GRAS notice stands on its own, for the administrative record, please 
briefly summarize the information incorporated by reference from the GRAS notices listed in Tables 8 and 
9. 

Response  

Table 8 and   9 has  been updated to include a  summary of  each of  the l isted GRAS notices:  

 
  

 
    

    
 

     
  

 

    
 

  
  

 

 

 
    
 

   
  

 

     
 

  
  

 

 

  
 

   

  
  

      
  

 

Table 8.   GRAS  notices  containing  Bifidobacterium  longum  receiving reply from  FDA  that it had no 
questions  (GRAS Notices Inventory Database).  

GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

877 12/26/19 Bifidobacterium longum 
BB536 

Infant formula 1 x 108 CFU per 
gram of 
product 

813 6/21/19 Bifidobacterium longum 
BORI 

Powdered non-exempt term 
infant formula 

Up to 108 CFU 
per gram of 
powdered 
formula. 

Fermented milk; includes 
buttermilk and kefir; flavored 
milk beverages mixes, dried 
milk powder; imitation milk; 
yogurt; baby cereals and 
foods, powder form; meal 
replacement powder and 
nutrition drink mix powder; 
and sugar substitute, powder 
form at up to 109 CFU per 
serving. 

Up to 109 CFU 
per serving. 

758 8/20/18 Lactobacillus helveticus 
strain R0052, 
Bifidobacterium longum 
subsp. infantis strain R0033, 

Powdered infant formulas 5 x 107 CFU per 
gram of 
product 
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GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

and Bifidobacterium bifidum 
strain R0071 

268 7/08/09 Bifidobacterium longum 
strain BB536 

Breads/baked goods, cereals, 
dairy products/dairy-based 
foods and dairy substitutes, 
fruit products, candy, chewing 
gum, cocoa powder, 
condiment sauces, flavored 
beverage syrups, fruit 
flavored powder beverage 
mixes, gelatin desserts, 
gravies, margarine, peanut 
and other nut butter/spreads, 
snack foods, weaning foods 

Milk based powdered infant 
formula 

1x1010 colony 
forming units 
(cfu) per 
serving 

1x1010 cfu per 
gram of infant 
formula 
powder 

Table 9. GRAS notices of Bifidobacterium organisms of species other than longum receiving reply from 
FDA of no questions (GRAS Notices Inventory Database) 

GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

872 12/09/19 Bifidobacterium animalis 
subsp. lactis UABIa-12 

Foods generally, 
excluding infant formula 
and foods under the 
authority of USDA 

109 to 1011 CFU per 
serving 

856 12/09/19 Bifidobacterium animalis 
subsp. lactis strain BB012 

Conventional foods for 
use by the general 
population, excluding 
foods subject to 
regulation by the USDA 

5 x 1011 CFU per serving 
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GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

855 2/5/20 Bifidobacterium animalis 
subsp. lactis strain R0421 

Exempt powdered milk-
based infant formula 
intended for healthy 
term infants 

5 x 109 CFU/800 ml of 
formula as prepared. 

814 6/25/19 Bifidobacterium bifidum 
BGN4 

Powdered non-exempt 
term infant formula 

Fermented milk; 
includes buttermilk and 
kefir; flavored milk 
beverages mixes, dried 
milk powder; imitation 
milk; yogurt; baby 
cereals and foods, 
powder form; meal 
replacement powder 
and nutrition drink mix 
powder; and sugar 
substitute, powder form 

108 CFU per gram of 
powdered formula 

Up to 109 CFU per 
serving 

455 9/30/13 Bifidobacterium breve M-
16V 

Exempt term powdered 
amino acid-based 
formulas 

Up to 108 CFU per gram 
of infant formula 
powder 

454 9/27/13 Bifidobacterium breve M-
16V 

Non-exempt powdered 
term infant formulas 
(milk- or soy-based) and 
exempt powdered term 
infant formula 
containing partially 
hydrolyzed milk or soy 
proteins 

Up to 108 colony 
forming units per gram 
of infant formula 
powder 
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GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

453 9/27/13 Bifidobacterium breve M-
16V 

baked goods, breakfast 
cereals, fruit juices and 
nectars, fruit ices, 
vegetable juices, milk-
based drinks and 
powders, dairy product 
analogs, frozen dairy 
desserts, processed 
cheese, imitation 
cheese, cheese spreads, 
butter-type products, 
snack foods, gelatin, 
pudding, fillings, meal 
replacements, snack 
bars, nut and peanut 
spreads, hard and soft 
candies, cocoa-type 
powder, and condiment 
sauces at levels 

Up to 5 x 109 colony 
forming units per 
serving 

445 4/10/13 Bifidobacterium animalis 
subsp. lactis strains 
HN019, Bi-07, BI-04 and 
B420 

Ready-to-eat breakfast 
cereals, bars, cheeses, 
milk drinks and milk 
products, bottled water 
and teas, fruit juices, 
fruit nectars, fruit 'ades' 
and fruit drinks, 
chewing gum, and 
confections 

Maximum level of 2 x 
1011 colony forming 
units per serving 
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GRAS 
No. 

Date of 
Closure 

Substance Intended Use Amount 

377 9/29/11 Bifidobacterium animalis 
subsp. lactis strain Bf-6 

Intended foods include: 
dairy foods such as fluid 
milks, yogurt, milk-
based desserts and 
gravies and cheeses; dry 
seeds, nuts, and nut 
butters; grain products 
such as flour, yeast 
breads, quickbreads, 
cakes, cookies, pies, 
pastries, crackers, 
pancakes, waffles, 
French toast, crepes, 
pasta, cooked and 
ready-to-eat cereals, 
grain mixtures, and 
meat substitutes; fruits 
and fruit beverages; 
dark-green vegetables, 
olives, pickles, relishes, 
and vegetable soups; 
salad dressings; sugars 
and sugar substitutes, 
syrups, honey, 
molasses, jellies, jams, 
preserves, gelatin 
desserts, ices, and 
popsicles, candies, and 
chewing gum; and 
carbonated soft drinks, 
sports drinks, energy 
drinks, and water 

Maximum level of 1011 

colony forming units 
(cfu) per serving. 

  Question 33 

The  notifier lists the  intended use  of  B.  longum  strain KCTC 12200BP  as up to 1011  CFU/serving in dairy 
products.  FDA  has evaluated and issued “no questions” letters to seven previous GRAS notices, where  the  
subject of the  notice  was a strain of B.  longum  with  various  intended  uses. The  highest  intended  use  level 
evaluated  was  up  to  1010 CFU/serving.  For the  administrative  record, please  briefly discuss the  1-log  
increase in use level in the context of the notifier’s safety conclusion.  
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In Progress 

Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
confirm the safety conclusion. The response to this question will be addressed in the follow-up response. 

  Question 34 

             
     

              
       

On page 19, the notifier states “While the conclusion of general recognition of safety (GRAS) is based upon 
scientific procedures, there is a history of use of Bifidobacterium longum CBT BG7 in foreign countries and 
in multiple food products” but does not provide a summary of these food products. For the administrative 
record, please provide a brief summary of these food products. 

 Response 

Below is a table of food products that contain Bifidobacterium longum CBT BG7 in foreign countries. 

Product Availability Ingredients Amount per 
Serving 

DUOLAC® Care Singapore 
https://www.watsons.com.sg/duo 
lac-care-60s/p/BP_66142 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 
B. bifidum BF3 

1.12 x 109 CFU 
2.19 x 109 CFU 
2.19 x 109 CFU 
2.19 x 109 CFU 
2.00 x 109 CFU 
1.91 x 109 CFU 
1.25 x 1010 Total 
CFU / Tablet 

DUOLAC® Gold Korea 
https://www.ebay.com/itm/Duola 
c-Gold-Probiotics-Adult-30-days-
Dual-Coated-Lactic-Acid-Bacteria-
Triplets-/231644172196 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 

1.60 x 109 CFU 
1.76 x 109 CFU 
1.76 x 109 CFU 
1.60 x 109 CFU 
1.75 x 109 CFU 
1.53 x 109 CFU 
1.0 x 1010 Total 
CFU / Stick 
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Product Availability Ingredients Amount per 
Serving 

DUOLAC® Kidlac Vietnam 
http://www.quanglong.vn/ChiTiet 
SanPham.aspx?MaSanPham=3 
Myanmar 
https://karunamyanmar.com/pro 
duct/kidlac/ 
https://karunamyanmar.com/pro 
duct/kidlac/ 

B. longum BG7 
L. acidophilus LA1 
B. breve BR3 
E. faecium EF4 

2.00 x 107 CFU 
2.00 x 107 CFU 
2.00 x 107 CFU 
4.40 x 108 CFU 
5.10 x 108 Total 
CFU / Stick 

DUOLAC® Daily Singapore B. longum BG7 1.12 x 109 CFU 
Vitality Korea 

https://www.ebay.co.uk/itm/Duol 
ac-Daily-Vitality-Probiotics-
Capsule-30-days-Bifidus-Family-
Constipation-/232069794895 
Finland 
https://www.apteekkituotteet.fi/ 
Duolac-Daily-Vitality 

L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 

1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 

DUOLAC® Normal Denmark B. longum BG7 5.09 x 108 CFU 
Immune https://www.duolac.dk/products/ 

duolacc-normal-immunforsvar-2/ 
Finland 
https://www.apteekkituotteet.fi/ 
Duolac-Normal-Immune 

L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 

7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 

DUOLAC® Yam Yam Korea 
https://www.ebay.com/itm/Duola 
c-Yam-Yam-Probiotics-Chews-40-
days-Dual-Coated-Bifidus-Triplets-
Kid-Child-/232069760518 

B. longum BG7 
B. breve BR3 
E. faecium EF4 
L plantarum LP3 

1.25 x 109 CFU 
1.25 x 109 CFU 
3.75 x 109 CFU 
1.25 x 109 CFU 
7.5 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 

DUOLAC® Daglig 
Vitalitet 

Denmark 
https://www.duolac.dk/products/ 
duolac-daglig-vitalitet/ 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 
B. bifidum BF3 

1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 

DUOLAC® Daglig Børn Denmark 
https://www.duolac.dk/products/ 
duolac-daglig-boern/ 

B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 

3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 

DUOLAC® Balance 
Baby 

Korea 
https://www.ebay.com/itm/Duola 
c-Baby-Probiotics-Powder-30-
days-Dual-Coated-Bifidus-Triplets-
Kid-Child-/232069774531 

B. longum BG7 
B. breve BR3 
L. rhamnosus LR5 
L. plantarum LP3 
B. infantis BT1 
B. bifidum BF3 

7.56 x 108 CFU 
7.56 x 108 CFU 
9.89 x 108 CFU 
9.89 x 108 CFU 
7.56 x 108 CFU 
7.56 x 108 CFU 
5.0 x 109 Total 
CFU / Stick 

DUOLAC® Duo-D Denmark B. longum BG7 1.25 x 108 CFU 
Drops https://www.duolac.dk/products/ B. breve BR3 1.25 x 108 CFU 

duolac-duo-d-draaber/ B. bifidum BF3 1.25 x 108 CFU 
B. infantis BT1 1.25 x 108 CFU 

5.0 x 108 Total 
CFU / 6 Drops 
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Product Availability Ingredients Amount per 
Serving 

Lactobex® Strong Latvia 
http://www.lactobex.lt 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 

1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 

Lactobex® Latvia 
http://www.lactobex.lt 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 

2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 

Lactobex® Baby 2011 
Latvia 
http://www.lactobex.lt 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 

3.30 x 108 CFU 
3.30 x 108 CFU 
3.40 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 

NBL Probiotic Optima Turkey 
https://www.nblprobiotic.com/nb 
l-probiotic-ailesi/yetiskin/nbl-
probiotic-optima/ 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
E. faecium EF4 
L. plantarum LP3 
B. lactis BL3 

7.7 x 107 CFU 
1.5 x 108 CFU 
2.3 x 108 CFU 
5.7 x 108 CFU 
2.3 x 108 CFU 
2.3 x 108 CFU 
1.5 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 

NBL Probiotic Kids Turkey 
https://www.nblprobiotic.com/nb 
l-probiotic-ailesi/cocuk/nbl-
probiotic-kids/ 

B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 

3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 

NBL Probiotic Gold Turkey 
https://www.nblprobiotic.com/nb 
l-probiotic-ailesi/yetiskin/nbl-
probiotic-gold/ 

B. longum BG7 
L. acidophilus LA1 
L. rhamnosus LR5 
E. faecium EF3 
B. bifidum BF3 

4.26 x 108 CFU 
4.26 x 108 CFU 
4.26 x 108 CFU 
8.16 x 108 CFU 
4.26 x 108 CFU 
2.5 x 109 Total 
CFU / Stick 

NBL Probiotic D3 Drop Turkey B. longum BG7 1.25 x 108 CFU 
https://www.nblprobiotic.com/nb B. breve BR3 1.25 x 108 CFU 
l-probiotic-ailesi/cocuk/nbl- B. bifidum BF3 1.25 x 108 CFU 
probiotic-drop/ B. infantis BT1 1.25 x 108 CFU 

5.0 x 108 Total 
CFU / 6 Drops 

PRODUO Stop Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-stop-
alteraciones-microbiota/ 

B. longum BG7 
L. acidophilus LA1 
L. rhamnosus LR5 
E. faecium EF3 
B. bifidum BF3 

4.26 x 108 CFU 
4.26 x 108 CFU 
4.26 x 108 CFU 
8.16 x 108 CFU 
4.26 x 108 CFU 
2.5 x 109 Total 
CFU / Sachet 
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Product Availability Ingredients Amount per 
Serving 

PRODUO Flora Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-flora-
tratamiento-microflora-intestinal/ 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 

5.09 x 108 CFU 
7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 

PRODUO Daily Care Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-daily-care-flora-
bacteriana/ 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 

1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 

PRODUO Daily Kids Spain 
https://www.farmaciaevacontrera 
s.com/producto/produo-daily-
kids/ 

B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 

3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 

Norgitan Care Belgium 
http://www.apomed.be/2555849-
norgitan-care-5-souches-
bacteries-vivantes-coloniser-
votre-intestin-5425014928174-b-
pharma.html 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 

5.09 x 108 CFU 
7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 
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LIPROLAC· 
SUPLEMEN MAKANAN 

Membanru Memetihoro 
Kesehatan Pencemaan Anok. 

Product Availability Ingredients Amount per 
Serving 

Lacto-B™ Indonesia 
https://www.tokopedia.com/onlin 
emedika/lacto-b-sachet-untuk-
mencegah-diare-pada-bayi 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 

3.30 x 108 CFU 
3.30 x 108 CFU 
3.40 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 

LIPROLAC Indonesia 
https://www.kalbestore.com/lipro 
lac-vanilla-powder.html 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. bifidum BF3 

8.50 x 107 CFU 
2.00 x 108 CFU 
6.80 x 108 CFU 
2.00 x 108 CFU 
8.50 x 107 CFU 
1.25 x 109 Total 
CFU / Sachet 

Floradicol7 Belgium 
http://www.bioradix.be/nl/produc 
ten/floradicol.html 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. plantarum LP3 
L. rhamnosus LR5 
B. lactis BL3 
B. breve BR3 

3.44 x 108 CFU 
5.74 x 108 CFU 
2.30 x 109 CFU 
2.30 x 109 CFU 
5.74 x 108 CFU 
5.74 x 108 CFU 
3.44 x 108 CFU 
7.0 x 109 Total 
CFU / Capsule 

Lucovitaal® Probiotica Netherlands 
https://www.lucovitaal.nl/probioti 
ca-tabletten.html 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
E. faecium EF4 
L. plantarum LP3 
B. breve BR3 

3.94 x 107 CFU 
1.57 x 108 CFU 
4.70 x 107 CFU 
1.93 x 108 CFU 
4.70 x 108 CFU 
9.41 x 107 CFU 
1.0 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 

Phital® Probiotica Plus Netherlands 
https://www.phital.nl/producten/ 
probiotica/probiotica-plus-duolac 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 

5.10 x 108 CFU 
7.14 x 108 CFU 
6.63 x 108 CFU 
5.10 x 108 CFU 
6.12 x 108 CFU 
3.0 x 109 Total 
CFU / Stick 

Nutriforte Lactoghurt Malaysia 
http://www.nutriforte.com.my/La 
ctoghurt+Probiotics_20_1.htm 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 

3.67 x 108 CFU 
3.91 x 108 CFU 
4.89 x 108 CFU 
3.67 x 108 CFU 
4.89 x 108 CFU 
2.1 x 109 Total 
CFU / Tablet 

Lacclean Gold Lab Vietnam 
https://www.alibaba.com/product 
-detail/LACCLEAN-GOLD-LAB-
health-food_246152457.html 

B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. bifidum BF3 

8.50 x 107 CFU 
2.00 x 108 CFU 
6.80 x 108 CFU 
2.00 x 108 CFU 
8.50 x 107 CFU 
1.25 x 109 Total 
CFU / Sachet 

 Conclusion 

We sincerely appreciate this opportunity to clarify the additional questions submitted so far as part of this 
review and we look forward to a positive assessment of these responses and the notification itself. Should 
the agency have any additional questions or requests on the above responses or the prior responses, 
please let us know at your earliest convenience and we will do everything we can to address those 
promptly. We look forward to completing the follow up response to the Agency addressing the remaining 
items that are identified herein as “in progress” promptly with final inputs from the Sponsor. 
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One-hundred and twenty-nine pages have been removed in accordance with copyright laws. The 
removed reference citations can be found at in the attachments list after the conclusion section of the 
notifier response. 

The following 2 attachments remain:  

• Attachment II934.2-CBI.7-A4 Certificate of Analysis 
• Attachment II934.2-CBI.7-A5 in-house analytical method for Viable Cell Count 
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CELL BIOTECH 

Certificate of Analysis 

Product Name : Bifidobacterium longum 

Place of Production: KOREA 

Batch(Lot) No.: BG7 25R Issued Date: 24 Oct. 2018 

Net Weight : lOkg(l 0kg X 1 ea) Mfg. Date: 11 Apr. 2017 

Exp. Date: lOApr. 2018 

Manufacturing origin country: KOREA 
Shipping Origin country: KOREA 

ITEMS SPECIFICATION RESULTS 

Appearance 

Initial viable cell 

Coliforms 

Yeast& Mold 

E.coli

S. aureus 

Salmonella 

L. monocytogene

Lead (Pb) 

Cadmium (Cd) 

Mercury (Hg) 

Arsenic (As) 

Light yellow powder 

 ≥ 5.0 X 1010 CFU/g 

Absent 

:S 10 CFU/g 

Absent in lg 

Absent in lg 

Absent in 25g 

Absent in 10g 

:S 1.0mg/kg 

:S0.3 mg/kg 

:S0.l mg/kg 

:SO.I mg/kg 

Light yellow powder 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Remark : Be kept in an airtight container and stored at a temperature not exceeding 5 r:.

Director, Head of Quality Management Division 

CELL BIOTECH Co., Ltd. 

Headquarters : SO, Aegibong-ro 409 beon-gil, Wolgot-rnyeon, Girnpo-si, Gyeonggi-do, Korea 

Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 

PHONE +82 319878107 FAX +82 31987 6216 www.cellbiotech.com 



 

W
0 

cELL BIOTECH 

Certificate of Analysis 

Product Name : Bifidobacterium longum 

Place of Production: KOREA 

Batch(Lot) No.: BG7 58R Issued Date: 24 Oct. 2018 

Net Weight : l0kg(lOkg X lea) Mfg. Date: 02Aug. 2017 

Exp. Date: 01 Aug. 2018 

Manufacturing origin country: KOREA 
Shipping Origin country: KOREA 

ITEMS SPECIFICATION RESULTS 

Appearance 

Initial viable cell 

Coliforms 

Yeast& Mold 

E.coli

S.aureus

Salmonella 

L. monocytogene

Lead (Pb) 

Cadmium (Cd) 

Mercury (Hg) 

Arsenic (As) 

Remark : Be kept in an airt

Light yellow powder 

 ≥ 5.0 X 1010 CFU/g 

Absent 

:S 10 CFU/g 

Absent in lg 

Absent in lg 

Absent in 25g 

Absent in 1 0g 

:S 1.0 mg/kg 

:S 0.3 mg/kg 

:S 0.1 mg/kg 

:S 0.1 mg/kg 

ight container and stored at a temperature not exceeding 5 t:'. 

Light yellow powder 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Passes test 

Director, Head of Quality Management Division 

CELL BIOTECH Co., Ltd. 

Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 

Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 

PHONE +82 31 987 8107 I FAX +82 31 987 6216 www.cellbiotech.com 
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cELL BIOTECH 

Certificate of Analysis 

Product Name : Bifulobacterium longum 

Batch(Lot) No. : BG? 67R 

Net Weight: l0kg(lOkg X lea) 

Manufacturing origin country: KOREA 
Shipping Origin country: KOREA 

Place of Production: KOREA 

Issued Date: 24 Oct. 2018 

Mfg. Date: 12 Sep. 2017 

Exp. Date: 11 Sep. 2018 

ITEMS SPECIFICATION RESULTS 

Appearance 

Initial viable cell 

Coliforms 

Light yellow powder 

≥ 5.0 X 10 10 CFU/g 

Absent 

Light yellow powder 

Passes test 

Passes test 

Yeast& Mold 

E.coli

:S 10 CFU/g 

Absent in lg 

Passes test 

Passes test 

S. aureus Absent in lg Passes test 

Salmonella Absent in 25g Absent Passes test 

L. monocytogene in I 0g Passes test 

Lead (Pb) :S 1.0 mg/kg Passes test 

Cadmium (Cd) :S0.3 mg/kg Passes test 

Mercury (Hg) :S 0.1 mg/kg Passes test 

Arsenic (As) :S 0.1 mg/kg Passes test 

Remark : Be kept in an airtight container and stored at a temperature not exceeding 5 r:.

t

Director, Head of Quality Management Division 

CELL BIOTECH Co., Ltd. 

Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 

Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
PHONE +82 31 987 8107 FAX +82 31 987 6216 www.cellbiotech.com I 
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Analytical Method of Viable Cell Count  

Materials : 

1. The diluent (Buffered peptone water) 

Composition g/L 

Peptone 10 

Sodium chloride 5 

Disodium phosphate 3.5 

Monopotassium phosphate 1.5 

Tween 80 0.5 

Sterilized water 979.5 

pH 6.8~7.0 

* Adjust pH with 0.1N NaOH 

Method: 

1. Dissolve precisely 1 g of the specimen in 15 mL falcon tube filled with 9 mL of the sterilized 

diluent (pH: 6.8 ~ 7.0) 

2. Auto-vortex for 20 min. using tube adaptor at room temperature to remove the coating 

materials completely. If the tube adaptor is not equipped, semiauto-vortex for 20 min. in a 

pattern of 2-minute-vortexing-and-3-minute-resting. 

* Vortex or vortexing of the followings means semiauto-vortex or semiauto-vortexing. 

3. Prepare approx. 10 glass tubes containing 9 mL of the diluent respectively. And perform the 

first serial dilution with a 1 in 10 (1:9) dilution method. 

4. After diluting the first glass tube, vortex 3 min. and check the bacterial cells by microscope 

(×1,000). If the bacteria are not released completely, repeat this procedure. 

5. Vortex the first glass tube for 10 sec. and continue serial dilution with a 1 in 10 (1:9) dilution 

method until the expected final dilution, at which 30 colonies are formed in the final culture 

plate. The operation between the two tubes must be done within one minute. 

Dilution factor Vortex for 

10-1 20 min 

10-2 3 min 

10-3 1 min 

10-4 30 sec 

10-5~ 15 sec 

CELL BIOTECH Co., Ltd. 
| Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
| Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
| PHONE +82 31 987 8107 | FAX +82 31 987 6209 | www.cellbiotech.com 
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6. Select the last 3 tubes and vortex one tube  for 10  sec. and put 1.0 mL of the diluted  solution 

into the sterilized culture  plate (Petri-dish). Pour about 20 mL of the readymade  culture media 

(MRS or  BL) carefully into  the plate, cap it with the plate cover and  shake the plate smoothly 

(clockwise 5 times and then counterclockwise 5 times). Mark  the  dilution ratio  on the plate 

cover. Perform the same procedure for the other 2 tubes. 

* MRS agar for Lactobacillus, Lactococus, Enterococcus and Streptococcus species 

* BL agar  for  Bifidobacterium species or  for total  viable  cell count. 

* CBT uses MRS agar  and  BL agar manufactured by Difco. 

7. Leave the plates at room temp. until the  media become hard. And then incubate the  culture 

plate at 37℃ for  72  hrs  in an aerobic  incubator  (for  MRS agar) or  for 72 hrs in an  anaerobic 

incubator  (for BL agar). 

8. Select  the  plate  at which 30~300  colonies are  formed and calculate  viable  cells inversely  using 

the following formula. 

Formula: Viable cells (cfu/g) = Colony number × Dilution Factor 

CELL BIOTECH Co., Ltd. 
| Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
| Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
| PHONE +82 31 987 8107 | FAX +82 31 987 6209 | www.cellbiotech.com 


	GRAS Notice (GRN) 1079 Part 2 - Amendment
	2023-04-15 GRN 1079 - Cell Biotech Response to Questions for Notifier
	Subject: FW: [EXTERNAL] Re: GRN 001079 - Questions for Notifier 
	Response to FDA Questions/Comments Regarding GRN 001079  II965.1-CBI.2.1  
	 TABLE OF CONTENTS 
	FDA Questions/Comments Regarding GRN 001979
	  Question 1 - On page 7, the notifier states “… originally isolated from human feces or fermented food is identified as Bifidobacterium longum and has been uniquely characterized as a distinct strain known as CBT BG7 by means of genomic typing”. For the administrative record, please clarify whether B. longum strain KCTC 12200BP (B. longum strain “CBT BG7”) was originally isolated from human feces or human food. 
	Question 2 - On page 7, the notifier states “The gram staining morphology of Bifidobacterium can vary as long, slender rods, in clusters, pairs or even independently”, however, does not describe the morphology of B. longum strain KCTC 12200BP. For the administrative record, please provide a brief description of the morphology of B. longum strain KCTC 12200BP. 
	Question 3 - For the administrative record, please provide a brief description of B. longum strain KCTC 12200BP including phenotypic characteristics (e.g., production of antimicrobials, production of secondary metabolites), and whether this poses a safety concern. For example, on page 16, the notifier states, “Bifidobacterium longum CBT BG7 is not known to secrete any exotoxins or any other substances that are classified as harmful to humans” but does not describe ho
	Question 4 - On page 26, the notifier states “The substance’s potential for pathogenicity and acute toxicity tested negative”. For the administrative record, please provide a statement affirming that B. longum strain KCTC 12200BP is non-pathogenic and non-toxigenic. 
	Question 5 - In Table 10, the notifier lists “nr” under the EFSA cutoff value for kanamycin (page 19). For the administrative record, please clarify if this stands for “not required”. 
	  Question 6 - In Table 1, the notifier lists “w” under “utilized” column for a few of the substrates assessed in the notifier’s assessment of B. longum strain KCTC 12200BP’s fermentative characteristics (page 8). For the administrative record, please clarify what “w” means. 
	Question 7 - For the administrative record, please state whether B. longum strain KCTC 12200BP is genetically engineered. 
	Question 8 - On pages 8 and 9, the notifier discusses various genotypic analyses performed on B. longum strain KCTC 12200BP, including comparisons to six other strains of Bifidobacterium. Table 2 includes the comparisons of these seven Bifidobacteria strains, however, the accompanying legend only lists six of the strains. For 
	Question 9 - On page 9, the notifier describes how pulse field gel electrophoresis was performed on B. longum strain KCTC 12200BP and B. longum strain ATCC 15707, however, does not provide a discussion regarding the results obtained. For the administrative record, please briefly summarize the results from this analysis. 
	Question 10 - On page 12, the notifier states “Stock organism is prepared and tested for microbiological contaminants”. Please clarify what microbiological contaminants are analyzed for at this stage. 
	Question 11 - For the administrative record, please briefly specify how the purity of B. longum strain KCTC 12200BP is ensured during manufacturing, and state whether the fermentation process is conducted in a contained, sterile environment. 
	Question 12 - In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). The CAS numbers provided for yeast extract powder, fructose, monobasic potassium phosphate, and corn starch do not appear to correspond to the correct substances. For the administrative record, please provide the correct CAS numbers for these substances. In addition, we note that the correct name for the ingredient designated by CAS No. 10034-99-8 is 
	Question 13 - In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). The reference provided for L-cysteine monohydrochloride (21 CFR 182.1272) does not correspond to a regulation in the CFR. For the administrative record, please provide a clarified reference for this substance. Further, the references provided for trehalose (FEMA No. 4600), dibasic potassium phosphate (21 CFR 182.1073), monobasi
	Question 14 - In Table 3, the notifier cites 21 CFR 172.320 to support the regulatory status of the use of L-arginine as a "coating ingredient" (page 11). We note that 21 CFR 172.320 authorizes the use of L-arginine as a nutrient added to food and is not applicable to its use as a coating ingredient. FDA has not evaluated its use as a coating ingredient. Therefore, we respectfully request that you provide a statement stating that you will remove the use of arginine as a coating ingredient.
	Question 15 - In Table 3 (page 11), the notifier lists the components of the fermentation media, and other raw materials, including soy peptone. Per the Food Allergen Labeling and Consumer Protection Act, soy is one of the major food allergens. Aside from this substance, please state whether any of the remaining raw materials used in the manufacturing process are major allergens or are derived from any of the nine major allergens. For any of th
	Question 16 - In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). For the administrative record, please clarify what “coating ingredient” means in this context. 
	Question 17 - Please clarify whether all raw materials used during the manufacturing process are food grade. 
	Question 18 - Figure 3 includes an “enzymatic modification” in the flow chart for the manufacturing process as the first step, however, this step is not described in any detail in the notice (page 12). Table 3 does not specify what type of enzyme, or its source (page 11). Please clarify the following: a.  the  identity  of the  enzyme(s) used in the  stated “enzymatic modification” step, including  the  enzyme commission  number(s)  b.  the i ntended use of  the e nzyme(s) duri
	Question 19 - In Table 4, the notifier lists a specification for appearance as “light yellow powder”, however, the results from the batch analyses are “light brown powder” (page 13). For the administrative record, please clarify this discrepancy. 
	  Question 20 - The method for measuring viable cell count is listed on page 13 as USP <2022>. We note that this method is intended to be used to measure the absence of Clostridium species, Escherichia coli, Salmonella species, and/or Staphylococcus aureus in dietary supplements. Please clarify this discrepancy. 
	Question 21 - The method for measuring coliforms is listed on page 13 as USP <2023>, we note that this is not a USP method, but rather refers to “Microbiological Attributes of Nonsterile Nutritional and Dietary Supplements”. Please provide the correct method used to analyze for the presence of coliforms. 
	Question 22 - In Table 4, the notifier lists specifications for microorganisms, including coliforms, but does not provide specifications for other common, notable foodborne pathogen analyses, such as Salmonella serovars (page 13). For the administrative record, please clarify if further analysis is performed to identify the genera or species of any presumptive positive result from analysis of coliforms. If further analysis is not performed, please describe why an
	Question 23 - The notifier does not provide specifications for heavy metals (Table 4, page 13). We note that we typically request that, at a minimum, a limit for lead be included in the specifications for fermentation-derived ingredients. Please include a limit for lead in the specifications for B. longum strain KCTC 12200BP and provide analytical results from a minimum of three non-consecutive batches to demonstrate that the ingredient can be m
	Question 24 - Please state whether all analytical methods used to analyze the batches for conformance with the stated specifications (including lead) have been validated for that particular purpose. 
	Question 25 - On page 14, the notifier states that B. longum strain KCTC 12200BP is intended to be added to dairy products at concentrations needed to provide at least 1011 CFU per serving. According to the stability study (Table 5, page 13), the survival rate decreases ~30% during 12-months of storage. Considering the loss during storage, please provide narrative how the notifier ensures that 1 × 10CFU per serving remains viable over the product shelf life. 
	Question 26 - Please provide food subcategories included in the estimation of consumption of “dairy products” in Table 7 (page 15). In addition, please specify a serving size for each food subcategory and provide the reference that was used as the basis for determining the serving size. 
	  Question 27 - Please clarify what population is represented by “all users” in the dietary exposure estimate (Table 7, page 15). If the dietary exposure estimate is not for the U.S. population aged 2 years and older, please provide mean and 90th percentile eaters-only dietary exposure estimates for U.S. population aged 2 years and older. 
	  Question 28 - On page 15, the notifier states, “three daily servings would result in a cumulative exposure of 2.68 × 1011 CFU per day (8.94 × 1010 × 3)”. Further, the notifier states, “the recommended levels of the cumulative exposure of 2.68 × 1011 CFU per day and the cumulative exposure at an estimated 90th percentile of 5.55 × 1011 CFU per day”. Please note that the cumulative dietary exposure should consider background sources, and all current and proposed uses 
	  Question 29 - Please provide an updated literature search that discusses the safety of B. longum, including the safety of Bifidobacteria, this strain, or closely related strains, as applicable. Please do not limit your discussion solely to studies in human populations and include a discussion on pathogenicity and toxigenicity. Further, any reports of bacteremia, or foodborne illness involving Bifidobacteria, should also be d
	  Question 30 - Tables 8 and 9, the notifier lists several GRAS notices, where the subject of the notice was a strain of B. longum or Bifidobacteria, that have been submitted to FDA and have received “no questions” letters (page 18). We evaluated GRNs 000049, 000950, 000952, 000985, 001002, and 001003, and responded in letters respectively dated March 19, 2002, March 1, 2021, March 17, 2021, December 21, 2021, July 22, 2022, and April 26, 2022, stating that we had 
	  Question 31 - In Table 9, the notifier lists the substance associated with GRN 000813 as “Bifidobacterium bifidum BORI”, however, the substance associated with this GRAS notice is B. longum BORI. For the administrative record, please provide a statement of acknowledging this (page 18). 
	  Question 32 - On page 26, the notifier states “The applicable GRAS notices, referenced in Table 8 and Table 9 within Part 6 of this notice, incorporate myriad studies demonstrating the safety of ingestion of substances closely related to Bifidobacterium longum CBT BG7” but does not identify or summarize the relevant information from each GRAS notice. As each GRAS notice stands on its own, for the administrative record, please briefly summarize the information incor
	  Question 33 - The  notifier lists the  intended use  of  B.  longum  strain KCTC 12200BP  as up to 1011  CFU/serving in dairy products.  FDA  has evaluated and issued “no questions” letters to seven previous GRAS notices, where  the  subject of the  notice  was a strain of B.  longum  with  various  intended  uses. The  highest  intended  use  level evaluated  was  up  to  1010 CFU/serving.  For the  administrative  record, please  briefly discuss the  1-log  increase in use level in the context of the noti
	  Question 34 - On page 19, the notifier states “While the conclusion of general recognition of safety (GRAS) is based upon scientific procedures, there is a history of use of Bifidobacterium longum CBT BG7 in foreign countries and in multiple food products” but does not provide a summary of these food products. For the administrative record, please provide a brief summary of these food products. 
	 Conclusion 
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 4/15/2023 
Stephanie Hice, PhD 
Regulatory Review Scientist & Microbiology Reviewer 
Division of Food Ingredients 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
United States Food and Drug Administration 
stephanie.hice@fda.hhs.gov 
 
RE:  Response to FDA Questions/Comments Regarding GRN 001079 
II965.1-CBI.2.1 


Dear Dr. Hice, 


REJIMUS, INC. received your email dated 3/15/23 regarding additional FDA questions/comments to GRN 
001079. This is the first response to address the majority of the questions presented. Additional 
documentation from the Sponsor has been requested and a follow-up response will be necessary and is 
expected to be provided to you by 4/21/23 to address the identified questions surrounding the intended 
use levels and the overall safety conclusion.  


Should you have any questions or concerns with this additional information or have additional requests 
based on the information provided so far, please let us know, and we will be sure to address that promptly 
for the Agency. 


Sincerely, 


 
Jim Lassiter, President/COO 
REJIMUS, INC. 
jim@rejimus.com  
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FDA QUESTIONS/COMMENTS REGARDING GRN 001079 


Question 1 


On page 7, the notifier states “… originally isolated from human feces or fermented food is identified as 
Bifidobacterium longum and has been uniquely characterized as a distinct strain known as CBT BG7 by 
means of genomic typing”. For the administrative record, please clarify whether B. longum strain KCTC 
12200BP (B. longum strain “CBT BG7”) was originally isolated from human feces or human food. 


Response 


In general, Bifidobacteria and lactic acid bacteria were isolated from human feces or fermented foods. 
However, B. longum BG7 (KCTC 12200BP) was “originally isolated from feces of healthy breast-fed infant.” 
(Kwon et al. 2015) 


Attachment II965.1-CBI.2.1-A1 


Question 2 


On page 7, the notifier states “The gram staining morphology of Bifidobacterium can vary as long, slender 
rods, in clusters, pairs or even independently”, however, does not describe the morphology of B. longum 
strain KCTC 12200BP. For the administrative record, please provide a brief description of the morphology 
of B. longum strain KCTC 12200BP. 


Response 


B. longum strain KCTC 12200BP is a gram-positive non-spore forming rod. The morphology of the colony 
is a circular shape with raised convex and smooth surface.  


Question 3 


For the administrative record, please provide a brief description of B. longum strain KCTC 12200BP 
including phenotypic characteristics (e.g., production of antimicrobials, production of secondary 
metabolites), and whether this poses a safety concern. For example, on page 16, the notifier states, 
“Bifidobacterium longum CBT BG7 is not known to secrete any exotoxins or any other substances that are 
classified as harmful to humans” but does not describe how this was confirmed. 


Response 


Bifidobacterium longum CBT BG7 is a lactic acid bacterium (LAB). LAB produce bacteriocins, small peptides 
3-6 kDA in size that help protect against pathogenic invasion (Savadogo et al. 2006, Toure et al. 2003). 
Most bacteriocins produced by LAB are membrane active compounds that increase permeability of the 
cytoplasmic membrane and show a spectrum of bactericidal activity that falls within two broad groups as 
shown in the Table 1 below (Savadogo et al. 2006). Characteristics of bacteriocins produced by 
Bifidobacterium spp. are shown in Table 2 below. Therefore, the phenotypic characteristics of B. longum 
strain KCTC 12200BP do not pose a safety concern.  


 







4/15/23 
Stephanie Hice, PhD. – United States Food and Drug Administration 


RE:  Response to FDA Questions/Comments Regarding GRN 001079 
II965.1-CBI.2.1 


 


 
   REJIMUS, INC. ™ 2023     


   5 


 


Table 1: Antimicrobial peptides produced by lactic acid bacteria (Savadogo et al. 2006). 


 


Table 2: Bacteriocins from Bifidobacterium spp. and their main characteristics (Martinez et al. 2013). 


 


Attachment(s) II965.1-CBI.2.1-A2 and II965.1-CBI.2.1-A3 


Question 4 


On page 26, the notifier states “The substance’s potential for pathogenicity and acute toxicity tested 
negative”. For the administrative record, please provide a statement affirming that B. longum strain KCTC 
12200BP is non-pathogenic and non-toxigenic. 
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Response 


Based on the results of the toxicity study, there were no signs of the mortality or adverse effects of the 
animals at levels of 1 x 1011 CFU/kg. In addition, “no virulence genes or pathogenicity islands were detected 
in the genome” (Kwon et al. 2015). Therefore, it can be affirmed that B. longum strain KCTC 12200BP is 
non-pathogenic and non-toxigenic.  


Attachment II965.1-CBI.2.1-A1 


Question 5 


In Table 10, the notifier lists “nr” under the EFSA cutoff value for kanamycin (page 19). For the 
administrative record, please clarify if this stands for “not required”. 


Response 


The notation “nr” in Table 10 refers to “not required” according to EFSA. Owing to the inherent 
characteristics of Bifidobacterium species regarding aminoglycosides, kanamycin is not required. 


Question 6 


In Table 1, the notifier lists “w” under “utilized” column for a few of the substrates assessed in the 
notifier’s assessment of B. longum strain KCTC 12200BP’s fermentative characteristics (page 8). For the 
administrative record, please clarify what “w” means. 


Response 


The notation in the table shown “w” is an indication of a “weak” reaction. These individual data points (D-
Turanose and 5-Ceto-gluconate) were not considered critical to the overall acceptability of the data and 
information regarding the safety determinations for this microorganism. 


Question 7 


For the administrative record, please state whether B. longum strain KCTC 12200BP is genetically 
engineered. 


Response 


B. longum strain KCTC 12200BP is not genetically engineered. The strain was naturally isolated from 
human feces (Kwon et al. 2015).  


Attachment II965.1-CBI.2.1-A1 


Question 8 


On pages 8 and 9, the notifier discusses various genotypic analyses performed on B. longum strain KCTC 
12200BP, including comparisons to six other strains of Bifidobacterium. Table 2 includes the comparisons 
of these seven Bifidobacteria strains, however, the accompanying legend only lists six of the strains. For 
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the administrative record, please provide an updated copy of Table 2 with a revised legend that correctly 
identifies each of the seven strains. 


Response 


Table 2 has been updated to include the seven strains. B. lactis (DSM 10140) has been included as part of 
the seven strains.  


 


Question 9 


On page 9, the notifier describes how pulse field gel electrophoresis was performed on B. longum strain 
KCTC 12200BP and B. longum strain ATCC 15707, however, does not provide a discussion regarding the 
results obtained. For the administrative record, please briefly summarize the results from this analysis. 


Response 


The presented method for pulse field gel electrophoresis in the notification demonstrated that the DNA 
fragments of B. longum strain KCTC 12200BP are different from the reference B. longum strain ATCC 
15707. Therefore, it can be indicated that B. longum strain KCTC 12200BP is a new strain of B. longum 
species.  


Question 10 


On page 12, the notifier states “Stock organism is prepared and tested for microbiological contaminants”. 
Please clarify what microbiological contaminants are analyzed for at this stage. 


Response 


The stock organism is analyzed for i) aerobic microbial count and ii) total yeast and mold count.  
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Question 11 


For the administrative record, please briefly specify how the purity of B. longum strain KCTC 12200BP is 
ensured during manufacturing, and state whether the fermentation process is conducted in a contained, 
sterile environment. 


Response 


Prior to inoculation of the organism into the prepared sterilized medium, the stock of the strain is checked 
for purity. As a process inspection in the cultivation of the organism, a bacterial morphology under 
microscopy is performed. 


The fermentation process is conducted in a contained, sterile environment. The broth storage tank and its 
components used in the fermentation process are steam sterilized prior to use. During the fermentation 
process, the bottom valve of the broth storage tank is opened, and the cultivated broth is transferred to a 
separator that is cleaned via Clean-in-place (CIP) procedures. 


Question 12 


In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
The CAS numbers provided for yeast extract powder, fructose, monobasic potassium phosphate, and corn 
starch do not appear to correspond to the correct substances. For the administrative record, please 
provide the correct CAS numbers for these substances. In addition, we note that the correct name for the 
ingredient designated by CAS No. 10034-99-8 is magnesium sulfate heptahydrate. Please confirm. 


Response 


The CAS numbers for the following raw materials have been corrected. 


Ingredient CAS No. 


Fructose [57-48-7] 


Yeast Extract Powder [8013-01-2] 


Potassium Phosphate, Monobasic [7778-77-0] 
 


According to the U.S. Food and Drug Administration Substances Added to Food database (screenshot 
below), Magnesium sulfate has an identified CAS Number of 10034-99-8 as shown in the screenshot below. 
It is acknowledged that Magnesium sulfate heptahydrate does have the same CAS number. 
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Question 13 


In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
The reference provided for L-cysteine monohydrochloride (21 CFR 182.1272) does not correspond to a 
regulation in the CFR. For the administrative record, please provide a clarified reference for this substance. 
Further, the references provided for trehalose (FEMA No. 4600), dibasic potassium phosphate (21 CFR 
182.1073), monobasic potassium phosphate (21 CFR 175.105), and corn starch (21 CFR 182.70/21 CFR 
182.90), either do not appear to be applicable references for these substances based on the intended use 
or correspond to different substances than those listed in the table. Based on these intended uses, more 
appropriate references would be GRN 000045, SCOGS Report No. 32 (for both dibasic and monobasic 
potassium phosphate), and SCOGS Report No. 115, respectively. For the administrative record, please 
provide a statement of affirmation. 


Response 


The regulatory references for the following raw materials have been corrected and are affirmed. 


Ingredient Reference 


L-cysteine monohydrochloride 21 CFR§184.1272 


Trehalose GRN 000045 


Potassium Phosphate, Dibasic SCOGS Report No. 32 


Potassium Phosphate, Monobasic SCOGS Report No. 32 


Corn starch SCOGS Report No. 115 
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Question 14 


In Table 3, the notifier cites 21 CFR 172.320 to support the regulatory status of the use of L-arginine as a 
“coating ingredient” (page 11). We note that 21 CFR 172.320 authorizes the use of L-arginine as a nutrient 
added to food and is not applicable to its use as a coating ingredient. FDA has not evaluated its use as a 
coating ingredient. Therefore, we respectfully request that you provide a statement stating that you will 
remove the use of arginine as a coating ingredient. 


Response 


The formulation of the microorganism delivered in dry form will not use L-arginine as a coating ingredient. 
The coating system for the microorganism consists of the remaining ingredients shown in the original Table 
3. 


Coating Ingredient CAS No. Reference 


Trehalose [6138-23-4] GRN 000045 
Potassium Phosphate, Dibasic [7758-11-4] SCOGS Report No. 32 
Potassium Phosphate, Monobasic [7778-7-0] SCOGS Report No. 32 
Xanthan Gum [11138-66-2] 21 CFR §172.695 
Corn starch [977050-21-3] SCOGS Report No. 115 
Sodium Carboxymethylcellulose [9004-32-4] 21 CFR §182.1745 
Sodium Chloride [7647-14-5] 21 CFR §182.1 


 


Question 15 


In Table 3 (page 11), the notifier lists the components of the fermentation media, and other raw materials, 
including soy peptone. Per the Food Allergen Labeling and Consumer Protection Act, soy is one of the 
major food allergens. Aside from this substance, please state whether any of the remaining raw materials 
used in the manufacturing process are major allergens or are derived from any of the nine major allergens. 
For any of the raw materials used that are major allergens or are derived from any of the nine major 
allergens, please discuss why these materials do not pose a safety concern. 


Response 


Aside from the noted soy peptone used only in the fermentation medium, the product that is the subject 
of this GRAS determination does not have any other raw materials used in the manufacturing process that 
represent any of the major food allergens required to be listed in accordance with the Food Allergen 
Labeling and Consumer Protection Act, identified as milk, eggs, fish, Crustacean shellfish, tree nuts, 
peanuts, wheat, soybeans and sesame. 


Question 16 


In Table 3, the notifier provides a list of raw materials used during the manufacturing process (page 11). 
For the administrative record, please clarify what “coating ingredient” means in this context. 
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Response 


The inclusion of these materials occurs toward the end of the fermentation process. The intent of the 
inclusion is to encapsulate the microorganism comprising the finished ingredient for delivery in its dried 
and final form.  


Question 17 


Please clarify whether all raw materials used during the manufacturing process are food grade. 


Response 


All raw materials used during the manufacturing process are food grade. The raw materials used have 
regulatory statuses that are safe for inclusion in food.   


Question 18 


Figure 3 includes an “enzymatic modification” in the flow chart for the manufacturing process as the first 
step, however, this step is not described in any detail in the notice (page 12). Table 3 does not specify 
what type of enzyme, or its source (page 11). Please clarify the following: 


a. the identity of the enzyme(s) used in the stated “enzymatic modification” step, including the 
enzyme commission number(s) 


b. the intended use of the enzyme(s) during the manufacturing process 


c. the source of the enzyme(s) (e.g., microbial-derived) 


d. if the enzyme is produced by a microorganism, please provide clarification regarding the strain’s 
phenotype (i.e., pathogenicity, toxigenicity), and genotype (i.e., genetically engineered) 


e. how the notifier ensures that the enzyme(s) is inactivated and/or removed from the final product 


Response 


a. The enzyme used in the enzymatic modification step is a protease (Alcalase) with the enzyme 
commission number 3.4.21.62. 


b. The intended use of the enzyme during the manufacturing process is for protein hydrolysis. 


c. The source of the enzyme is from the microorganism, Bacillus licheniformis. 


d. The microorganism, Bacillus licheniformis, where the enzyme is produced is a non-pathogenic 
strain and is not genetically engineered. In addition, protease enzymes using the non-pathogenic 
strain of Bacillus licheniformis are considered GRAS according to 21 CFR§184.1027 “Mixed 
carbohydrase and protease enzyme product.”  


e. After fermentation is complete, all components of the fermentation media, including the enzyme, 
are removed from the strain through the separator. 
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Question 19 


In Table 4, the notifier lists a specification for appearance as “light yellow powder”, however, the results 
from the batch analyses are “light brown powder” (page 13). For the administrative record, please clarify 
this discrepancy. 


Response 


The submitted specification in Table 4 shows a correct result for Appearance as “Light yellow powder.” The 
description included on page 13 was a typographical error and should be identified consistently as “light 
yellow powder” consistent with the attached is the Certificate of Analysis for the three non-consecutive 
batches. 


Attachment II965-CBI.2.1-A4   


Question 20 


The method for measuring viable cell count is listed on page 13 as USP <2022>. We note that this method 
is intended to be used to measure the absence of Clostridium species, Escherichia coli, Salmonella species, 
and/or Staphylococcus aureus in dietary supplements. Please clarify this discrepancy. 


Response 


The method referenced in the GRAS notification was misidentified. As a clarification, the viable cell count 
is performed as an in-house method. The method for viable cell count is attached. 


Attachment: II965.1-CBI.2-A5 


Question 21 


The method for measuring coliforms is listed on page 13 as USP <2023>, we note that this is not a USP 
method, but rather refers to “Microbiological Attributes of Nonsterile Nutritional and Dietary 
Supplements”. Please provide the correct method used to analyze for the presence of coliforms. 


Response 


Coliforms are tested according to Korean FDA Food Code VIII. Food Analytical Method, 4.7 Coliforms.  


Question 22 


In Table 4, the notifier lists specifications for microorganisms, including coliforms, but does not provide 
specifications for other common, notable foodborne pathogen analyses, such as Salmonella serovars 
(page 13). For the administrative record, please clarify if further analysis is performed to identify the 
genera or species of any presumptive positive result from analysis of coliforms. If further analysis is not 
performed, please describe why analysis for coliforms is sufficient. Additionally, please briefly describe 
how contamination is controlled during the manufacturing process.  
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Response 


Microbiological testing such as E. coli, S. aureus, Salmonella, L. monocytogenes is performed and meets 
specifications as shown in the Certificate of Analysis for each presented batch. Testing of presumptive 
positive coliform results are further conducted to confirm the genus and species of any presumptive 
coliforms identified during the initial testing.  


The contamination control program utilized during the manufacturing process includes the testing for 
contamination of stock organism(s), and all equipment used in the fermentation as well as the 
manufacturing processes, which are conducted through controlled cleaning programs. The finished 
ingredient testing is performed to verify purity and potency in accordance with the approved specification. 


Attachment II965-CBI.2.1-A4   


Question 23 


The notifier does not provide specifications for heavy metals (Table 4, page 13). We note that we typically 
request that, at a minimum, a limit for lead be included in the specifications for fermentation-derived 
ingredients. Please include a limit for lead in the specifications for B. longum strain KCTC 12200BP and 
provide analytical results from a minimum of three non-consecutive batches to demonstrate that the 
ingredient can be manufactured that to meet this specification limit. Please note that the limit for lead 
should be as low as possible and be reflective of the results of the batch analyses. In addition, please 
specify the analytical method that is used to test for lead. 


Response 


Heavy metals are being performed as identified in the Certificate of Analysis. These include results for Lead, 
Arsenic, Cadmium, and Mercury in three non-consecutive batches. The limit for Lead is < 1.0 mg/kg. 
Attached is the Certificate of Analysis of the three non-consecutive batches. The analytical method used 
for testing for lead is through ICP performed under Korean FDA Food Code, VIII. Food Analytical Method, 
9.1 Heavy Metal.  


Attachment: II965.1-CBI.2.1-A4 


Question 24 


Please state whether all analytical methods used to analyze the batches for conformance with the stated 
specifications (including lead) have been validated for that particular purpose. 


Response 


All analytical methods used in the testing of the batches (including lead) have been validated for their 
respective purposes. 


Question 25 


On page 14, the notifier states that B. longum strain KCTC 12200BP is intended to be added to dairy 
products at concentrations needed to provide at least 1011 CFU per serving. According to the stability 







4/15/23 
Stephanie Hice, PhD. – United States Food and Drug Administration 


RE:  Response to FDA Questions/Comments Regarding GRN 001079 
II965.1-CBI.2.1 


 


 
   REJIMUS, INC. ™ 2023     


   14 


study (Table 5, page 13), the survival rate decreases ~30% during 12-months of storage. Considering the 
loss during storage, please provide narrative how the notifier ensures that 1 × 1011 CFU per serving 
remains viable over the product shelf life. 


Response 


In Progress 


Additional information has been requested to the Sponsor to verify the serving size/intended levels. The 
response to this question will be addressed in the follow-up response.  


Question 26 


Please provide food subcategories included in the estimation of consumption of “dairy products” in Table 
7 (page 15). In addition, please specify a serving size for each food subcategory and provide the reference 
that was used as the basis for determining the serving size. 


Response 


In Progress 


Additional information has been requested to the Sponsor to verify the serving size/intended levels of each 
of the food sub-categories. The response to this question will be addressed in the follow-up response.  


Question 27 


Please clarify what population is represented by “all users” in the dietary exposure estimate (Table 7, page 
15). If the dietary exposure estimate is not for the U.S. population aged 2 years and older, please provide 
mean and 90th percentile eaters-only dietary exposure estimates for U.S. population aged 2 years and 
older. 


Response 


In Progress 


Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
the appropriate dietary exposure. The response to this question will be addressed in the follow-up 
response.  


Question 28 


On page 15, the notifier states, “three daily servings would result in a cumulative exposure of 2.68 × 1011 
CFU per day (8.94 × 1010 × 3)”. Further, the notifier states, “the recommended levels of the cumulative 
exposure of 2.68 × 1011 CFU per day and the cumulative exposure at an estimated 90th percentile of 5.55 
× 1011 CFU per day”. Please note that the cumulative dietary exposure should consider background 
sources, and all current and proposed uses of B. longum strain KCTC 12200BP. For the administrative 
record, please confirm that the term “cumulative” was incorrectly used in the statements mentioned 
above. 
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Further, on page 15 the notifier states, “The estimated 90th percentile of consumers of dairy products at 
this level of recommended consumption adjusted for the findings of the per capita data”. We consider 
that the data in Table 7 represents estimates for “users” (eaters) only, i.e., individuals consuming the 
proposed dairy products at least once during the survey period. Please note that “per capita” estimates 
would include eaters and non-eaters. For the administrative record, please confirm that the estimates in 
Table 7 are for the eaters-only population and explain what is meant by “the findings of the per capita 
data”. 


Response 


Currently, B. longum strain KCTC 12200BP is considered a novel ingredient in food and there are no current 
uses of this strain. As dairy products are the only proposed food, the dietary exposure of the ingredient is 
only based on the dairy products only. Therefore, the term “cumulative” was inappropriately used. 


The estimates used in the Table 7 is confirmed as eaters-only population. Therefore, the appropriate term 
should be “findings from the eaters-only population” and not “findings of the per capita data.” 


Question 29 


Please provide an updated literature search that discusses the safety of B. longum, including the safety of 
Bifidobacteria, this strain, or closely related strains, as applicable. Please do not limit your discussion solely 
to studies in human populations and include a discussion on pathogenicity and toxigenicity. Further, any 
reports of bacteremia, or foodborne illness involving Bifidobacteria, should also be discussed. For 
example, but not limited to, please see: 


• Esaiassen, E., Hjerde, E., Cavanagh, J. P., Simonsen, G. S., and Klingenberg, C. (2017). 
Bifidobacterium bacteremia: clinical characteristics and a genomic approach to assess pathogenicity. 
Journal of Clinical Microbiology, 55, 2234- 2248. doi: 10.1128/JCM.00150-17 


• Ha, G. Y., Yang, C. H., Kim, H., and Chong, Y. (1999). Case of sepsis caused by Bifidobacterium 
longum. Journal of Clinical Microbiology, 37(4), 1227-1228. doi: 10.1128/JCM.37.4.1227-1228.1999 


Please include the date (month and year) the literature search was performed and discuss whether there 
are any publications that may be contradictory to a GRAS conclusion. 


Response 


A PubMed and Google Scholar search was performed for “Bifidobacterium longum”, and “CBT BG7” to 
determine if there are any adverse events in a human populations or animal studies. Published studies 
are summarized below.  
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Reference Study Title Subjects Dose Duration Summary of 
Safety 


Schellekens 
et al. (2021) 


Bifidobacterium 
longum counters the 
effects of obesity: 
Partial successful 
translation from 
rodent to human 


Healthy 
overweight 
adults and 
mice 


Mice were 
administered 2 x 
108 CFU/mL of 
Bifidobacterium 
longum 
APC1472 and 
humans took a 
daily dose of 1 x 
1010 CFU. 


12 weeks No 
mortality 
was 
observed in 
the mice 
subjects. 
There were 
seven 
adverse 
events; 
however, 6 
of the 
adverse 
events were 
from the 
placebo 
group. The 
adverse 
event from 
the 
treatment 
group is 
constipation
.  


Jiang et al. 
(2021) 


Strain-Specific effects 
of Bifidobacterium 
longum on 
hypercholesterolemic 
and potential 
mechanisms 


Sprague-
Dawley rats 


Six groups were 
administered 
109 CFU/mL of 
different B. 
longum strains 
(HC-CCFM 1077, 
HC-I3, HC-J3, ad 
HC-B3) 


28 days No 
mortality 
was notated 
in the study. 


Takeda et 
al. (2023) 


Usefulness of 
Bifidobacterium 
longum BB536 in 
Elderly Individuals 
With Chronic 
Constipation: A 
Randomized 
Controlled Trial 


80 older 
adults with 
constipation 


5 x 1010 CFU of 
B. longum 
BB536 


Once daily 
for 4 weeks 


No 
mortalities 
were 
notated. 
One case of 
diarrhea in 
both the 
treatment 
and placebo 
group. 
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Reference Study Title Subjects Dose Duration Summary of 
Safety 


Mitelmao et 
al. (2022) 


The effect of 
probiotics on 
functional 
constipation in 
adults: A randomized, 
double-blind 
controlled trial 


132 Adults 
with 
constipation 


Two treatment 
groups:  
3 x 109 CFU of L. 
acidophilus 02, 
B. bifidum 01, L. 
rhamnosus 04 
 
8 x 109 CFU of B. 
longum 03, B. 
lactis 01, L. casei 
03, B. animalis 
THT, L. 
acidophilus 02, 
B. bifidum 01, L. 
rhamnosus 04 


Once daily 
for 30 days 


One adverse 
event was 
observed in 
one of the 
groups 
(abdominal 
pain), but 
the author 
deemed the 
adverse 
event as not 
serious. 


Tremblay et 
al. (2021) 


Safety and effect of a 
low- and high-dose 
multi strain probiotic 
supplement on a 
microbiota in a 
general adult 
population: a 
randomized, double-
blind, placebo-
controlled study 


69 healthy 
adults 


5 billion or 25 
billion CFU of L. 
helveticus 
R0052, L. 
rhamnosus 
R0011, 
Pediococcus 
acidilactiti 
R1001, B. 
longum ssp. 
longum BB536, 
L. casei R0215, 
L. plantarum 
R1012, B. breve 
R0070, 
Lactococcus 
lactis ssp. lactis 
R1058  


Daily for 28 
days 


No adverse 
events were 
observed. 


Karyana et 
al. (2022) 


The efficacy of 
probiotics 
supplementation of 
the lipid profiles of 
obese adolescents: a 
randomized trial 


58 obsese 
adolescents 


1.25 x 109 CFU 
of 5 strains 
containing 
Bifidobacterium 
longum 


8 weeks No adverse 
effects were 
observed. 


 


Esaiassen et al. (2017) discusses the frequency and causes for bacteremia by Bifidobacterium species. A 
review of the publication shows that Bifidobacterium longum is the most frequent species that caused 
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bacteremia. However, the authors specifies that these cases of bacteremia occur mainly in patients who 
were immunocompromised, had a known medical condition, or a gastrointestinal tract condition. Ha et al. 
(1999) presented a case of sepsis in a human male where the isolated organism was identified as 
Bifidobacterium longum. The author concluded that this case of sepsis was introduced externally (i.e., 
“improperly sterilized acupuncture needles or from the colon via minute perforations caused by those 
needles”). Boyle et al. (2006) presented a review publication on what may cause bacteremia. However, the 
author mentions “all cases of bacteremia or fungemia gave occurred in patients with underlying immune 
compromise, chronic disease, or debilitation, and no reports have described sepsis related to probiotic use 
in otherwise healthy persons.” Therefore, these publications conclude that food-borne illness, such as 
bacteremia, are typically caused by medical or external causes. 


Owing to the results of the updated literature search performed on April 2022 and additional publication 
on the pathogenicity and toxigenicity as well as no significant adverse effects of B. longum, none of the 
published studies is contradictory with the GRAS conclusion.       


Attachment(s) II965.1-CBI.2.1-A6, II965.1-CBI.2.1-A7, II965.1-CBI.2.1-A8, II965.1-CBI.2.1-A9, II965.1-
CBI.2.1-A10, II965.1-CBI.2.1-A11, II965.1-CBI.2.1-A12, II965.1-CBI.2.1-A13, II965.1-CBI.2.1-A14 


Question 30 


Tables 8 and 9, the notifier lists several GRAS notices, where the subject of the notice was a strain of B. 
longum or Bifidobacteria, that have been submitted to FDA and have received “no questions” letters (page 
18). We evaluated GRNs 000049, 000950, 000952, 000985, 001002, and 001003, and responded in letters 
respectively dated March 19, 2002, March 1, 2021, March 17, 2021, December 21, 2021, July 22, 2022, 
and April 26, 2022, stating that we had no questions at the time regarding the notifiers’ GRAS conclusions. 
For the administrative record, please briefly discuss these GRNs in the context of the notifier’s safety 
conclusion. 


Response 


In Progress 


Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
confirm the safety conclusion. The response to this question will be addressed in the follow-up response.  


Question 31 


In Table 9, the notifier lists the substance associated with GRN 000813 as “Bifidobacterium bifidum BORI”, 
however, the substance associated with this GRAS notice is B. longum BORI. For the administrative record, 
please provide a statement of acknowledging this (page 18). 


Response 


It is acknowledged that the substance associated with GRN 000813 should be identified as B. longum BORI. 
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Question 32 


On page 26, the notifier states “The applicable GRAS notices, referenced in Table 8 and Table 9 within Part 
6 of this notice, incorporate myriad studies demonstrating the safety of ingestion of substances closely 
related to Bifidobacterium longum CBT BG7” but does not identify or summarize the relevant information 
from each GRAS notice. As each GRAS notice stands on its own, for the administrative record, please 
briefly summarize the information incorporated by reference from the GRAS notices listed in Tables 8 and 
9. 


Response 


Table 8 and 9 has been updated to include a summary of each of the listed GRAS notices: 


Table 8.  GRAS notices containing Bifidobacterium longum receiving reply from FDA that it had no 
questions (GRAS Notices Inventory Database). 


GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


877 12/26/19 Bifidobacterium longum 
BB536 


Infant formula  1 x 108 CFU per 
gram of 
product 


813 6/21/19 Bifidobacterium longum 
BORI 


Powdered non-exempt term 
infant formula  


 


 


Fermented milk; includes 
buttermilk and kefir; flavored 
milk beverages mixes, dried 
milk powder; imitation milk; 
yogurt; baby cereals and 
foods, powder form; meal 
replacement powder and 
nutrition drink mix powder; 
and sugar substitute, powder 
form at up to 109 CFU per 
serving. 


Up to 108 CFU 
per gram of 
powdered 
formula. 


 


Up to 109 CFU 
per serving. 


758 8/20/18 Lactobacillus helveticus 
strain R0052, 
Bifidobacterium longum 
subsp. infantis strain R0033, 


Powdered infant formulas 5 x 107 CFU per 
gram of 
product 
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GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


and Bifidobacterium bifidum 
strain R0071 


268 7/08/09 Bifidobacterium longum 
strain BB536 


Breads/baked goods, cereals, 
dairy products/dairy-based 
foods and dairy substitutes, 
fruit products, candy, chewing 
gum, cocoa powder, 
condiment sauces, flavored 
beverage syrups, fruit 
flavored powder beverage 
mixes, gelatin desserts, 
gravies, margarine, peanut 
and other nut butter/spreads, 
snack foods, weaning foods  


Milk based powdered infant 
formula 


1x1010 colony 
forming units 
(cfu) per 
serving 


 


 


 


 


 


1x1010 cfu per 
gram of infant 
formula 
powder 


 


Table 9.  GRAS notices of Bifidobacterium organisms of species other than longum receiving reply from 
FDA of no questions (GRAS Notices Inventory Database) 


GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


872 12/09/19 Bifidobacterium animalis 
subsp. lactis UABIa-12 


Foods generally, 
excluding infant formula 
and foods under the 
authority of USDA 


109 to 1011 CFU per 
serving 


856 12/09/19 Bifidobacterium animalis 
subsp. lactis strain BB012 


Conventional foods for 
use by the general 
population, excluding 
foods subject to 
regulation by the USDA 


5 x 1011 CFU per serving 
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GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


855 2/5/20 Bifidobacterium animalis 
subsp. lactis strain R0421 


Exempt powdered milk-
based infant formula 
intended for healthy 
term infants 


5 x 109 CFU/800 ml of 
formula as prepared. 


814 6/25/19 Bifidobacterium bifidum 
BGN4 


Powdered non-exempt 
term infant formula  


Fermented milk; 
includes buttermilk and 
kefir; flavored milk 
beverages mixes, dried 
milk powder; imitation 
milk; yogurt; baby 
cereals and foods, 
powder form; meal 
replacement powder 
and nutrition drink mix 
powder; and sugar 
substitute, powder form  


108 CFU per gram of 
powdered formula 


Up to 109 CFU per 
serving 


455 9/30/13  Bifidobacterium breve M-
16V 


Exempt term powdered 
amino acid-based 
formulas 


Up to 108 CFU per gram 
of infant formula 
powder 


 


454 9/27/13  Bifidobacterium breve M-
16V 


Non-exempt powdered 
term infant formulas 
(milk- or soy-based) and 
exempt powdered term 
infant formula 
containing partially 
hydrolyzed milk or soy 
proteins 


Up to 108 colony 
forming units per gram 
of infant formula 
powder 
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GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


453 9/27/13  Bifidobacterium breve M-
16V 


baked goods, breakfast 
cereals, fruit juices and 
nectars, fruit ices, 
vegetable juices, milk-
based drinks and 
powders, dairy product 
analogs, frozen dairy 
desserts, processed 
cheese, imitation 
cheese, cheese spreads, 
butter-type products, 
snack foods, gelatin, 
pudding, fillings, meal 
replacements, snack 
bars, nut and peanut 
spreads, hard and soft 
candies, cocoa-type 
powder, and condiment 
sauces at levels 


Up to 5 x 109 colony 
forming units per 
serving 


445 4/10/13 Bifidobacterium animalis 
subsp. lactis strains 
HN019, Bi-07, BI-04 and 
B420 


Ready-to-eat breakfast 
cereals, bars, cheeses, 
milk drinks and milk 
products, bottled water 
and teas, fruit juices, 
fruit nectars, fruit 'ades' 
and fruit drinks, 
chewing gum, and 
confections 


Maximum level of 2 x 
1011 colony forming 
units per serving 
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GRAS 
No. 


Date of 
Closure 


Substance Intended Use Amount 


377 9/29/11 Bifidobacterium animalis 
subsp. lactis strain Bf-6 


Intended foods include: 
dairy foods such as fluid 
milks, yogurt, milk-
based desserts and 
gravies and cheeses; dry 
seeds, nuts, and nut 
butters; grain products 
such as flour, yeast 
breads, quickbreads, 
cakes, cookies, pies, 
pastries, crackers, 
pancakes, waffles, 
French toast, crepes, 
pasta, cooked and 
ready-to-eat cereals, 
grain mixtures, and 
meat substitutes; fruits 
and fruit beverages; 
dark-green vegetables, 
olives, pickles, relishes, 
and vegetable soups; 
salad dressings; sugars 
and sugar substitutes, 
syrups, honey, 
molasses, jellies, jams, 
preserves, gelatin 
desserts, ices, and 
popsicles, candies, and 
chewing gum; and 
carbonated soft drinks, 
sports drinks, energy 
drinks, and water 


Maximum level of 1011 
colony forming units 
(cfu) per serving. 


 


Question 33 


The notifier lists the intended use of B. longum strain KCTC 12200BP as up to 1011 CFU/serving in dairy 
products. FDA has evaluated and issued “no questions” letters to seven previous GRAS notices, where the 
subject of the notice was a strain of B. longum with various intended uses. The highest intended use level 
evaluated was up to 1010 CFU/serving. For the administrative record, please briefly discuss the 1-log 
increase in use level in the context of the notifier’s safety conclusion.  
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Response 


In Progress 


Additional information has been requested to the Sponsor to verify the serving size/intended levels and 
confirm the safety conclusion. The response to this question will be addressed in the follow-up response.  


Question 34 


On page 19, the notifier states “While the conclusion of general recognition of safety (GRAS) is based upon 
scientific procedures, there is a history of use of Bifidobacterium longum CBT BG7 in foreign countries and 
in multiple food products” but does not provide a summary of these food products. For the administrative 
record, please provide a brief summary of these food products.  


Response 


Below is a table of food products that contain Bifidobacterium longum CBT BG7 in foreign countries. 


Product Availability Ingredients Amount per 
Serving 


DUOLAC® Care 


 
 


Singapore 
https://www.watsons.com.sg/duo
lac-care-60s/p/BP_66142 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 
B. bifidum BF3 


1.12 x 109 CFU 
2.19 x 109 CFU 
2.19 x 109 CFU 
2.19 x 109 CFU 
2.00 x 109 CFU 
1.91 x 109 CFU 
1.25 x 1010 Total 
CFU / Tablet 


DUOLAC® Gold 


 


Korea 
https://www.ebay.com/itm/Duola
c-Gold-Probiotics-Adult-30-days-
Dual-Coated-Lactic-Acid-Bacteria-
Triplets-/231644172196 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 


1.60 x 109 CFU 
1.76 x 109 CFU 
1.76 x 109 CFU 
1.60 x 109 CFU 
1.75 x 109 CFU 
1.53 x 109 CFU 
1.0 x 1010 Total 
CFU / Stick 
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Product Availability Ingredients Amount per 
Serving 


DUOLAC® Kidlac 


 


Vietnam 
http://www.quanglong.vn/ChiTiet
SanPham.aspx?MaSanPham=3 
Myanmar 
https://karunamyanmar.com/pro
duct/kidlac/ 
https://karunamyanmar.com/pro
duct/kidlac/ 


B. longum BG7 
L. acidophilus LA1 
B. breve BR3 
E. faecium EF4 


2.00 x 107 CFU 
2.00 x 107 CFU 
2.00 x 107 CFU 
4.40 x 108 CFU 
5.10 x 108 Total 
CFU / Stick 


DUOLAC® Daily 
Vitality 


 


Singapore 
Korea 
https://www.ebay.co.uk/itm/Duol
ac-Daily-Vitality-Probiotics-
Capsule-30-days-Bifidus-Family-
Constipation-/232069794895 
Finland 
https://www.apteekkituotteet.fi/
Duolac-Daily-Vitality 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 


1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 


DUOLAC® Normal 
Immune 


 


Denmark 
https://www.duolac.dk/products/
duolacc-normal-immunforsvar-2/ 
Finland 
https://www.apteekkituotteet.fi/
Duolac-Normal-Immune 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
 


5.09 x 108 CFU 
7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 


DUOLAC® Yam Yam 


 


Korea 
https://www.ebay.com/itm/Duola
c-Yam-Yam-Probiotics-Chews-40-
days-Dual-Coated-Bifidus-Triplets-
Kid-Child-/232069760518 


B. longum BG7 
B. breve BR3 
E. faecium EF4 
L plantarum LP3 
 


1.25 x 109 CFU 
1.25 x 109 CFU 
3.75 x 109 CFU 
1.25 x 109 CFU 
7.5 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 


DUOLAC® Daglig 
Vitalitet 


 


Denmark 
https://www.duolac.dk/products/
duolac-daglig-vitalitet/ 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 
B. bifidum BF3 


1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 


DUOLAC® Daglig Børn 


 


Denmark 
https://www.duolac.dk/products/
duolac-daglig-boern/ 


B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 
 


3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 


DUOLAC® Balance 
Baby 


 


Korea 
https://www.ebay.com/itm/Duola
c-Baby-Probiotics-Powder-30-
days-Dual-Coated-Bifidus-Triplets-
Kid-Child-/232069774531 


B. longum BG7 
B. breve BR3 
L. rhamnosus LR5 
L. plantarum LP3 
B. infantis BT1 
B. bifidum BF3 


7.56 x 108 CFU 
7.56 x 108 CFU 
9.89 x 108 CFU 
9.89 x 108 CFU 
7.56 x 108 CFU 
7.56 x 108 CFU 
5.0 x 109 Total 
CFU / Stick 


DUOLAC® Duo-D 
Drops 


 


Denmark 
https://www.duolac.dk/products/
duolac-duo-d-draaber/ 


B. longum BG7 
B. breve BR3 
B. bifidum BF3 
B. infantis BT1 
 


1.25 x 108 CFU 
1.25 x 108 CFU 
1.25 x 108 CFU 
1.25 x 108 CFU 
5.0 x 108 Total 
CFU / 6 Drops 
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Product Availability Ingredients Amount per 
Serving 


Lactobex® Strong 


 


Latvia 
http://www.lactobex.lt 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 


1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 


Lactobex® 


 
 


Latvia 
http://www.lactobex.lt 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
B. lactis BL3 
L. rhamnosus LR5 


2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
2.0 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 


Lactobex® Baby 


 
 


2011 
Latvia 
http://www.lactobex.lt 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
 


3.30 x 108 CFU 
3.30 x 108 CFU 
3.40 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 


NBL Probiotic Optima 


 
 


Turkey 
https://www.nblprobiotic.com/nb
l-probiotic-ailesi/yetiskin/nbl-
probiotic-optima/ 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
E. faecium EF4 
L. plantarum LP3 
B. lactis BL3 
 


7.7 x 107 CFU 
1.5 x 108 CFU 
2.3 x 108 CFU 
5.7 x 108 CFU 
2.3 x 108 CFU 
2.3 x 108 CFU 
1.5 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 


NBL Probiotic Kids 


 
 


Turkey 
https://www.nblprobiotic.com/nb
l-probiotic-ailesi/cocuk/nbl-
probiotic-kids/ 


B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 
 


3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 


NBL Probiotic Gold 


 
 


Turkey 
https://www.nblprobiotic.com/nb
l-probiotic-ailesi/yetiskin/nbl-
probiotic-gold/ 


B. longum BG7 
L. acidophilus LA1 
L. rhamnosus LR5 
E. faecium EF3 
B. bifidum BF3 


4.26 x 108 CFU 
4.26 x 108 CFU 
4.26 x 108 CFU 
8.16 x 108 CFU 
4.26 x 108 CFU 
2.5 x 109 Total 
CFU / Stick 


NBL Probiotic D3 Drop 


 
 


Turkey 
https://www.nblprobiotic.com/nb
l-probiotic-ailesi/cocuk/nbl-
probiotic-drop/ 


B. longum BG7 
B. breve BR3 
B. bifidum BF3 
B. infantis BT1 
 


1.25 x 108 CFU 
1.25 x 108 CFU 
1.25 x 108 CFU 
1.25 x 108 CFU 
5.0 x 108 Total 
CFU / 6 Drops 


PRODUO Stop 


 
 


Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-stop-
alteraciones-microbiota/ 


B. longum BG7 
L. acidophilus LA1 
L. rhamnosus LR5 
E. faecium EF3 
B. bifidum BF3 


4.26 x 108 CFU 
4.26 x 108 CFU 
4.26 x 108 CFU 
8.16 x 108 CFU 
4.26 x 108 CFU 
2.5 x 109 Total 
CFU / Sachet 
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Product Availability Ingredients Amount per 
Serving 


PRODUO Flora 


 
 


Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-flora-
tratamiento-microflora-intestinal/ 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
 


5.09 x 108 CFU 
7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 


PRODUO Daily Care 


 
 


Spain 
http://produo.es/familia-produo-
tratamiento-flora-bacteriana-
intestinal/produo-daily-care-flora-
bacteriana/ 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
B. bifidum BF3 


1.12 x 109 CFU 
1.23 x 109 CFU 
1.23 x 109 CFU 
1.12 x 109 CFU 
1.23 x 109 CFU 
1.07 x 109 CFU 
7.0 x 109 Total 
CFU / Capsule 


PRODUO Daily Kids 


 
 


Spain 
https://www.farmaciaevacontrera
s.com/producto/produo-daily-
kids/ 


B. longum BG7 
B. breve BR3 
S. thermophilus ST3 
L. plantarum LP3 
 


3.83 x 108 CFU 
3.83 x 108 CFU 
1.15 x 109 CFU 
3.83 x 108 CFU 
2.3 x 109 Total 
CFU / Tablet 


Norgitan Care 


 
 


Belgium 
http://www.apomed.be/2555849-
norgitan-care-5-souches-
bacteries-vivantes-coloniser-
votre-intestin-5425014928174-b-
pharma.html 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
 


5.09 x 108 CFU 
7.12 x 108 CFU 
6.61 x 108 CFU 
5.09 x 108 CFU 
6.10 x 108 CFU 
3.0 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 


Lacto-B™ 


 


Indonesia 
https://www.tokopedia.com/onlin
emedika/lacto-b-sachet-untuk-
mencegah-diare-pada-bayi 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
 


3.30 x 108 CFU 
3.30 x 108 CFU 
3.40 x 108 CFU 
1.0 x 109 Total 
CFU / Stick 


LIPROLAC 


 


Indonesia 
https://www.kalbestore.com/lipro
lac-vanilla-powder.html 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. bifidum BF3 


8.50 x 107 CFU 
2.00 x 108 CFU 
6.80 x 108 CFU 
2.00 x 108 CFU 
8.50 x 107 CFU 
1.25 x 109 Total 
CFU / Sachet 


Floradicol7 


 
 


Belgium 
http://www.bioradix.be/nl/produc
ten/floradicol.html 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. plantarum LP3 
L. rhamnosus LR5 
B. lactis BL3 
B. breve BR3 


3.44 x 108 CFU 
5.74 x 108 CFU 
2.30 x 109 CFU 
2.30 x 109 CFU 
5.74 x 108 CFU 
5.74 x 108 CFU 
3.44 x 108 CFU 
7.0 x 109 Total 
CFU / Capsule 


Lucovitaal® Probiotica 


 
 


Netherlands 
https://www.lucovitaal.nl/probioti
ca-tabletten.html 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
E. faecium EF4 
L. plantarum LP3 
B. breve BR3 
 


3.94 x 107 CFU 
1.57 x 108 CFU 
4.70 x 107 CFU 
1.93 x 108 CFU 
4.70 x 108 CFU 
9.41 x 107 CFU 
1.0 x 109 Total 
CFU / Tablet 
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Product Availability Ingredients Amount per 
Serving 


Phital® Probiotica Plus 


 


Netherlands 
https://www.phital.nl/producten/
probiotica/probiotica-plus-duolac 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
 


5.10 x 108 CFU 
7.14 x 108 CFU 
6.63 x 108 CFU 
5.10 x 108 CFU 
6.12 x 108 CFU 
3.0 x 109 Total 
CFU / Stick 


Nutriforte Lactoghurt 


 
 


Malaysia 
http://www.nutriforte.com.my/La
ctoghurt+Probiotics_20_1.htm 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. lactis BL3 
 


3.67 x 108 CFU 
3.91 x 108 CFU 
4.89 x 108 CFU 
3.67 x 108 CFU 
4.89 x 108 CFU 
2.1 x 109 Total 
CFU / Tablet 


Lacclean Gold Lab 


 
 


Vietnam 
https://www.alibaba.com/product
-detail/LACCLEAN-GOLD-LAB-
health-food_246152457.html 


B. longum BG7 
L. acidophilus LA1 
S. thermophilus ST3 
L. rhamnosus LR5 
B. bifidum BF3 


8.50 x 107 CFU 
2.00 x 108 CFU 
6.80 x 108 CFU 
2.00 x 108 CFU 
8.50 x 107 CFU 
1.25 x 109 Total 
CFU / Sachet 


 


Conclusion 


We sincerely appreciate this opportunity to clarify the additional questions submitted so far as part of this 
review and we look forward to a positive assessment of these responses and the notification itself. Should 
the agency have any additional questions or requests on the above responses or the prior responses, 
please let us know at your earliest convenience and we will do everything we can to address those 
promptly. We look forward to completing the follow up response to the Agency addressing the remaining 
items that are identified herein as “in progress” promptly with final inputs from the Sponsor.  
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a  b  s  t  r  a  c  t


Bifidobacteria  constitute  a major  group  of  beneficial  intestinal  bacteria,  and  are therefore  often  used to
formulate  probiotic  products  in  combination  with  lactic  acid bacteria.  The  availability  of bifidobacterial
genome  sequences  has broadened  our  knowledge  on  health-promoting  factors  as  well  as  their safety
assessments.  Here,  we  present  the  complete  genome  sequence  of  Bifidobacterium  longum  CBT BG7  that
consists  of  a 2.45-Mb  chromosome  and  a plasmid.


©  2015  Elsevier  B.V.  All  rights  reserved.


Species of Bifidobacterium that belongs to the Actinobacteria
group are common inhabitants of the human gastrointestinal
microbiota (Turroni et al., 2012). Among them, Bifidobacterium
longum is widely used as probiotics due to its resistance to the
high acidic environment during the gastric transit (Champagne
et al., 2005; Maus and Ingham, 2003). B. longum CBT BG7 (KCTC
12200BP) was originally isolated from feces of a healthy breast-fed
infant. Previous experiments demonstrated that BG7 is strongly
antagonistic to Helicobacter pylori, which is the key pathogenic
bacterium that causes chronic gastric diseases (Kim et al., 2014).
Another beneficial property related to the host immune response
is anti-inflammatory activity (Kim et al., 2014). Also, due to the per-
ceived roles in maintaining a balanced gastrointestinal microflora
and in relieving the symptoms of irritable bowel syndrome (Chung
and Seo, unpublished data), this strain is commercially available in
probiotic products.


The  whole genome sequence of CBT BG7 was determined with
a single-molecule real-time sequencing platform (PacBio RS II;
DNA Link, Republic of Korea). Two contigs of 120-fold coverage
was obtained after de novo assembly, scaffolding, and gap filling
using the HGAP, AHA, and Quiver of SMRTTM pipeline. The com-
plete genome sequence of BG7 consists of a single 245,3124-bp


∗ Corresponding author at: Department of Systems Biology, College of Life Science
and  Biotechnology, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749,
Republic of Korea. Fax: +82 2 312 5657.


E-mail address: jfk1@yonsei.ac.kr (J.F. Kim).


chromosome and a 2638-bp plasmid with a GC content of 60.00%
(Table 1). 2052 protein-coding sequences were predicted with
Glimmer 3.0 and functionally assigned through BLAST searches
against the Uniref90, GenBank non-redundant, Pfam, COG, and
KEGG databases, which were parsed with AutoFACT script (Koski
et al., 2005). 38 transfer RNAs and 3 ribosomal RNA operons were
predicted using tRNAscan-SE (Lowe and Eddy, 1997) and RNAm-
mer (Lagesen et al., 2007), respectively. Metabolic networks were
defined through the KEGG analysis (Watson et al., 1991). A 48.2-kb
prophage region with 53CDSs was identified by the PHAST, phage
searching tool (Zhou et al., 2011).


Enzymes degrading human milk oligosaccharides (HMOs) help
the host to absorb the indigestible nutrients (Kitaoka, 2012). In the
genome of BG7, various kinds of genes encoding HMOs such as �-N-
acetylglucosaminidase (RY68 1329), �-galactosidase (RY68 0416,
RY68 0534, RY68 0733, RY68 0735), �-N-acetylglucosaminidase
(RY68  1329), endo-�-N-acetylgalactosaminidase (RY68 0178)
exist. Also present in the genome are genes related to increas-
ing acid resistance (Ventura et al., 2004; Schell et al., 2002),
such as those encoding F1F0ATP synthase, cystathionine �-
lyase (RY68 1436), and cystathionine �-synthase (RY68 1821,
RY68 1822). These results indicate that BG7 is an effective pro-
biotic strain. No virulence genes or pathogenicity islands were
detected in the genome. Although BG7 has a triplet of femAB
homologs, methicillin at ≤8 �g/ml could not inhibit its growth
(Chung and Seo, unpublished data), indicating that the bacterium
is not resistant to meticillin according to the guidelines of the
Clinical and Laboratory Standards Institute.


http://dx.doi.org/10.1016/j.jbiotec.2015.09.039
0168-1656/© 2015 Elsevier B.V. All rights reserved.
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Table 1
Genome features of Bifidobacterium longum CBT BG7.


Feature Chromosome Plasmid


Size, bp 2453124 2638
G + C content, % 60 66.3
Protein-coding genes 2050 2
Ribosomal RNA operons 3 –
Transfer RNA genes 57 –
Coding percentage, % 86.52 97.38
Average CDS length, bp 1034 1284
CDSs with functional assignment 1656 2
Conserved hypothetical proteins 394 –


Access to bifidobacterial genome information allows us to iden-
tify gene sets that potentially benefit human health for practical
applications. In addition, the genome information of BG7 could be
used as a reference for Korean human microbiome studies.


Nucleotide sequence accession number


The complete genome sequence of B. longum CBT BG7 is avail-
able at GenBank under the accession numbers CP010453 and
CP010454.
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Fermentation of various foods by lactic acid bacteria (LAB) is one of the oldest forms of 
biopreservation practised by mankind. Bacterial antagonism has been recognized for over a century but 
in recent years this phenomenon has received more scientific attention, particulary in the use of 
various strains of lactic acid bacteria. One important attribute of LAB is their ability to produce 
antimicrobicrobial compounds called bacteriocin. In recent years, interest in the compounds has grown 
substantially due to their potential usefulness as natural substitute for chemical food preservatives in 
the production of foods with enhanced shelf life and/or safety. This balance is achived by its inhibitory 
effect upon the harmful pathogenic microorganisms. This paper presents some background on the 
scientific research about lactic acid bacteria as probiotics and their bacteriocins for healthy nutrition of 
fermented food. Probiotics had been of interest in the promotion of good health in animals and man. 
Some of the positive effects of probiotics are: growth promotion of farm animals, protection of host 
from intestinal infections, alleviation of lactose intolerance, relief of constipation, anticarcinogenic 
effect, anticholesterolaemic effects, nutrient synthesis and bioavailability, prevention of genital and 
urinary tract infections and imunostimulatory effects. 
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INTRODUCTION 
 
Lactic acid bacteria (LAB) occur naturally in several raw 
materials like milk, meat and flour used to produce 
foods (Rodriguez et al., 2000). LAB are used as natural 
or selected starters in food fermentations in which they 
perform acidification due to production of lactic and 
acetic acids flavour. Protection of food from spoilage 
and pathogenic microorganisms by LAB is through 
producing organic acids, hydrogen peroxide, diacethyl 
(Messens and De Vugst, 2002), antifungial compounds 
such as fatty acids (Corsetti et al., 1998) or phenullactic 
acid (Lavermicocca et al., 2000) and/or bacteriocins (De 
Vugst and Vandamme, 1994). LAB play an important 
role in food fermentation as the products obtains with 
their aid are characterized by hygienic safety, storage 
stability and attractive sensory properties. 
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Many bacteria of different taxonomic branches and 
residing in various habitats produce antimicrobial 
substances that are active against other bacteria. Both 
Gram negative and Gram positive bacteria produce 
bacteriocins. Bacteriocins are proteinaceous 
antibacterial compounds, which constitute a 
heterologous subgroup of ribosomally synthesized 
antimicrobial peptides (De Vugst and Vandamme, 
1994). In general these substances are cationic 
peptides that display hydrophobic or amphiphilic 
properties and the bacterial membrane is in most cases 
the target for their activity. Depending on the producer 
organism and classification criteria, bacteriocins can be 
classified into several groups (Ennahar et al., 2000; 
Jack and Jung, 2000; Cleveland et al., 2001; McAuliffe 
et al.,  2001) in which classes I and II are the most 
thoroughtly studied. Class I, termed lantibiotics, 
constitue a group of small peptides that are 
characterized by their content of several unusual amino 
acids (Gruder et al., 2000). The class II bacteriocins are  
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Table 1. Orla-Jensen (1919) key to differentiation of the lactic acid bacteria and current taxonomic classification. 
  


Genusa Shape Catalase Nitrite reduction Fermentation Current genera 
Betabacterium Rod - - Hetero Lactobacillus Weissella 
Thermobacterium Rod - - Homo Lactobacillus 
Streptobacterium Rod - - Homo Lactobacillus Carnobacterim 
Streptococcus Coccus - - Homo Streptococcus Enterococcus 


Lactococcus Vagococcus 
Betacoccus Coccus - - Hetero Leuconostoc Oenococcus Weissella 
Microbacterium Rod + + Homo Brochothrix 
Tetracoccus Coccus + b + Homo Pediococcus Tetragenococus 


 
aAccoring to Orla Jensen (1919). 
bIn genera Pediococci are catalase negative but some strains produce a pseudocatalase that results in false positive reactions. 


 
 
 
small, nonmodified, heat stable peptides (Nes and Holo, 
2000). Many bacteriocins are active against food borne 
pathogens (Vignolo et al., 1996; De Martins and 
Franco, 1998; Bredhott et al., 1999). 


A large number of bacteriocins have been isolated 
and characterized from lactic acid bacteria and some 
have acquired a status as potential antimicrobial agents 
because of their potential as food preservatives and 
antagonistic affect against important pathogens. The 
important ones are nisin, diplococcin, acidophilin, 
bulgarican, helveticins, lactacins and plantaricins 
(Nettles and Barefoot, 1993). The lantibiotic nisin which 
is produced by different Lactococcus lactis spp. is the 
most thoroughtly studied bacteriocin to date and the 
only bacteriocin that is applied as an additive in food 
worldwide (Delves Broughton et al., 1996). One of the 
reason for increased consumption of fermented milk 
products is that fermented dairy products containing 
probiotics which have many proposed health benefits 
are available on the market. In this paper the diversity 
of bacteriocins their appliction and lactic acid bacteria 
used are probiotics are reviewed. 
 
 
Taxonomy of lactic acid bacteria 
 
The classification of LAB was initiated in 1919 by Orla-
Jensen (Table 1) and was until recently primary based 
on morphological, metabolic and physiological criteria. 
Lactic acid bacteria comprise a diverse group of Gram-
positive, non spore forming, non motile rod and coccus 
shaped, catalase-lacking organisms. They are chemo-
organotrophic and only grow in complex media. 
Fermentable carbohydrates and higher alcohols are 
used as the energy source to form chiefly lactic acid. 
LAB degrades hexoses to lactate (homofermentatives) 
or lactate and additionnal products such as acetate, 
ethanol, CO2, formate or succinate (heterofermen-
tatives). They are widely distributed in different 
ecosytems and are commonly found in foods (dairy 
products, fermented meats and vegetables, sourdough, 


silage, beverages), sewage, on plants but also in the 
genital, intestinal and respiratory tracts of man and 
animals. 


Current methodolgies used for classification of LAB 
mainly rely on 16S ribosomal ribonucleic acid (rRNA) 
analysis and sequencing (Olsen et al., 1994). Based on 
these techniques, Gram-positive bacteria are divided 
into two groups depending on their G + C content. The 
Actinomycetes have a G + C content above 50 mol% 
and contain genera such as Atopobium, Bifidobac-
terium, Corynobacterium and Propionibac-terium. In 
contrast, the Clostridium branch has a G + C content 
below 50 mol% and include the typical LAB genera 
Carnobacterium, Lactobacillus, Lactococcus, Leuconos-
toc, Pediococcus and Streptococcus. 
 
 
Lactic acid bacteria as probiotics 
 
Lactic acid bacteria were referred to as probiotics in 
scientific literature by Lilley and Stillwell (1965). 
However probiotic took on a different terminology when 
Sperti (1971) used the term « probiotic » to describe 
tissue extracts that stimulated microbial growth. Parker 
(1974) redefined it as organisms and substances that 
contribute to the intestinal microbial balance. The most 
recent and accurate description of probiotics was 
undertaken by Fuller (1989) who redefined it as « a live 
microbial feed supplement beneficial to the host (man 
or animal) by improving the microbial balance within its 
body ». Another recent definition was by Schrezenmeir 
and De Vrese (2001) who defined probiotics as viable 
microbial food supplements which beneficially influence 
the health of the host. 


The gastrointestinal tract contains food in different 
stages of digestion, digestive ferments, liquids and solid 
waste. Within the gut are also wide ranges of microbes 
that may be either harmful or beneficial. The beneficial 
ones assist in the breakdown of food while they also 
manufacters vitamins essential to the body, breaking 
down  and destroying   some  toxic  chemicals that  may  
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have been ingested with the food. Under both healthy 
and sick conditions, several differnt types of bacteria 
compete or fight with each other to establish dominance 
in the warm and moist environment of the alimentary 
canal that serves as an ecosystem for their survival and 
propagation. The average human large intestine 
harbors over 400 different special of bacteria with a 
total population far outnumbering even the number of 
human cells in the body. Under ideal conditions of 
health and diet, the different strains of bacteria on 
microflora compete and check the excessive number of 
any one strain. Healthy condition can be achieved if a 
balance is maintened between the « good » and 
« bad » bacteria in the ratio of 85 percent to 15 percent. 
Oral supplement of diet with viable Lactbacillus 
acidophilus of human origin, which is bile resistant, led 
to a significant decline of three different fecal bacterial 
enzymes (Goldin and Gorbach, 1977). This decrease in 
the fecal bacterial enzyme activity observed in both 
humans and rats included beta glucuronidase, 
azoreductase and nitroreductase. All these enzymesca-
talyse the conversion of procarcinogens to proximal 
carcinogens in the large bowel leading to    colon 
cancer. 


Lactic acid bacteria including Lactobacillus, 
leuconostoc, lactococcus, pediococcus and Bifidobacte-
rium are found throughout the gastrointestinal tract. The 
predominant population of lactic acid bacteria in the 
upper gastrointestinal tract is the Lactobacillus species 
which may colonize the mucosal surface of the 
duodenum as well as the stomach. Lactobacillus and 
Bifidobacterium spp. are prominent members of the 
commensal intestinal flora and are the commoly studied 
probiotics bacteria. They cause reduced lactose 
intolerance alleviation of some diarrhoeas, lowered 
blood cholesterol, increased immune response and 
prevention of cancer (Marteau and Ramband, 1993, 
1996; Gilliland, 1996; Salminen et al., 1998a).   The   
selection criteria for probiotic LAB include: human 
origin, safety, viability/activity in delivery vehicles, 
resistance to acid and bile, adherence to gut epithelial 
tissue ability to colonise the gastro intestinal tract, 
production of antimicrobial substances, ability to 
stimulate a host immune response and the ability to 
influence metabolic activities such as vitamin 
production, cholesterol assimulation and lactose activity 
(Salminen et al., 1996). 


Fuller (1989) and Conway (1996) listed the following 
organisms as species used in probiotic preparation: 
Lactobacillus acidophilus, Lactobacillus casei, 
Lactobacillus casei subsp. rhamnosus, Lactobacillus 
fermentum, Lactobacillus reuteri Lactococcus lactis 
subsp. lactis, Lactococcus lactis subsp. cremoris, 
Lactobacillus bulgaricus, Lactobacillus plantarum, 
Streptococcus thermophilus, Enterococcus faecium, 
Enterococcus faecalis, Bifidobacterium bifidum, Bifido-
bacterium infantis, Bifidobacterium adolescentis, 
Bifidobacterium longum, Bifidobacterium breve. 


 
 
 
 
Probiotics benefit in the gastro intestinal tract and 
immune system 
 
Certain LAB species are found not only as components 
of the human intestinal microflora but also of the man 
made ecosytem present in fermented food. That is why 
fermented milks containing viable LAB are known to be 
beneficial to healh acting as prophylaxis against 
intestinal infections. Thus many investigators have 
evaluated the effect of yoghurt on the immuno response 
of animals and humans. 


Many studies have been conducted on their effect on 
the incidence and duration of various types of diarrhoea 
(Isolauri, 2001; Bhatnagar et al., 1998). LAB can be 
effective in preventing gastrointestinal disorders and in 
the recovery from diarrhoea of miscellaneous causes 
(Marteau et al., 2001). A decrease in the severty and 
duration of persistent diarrhoea has been reported with 
LAB (Bhatnagar et al., 1998). Guandalini et al. (2000) 
also reported that the administration of Lactobacillus 
rhamnosus GG to 287 children aged 1- 36 months with 
acute diarrhoea significantly reduced the duration in 
infected children by rotavirus compared with those 
receiving placebo. Administration of Lb rhamnosus GG 
also shortened the duration of the hospital stay. 
 
 
CLASSIFICATION OF BACTERIOCINS 
 
The bacteriocins produced by Gram-positive bacteria 
like LAB are small peptides, 3-6 kDa, in size (Nes et al., 
1996), although there are exceptions (Jorger and 
Klaenhammer, 1990). On a sound scientific basis three 
defined classes of bacteriocins have been established: 
Class I, the lantibiotics; class II, the small heat stable 
non lantibiotics; and class III, large heat labile 
bacteriocins (Table 2). A fourth class of bacteriocins is 
composed of an undefined mixture proteins, lipids and 
carbohydrates. The existence of the fourth class was 
supported mainly by the observation that some 
bacteriocin activities obtained in cell free supernatant, 
exemplified by the activity of Lb plantarum LPCO 10 
were abolished not only by protease treatements, but 
also by glycolytic and lipolytic enzymes (Jimenez-Diaz 
et al., 1993). 


Most of the Gram positive bacteriocins are membrane 
active compounds that increase the permeability of the 
cytoplasmic membrane (Jack et al., 1995). They often 
show a much broader spectrum of bactericidal activity 
than the colicins (Gram negative bacteriocins which are 
produced by Esherichia coli). They fall with in two broad 
classes, viz the lantibiotics (Jack et al., 1995) and the 
non lantibiotic bacteriocins (Nes et al., 1996). Nisin 
(Table 3) prevents clostridal spoilage spoilage of 
processed and natural cheeses, inhibits the growth of 
some psychrotropic bacteria in cottage cheese, entends 
the shelf life of milk in warm countries, prevents the 
growth of spoilage lactobacilli in beer and wine 
fermentations and provides additional protection
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Table 2. Antimicrobial peptides (peptide-bacteriocins) produced by lactic acid bacteria (Nissen-Meyer et al., 1997). 
 


Group I: Modified bacteriocins (the lantibiotics) Group II: Unmodified bacteriocins 
Type A Type B One peptide bacteriocins Two peptide bacteriocins 


Nisin Pediocin-like bacteriocins b: Lactococcin G 
Lactocin S Pediocin PA1, Leucocin A,  Lactacin F 
Lacticin 481 Sakacin P, Curvacin A, Plantaricin E/F 


Carnocin UI 49 


NK a 


Mesentericin Y105, Plantaricin J/K 
Cytolysin 
 
 


 Carnobacteriocin BM1, 
Carnobacteriocin B2, 
Enterocin A, Piscicolin 126, 
Bavaricin MN, Piscicocin V1a 


Lactobin A 
Plantaricin Sc 
Pediocin L50d 
Thermophilin 13 


  Nonpediocin- like bacteriocins: 
Lactococcin A and B, Crispacin A, 
Divergicin 750, Lactococcin 972, 
AS-48e, Enterocin B, 
Carnobacteriocin A 


 


 
a Not known: lantibiotics of type B produced by lactic acid bacteria are presently not known 
b References for the pediocin like bacteriocins are: Pediocin PA1 (Henderson et al.,1992 ; Marug et al., 1992), leucocin A (Hastings et al., 
1991), sakacin P (Tichaczek et al., 1992 ), curvacin A (Tichaczek et al., 1992 ; Holck et al., 1992), mesentericin Y105 (Hechard et al., 1992), 
carnobacterioin BM1 and B2 (Quadri et al., 1994), enterocin A (Aymerich et al., 1996), piscicolin 126 (Jack et al. , 1996), bavaricin MN (Kaiser , 
Montville ,1996), piscicocin V1a (20). 
c Reference for plantaricin S: (Tichaczek et al., 1993). 
d originally published as a modified ine peptide bacteriocin (Cintas et al. , 1995), but recent results indicate that is an unmodified two-peptide 
bacteriocin (Cintas et al.unpublished results) 
e As-48 is a cvclic antimicrobial peptide produced by Enterococcus faecalis (Martinez-Bueno et al. , 1994). 


 
 
 


Table 3. Properties of some well characterized bacteriocins (Soomro et al., 2002). 
 


Bacteriocin Producer organism Properties 
Nisin Lactococcus lactis subsp.lactis 


ATCC 11454 
Lantibiotic, broad spectrum, chromosome / plasmid mediated, 
bactericidal, produced late in the growth cycle Broad spectrum, plasmid 
mediated 


Pediocin A Pediococcus Pentosaceus FBB61 
and L-7230 


 


Pediocin AcH  Pediococus Acidilactici H Broad spectrum, plasmid mediated 
Leucocin Leuconostoc gelidum UAL 187 Broad spectrum, plasmid Mediated, bacteriostatic, produced early in the 


growth cycle  
Helveticin J 
Carnobacteriocn 


L.helveticus 481 Carnobacterium 
piscicola LV17 


Narrow spectrum, chromosomally mediated, bactericidal Narrow 
spectrum, plasmid mediated, produced early in the growth cycle. 


 
 
 
against Bacillus and clostridial spores in canned foods. 
Nisin is a permitted food additive in more than 50 
countries including the US and Europe under the trade 
name Nisaplin (Vandenberg, 1993; Delves-broughton et 
al., 1996). Nisin is active against many gram positive 
bacteria icluding Listeria spp. 
 
 
BACTERIOCIN BIOSYNTHESIS 
 
Bacteriocins are synthesized as pre-propeptide which 
are processed and externalised by dedicated transport 
machinery (Nes et al., 1996). Bacteriocin production in 
LAB is growth associated: it usually occurs throughout 


the growth phase and ceases at the end of the 
exponential phase (or sometimes before the end of 
growth (Parente et al., 1997; Lejeune et al., 1998). 
Bacteriocin production is affected by type and level of 
the carbon, nitrogen and phosphate sources, cations 
surfactants and inhibitors. Bacteriocins can be 
produced from media containing different carbohydrate 
sources. Nisin Z can be produced from glucose, 
sucrose and xylose by Lactococcus lactis IO-1 
(Matsuaki et al., 1996; Chinachoti et al., 1997a,b) but 
better results were obtained with glucose compared to 
xylose. Glucose followed by sucrose, xylose and 
galactose were the best carbon sources for the 
production of Pediocin  AcH  in  an  unbuffered  medium 
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(Biswas et al., 1991). 


All bacteriocins are synthesized with an N terminal 
leader sequence and until recently only the double 
glycine type of leader was found in class II bacteriocins 
(Holo et al., 1991; Muriana and Klaenhammer, 1991; 
Klaenhammer, 1993; Havarstein et al., 1994). However, 
it has now been disclosed that some small, heat stable 
and non modified bacteriocins are translated with sec 
dependent leaders (Leer et al., 1995; Worobo et al., 
1995). The structural bacteriocin gene encodes a 
preform of the bacteriocin containing an N-terminal 
leader sequence (termed double glycine leader) whose 
function seems to prevent the bacteriocin from being 
biologicalhy active while still inside the producer and 
provide the recognition signal for the transporter 
system. 


A number of genes, often found in close proximity to 
each other are required for production of lantibiotics. 
These genes include: 


 
(a) The structural gene, lan A, 
(b) immunity genes (Lan I and in some cases Lan E, 
Lan F and Lan G) encoding proteins that protect the 
producer from the producer lantibiotic, 
 (c) a gene Lan T encoding what appears to be a 
membrane associated ABC transporter that transfers 
the lantibiotic across the membrane,  
(d) a gene, lan P, encoding a serine proteinase which 
removes the leader sequence of the lantibiotic 
prepeptide, 
(e) two genes, lan B and Lan C (or in some cases only 
one gene, Lan M), with no sequence similarity to other 
known gens thought to encode enzymes involved in the 
formation of lanthionine and methyl lanthionine, and 
(f) two genes lan k and lan R encoding two component 
regulatory proteins that transmit an extracellular signal 
and therby inducing lantibiotic production. 
 
 
CONCLUSION 
 
The potential application of bacteriocins as consumer 
friendly biopreservatives either in the form of protective 
cultures are as additives is significant. LABS are 
typically involved in a large number of spontaneous 
food fermentations but they are also closely associated 
with the human environment. Food fermentations have 
a great economic value and it has been accepted that 
these products contribute in improving human health. 
LABS have contributed in the increased volume of 
fermented foods world wide especially in foods 
containing probiotics or health promoting bacteria. 
Bacteriocins produced by LAB are the subject of 
intense research because of their antibacterial activity 
against foodborne bacteria. 


Further studies should be focused on the 
mechanisms of action of LAB within the gastro intestinal 
tract and in the immune system which  stimulate  the  in  


 
 
 
 
vivo immunity effects. Furthermore, genetic engineering 
of already idenfied probiotics and those newly 
discovered to make them more efficacious should be 
pursued. 
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Bacteriocins are ribosomally-synthesized antibacterial peptides. These compounds are produced by a broad


variety of different bacteria belonging mainly to the genus Bifidobacterium, to which health promoting prop-


erties have frequently been attributed. However, despite the fact that the identification of Bifidobacterium-


associated bacteriocins was first reported in 1980 and that they exhibit antimicrobial activity against patho-


genic microorganisms such as Listeria monocytogenes, Clostridium perfringens, and Escherichia coli, relatively


little information is still available about the antimicrobial compounds produced by strains of this genus.


More detailed understanding of the action mechanisms of these antimicrobials could allow us to determine


the extent to which their production contributes to the probiotic properties of specific bifidobacteria strains


and, potentially, be of crucial significance for ultimate preservation of functional foods or pharmaceutical


applications. Here we review what is already known about their structure, classification, mode of action,


functionality, immunity, production and purification.
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1. Introduction


Bifidobacteria are high GC, Gram-positive, non-spore-forming,


non-motile and catalase-negative anaerobic bacteria belonging to the


phylum of Actinobacteria (Ishibashi et al., 1997). They are able to fer-


ment glucose to lactic and acetic acids via a metabolic pathway that is


characterized by the presence of the enzyme fructose-6-phosphate


phosphoketolase (F6PPK) (Ballongue, 2004; Gomes and Malcata,


1999). These microorganisms were first isolated by Tissier (1900),


described as pleomorphic rods with different shapes, including curved,


short and bifurcated Y shapes, and initially classified as Bacillus bifidus


communis. Subsequently, they were renamed Lactobacillus bifidus


before De Vries and Stouthamer (1967) suggested that they should be


reclassified as a distinct genus (Bifidobacterium) because of the presence


of F6PPK and the simultaneous absence of glucose-6-phosphatase


dehydrogenase and aldolase, i.e. two enzymes present in lactobacilli


(Ballongue, 2004; Cheikhyoussef et al., 2008; Ishibashi et al., 1997).


Bifidobacteria are an important group of human gut commensal


bacteria, accounting for around 3–7% of the microbiota in adults


and, according to some reports, up to 91% in newborns (Ballongue,


2004; Cheikhyoussef et al., 2009a). Some strains of Bifidobacterium
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possess traits that have resulted in them being employed as probiotics.


According to the Food and Agriculture Organization (FAO) and the


World Health Organization (WHO) (FAO/WHO, 2001), probiotics are


living microorganisms that, when ingested in sufficient quantities,


exert health-promoting benefits to the host. Among themany probiotic


traits that have been attributed to bifidobacteria are a) the induction


of immunoglobulin production, b) improvement of food nutritional


value by assimilation of substrates not metabolized by the host,


c) anti-carcinogenic activity and d) folic acid synthesis (Bevilacqua


et al., 2003; Cheikhyoussef et al., 2009a; Collado et al., 2005a; Gomes


and Malcata, 1999; Touré et al., 2003). Interestingly for the purposes


of this review, some bifidobacteria are also known to produce anti-


microbials (Cheikhyoussef et al., 2009b; Gibson and Wang, 1994b;


Gomes and Malcata, 1999; Ibrahim and Salameh, 2001) and, more spe-


cifically, bacteriocins (Anand et al., 1984, 1985; Cheikhyoussef et al.,


2010; von Ah, 2006; Yildirim and Johnson, 1998; Yildirim et al., 1999).


Bacteriocins are ribosomally-synthesized antimicrobial peptides


produced by bacteria that are active against other bacteria, either


belonging to the same species (narrow spectrum) or even across gen-


era (broad spectrum). Producing organisms are immune to their own


bacteriocin(s), a property that is mediated by specific immunity pro-


teins (Cotter et al., 2005b). Bacteriocin production takes place most


frequently during the late exponential or early stationary phases of


growth, is often influenced by quorum sensing and stress signaling


(Klaenhammer, 1988; Kotelnikova and Gelfand, 2002; Riley and


Chavan, 2007; Tagg et al., 1976), and is regarded as a probiotic trait


(Dobson et al., 2012; O'Shea et al., 2012) contributing to the suppres-


sion of intestinal pathogens. In addition, the rise in demand for natu-


ral foods that do not contain chemical preservatives has increased the


interest in their application as preservatives to ensure food quality


and safety. Since the discovery of bacteriocins (Cascales et al., 2007;


Cotter et al., 2005a), in-depth studies have been undertaken to get


detailed information on their physicochemical properties, mechanisms


of action and genetic determinants (Cotter et al., 2005a; Drider et al.,


2006; Ennahar et al., 2000; Riley and Wertz, 2002; Tagg et al., 1976),


all of which are of great significance for the ongoing attempts to com-


mercialize them more extensively. A considerable part of research


on bacteriocins has focused on the production and investigation of


peptides from lactic acid bacteria (LAB) such as Lactococcus spp.,


Leuconostoc spp., Enterococcus spp., and Pediococcus spp., with a view


to their potential application as natural preservatives of foods


(Cheikhyoussef et al., 2009a; Deegan et al., 2006; Riley and Chavan,


2007). Despite the potential of bifidobacteria to suppress the growth


of both Gram-negative and Gram-positive bacteria, their ability to pro-


duce bacteriocins has so far been underestimated, being their antimi-


crobial activity often ascribed to the inhibitory action of organic acids


and the related pH decrease (Ballongue, 2004; Makras and De Vuyst,


2006; von Ah, 2006). However, exceptions exist.


Here we review the literature relating to bifidobacteria able to


produce bacteriocins, with a focus on their distinctive features, factors


influencing their production, purification, mechanisms of action and


classification.


2. Antimicrobial compounds from Bifidobacterium spp.


Bifidobacteria have the capacity to synthesize organic acids and


other antimicrobial compounds such as bacteriocins. Although some


reports have suggested that the production of organic acids, via the


heterofermentative pathways, is partially responsible for the inhibi-


tory activity of bifidobacteria (Bruno and Shah, 2002; Ibrahim and


Salameh, 2001), it is well accepted that at least some bifidobacteria


also produce bacteriocins. In some cases, the antimicrobial activity


was associated with the production of peptides, but the exact nature


of the active substance was not determined (Anand et al., 1984, 1985;


Bernet et al., 1993; Liévin et al., 2000; Meghrous et al., 1990); in other


cases, the peptides involved were definitively identified.


Table 1 contains a list of known Bifidobacterium-associated bacte-


riocins and putative bacteriocins as well as their main characteristics.


In general, it can be stated that research of Bifidobacterium-associated


bacteriocins has been relatively unsatisfying and has provided more


questions than answers. The following paragraphs provide informa-


tion regarding a significant number of putative bacteriocins about


which frustratingly little is known.


The first putative Bifidobacterium-associated bacteriocin found is


bifidin produced by Bifidobacterium bifidum NCDC 1452. The anti-


microbial activity of this strain was found to be the greatest when


grown in skim milk, and from this medium it was extracted with


methanol–acetone and partially purified by Sephadex G-15 chroma-


tography. The purified product was refrigerated for 3 months or


more without exhibiting any activity loss (Anand et al., 1984, 1985).


Amino acid analysis of the peptide revealed high contents of phenyl-


alanine and glutamic acid and, in less extent, threonine, aspartic acid,


serine, glycine, proline, isoleucine and leucine. However, the study on


bifidin did not progress since the mid-1980s.


A number of years later, Kang et al. (1989) described a


Bifidobacterium longum strain that produced anuncharacterized antimi-


crobial, referred to as bifilong, that inhibited some Gram-negative and


Gram-positive bacteria andwas stable over a pH range of 2.5 to 5.0. Sim-


ilarly,Meghrous et al. (1990) discovered thermoresistant proteinaceous


compounds in the supernatant of B. bifidum cultures, which inhibited


the growth of Streptococcus, Lactococcus and Clostridium spp. However,


as the authors were specifically targeting antimicrobials able to inhibit


Gram-negative bacteria, the active compounds were not isolated.


Liévin et al. (2000) were successful in demonstrating the anti-


Salmonella typhimurium activity of a highly lipophilic, low molecular


weight (b3500 Da) compound produced by Bifidobacterium strains,


which was precipitated with ammonium sulfate and partially purified


by methanol–chloroform extraction and dialysis. However, once again,


this compound was not further characterized. Following the same


theme, Touré et al. (2003) isolated bifidobacteria strains from infants


that displayed antagonistic activity against Listeria monocytogenes.


Using methanol–acetone extraction, they purified themost hydrophilic


proteinaceous antimicrobials, which were found to be resistant to high


temperature (100 °C for 5 min) but sensitive to proteases. Saleh and


El-Sayed (2004) provided a somewhat more detailed report on the


production, in MRS broth with 0.05% L-cysteine. HCl, of putative


bacteriocins, designated as bifilact Bb-12 and bifilong Bb-46, by


Bifidobacterium lactis Bb-12 and B. longum Bb-46, respectively.


These two bacteriocins were shown to exhibit strong activity against


Staphylococcus aureus, S. typhimurium, Bacillus cereus and Escherichia


coli. While the minimal inhibition concentrations (MICs) of partially


purified bifilact Bb-12 and bifilong Bb-46 were found to be 40 and


20 mg/mL for S. aureus and 20 and 16 mg/mL for E. coli, respective-


ly, one can expect that purified peptides, if obtained, would be even


more active. Additional antimicrobials from six Bifidobacterium


strains were found to exhibit broad inhibitory spectra against both


Gram-negative and Gram-positive bacteria, namely Clostridium difficile,


Brochothrix thermosphacta, L. monocytogenes, S. aureus, Helicobacter


pylori, S. typhimurium, Arcobacter butzleri, and some pathogenic yeasts.


These heat-stable compoundswere sensitive to proteinases and resistant


to pH in the range from 3 to 10 (Collado et al., 2005b), but were neither


purified nor subject to further investigation. Finally, von Ah (2006) iden-


tified, recovered by methanol/acetone extraction and reversed-phase


HPLC and partly characterized thermophilicin B67, a bacteriocin pro-


duced by Bifidobacterium thermophilum RBL67 that exhibited a narrow


inhibition spectrum towards three Listeria strains and Lactobacillus


acidophilus.


Ultimately, despite the many reports on Bifidobacterium-associated


bacteriocins, bifidocin B from B. bifidum NCFB 1454 (Yildirim et al.,


1999), bifidin I from Bifidobacterium infantis BCRC 14602 (partially


sequenced) (Cheikhyoussef et al., 2010) and the lantibiotic bisin


from B. longum DJO10A are the only bacteriocins that were in-depth
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characterized and whose amino acid sequence was at least partially elu-


cidated. The (predicted) amino acid sequence of these bacteriocins is


shown in Table 2. Bifidocin B and bifidin I show homology in the


N-terminal region to Class IIa bacteriocins, also known as pediocin


PA1-like bacteriocins (bacteriocin classification is detailed in Section 3),


which contain a -Tyr-Gly-Asn-Gly-Val-Xaa-Cys (or YGNGV) consensus


region and that are known for their potent antilisterial activity (Drider


et al., 2006; Lozano et al., 1992). Bifidocin B is produced by B. bifidum


NCFB 1454 and shows activity against Listeria, Lactobacillus, Enterococcus,


Pediococcus, Staphylococcus, Clostridium, Leuconostoc and Bacillus strains


(Yildirim and Johnson, 1998). Its bactericidal activity brought about a


99% decrease in CFU/mL of all these sensitive indicator strains after


only 30 min (Cheikhyoussef et al., 2009a; Yildirim et al., 1999). Bifidin I


was purified in 2010 by Cheikhyoussef and coworkers from B. infantis


BCRC 14602 I using a three-step purification procedure. Initial studies,


using Lactobacillus plantarum BCRC 11697 as a target, established that


bifidin I (1000Activity Units [AU]/mL) brought about 93 and 95% growth


inhibition after 2 and 6 h, respectively (Cheikhyoussef et al., 2009a). Fur-


ther investigations established that bifidin I has a broad activity spectrum,


including Gram-positive bacteria such as Streptococcus, Staphylococcus


and Clostridium, and Gram-negative ones such as Salmonella, Shigella


and E. coli (Cheikhyoussef et al., 2009b). Bisin was found to be effective


against several indicator strains of Streptococcus thermophilus, Bacillus


subtilis, Serratia marcescens and S. aureus, among others (Lee et al.,


2008, 2011).


Therefore, since some of these bacteriocins may affect starter and


probiotic cultures, care should be takenwhen selecting bacteriocin pro-


ducing strains for inclusion in fermented foods, to make sure that path-


ogens rather than important LABs are the targets of their bacteriocins.


2.1. Antimicrobial compounds: production time and phases


The production of bacteriocins is generally associated with late


logarithmic phase and early stationary phase of growth, but the


concentrations obtained are often low, whichmakes their purification


and subsequent application difficult. Therefore, a precise knowledge


of the growth phase during which bacteriocin production is optimal


can be critical. Unfortunately, since bacteriocin producing bifidobac-


teria can be grown in a variety of different growth media (the impor-


tance of which is highlighted below) and the activity of bacteriocins is


measured in a number of different ways (different indicator micro-


organisms, assays etc.), a systematic comparison between different


studies on bacteriocin production is quite difficult (Pongtharangkul


and Demirci, 2004; von Ah, 2006). Although considerable variation


exists, it is not possible to ascertain to what extent it is the result


of different producing strains or assays employed. For instance, the


antimicrobial production by B. bifidum NCDC 1452 appeared after


30 h of growth and reached a maximum after 48 h (Anand et al.,


1985), whereas bifidocin B was produced by B. bifidum NCFB 1454


between the late logarithmic and early stationary phases (12–18 h)


(Cheikhyoussef et al., 2008) and decreased in concentration along


the stationary one (by 50 and 75% after 18 and 72 h, respectively)


(Yildirim and Johnson, 1998). Furthermore, Collado et al. (2005a)


observed that, in the presence of Tween 80, the antimicrobial activity


of a variety of different Bifidobacterium strains reached a maximum


in the early stationary phase (around 16 h of fermentation) but


decreased or was absent thereafter (Deraz et al., 2005). Thus, while


there is a general consensus with respect to the importance of the


growth phase, the time lasted by a specific bacteriocin-producing


strain to enter the idiophase can be quite variable.


2.2. Antimicrobial compounds: enzymes, pH and heat stability


The characteristics of Bifidobacterium-associated bacteriocins can


vary considerably as shown in the following and more synthetically


in Table 1. Bifidin from B. bifidum NCDC 1452 was optimally produced


at pH 4.8, displayed maximal inhibitory potential between 4.8


and 5.5, and was stable even after exposure to 100 °C for 30 min


Table 2


The (predicted) amino acids sequence of Bifidobacterium spp. bacteriocins.


Bacteriocin Amino acid sequence Amino acid residues References


Bifidin I KYGDVPLY (partial sequence) Unknown Cheikhyoussef et al. (2010)


Bifidocin B KYYGNGVTCGLHDCRVDRGKATCGIINNGGMWGDIG 36 Yildirim et al. (1999)


Bisin prepeptide MSINEKSIVGESFEDLSAADMAMLTGRNDDGVAPASLSFAVSVLSVSFSACSVTVVTRLASCGNCK 66a Lee et al. (2011)


a Prior to leader cleavage.


Table 1


Bacteriocins from Bifidobacterium spp. and their main characteristics.


Bacteriocin Species and


strain


Mol. wt.


(kDa)


Heat range


stability


pH range


stability


Production


phase


Optimal


production


Inhibitory spectrum Reference


Bifidin B. bifidum


NCDC 1452


(–) (100 °C—30 min) 4.8–5.5 After 48 h pH: 4.8 Gram-positive and Gram-negative


bacteria


Anand et al.


(1984, 1985)


Bifidocin B B. bifidum


NCFB 1454


3.3 (121 °C—15 min) 2–12 (12–18 h) 37 °C,


pH 5.0–6.0


Bacillus cereus, Enterococcus faecalis,


Listeria monocytogenes, Pediococcus


acidolactici, Streptococcus faecalis, etc.


Yildirim and Johnson


(1998); Yildirim et al.


(1999)


Bifilong B. longum 120 (100 °C—30 min) 2.5–5.0 (−) (−) Gram-positive and Gram-negative


bacteria


Kang et al. (1989)


Bifilact Bb-46 B. longum


Bb-46


25–127 (121 °C—15 min) 4–7 (−) (−) Staphylococcus aureus, Salmonella


typhimurium, Bacillus cereus, E. coli


Saleh and El-Sayed


(2004)


Bifilact Bb-12 B. lactis Bb-12 25–89 Unstable for high


temperatures


4–7 (−) (−) Staphylococcus aureus, Salmonella


typhimurium, Bacillus cereus, E. coli


Saleh and El-Sayed


(2004)


Thermophilicin


B67


B. thermophilum


RBL67


5–6 (100 °C—5 min) 2–10 24 h pH 6 and


40 °C


Listeria sp., Lactobacillus acidophilus von Ah (2006)


Bifidin I B. infantis BCRC


14602


3 (121 °C—15 min) 4–10 18 h (−) LAB strains, Staphylococcus, Bacillus,


Streptococcus, Salmonella, Shigella, E. coli.


Cheikhyoussef


et al. (2009a, 2010)


Lantibiotic


(Bisin)


B. longum DJO10A (−) (−) (−) 1–8 h Auto-induction


by crude


lantibiotic


Streptococcus thermophilus ST403,


Clostridium perfringens, Staphylococcus


epidermidis, Bacillus subtilis, Serratia


marcescens, E. coli DH5a.


Lee et al. (2011)


(−): not available.
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(Anand et al., 1984, 1985). Bifidocin B from B. bifidum NCFB 1454


retained its biological activity between pH 2 and 12 and was more


stable under acidic than alkaline conditions. Whereas it retained


full activity when stored at −20 °C or −70 °C for 1 or 3 months, a


decrease from 51,200 to 30,000 AU/mL took place when samples


were stored at −4 °C for 1–3 months, and 25 and 50% activity


decreases were observed when crude extracts were heated at 90 °C


for 30 and 60 min, respectively (Yildirim and Johnson, 1998;


Yildirim et al., 1999). Bifidocin B was also found to be inactivated by


proteases such as trypsin, α-chymotrypsin, papain, or pepsin, where-


as lysozyme, ribonuclease A, glucose oxidase, lipase, amylase, dex-


tranase and catalase had no effect (Yildirim and Johnson, 1998).


Bifidin I from B. infantis BCRC 14602 was found to be stable over


wide ranges of pH (from 4 to 10, maximum activity at pH 4.8) and


temperature (30 min at 50 °C and 15 min at 121 °C), but was totally


inactivated by protease and proteinase K, partially inactivated by


alcalase 2.4 LFG (50% activity reduction) and almost not affected by


α-amylase, lysozyme and lipase (Cheikhyoussef et al., 2009a). The


activities of bifilact Bb-12 from B. lactis Bb-12 and bifilong Bb-46 from


B. longum Bb-46 reached optimum values at pH 4 and 7 and decreased


at pH≤3 and ≥9, respectively, at −20 °C for 24 h or when sterilized


at 121 °C for 15 min. In addition, although resistant to α-amylase or


lipase, these antimicrobials were found to be sensitive to pepsin and


trypsin (Saleh and El-Sayed, 2004). Finally, thermophilicin B67 from


B. thermophilum RBL 67 showed activity over broad ranges of pH


(4–8) and temperature (25–47 °C), with a maximum (256 AU/mL) at


pH 5.5 and 35 °C (von Ah, 2006).


3. Classification of bacteriocins


Bacteriocins can be classified into two main classes (Cotter et al.,


2005b). Class I (molecular weightb5 kDa) includes the lantibiotics


and are distinguished by the fact they undergo post-translational


modification. Class II bacteriocins are unmodified peptides that can


be divided into four subgroups, i.e. Class IIa–d. Class IIa (or pediocin


PA1-like) peptides often exhibit potent antilisterial activity, consist


of 37 to 48 amino acids and are positively charged (Drider et al.,


2006). These bacteriocins share a conserved sequence motif in their


N-terminal region consisting of Tyr-Gly-Asn-Gly-Val-X-Cys-XXXX-


Val-X-Val (or YGNGVXCXXXXVXV, with X being any amino acid),


which is stabilized by two cysteines forming a disulfide bridge, and


a hydrophobic and/or amphiphilic C-terminal part consisting of one


or two α-helices (Eijsink et al., 2002; von Ah, 2006). Bifidocin B


from B. bifidum NCFB 1454 belongs to this class of bacteriocins having


a N-terminal domain containing a Tyr-Gly-Asn-Gly-Val-X-Cys motif


(Yildirim et al., 1999), while bifidin I from B. infantis BCRC 146,


whose N-terminal domain although not completely sequenced con-


tains a similar, but distinct Tyr-Gly-Asp-Val stretch (Cheikhyoussef


et al., 2010), has its classification still under consideration (Table 2).


With regard to the N-terminal motif of the class II peptides, resi-


dues Lys-1, Lys-11 and His-12 (or their equivalents) have been


reported as mediators of non-specific bacteriocin binding to target


membranes, while residues Val-7, Cys-9, Cys-14, Val-16 and Trp-18


to be involved in membrane insertion processes (Eijsink et al., 2002;


Ennahar et al., 2000). Indeed, modifications in the consensus


sequence drastically reduce bacteriocin activity (Drider et al., 2006).


On the other hand, it has been suggested that the C-terminal region


of pediocin-like bacteriocins is responsible for target cell specificity


(Johnsen et al., 2005).


Lee et al. (2008) described the production of the Class I lantibiotic


bisin by B. longum DJO10A, which was found to be effective against


both Gram-positive and Gram-negative bacteria. Bisin is encoded


by a typical lantibiotic-associated gene cluster consisting of genes


encoding, in two-component signal transduction system (lanR2


and lanK), a lantibiotic prepeptide (lanA), a lantibiotic response regu-


lator (lanR1), lantibiotic modification enzymes (lanD and lanM), a


lantibiotic immunity protein (lanI) and a lantibiotic transporter with


predicted protease activity (lanT) (Lee et al., 2008, 2011). Its produc-


tion was detected when the producing strain was grown on agar, but


not in broth due to repression of lanA transcription; however, the


lantibiotic, when added to broth (at 160 AU antimicrobial activity),


acted as an induction factor improving the production. Interestingly,


the bacteriocin-producing phenotype of this strain is quite unstable


as the 10.2 kb gene cluster, located between two IS30 elements, can


be lost during serial subculturing (Lee et al., 2008).


Although the bifidocin B gene cluster has still to be identified, it


has been established, through the use of acriflavin and the isolation


of mutants unable to produce the bacteriocin, that its production by


B. bifidum NCFB 1454 is associated with a plasmid of about 8 kb in


size, whereas this plasmid is not required for immunity or sugar


fermentation. The presence of a gene encoding bifidocin B on the


8 kb plasmid was confirmed by Southern blotting using an oligonu-


cleotide based on the N-terminal amino acid sequence (Yildirim


et al., 1999).


As noted above, there are several situations where further investi-


gation is required to elucidate the nature of putative bacteriocins. In


addition to peptides (b10 kDa), there are some reports on larger


antimicrobial proteins (bifilact Bb-46, bifilact Bb-12 and bifilong)


(Cheikhyoussef et al., 2010; Collado et al., 2005a,b) that are poten-


tially belonging to the bacteriolysin family of antimicrobials (Cotter


et al., 2005b).


4. Influence of culture medium and bifidogenic factors


The availability of simple and inexpensive methods and reagents


for the cultivation of Bifidobacterium spp. will be important for pro-


duction of bacteriocins and their commercial applications. Most of


Bifidobacterium-specific culture media have a complex composition,


often containing antibiotics or induction factors, and imply long incu-


bation times. Many nutritious culture media also negatively impact


on the production of antimicrobials by the selected strains (Nebra


and Blanch, 1999).


Bifidobacteria show high growth rates in rich synthetic media


such as Trypticase–Peptone–Yeast extract (TPY) and MRS broths,


but can also grow in simple media containing only lactose, free


amino acids, mainly cysteine, glycine and tryptophan, and some


nucleotides, vitamins and minerals (Gomes and Malcata, 1999).


Ballongue (2004) highlighted the advantages of adding bifidogenic


growth factors such as N-acetyl-D-glucosamine or cysteine, azide


and China ink to MRS agar medium to differentiate bifidobacteria


species, or vitamins such as pyridoxine (B6), thiamine (B1), cyanoco-


balamine (B12), folic acid (B9) and nicotinic acid (PP) or different


selective agents such as polymyxin, propionate and linoleate. The


control of magnesium, manganese and iron levels was shown to be


essential for optimal growth of bifidobacteria or bacteriocin produc-


tion, as a result of nutritional stress or induction, according to circum-


stances (Kang and Fung, 2000; O'Sullivan, 2001).


Most of bifidobacteria strains were also shown to grow effectively


in milk-based media, which constitutes a great advantage taking in


mind the high cost of synthetic media. So, several protein sources


such as liver, meat or yeast extract, peptones, horse blood, tomato


juice or human milk, along with antioxidant compounds such as cys-


teine, ascorbic acid, or sodium sulfite have also been successfully


added to these media (Gomes and Malcata, 1999; Russell et al., 2011).


In addition to the components described above, many species of


bifidobacteria can also utilize complex biopolymers able to improve


cell growth and production of antimicrobials, including bifitose,


fructooligosaccharides (FOS) and xylooligosaccharides, among others.


These compounds, which are generally carbohydrates or their deriva-


tives, are metabolized by bifidobacteria, but not by the host or the


majority of other bacteria (Gomes and Malcata, 1999); among them,


the different types of linear and branched FOS, oligofructose and
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lactulose-based oligosaccharides show particularly high induction


rates. Dietary fibers have also been found to be effective in promoting


the intestinal growth of bifidobacteria (Dubey and Mistry, 1996;


Ishibashi et al., 1997). However, not all strains have the same nutri-


tional requirements.


There are also a number of nutritional and biological factors that


influence antimicrobial production by bifidobacteria including, as


mentioned above, nutrient shortage as well as the presence of a com-


peting microbiota (O'Shea et al., 2012). Touré et al. (2003) reported


that a co-culture of L. monocytogenes and Bifidobacterium spp. was


able to stimulate bacteriocin production by the latter and, in some


cases, the addition of surfactants such as Tween 80 increased the


concentration of bacteriocins produced as a consequence of cell


growth acceleration. Surfactants may also enhance the sensitivity of


the indicator strain and form micelles with proteinaceous compounds,


thus stabilizing the bacteriocins (Carolissen-Mackay et al., 1997;


Cheikhyoussef et al., 2008; Collado et al., 2005b).


Finally, bifidobacteria are usually cultivated under anaerobic con-


ditions. However, some studies have reported that some strains of


Bifidobacterium spp. can decompose and detoxify oxygen metabolites


by certain enzymes such as superoxide dismutase and catalase, and


that oxygen sensitivity differs according to the species or strains.


Thus, several oxygen-tolerant bifidobacteria have been reported by


various authors (Chou and Hou, 2000; Li et al., 2010; Yang et al.,


1998).


5. Purification and separation


Bacteriocin purification is usually difficult because these lowmolec-


ular weight, hydrophobic peptides are often produced only in small


amounts (Berjeaud and Cenatiempo, 2004). From an industrial point


of view, several bacteriocins have been purified and characterized (De


Vuyst and Leroy, 2007), but no bacteriocin from Bifidobacterium spp.


has yet been prepared on an industrial scale. Table 3 gives a summary


of the approaches used to date to (partially) purify Bifidobacterium-


associated bacteriocins.


In many cases, the first step of the process is the precipitation of


antimicrobials from culture supernatants usually adding ammonium


sulfate. Such a salting out operation (60% saturation) followed by


chloroform–methanol extraction was successfully employed by


Cheikhyoussef et al. (2008) to concentrate the antimicrobials present


in cell free supernatants of two strains of bifidobacteria (CA1 and F9),


yielding a product effective against S. typhimurium SL1344 and E. coli


C1845. Other alternatives include the use of acid or organic solvents


as precipitating agents (Gibson and Wang, 1994a). Dialysis and ultra-


filtration can also be used to further concentrate and purify bacterio-


cins, even though some Bifidobacterium-associated studies pointed


out large product losses due to incomplete precipitation (Collado


et al., 2005b; Liévin et al., 2000). The final purification step generally


consists of reversed phase high-performance liquid chromatography


(RP-HPLC) with acetonitrile gradient, which can be followed by sodi-


um dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)


or mass spectrometry for molecular size determination.


Bifidocin B from B. bifidum NCFB 1454 was purified by precipita-


tion with 70% ammonium sulfate followed by dialysis through a


1000 molecular weight cutoff dialysis membrane, which resulted


in an 18-fold increase in antimicrobial activity of the dialysis product


(58,200 AU/mL) compared to the cell-free culture supernatant


(3200 AU/mL) (Yildirim and Johnson, 1998). Subsequently, Yildirim


et al. (1999) developed a purificationmethod based on a rapid and sim-


ple three-step process including freeze drying, Micro-Cel adsorption/


desorption and cation exchange chromatographywith a carboxymethyl


cellulose column, which allowed increasing the specific activity from


285 AU/mg in the cell-free supernatant to 29,880 AU/mg after the


Micro-Cel step, and to 540,000 AU/mg after the cation exchange chro-


matography, corresponding to a 1895-fold overall concentration effect


(Table 3).


Bifidin I from B. infantis BCRC 14602 was partially purified by a


two-step purification process (Table 3). Initial precipitation with


ammonium sulfate, which resulted in an 80% yield and 4.56-fold con-


centration, was followed by dialysis using a 1000 Da molecular-


weight cutoff and, finally, by freeze-drying. Such a process allowed


obtaining a final preparation with specific activity of 31,605 AU/mg,


corresponding to overall 120-fold purification and 64% yield


(Cheikhyoussef et al., 2009a). A newmethod has recently been devel-


oped by Cheikhyoussef et al. (2010), whereby bifidin I was purified/


concentrated by a three-step process. The purification protocol


started with its recovery by adsorption/desorption onto/from silicic


acid, which resulted in a preparation with specific activity of


67,696 AU/mg, corresponding to 257-fold concentration and 80%


yield. This active preparation was then subject to cation exchange


separation on SP-Sepharose at pH 7.6 and final purification by


RP-HPLC (in the process establishing the cationic nature of bifidin I),


which allowed increasing the specific activity up to 115,315 AU/mg


(64% yield) and 36,571 AU/mg (25.6% yield), corresponding to 438-


and 1390-fold concentrations, respectively.


Table 3


Summary of approaches taken to (partially) purify Bifidobacterium associated bacteriocins.


Bifidobacterium


species and strain


Bacteriocin Purification


stepsa
Volume


(mL)


Total


activity


(AU)


Protein


concentration


(mg/mL)


Total protein


(mg)


Specific activity


(AU/mg)


Purification


factor


Yield (%) Reference


B. bifidum NCFB


1454


Bifidocin B ADPC (−) (−) (−) (−) 58,200 18 (−) Yildirim and Johnson


(1998)


B. bifidum NCFB


1454


Bifidocin B CFCs 1500 4,800,000 (−) 16,855 285 1 100 Yildirim et al. (1999)


FD 150 4,704,000 (−) 16,774 281 0.99 98


MC 15 3,600,000 (−) 121 29,880 104 75


CMC 1.5 864,000 (−) 1.6 540,000 1895 18


B. thermophilum


RBL67


Thermophilicin


B67


CFCs 2170 17,360 0.065 141.1 123 1 100 von Ah (2006)


MEA 217 17,344 0.532 115.4 120 1 99.9


FD 7 5971 0.416 2912 2051 16.7 34.4


B. infantis BCRC


14602


Bifidin I CFCs 500 80×104 (−) 3040 263 1 100 Cheikhyoussef et al.


(2009b)FD 50 64×104 (−) 2800 228 0.86 80


ADPC 5 51×104 (−) 16.2 31,605 120 64


B. infantis BCRC


14602


Bifidin I NCFS 500 800,000 (−) 3040 263 1 100 Cheikhyoussef et al.


(2010)ADSA 50 640,000 (−) 9.44 67,696 257 80


SPSFF 5 512,000 (−) 4.44 115,315 438 64


RP-HPLC 1 204,800 (−) 0.56 365,714 1390 25.6


a ADSA: adsorption and desorption onto/from silicic acid; ADPC: adsorption and desorption from producer cells; CFCs: cell-free supernatant; CMC: carboxymethyl cellulose


(cation-exchange chromatography); FD: freeze-drying; MEA: methanol acetone extract; MC: micro-Cel; NCFS: neutralized cell free supernatant; RP-HPLC: reverse phase-high per-


formance liquid chromatography; SPSFF: sulfopropyl sepharose fast flow; (−): not determined.
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Bifidin, bifilong (Kang et al., 1989) and thermophilicin B67 (von Ah,


2006) were also purified/concentrated from the cell free supernatants


of producing strains using methanol–acetone extraction followed by


partial purification by chromatographic methods (Anand et al., 1985).


In the case of thermophilicin B67, the specific activity of the metha-


nol–acetone extract (853 AU/mL) pointed out a 17-fold purification


compared with the freeze-dried supernatant (von Ah, 2006).


Finally, a crude lantibiotic preparation was collected from B. longum


DJO10A agar cultures by methanol extraction and size fractionation.


Although the lantibiotic activity (160 AU/mL)was low, it was sufficient


for microtiter plate-based experiments (Lee et al., 2011).


Other nutritional factors can influence the purification process.


For instance, high concentrations of peptides in the growth medium,


resulting from the addition of beef or yeast extract, may interfere


with various purification processes. Nonetheless, several investiga-


tions have demonstrated that the use of complex growth media


with a high peptide content is necessary to ensure high bacteriocin


productivity (Carolissen-Mackay et al., 1997), and thus a tradeoff is


required. Similarly, if from one hand the addition of Tween 80 can


enhance bacteriocin production, from the other it can affect the puri-


fication process through, for example, the formation of precipitates in


the culture supernatants (Collado et al., 2005b).


6. Conclusions and future prospects


Despite the potential paramount importance and value of bacteri-


ocin production by bifidobacteria, only a few of such bacteriocins


have been purified and characterized. This review summarizes what


is already known about Bifidobacterium-associated bacteriocins, with


particular concern to those that have been explored in greatest


depth, i.e. bifidocin B, bifidin I, thermophilicin B67 and bisin, thereby


providing an overview of our understanding about their classification,


mode of action, genetic determinants, spectra of activity and factors


influencing their production. In addition, some bacteriocins from


Bifidobacterium genus may affect starter and probiotic cultures; there-


fore, care must be taken when selecting bacteriocin producing strains


for inclusion in fermented foods to make sure that important LABs are


not the targets of their bacteriocins. The route of future application/


commercialization of these Bifidobacterium-associated bacteriocins,


as well as those still to be identified, will be dependent on whether


the application will involve the use of the producing strain as a probi-


otic or will require the peptides in a (partially) purified or concen-


trated form. Therefore, it is important to emphasize that it is necessary


to deepen the study of bacteriocins produced by Bifidobacterium spp.,


which proved to advantageously contribute to functional food proper-


ties and pharmaceutical applications.
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ITEMS SPECIFICATION 


Appearance Light yellow powder 


Initial viable cell � 5.0 X 1010 CFU/g 


Coliforms Absent 


Yeast& Mold :S 10 CFU/g 


E.coli Absent in lg 


S.aureus Absent in lg 


Salmonella Absent in 25g 


L. monocytogene Absent in 1 0g 


Lead (Pb) :S 1.0 mg/kg 


Cadmium (Cd) :S 0.3 mg/kg 


Mercury (Hg) :S 0.1 mg/kg 


Arsenic (As) :S 0.1 mg/kg 


Place of Production: KOREA 


Issued Date: 


Mfg. Date: 


Exp. Date: 


24 Oct. 2018 


02Aug. 2017 


01 Aug. 2018 


RESULTS 


Light yellow powder 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Remark : Be kept in an airtight container and stored at a temperature not exceeding 5 t:'. 


Director, Head of Quality Management Division 


CELL BIOTECH Co., Ltd. 


Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 


Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 


PHONE +82 31 987 8107 I FAX +82 31 987 6216 www.cellbiotech.com  
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WcELL BIOTECH 


Certificate of Analysis 


Product Name : Bifulobacterium longum 


Batch(Lot) No. : BG? 67R 


Net Weight: l0kg(lOkg X lea) 


Manufacturing origin country: KOREA 
Shipping Origin country: KOREA 


ITEMS SPECIFICATION 


Appearance Light yellow powder 


Initial viable cell � 5.0 X 1010 CFU/g


Coliforms Absent 


Yeast& Mold :S 10 CFU/g 


E.coli Absent in lg 


S. aureus Absent in lg 


Salmonella Absent in 25g 


L. monocytogene Absent in I 0g 


Lead (Pb) :S 1.0 mg/kg 


Cadmium (Cd) :S0.3 mg/kg 


Mercury (Hg) :S 0.1 mg/kg 


Arsenic (As) :S 0.1 mg/kg 


Place of Production: KOREA 


Issued Date: 


Mfg. Date: 


Exp. Date: 


24 Oct. 2018 


12 Sep. 2017 


11 Sep. 2018 


RESULTS 


Light yellow powder 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Passes test 


Remark : Be kept in an airtight container and stored at a temperature not exceeding 5 r:.


Director, Head of Quality Management Division 


t 


 


CELL BIOTECH Co., Ltd. 


Headquarters : 50, Aegibong-ro 409 beon-gil, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 


Manufacturer : 397, Aegibong-ro, Wolgot-myeon, Gimpo-si, Gyeonggi-do, Korea 
I PHONE +82 31 987 8107 FAX +82 31 987 6216 www.cellbiotech.com 
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Analytical Method of Viable Cell Count 


Materials : 


1. The diluent (Buffered peptone water)


Composition g/L 


Peptone 10 


Sodium chloride 5 


Disodium phosphate 3.5 


Monopotassium phosphate 1.5 


Tween 80 0.5 


Sterilized water 979.5 


pH 6.8~7.0 


* Adjust pH with 0.1N NaOH


Method: 


1. Dissolve precisely 1 g of the specimen in 15 mL falcon tube filled with 9 mL of the sterilized


diluent (pH: 6.8 ~ 7.0)


2. Auto-vortex for 20 min. using tube adaptor at room temperature to remove the coating


materials completely. If the tube adaptor is not equipped, semiauto-vortex for 20 min. in a


pattern of 2-minute-vortexing-and-3-minute-resting.


* Vortex or vortexing of the followings means semiauto-vortex or semiauto-vortexing.


3. Prepare approx. 10 glass tubes containing 9 mL of the diluent respectively. And perform the


first serial dilution with a 1 in 10 (1:9) dilution method.


4. After diluting the first glass tube, vortex 3 min. and check the bacterial cells by microscope


(×1,000). If the bacteria are not released completely, repeat this procedure.


5. Vortex the first glass tube for 10 sec. and continue serial dilution with a 1 in 10 (1:9) dilution


method until the expected final dilution, at which 30 colonies are formed in the final culture


plate. The operation between the two tubes must be done within one minute.


Dilution factor Vortex for 


10-1 20 min 


10-2 3 min 


10-3 1 min 


10-4 30 sec 


10-5~ 15 sec 
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6. Select the last 3 tubes and vortex one tube for 10 sec. and put 1.0 mL of the diluted solution


into the sterilized culture plate (Petri-dish). Pour about 20 mL of the readymade culture media


(MRS or BL) carefully into the plate, cap it with the plate cover and shake the plate smoothly


(clockwise 5 times and then counterclockwise 5 times). Mark the dilution ratio on the plate


cover. Perform the same procedure for the other 2 tubes.


* MRS agar for Lactobacillus, Lactococus, Enterococcus and Streptococcus species


* BL agar for Bifidobacterium species or for total viable cell count.


* CBT uses MRS agar and BL agar manufactured by Difco.


7. Leave the plates at room temp. until the media become hard. And then incubate the culture


plate at 37℃ for 72 hrs in an aerobic incubator (for MRS agar) or for 72 hrs in an anaerobic


incubator (for BL agar).


8. Select the plate at which 30~300 colonies are formed and calculate viable cells inversely using


the following formula.


Formula: Viable cells (cfu/g) = Colony number × Dilution Factor 
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A B S T R A C T


Background: The human gut microbiota has emerged as a key factor in the development of obesity. Certain
probiotic strains have shown anti-obesity effects. The objective of this study was to investigate whether Bifi-
dobacterium longum APC1472 has anti-obesity effects in high-fat diet (HFD)-induced obese mice and whether
B. longum APC1472 supplementation reduces body-mass index (BMI) in healthy overweight/obese individu-
als as the primary outcome. B. longum APC1472 effects on waist-to-hip ratio (W/H ratio) and on obesity-asso-
ciated plasma biomarkers were analysed as secondary outcomes.
Methods: B. longum APC1472 was administered to HFD-fed C57BL/6 mice in drinking water for 16 weeks. In
the human intervention trial, participants received B. longum APC1472 or placebo supplementation for 12
weeks, during which primary and secondary outcomes were measured at the beginning and end of the
intervention.
Findings: B. longum APC1472 supplementation was associated with decreased bodyweight, fat depots accu-
mulation and increased glucose tolerance in HFD-fed mice. While, in healthy overweight/obese adults, the
supplementation of B. longum APC1472 strain did not change primary outcomes of BMI (0.03, 95% CI [-0.4,
0.3]) or W/H ratio (0.003, 95% CI [-0.01, 0.01]), a positive effect on the secondary outcome of fasting blood
glucose levels was found (-0.299, 95% CI [-0.44, -0.09]).
Interpretation: This study shows a positive translational effect of B. longum APC1472 on fasting blood glucose
from a preclinical mouse model of obesity to a human intervention study in otherwise healthy overweight
and obese individuals. This highlights the promising potential of B. longum APC1472 to be developed as a
valuable supplement in reducing specific markers of obesity.
Funding: This research was funded in part by Science Foundation Ireland in the form of a Research Centre
grant (SFI/12/RC/2273) to APC Microbiome Ireland and by a research grant from Cremo S.A.


© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction


Obesity is one of the most pervasive, chronic diseases globally, in
both developed and developing countries, contributing to at least
2.8 million deaths annually and significantly impacting the health-
care system [1]. The growing obesity epidemic is associated with
increases in several comorbidities, such as cardiovascular disease,
stroke, metabolic syndrome, type 2 diabetes and cancer [2,3]. Current
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available anti-obesity therapeutics are limited and associated with
poor efficacy and adverse side effects [4,5]. Diet and exercise have
been demonstrated to be the most potent in reducing obesity symp-
tomatology [6]. In addition, natural compounds and their derivatives
have been proposed as safer anti-obesity alternatives, either as func-
tional foods or nutraceuticals [4].


The gut microbiota has emerged as a key component in the devel-
opment of obesity and modulates the host’s physiology and metabo-
lism, including energy harvest, storage and expenditure [4,7-13].
Preclinical and clinical evidence demonstrating the critical role of the
gastrointestinal microbiota on host metabolism is steadily increasing.
For example, germ-free mice are protected against obesity and are
significantly leaner than normal control mice despite consuming
more calories [14]. In addition, faecal transplantation from obese
donors was shown to replicate the obese phenotype in lean germ-
free mice independent of diet [15-17]. Moreover, accelerated post-
dieting weight regain is associated with a persistent intestinal micro-
biome signature after successful dieting in obese mice [18].


Nonetheless, the exact mechanisms of how diet-induced changes
in gut microbiota affect gut-brain signalling, including host metabo-
lism, appetite regulation and brain health, are currently still lacking
[19,20]. Interestingly, the obese-associated microbiota has been
shown to have an increased capability to harvest energy from food
and contributes to host insulin resistance, gut permeability, low-
grade inflammation, and fat deposition [21,22]. Intestinal


microbiota-derived metabolites have also been shown to impact the
central regulation of appetite [9,23,24]. For example, certain bacterial
strains modify gut peptides secretion, such as glucagon-like peptide
(GLP)�1, thus contributing to hypothalamic appetite and satiety sig-
nalling via afferent nerve fibres of the vagus nerve as well as by direct
secretion into the circulatory system [24,25]. Furthermore, germ-free
mice display marked decreases in expression of intestinal satiety
peptides, including cholecystokinin (CCK), peptide tyrosine-tyrosine
(PYY) and GLP-1 and also lower circulating levels of leptin and ghre-
lin [26]. In addition, serum ghrelin levels are negatively correlated
with the abundance of certain bacterial taxa, including Bifidobacte-
rium and Lactobacillus species [27]. Moreover, intake of the prebiotic
oligofructose, which promotes the growth of Bifidobacterium and
Lactobacillus, decreases the secretion of ghrelin in obese humans
[28]. Taken together, modulation of the gut microbiota is emerging as
a promising strategy for the management of obesity and obesity-
related disorders such as type-2 diabetes and cardiovascular disease
[4,7-9,29].


Several probiotic strains with different anti-obesity effects in
humans have been identified [4,30-36]. The bacterial strain B. longum
APC1472 has recently been shown to modulate ghrelinergic signal-
ling in vitro [37], highlighting the therapeutic potential for host
metabolism, appetite and obesity modulation. The ghrelin receptor
(GHS-R1a) is activated by the endogenous hormone ghrelin, the first
and only known peripheral orexigenic peptide, which regulates
peripheral metabolism and energy expenditure as well as centrally
regulated homeostatic appetite and food-motivated reward signal-
ling, governing eating behaviour and food intake [38-42]. Interest-
ingly, obese individuals have attenuated postprandial suppression of
ghrelin and a blunted nocturnal plasma ghrelin increase, reinforcing
aberrant ghrelinergic signalling in obesity [43,44]. While the precise
site of action of ghrelin is somewhat controversial [45-47], the high
prevalence of the ghrelin receptor throughout the small and large
intestine, make it a likely target for interaction with the gut micro-
biota and thus may hold potential as a local therapeutic target [48].


As such, we investigated B. longum APC1472 for its ability to ame-
liorate high-fat diet (HFD)-induced obesity in mice and observed sig-
nificant beneficial beneficial effects on adiposity and metabolism.
Based on these promising effects of B. longum in the preclinical
model, we subsequently investigated whether it could improve obe-
sity symptomatology in healthy overweight/obese adults. The pri-
mary objective of the human intervention study was to determine
whether a 12-week daily supplementation of B. longum APC1472
decreases body-mass index (BMI), while the secondary objective was
to investigate the effects on waist-to-hip ration (W/H ratio), and bio-
markers associated with obesity, such as glucose, insulin, HbA1c and
ghrelin levels. The exploratory objectives were to investigate the
impact of B. longum APC1472 on the gut microbiota composition and
diversity, peripheral inflammatory profile, stress hormone profile,
self-reported perceived stress, anxiety and satiety.


2. Methods � animal study


2.1. Animals, diets and ethical approval


Five-week-old male C57BL/6 mice (Harlan Laboratories, UK) (40
mice, n = 8�10 per group) were housed in groups of 2 mice per cage
in standard holding cages with free access to food and water in the
animal care facility of University College Cork. The holding room tem-
perature (21 § 1 °C) and humidity (55 § 10%) were controlled under
a 12 h light/dark cycle (lights on 7.00 AM, lights off 7.00 PM). The
mice were fed a low-fat diet (LFD) (10% fat (kcal/100 g), D12450B,
Research Diet, USA) or a high-fat diet (HFD) (45% fat (kcal/100 g),
D12451, Research Diet, USA) for 16 weeks. Food intake was recorded
once per week and calculated on the basis of two mice per cage and
five cages per group. The data were reported as cumulative food


Research in context


Evidence before this study


� Evidence has shown that the gut microbiota is an impor-
tant component in the regulation of the host’s physiology
and metabolism, modulating energy harvest, storage and
expenditure and, therefore, represents a promising target
in the treatment of obesity and obesity-related disorders.


� Different probiotic strains have been shown to have different
beneficial anti-obesity effects such as reduced body weight
gain, improvements in insulin sensitivity and glucose uptake,
and reduced fat depots accumulation in rodents.


� The Bifidobacterium longum APC1472 strain was recently
identified in our laboratory to modulate ghrelinergic sig-
nalling in vitro, which is an important signalling pathway
modulating central appetite regulation and metabolism.


Added value of this study


� B. longum APC1472 demonstrated several significant bene-
ficial effects in HFD-induced obese mice.


� B. longum APC1472 reduced fasting glucose, cortisol awak-
ening responses and increased active ghrelin in healthy
obese adults.


� Effects of B. longum APC1472 partially translated from a pre-
clinical mouse model to a human intervention study where
this probiotic positively impacted markers of obesity.


Implications of available evidence


� B. longum APC1472 has promising potential to be developed
as a valuable supplement in reducing specific markers of
obesity and is poised to have significant relevance in condi-
tions of heightened blood glucose, such as type 2 diabetes.
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intake per mouse. Bodyweight was monitored weekly for 15 weeks.
Experiments were conducted in accordance with the European Direc-
tive 86/609/EEC and the Recommendation 2007/526/65/EC and were
approved by the Animal Experimentation Ethics Committee of Uni-
versity College Cork.


2.2. In vivo probiotic administration


Bifidobacterium longum APC1472 was grown anaerobically in De
Man, Rogosa and Sharpe (MRS) medium as previously described [37].
The bacterial cell pellet was washed and concentrated in sterile phos-
phate buffered saline (PBS) containing 25% Glycerol (v/v) to an end
concentration of ~7.5 £ 109 CFU/mL, aliquoted and stored at �80 °C.
Aliquots were defrosted daily just prior to the start of the dark phase
and diluted to ~2 £ 108 CFU/mL in drinking water for administration
to LFD-fed and HFD-fed mice for 16 weeks. Water intake was moni-
tored throughout the experiment. Drinking water containing an
equivalent end concentration of sterile PBS (2% v/v) and glycerol
(0.5% v/v) was administered to control mice. Water was replaced for
probiotic/vehicle-free water every morning. B. longum APC1472 sur-
vival in drinking water (distilled water) in ambient temperature and
oxygen content was tested over 24 h prior to the start of the experi-
ment. Bacteria counts (CFU/mL) did not decrease over 1 log unit for
the first 12 h suggesting adequate viability of the strain upon the
time of consumption (Figure S1A). No significant changes in water
intake were observed within the same diet groups (Figure S1B).


2.3. In vivo glucose tolerance test


Glucose tolerance was assessed after 15 weeks of treatment as pre-
viously described [49], with minor modifications. Briefly, mice were
fasted for 7 h during the light phase, with free access to water. Glucose
levels were measured in tail vein blood using a glucometer (Bayer, UK)
immediately before and 15, 30, 60, 90 and 120 min after intraperito-
neal injection of glucose (1 g/kg of body weight in sterile saline).


2.4. Murine tissue sampling


Mice were euthanized by decapitation. Trunk blood was collected
in tubes containing 25mM dipeptidyl peptidase IV (DPP-IV) inhibitor,
2x protease inhibitor cocktail (Roche) (diluted in PBS) and 0.1% Na2
EDTA for an expected blood volume of 400 mL, centrifuged at 3500 g
for 15 min at 4 °C and placed on dry ice until storage at�80 °C for fur-
ther analysis. Adipose depots (epididymal, subcutaneous, mesenteric
and retroperitoneal) were dissected and weighed. Whole-brains
were collected and placed for 8�10 s into ice-cold isopentane. All tis-
sues were frozen on dry ice and subsequently stored at �80 °C for
further analysis.


2.5. Murine biochemical analysis


Plasma insulin and leptin levels were analysed by ELISA using the
MILLIPLEX� MAP Mouse Metabolic Hormone Magnetic Bead Panel
(Millipore, MMHMAG-44 K) accordingly to the manufacturer’s
instructions. Plasma ghrelin levels were analysed using the Rat/
Mouse Ghrelin (Total) ELISA Kits (Millipore, EZGRA-88 K). Triglycer-
ides levels were analysed with a Triglyceride Quantification Kit
(Abcam Ltd, ab65336) following the to manufacturer’s instructions.
Corticosterone levels were assayed using ELISA kits (Enzo Life Scien-
ces, ADI-900�097) according to the manufacturer’s instructions.


2.6. Murine RNA isolation and quantitative real-time PCR


Hypothalamus was dissected with a forceps (macropunch) from
the frozen brain on dry ice and immediately processed for RNA
extraction. Hypothalamus and epididymal adipose tissue total RNA


were extracted using the mirVanaTM miRNA Isolation kit (Ambion/
Life Technologies, AM1560) and RNeasy� Lipid Tissue Mini Kit (Qia-
gen, 74,804), respectively with DNase treatment using Turbo DNA-
free (Ambion/life Technologies, AM1907) according to the manufac-
turer’s recommendations. Equal amounts of RNA were first reverse
transcribed to cDNA using High Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, 4,368,814). Real-time PCR was performed
using TaqMan Universal Master Mix II, no Uracil-N glycoslyase (UNG)
on a LightCycler�480 System (Roche). Mouse b-actin control mix
Probe dye: VIC-MGB (Applied Biosystems, 4352341E) was used as an
endogenous control. Target genes were amplified with probes
designed by Integrated DNA Technologies (Table S1). Cycle threshold
(Ct) values were recorded, normalized to its endogenous control and
transformed to relative gene expression value using the 2�DDCt


method [50]. Each sample was analysed in triplicate for both target
gene and endogenous control. The gene expression levels for each
animal was calculated considering the mean from each of these
triplicates.


3. Methods � human intervention study


3.1. Human intervention study outline


This study has a parallel-controlled design. In total, 150 individu-
als were screened, after which 124 were randomized into the treat-
ment groups (Placebo: n = 50; Treatment: n = 74). The aim of the first
visit of the participant was to assess participants for their eligibility
to participate in the study and explain which procedures would be
undertaken. Subjects were given an appointment for the next visit
within a 3-week period. At the second visit, all baseline data and bio-
logics were recorded, which was also done after 6 (visit 3) and 12
weeks (visit 4) of placebo or B. longum APC1472 treatment. Vital
signs, anthropometric measurements and medical history were
recorded. For women of childbearing age, a urine sample was col-
lected for a pregnancy test. Fasting blood samples (20 mL) were col-
lected to assess glucose, insulin, HbA1c, lipid profiles, satiety/appetite
hormone profiles, and inflammatory profiles. Saliva samples were
collected for the assessment of the cortisol awakening response, as
well as a stool sample for the microbiota analysis and short-chain
fatty acid (SCFA) quantification. Questionnaires were administered to
assess self-reported perceived stress, anxiety, hunger/satiety, exer-
cise and diet.


Participants were asked to take one capsule per day, providing a
daily dose of 1 £ 1010 CFU. Subjects, study facilitators, nurses and
research analysts were kept blind as to in which group they belonged.
The randomisation of treatment schedules was carried out by a com-
puter-generated program. The remaining study product was col-
lected to check for compliance following visits 3 and 4 [51].


3.2. Inclusion and exclusion criteria


The inclusion criteria were as follows: subjects had to give written
informed consent; had to be between 18 and 65 years of age; had a
BMI between 28 and 34.9; had a W/H ratio �0.88 for males and
�0.83 for females; had to be willing to consume the investigational
product daily for the duration of the study. Subjects were excluded if
they were pregnant, lactating, or female and wish to become a parent
during the study; regularly took probiotics; were hypersensitive to
any of the components of the test product; were severely immune-
compromised (i.e. HIV positive, transplant patient, antirejection med-
ications, on a steroid for >30 days, or underwent chemotherapy or
radiotherapy within the last year); had Type 1 or Type 2 Diabetes
Mellitus; had a history of bariatric surgery; had taken anti-obesity
medication in the previous 12-weeks; were actively, or has within
the last 3 months, participating in a weight loss program or incurred
a weight change of more than 3 kg during the past 3 months; had a
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life-threatening illness; was on Metformin, anti-psychotic drugs or
any medication that the investigator determined could impact the
results of the study; had commenced use of anti-hypertensive drugs,
anti-depressive drugs, statins or any other medication that the inves-
tigator determined could impact the results of the study within 3-
months of randomisation date; had a history of co-existing gastroin-
testinal, and/or gynaecological, and/or urologic pathology (e.g. colon
cancer, colitis, Crohn’s Disease, celiac, Endometriosis, prostate cancer)
or lactose intolerance; had a history of drug and/or alcohol abuse;
was currently, or planning, to participate in another study during the
study period; had a history of non-compliance; had been on antibiot-
ics in the 12-weeks prior to randomisation; or consumed vitamin D
supplements (>5000 IU/d). 17.3% of all screened participants were
excluded due to these exclusion criteria.


Subjects were removed from the study if they independently
elected to withdraw; he/she developed any condition which contra-
vened the original criteria; or was considered at any point to be
unsuitable to continue the study, at the discretion of the investigator.


3.3. Study setting and ethical approval


The study was conducted in accordance with the ethical principles
set forth in the current version of the Declaration of Helsinki (seventh
version, October 2013), the International Conference on Harmoniza-
tion E6 (R2) Good Clinical Practice (ICH GCP, November 2016) and all
applicable local regulatory requirements (i.e. Clinical Research Ethics
Committee of the Cork Teaching Hospitals). This study was registered
with ClinicalTrials.gov (NCT04042181). The CONSORT diagram of this
study is depicted in Fig. 1, the study layout is depicted in Figure S2.
This study was run by Atlantia Food Clinical Trials (Cork, Ireland)
(study reference: AFRCO-088).


3.4. Randomisation and blinding


The investigational product arrived on site labelled with random-
isation number. A randomisation list was generated by an


independent statistician. Participants were assigned a randomisation
number in chronological order from this randomisation list. The
study team, participants and researchers were unaware which ran-
domisation numbers were active or placebo. Blinding was undone
after all data had been analysed.


3.5. Study recruitment


Subjects were recruited through the database of Atlantia Food
Clinical Research Trials, general practitioners’ offices and by posting
adverts in local newspapers. Subjects underwent an initial phone
screen. Eligible subjects were scheduled for a screening visit. Subjects
received €300 upon completion of the study to cover costs and
expenses incurred.


3.6. Product formulation and dosage


Bifidobacterium longum has been granted Qualified Presumption
of Safety (QPS) status by the European Food Safety Authority (EFSA).
B. longum APC1472 grown culture and the corresponding placebo
were freeze-dried (Sacco SRL, Italy) and provided as hydroxypropyl-
methylcellulose (HPMC) capsules in PE bottles (Nutrilinea, Italy). The
freeze-dried powder of the strain was blended with standard food-
grade excipients to achieve the target dose of 1 £ 1010 CFU, which
was based on previous publications [52-54]. The excipients consisted
of corn starch, magnesium stearate and silicon dioxide. The probiotic
formulation consisted of B. longum APC1472, whereas the placebo
contained maltodextrin. The product was stored at �20 °C until dis-
tributed to the study participant and the participant was instructed
to keep the product refrigerated. Participants returned any leftover
product at their next visit, and the excess product was counted to
check for compliance.


3.7. Collection and analysis of blood samples


Fasting blood samples were taken into EDTA tubes, fasting defined
as refraining from food overnight (at least 10 h), however drinking


Fig. 1. Consort diagram. Number of healthy overweight/obese participants that were assessed for eligibility and excluded or allocated to the trial, treated, followed, and analysed.
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water was allowed throughout the duration of the fast. Samples for
the analysis of active ghrelin were immediately treated with AEBSF
(final concentration 1 mg/mL, Sigma, A8456), centrifuged and the
resulting plasma was treated with HCl (final concentration 0.05 N).
Blood samples for the analysis using the U-PLEX assays were treated
with DPP-IV inhibitor (final concentration 1%, Sigma, DPP4) and cen-
trifuged. Blood plasma samples for other analyses did not undergo
any additional processing, except for centrifugation. Centrifugation
was performed at 1000 g for 10 min at 4 °C, after which samples
were aliquoted and either processed or stored at �80 °C for future
analysis.


Blood plasma from visit 1 was used to measure urea, creatinine,
bilirubin, alanine aminotransferase, alkaline phosphatase, aspartate
aminotransferase, gamma-glutamyl transferase, total protein, albu-
min, globulin, calcium, magnesium, phosphate, uric acid, cholesterol,
HDL cholesterol, LDL cholesterol, total triglycerides, glucose, full
blood count + 5-part diff. Safety blood, haematology and biochemis-
try parameters were analysed by Biomnis-Eurofins Ireland.


Blood from visits 2, 3 and 4 was used to measure total cholesterol,
LDL, HDL, triglycerides HbA1c, glucose and insulin by Biomnis-Euro-
fins Ireland. Furthermore, blood plasma was assessed for active ghre-
lin levels using an ELISA (EMD Millipore, EZGRA-88BK) which was
performed according to the manufacturer’s instructions. Plates were
read at 405 nm with a correction at 590 nm using the synergy HT
plate reader (Biotek instruments). Blood plasma was also assessed for
metabolic and inflammatory biomarkers using custom U-PLEX assays
(MSD, K151ACM-2), which were also performed according to the
manufacturer’s instructions. Blood plasma samples were diluted 1:3
for the U-PLEX assays. U-PLEX markers were linked as following;
Plate 1: 1) Leptin, 2) PYY, 3) GLP-1 � total, 4) IFNg , 5) Il-4, 7) TNF-a,
8) Il-10, 9) C-peptide, 10) Ghrelin � total; Plate 2: 1) GLP-1 � active.
The working solution was supplemented with DPP-IV inhibitor (final
concentration 1%, Sigma, DPP4). Plates were read using the MESO
QuickPlex SQ 120. Duplicates with � 20% coefficient of variability
were re-analysed. Samples did not undergo any additional freeze-
thaw cycles.


3.8. Collection and analysis of cortisol awakening response samples


To monitor the cortisol awakening response, saliva from visits 2
and 4 was collected in Salivette devices (Sarstedt, 51.1534.500)
immediately upon awakening, and after 30, 45 and 60 min. Partici-
pants were instructed to keep samples in the fridge until delivery at
the visit time, after which they were centrifuged at 1500 g for 5 min,
the saliva was harvested and immediately stored at �80 °C. Salivary
cortisol concentrations were quantified using ELISA kits (Enzo life sci-
ences, ADI-901�071), which were performed according to the manu-
facturer’s instructions. Saliva samples were diluted 1:2. Plates were
read at 405 nm with a correction at 580 nm using the synergy HT
plate reader (Biotek instruments). Duplicates with � 20% coefficient
of variability were re-analysed. Samples did not undergo any addi-
tional freeze-thaw cycles. Cortisol awakening response was calcu-
lated using the area under the curve increase (AUCi). Briefly, data
from the 30-, 45- and 60-minute time-points were normalized (delta)
to the samples taken immediately upon awakening, after which the
sum was taken of the 30-, 45- and 60-minute time-points [52].


4. Methods �murine and humanmicrobiota


4.1. Murine and human microbiota sequencing


Murine caecal DNA was isolated using the QIAamp Fast DNA Stool
Mini kit (Qiagen) as previously described and kept at�20 °C until fur-
ther analysis [53]. Isolated DNA was quantified on a NanoDrop
ND2000 spectrophotometer (Thermo Scientific, DE) and used for 16S
ribosomal RNA sequencing by Illumina MiSeq System (Illumina Inc.,


USA) according to the manufacturer’s instructions. Briefly, PCR
amplicons (primers for V3-V4 hypervariable region of the 16S rRNA
gene: F (50-TCGTCGGCAGCGTCAGATGTGTATAAGAGAC AGCC-
TACGGGNGGCWGCAG-30) and R (50-GTCTCGTGGGCTCGGAGATGTG-
TATA AGAGACAGGACTACH VGGGTATCTAATCC-30) were purified and
libraries prepared as previously described [53]. Briefly, the 16S V3-V4
amplicons were generated using Kapa HiFi HS ready mix and purified
using the Agencourt AMPure XP system (Beckman Coulter Genomics,
Takeley, UK). The Nextera XT Index Kit (Illumina Inc., USA) was used
to barcode each sample. PCR products were cleaned using AMPure
XP beads and a magnetic 96-well plate. Final barcoded amplicons
were measured using the Qubit dsDNA High Sensitivity assay kit on
the Qubit 3.0 fluorometer, diluted to 5 ng/mL and pooled. The PCR
products from both PCR steps (Amplicon & Indexing) were visualised
in agarose gels stained with SYBR Safe DNA gel stain (Invitrogen).
Samples were sequenced at Clinical-Microbiomics, Denmark on the
Illumina MiSeq platform using a 2 £ 300 bp kit. After sequencing,
reads were assembled, processed and analysed as previously
described [53]. In the microbiota composition analysis, LDA Effect
Size (LEfSe: Linear Discriminant Analysis Effect Size) was used as an
algorithm with default settings on the interface Galaxy (http://hutten
hower.sph.harvard.edu/lefse/) [54] to identify taxa with differentiat-
ing abundances. The differentially abundant features are ranked by
effect size after undergoing linear discriminant analysis (LDA), using
an effect size threshold of 2 (log10 scale). In non-technical terms,
LEfSe pre-selects features that are different between groups and then
tries to fit a model to see how well these features explain the groups.
The score is an average between the effect size and how well the
model fits, after which they are transformed to a value between �6
and 6. Principal coordinates Analysis (PCoA) was performed based on
Bray-Curtis beta diversity distances using the Adonis function in the
“vegan” (2.4�3) package for R (version 3.3.1).


For the human intervention study, faecal sample collection and
DNA extraction was performed as previously described (see supple-
mentary material for details) [55]. The DNA samples were processed
according to the Illumina 16S Metagenomic Sequencing Library Prep-
aration instructions as described above for the murine DNA samples.
Final barcoded amplicons were measured using the Qubit dsDNA
High Sensitivity assay kit on the Qubit 3.0 fluorometer, diluted to
8.3 ng/mL, pooled and sent for sequencing. Microbiome analysis was
carried out in R (version 3.6.1) with Rstudio (version 1.2.1335).
DADA2 was used to denoise and call amplicon sequence variants
(ASVs). Taxonomy was assigned using the SILVA SSUREf database
version 132. ASVs unknown on a genus level were excluded, as well
as ASVs present in two or fewer samples. The ALDEx2 library used to
compute the centred log-ratio transformed values of the remaining
taxa [56]. For principal components analysis (PCA), a pairwise imple-
mentation of the adonis() PERMANOVA function in the vegan library
followed by the Bonferroni-Holm correction was used to test for dif-
ference in b-diversity in terms of Aitchison distance (source: Oksa-
nen, Jari, et al. "Package ‘vegan’." Community ecology package,
version 2.9 (2013): 1�295). Differential abundance was assessed
using a pairwise implementation of the aldex.test() function, fol-
lowed by Benjamini-Hochberg correction. In all cases, a q-value < 0.1
was considered significant. a-diversity was computed using the
iNEXT library [57].


4.2. Faecal SCFA quantification


Faecal samples were homogenised with acidified water (HCl pH 3)
at a ratio of 1:7.5 w/v and analysed by gas chromatography flame ion-
isation detection (GC-FID) using a Varian 3800 GC system, fitted with
an Agilent DB-FFAP column (30 mL x 0.32 mm ID x 0.25 mm df; Agi-
lent) and a flame ionisation detector with a CP-8400 auto-sampler.
Helium was employed as the carrier gas at an initial flow rate of
1.3 mL/min. The initial oven temperature was 50 °C, was maintained
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for 30 s, raised to 140 °C at 10 °C/min and held for 30 s, before being
increased to 240 °C at 20 °C/min, and held for 5 min (total run time
20 min). The temperatures of the detector and the injection port
were 300 °C and 240 °C, respectively. A split-less injection of 0.2 mL
was carried out for each sample or standard using a 10 mL syringe
(Agilent) installed to a CP-8400 auto-sampler (Varian). A 5 m guard
column was installed between the injector and analytical column
(Restek). Peak integration was performed using Varian Star Chroma-
tography Workstation version 6.0 software. Vials containing 1800 mL
of water were run between each sample duplicates as blanks to con-
trol for any potential carryover. Standards were included in each run
to maintain the calibration. For further details on sample and stand-
ards preparation see supplementary information.


4.3. Questionnaires


Using self-report scales, participants were assessed for perceived
stress using Cohen’s Perceived Stress Scale and anxiety and depres-
sion using the Hospital Anxiety and Depression Scale (HADS) at base-
line, after 6 and after 12 weeks, as previously described[58], [59]. In
addition, satiety/hunger was determined using a visual analogue
Hunger/Satiety scale, physical activity using the International Physi-
cal Activity Questionnaire (IPAQ) [60]. Nutrient intake was assessed
using a Food Frequency Questionnaire (FFQ), as previously described
[61].


4.4. Statistical analysis


Preclinical data were assessed for normality using the Shapiro-
Wilk test. Normally distributed data were analysed using a two-way
ANOVA, followed by Fisher’s least significant difference (LSD) post
hoc test. Non-parametric datasets were analysed using the Kruskal-
Wallis test, followed by the Mann-Whitney U test with Bonferroni
adjustment of p-values. Body weight changes and glucose levels in
glucose tolerance test were analysed with a two way repeated-meas-
ures ANOVA (with Diet and Probiotic as two independent factors and
Time as a repeated-measured factor), followed by LSD post hoc test
at each time point. Statistical analysis was performed using SPSS soft-
ware (IBM SPSS statistics 22). Preclinical data are represented as
mean § SEM.


For the human intervention study, differences between the treat-
ment and placebo groups at the last visit (i.e. visit 4) were analysed


using an analysis of covariance (ANCOVA), correcting for baseline
variance (i.e. visit 2) and sex. Comparisons between baseline meas-
urements (visit 2) and post-intervention measurements (visit 4)
were analysed using an unpaired student’s T-test. Analyses were per-
formed on the intention to treat populations. Statistical analysis was
performed using SPSS software version 26 (IBM Corp). Data in table
are presented as mean § SEM or 95% CI. P-Values <0.05 were consid-
ered statistically significant. For significant associations, a Benjamini-
Hochberg procedure was performed with a threshold of q <0.1.
Partial eta-squared (h2) was used to estimate effect size [62]. Effect
sizes were interpreted as following: h2 � 0.06 was considered small,
0.06 > h2 � 0.14 was considered moderate, h2 � 0.14 was considered
large.


5. Results


5.1. B. longum APC1472 decreases body weight gain and fat depots
accumulation in obese mice


B. longum APC1472 decreased body weight gain after 15 weeks of
administration (F (1, 33) = 4.751, p = 0.037) (Fig. 2A, 2B). HFD feeding
increased caloric intake (F (1, 15) = 9.229, p = 0.008) (Figure S1C),
body weight (F (1, 33) = 29.715, p < 0.001) (Fig. 2A) and fat depot
accumulation (mesenteric (F (1, 33) = 61.328, p < 0.001), retroperito-
neal (F (1, 32) = 128.409, p < 0.001), subcutaneous (F (1,
31) = 124.091, p < 0.001) and epididymal (F (1, 33) = 81.673, p <


0.001)) (Fig. 2C, D, E, F). Pairwise comparisons showed a significant
decreased body weight effect of B. longum APC1472 in HFD-fed mice
(p = 0.047) (Fig. 2B), which was independent of caloric intake
(Figure S1). Furthermore, the administration of B. longum APC1472
significantly reduced fat depot accumulation (mesenteric (F (1,
33) = 5.908, p = 0.021), and subcutaneous (F (1, 33) = 4.270,
p = 0.047)) (Fig. 2C, D, E, F). Finally, pairwaise comparisons revealed
a significant decreased fat depot accumation effect of B. longum
APC1472 administration in HFD-fed mice (mesenteric p = 0.002, ret-
roperitoneal p = 0.05 and subcutaneous p = 0.023).


5.2. B. longum APC1472 administration improves glucose tolerance,
circulating levels of leptin and corticosterone in obese mice


Effects of HFD feeding (F (5, 155) = 3.321, p = 0.007) and B. longum
APC1472 supplementation (F (5, 155) = 4.792, p < 0.001) were


Fig. 2. Effects of Bifidobacterium longum APC1472 on body weight and fat depots accumulation in mice. (A) Weekly body weight gain, (B) total body weight gain and (C) mesen-
teric, (D) retroperitoneal, (E) subcutaneous and (F) epididymal fat depots accumulation (% of total body weight) in control mice treated with drinking water containing sterile PBS
(2% v/v) and glycerol (0.5% v/v) and fed a control low-fat diet (LFD) (n = 10) or a high-fat diet (HFD) (n = 9) and in mice treated with B. longum APC1472 in drinking water (2 £ 108


CFU/mL) and fed a LFD (n = 9 in A, B, C, E and F; n = 8 in D) or a HFD (n = 9 in A, B, C, D, and F; n = 8 in E) for 15 (A, and B) or 16 weeks (C, D, E and F). Data are shown as mean § SEM..
Data are significant different (p<0.05) accordingly to Repeated Measures ANOVA (A) or two-way ANOVA followed by LSD post-hoc test (B, C, D, E and F). * indicates significant diet
treatment effect (*p<0.05, **p<0.01, ***p<0.001) and # indicates significant B. longum APC1472 treatment effect (#p<0.05, ##p<0.01).
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observed, as well as an interaction effect between these two factors
and time (F (5, 155) = 3.307, p = 0.007) in the glucose tolerance test.
Supplementation with B. longum APC1472 normalized glucose levels
after 15 mins of glucose administration in HFD-fed obese mice
(p = 0.006) and significantly decreased glucose after 90 (p = 0.019)
and 120 min (p = 0.018) respectively (Fig. 3A) as determined by 2
way ANOVAs at each individual timepoint. Moreover, HFD feeding (F
(1, 33) = 29.761, p < 0.001), B. longum APC1472 (F (1, 33) = 4.425,
p = 0.043) and interaction effects between these two factors (F (1,
33) = 5.337, p = 0.027) were also observed when analysing the area
under the curve (AUC) for glucose levels (Fig. 3B), with B. longum
APC1472 administration significantly reducing AUC in HFD-fed mice
(p = 0.003) as determined by post-hoc comparison (Fig. 3B). In addi-
tion, both a HFD feeding (F (1, 33) = 9.167, p = 0.005) and a B. longum
APC1472 effect (F (1, 33) = 4.796, p = 0.036) were observed for non-
fasting insulin levels (Fig. 3C). Interestingly, B. longum APC1472
reduced non-fasting insulin levels in LFD-fed mice (p = 0.054) but not
in HFD-fed mice (Fig. 3C). However, for fasting glucose levels, only a
HFD feeding effect was observed (F (1, 32) = 29.153, p < 0.001)
(Fig. 3D). Moreover, both a HFD feeding (F (1, 31) = 30.926, p <


0.001) and a B. longum APC1472 effect (F (1, 31) = 17.917, p < 0.001)
were observed for epididymal insulin receptor substrate 1 (IRS-1)
expression (Fig. 3E). Post-hoc comparisons determined that B. lon-
gum APC1472 significantly reduced IRS-1 expression in both LFD


(p = 0.002) and HFD-fed mice (p = 0.011) (Fig. 3E). Both a HFD feeding
(F (1, 33) = 38.023, p < 0.001) and a B. longum APC1472 (F (1,
33) = 5.340, p = 0.027) effect as well as an interaction effect (F (1,
33) = 4.237, p = 0.048) were observed for fasting leptin levels
(Fig. 3F). The effect of HFD on leptin levels was attenuated by B. lon-
gum APC1472 treatment (p = 0.004). Finally, we found a significant B.
longum APC1472 treatment effect (F (1, 32) = 7.774, p = 0.009) for
plasma corticosterone levels (Fig. 3G). Administration of B. longum
APC1472 significantly decreased plasma corticosterone levels in
HFD-fed mice (p = 0.011) (Fig. 3G), which may have contributed to its
overall impact on glucose homeostasis [98].


5.3. B. longum APC1472 induces changes of hypothalamic neuropeptide
expression in mice


Analysis of the gene expression levels of hypothalamic neuropep-
tides involved in appetite modulation revealed a significant HFD
effect on the gene expression of the orexigenic peptide agouti-related
protein (AgRP) (F (1, 33) = 10.412, p = 0.003) but a non-significant
reduction in neuropeptide Y (NPY) expression (Figure S3). Interest-
ingly, both a B. longum APC1472 effect (F (1, 33) = 7.820, p = 0.009)
and an interaction effect (F (1, 33) = 5.881, p = 0.021) were observed
for cocaine- and amphetamine-regulated transcript (CART) expres-
sion (Figure S3). Indeed, B. longum APC1472 administration


Fig. 3. Bifidobacterium longum APC1472 improved glucose tolerance, leptin plasma levels and stress-induced corticosterone circulating levels in high-fat diet-induced obesity in
mice. (A and B) Glucose tolerance test (GTT) glucose curve and area under the curve (AUC) after 1 g/kg glucose challenge, (C and D) non-fasting and fasting insulin plasma levels, (E)
fasting leptin plasma levels, (F) epididymal fat insulin receptor substrate (IRS)�1 mRNA expression and (G) fasting-induced corticosterone plasma in control mice treated with
drinking water containing sterile PBS (2% v/v) and glycerol (0.5% v/v) and fed a control low-fat diet (LFD) (n = 10 in A, B, C, E, F and G) or a high-fat diet (HFD) (n = 9 in A, B, C, D, E
and G; n = 8 in F) and in mice treated with B. longum APC1472 in drinking water (2 £ 108 CFU/mL) and fed a LFD (n = 9 in A, B, C, D, E and F; n = 8 in G) or a HFD (n = 9 in A, B, C, D, E
and F; n = 8 in G) for 15 (A, B,C) or 16 weeks (D, E, F and G). Data are shown as mean § SEM. Data are significant different (p<0.05) accordingly to Repeated Measures ANOVA (A) or
two-way ANOVA followed by LSD post-hoc test (B, C, D, E, F and G). * indicates significant diet treatment effect (*p<0.05, **p<0.01, ***p<0.001) and # indicates significant B. longum
APC1472 treatment effect (#p<0.05, ##p<0.01).
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significantly reduced CART expression in HFD-fed mice (p = 0.001).
While a reduced expression was observed for the anorexigenic pro-
opiomelanocortin (POMC) gene expression in HFD-fed animals
treated with B. longum APC1472 compared to HFD-fed, this did not
reach statistical significance. Finally, no significant change in leptin
(LEP-R) nor ghrelin (GHS-R1a) receptor expression was observed
(Figure S3).


5.4. Human intervention study population


In the human study, no significant differences were observed in
weight, BMI, W/H ratio, age, height, sex, ethnicity, mode of delivery,
alcohol consumption, and medical/surgical history at baseline
between B. longum APC1472 treatment and placebo groups, as well
as compliance (Table 1). We did observe an increased prevalence of
concomitant medical or nutritional supplement consumption in the
treatment group (48.6%) compared to the placebo group (33.3%). In
addition, we also observed differences in the socioeconomic profile
where there was a lower prevalence of employers and managers in
the treatment group (2/74) compared to the placebo group (4/48).
Similarly, we observed a lower prevalence of past smokers in the
treatment group (28/74) compared to the placebo group (9/48). In
conclusion, the baseline characteristics of our placebo group and B.
longum APC1472 group are mostly the same.


Physical activity and food intake patterns were also assessed
throughout the study using self-report questionnaires (Table S2, S3).
No differences in physical activity levels or calorie, macro- and micro-
nutrient intake were observed over the 12-week treatment period or
between the placebo and B. longum APC1472 group.


5.5. Adverse events


There were seven adverse events (6 placebo participants and 1
treatment participant) that were possibly related to the investiga-
tional product. The adverse event of the treatment participant was
constipation. The remaining 6 adverse events for placebo participants
were; gastrointestinal discomfort and increased appetite; bloating;
increased flatulence; aches in joints and increased temperature; rash
on knees, elbows, scalp and red blotches on chest & upper arm.


5.6. B. longum APC1472 does not affect BMI and W/H ratio in humans


The primary outcome of this study was to investigate whether B.
longum APC1472 supplementation could alter BMI, and a secondary
outcome of change in W/H ratio was included to support the primary
outcome. However, no differences were observed in BMI and W/H
ratio over the 12-week treatment period, or between the placebo and
B. longum APC1472 treatment groups (Fig. 4).


5.7. B. longum APC1472 improves fasting glucose levels independent of
other blood markers of energy metabolism and satiety in humans


We subsequently measured markers associated with host energy
metabolism and satiety as part of the secondary and exploratory out-
come measures (Fig. 5 and Table S4 for full statistical results). Here
we observed that both the B. longum APC1472 and the placebo arm
reduced fasting glucose levels over the 12-week treatment period
(Fig. 5A). However, glucose levels were 0.266 mmol/L (95% CI [�0.44,
�0.09]) lower in the B. longum APC1472 group compared with the
placebo group (F(1112) = 9.073, p = 0.003; q = 0.075) (Fig. 5B). The
effect size of the B. longum APC1472-induced decrease was moderate
(h2 = 0.075). We also observed that HbA1c levels decreased over the
12-week treatment period in both the placebo group (t
(62.372) = 4.277, p < 0.001) and B. longum APC1472 treatment group
(t(85.983) = 5.787, p < 0.001) (Fig. 5C). However, there were no dif-
ferences between the groups, indicating that the decrease in HbA1c
levels is most likely explained by the 12-week treatment period or
placebo effect. No changes were observed in other biomarkers of host
energy metabolism such as insulin, C-peptide, ghrelin (active and
total), GLP-1 (active and total), PYY and leptin levels (Fig. 5E-T).


5.8. B. longum APC1472 does not influence human lipid and
inflammatory profiles in humans


It is well-known that obesity is associated with metabolic syn-
drome, hypertension and hyperlipidaemia [63]. B. longum APC1472
did not impact lipid profiles (i.e. cholesterol, triglycerides and LDL),
and inflammatory profiles (i.e. IL-10, TNF-a and IFNg) compared to
the placebo group (Table 2). In addition, vital signs remained unal-
tered throughout the study (Table S5). These results reveal that B.
longum APC1472 did not evoke any negative effects on vital signs or
induced any inflammation. Interestingly, even though no significant
changes were observed in HDL levels over the 12-week treatment
period, a small increase in HDL levels was observed in the B. longum
APC1472 group (F(1117) = 3.260, p = 0.074). The effect-size of the
increase in HDL levels was small (h2 = 0.027).


5.9. B. longum APC1472 does not affect satiety, mood, perceived stress
and cortisol awakening response in humans


Considering that the gut microbiota has been implicated in the
modulation of host mood and food intake behaviour [10,64], we
investigated whether B. longum APC1472 could improve levels of the
stress hormone cortisol upon waking (i.e. cortisol awakening
response), or self-reported measures of satiety, and self-reported
measures of mood (i.e. perceived stress, anxiety and depression)


Table 1
Baseline characteristics of subjects in the placebo and treatment arms at visit 1
(screening visit).


Variable Placebo
(n = 48, mean § STD)


B. longum APC1472
(n = 74, mean § STD)


Weight (kg) 87.9 § 1.7 89.0 § 1.3
BMI 31.2 § 0.3 30.8 § 0.2
W/H ratio 0.95 § 0.01 0.96 § 0.01
Age (years) 46.3 § 9.9 44.9 § 11.4
Height (m) 1.67 § 0.10 1.70 § 0.09


Sex (no. of subject (%))
Male 19 (39.6%) 34 (45.9%)
Female 29 (60.4%) 40 (54.1%)


Race or ethnicity (no. of subject (%))
Caucasian 48 (100%) 73 (98.6%)
Arabic 0 (0%) 1 (1.4%)


Socioeconomic status (no. of subject (%))
Non-manual 15 (31.3%) 21 (28.4%)
Lower Professional 14 (29.2%) 19 (25.7%)
Manual skilled 4 (8.3%) 8 (10.8%)
Semi-skilled 4 (8.3%) 8 (10.8%)
Employers and managers 4 (8.3%) 2 (2.7%)
Own account workers 3 (6.3%) 7 (9.5%)
Higher Professional 3 (6.3%) 5 (6.8%)


All others gainfully occupied and
unknown


1 (2.1%) 2 (2.7%)


Farmer 0 (0%) 1 (1.4%)
Unskilled 0 (0%) 1 (1.4%)


Smoking status (no. of subject (%))
Non-smoker 22 (45.8%) 40 (54.1%)
Past smoker 17 (35.4%) 28 (37.8%)
Current smoker 9 (18.8%) 6 (8.1%)


Alcohol consumption (mean § SEM)
Units per week 4.97 § 0.68 4.31 § 0.46


Currently on concomitant medical or nutritional supplements (no. of subject (%))
Yes 16 (33.3%) 36 (48.6%)
No 32 (66.7%) 38 (51.4%)


Compliance (% product consumed)
Week 6 95.8 § 1.2 97.9 § 0.8
Week 12 94.0 § 2.0 97.2 § 1.2


Abbreviations: BMI = Body-mass index; W/H ratio = waist-to-hip ratio.
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(Table 3). B. longum APC1472 did not impact cortisol awakening
response, or self-reported satiety, perceived stress, anxiety and
depression measures.


5.10. B. longum APC1472 improves fasting glucose levels, active ghrelin
and cortisol awakening response in obese individuals


Participants in this study were either overweight (n = 40; 28 �
BMI < 30) or obese (n = 82; 30 � BMI < 35). It is possible that B. lon-
gum APC1472 may evoke a stronger effect in obese individuals as
they have a stronger phenotype compared to overweight individuals.
As such, we investigated whether any of the anthropomorphic meas-
ures, blood biomarkers and measures of mood were affected by B.
longum APC1472 in the obese subpopulation only, compared to pla-
cebo (Fig. 6 and Table S7�11 for population characteristics and full
statistical results). Similar to the analysis on the entire study popula-
tion, B. longum APC1472 and placebo reduced fasting glucose levels
over the 12-week treatment period (Fig. 6A). However, glucose levels
were 0.295 mmol/L (95% CI [�0.5, �0.1]) lower in the B. longum
APC1472 group compared to the placebo group (F(1,75) = 7.566,
p = 0.007), in obese individuals, with a moderate effect size
(h2 = 0.092) (Fig. 6B). Furthermore, B. longum APC1472 increased
active ghrelin levels (F(1,74) = 4.903, p = 0.030), with a moderate
effect size (h2 = 0.062). Moreover, B. longum APC1472 also reduced
cortisol awakening response (F(1,51) = 4.415, p = 0.041), with a mod-
erate effect size (h2 = 0.080), in the obese subpopulation analysis.


Overall, these results show beneficial effects of B. longum APC1472
on fasting plasma glucose levels, active ghrelin levels and cortisol
awakening response in obese individuals. It is also important to note
that the effect size in the obese subpopulation (h2 = 0.092) was bigger
than the effect size in the overall study population (h2 = 0.075). This


indicates that B. longum APC1472 has a more robust beneficial
effect on fasting glucose levels in obese, rather than in overweight,
individuals.


5.11. B. longum APC1472 does not induce major rearrangements on the
microbiota composition but increases the abundance of Bifidobacterium


We subsequently investigated whether the observed changes
induced by the B. longum APC1472 strain were mediated in part
through modulation of the gut microbiota. Investigations into the
caecal microbiota in the preclinical experiment revealed that there
was a significant dissimilarity in beta diversity between LFD- and
HFD-fed mice (p < 0.01) (Figure S5A), with a decreased relative
abundances of Bacteroidetes phylum and increased relative abundan-
ces of Firmicutes class Clostridia, respectively (Figure S5B), which is in
line with previous studies [65,66]. Different phylotypes were respon-
sible for the caecal microbiota differences amongst the treatment
groups (Figure S5C), showing increments on different Firmicutes
members in HFD-fed mice treated with B. longum APC1472. More-
over, B. longum APC1472 partially ameliorated the HFD-induced
decrease in Bifidobacteriaceae relative abundance (p = 0.054, adjusted
p = 0.170) (Figure S5D).


Analysis of the faecal microbiota in the human intervention study
revealed that B. longum APC1472 did not impact the alpha diversity
indices (Shannon, Simpson and Chao1, Fig. 7A-C). Furthermore, the
overall composition of the microbiota remained unaffected as deter-
mined by the PCA analysis of the beta diversity (Fig. 7D). B. longum
APC1472 did increase Bifidobacterium relative abundance over the
12-week intervention period (t(57) = �2.891, p = 0.005), which was
not observed in the placebo group (Fig. 7E). This resulted in a higher
Bifidobacterium abundance in the treatment group compared to the


Fig. 4. B. longum APC1472 supplementation does not impact BMI and W/H ratio in overweight and obese individuals. Body mass index (BMI) (A, B) and waist-to-hip ratio (W/H
ratio) (C, D) were measured as the beginning of the study (pre), after 6 weeks (mid) and after 12 weeks (post) of treatment. All BMI and W/H ratio data are depicted of all 3 time-
points (A, C), as well as the change after 12 weeks compared to at the beginning of the study (B, D). Data are depicted as boxplot or scatter dot plot, where the dots depict individual
datapoints, with n = 48 for the placebo group and n = 74 for the B. longum APC1472 treatment group.
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placebo group post-intervention (F(3, 89) = 5.922, p = 0.017) (Fig. 7F).
Similar results were observed in the obese subpopulation (Figure S6).


Short-chain fatty acids (SCFAs) are potentially one of the most
investigated gut microbiota-derived metabolites implicated in host
energy metabolism and obesity symptomatology [10,67]. Analysis of
faecal SCFA levels in human samples revealed no differences in levels
of acetate, propionate, butyrate and valerate (Table S6). Furthermore,
isobutyrate and isovalerate levels remained unaffected (Table S6).


6. Discussion


There has been an increased emphasis on gut microbiota-targeted
therapeutics for the amelioration of obesity [4,11,68,69,100]. For
example, recent studies have identified several probiotic strains with
different anti-obesity effects, including members of the genus Bifido-
bacterium [4,30-36], but the exact mechanisms of action are still lack-
ing. In the present study, we demonstrate that a novel isolated B.


longum APC1472 strain, which was previously shown to attenuate
ghrelinergic signalling [37], reduces body weight gain, fat depot size,
glucose tolerance and leptin levels in a preclinical mouse model of
HFD-induced obesity. Furthermore, when the B. longum APC1472
strain was investigated in a human cohort of healthy overweight and
obese individuals, a reduced fasting blood glucose level was
observed. Noteworthy, stratification and analysis of the obese human
subpopulation revealed that B. longum APC1472 was able to normal-
ize active ghrelin levels and the cortisol awakening response, which
are both dysregulated in obesity [44,70-74]. This highlights the trans-
lational value of this novel Bifidobacterium longum species, B. longum
APC1472, from a preclinical mouse model to a human intervention
study where this probiotic positively impacts markers of obesity,
which may be linked to the ghrelinergic effects previously demon-
strated [37]. Specifically, we found that in the preclinical mouse
model of obesity, the supplementation with B. longum APC1472 sig-
nificantly reduced fat depots and body weight gain in HFD-fed mice


Fig. 5. B. longum APC1472 supplementation reduces fasting blood glucose levels in overweight and obese individuals. Markers associated with host metabolism and satiety were
measured as the beginning of the study (pre), after 6 weeks (mid) and after 12 weeks (post) of treatment. All data are depicted of all 3 timepoints (A, C, E, G, I, K, M, O, Q, R), as well
as the change after 12 weeks compared to at the beginning of the study (B, D, F, H, J, L, N, P, R, T). Data are depicted as boxplot or scatter dot plot, where the dots depict individual
datapoints, with n= 48 for the placebo group and n = 74 for the B. longum APC1472 treatment group. * indicates a significant effect (*p<0.05, **p<0.01, ***p<0.001).
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independent of energy intake. Furthermore, B. longum APC1472 sig-
nificantly reduced circulating leptin levels in HFD-fed mice, which is
in line with the reduction in fat depot size as leptin is released into
the bloodstream in proportion to body fat mass [75]. Notably, circu-
lating levels of leptin were increased in HFD-fed mice compared to
LFD-fed mice with no alterations in leptin receptor hypothalamic
expression, suggesting no alterations in leptin sensitivity, as has been
previously reported in obesity [76]. No changes were observed in the
hypothalamic expression of the orexigenic peptides NPY and AgRP
following B. longum APC1472 supplementation in mice. Both NPY and
AgRP are orexigenic peptides that increase food intake when overex-
pressed or when administered centrally [77,78] and HFD-fed mice
demonstrate, as expected, a decrease in both of these orexigenic pep-
tides. In contrast, increased hypothalamic expression of anorexigenic
peptides such as POMC and CART in response to a high-fat diet has
been suggested as a natural feedback mechanism in order to main-
tain energy balance and body weight homeostasis [79,80]. The B. lon-
gum APC1472 was able to normalize the increased hypothalamic
expression of the anorexigenic peptide CART in HFD-fed mice, sug-
gesting a lower degree of energy imbalance and, therefore, a poten-
tial reduced metabolic dysfunction compared to HFD-fed mice.
Moreover, CART is regulated by leptin and its expression is positively
correlated with leptin levels [81]. Therefore, the decreased leptin lev-
els observed in the B. longum APC1472-HFD group also support the


observed decreased CART expression. This highlights the potential of
B. longum APC1472 to modulate hypothalamic gene expression
involved in energy homeostasis and appetite regulation, which war-
rants further investigation.


In the human intervention study, no difference was observed in
the primary outcome of BMI, even though the B. longum APC1472
supplementation was able to reduce body weight gain in HFD-
induced obese mice. Similarly, no difference was observed in the sup-
portive secondary outcome W/H ratio. This discrepancy might be
explained by the fact that the majority of the human intervention
cohort was non-diabetic, whereas the HFD-induced obese mice had a
decreased glucose tolerance, implying that host glucose metabolism
may have been the main factor driving the reduction in body weight
gain in the obese mice. It must also be noted that the treatment dura-
tion of the preclinical study was longer and, therefore, a longer treat-
ment period in the human intervention study, or a higher treatment
dosage, could have resulted in more significant differences and bigger
effect-sizes. The 12-week duration of the human study may have
been too short of a time to see significant changes in BMI and W/H
ration. In addition, using a mixture of bacterial strains, including B.
longum APC1472, might result in a higher treatment efficacy, as some
evidence suggests that multi strain probiotics may be more effective
[85]. Age has also been shown to affect body fat distribution and
metabolism increasing both the risk and the severity of obesity


Table 2
Human lipid, and inflammatory profiles.


Placebo (n = 48) B. longum APC1472 (n = 74) Placebo vs B. Longum APC1472


Variable Week 0 Week 6 Week 12 P-value
Week 0�12


Week 0 Week 6 Week 12 P-value
Week 0�12


Difference
(95% CI)


P-value h2


Lipid profile
Cholesterol
(mmol/L)


5.50 § 0.12 5.42 § 0.13 5.34 § 0.15 0.310 5.45 § 0.12 5.48 § 0.12 5.41 § 0.10 0.691 0.094
(�0.22 to 0.41)


0.556 0.003


Triglycerides
(mmol/L)


1.50 § 0.13 1.47 § 0.11 1.41 § 0.09 0.412 1.46 § 0.10 1.43 § 0.08 1.49 § 0.10 0.778 0.089
(�0.14 to 0.31)


0.432 0.005


LDL (mmol/L 3.72 § 0.13 3.70 § 0.12 3.75 § 0.15 0.896 3.73 § 0.12 3.81 § 0.11 3.66 § 0.10 0.473 �0.083
(�0.38 to 0.21)


0.579 0.003


HDL (mmol/L) 1.33 § 0.04 1.34 § 0.05 1.29 § 0.05 0.537 1.29 § 0.04 1.32 § 0.04 1.36 § 0.04 0.039 0.091
(�0.01 to 0.19)


0.074 0.027


Inflammatory profile
IL-10 (pg/ml) 0.43 § 0.06 0.46 § 0.06 0.42 § 0.05 0.696 0.36 § 0.03 0.38 § 0.03 0.38 § 0.05 0.807 �0.012


(�0.15 to 0.13)
0.864 <0.001


TNF-a (pg/ml) 1.14 § 0.10 1.18 § 0.12 1.04 § 0.09 0.236 0.90 § 0.06 0.88 § 0.06 0.86 § 0.06 0.488 �0.013
(�0.14 to 0.11)


0.838 <0.001


IFNg (pg/ml) 9.24 § 1.38 9.21 § 1.11 9.6 § 1.6 0.819 6.80 § 0.78 5.76 § 0.50 9.4 § 3.0 0.383 �0.017
(8.29 to 8.26)


0.997 <0.001


Table 3
Overview of satiety, mood, perceived stress and cortisol awakening response data in human subjects.


Placebo (n = 48) B. longum APC1472 (n = 74) Placebo vs B. longum APC1472


Variable Week 0 Week 6 Week 12 P-value
Week 0�12


Week 0 Week 6 Week 12 P-value
Week 0�12


Difference
(95% CI)


P-value h2


Questionnaire data
Perceived stress
(Cohens PSS)


11.2 § 0.8 10.4 § 0.8 10.6 § 0.9 0.422 11.8 § 0.6 10.6 § 0.7 10.3 § 0.8 0.013 �0.859
(�2.7 to 1.0)


0.354 0.007


Depression (HADS) 2.45 § 0.34 2.44 § 0.35 2.13 § 0.32 0.315 2.66 § 0.32 2.57 § 0.36 2.20 § 0.32 0.073 �0.089
(�0.82 to 0.64)


0.809 <0.001


Anxiety (HADS) 4.54 § 0.44 4.40 § 0.47 4.31 § 0.54 0.572 4.76 § 0.41 4.65 § 0.46 4.35 § 0.49 0.237 �0.154
(�1.21 to 0.90)


0.772 0.001


Hunger/Satiety 5.00 § 0.41 4.96 § 0.41 6.23 § 0.44 0.026 5.09 § 0.30 5.86 § 0.32 5.53 § 0.30 0.195 �0.649
(�1.60 to 0.30)


0.181 0.015


Cortisol awakening response
AUCi (nmol/L) 3.22 § 7.20 / 9.41 § 4.37 0.967 1.29 § 3.26 / 3.55 § 4.39 0.725 �6.514


(�17.29 to 4.26)
0.233 0.016


AUC (nmol/L) 33.3 § 2.8 / 37.4 § 3.8 0.155 45.79 § 3.92 / 43.5 § 3.3 0.961 1.12
(�9.5 to 11.8)


0.835 0.001


Average (nmol/L) 8.6 § 4.5 / 11.6 § 2.0 0.271 11.6 § 1.0 / 10.5 § 0.8 0.401 0.09
(�2.4 to 2.6)


0.947 <0.001
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development [82]. Therefore, some of the discrepancies and lack of
translation between the mice study and humans could be explained
by the relatively low age of the mice (adolescence to adulthood) ver-
sus the human cohort with an average age at midlife. A low age may
facilitate a better response to changes in metabolic and physiologic
responses and therefore a higher capacity to positively respond to
therapeutic interventions. Moreover, the administration strategies
were differences between both studies. The mouse study followed a
prevention strategy as B. longum APC1472 was administered before
obesity was established, while in the human study the participants
were already obese at the time of administration and, therefore, pre-
sented a more severe condition to ameliorate.


Most notably, the B. longum APC1472 supplementation signifi-
cantly improved glucose tolerance in HFD-induced obese mice. Simi-
larly, B. longum APC1472 decreased fasting blood glucose levels in
overweight/obese individuals (�0.266 mmol/L compared to placebo).
It is important to note that the participants in this study had average
fasting blood glucose levels of 5.0 mmol/L, which is considered


healthy and non-diabetic (n = 11 were prediabetic). Above 5.6 mmol/
L is considered prediabetic, whereas above 6.9 is considered diabetic
[83,84]. These data indicate that B. longum APC1472 may have a big-
ger effect-size on fasting blood glucose levels in a prediabetic or dia-
betic population, which warrants further investigations. This is
further reinforced by the obese subpopulation analysis of the obese
individuals, rather than overweight and obese combined, which
revealed a fasting blood glucose level (�0.295 mmol/L compared to
placebo), which constitutes a bigger effect-size in fasting blood glu-
cose levels (h2 = 0.092 vs 0.075), indicating a more potent treatment
efficacy in obese individuals. This warrants further investigation into
the effect of B. longum APC1472 in a cohort of prediabetic or diabetic
individuals.


The underlying mechanisms for the decreased fasting blood glu-
cose levels may be associated with the changes in ghrelinergic signal-
ling, as B. longum APC1472 was found to attenuate ghrelinergic
signalling in vitro [37] and ghrelin has been shown to be involved in
glucose homeostasis via inhibition of insulin secretion [85].


Fig. 6. B. longum APC1472 supplementation reduces fasting blood glucose levels and cortisol awakening response and increase active ghrelin in obese individuals. Fasting glucose
and active ghrelin levels were measured at the beginning of the study (pre), after 6 weeks (mid) and after 12 weeks (post) of treatment. Cortisol awakening response was only
assesed at the beginning of the stduy. All data are depicted of all 3 timepoints (A, C, E), as well as the change after 12 weeks compared to at the beginning of the study (B, D, F). Data
are depicted as boxplot or scatter dot plot, where the dots depict individual datapoints, with n = 36 for the placebo group and n = 46 for the B. longum APC1472 treatment group. *
indicates a significant effect (*p<0.05, **p<0.01).
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Moreover, insulin receptor substrate 1 (IRS-1) has been reported to
play a key role in glucose homeostasis being involved in glucose
transporter 4 (GLUT-4) mobilization [86,87]. Low IRS-1 expression
levels have been associated with glucose and insulin sensitivity
impairments [86,87]. Therefore, increased IRS-1 expression in epidid-
ymal fat tissue of B. longum APC1472 treated mice may have also
influenced glucose homeostasis. Nevertheless, glucose metabolism is
multifactorial and other mechanisms are likely also affected follow-
ing the supplementation of the B. longum APC1472. However, while
the biggest effect-size was observed on plasma glucose levels in both
the preclinical and human intervention studies, it is also possible that
the other observed effects are secondary to the decrease in plasma
glucose levels.


Notably, obesity is associated with decreased circulating levels of
ghrelin [44,72], which we also observed in the HFD-fed mice and the
reason why the ghrelinergic system has been implicated as a promis-
ing therapeutic target to combat obesity [45,88]. Indeed, the “hunger
hormone” ghrelin was first described as a growth hormone secreta-
gogue, but its key role in the regulation of appetite, food intake, adi-
posity and metabolism have directed the main therapeutic focus of
ghrelin and its receptor towards obesity research with promising
anti-obesity potential [41,45,76,89-92]. Interestingly, B. longum
APC1472 supplementation increased levels of active ghrelin, but not
total ghrelin levels, in healthy obese individuals. The increase in
active ghrelin may indicate an amelioration of the deficiencies in
ghrelinergic signalling associated with obesity. It is also interesting to
note that B. longum APC1472 was selected on its ability to modulate
the ghrelinergic system in vitro [37]. Future studies are warranted to
investigate if administration of other bacterial strains and their
metabolites, including SCFAs, which equally showed the ability to
modulate ghrelin signalling in vitro [37], have similar effects in obese
individuals.


Furthermore, our data reveal that B. longum APC1472 decreased
fasting corticosterone levels in HFD-induced obese mice, indicating
the downregulation of the hypothalamic-pituitary-adrenal (HPA)
axis. In line with these results, B. longum APC1472 reduced cortisol
awakening responses in obese individuals. Dysregulation of the HPA
axis, which is colloquially seen as the “body’s stress system”, is a risk
factor for obesity-related conditions such as cardiovascular disease,
insulin resistance and type 2 diabetes [93]. Hence, the stress hormone
cortisol (corticosterone in rodents), which is central in the HPA axis,
has been shown to promote the accumulation of fat cells and weight
gain [93] and to regulate the function of pancreatic a and b cells
affecting glucagon and insulin secretion [94]. As such, even though
no changes were observed in insulin, the changes in cortisol awaken-
ing responses could indicate that the HPA axis has contributed to the
B. longum APC1472-induced decrease in fasting blood glucose. Fur-
thermore, the HPA axis is also affected by ghrelin, indicating that the
observed changes in ghrelin could have also contributed to the
changes in cortisol [95,99].


Finally, we investigated the effects of B. longum APC1472 treat-
ment on gut microbiota composition. Overall, B. longum APC1472
treatment did not have a major impact on microbiota composition
other than the partial restoration of Bifidobacterium levels in HFD-fed
mice. These findings are in line with the effects of B. longum APC1472
on healthy human overweight and obese individuals and with other
investigations on obesity using different probiotics strains, where
major rearrangements on microbiota composition were also not
observed [96,97].


Of note, while the modulation of ghrelin receptor signalling by B.
longum APC1472 strain may have contributed to an improved meta-
bolic profile, we cannot rule out other beneficial anti-obesity effects.
As such, future studies are warranted further investigating the mech-
anisms and metabolites through which B. longum APC1472


Fig. 7. B. longum APC1472 increases Bifidobacterium abundance without impacting the overall composition of the gut microbiota in humans. The gut microbiota was assesed at the
beginning (pre) and end of the study (12 weeks, past). Alpha (A-C) and beta diversity (D) were investigated, as wel as the bacterial genera present (E-F). Microbial taxa were centre-
log-transformed (CLR). Significant differences between pre and post were anlysed using the Mann-Whitney U test, whereas treatment differences were analysed using an ANCOVA
controlling for sex and pre-intervention Bifidobacterium abundance. Data are depicted as boxplot or scatter dot plot, where the dots depict individual datapoints, with n= 48 for the
placebo group and n = 74 for the B. longum APC1472 treatment group. * indicates a significant effect (*p<0.05, **p<0.01).
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modulates host glucose homeostasis, with a focus on the ghrelinergic
system.


In conclusion, we have demonstrated positive anti-obesity effects
of the novel B. longum APC1472 strain in HFD-induced obese mice
and a partial translation of these positive effects of B. longum
APC1472 supplementation in otherwise healthy overweight and
obese individuals. In particular, we show the promising potential of
B. longum APC1472 to be developed as a valuable supplement in
reducing specific markers of obesity, possibly via the ghrelinergic sys-
tem. Most notably, the decrease in fasting plasma glucose induced by
B. longum APC1472 may have clinically significant health implications
for prediabetic and type 2 diabetes mellitus populations in particular.
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Abstract: Hypercholesterolemia is an independent risk factor of cardiovascular disease, which is
among the major causes of death worldwide. The aim of this study was to explore whether Bi-
fidobacterium longum strains exerted intra-species differences in cholesterol-lowering effects in
hypercholesterolemic rats and to investigate the potential mechanisms. SD rats underwent gavage
with each B. longum strain (CCFM 1077, I3, J3 and B3) daily for 28 days. B. longum CCFM 1077 exerted
the most potent cholesterol-lowering effect, followed by B. longum I3 and B3, whereas B. longum B3
had no effect in alleviating hypercholesterolemia. Divergent alleviation of different B. longum strains
on hypercholesterolemia can be attributed to the differences in bile salt deconjugation ability and
cholesterol assimilation ability in vitro. By 16S rRNA metagenomics analysis, the relative abundance
of beneficial genus increased in the B. longum CCFM 1077 treatment group. The expression of key
genes involved in cholesterol metabolism were also altered after the B. longum CCFM 1077 treatment.
In conclusion, B. longum exhibits strain-specific effects in the alleviation of hypercholesterolemia,
mainly due to differences in bacterial characteristics, bile salt deconjugation ability, cholesterol as-
similation ability, expressions of key genes involved in cholesterol metabolism and alterations of
gut microbiota.


Keywords: B. longum strains; hypercholesterolemia; strain-specific; bile salt deconjugation; choles-
terol assimilation; gut microbiota


1. Introduction


Hypercholesterolemia is among the major causative factors for cardiovascular disease
(CVD) [1]. CVD is regarded as a major health issue, accounting for 40% of all deaths in
China in the past ten years; thus, hypercholesterolemia has become a serious challenge to
the Chinese government for the prevention and control of these diseases [2,3]. In recent
years, it has been widely reported that the reduction in total cholesterol and low-density
lipoprotein cholesterol (LDL-C) in patients with hypercholesterolemia may reduce their
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CVD risk [4–6]. Previous studies have shown three-fold differences in the risk of CVD
between people with hypercholesterolemia and those without [7]. Moreover, a 1% elevation
in the serum cholesterol concentration has been found to cause a 2% to 3% increase in the
incidence of CVD [8]. Among the main causes for hypercholesterolemia-related CVD is
unhealthy changes in eating habits, such as increased intake of cholesterol and saturated fat,
which disrupts the blood cholesterol metabolism and alters the composition and abundance
of gut microbiota [9].


Currently, both pharmacological and non-pharmacological approaches, including
drug treatments, dietary interventions and exercise, are clinically prescribed to control
the serum cholesterol level [10]. However, due to the side effects of lipid-reducing drugs,
contraindications for such medications, or personal preferences, many people prefer other
functional foods to combat hypercholesterolemia. Therefore, it is crucial to find a safe and
effective approach to alleviate hypercholesterolemia. The gut microbiota is reported to be
related to metabolic diseases such as obesity, diabetes mellitus and hypercholesterolemia.
Several studies have indicated that the composition of gut microbiota in hypercholes-
terolemic patients differs from that in healthy people, which is mainly characterized by the
decreased relative levels of beneficial microbes, such as Bifidobacterium and Lactobacillus,
and increased relative levels of pathogenic bacteria [11–13]. Therefore, probiotics are a new
option for treatment of cholesterolemia.


Several animal and clinical trial studies have indicated the effectiveness of probiotics
to treat hypercholesterolemia, either with single strain (L. plantarum ECGC 13110402, L.
reuteri NCIMB 30242, or B. longum BB536) [14–16] or multiple strains (L.plantarum (CECT
7527,7528,7529), L. plantarum (ECGC 13, 110, 402), Bifidobacterium (B. animalis subsp. lactis
MB 2409, B. bifidum MB 109 and B. longum subsp. longum BL04)) [14,17,18]. However,
some strains (L. rhamnosus LC705, Pediococcus pentosaceus LP28) have been reported to be
ineffective in alleviating hypercholesterolemia [19,20]. B. longum, as the most prevalent
Bifidobacterium species in the human gastrointestinal tract, has been proven to be effective
in protecting against CVDs, such as hypertension [21] and brain–gut-related diseases,
such as chronic colitis and irritable bowel syndrome [22]. The underlying mechanism of the
cholesterol-lowering effect of probiotics has been reported to be related to the expression
of several genes involved in cholesterol metabolism [23–25]. FXR, CYP7A1 and SHP play
important roles in the synthesis of bile acids from cholesterol, and LXR plays a role in
reverse cholesterol transport [26,27]. Many hypotheses suggest that FXR is influenced by
changes in the bile acid pool and that a decreased FXR expression downregulates SHP
expression and upregulates CYP7A1 expression, both of which are bile acid synthesis
rate-limiting enzymes [28]. Based on this background, we hypothesized that B. longum
could prevent and treat hypercholesterolemia and that inter-strain differences exist in the
treatment of hypercholesterolemia induced by a cholesterol-enriched diet in SD rats.


Therefore, we sought to explore whether B. longum presents strain-specific differ-
ences in the alleviation of hypercholesterolemia induced by a cholesterol-enriched diet
in rats. Furthermore, the potential mechanisms of the inter-strain differences were evalu-
ated, such as the basic physiological properties, the capacities of bile salt deconjugation
and cholesterol assimilation, the mediated effects of key genes involved in cholesterol
metabolism and the alteration of gut microbiota.


2. Results
2.1. Subsection Growth Characteristics of B. longum Strains in Vitro


For determination of the growth characteristics of B. longum strains in vitro, the growth
curve of the four strains was drawn. As is shown in Figure 1A, compared with other strains,
B. longum CCFM 1077 is fastest in entering the logarithmic phase, followed by B. longum J3
and B. longum I3, whereas B. longum B3 is the slowest in entering the logarithmic phase.
In addition, the statistical differences between different strains at different growth time are
shown in Figure 1B.
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Figure 1. Growth status of four B. longum strains. (A) Growth curves of four B. longum strains. The X-axis is the culture time
of four B. longum strains, and the Y-axis is the absorbance of culture liquid at 600 nm. The OD600 was tested three times at
different time points (0, 4, 6, 8, 12, 14, 16, 18, 20 and 22 h). The data are expressed with the average of three OD600 values at
each time point. (B) All OD600 values are means ± standard error of the mean. a, b, c: Means in the same row with different
superscript letters are significantly different (p < 0.01) based on determination using a one-way ANOVA followed by Tukey
multiple comparison test.


2.2. Tolerance Ability of B. longum to Simulated Gastroenteric Fluid


The tolerance ability to gastric acid and bile salts of the four B. longum strains (CCFM
1077, I3, J3 and B3) was measured after cultivation at 37 ◦C in Whitley DG250 Anaerobic
Workstation. As shown in Table 1, each of the four B. longum strains (B. longum CCFM
1077, B. longum I3, B. longum J3 and B. longum B3) showed high tolerance to the simulated
intestinal environment of pH 2.5 and containing 0.3% bile acid (p < 0.01).


Table 1. Tolerance of four B.longum strains to simulated gastroenteric environments.


Strain


Initial Survival in
PBS


Survival after 2 h at pH 2.5
in SGJ


Survival after 3 h at pH 8.0
in 0.3% Oxigall


Mean Counts
(Log CFU/mL)


Mean Counts
(Log CFU/mL) Survival Rate Mean Counts


(Log CFU/mL) Survival Rate


B. longum CCFM 1077 9.76 ± 0.06 a 7.97 ± 0.18 b 81.66% 6.36 ± 0.12c 65.16%
B. longum I3 9.23 ± 0.24 a 7.56 ± 0.14 b 81.91% 6.08 ± 0.08 c 65.87%
B. longum J3 9.32 ± 0.18 a 7.86 ± 0.26 b 84.33% 5.95 ± 0.12 c 63.84%
B. longum B3 9.58 ± 0.08 a 6.98 ± 0.23 b 72.86% 6.24 ± 0.18 c 65.14%


All values are means ± standard error of the mean. a,b: Means in the same row with different superscript letters are significantly
different (p < 0.01) based on determination using a one-way ANOVA followed by Tukey multiple comparison test. % survival = final
(CFU/mL)/control (CFU/mL) × 100% survival indicates that the growth rate of the strain was not affected by the treatment. PBS:
Phosphate Buffer solution. SGJ: Simulated gastric juice.


2.3. Bile Salt Deconjugation and Cholesterol Assimilation Abilities of the B. longum Strains


Two properties of B. longum strains (bile salt deconjugation ability and cholesterol as-
similation ability) were used to evaluate the cholesterol-lowering effect in vitro. As shown
in Table 2, different properties were found in these four B. longum strains: B. longum CCFM
1077 shows both high abilities of bile salt deconjugation and cholesterol assimilation; B.
longum I3 shows only high ability of bile salt deconjugation; B. longum J3 shows only
high ability of cholesterol assimilation; B. longum B3 shows neither abilities of bile salt
deconjugation or cholesterol assimilation.


Bile salt deconjugation ability (%) =
C0−C1


C0
× 100 (1)


Cholesterol assimilation ability (%) =
100− residual cholesterol at each incubation inverval


100
× 100 (2)
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Table 2. Bile salt hydrolysis ability and cholesterol assimilation ability of B. longum strains.


Strain Bile Salt Hydrolysis Ability (%) Cholesterol Assimilation Ability (%)


B. longum CCFM 1077 98.66 ± 0.65 a 97.68 ± 1.03 a


B. longum I3 97.36 ± 0.36 a 0.96 ± 0.16 b


B. longum J3 1.01 ± 0.02 b 99.36 ± 0.32 a


B. longum B3 1.12 ± 0.06 b 0.82 ± 0.15 b


All values are means ± standard error of the mean. Means in the same column with different superscript letters are significantly different
(p < 0.01) based on the analysis using a one-way ANOVA followed by a Tukey multiple comparison test. C0 is the GCA concentration of
the control sample, and C1 is the GCA concentration of the B. longum sample.


2.4. The Effects of B. longum Strains on the Serum Lipids


In terms of body weight, no significant differences were found among the three
B. longum groups, HC group and NC group (Supplementary Figure S1). The serum lipid
levels of the six groups are shown in Figure 2. Compared with the NC group, the HC
group showed significantly higher levels in the serum TC and LDL-C levels. A significant
decrease in the serum lipid levels was also observed in the CCFM 1077, I3 and J3 groups
compared with the HC group (p < 0.001, Figure 1). Specifically, compared with the HC
group, in the HC-CCFM 1077, HC-I3 and HC-J3 groups, the serum TC levels decreased
by 44.44%, 30.56% and 27.77%; the serum LDL-C levels decreased by 40.91%, 31.82% and
27.27%, respectively. However, the serum HDL-C and TG levels showed no significant
difference between the experimental groups. In addition, the serum lipid levels showed no
difference between the HC-B3 and HC groups.


Figure 2. The effects of four B. longum strains on serum lipid levels of (A) TC, (B) TG, (C) HDL-C and
(D) LDL-C in rats with hypercholesterolemia. *** represents p < 0.001, n.s represent non-significant
with p > 0.05.


2.5. Effects of B. longum Strains on Fecal Bile Acid and Cholesterol Levels


The fecal bile acid and cholesterol levels in the different groups of rats on the last day
are shown in Figure 3. The HC-CCFM 1077 and HC-I3 groups showed significantly higher
levels of fecal total bile acid than the HC group (76.92% and 69.23%, p < 0.001, Figure 3A),
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and the HC-CCFM 1077 and HC-J3 groups showed significantly higher levels of fecal
cholesterol (73.33% and 60.32%, p < 0.001, Figure 3B). However, B. longum B3 had no effect
on the fecal excretion of bile acid and cholesterol compared with other strains.


Figure 3. The effects of four B. longum strains on the levels of fecal bile acid (A) and fecal cholesterol
(B). Data are expressed as means ± standard error of the mean in each group (n = 6). *** represents
p < 0.001, ** represents p < 0.01, n.s represent non-significant with p > 0.05. p-values were determined
using a one-way ANOVA followed by Tukey multiple comparison test.


2.6. Effects of B. longum Strains on Liver Gene Expression


As shown in Figure 4, compared with the HC group, HC-CCFM 1077 and HC-I3
groups showed significantly downregulated FXR and SHP expression and upregulated
CYP7A1 and LXR expression (p < 0.001, Figure 4A–D). SREBP2 expression was significantly
upregulated by nearly two times in the HC-CCFM 1077 and HC-J3 groups (p < 0.01,
Figure 4E); LDLR expression was also significantly upregulated in the HC-CCFM 1077,
HC-I3 and HC-J3 groups (p < 0.001, Figure 4F).


2.7. Effects of the Four B. longum Strains on Gut Microbiota


In our study, alpha diversity of gut microbiota was measured by Chao 1 and Shannon
indexes. Both Chao 1 index and Shannon index of B. longum 1077, I3 and J3 treated rats were
significantly higher than rats fed with a cholesterol-enriched diet, whereas B. longum B3
had no effect in these two indexes (Figure 5A,B). In terms of β-diversity, the gut microbiota
between NC group and HC group were remarkably different; three B. longum groups
(B. longum CCFM 1077, I3 and J3) improved the shift caused by the cholesterol-enriched
diet, while B. longum B3 did not alter this shift (Figure 5C).







Int. J. Mol. Sci. 2021, 22, 1305 6 of 17


Figure 4. The effects of four B. longum strains on liver expression of genes involved in cholesterol and
bile acid metabolism by RT-PCR. (A) FXR; (B) SHP; (C) CYP7A1; (D) LXR; (E) SREBP2; (F) LDLR.
Each column represents the means ± standard error of the mean (n = 6). *** represents p < 0.001,
** represents p < 0.01, * represents p < 0.05, n.s represent non-significant with p > 0.05.


Figure 5. Effects of four B. longum strains (CCFM 1077, I3, J3, B3) on the overall structure of fecal
microbiota. Alpha diversity was represented by (A) Chao 1 index and (B) Shannon index. Beta
diversity was represented by (C) PCoA, based on weighted UniFrac distances. *** represents p < 0.001,
** represents p < 0.01, * represents p < 0.05, n.s represent non-significant with p > 0.05.


Through MiSeq sequencing analysis, we obtained 1,780,569 high-quality, classifiable
16S rRNA gene sequences in 36 fecal samples. The average sequence read was 12,864 bp per
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sample. Typical sequences were clustered, and a sequence similarity of 97% was considered
as the cut-off. The number of OTUs per sample ranged from 966 to 8529.


In terms of the phylum level (Figure 6), the individual OTUs showed that the gut
microbiota were mainly dominated by Firmicutes, Bacteroidetes, Proteobacteria and Verrucomi-
crobia, which accounted for 60.13%, 32.59%, 3.12% and 2.21% of the total gut microbiota,
respectively. The composition of gut microbiota varied between different groups after
feeding high-cholesterol diets to the groups for 28 days. Compared with the HC group,
the HC-CCFM 1077, HC-I3 and HC-J3 groups showed a similar alteration, with a significant
decrease in the relative abundance of Firmicutes (76.89% vs. 62.37%, 59.99% and 62.32%,
respectively) and a significant increase in that of Bacteroidetes (17.46% vs. 31.64%, 33.60%
and 32.33%, respectively) (p < 0.05). However, the HC+B3 group did not remarkably
change the composition of gut microbiota at the phylum level.


Figure 6. The relative abundance of the main phyla after consumption of high-cholesterol diet and
administration of B. longum strains. (A) NC: non-cholesterol added diet; (B) HC: high-cholesterol
diet; (C) HC+CCFM 1077: high-cholesterol diet + B. longum CCFM 1077; (D) HC+I3 high-cholesterol
diet + B. longum I3; (E) HC+J3: high-cholesterol diet + B. longum J3; (F) HC+B3: high-cholesterol diet
+ B. longum B3.


At the genus level, genera with relative abundances over 0.1% are shown in Figure 7A.
We categorized these genera into three main cluster groups (Cluster 1: low abundance;
Cluster 2: high abundance; Cluster 3: medium abundance). Cluster 1 was dominated by
Streptococcus and Bifidobacterium; Cluster 2 was dominated by Lachnospiraceae and Blautia;
Cluster 3 was dominated by Bacteroides and Lactobacillus. In Cluster 1, compared with the
HC group, Streptococcus, Akkermansia, Bifidobacterium and Lactococcus were more enriched in
the HC-CCFM 1077 group. In Cluster 2, no different alterations were observed in these five
groups. In Cluster 3, compared with the HC group, Petostreptococcaceae and Lactobacillus
were observed to be increased in the HC-CCFM 1077 group. To further investigate the
specific composition of gut microbita in different groups, the results of the LEfSe analysis
are shown in Figure 7B. Compared with the HC group, the HC-CCFM 1077 group showed
the greatest alterations in specific genera; among them, Lactobacillus and Bifidobacterium
were the main contributors. Blautia, Parabacteroides and Bacteroides were also observed as the
most specific in the HC-J3, HC-I3 and HC-B3 groups, respectively. In addition, we further
analyzed the abundance of reported beneficial microbes (Bifidobacterium, Lactobacillus and
Akkermansia) in the feces among these groups (Figure 7C–E). Compared with the HC group,
these three genera in the HC-CCFM 1077 group and HC-I3 group were observed to be
significantly increased (p < 0.001, p < 0.05); only Bifidobacterium and Akkermansia in the HC-
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B3 group were found to be significantly increased (p < 0.05), whereas these three genera in
the HC-J3 group exerted no significant difference. Taken together, the cholesterol-lowering
effect may be related to the alteration of the gut compositions and increase in the relative
abundance of some genera, which is beneficial to human health.


Figure 7. The relative abundance of the main genus after consumption of high-cholesterol diet and administration of
B. longum strains. (A) Relative abundance (%) heatmap including all fecal samples. Sample clustering is shown on the
left-hand side. (B) LEfSe analysis of the specific difference in the genus level in different groups. (C) The abundance of
Bacterium in the feces. (D) The abundance of Lactobacillus in the feces. (E) The abundance of Akkermansia in the feces. Data
are presented as means ± standard error of the mean, n = 6. *** represents p < 0.001, ** represents p < 0.01, * represents
p < 0.05, n.s represent non-significant with p > 0.05.


2.8. Relationship between the Hypercholesterolemia-Alleviation Effects of B. longum Strains and
Their Properties In Vitro


In Figure 8, the Pearson correlation coefficients showed that the bile salt deconjugation
ability, cholesterol assimilation ability and growth rate of strains were the most relevant
indicators of the hypercholesterolemia-alleviation effects of B. longum strains. The serum
lipid profiles (TC and LDL-C) and the expressions of some key genes involved in lipid
metabolism (including FXR, SHP) were significantly negatively related to the bile salt
deconjugation ability, with Pearson correlation coefficients below −0.95. In contrast, with
the enhancement of bile salt deconjugation ability, the expressions of CYP7A1 and LXR,
the fecal bile acid levels and the composition of gut microbiota exerted an upward trend.
In terms of cholesterol assimilation ability, the TC and LDL-C levels showed a remarkable
negative correlation (−0.98 and −0.97); however, the expression of SREBP2, the fecal
cholesterol level and the composition of gut microbiota showed a significantly positive
correlation (1, 1 and 0.98). Furthermore, the growth rate only had a positive correlation
with the serum TC and LDL-C levels.
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Figure 8. The correlation between the hypercholesterolemia-alleviation effects of B. longum strains and their properties
in vitro.


3. Discussion


Hypercholesterolemia is among the major risk factors for CVD, which is the leading
cause of mortality worldwide [29,30]. To combat hypercholesterolemia, many companies
and research institutions have developed lipid-lowering drugs, such as statins, fibrates,
ezetimibe and berberine, via clinical research [31]. Despite the high therapeutic efficacies
of these drugs, they all have adverse effects in humans, such as gastrointestinal symptoms
and rashes [32]. Therefore, probiotics, which are microorganisms with many beneficial
effects in humans, are being widely investigated for cholesterol-reducing functions in both
animal experiments and clinic trials.


B. longum has been reported as the most prevalent Bifidobacterium species in the human
gastrointestinal tract [33]. As a common resident of the gut, B. longum has been shown
to possess a high intestinal colonization ability in human trials. The colonization ability
of B. longum in the gut is related to the age of the people and the residential area [34].
For example, Fang and colleagues found that the abundance of B. longum in superlongevity
people (aged over 90 years) from a longevity village (Bama, China) was higher than
that in people from a normal area (Nanning, China) [35]. In addition, B. longum has
been reported as the most universal species of the Bifidobacterium genus in the feces of
Italian centenarians [36]. Several studies have investigated the cholesterol-lowering effect
of B. longum strains, for example, B. longum BB536 was reported to significantly lower
serum TC, LDL-C, VLDL and MDA [37]; however, B. longum BL 04 slightly altered the
TC and LDL-C levels [18]. Although these B. longum strains were confirmed to alleviate
hypercholesterolemia to some extent, the specific cholesterol-lowering effects were different.
Therefore, the aim of our study was to explore whether B. longum presents inter-strain
differences in the alleviation of hypercholesterolemia in vivo.


In our study, four B. longum strains (CCFM 1077, I3, J3 and B3) isolated from different
superlongevity people (aged over 90 years old) were selected. Each of these four strains can
survive adequately in the simulated intestinal conditions and can thus exert their effects in
the human gut. Our results show that the B. longum strain exerted a strain-specific effect on
cholesterol lowering. The precise cholesterol-lowering mechanism of probiotics is not fully
understood, and many hypotheses have been proposed, such as bile salt deconjugation [38],
cholesterol assimilation [39] and antioxidant activity of probiotics [40]. In our study, after
intragastric administration of B. longum CCFM 1077, the content of both total bile acids
and total cholesterol in the rat feces increased significantly, B. longum I3 only affected the
fecal bile acid content and B. longum J3 only affected the fecal cholesterol content, whereas
B. longum B3 had no effects on these two contents in feces. This finding indicates that the
most significant alleviation effect of cholesterolemia by B. longum CCFM 1077 was related
to the combination of high abilities of bile salt deconjugation and cholesterol assimilation
in vitro.
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Furthermore, to evaluate the underlying mechanism of the cholesterol-lowering effect
of B. longum, we also studied the expression of several genes involved in cholesterol
metabolism [23–25]. FXR, CYP7A1 and SHP play important roles in the synthesis of
bile acids from cholesterol, and LXR plays a role in reverse cholesterol transport [26,27].
Many hypotheses suggest that FXR is influenced by changes in the bile acid pool and
that a decreased FXR expression downregulates SHP expression and upregulates CYP7A1
expression, both of which are bile acid synthesis rate-limiting enzymes [28]. In this study,
we found that compared with B. longum J3 and B. longum B3 administration, B. longum
CCFM 1077 and B. longum I3 administration downregulated FXR and SHP expression and
upregulated CYP7A1 and LXR expression (Figure 4A–D). This may be due to the high bile
salt deconjugation ability of B. longum CCFM 1077 and B. longum I3, which hydrolyzed
conjugated bile acids to free primary bile acids that are less efficiently reabsorbed in
the intestine, thus increasing the fecal excretion of bile salts. This alteration in the bile
acid pool downregulated FXR expression that in turn downregulated SHP expression
and upregulated CYP7A1 expression, thus increasing cholesterol catabolism and bile
synthesis. Consistent with this finding, GQ Wang et al. reported that FXR and SHP
expression was decreased and CYP7A1 expression was increased in hypercholesterolemia
mice after the oral administration of L. plantarum AR113 [41]. LDLR and SREBP2 are also
important factors in the metabolism of cholesterol and other lipids [42]. In this study,
LDLR expression in the B. longum CCFM 1077, B. longum I3 and B. longum J3 groups
was upregulated compared with that in the B. longum B3 group, indicating that both
bile salt deconjugation ability and cholesterol assimilation ability play an important role
in reducing the serum cholesterol level by upregulating LDLR expression. However,
we found that only B. longum CCFM 1077 and B. longum J3 increased SREBP2 expression,
suggesting that cholesterol assimilation leads to cholesterol reduction via the upregulation
of SREBP2 expression. This result is consistent with that of an earlier study that reported
mediation of the cholesterol-lowering effect of soybean protein via the upregulation of
LDLR expression [29,43].


Many studies have demonstrated that a high-cholesterol diet intervention disrupts the
gut microbial balance [44,45]. In this study, we found that a high-cholesterol diet decreased
the diversity and abundance of the gut microbiota in rats; in particular, the abundance of
Firmicutes was higher and that of Bacteroidetes was lower in the HC group than in the
B. longum groups. Therefore, we hypothesized that B. longum strains indirectly alleviate
hypercholesterolemia by altering the gut microbiota. Previous studies have suggested that
certain bacterial genera in the gut improve the health of the host by maintaining the gut
microbial balance. Bifidobacterium and Lactobacillus were reported to lower the risk of CVD
by reducing the liver cholesterol level [46], and Akkermansia could improve cholesterol lev-
els in cases of metabolic syndrome [47]. Consistent with these studies, after intragastrically
administering B. longum strains (CCFM 1077, I3 and J3) for 28 days, the abundance of Bifi-
dobacterium, Lactobacillus and Akkermansia increased in the rat feces, thereby alleviating the
adverse effects of high-cholesterol diet in vivo. However, this alteration was not observed
in the B. longum B3 group. Taken together, our results show that only B. longum strains
with either bile salt deconjugation ability or cholesterol assimilation ability can alleviate
hypercholesterolemia by improving the composition of gut microbiota and increasing the
abundance of health-promoting bacterial genera.


Physiological properties of strains in vitro are important for probiotic strains to take
effect in human health. Correlation analysis showed a significant correlation of properties
of strains in vitro (growth rate, bile salt deconjugation ability and cholesterol assimilation
ability) with the cholesterol-alleviating effects. It has been reported that a strain with
high bile salt deconjugation ability exerts the cholesterol-lowering effect by increasing
the excretion of bile acid [48]. Chun-Feng et al. found that BSH-active Lactobacillus casei
F0422 combined with Tween 80 with Cacl2 could increase the hypocholesterolemic effect in
rats [49]. Guangqiang et al. found that L. casei pWQH01 (overexpression of bsh1) could
significantly decreased the serum TC and LDL-C [41]. These results suggested that in-
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creased bile salt deconjugation may be among the factors of cholesterolemia mitigation.
The high cholesterol assimilation ability of a strain means that more cholesterol is absorbed
by the strain in the gut, and the assimilated cholesterol is excreted with large quantities
of probiotic strain; for example, B. longum 5022 and L. fermentum LP4 with high choles-
terol assimilation abilities have been reported to alleviate hypercholesterolemia [50,51].
The growth rate, as an indicator to evaluate how fast a strain grows, is also related to the
hypercholesterolemia-alleviating effect. A fast growth rate contributes to the metabolism
and proliferation of a strain and also increases the bile salt deconjugation ability and
cholesterol assimilation ability.


In this study, remarkable differences in the bile salt deconjugation ability and choles-
terol assimilation ability existed between the four B. longum strains. Among the B. longum
strains, CCFM 1077 had both high abilities of bile salt deconjugation and cholesterol as-
similation, I3 had only high bile salt deconjugation ability, J3 had only high cholesterol
assimilation ability, whereas B3 had neither of these two abilities. Interestingly, in the
animal experiments, B. longum CCFM 1077 exerted the most potent cholesterol-lowering
effect, followed by B. longum I3 and B3, whereas B. longum B3 had no effect in alleviating hy-
percholesterolemia. This result supported that the strain-specific effects of B. longum strains
on hypercholesterolemia rats mainly correlated with bile salt deconjugation and choles-
terol assimilation abilities in vitro. In future, we will conduct clinical studies to further
investigate the strain-specific effects of different probiotics on hypercholesterolemia.


4. Materials and Methods
4.1. The Culture Conditions and Growth Curve of Bacterial Strains


Four B. longum strains (CCFM 1077, I3, J3, B3) isolated from different superlongevity
people (aged over 90 years old) were obtained from Culture Collections of Food Microbiol-
ogy, Jiangnan University (Wuxi, China). To ensure the viable count of the probiotics before
use, all four B. longum strains were reactivated three times by using 2% (v/v) inoculum
in modified MRS (mMRS) broth supplemented with 0.5‰ (w/v) L-cysteine for 48 h in
Whitley DG250 Anaerobic Workstation (37 ◦C). About 107 CFU/mL of each B. longum
strains was inoculated into fresh mMRS broth, then grown at 37 ◦C in anaerobic incuba-
tion workstation. OD600 values were measured every two hours. The horizontal axis in
the diagram of growth curve shows the incubation time, and the vertical axis shows the
corresponding absorbance values.


4.2. The Culture Conditions and Growth Curve of Bacterial Strains


The method used for testing the acid and bile tolerance of four B. longum strains has
been previously described [50]. Briefly, B. longum was cultivated in mMRS broth at 37 ◦C
for 18 h and then harvested by centrifugation (10,000× g, 4 ◦C, 10 min). After this, the cell
pellets were suspended in phosphate-buffered saline solution, simulated bile salts (0.3%
Oxigall dissolved in PBS, pH 8.0) or simulated gastric juice (3 mg of pepsin dissolved in
1 mL of 0.5% saline buffer, pH 2.5). The suspensions were incubated at 37 ◦C in simulated
gastric juice for 1 h and then in simulated bile salts for 3 h. Finally, cells in the suspensions
were harvested by centrifugation (10,000× g, 4 ◦C, 5 min) and resuspended in mMRS broth,
followed by incubation at 37 ◦C for 48 h.


4.3. Quantitative Determination of Bile Salt Deconjugation Ability of B. longum Strains by HPLC


The bile salt deconjugation ability measurement of four B. longum strains was per-
formed as previously described [52], with slight modifications. Briefly, cultures were
grown in 10 mL of MRS broth (pH 6.5) by incubation at 37 ◦C for 18 h in the Whitley
DG250 Anaerobic Workstation until a density of 1 × 109 CFU/mL was reached. MRS
broth (pH 6.5) containing 10 mM glycocholic acid (GCA; Sigma Chemical Co., St. Louis,
MO, USA) was diluted 1:1 to a GCA concentration of 2.3 mg/mL, and 0.5 mL was added
to the B. longum cultures. The cultures were then incubated for an additional 6 h under
anaerobic conditions at 37 ◦C. The pH of the culture was then adjusted to 7.5 with KOH
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to stop the bile salt deconjugation ability. For HPLC quantification of GCA, the whole
culture samples were first diluted 20 times in HPLC-grade methanol, 10 mL of which
was injected into a C18 column (250 mm × 4.6 mm × 5 µm). In total, 30% 0.07-M sodium
acetate (pH 3.0) and 70% methanol were used as the running buffer, and the flow rate
was set at 1 mL/min. A Shimadzu SPD-10A UV-Vis detector was used to detect GCA at
205 nm. A standard stock solution of GCA was prepared by dissolving 10 mg GCA in
10 mL methanol. The concentration of stock solution was 100 µg/mL by diluting GCA in
methanol. The standard was used as the reference control for GCA quantification. To plot
the curve of bile salt deconjugation, the means of triplicate samples were calculated. Bile
salt deconjugation ability was calculated as follows:


% Bile acid deconjugation (C0 −C1)/C0 × 100 (3)


where C0 is the GCA concentration of the control sample, and C1 is the GCA concentration
of the B. longum sample.


4.4. Cholesterol Assimilation by B. longum Strains


The cholesterol concentration was determined by HPLC using the method described
in a previous study [53], with slight modifications. After centrifuging the bacterial cultures
at 7500 g and 4 ◦C for 10 min, 1 µL of the culture supernatant was filtered and injected into
the HPLC device (Agilent 1100, Agilent Technologies, Chandler, AZ, USA). The analysis
was performed on a ZORBAX Eclipse XDB-C18 column (rapid resolution, 1.8 µm particle
size, 4.6 × 50 mm, Agilent) with a variable wavelength UV/Vis detector. Acetonitrile at
2.5 mL/min was used for isocratic elution. Cholesterol was finally confirmed by the reten-
tion time of 4 min at 210 nm and was quantified by interpolation of the calibration curve.
Standard solutions of various concentrations were prepared by diluting the cholesterol
stock solution in MRS broth. Linearity was demonstrated from 0.01 to 0.1 g/L (r2 = 0.996).
The limit of detection was 0.01 g/L.


% of cholesterol removed
100− residual cholesterol at each incubation inverval


100
× 100 (4)


4.5. Animals and Diets


Forty-eight SD rats (body weight, 220–240 g) were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd. (Shanghai, China). The rats were housed in stainless metal
cages (two rats per cage) in a room maintained at 55%± 5% relative humidity and 22 ± 2 ◦C
under a 12 h light/dark cycle. After a 7 day adaptation to the new environment, the rats
were randomly divided into the following six groups according to the diets: (1) non-added
cholesterol diet (NC); (2) high-cholesterol diet (HC); (3) HC-diet plus B. longum CCFM
1077 (HC-CCFM 1077); (4) HC-diet plus B. longum I3 (HC-I3); (5) HC-diet plus B. longum J3
(HC-J3); and (6) HC-diet plus B. longum B3 (HC-B3). The experiment lasted for 28 days,
during which the rats had free access to water and their group-specific diet. Each day,
2 mL of saline solution (0.85%) was administered to the NC and HC groups, whereas
the HC-CCFM 1077, HC-I3, HC-J3 and HC-B3 groups received 2 mL (109 cfu/mL) of
their specific B. longum strain dissolved in saline solution (0.85%) by gavage. Dietary
intake was monitored daily, and body weights were recorded at the end of the experiment
(Figure S1). The components of diets are shown in Table 3. All experimental procedures
complied with the Animal Care Committee of Jiangnan University (Identification Number:
JN No. 20160823-20160929, Approved date: 25 July 2016), and were carried out under the
guidelines set by the European Community (Directive 2010/63/EU).
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Table 3. Composition of the experimental diets.


Ingredient Cholesterol-Free Diet
(g/kg)


Cholesterol-Enriched Diet
(g/kg)


Cornstarch 465.692 459.442
Dextrinized cornstarch 155 155


Casein 140 140
Sucrose 100 100


Soybean oil 40 40
Cellulose 50 50


Choline biartrate 2.5 2.5
L-Systine 1.8 1.8


t-Butylhydroquinone 0.008 0.008
Mineral 35 35
Vitamin 10 10


Cholesterol - 5
Sodium cholate - 1.25


Cholesterol-free and cholesterol-enriched diets were both bought from Trophic Animal Feed High-Tech Co., Ltd.,
Nantong, China.


4.6. Analysis of Serum Lipid Levels


After the 28 days of experiment, the rats were fasted overnight (12 h) and sacrificed
under isoflurane. Serum was collected from their abdominal aorta using blood collection
tubes (SLAC Laboratory Animal Co., Ltd., Shanghai, China) containing heparin as an
anticoagulant. The tubes were then centrifuged at 1400 g at 4 ◦C for 15 min for serum
separation, and the serum samples were stored at −80 ◦C until analysis. The serum
total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C) and
LDL-C levels were measured using a Biochemical Analyzer (Beckman Coulter, Brea, CA,
USA) [54].


4.7. Analysis of Fecal Cholesterol and Bile Acid Contents


On the last day of the experiment, the feces of each rat were collected and immediately
stored at −80 ◦C until further analysis. Fecal cholesterol and bile acid contents were
measured using commercial kits (Sangon Biotech, Shanghai, China).


4.8. Extraction of Liver RNA and RT-PCR Analysis


The total RNA samples from rat livers were extracted according to the manufacturer’s
protocol (TaKaRa Bio, Otsu, Japan). The mRNA levels of sterol regulatory element-binding
protein 2 (SREBP2), cholesterol 7α-hydroxylase (CYP7A1), liver X receptor (LXR), farnesoid
X receptor (FXR) and low-density lipoprotein receptor (LDLR) were measured as described
previously [50]. Total RNAs were extracted with TRIzol (Thermo Scientific, Wilmington,
DE, USA), and cDNAs were synthesized by reverse transcription (TaKaRa Bio, Otsu, Japan).
The quantitative real-time polymerase chain reaction (RT-qPCR) used the SYBR Premix Ex
TaqII (TaKaRa Bio, Otsu, Japan) and the appropriate primers. The primer sequences which
were obtained from Sangon Biological Engineering (Shanghai, China) are shown in Table 4.
The thermocycler conditions used were 95 ◦C for 30 s, followed by 45 cycles of 95 ◦C for 5 s
and 60 ◦C for 30 s.


4.9. MiSeq Genome Sequencing Analysis of Community Structures


Fecal microbial DNA was extracted using a FastDNA SPIN Kit for Soil (MP Biomedi-
cal, catalog No.6560-200) in accordance with the manufacturer’s instructions. Subsequently,
16S rRNA sequencing was performed, and the reads were analyzed using the QIIME
pipeline [55]. Reads shorter than 200 bp were removed after screening the raw sequences,
and sequenced pair-end reads overlapping by longer than 10 bp and without any mis-
match were assembled. The sequences with similarity of more than 97% were defined as
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operational taxonomical units (OTUs) for assembly of high-quality sequences using the
QIIME software (http://qiime.sourceforge.net/).


Table 4. Primer sequences used for RT-PCR in this study.


Gene Forward Primers (5′-3′) Reverse Primers (5′-3′)


FXR CCAACCTGGGCTTCTACCC CACACAGCTCATCCCCTTT
SHP TCTGCAGGTCGTCCGACTATTC AGGCAGTGGCTGTGAGATGC


CYP7A1 ATTCCATACCTGGGCTGTGC ATGTTTTCAGTGGTATTTCC
LXR CTCTTCTTGCCGCTTCAGTT AGGAGTGTCGACTTCGCAAA


Srebp 2 AGCAGCAGGTGCAGACGGTA CATCTGTCTTCAGCGTGGTC
LDLR AGCAGTGAGTGTATCCATCG AATGCAGGAGCCATCTGCAC
β-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT


FXR = farnesoid X receptor; SHP= small heterodimer partener; CYP7A1 = cholesterol 7α-hydroxylase; LXR = liver X receptor; Srebp2 = sterol
regulatory element-binding protein 2; LDLR = low-density lipoprotein receptor.


4.10. Correlation Test


R language was used to evaluate the correlation between the significantly altered indi-
cators in the hypercholesterolemia-alleviating effect and the properties of strains in vitro.
The data were divided into two matrices: an in vitro matrix and in vivo matrix. The cor-
rplot package was used to analyze the correlations between these two matrices. Pearson’s
correlation coefficients were calculated to quantify the correlations between the indicators.


4.11. Statistical Analysis


All of the data are expressed as the mean ± standard error of the mean. Statistical
significance was determined by one-way analysis of variance followed by a Tukey multiple
comparison test using GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA)
and SPSS version 16.0 software (SPSS, Inc., Chicago, IL, USA).


5. Conclusions


By measuring serum lipid profiles (TC, TG, LDL-C and HDL-C), it was found that
B. longum CCFM 1077 exerted the most potent cholesterol-lowering effect, followed by
B. longum I3 and B3, whereas B. longum B3 had no effect in alleviating hypercholesterolemia.
Furthermore, B. longum CCFM 1077, I3 and B3 significantly altered the diversity and
composition of gut microbiota. These results suggested that B. longum (CCFM 1077, I3, J3
and B3) exerted strain-specific effects in alleviation of hypercholesterolemia. The potential
causes of the strain-specific effects in alleviation of hypercholesterolemia might be the
differences in the bile salt deconjugation ability, cholesterol assimilation ability and growth
rate of different strains, which had different effects on the intestinal microenvironment and
expressions of key genes involved in the lipid metabolism.
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Abbreviations


B. longum Bifidobacterium longum
L. plantarum Lactobacillus plantarum
B. bifidum Bifidobacterium bifidum
L. rhamnosus Lactobacillus rhamnosus
BSH Bile salt hydrolysis
FXR farnesoid X receptor
SHP small heterodimer partner
CYP7A1 cholesterol 7α-hydroxylase
LXR liver X receptor
SREBP2 sterol regulatory element binding protein 2
LDLR low density lipoprotein receptor


References
1. Gielen, S.; Landmesser, U. The Year in Cardiology 2013: Cardiovascular disease prevention. Eur. Heart J. 2014, 35, 307–312.


[CrossRef] [PubMed]
2. Hu, S.S.; Kong, L.Z.; Gao, R.L.; Zhu, M.L.; Wang, W.; Wang, Y.J.; Wu, Z.S.; Chen, W.W.; Liu, M.B. Outline of the Report on


Cardiovascular Disease in China, 2010. Biomed. Environ. Sci. 2012, 25, 251–256. [PubMed]
3. Zhao, D.; Liu, J.; Wang, M.; Zhang, X.; Zhou, M. Epidemiology of cardiovascular disease in China: Current features and


implications. Nat. Rev. Cardiol. 2019, 16, 203–212. [CrossRef] [PubMed]
4. Sayin, S.I.; Wahlstrom, A.; Felin, J.; Jantti, S.; Marschall, H.U.; Bamberg, K.; Angelin, B.; Hyotylainen, T.; Oresic, M.; Backhed, F.


Gut microbiota regulates bile acid metabolism by reducing the levels of tauro-beta-muricholic acid, a naturally occurring FXR
antagonist. Cell Metab. 2013, 17, 225–235. [CrossRef] [PubMed]


5. Houston, D.K.; Ding, J.; Lee, J.S.; Garcia, M.; Kanaya, A.M.; Tylavsky, F.A.; Newman, A.B.; Visser, M.; Kritchevsky, S.B. Dietary
fat and cholesterol and risk of cardiovascular disease in older adults: The Health ABC Study. Nutr. Metab. Cardiovasc. 2011, 21,
430–437. [CrossRef] [PubMed]


6. Larsson, S.C.; Virtamo, J.; Wolk, A. Dietary fats and dietary cholesterol and risk of stroke in women. Atherosclerosis 2012, 221,
282–286. [CrossRef]


7. Davis, C.E.; Rifkind, B.M.; Brenner, H.; Gordon, D.J. A single cholesterol measurement underestimates the risk of coronary
heart disease. An empirical example from the Lipid Research Clinics Mortality Follow-up Study. JAMA 1990, 264, 3044–3046.
[CrossRef]


8. Grundy, S.M. Atherosclerosis imaging and the future of lipid management. Circulation 2004, 110, 3509–3511. [CrossRef]
9. Kim, H.; Kim, D.-H.; Seo, K.-H.; Chon, J.-W.; Nah, S.-Y.; Bartley, G.E.; Arvik, T.; Lipson, R.; Yokoyama, W. Modulation of the


Intestinal Microbiota Is Associated with Lower Plasma Cholesterol and Weight Gain in Hamsters Fed Chardonnay Grape Seed
Flour. J. Agric. Food Chem. 2015, 63, 1460–1467. [CrossRef]


10. Dunn-Emke, S.; Weidner, G.; Ornish, D. Benefits of a low-fat plant-based diet. Obes. Res. 2001, 9, 731. [CrossRef]



http://doi.org/10.1093/eurheartj/eht551

http://www.ncbi.nlm.nih.gov/pubmed/24385374

http://www.ncbi.nlm.nih.gov/pubmed/22840574

http://doi.org/10.1038/s41569-018-0119-4

http://www.ncbi.nlm.nih.gov/pubmed/30467329

http://doi.org/10.1016/j.cmet.2013.01.003

http://www.ncbi.nlm.nih.gov/pubmed/23395169

http://doi.org/10.1016/j.numecd.2009.11.007

http://www.ncbi.nlm.nih.gov/pubmed/20338738

http://doi.org/10.1016/j.atherosclerosis.2011.12.043

http://doi.org/10.1001/jama.1990.03450230080033

http://doi.org/10.1161/01.CIR.0000151100.28000.B3

http://doi.org/10.1021/jf5026373

http://doi.org/10.1038/oby.2001.100





Int. J. Mol. Sci. 2021, 22, 1305 16 of 17


11. Tong, X.; Xu, J.; Lian, F.; Yu, X.; Zhao, Y.; Xu, L.; Zhang, M.; Zhao, X.; Shen, J.; Wu, S.; et al. Structural Alteration of Gut Microbiota
during the Amelioration of Human Type 2 Diabetes with Hyperlipidemia by Metformin and a Traditional Chinese Herbal
Formula: A Multicenter, Randomized, Open Label Clinical Trial. mBio 2018, 9, e0239217. [CrossRef] [PubMed]


12. Ma, H.; Zhang, B.; Hu, Y.; Wang, J.; Liu, J.; Qin, R.; Lv, S.; Wang, S. Correlation Analysis of Intestinal Redox State with the
Gut Microbiota Reveals the Positive Intervention of Tea Polyphenols on Hyperlipidemia in High Fat Diet Fed Mice. J. Agric.
Food Chem. 2019, 67, 7325–7335. [CrossRef] [PubMed]


13. Liu, H.; Pan, L.L.; Lv, S.; Yang, Q.; Zhang, H.; Chen, W.; Lv, Z.; Sun, J. Alterations of Gut Microbiota and Blood Lipidome in
Gestational Diabetes Mellitus with Hyperlipidemia. Front. Physiol. 2019, 10, 1015. [CrossRef] [PubMed]


14. Costabile, A.; Buttarazzi, I.; Kolida, S.; Quercia, S.; Baldini, J.; Swann, J.R.; Brigidi, P.; Gibson, G.R. An in vivo assessment of
the cholesterol-lowering efficacy of Lactobacillus plantarum ECGC 13110402 in normal to mildly hypercholesterolaemic adults.
PLoS ONE 2017, 12, e0187964. [CrossRef]


15. Jones, M.L.; Martoni, C.J.; Parent, M.; Prakash, S. Cholesterol-lowering efficacy of a microencapsulated bile salt hydrolase-active
Lactobacillus reuteri NCIMB 30242 yoghurt formulation in hypercholesterolaemic adults. Br. J. Nutr. 2012, 107, 1505–1513.
[CrossRef]


16. Al-Sheraji, S.H.; Amin, I.; Azlan, A.; Manap, M.Y.; Hassan, F.A. Effects of Bifidobacterium longum BB536 on lipid profile and
histopathological changes in hypercholesterolaemic rats. Benef. Microbes 2015, 6, 661–668. [CrossRef]


17. Fuentes, M.C.; Lajo, T.; Carrion, J.M.; Cune, J. Cholesterol-lowering efficacy of Lactobacillus plantarum CECT 7527, 7528 and 7529
in hypercholesterolaemic adults. Br. J. Nutr. 2013, 109, 1866–1872. [CrossRef]


18. Guardamagna, O.; Amaretti, A.; Puddu, P.E.; Raimondi, S.; Abello, F.; Cagliero, P.; Rossi, M. Bifidobacteria supplementation:
Effects on plasma lipid profiles in dyslipidemic children. Nutrition 2014, 30, 831–836. [CrossRef]


19. Hatakka, K.; Mutanen, M.; Holma, R.; Saxelin, M.; Korpela, R. Lactobacillus rhamnosus LC705 Together with Propionibacterium
freudenreichii ssp shermanii JS Administered in Capsules Is Ineffective in Lowering Serum Lipids. J. Am. Coll. Nutr. 2008, 27,
441–447. [CrossRef]


20. Zhao, X.; Higashikawa, F.; Noda, M.; Kawamura, Y.; Matoba, Y.; Kumagai, T.; Sugiyama, M. The Obesity and Fatty Liver Are
Reduced by Plant-Derived Pediococcus pentosaceus LP28 in High Fat Diet-Induced Obese Mice. PLoS ONE 2012, 7, 0030696.
[CrossRef]


21. Ruscica, M.; Pavanello, C.; Gandini, S.; Macchi, C.; Botta, M.; Dall’Orto, D.; del Puppo, M.; Bertolotti, M.; Bosisio, R.; Mombelli, G.;
et al. Nutraceutical approach for the management of cardiovascular risk—A combination containing the probiotic Bifidobacterium
longum BB536 and red yeast rice extract: Results from a randomized, double-blind, placebo-controlled study. Nutr. J. 2019, 18, 13.
[CrossRef] [PubMed]


22. Park, A.J.; Bercik, P.; Huang, X.; Blennerhassett, P.; Sinclair, D.D.; Lu, J.; Deng, Y.; Bergonzelli, G.; McLean, P.; Collins, S.M.; et al.
The anxiolytic effect of Bifidobacterium longum NCC3001 involves vagal pathways for gut–brain communication. Gastroenterology
2011, 140, S18–S19. [CrossRef]


23. Wang, B.T.; Ducker, G.S.; Barczak, A.J.; Barbeau, R.; Erle, D.J.; Shokat, K.M. The mammalian target of rapamycin regulates
cholesterol biosynthetic gene expression and exhibits a rapamycin-resistant transcriptional profile. Proc. Natl. Acad. Sci. USA
2011, 108, 15201–15206. [CrossRef] [PubMed]


24. Carstea, E.D.; Morris, J.A.; Coleman, K.G.; Loftus, S.K.; Zhang, D.; Cummings, C.; Gu, J.Z.; Rosenfeld, M.A.; Pavan, W.J.; Krizman,
D.B. Niemann-Pick C1 disease gene: Homology to mediators of cholesterol homeostasis. Science 1997, 277, 228–231. [CrossRef]


25. Yang, L.; Zhu, Y.; Zhong, S.; Zheng, G. Astilbin lowers the effective caffeine dose for decreasing lipid accumulation via activating
AMPK in high-fat diet-induced obese mice. J. Sci. Food Agric. 2020, 573–581.


26. Schneider, K.M.; Albers, S.; Trautwein, C. Role of bile acids in the gut-liver axis. J. Hepatol. 2018, 68, 1083–1085. [CrossRef]
27. Michael, D.R.; Davies, T.S.; Moss, J.W.E.; Calvente, D.L.; Ramji, D.P.; Marchesi, J.R.; Pechlivanis, A.; Plummer, S.F.; Hughes, T.R.


The anti-cholesterolaemic effect of a consortium of probiotics: An acute study in C57BL/6J mice. Sci. Rep. 2017, 7, 2883. [CrossRef]
28. Gruber, J.; Kennedy, B.K. Microbiome and Longevity: Gut Microbes Send Signals to Host Mitochondria. Cell 2017, 169, 1168–1169.


[CrossRef]
29. George, K.S.; Munoz, J.; Akhavan, N.S.; Foley, E.M.; Siebert, S.C.; Tenenbaum, G.; Khalil, D.A.; Chai, S.C.; Arjmandi, B.H. Is soy


protein effective in reducing cholesterol and improving bone health? Food Funct. 2020, 11, 544–551. [CrossRef]
30. Chen, X.C.; Huang, L.L.; Chang, T.H.A.; Ong, B.L.; Ong, S.L.; Hu, J.Y. Plant Traits for Phytoremediation in the Tropics. Engineering


2019, 5, 841–848. [CrossRef]
31. Bove, M.; Cicero, A.F.G.; Borghi, C. Emerging drugs for the treatment of hypercholesterolemia. Expert Opin. Emerg. Drugs 2019,


24, 63–69. [CrossRef] [PubMed]
32. Araki, E.; Yamashita, S.; Arai, H.; Yokote, K.; Satoh, J.; Inoguchi, T.; Nakamura, J.; Maegawa, H.; Yoshioka, N.; Tanizawa, Y.; et al.


Effects of Pemafibrate, a Novel Selective PPARα Modulator, on Lipid and Glucose Metabolism in Patients with Type 2 Diabetes
and Hypertriglyceridemia: A Randomized, Double-Blind, Placebo-Controlled, Phase 3 Trial. Diabetes Care 2018, 41, 538–546.
[CrossRef] [PubMed]


33. Zhao, D.; Zhu, H.; Gao, F.; Qian, Z.; Mao, W.; Yin, Y.; Tan, J.; Chen, D. Antidiabetic effects of selenium-enriched Bifidobacterium
longum DD98 in type 2 diabetes model of mice. Food Funct. 2020, 11, 6528–6541. [CrossRef]



http://doi.org/10.1128/mBio.02392-17

http://www.ncbi.nlm.nih.gov/pubmed/29789365

http://doi.org/10.1021/acs.jafc.9b02211

http://www.ncbi.nlm.nih.gov/pubmed/31184120

http://doi.org/10.3389/fphys.2019.01015

http://www.ncbi.nlm.nih.gov/pubmed/31447702

http://doi.org/10.1371/journal.pone.0187964

http://doi.org/10.1017/S0007114511004703

http://doi.org/10.3920/BM2014.0032

http://doi.org/10.1017/S000711451200373X

http://doi.org/10.1016/j.nut.2014.01.014

http://doi.org/10.1080/07315724.2008.10719723

http://doi.org/10.1371/journal.pone.0030696

http://doi.org/10.1186/s12937-019-0438-2

http://www.ncbi.nlm.nih.gov/pubmed/30795775

http://doi.org/10.1016/S0016-5085(11)60072-3

http://doi.org/10.1073/pnas.1103746108

http://www.ncbi.nlm.nih.gov/pubmed/21876130

http://doi.org/10.1126/science.277.5323.228

http://doi.org/10.1016/j.jhep.2017.11.025

http://doi.org/10.1038/s41598-017-02889-5

http://doi.org/10.1016/j.cell.2017.05.048

http://doi.org/10.1039/C9FO01081E

http://doi.org/10.1016/j.eng.2019.07.019

http://doi.org/10.1080/14728214.2019.1591372

http://www.ncbi.nlm.nih.gov/pubmed/30841759

http://doi.org/10.2337/dc17-1589

http://www.ncbi.nlm.nih.gov/pubmed/29298800

http://doi.org/10.1039/D0FO00180E





Int. J. Mol. Sci. 2021, 22, 1305 17 of 17


34. Ballantyne, C.M.; Banach, M.; Mancini, G.B.J.; Lepor, N.E.; Hanselman, J.C.; Zhao, X.; Leiter, L.A. Efficacy and safety of bempedoic
acid added to ezetimibe in statin-intolerant patients with hypercholesterolemia: A randomized, placebo-controlled study.
Atherosclerosis 2018, 277, 195–203. [CrossRef] [PubMed]


35. Wang, F.; Huang, G.H.; Cai, D.; Li, D.L.; Liang, X.L.; Yu, T.; Shen, P.H.; Su, H.Y.; Liu, J.D.; Gu, H.C.; et al. Qualitative and
Semiquantitative Analysis of Fecal Bifidobacterium Species in Centenarians Living in Bama, Guangxi, China. Curr. Microbiol.
2015, 71, 143–149. [CrossRef] [PubMed]


36. Drago, L.; Toscano, M.; Rodighiero, V.; de Vecchi, E.; Mogna, G. Cultivable and Pyrosequenced Fecal Microflora in Centenarians
and Young Subjects. J. Clin. Gastroenterol. 2012, 46, S81–S84. [CrossRef]


37. Jiang, J.C.; Wu, C.E.; Zhang, C.C.; Zhao, J.X.; Yu, L.L.; Zhang, H.; Arjan, N.; Chen, W.; Zhai, Q.X. Effects of probiotic supplementa-
tion on cardiovascular risk factors in hypercholesterolemia: A systematic review and meta-analysis of randomized clinical trial.
J. Funct. Foods. 2020, 74, 104177. [CrossRef]


38. Jones, M.L.; Tomaro-Duchesneau, C.; Martoni, C.J.; Prakash, S. Cholesterol lowering with bile salt hydrolase-active probiotic
bacteria, mechanism of action, clinical evidence, and future direction for heart health applications. Expert Opin. Biol. Ther. 2013,
13, 631–642. [CrossRef]


39. Choi, E.A.; Chang, H.C. Cholesterol-lowering effects of a putative probiotic strain Lactobacillus plantarum EM isolated from
kimchi. LWT Food Sci. Technol. 2015, 62, 210–217. [CrossRef]


40. Song, W.; Song, C.; Shan, Y.; Lu, W.; Zhang, J.; Hu, P.; Wu, X.; Li, L.; Guo, S. The antioxidative effects of three lactobacilli on
high-fat diet induced obese mice. RSC Adv. 2016, 6, 65808–65815. [CrossRef]


41. Wang, G.; Huang, W.; Xia, Y.; Xiong, Z.; Ai, L. Cholesterol-lowering potentials of Lactobacillus strain overexpression of bile salt
hydrolase on high cholesterol diet-induced hypercholesterolemic mice. Food Funct. 2019, 10, 1684–1695. [CrossRef] [PubMed]


42. Horie, T.; Ono, K.; Horiguchi, M.; Nishi, H.; Nakamura, T.; Nagao, K.; Kinoshita, M.; Kuwabara, Y.; Marusawa, H.;
Iwanaga, Y.; et al. MicroRNA-33 encoded by an intron of sterol regulatory element-binding protein 2 (Srebp2) regulates HDL
in vivo. Proc. Natl. Acad. Sci. USA 2010, 107, 17321–17326. [CrossRef] [PubMed]


43. Zhang, H.L.; Wu, Q.X.; Qin, X.M. Camellia nitidissima Chi flower extract alleviates obesity and related complications and
modulates gut microbiota composition in rats with high-fat-diet-induced obesity. J. Sci. Food Agric. 2020, 100, 4378–4389.
[CrossRef] [PubMed]


44. Wang, J.; Tang, H.; Zhang, C.; Zhao, Y.; Derrien, M.; Rocher, E.; van Hylckama, J.E.V.; Strissel, K.; Zhao, L.; Obin, M.; et al.
Modulation of gut microbiota during probiotic-mediated attenuation of metabolic syndrome in high fat diet-fed mice. ISME J.
2015, 9, 1–15. [CrossRef]


45. Martinez, I.; Perdicaro, D.J.; Brown, A.W.; Hammons, S.; Carden, T.J.; Carr, T.P.; Eskridge, K.M.; Walter, J. Diet-Induced Alterations
of Host Cholesterol Metabolism Are Likely To Affect the Gut Microbiota Composition in Hamsters. Appl. Environ. Microb. 2013,
79, 516–524. [CrossRef]


46. Jiang, J.; Feng, N.; Zhang, C.; Liu, F.; Zhao, J.; Zhang, H.; Zhai, Q.; Chen, W. Lactobacillus reuteri A9 and Lactobacillus
mucosae A13 isolated from Chinese superlongevity people modulate lipid metabolism in a hypercholesterolemia rat model.
FEMS Microbiol. Lett. 2019, 366, 24. [CrossRef]


47. Everard, A.; Belzer, C.; Geurts, L.; Ouwerkerk, J.P.; Druart, C.; Bindels, L.B.; Guiot, Y.; Derrien, M.; Muccioli, G.G.;
Delzenne, N.M.; et al. Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity.
Proc. Natl. Acad. Sci. USA 2013, 110, 9066–9071. [CrossRef]


48. Dennis-Wall, J.C.; Culpepper, T.; Nieves, C., Jr.; Rowe, C.C.; Burns, A.M.; Rusch, C.T.; Federico, A.; Ukhanova, M.; Waugh,
S.; Mai, V.; et al. Probiotics (Lactobacillus gasseri KS-13, Bifidobacterium bifidum G9-1, and Bifidobacterium longum MM-2)
improve rhinoconjunctivitis-specific quality of life in individuals with seasonal allergies: A double-blind, placebo-controlled,
randomized trial. Am. J. Clin. Nutr. 2017, 105, 758–767. [CrossRef]


49. Guo, C.F.; Li, J.Y. A combination of Tween 80 with CaCl2 enhances the hypocholesterolemic activity of bile salt hydrolase-active
Lactobacillus casei F0422 in rats fed a cholesterol-rich diet. J. Funct. Foods 2014, 9, 131–140. [CrossRef]


50. Miremadi, F.; Ayyash, M.; Sherkat, F.; Stojanovska, L. Cholesterol reduction mechanisms and fatty acid composition of cellular
membranes of probiotic Lactobacilli and Bifidobacteria. J. Funct. Foods 2014, 9, 295–305. [CrossRef]


51. Tulumoglu, S.; Kaya, H.I.; Simsek, O. Probiotic characteristics of Lactobacillus fermentum strains isolated from tulum cheese.
Anaerobe 2014, 30, 120–125. [CrossRef] [PubMed]


52. Franz, C.M.; Specht, I.; Haberer, P.; Holzapfel, W.H. Bile salt hydrolase activity of Enterococci isolated from food: Screening and
quantitative determination. J. Food Prot. 2001, 64, 725–729. [CrossRef] [PubMed]


53. Elizabeth Hansbury, T.J.S. Resolution of desmosterol, cholesterol, and other sterol intermediates by reverse-phase highpressure
liquid chromatography. J. Lipid Res. 1978, 19, 742–746. [CrossRef]


54. Kuo, S.-M.; Merhige, P.M.; Hagey, L.R. The Effect of Dietary Prebiotics and Probiotics on Body Weight, Large Intestine Indices,
and Fecal Bile Acid Profile in Wild Type and IL10-/- Mice. PLoS ONE 2013, 8, 0060270. [CrossRef]


55. Caporaso, J.G.; Kuczynski, J.; Stombaugh, J.; Bittinger, K.; Bushman, F.D.; Costello, E.K.; Fierer, N.; Peña, A.G.; Goodrich, J.K.;
Gordon, J.I.; et al. QIIME allows analysis of high-throughput community sequencing data. Nat. Methods 2010, 7, 335. [CrossRef]



http://doi.org/10.1016/j.atherosclerosis.2018.06.002

http://www.ncbi.nlm.nih.gov/pubmed/29910030

http://doi.org/10.1007/s00284-015-0804-z

http://www.ncbi.nlm.nih.gov/pubmed/26003628

http://doi.org/10.1097/MCG.0b013e3182693982

http://doi.org/10.1016/j.jff.2020.104177

http://doi.org/10.1517/14712598.2013.758706

http://doi.org/10.1016/j.lwt.2015.01.019

http://doi.org/10.1039/C6RA06389F

http://doi.org/10.1039/C8FO02181C

http://www.ncbi.nlm.nih.gov/pubmed/30839966

http://doi.org/10.1073/pnas.1008499107

http://www.ncbi.nlm.nih.gov/pubmed/20855588

http://doi.org/10.1002/jsfa.10471

http://www.ncbi.nlm.nih.gov/pubmed/32378213

http://doi.org/10.1038/ismej.2014.99

http://doi.org/10.1128/AEM.03046-12

http://doi.org/10.1093/femsle/fnz254

http://doi.org/10.1073/pnas.1219451110

http://doi.org/10.3945/ajcn.116.140012

http://doi.org/10.1016/j.jff.2014.04.014

http://doi.org/10.1016/j.jff.2014.05.002

http://doi.org/10.1016/j.anaerobe.2014.09.015

http://www.ncbi.nlm.nih.gov/pubmed/25270832

http://doi.org/10.4315/0362-028X-64.5.725

http://www.ncbi.nlm.nih.gov/pubmed/11348009

http://doi.org/10.1016/S0022-2275(20)41275-1

http://doi.org/10.1371/journal.pone.0060270

http://doi.org/10.1038/nmeth.f.303





	
	
	
	
	
	


Attachment		
II965.1-CBI.2.1-A8	


	
	
	
	
	
	







Usefulness of Bifidobacterium longum BB536 in Elderly
Individuals With Chronic Constipation: A Randomized
Controlled Trial
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INTRODUCTION: Few reports exist regarding the therapeutic effects of probiotics on chronic constipation in elderly


individuals. This study evaluated the effects of Bifidobacterium longum BB536 in elderly individuals


with chronic constipation.
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METHODS: This was a randomized, double-blind placebo-controlled, parallel-group superiority trial in Japan


(UMIN 000033031). Eighty older adults diagnosed with chronic constipation were randomly assigned


(1:1) to receive either probiotics (B. longum BB536, 53 1010 colony-forming unit, n5 39) or placebo


(n541) once daily for up to 4 weeks. The severity of constipation was evaluated using the Constipation


Scoring System. The primary end point was the difference in the changes from baseline in the


constipation scoring system total score between the 2 groups at week 4.


RESULTS: A total of 79 patients (mean age of 77.9 years), including 38 patients in the BB536 group and 41 in the


placebo group, completed the study. The primary end point was not significant (P5 0.074), although


there was significant improvement (P < 0.01) in the BB536 group from baseline to week 4, but there


were no significant changes in the placebo group. There was a significant difference and a tendency


toward a difference in the changes from baseline on the stool frequency (P 5 0.008) and failure of


evacuation (P5 0.051) subscales, respectively, at week 4 between the 2 groups. Few adverse events


related to the probiotics were observed.


DISCUSSION: The primary end points were not significant. However, probiotic supplementation significantly


improved bowel movements. These results suggest thatB. longumBB536 supplementation is safe and


partially effective for improving chronic constipation in elderly individuals.


SUPPLEMENTARYMATERIAL accompanies this paper at http://links.lww.com/AJG/C704, http://links.lww.com/AJG/C705, http://links.lww.com/AJG/C706, http://links.


lww.com/AJG/C707, http://links.lww.com/AJG/C708, http://links.lww.com/AJG/C709


Am J Gastroenterol 2023;118:561–568. https://doi.org/10.14309/ajg.0000000000002028


INTRODUCTION
Chronic constipation is one of themain obstacles to healthy longevity
in the world’s aging society. A meta-analysis showed that the preva-
lence of chronic constipation is 10.1% when Rome IV criteria were
used, and the incidence increases with age (1,2). The number of
patients with chronic constipation is expected to increase in the fu-
ture, and it has been reported that patients with chronic constipation
have a worse prognosis (3,4). In daily clinical practice, constipation
care is not always considered important, and we encounter elderly
patients who are reluctant to go out into social environments for fear
of abdominal pain, bloating, or diarrhea when laxatives are used.
Stimulant laxatives are relatively common,butwhenusedchronically,
they have several side effects, including abdominal pain, diarrhea, and
the development of tolerance (5). There is increasing clinical evidence
that probiotics are effective for gastrointestinal disorders, although
evidence is still insufficient to support the routine clinical use of
probiotics with the exception of acute infectious diarrhea, antibiotic-
associated diarrhea, Clostridium difficile–associated diarrhea, and
necrotizing enterocolitis in preterm infants with fewer side effects
(2,6). In addition, there is no sufficient evidence for the effects of
probiotics on chronic constipation, especially in elderly individuals.


In recent years, reports using next-generation sequencing
have shown that the amount of bifidobacteria is reduced in the
stools of elderly individuals (7). The relationship between chronic
constipation and gut microbiota has attracted attention. Bifido-
bacterium longum BB536, originally isolated from a healthy in-
fant, is a clinically effective, well-established, multifunctional
probiotic that has a long history of human use in alleviating
gastrointestinal, immunological, and infectious diseases (8). B.
longum BB536 has been found to be effective for abnormal bowel
movements when givenwith dairy products (9). In comparison to
standard yogurt fermented with starter cultures (Streptococcus
thermophilus and Lactobacillus bulgaricus), supplementation of
BB536 yogurt (fermented with starter cultures plus B. longum
BB536) led to an increased abundance of Bifidobacterium and


improved intestinal environments (such as lowered fecal levels of
ammonia and increased levels of short chain and volatile acids)
(9,10). The powdered form of this strain has been reported to be
useful for elderly patients receiving enteral feeding (11). In this
study, Kondo et al. reported that there was no intergroup dif-
ference in the overall frequency of defecation for either treatment,
but subgroup analyses based on the baseline frequency of defe-
cation revealed significant increases in bowel movements in pa-
tients with a low frequency of defecation and significant decreases
in the bowel movements of patients with a high frequency after
the intervention in the BB536 groups. Nevertheless, the efficacy of
BB536 powder for chronic constipation in elderly patients un-
dergoing outpatient care and the changes in the gut microbiota
caused by probiotic administration have not been investigated in
detail. Therefore, we aimed to perform a double-blind, random-
ized, controlled trial of this strain to verify its efficacy.


METHODS
Design overview


This study was performed with the approval of the ethical com-
mittee of Juntendo University and was based on the tenets of the
Declaration of Helsinki. Informed consent was obtained from
each participant. This study is registered at the University Hos-
pital Medical Research Network, number UMIN000033031.


Setting and participants


This study was conducted on outpatients attending the De-
partment of Gastroenterology at the Juntendo Tokyo Koto Ge-
riatric Medical Center. The inclusion criteria were as follows: (i)
male and female patients aged 65 years or older at the time of
consent, (ii) patients diagnosed with functional constipation or
constipated irritable bowel syndrome according to the Rome IV
diagnostic criteria, (iii) patients who were diagnosed with a
Constipation Scoring System (CSS) score of 6 or higher, and (iv)
patients who providedwritten informed consent for participation
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in this study. The exclusion criteria were as follows: (i) organic
constipation due to colorectal cancer, colorectal or anal stenosis, a
rectal mass or rectal overload, pseudo bowel obstruction, or a
giant rectum; (ii) neurological disease due to a spinal cord lesion,
cerebral infarction, Parkinson disease, or multiple sclerosis; (iii)
diabetes mellitus, hypercalcemia, hypokalemia, hypomagnese-
mia, hypothyroidism, or uremia; (iv) use of opioids, anticholin-
ergics, calcium channel blockers, anticonvulsants, psychotropic
drugs, antispasmodics, histamine H1-receptor antagonists, or
antiemetics; (v) amyloidosis, systemic scleroderma, or heavy
metal poisoning; (vi) serious cerebrovascular disease, hepatic
disease, renal disease, gastrointestinal disease, endocrine/
metabolic disease, an infectious disease requiring notification, a
history of cancer of the digestive system, currently receiving
treatment/medication for the disease, a history of major surgery
in the digestive system such as gastrectomy, gastrointestinal su-
turing, or intestinal resection, or digestive disorders such as in-
fectious enteritis or inflammatory bowel syndrome; (vii) the
regular use of medications that affect their bowel movements
(antibiotics, bowel control, antidiarrheals, etc.), or certain health
foods and supplements (lactic acid bacteria, bifidobacteria, oli-
gosaccharides, dietary fiber, etc); (viii) significant abnormalities
in blood pressure/blood tests, severe anemia, or allergies to drugs
or foods; (ix) excessive smoking, regular use of alcohol, an ir-
regular diet, an abnormal sleep cycle, or other lifestyle abnor-
malities; and (x) in addition to the above, the principal
investigator may deem any patient to be ineligible.


Randomization, intervention, and evaluations


After the assessment for eligibility, randomization was conducted
using random permuted blocks of the participants after they were
stratifiedby sex (male vs female) andCSS score ($9vs,9) to ensure
a balanced allocationof theparticipants in theprobiotic (BB536) and
placebo groups. Sachets containing lyophilized powder of B. longum
BB536 (5 3 1010 colony-forming unit or more, 2 g/package) or
placebo were prepared as previously described (8). Each participant
consumed 1 probiotic or placebo sachet daily for 4 weeks and was
asked to participate in 4 weeks of postobservation. All of the mem-
bers of the research team were unaware of the allocated sequence
until the end of the study and when the database was locked.


The patients were assessed by 2 questionnaires: the CSS (12)
(see Supplementary Table 1, http://links.lww.com/AJG/C706)
and frequency scale for the symptoms of gastrointestinal reflux
disease (FSSG; gastrointestinal reflux disease [GERD]) (13). The
questionnaires were given to the patients at the outpatient visits
before (baseline, week 0) and after (week 4) the initiation of the
intervention and at the end of the period (week 8). The CSS
questionnaire evaluated a total of 8 items, including (i) frequencyof
bowel movements, (ii) difficulty: painful evacuation effort, (iii)
completeness: feeling incomplete evacuation, (iv) pain: abdominal
pain, (v) time:minutes in lavatory per attempt, (vi) assistance: type
of assistance (laxatives, enemas, or manual maneuvers), (vii) fail-
ure: unsuccessful attempts for evacuation every 24 hours, and (viii)
history: duration of constipation (years). The scores of the 8 items
were summarized as the total CSS score. The FSSG scale, which
included a total of 12 items, was used to evaluate the symptoms of
GERD. The changes in the patients’ scores from baseline to week 4
and week 8 were also examined. The total CSS after intervention
(week 4) was the primary end point, and the FSSG total score and
the subscale scores of CSS and GERD as well as the changed scores
from baseline were the secondary end points.


FecalDNApreparation,microbiota analysis, andmicrobiota function


Fecal samples were collected before and after the intervention. The
fecal DNA preparation andmicrobiota analysis were performed as
previously described (14). In brief, the fecal samples were collected
using Techno Suruga stool collection kit brush type at week 0 and
week 4.DNAwas extracted fromthe fecal samples, and the purified
DNA was suspended in 2,000 mL of Tris-EDTA buffer (pH 8.0).
Polymerase chain reaction amplification and DNA sequencing of
the V3–V4 region of the bacterial 16S rRNA gene were performed
on an Illumina MiSeq instrument (Illumina, San Diego, CA) as
previously described (15). After removing the sequences consistent
with the data from the Genome Reference Consortium human
build 38 (GRCh38) and the phiX reads from the raw Illumina
paired-end reads, the sequences were analyzed using the QIIME2
software package (version 2017.10) (1). Potential chimeric se-
quences were removed using Divisive Amplicon Denoising Algo-
rithm2 (DADA2) (16), and30and90baseswere trimmed fromthe
30 regions of the forward and reverse reads, respectively. The
taxonomical classification was performed using the naive Bayes
classifier that had been trainedon theGreengenes 13.8 data setwith
a 99% sequence similarity threshold for full-length operational
taxonomic units. A principal coordinate analysis based on the
Bray‒Curtis distance was performed using Quantitative Insights
Into Microbial Ecology 2 (QIIME2) software. Phylogenetic In-
vestigation of Communities by Reconstruction of Unobserved
States 2 (PICRUSt2) (17) was used to infer the gut microbial
functional genes based on the microbiota composition of 16S
rRNA gene sequences with default settings.


Statistical analysis


Assuming that the treatment effect is expected to be equivalent to
that of a previous study that investigated the efficacy of a tradi-
tional Japanese medicine in improving functional constipation
(18), the group difference in the CSS mean of the pretreatment
and posttreatment differences was set as 22.5, the SD of the
measurements as 4, the correlation coefficient between the pre-
treatment and posttreatment measurements as 0.6, and the SD of
the pretreatment and posttreatment differences as 3.58. There-
fore, to detect a difference of 22.5 between the groups and to
obtain 80% power by the 2-sample t test, 34 participants in each
group (68 participants in total) were needed. After considering
patient dropouts and other factors, we increased the number of
participants by approximately 15%, making a total of 80 partic-
ipants the target number of cases.


Once the data collection was completed, all data were fixed
before the code-breaking. The primary end point was the differ-
ence in the changes from baseline in the CSS total score between
the 2 groups at week 4. The changes from baseline were compared
between the probiotic and placebo groups using the Wilcoxon
rank-sum test. Moreover, the intragroup changes in the values
between the baseline and after intervention were tested using the
Wilcoxon signed-rank test. The statistical analysis was performed
using SAS software version 9.4 (SAS Institute, Cary, NC) for the
gastrointestinal data and R software ver. 3.6.0 for the gut
microbiota data, with significance set at P , 0.05.


RESULTS
Ninety-six patients were evaluated for eligibility, and 80 were
randomly assigned (Figure 1). There were 80 patients (M/F: 36/
44, mean age 77.9 years), including 39 patients in the probiotic
group and 41 in the placebo group, and there were no differences
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in the patient backgrounds between the groups (Table 1). One
patient in the probiotic group dropped out because of difficulty in
going to the hospital, which left 38 patients in the probiotic group
and 41 patients in the placebo group who were evaluated. In both
groups, the dose rate was almost 80% or more.


Bowel movements


Table 2 shows the results of theCSS. Significant improvementwas
observed in the CSS score from baseline to weeks 4 (after the
intervention, P , 0.01) and 8 (after the postobservation period,
P , 0.05) in the probiotic group, but there were no significant
changes in the placebo group; however, no intergroup difference
was observed. Therewas a tendency for a difference in the changes
in the CSS scores from baseline to after the intervention between
the 2 groups (week 4, P 5 0.074, Figure 2a). There were several
items that tended to be improved after the treatment in the
probiotic group, but these itemswere not improved in the placebo
group; a significant intergroup difference was observed in failure
of evacuation (unsuccessful attempts for evacuation per 24 hours)
after the intervention (week 4). In addition, there were intergroup
differences in the changes in the subscale items at week 4 from


baseline, such as the stool frequency (P 5 0.008) and failure of
evacuation (P 5 0.051).


On the FSSG scale (Table 3), no improvement was observed in
the placebo group, but improvements were observed in the
heartburn and the treatment getting stuck while swallowing sub-
scales in the probiotic group after the intervention (P , 0.05). In
the intergroup comparison of the variable values, the heartburn
(P 5 0.089) and feeling sick after meals (P 5 0.075) subscales
tended to improve after 4 weeks of intake compared with the
placebo group. Interestingly, although there was no significant
difference after the intervention (week 4), improvement of the
symptom scores was observed at the postintervention assessment
(week 8) for stomach bloating (P 5 0.032), unusual sensation in
throat (P5 0.039), and getting stuck while swallowing (P5 0.057)
in theprobiotic group comparedwith theplacebogroup.Therewas
no significant change in the total FSSG score after the intervention
(week 4) in the placebo group, but a significant improvement was
observed in the probiotic group (P, 0.05), with a tendency toward
an intergroup difference (P 5 0.097) at the postintervention as-
sessment (week 8) (Figure 2b).


Gut microbiota and microbiota function


The Bray–Curtis principal coordinate analysis based on the genus
level composition showed no significant difference between the
groups and before and after the treatment intake (Figure 3a). We
found that the relative abundance of Clostridiaceae|g increased
(P5 0.042) and that of Coprococcus decreased (P5 0.045) in the
BB536 group at week 4 compared with baseline (Figure 3b),
although these differences were not significant with false dis-
covery rate (FDR) correction (see Supplementary Table 2,
http://links.lww.com/AJG/C707). We then inferred the gut mi-
crobial functional genes based on the microbiota composition by
PICRUSt2. We found 2 and 14 differential pathways between the
groups at 0 and 4weeks, respectively (see Supplementary Figure 1
and Table 3, http://links.lww.com/AJG/C704, http://links.lww.
com/AJG/C708).We also observed 1 and 3 intragroup differences
between 0 and 4 weeks in the placebo and probiotics groups,
respectively (see Supplementary Appendix Figure 2 and Table 4,
http://links.lww.com/AJG/C705, http://links.lww.com/AJG/C709).
However, these differences in the pathway were not significant with
FDR correction.


Safety


Nodeaths occurred in the trial. One case of diarrheawas observed
during treatment intake in both the BB536 and placebo groups.
Therewere nodifferences in the incidence of serious, total adverse
events, or withdrawals due to adverse events between the BB536
and placebo groups. There were no adverse events secondary to
the administration of the treatment.


DISCUSSION
In this study, we investigated the effects of BB536 on constipation
and abdominal symptoms in elderly patients with chronic con-
stipation using the CSS and FSSG questionnaires. This is the first
randomized controlled trial evaluating BB536 for chronic con-
stipation in elderly outpatients. Although therewas no intergroup
difference in the total CSS (the primary outcome), we observed an
improvement in the patients’ bowel movements and upper ab-
dominal symptoms after 4 weeks of BB536 intake compared with
the placebo group. Interestingly, improvements in the symptom
scores were observed even 4 weeks after treatment intake. To the


Table 1. Patients characteristics at baseline


BB536


(n5 39)


Placebo


(n5 41)


Age (yr) 78.1 6 6.4 77.9 6 6.2


Sex (M/F) 21/18 23/18


BMI (kg/m2) 22.8 6 3.5 22.8 6 3.5


CSS total score 10.26 6 3.29 9.62 6 2.68


Endoscopic examination


Reflux esophagitis (yes) 6 7


Hiatal hernia (yes) 13 14


Atrophic gastritis (yes) 25 27


Helicobacter pylori (no/yes/eradicated) 17/4/18 17/2/22


Medication


PPI 20 20


Laxatives 14 6


IBS therapeutics 0 0


Figure 1. Trial profile.
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best of our knowledge, this is the first study to see a prolonged
effect of probiotics on constipation and upper abdominal
symptoms in elderly patients with chronic constipation. This
prolonged effect may be caused by the improvement of the in-
testinal environment owing to the 4-week probiotic intake.


Previous studies have reported the efficacy of probiotics for
chronic constipation (19,20). A systematic review of chronic con-
stipation in the elderlywas previously reported (21). In a systematic
review, B. longum, B. lactis, Lactobacillus, Bifidobacterium, and
Streptococcuswere administered in combination with a fermented


oat drink or as a powder (11,22,23). However, the patients in these
clinical trials were not diagnosed with chronic constipation, and
these studies included patients who had diarrhea (11). In addition,
the subjects were hospitalized patients or patients who received
tube feeding. Therefore, there are many biases in these studies.


Bifidobacterium has been reported to promote intestinal
peristalsis through the production of short-chain fatty acids such
as acetic acid (24–26). These short-chain fatty acids affect the gut
microbiota and improve bowel movement (15). Although we did
notmeasure the change in intestinalmetabolites, previous studies


Table 2. Results of CSS


Probiotic Placebo


Intergroup


comparison


Baseline


(wk 0)


After


ingestion


(wk 4)


4 wk


postingestion


(wk 8)


Baseline


(wk 0)


After


ingestion


(wk 4)


4 wk


postingestion


(wk 8)


P value


for ⊿
wk 4


P value


for ⊿
wk 8


Frequency of bowel movements 0.89 6 0.88 0.47 6 0.94b 0.69 6 1.02 0.54 6 0.71 0.53 6 0.73 0.50 6 0.75 0.008 0.1761


Difficulty: painful evacuation effort 2.00 6 1.29 1.53 6 1.25 1.39 6 1.13b 1.76 6 1.02 1.38 6 1.05 1.32 6 1.11 0.719 0.6700


Completeness: feeling incomplete


evacuation


1.95 6 1.00 1.31 6 1.12b 1.44 6 1.03b 2.05 6 0.84 1.56 6 0.92b 1.51 6 0.95b 0.498 0.8356


Pain: abdominal pain 0.76 6 0.95 0.47 6 0.66 0.66 6 0.87 0.80 6 0.87 0.93 6 1.13 0.88 6 0.99 0.222 0.4363


Time: minutes in lavatory per attempt 1.23 6 0.94 0.78 6 0.72b 0.86 6 0.87a 1.24 6 0.92 1.00 6 0.88b 1.03 6 0.90a 0.116 0.3399


Assistance: type of assistance (laxatives,


enemas, or manual maneuvers)


0.39 6 0.69 0.33 6 0.53 0.42 6 0.65 0.28 6 0.56 0.33 6 0.57 0.37 6 0.62 0.380 0.2615


Failure of evacuation: unsuccessful


attempts for evacuation per 24 hr


0.83 6 0.45 0.61 6 0.96c 0.72 6 0.74 0.85 6 0.42 0.83 6 0.59 0.88 6 0.64 0.051 0.1821


History: duration of constipation 2.22 6 1.42 2.22 6 1.42 2.22 6 1.42 2.02 6 1.11 2.02 6 1.11 2.02 6 1.11 — —


CSS total score 10.26 6 3.29 7.78 6 4.30b 8.43 6 3.52a 9.62 6 2.68 8.57 6 3.41 8.45 6 3.88 0.074 0.1648


Data represent means (with SDs).
CSS, Constipation Scoring System.
aP , 0.05.
bP , 0.01, significant difference from baseline (Wilcoxon signed-rank test).
cP , 0.05, significant difference from the placebo group (Wilcoxon rank-sum test); P value, based on the difference from baseline (Wilcoxon rank-sum test).


Figure 2. Effect ofBifidobacterium longumBB536 administration on the clinical symptoms in elderly individuals with chronic constipation. (a) Changes in
the Constipation Scoring System (CSS) scores from baseline. (b) Changes in the frequency scale for the symptoms of gastrointestinal reflux disease scores
(gastrointestinal reflux disease [GERD]) from baseline. *P, 0.05, **P, 0.01, significant difference from baseline (Wilcoxon signed-rank test); †P, 0.05,
significant difference compared to the placebo group (Wilcoxon rank-sum test).
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have demonstrated effectiveness in the improvement of intestinal
environments, such as increased levels of acetic acid and butyric
acid, by the intake of BB536 yogurt (11). Bifidobacterium is well
known for acetic acid production, and B. longum BB536 has been
demonstrated to promote the level of butyric acid mediated by
crosstalk with other bacteria in the gut microbiota (27–29).
Therefore, B. longumBB536may contribute to an improvement in
defecation abnormalities, such as an improvement in the number
of defecations and defecation difficulties, in these patients.


In recent years, the overlap of functional gastrointestinal dis-
eases has been reported, such as dyspepsia and constipation
(30,31). In functional gastroenteropathy, the effect of inflammation
of the duodenum has been reported (32), and microinflammation
of the mucosa of the gastrointestinal tract is believed to have an
influence. Bifidobacterium has been reported to improve intestinal
barrier function and suppress inflammation (27).B. longumBB536
was reported to be useful for allergic diseases such as hay fever and
is believed to regulate the immune balance through the intestinal
immune system and to suppress inflammation (33). Therefore, it
was believed that the suppression of inflammation improves these
patients’ upper abdominal symptoms as well.


In this study, we did not find a marked change in the gut
microbiota composition after treatment intake. The relative abun-
danceofClostridiaceae| g increasedand that ofCoprococcusdecreased
in the BB536 group atweek 4 comparedwith baseline.We found that
the relative abundance of Coprococcus tended to have a positive
correlationwith theCSS score atweek4 in theBB536group; however,
therewas no obvious difference in the changes in theCSS scores from
baseline between the Coprococcus-increased group and Coprococcus-
decreasedgroup, and therewasnocorrelationofCoprococcuswith the


CSS score at 0 weeks (data not shown). Our data suggest that the
relative abundance of this genus did not seem to affect the CSS score.
This suggests that changes in metabolic and physiological pathways
mediated bybacterial components andmetabolites such as acetic acid
of BB536, rather than changes in the composition of the microbiota,
may affect defecation. Similar observations were made by Kacz-
marczyk et al. (34), who found that probiotic intervention modified
the biochemical and physiological parameters, regardless of changes
in microbiota composition and metabolic function over time.
McNulty et al. (35) observed a change in the metabolic functions of
themicrobiota under the influence of probiotics, despite no change in
its composition. In the present study, PICRUSt2 analysis indicated
more MetaCyc differential pathways between the groups at post-
intervention than at baseline. Four weeks of BB536 intervention also
seems to result in more differential MetaCyc pathways compared
with the placebo group. However, these differences in the pathway
were not significant with FDR correction, and the association with
clinical observation awaits future investigation. On the other hand,
because we could not observe a significant improvement in the total
CSS, the relationship between gutmicrobiota changes and the clinical
efficacy that was observed in the present study awaits further in-
vestigation in studies with a larger sample size.


In this study, we reported that BB536 improved defecation and
some upper abdominal symptoms in elderly patients with chronic
constipation. It was observed that some of the improved symptoms
were maintained even 4 weeks after stopping the probiotics. This
probiotic therapy had very few adverse effects. These results suggest
the safety and usefulness of taking B. longum BB536 for chronic
constipation in elderly individuals.However, several limitations exist
for this study. First, the study included a relatively small number of


Table 3. Results of FSSG


Probiotic Placebo Intergroup comparison


Baseline


(wk 0)


After


ingestion


(wk 4)


4 wk-post


ingestion


(wk 8)


Baseline


(wk 0)


After ingestion


(wk 4)


4 wk-post


ingestion


(wk 8)


P value for


⊿ wk 4


P value for


⊿ wk 8


Heartburn 0.62 6 0.95 0.33 6 0.68a 0.39 6 0.69 0.48 6 0.75 0.51 6 0.71 0.35 6 0.58 0.089 0.597


Stomach get bloated 1.47 6 1.23 1.33 6 1.35 1.03 6 1.15 1.38 6 1.00 1.18 6 0.84 1.37 6 1.07 0.931 0.032


Stomach feel heavy after meals 0.86 6 1.20 0.75 6 1.13 0.69 6 0.98a 0.80 6 0.88 0.80 6 0.91 0.76 6 0.77 0.938 0.472


Subconsciously rub your chest


with your hand


0.57 6 1.09 0.36 6 0.68 0.33 6 0.63 0.44 6 0.87 0.37 6 0.70 0.41 6 0.67 0.400 0.162


Feel sick after meals 0.30 6 0.62 0.25 6 0.55 0.33 6 0.63 0.20 6 0.40 0.37 6 0.58 0.29 6 0.46 0.075 0.415


Heartburn after meals 0.42 6 0.69 0.28 6 0.61 0.36 6 0.68 0.54 6 0.81 0.37 6 0.66 0.40 6 0.63 0.892 0.614


Unusual sensation in your throat 0.69 6 1.26 0.40 6 0.88 0.39 6 0.84a 0.53 6 0.91 0.41 6 0.89 0.54 6 0.95 0.598 0.039


Feel full while eating meals 0.78 6 1.25 0.86 6 1.19 0.67 6 1.04 0.83 6 1.05 0.63 6 0.86 0.63 6 0.89 0.228 0.676


Get stuck when you swallow 0.68 6 0.94 0.47 6 0.81a 0.42 6 0.69b 0.51 6 0.84 0.46 6 0.81 0.54 6 0.84 0.123 0.057


Bitter liquid coming up into your


throat


0.49 6 0.84 0.28 6 0.61 0.39 6 0.69 0.61 6 0.83 0.54 6 0.78 0.61 6 0.80 0.779 0.639


Burp a lot 0.84 6 1.12 0.69 6 1.04 0.67 6 0.99 0.80 6 1.05 0.76 6 0.92 0.85 6 1.01 0.631 0.122


Heartburn if you bend over 0.22 6 0.63 0.19 6 0.62 0.22 6 0.59 0.34 6 0.79 0.32 6 0.65 0.37 6 0.66 0.627 0.600


FSSG total score 7.91 6 9.15 6.06 6 7.01 5.91 6 6.58a 7.53 6 6.90 6.90 6 6.70 7.10 6 6.29 0.932 0.097


Data represent means (with SDs).
FSSG, frequency scale for the symptoms of gastrointestinal reflux disease.
aP , 0.05.
bP , 0.01, significant difference from baseline (Wilcoxon signed-rank test); P value, based on the difference from baseline (Wilcoxon rank-sum test).


The American Journal of GASTROENTEROLOGY VOLUME 118 | MARCH 2023 www.amjgastro.com


N
U
LL
/N
EG


A
TI
VE


SE
C
TI
O
N


Takeda et al.566



http://www.amjgastro.com





individuals. Second, we did not assess lifestyle habits such as diet,
alcohol consumption, and exercise habits during the intervention.
Third, we did not follow-up with patients for a long period. This
study had several strengths, including being a randomized, double-
blind, placebo-controlled parallel intervention study, which in-
cluded a detailed evaluation of the constipation symptoms and the
upper abdominal symptoms. This study also included an evaluation
of the fecalmicrobiota. In the future, it is necessary to examine a large
number of cases at multiple institutions and to analyze metabolites
such as organic acids in the intestinal tract.
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Study Highlights


WHAT IS KNOWN


3 Chronic constipation increases with age.
3 Conventional laxatives have many side effects, and when


used continuously, they become resistant, and their effects
are diminished.


3 Previous studies have reported the efficacy of probiotics for
chronic constipation and have fewer side effects.


3 Few reports exist regarding the therapeutic effects of
probiotics on chronic constipation in elderly individuals.


WHAT IS NEW HERE


3 This study is the first randomized controlled trial evaluating
Bifidobacterium longum for chronic constipation in elderly
outpatients.


3 Significant improvement was observed in the changed values
of frequency of bowel movements after 4 weeks of B. longum
intake compared with the placebo group.


3 Marked changes in the gut microbiota composition were not
found after the treatment intake, suggesting that bacterial
components and metabolites of B. longum, rather than the
changes in microbiota, may affect defecation.
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The effect of probiotics on functional constipation 
in adults
A randomized, double-blind controlled trial
Fabiana Cristina Rosa Mitelmão, PhDa, Karin Häckel, MDb, Cristiane de Cássia Bergamaschi, PhDa, 
Marli Gerenutti, PhDc, Marcus Tolentino Silva, PhDa, Victor Manuel Balcão, PhDa,d,  
Marta Maria Duarte Carvalho Vila, PhDa,* 


Abstract 
Background: Two formulations were developed in the form of an oral sachet containing probiotics, and their efficacy and safety 
were evaluated in adults with functional constipation.
Methods: One formulation with Lactobacillus acidophilus, Bifidobacterium bifidum and Lactobacillus rhamnosus (3 billion 
Colony Forming Units - CFU); and another with Lactobacillus acidophilus, Bifidobacterium bifidum, Lactobacillus rhamnosus, 
Lactobacillus paracasei, Bifidobacterium longum, Bifidobacterium lactis, Lactobacillus casei, Bifidobacterium animallis (8 billion 
CFU). The participants were randomized in a 3-arm parallel study and one oral sachet was auto-administered once a day for 30 
days.
Results: Primary outcomes were improvement in increasing the frequency of weekly bowel movements and improvement in 
stool quality. Secondary outcomes were number of adverse events. In the first week one observed an increase in stool frequency 
and in the quality of stools, showing an improvement in constipation. No statistically significant differences were observed between 
the three treatment groups in relation to these outcomes (P ≥ .05). Only one adverse event was observed in a patient of group 2, 
related to abdominal pain.
Conclusion: The two probiotic cocktails were effective in improving the symptoms of functional constipation, by increasing both 
the weekly frequency of evacuation and stool quality, and were deemed safe. Clinicaltrials.gov number: NCT04437147.


Abbreviations: BB = Bifidobacterium bifidum, BL = Bifidobacterium longum, BS = Bifidobacterium lactis, BSFS = Bristol stool 
form scale, CFU = colony forming units, FCRM = Fabiana Cristina Rosa Mitelmão, FOS = fructooligosaccharides, KH = Karin 
Häckel, LA = Lactobacillus acidophilus, LC = Lactobacillus casei, LP = Lactobacillus paracasei, LR = Lactobacillus rhamnosus.


Keywords: Bifidobacterium, clinical trial, functional constipation, Lactobacillus


1. Introduction


Of the gastrointestinal disorders, constipation is one of the most 
reported conditions in clinical practice.[1,2] Constipation affects 
between 15% and 20% of adult humans, of which 33% are over 
60 year-old, with predominance in women. The medical history 
of patients with constipation should be analyzed together with 
parameters such as fecal consistency, defecating frequency, effort 
needed to defecate, feeling of incomplete evacuation, abdominal 
pain and discomfort, use of laxatives, surgical history, comorbidi-
ties, lifestyle and work activity.[3] Functional constipation is based 
on symptoms of nonorganic origin and diagnosed by the diagnos-
tic criteria of Rome IV.[4] The Bristol Stool Scale can help patients 
assess and describe aspects of their stools, facilitating the recogni-
tion of constipation severity.[5] Intestinal constipation negatively 


impacts the quality of life and can lead to significant costs in the 
search for treatments and purchase of laxatives.[1,6] The treatment 
of constipation is a challenge in the sense that osmotic, stimulating, 
irritating, and prokinetic laxatives are usually used.[2] However, it 
appears that up to 47% of the patients are not completely satisfied 
due to inconsistent response to laxatives and concerns about their 
safety, adverse effects, taste, inconvenience, and cost.[7]


Currently, it is known that there is an important interaction 
between microbes and intestinal physiology. Therefore, probi-
otics have been used to treat many intestinal disorders,[8] such 
as infectious diarrhea, diarrhea associated with antibiotics, 
diarrhea associated with Clostridium difficile, hepatic encepha-
lopathy, ulcerative colitis, irritable bowel syndrome, functional 
gastrointestinal disorders, necrotizing enterocolitis, and func-
tional constipation.[9–11]
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Although the human gut microbiome comprises >400 bacte-
rial species, evidence has shown that a decrease in the popula-
tion of Bifidobacterium and Lactobacillus in adults can result 
in intestinal constipation.[12–14] Consequently, the probiotics used 
in humans for the treatment of constipation are more often of 
the species Lactobacillus and Bifidobacterium. Lactobacillus and 
Bifidobacterium can shorten the migratory myoelectric complex 
period and accelerate small intestine transit, partly due to increased 
release of serotonin (5-HT) which has promotility effects.[8]


Clinical trials evaluating different strains of Lactobacillus and 
Bifidobacterium in the treatment of intestinal constipation have 
observed promising results,[15–19] conclusions also supported by 
systematic reviews on the topic.[20] However, there is no consen-
sus on both the types of probiotic strains and their dosages for 
the treatment of constipation.[12,21] Strain selection is an import-
ant step in the production of a probiotic. Probiotics should have 
a beneficial effect on the host and remain viable throughout the 
product lifetime.[22]


The clinical trial reported herein evaluated the efficacy and 
safety of 2 different probiotic cocktails when compared to a 
conventional fiber treatment. One of the probiotic cocktails 
integrated 4 strains of Lactobacilli (Lactobacillus acidophilus 
[LA], Lactobacillus rhamnosus [LR], Lactobacillus paracasei 
[LP], and LC) and 4 strains of Bifidobacteria (Bifidobacterium 
bifidum [BB], Bifidobacterium longum, Bifidobacterium lactis 
and Bifidobacterium animalis). The other probiotic cocktail 
integrated 2 strains of Lactobacilli (LA and LR) and 1 strain 
of Bifidobacteria (BB). Hence, this study aimed at confirm-
ing whether the dosage of probiotic strains increased the 
weekly frequency of bowel movements and the quality of 
stools, improving intestinal functional constipation in human 
subjects.


2. Methods


2.1. Study design and setting


The study entertained herein consisted in a single-center, ran-
domized, double-blind and controlled clinical trial, registered 
in ClinicalTrials.gov (Identifier: NCT04437147; https://clin-
icaltrials.gov/ct2/show/NCT04437147). This study followed 
the CONSORT 2010 checklist of information to include when 
reporting a randomized trial (available at http://www.con-
sort-statement.org/media/default/downloads/CONSORT%20
2010%20Checklist.pdf), and other information is available in 
the published protocol of this protocol.[23]


The parallel clinical trial worked with the hypothesis that the 
groups that received probiotics had a greater increase in weekly 
frequency of bowel movements and stool quality, being therefore 
more effective than the group that received the conventional fiber 
treatment. During a 4-week timeframe, 153 patients with func-
tional constipation (51 patients per group) were treated as follows: 
the first group received a probiotic cocktail containing 3 billion 
colony forming units (CFU) of mixed strains of probiotic bacteria 
per sachet, the second group was treated with 8 billion CFU of 
mixed strains of probiotic bacteria per sachet, and the third group 
was treated with the conventional fiber treatment for constipation 
(composed by prebiotic fibers, vitamins, and minerals).


The study was carried out single-center, at Dr Karin Häckel’s 
Gastroenterology Clinic, located in Sorocaba, State of São 
Paulo, Brazil. The recruitment of patients for this study was car-
ried out through a collaborative effort between the University of 
Sorocaba and Dr Karin Häckel at the Clinic of Gastroenterology.


For the dissemination of the study, digital platforms were 
used, and letters were distributed via e-mail and in Campus, 
via mobile phone text messages, and social networks were also 
explored to promote the study. Recruitment of participants was 
carried out until November 30th, 2020.


After verbal and written clarification of the study, the par-
ticipants that agreed to enter in the study signed the Informed 


Consent Form already approved by the Ethics Committee 
of the University of Sorocaba. All authors had access to the 
study data and reviewed and approved the final version of the 
manuscript.


2.2. Eligibility criteria


2.2.1. Inclusion criteria Eligible patients for the study were 
adults aged 20 to 80 year-old with clinical diagnosis of functional 
constipation according to the Rome IV Consensus.


The Rome IV Consensus defines functional constipation as 
a dysfunction that manifests itself as difficult, infrequent, and 
incomplete bowel movements. Constipation must have started 6 
months earlier and become more frequent in the past 3 months, 
including 2 or more of the following characteristics: involv-
ing <25% of bowel movements (straining, hardened resistance 
- Bristol scale 1–2), feeling of incomplete evacuation, a sensa-
tion of anorectal obstruction, digital maneuvers to facilitate the 
removal of fecal content, <3 spontaneous evacuations/week and 
need for laxatives.[4] Participants entered the study only after 
granting written authorization.


2.2.2. Exclusion criteria The exclusion criteria were the 
presence of gastrointestinal diseases, use of antibiotics or dietary 
supplements containing probiotics or prebiotics in the last 15 
days, and pregnancy.


2.3. Interventions


Participants were instructed to store the sachets at room tempera-
ture and to take a sachet before breakfast, by dissolving the contents 
of a sachet in 150 mL of water. To improve treatment adherence, 
phone calls and/or messages were sent to verify that participants 
were following the correct protocol and working as planned.


During the clinical trial, the use of laxatives was prohibited. 
The sachets were auto-administered during a timeframe of 30 
days for all participants. The study consisted of 3 parallel arms:


 1. Active comparator: 3 billion CFU of probiotic bacteria 
(3 × 109 CFU per sachet)–strains LA 02 ID 1688 (1 billion 
CFU), BB 01 ID 1722 (1 billion CFU), LR 04 ID 1132 (1 
billion CFU), vitamin C (ascorbic acid) 45 mg, vitamin B1 
(thiamin) 1.1 mg, vitamin B2 (riboflavin) 1.1 mg, vitamin 
D3 (cholecalciferol) 40.000.000 IU/g (34 µg), magnesium 
hydroxide 0.3 g, calcium carbonate 0.5 g, natural vanilla 
flavor powder 0.03 g, fructooligosaccharides (FOS) up to 
3 g: one sachet/day for 30 days.


 2. Active comparator: 8 billion CFU of probiotic bacteria 
(8 × 109  CFU per sachet)–strains LPC 00 ID 1076 (1 
billion CFU); Bifidobacterium longum (BL) 03 ID 1152 
(1 billion CFU); Bifidobacterium lactis (BS) 01 ID 1195 
(1 billion CFU); Lactobacillus casei (LC) 03 ID 1872 (1 
billion CFU); Bifidobacterium animalis THT 010803 (1 
billion CFU); LA 02 ID 1688 (1 billion CFU), BB 01 ID 
1722 (1 billion CFU), LR 04 ID 1132 (1 billion CFU), 
vitamin C (ascorbic acid) 45 mg, vitamin B1 (thiamin) 
1.1 mg, vitamin B2 (riboflavin) 1.1 mg, vitamin D3 
(cholecalciferol) 40.000.000 IU/g (34 µg), magnesium 
hydroxide 0.3 g, calcium carbonate 0.5 g, natural vanilla 
flavor powder 0.03 g, FOS up to 3 g: one sachet/day for 
30 days.


 3. Conventional fiber treatment: vitamin C (ascorbic acid) 
45 mg, vitamin B1 (thiamin) 1.1 mg, vitamin B2 (ribofla-
vin) 1.1 mg, vitamin D3 (cholecalciferol) 40.000.000 IU/g 
(34 µg), magnesium hydroxide 0.3 g, calcium carbonate 
0.5 g, natural vanilla flavor powder 0.03 g, FOS up to 3 g: 
one sachet/day for 30 days.


The follow-up of patients was of 1 week after the end of the use 
of probiotics.
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2.4. Measured outcomes


2.4.1. Primary outcomes The changes in bowel frequency 
(movements and quality of the stools) were annotated in a Table 
that the patients filled in with information regarding the daily 
frequency of evacuation and type of stools (on a scale of 1–7 in 
the Bristol scale, or if there was no evacuation). The stool form was 
collected using the Bristol stool form scale (BSFS), a simple tool 
to estimate intestinal transit time. The BSFS classifies stools into 7 
categories, including type 1 (separate hard lumps such as walnuts); 
type 2 (sausage-shaped but irregular); type 3 (like sausage but with 
cracks on the surface); type 4 (such as sausage or snake, smooth and 
soft); type 5 (smooth bubbles with sharp edges); type 6 (fluffy pieces 
with jagged edges, pasty stools); type 7 (aqueous, in solid pieces).[5] 
These stool types are categorized into slow transit (types 1 and 2), 
normal transit (types 3–5), and rapid transit (types 6 and 7).


The metric of analysis was the comparison between 0 and 30 
days, considering that the number of effective bowel movements 
over 4 times a week is an effective value for the treatment and 
the quality of the stools from types 3 to 5.


2.4.2. Secondary outcomes Adverse events are undesirable 
signs or symptoms that occur during the study and occurrences 
that may or may not be causally related to the treatment. All 
adverse events considered possible or likely related to the test 
product were registered in the patient form.


Serious adverse events are defined as fatal, life-threaten-
ing, disabling, resulting in hospitalization or prolonged stay, 
or resulting in malformation, whether related to the product 
under test or otherwise. According to previous studies, probiot-
ics are safe and any serious adverse event that could be related 
to the products under test would be considered unexpected. 
Any unexpected serious adverse events were to be reported to 
the physician. Any serious adverse events that could be related 
to the product under test would immediately lead to the discon-
tinuation of the product under test.[13] The number of patients 
and of adverse events and serious adverse events were duly 
recorded.


2.5. Sample size and recruitment


The sample size was calculated based on two relative means 
and their respective standard deviations related to the weekly 
increase in bowel movements and stool consistency considering 
the data reported by Del Piano et al (2010).[15] The correlation 
was established using epidemiological statistics available on the 
OpenEpi website (OPENEPI, 2013). As a 15% dropout rate is 
expected, 153 participants were included in the study, aiming 
to reach the completion of at least 132 participants. The par-
ticipants that entered the study and the treatment schedule are 
displayed in Figure 1.


Figure 1. Research group enrollment in the trial and treatment schedule. BSFS = Bristol stool form scale, CFU = colony forming unit.
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2.6. Randomization and allocation concealment for 
treatment


Randomization was performed by Random Allocation Software. 
Participants were equally stratified into 3 groups, each with 
blocks of 9 participants.


After confirming the eligibility and reading/signing the 
Informed Consent Form, the participants received an identical 
sealed opaque envelope with the randomized sequential num-
ber, by one of the researchers Fabiana Cristina Rosa Mitelmão 
(FCRM). The packaging differed only in the number of manu-
facturing batches. All groups received identical sachets (same 
flavor, color and packaging), with no possibility of differentiat-
ing one batch from another.


The physician Karin Häckel (KH) selected each participant 
according to the batch number corresponding to the randomiza-
tion. Eligible participants were allocated (1:1:1 to receive treat-
ment, for 4 weeks, with the probiotic supplement containing 
3 × 109 CFU per sachet, 8 × 109 CFU per sachet, or conven-
tional fiber treatment). Study participants and the investigator 
KH that provided the treatment and collected the outcomes 
were blinded.


To promote participant adherence to the study and com-
plete follow-up, the text message or call was sent out after 15 
days to find out how the treatment was and whether there was 
discontinuation or deviation from the intervention protocol. 
The following questions were asked: Why did you not con-
tinue the treatment? Have you had any adverse events, if any? 
Participants were instructed to fill in the correct form if any 
adverse events occurred and what kind of stools and daily rate 
of evacuation.


Participants could also be removed from the study if the treat-
ment was interrupted in any way for any reason, whether due 
to forgetfulness or undue intestinal disconfort. Unmasking and 
revealing the intervention during the study was allowed if there 
was a serious adverse event reported, and the physician would 
investigate if the product was actually the cause. Participants 
were allowed to withdraw from the study at any time at their 
own request or be withdrawn at any time at the investigator’s 
discretion for safety reasons.


2.8. Data treatment and record keeping


Data from the participant’s medical records were entered into 
a Microsoft Excel spreadsheet and the medical records were 
stored in a safe place for proof of the study. The data collec-
tion form was used to record patient data from all participants 
and completed by the researcher FCRM, who also registered 
the data in a Microsoft Excel spreadsheet. The results measured 
were verified, in duplicate, to ensure their quality.


2.9. Data analysis


The statistical analysis of variance test was used to compare 
BSFS scores between groups whereas the paired t test was 
used to to compare BSFS scores within groups at different 
times. The level of statistical significance was set at P < .05. 
Statistical analysis was performed using the software STATA 
v.14.2. (https://www.stata.com/stata14/) (StataCorp LLC, 
Texas TX).


2.10. Ethics and disclosure


The project was filed under the number CEP-Single CAAE: 
84003418.9.0000.5500 and was approved on 09/17/2018. 
Informed and signed consents were declared at the clinic partic-
ipating in the research by the outcome evaluators KH. Personal 
information about the participants was collected and kept con-
fidential before, during, and after the end of the clinical trial 


by only one of the researchers KH, which was delivered to the 
researcher responsible for it FCRM. The researchers stated that 
they had no financial interest whatsoever in this clinical study. 
All authors had access to the study data and reviewed and 
approved the final manuscript.


3. Results
A total of 153 participants were selected and 132 were enrolled 
in the study after clarification of the clinical trial and signature 
of the informed consent form. Following randomization, 41 
participants were treated with 3 billion CFU/sachet (Group 1), 
49 participants were treated with 8 billion CFU/sachet (Group 
2) and 39 participants were treated with the conventional fiber 
treatment (Group 3). A non-pharmacological treatment is the 
first-line management of constipation involving the use of 
fibers.[24] Figure 2 shows the distribution of participants in the 
study groups. Table 1 shows the characteristics of the groups 
in which women with average ages of 39.9 to 43.1 year-old 
predominated.


Table 2 presents the results obtained in relation to the fre-
quency of bowel movements and the quality of stools. The anal-
ysis metric was a comparison between week zero until week 4 of 
the study. No statistically significant differences were observed 
between the three treatment groups in relation to the frequency 
of weekly bowel movements, which increased in all three groups 
as well as in improving stool quality (P ≥ .05). The single adverse 
event that was reported in only one participant in Group 2, was 
related to abdominal pain.


4. Discussion
The study entertained herein demonstrated that treatment with 
a new probiotic cocktail of either 3 LAB strains (LA 02, BB 01, 
LR 04) or 8 LAB strains (LA 02, BB 01, LR 04, LPC 00, BL 03, 
BS 01, LC 03, THT 010803), ingested once a day, for 30 days, 
increased the weekly frequency of evacuation and the quality 
of stools in patients, who reported improvement in functional 
intestinal constipation. In addition, the probiotic mixtures 
showed favorable safety profiles, as evidenced with the report of 
only one adverse event that was not considered a serious event.


Therefore, combination of different LAB strains did not have 
an impact in either their efficacy and safety, compared to the 
conventional fiber treatment.


According to the literature, Bifidobacteria and Lactobacilli, 
alone or in combination, had beneficial results in patients with 
functional intestinal constipation and are safe for consump-
tion.[16–20,25]These findings corroborate previous studies, which 
demonstrated a beneficial effect using strains of probiotics, alone 
or in combination, in patients with functional constipation or 
some other gastrointestinal disorder. In a trial study, Ibarra et al[16] 
used Bifidobacteria for the treatment of intestinal constipation. 
The groups received capsules that contained the strains at 1 × 1010 
CFU (high-dose group); capsules with the strains at 1 × 109 CFU 
(low-dose group); and placebo capsules. The only significant dif-
ference in adequate relief of constipation was observed between 
the high-dose and placebo groups. The results presented in the 
study reported herein indicated that even with a lower dose (8 
billion CFU/sachet or 3 billion CFU/sachet, but with different 
strains), there was an improvement in bowel function. The com-
bination of strains can be an indication of greater effectiveness. 
Riezzo et al,[17] in a clinical trial, employed ordinary artichokes 
or artichokes enriched with LP (daily dose of 2 × 1010 CFU) for 
15 days with a daily dose of 2 × 1010 CFU). The trial showed a 
positive effect on symptoms in constipated patients after intake of 
probiotic-enriched artichokes. However, the number of patients 
(20) was small, as well as the timeframe of treatment (15 days). 
Lewis et al[18] also used LP and Bifidobacterium longum to check 
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their effectiveness ahead of irritable bowel syndrome (IBS). The 
authors concluded that L. paracasei and B. longum may reduce 
GI symptom severity and improve the psychological well-being 
of individuals, indicating that these strains can also be useful in 
the treatment of intestinal constipation. Preston et al[19] reported 
a clinical trial for the relief of symptoms of irritable bowel syn-
drome, using three strains of Lactobacillus (LA; LC; LR). For 
all efficacy endpoints, improvement of 30% or more vs. placebo 
was considered clinically significant. The trial focused on evalu-
ating several GI disorders arising from irritable bowel syndrome 
and not only constipation, however, it can be stated that these 


strains were effective for various intestinal problems, including 
constipation. Martínez-Martínez et al[20] reported a systematic 
review work involving prebiotics in the treatment of elderly peo-
ple. Differently, the work presented herein did not make such 
restriction. Those authors found that the most used strains were 
Bifidobacteria with improvement in intestinal constipation in 
10% to 40% of the cases. However, the population was restricted 
to elderly persons and, in addition, the original study designs 
displayed heterogeneity. The studies, in general, corroborate the 
proof of the effectiveness of the LAB strains used in the present 
study in alleviating intestinal disorders, such as constipation.


Figure 2. Distribution of patients in the study groups.


Table 1


Characteristics of the participants entering the study.


 Group 1 Group 2 Group 3 1 × 2 1 × 3 2 × 3 1 × 2 × 3 


Parameters Average ± 
σ


Average ±σ Average ±σ P value1 P value2 P value3 P value4


Women (%) 87.8
(n = 36)


98.0
(n = 50)


97.5
(n = 39)


.085 .201 1.000 .086


Age 39.9 ± 12.6 (41) 43.1 ± 16.1 (51) 40.9 ± 14.7
(40)


.005 .023 .588 .013


1: P value of the two-tailed t-student test to identify the differences between groups 1 and 2 at weeks 0, 1, 2, 3, 4.
2: P value of the two-tailed t-student test to identify the differences between groups 1 and 3 at weeks 0, 1, 2, 3, 4.
3: P value of the two-tailed t-student test to identify the differences between groups 2 and 3 at weeks 0, 1, 2, 3, 4.
4: P value of the analysis of variance to identify the differences between groups 1, 2 and 3 in weeks 0, 1,2,3,4.
Group 1 = Formula with 3 billion CFU/sachet, Group 2 = Formula with 8 billion CFU/sachet, Group 3 = conventional fiber treatment, CFU = colony-forming units, 1 × 2 = group 1 compared to group 2, 
1 × 3 = group 1 compared to group 3, 2 × 3 = group 2 compared to group 3, 1 × 2 × 3 = group 1 compared to group 2 and group 3, σ = standard deviation.
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The clinical trial reported herein had a strong adherence, 
with only 4 patients discontinuing the study due to losing fol-
low-up (n = 3 participants), and 1 participant of the group that 
was administered with 8 billion CFU/g reporting abdominal 
pain. This participant reported, in the third week of use of the 
product, flatulence and abdominal colic. These adverse effects 
can occur with the use of probiotics, being reversible by simply 
interrupting its ingestion.[26]


A limitation of the study reported herein was that the results 
were based on self-reporting of symptoms by selected volunteers 
with functional constipation, as opposed to direct observation. 
In the research work entertained herein there was no use of a 
placebo control. This was yet another limitation of the study, as 
it may have masked the effects of probiotics in the evaluation of 
functional constipation.


Although there were no significant differences in the efficacy 
of the products, combination of strains of Lactobacillus and 
Bifidobacterium were well tolerated and safe for consumption. 
In addition, the four-week consumption of the probiotic mix-
tures improved digestive symptoms, especially stool quality, 
in adults with constipation. According to the literature, multi-
strain probiotics might be more effective because of potential 
synergy and additive effects among the individual isolates. 
However, despite the availability of multi-strain probiotics, not 
all have shown superior benefits.[27] In this study, no difference 
was observed between Group 1 and Group 2, indicating that a 
high number of probiotic strains may not be necessary.


Our findings will allow to use all the formulations as a treat-
ment for functional intestinal constipation, since the symbiotic 
formulations which contained different concentrations of probi-
otic bacteria and the one which contained only prebiotic fibers 
did not produce statistical differences between them, that is, all 
were beneficial and had their goal achieved departing from the 
first week of treatment. The advantage of using only prebiotics 
is due to the low cost to the patient when compared to formu-
lations integrating probiotic bacteria. Nonetheless, probiotics 
are live microorganisms with an expanded range of healthful 
activities. There is increasing evidence from the biological appli-
cations of probiotics for the maintenance and improvement 


of gut health, inhibition of pathogenic bacteria, and improve-
ment of immune system and concomitant overall improvement 
of human health.[27] Probiotics can collaborate not only with 
constipation, but improve overall human health, in general, due 
to their immune-modulating potential, their resilience against 
pathogen invasion of the gastrointestinal tract, or their anti-in-
flammatory properties.[28]


In conclusion, both probiotic bacteria cocktails integrating 
either 3 LAB strains or 8 LAB strains improved the symptoms of 
intestinal functional constipation by increasing both the weekly 
frequency of evacuation and stool quality, as early as from the 
first week of treatment, with sustained improvements through-
out the fourth week of treatment. Treatment with these probi-
otic cocktails was safe and well tolerated, with only one adverse 
event resulting in discontinuation.


The results of this study are encouraging, but further studies 
are likely needed to support efficacy, safety, and durability of 
the effects.
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ARTICLE


Safety and Effect of a Low- and High-Dose Multi-Strain
Probiotic Supplement on Microbiota in a General Adult
Population: A Randomized, Double-Blind, Placebo-
Controlled Study


Annie Tremblay, PhDa, Asmaa Fatani, MSb, Amanda L. Ford, PhDb, Amanda Piano, MSca,
Varuni Nagulesapillai, MSca, Jeremie Auger, MSca, Chad W. MacPherson, MSca,
Mary C. Christman, PhDc, Thomas A. Tompkins, PhDa, and Wendy J. Dahl, PhDb


aRosell Institute for Microbiome and Probiotics, Montreal, Quebec, Canada; bDepartment of Food
Science and Human Nutrition, University of Florida, Gainesville, FL, USA; cMCC Statistical Consulting
LLC, Gainesville, FL, USA


ABSTRACT
Few studies have focused on dose-response analyses of multi-strain
probiotics in the general adult population. This study aimed at com-
paring how a low- and high-dose of a multi-strain probiotic supple-
ment (containing Lactobacillus helveticus R0052, Lactobacillus
rhamnosus R0011, Lactobacillus casei R0215, Pediococcus acidilactici
R1001, Bifidobacterium breve R0070, Bifidobacterium longum ssp. lon-
gum BB536, Lactobacillus plantarum R1012, Lactococcus lactis ssp. lac-
tis R1058) affected microbiota composition, transit persistence and
safety in adults. After a 7-d baseline, participants were randomized
to receive capsules containing 5 or 25 billion CFU, or placebo daily
for 28days, followed by a 7-d washout. Digestive health and general
wellness were assessed. Fecal microbiota composition was analyzed
using 16S rRNA gene amplicon sequencing and strain persistence,
by qPCR. Participants’ gastrointestinal and general wellbeing were
unaffected. No adverse events were associated with either dose.
Supplemented strains contributed to the Lactobacillus and
Bifidobacterium genera detected in stool, with 0.40±0.11% and
0.51± 0.26%, respectively, in the high-dose group. Strain-specific
qPCR assays revealed variable levels of post-intervention persistence
between strains. Sequencing and composition analyses using the
16S V4 region revealed a decrease in Holdemania and increase in
Bacteroidales. The formulation was well tolerated in this sample of
the general adult population, even at the higher dose. The strains
appear to have influenced microbiota composition minimally, as
expected in the absence of dysbiosis, and consistently with the dose
administered. Overall, the results provide a rationale to study the
effects this formulation on microbiota composition in individuals
exhibiting dysbiosis associated with metabolic disorders or obesity.
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Introduction


Several studies in both animals and humans support the positive effects of probiotics on
health and wellness in individuals with dysbiosis-related conditions (Dolan et al. 2016;
Pizano et al. 2017; Williamson et al. 2017; Finley et al. 2018). In humans, compelling
evidence is accumulating to support a beneficial effect of probiotics on gastrointestinal
dysfunction and depressive-like symptoms (Wallace and Milev 2017; Parker et al. 2018;
Nadeem et al. 2019). In addition, an increasing level of attention is being directed
toward the role of probiotics in other dysbiosis-associated diseases and disorders such
as obesity, cardiovascular disease, diabetes, and cancer (Hampe and Roth 2017;
Gopalakrishnan et al. 2018; Mazloom et al. 2019; Tang et al. 2019). However, the extent
to which multi-strain probiotic formulations can affect microbiota composition in a
general adult population remains to be established.
Especially in the absence of dysbiosis, probiotics are not expected to exert major or


persisting effects on microbiota composition owing to the high level of resilience of a
homeostatic microbiota to external perturbations (Kristensen et al. 2016; Sommer
et al. 2017). Dysbiosis is defined by a loss of homeostasis in the intestinal microbiota,
often characterized by a lowered microbial diversity, the loss of beneficial microbes,
or an overabundance of deleterious ones (Kriss et al. 2018). However, its corollary
remains undefined in terms of composition; the core microbial signature of a ‘normal’
or ‘healthy’ microbiota appears to vary significantly among individuals according to
genetics, age, geography or lifestyle-related factors (Greenhalgh et al. 2016).
Consequently, studies assessing the effects of a variety of probiotic formulations on
microbiota composition in populations described as healthy have produced mixed
results so far (Kristensen et al. 2016). Nevertheless, even if the identification of a
“healthy” microbial signature remains elusive, the need for evaluating the safety and
understanding the effects of specific probiotic formulations on intestinal microbiota
profile commands for an assessment in a general population of adults without known
dysbiosis-associated diseases. Few studies in humans have evaluated the individual
behavior of several bacterial strains ingested simultaneously in terms of microbiota
contribution and intestinal persistence after ingestion (Mennini et al. 2019; Taverniti
et al. 2019). Therefore, conducting more studies in various samples of the general
population is essential to gather insight into individual strain characteristics when
administered within probiotic blends, such as persistence, as well as to refine our gen-
eral understanding of emerging concepts about microbiota functional composition,
such the significance of the Firmicutes-Bacteroidetes (FB) ratio in non-diseased
individuals.
Hence, the primary aim of this study was to determine the impact of a low- and


high-dosage multi-strain proprietary blend (containing Lactobacillus helveticus R0052,
Lactobacillus rhamnosus R0011, Lactobacillus casei R0215, Pediococcus acidilactici R1001,
Bifidobacterium breve R0070, Bifidobacterium longum ssp. longum BB536 Lactobacillus
plantarum R1012, Lactococcus lactis ssp. lactis R1058) on fecal microbiota composition
in adults. Specifically, considering the prominent role of Bifidobacteria and Lactobacilli
species for intestinal function and diseases, we aimed at assessing the effect of this pro-
biotic formulation on Bifidobacteria and Lactobacilli abundance in a general adult
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population. Secondary aims were to assess the safety and tolerance of a high probiotic
dose on digestive health, including stool frequency, gastrointestinal symptoms and stool
form, as well as on general wellness in adults. In addition, individual probiotic strain
persistence and overall fecal microbiota composition were examined, with a focus on
the dose-dependent effects of this probiotic formulation on commensal bacteria homeo-
stasis using standard microbiota profiling metrics, such as relative taxonomic abun-
dance, microbial diversity, and changes in the relative abundance of phyla underlying
the Firmicutes-Bacteroidetes ratio.


Materials and methods


Participants


Adults aged 18–34 years were recruited in Florida, USA through flyers and posters.
Exclusion criteria included: known allergy to milk, soy, gluten or gluten sensitivity; cur-
rent medications for constipation or diarrhea; antibiotics within the four weeks preced-
ing randomization; probiotic supplementation and refusal to discontinue for a
minimum of two weeks prior to the study; previous or current treatment for any dis-
eases or illnesses such as gastrointestinal disease (gastric ulcers, Crohn’s, celiac,
ulcerative colitis, etc.); other chronic diseases (diabetes, kidney disease, etc.) or immune-
compromising diseases or conditions (HIV/AIDS, autoimmune, hepatitis, cancer, trans-
plant patient etc.); current smoker; and pregnant or lactating. In addition, the IPAQ
(International Physical Activity Questionnaire) (Craig et al. 2003) was used to exclude
very sedentary individuals and elite athletes (e.g. professional/college athletes, marathon
runners). The study was approved by the University of Florida’s Institutional Review
Board (IRB)-01 and conducted according to guidelines established by the Declaration of
Helsinki. The study prototol is registered at clinicaltrials.gov (NCT02693314).
Participants were informed of the aims, requirements and potential risk/benefits of the
study, and provided their written consent indicating their full understanding of the
study protocol.


Figure 1. Schematics of study design. The placebo-controlled study followed a three-arm parallel
design. Participants (n¼ 23 per arm) were randomized at the end of a 7-day baseline period, which
was followed by a 28-day intervention period (placebo or probiotic at either 5 or 25 billion of colony
forming units (CFU)/capsule) and a 7-day washout period. Stool samples were collected within the 6 h
preceding visits 1 (Baseline), 2 (End-of-Treatment), and 3 (Washout).
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Study design


The study followed a double-blind, randomized, parallel design (Figure 1). After provid-
ing consent, participants completed a 7-day baseline period. On day 8, after confirm-
ation of inclusion/exclusion criteria, eligible participants were randomized to receive
one capsule per day containing either five billion or 25 billion CFU of the probiotic
supplement, or placebo for 28 days, followed by a 7-day washout period. Briefly, out of
112 individuals screened, 69 eligible individuals were enrolled in the study and random-
ized into each of the 3 groups (n¼ 23/group) (Figure 2). Randomization was performed
using a computer-generated, sealed envelope method and completed by an individual
not otherwise involved in the study. At the end of the intervention period, participants
returned any unconsumed supplements for compliance monitoring.


Probiotic supplement


The Jarro-Dophilus EPSVR and EPSVR High-Potency probiotic supplements formulated at
five billion and 25 billion CFU/capsule, respectively, were assessed in this study. The
formulations contain a blend of eight strains, with the same relative proportions
between strains in the 5B and 25B capsules. The included strains are: Lactobacillus hel-
veticus R0052, Lactobacillus rhamnosus R0011, Pediococcus acidilactici R1001, B. longum
ssp. longum BB536, L. casei R0215, L. plantarum R1012, B. breve R0070, Lactococcus lac-
tis ssp. lactis R1058. Both probiotic formulations and the sensorially identical placebo
were prepared in vegetarian capsules composed of hydroxypropylmethylcellulose and an
aqueous-based enteric coating and contained potato starch, magnesium stearate, and


Figure 2. Study Flow Diagram. Diagram showing participants’ allocation and progression throughout
the study.
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vitamin C. The supplements were provided by Lallemand Health Solutions Inc.
(Mirabel, Quebec, Canada) in identical containers labeled with two random codes for
each intervention.


Study protocol


During the pre-baseline, intervention and washout periods, participants completed daily
online questionnaires regarding stool frequency, stool consistency, gastrointestinal
symptoms and compliance, and the Gastrointestinal Symptom Rating Scale (GSRS) was
completed weekly (Revicki et al. 1998). Daily symptoms were rated from 0 (none) to 6
(very severe) and averaged into five syndromes with the exception of Sleep which was
rated from 1 to 5 (1¼ 5–6 h, 2¼ 6–7 h, 3¼ 7–8 h, 4¼ 8–9 h, 5> 9 h). GSRS symptoms
were rated on a 7-point scale from 1 (no discomfort at all) to 7 (very severe discom-
fort). Body weight was assessed with a digital scale (SecaVR model 874) and height with a
portable stadiometer (SecaVR model 217). Body weight was reassessed the end of the
intervention and washout periods. Demographic information was taken at baseline.
Participants collected a stool sample at baseline, at week 4 of intervention and in the
final two days of the washout period. Participants were provided with FisherbrandVR


commode collection kits for stool collection and asked to deliver the stool on ice within
4 h of defecation. Stools were sampled and processed within 6 h of defecation. The
occurrence of adverse events was surveyed at each visit.


DNA extraction from fecal samples


Total genomic DNA was isolated from approximately 250-350mg of homogenized fecal
samples as previously described (MacPherson et al. 2018). Briefly, extraction was per-
formed using the QIAampVR Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany) as
per manufacturer’s instructions, with the following modifications: Two washes with
0.05M phosphate buffer were done prior to the addition of InhibitEX (Qiagen,
Germany), and a 0.1mm zirconia/silica bead beating step (�250–350mg/tube, 4m/s for
1min � 3) was performed before centrifugation of samples to pellet stool particles.
DNA purity was assessed by 260/280 ratios. All DNA samples had ratios between 1.8
and 2.0, which were further processed for qPCR and 16S V4 amplicon sequencing.


Quantitative Real-Time PCR (qPCR) of microbial species and strains


Genus-specific PCR assays were performed using the CFX384TM Touch Real-Time PCR
Detection System (Bio-Rad, USA) and plate preparation was automated using the
epMotion 5075 tc liquid handling robot (Eppendorf, Germany), as previously described
(Ford et al. 2020). Strain-specific qPCR assays were performed using the ViiA7 Real-
Time PCR System (ThermoFisher Scientific, USA) (Alyousif et al. 2018) The standard
curve for each bacterial strain was generated from feces spiked with 109 bacteria of the
strain under investigation, with total cell counts obtained using the fluorescent nucleic
acid stain SYTOTM 24 (ThermoFisher Scientific, USA) on the AccuriTM C6 Flow
Cytometer (BD BioSciences, USA). DNA recovered from spiked feces using the
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modified QIAampVR Fast DNA Stool Mini Kit (Qiagen, Germany) protocol was serially
diluted (10-fold) to generate the template for the standard curve ranging from 108 to
103 bacteria. The standard curve DNA for absolute Bifidobacterium genus quantification
consisted of spiking a total of 1010 bacteria from six different Bifidobacterium species
into a fecal matrix followed by DNA extraction as mentioned above. DNA was serially
diluted (10-fold) to generate the template for the standard curve ranging from 109 to
105. The Lactobacillus genus standard curve consisted of spiking three Lactobacilli
species into a fecal matrix at a total count of 1010 bacteria for each primer set.
All qPCR reaction mixtures consisted of 300 nM of the appropriate primer set, 1X


SYBR SelectVR MasterMix (Thermo Fisher Scientific, USA) for a final reaction volume of
10 or 25mL for the 384- and 96-well plates, respectively. 1 or 2.5 mL of 1/5 diluted DNA
from fecal samples was added to each well of the 384- and 96-well reaction plates,
respectively. The cycling conditions for all primer sets included a 2min hold at 50 �C, a
2min hold at 95 �C and 40 cycles of 95 �C for 15 s, 50 �C for 30 s and 72 �C for 30 s. All
assays were followed by a dissociation curve from 60 �C to 95 �C. All primer sequences
used are provided in Table S1.


Amplification and sequencing of the bacterial 16S rRNA gene


As previously described (MacPherson et al. 2018), bacterial 16S rRNA gene libraries
were prepared according to the Illumina’s “16S Metagenomic Sequencing Library
Preparation” guide (Part # 15044223 Rev. B), with the following modification: the
Qiagen HotStarTaq MasterMix was used for the first PCR (“amplicon PCR”) and
reagent volumes were halved for the second PCR (“index PCR”). The 515f (50-
GTGCCAGCMGCCGCGGTAA-30) and 806 R (50-GGACTACHVGGGTWTCTAAT-30)
template-specific primers flanked with appropriate overhang adapter sequences were
used. The first PCR (“amplicon PCR”) was carried out for 25 cycles with annealing tem-
peratures of 55 �C. Samples were diluted and pooled prior to loading on an Illumina
MiSeq, and sequenced using a 500-cycle MiSeq Reagent Kit v3.


Microbiota composition analyses using 16S V4 sequences


The raw 16S V4 amplicon sequencing results were imported as a QIIME2 zipped arti-
fact (as a .qza file format, the working format for qiime’s pipeline), which includes
detailed record of all parameters of every subsequent analysis step, ensuring a high level
of reproducibility from raw data up to figure production (Bolyen et al. 2019). High-
quality reads were trimmed to 240 bp and filtered using the QIIME quality-filter q-score
default parameters. Amplicon sequences were then grouped in the format of ASVs
(Amplicon Sequence Variants) with the Deblur software implemented in QIIME2 and
the relative frequency table was generated (artifact-encapsulated biom format table)
(Amir et al. 2017). Upon examination of the table’s per sample sequence counts, the
sampling depth of 3 203 was chosen for the core-metrics diversity analyses (Kruskal
and Wallis 1952; McDonald et al. 2012; Bokulich et al. 2013). The taxonomic identity of
the ASVs has been attributed with a sk-learn classification algorithm trained on the
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GreenGenes database on the full length of the 16S (DeSantis et al. 2006; Pedregosa
et al. 2011).


Statistical analyses


Statistical analyses for qPCR results were conducted using the Prism Software v8.2
(GraphPad). Equivalence testing was conducted on the daily questionnaire syndromes,
symptoms and the GSRS syndromes. A tolerance of 0.4 was used for the equivalence
testing of daily questionnaire syndromes and symptoms, with the exception of hours of
sleep, where a tolerance of 0.5 was used. When mean symptom or syndrome scores
were significant (p< 0.05), a practical equivalence between the treatment groups was
indicated. Psychological health and hours of sleep were analyzed by ANCOVA due to
nonequivalent pairs at baseline. For the GSRS syndrome equivalence testing, a tolerance
was set at 0.4 for abdominal pain, diarrhea, constipation, and indigestion, and 0.5 for
reflux. BSFS were categorized into slow (type 1 and 2), normal transit (type 3, 4, and
5), and fast (type 6 and 7) and frequencies were compared.


Results


Allocation of participants and baseline characteristics


Figure 1 shows the study design. Of the 112 participants screened, 69 were randomized
into three arms (n¼ 23 per arm), namely the placebo (P), probiotic supplement at five
billion CFU (5B) or 25 billion CFU (25B). A total of 68 participants completed the six-
week study as one participant in the 5B intervention group lost interest in the study
and withdrew (Figure 2). There was no significant difference between groups in terms
of baseline demographic information nor compliance rates (%) for supplement intake,
questionnaire completion and stool sample collection (Table 1).
Enrolled participants were deemed healthy owing to the absence of diagnosed medical


conditions or self-reported illnesses (see exclusion criteria), although no specific health
assessments were performed. The consumption of probiotic supplements or probiotic-


Table 1. Baseline characteristics of participants and compliance rates.
Placebo (n¼ 23) Five billion CFU (n¼ 22) 25 billion CFU (n¼ 23)


Gender (male/female), n 6/17 8/14 11/12
Age, years Median (range) 27 (18–31) 22 (18–30) 23 (19–34)
Race, n (%)
Asian 2 (9) 6 (27) 7 (31)
African-American 2 (9) 2 (9) 1 (4)
White 18 (78) 13 (59) 13 (57)
Mixed 1 (4) 1 (5) 1 (4)


Ethnicity, n (%)
Hispanic 7 (30) 6 (27) 3 (13)
Non-Hispanic 16 (70) 16 (73) 19 (83)
Unknown – – 1 (4)


Compliance (%)
Questionnaire completion 92.9 95.2 91.2
Stool sample collection 97.1 100 98.6
Supplement intake 96.4 96.1 94.9


CFU: colony forming units.
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supplemented foods was not allowed, but dairy products and fermented foods were not
specifically forbidden; the diet was uncontrolled to preserve the lifelike nature of the
study population and avoid introducing a dietary change that could alter microbiota
composition.


Daily questionnaires


The daily questionnaire syndromes of gastrointestinal distress, cephalic, epidermal, ear-
nose-throat, emetic, and psychological health (Table S2) were concluded equivalent
across all intervention groups by period comparisons as were individual symptoms
(diarrhea, constipation, hours of sleep, stool frequency) (Table S3). For the score of
hours of sleep category, the placebo, five billion and 25 billion CFU groups were con-
cluded equivalent with equivalence value of 0.5. However, the placebo group was con-
cluded nonequivalent to the five billion and 25 billion CFU groups during baseline. In


Figure 3. Abundance of supplemented strains in fecal samples. Dot plots showing the absolute abun-
dance (Log10 bacteria/g wet feces) in all participants for (A) L. rhamnosus R0011, (B) L. helveticus
R0052, (C) L. plantarum R1012, (D) L. casei R0215, (E) B. breve R0070, (F) B. longum ssp longum BB536,
(G) L. lactis ssp lactis R1058, and (H) P. acidilactici R1001. The red line represents the median. The
dashed line represents the minimum amount that can be detected by qPCR for each strain. N.D.,
Not detected.
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addition, the scores of hours of sleep were nonequivalent between the five billion and
the 25 billion CFU groups in week 4 of treatment and the washout period.


Gastrointestinal Symptom Rating Scale


The abdominal pain, diarrhea, and constipation syndromes of the GSRS were concluded
equivalent across all intervention groups and periods using a tolerance value of 0.4
(Table S4). Similar results were found for the reflux syndrome (tolerance value of 0.5).
For the indigestion syndrome, all comparisons were equivalent with the exception of
the placebo and five billion CFU group during the baseline and the second week
of treatment.


Bristol Stool Form Scale


The Bristol Stool Form scale was used as a proxy to classify the participants’ transit
time into three categories: slow, normal, or fast (Lewis and Heaton 1997). The distribu-
tion of stool form categories was equivalent between groups (Table S5).


Safety monitoring


Adverse reactions and events were recorded at each study visit to monitor product
safety. No adverse events related to the probiotic intervention were reported. No serious
adverse events were reported in any of the study arms.


Strain recovery and compliance analyses by qPCR


For the eight strains contained in the supplemented probiotic formulation, recovery
from the feces was assessed using strain-specific qPCR assays on samples collected at
the baseline (V1), end-of-treatment (V2) and washout (V3) visits. The studied formula-
tion contained four Lactobacillus strains (Figure 3A–D), as well as two Bifidobacterium
strains (Figure 3E and F), Lactococcus lactis ssp. lactis (Figure 3G) and Pediococcus acid-
ilatici (Figure 3H), which were all detectable in a dose-dependent manner in the feces


Table 2. Percentage of participants showing positive detection, and persistence rate for each strain.


Strain
Placebo
(all visits)


Probiotics (5B
and 25B) Visit
1 (baseline)


Probiotics 5B
only Visit 2


Probiotics 25B
only Visit 2


Probiotics (5B
and 25B) Visit
3 (Washout) Persistence (%)


L. rhamnosus R0011 0/23 (0%) 0/44 (0%) 19/22 (86.4%) 16/22 (72.7%) 1/44 (2.3%) 2.9
L. helveticus R0052 2/23 (8.7%) 3/44 (6.8%) 13/22 (59.1%) 17/22 (77.3%) 6/44 (13.6%) 20.0
L. plantarum R1012 0/23 (0%) 1/44 (2.3%) 12/22 (54.5%) 15/22 (68.2%) 2/44 (4.5%) 7.4
L. casei R0215 0/23 (0%) 0/44 (0%) 20/22 (90.9%) 18/22 (81.8%) 3/44 (6.8%) 7.9
B. breve R0070 1/23 (4.3%) 0/44 (0%) 13/22 (59.1%) 15/22 (68.2%) 1/44 (2.3%) 3.6
B. longum ssp.


longum BB536
1/23 (4.3%) 2/44 (4.5%) 5/22 (22.7%) 10/22 (45.5%) 3/44 (6.8%) 20.0


Pediococcus
acidilactici R1001


0/23 (0%) 1/44 (2.3%) 19/22 (86.4%) 19/22 (86.4%) 14/44 (31.8%) 36.8


Lactococcus lactis ssp.
lactis R0158


5/23 (21.7%) 7/44 (19.9%) 18/22 (81.8%) 20/22 (90.9%) 10/44 (22.7%) 26.3


L. – Lactobacillus; B. – Bifidobacterium.
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of most participants at end-of-treatment (V2) using strain-specific qPCR assays, as
shown by the median level of abundance (red lines).
For some strains, a few instances of spurious detection were observed at baseline


(V1) in each group receiving the probiotic supplement (Figure 3B, 3C, 3F, 3G, and 3H),
although these represent a small percentage of positive detection compared to that
observed at the end of the intervention (V2) (Table 2). In the placebo group, the six


Figure 4. Compliance analysis by strain-specific qPCR assays. (A) Compliance analysis of participants
in the five Billion CFU intervention, (B) and in the 25 Billion CFU intervention. Each line represents
one participant, and each column represents a strain. Positive detection at visit 2 (End-of-Treatment)
are depicted in green, while the absence of detection is represented by a black square. The white
dots denote a participant for which the strain was detected at visit 1 (Baseline). The red square com-
prises participants with detection of at least three strains out the 8 strains in the supplements.
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instances of positive detection for Lactoccus lactis ssp. lactis R1058 result from five par-
ticipants. However, for L. helveticus R0052 and B. breve R0070, instances of positive
detection in the placebo group result from a single participant for each strain
(Figure S1).
More participants demonstrated positive detection for one of the strains at V1 in the


5B (n¼ 6) compared to the 25B group (n¼ 3) (Figure 4). For most strains, the percent-
age of positive detection at V2, which represents the proportion of participants with
positive recovery of the strain at the end of the intervention, was higher in the 25B
than in the 5B group. Of note, this dose-related increase in the proportion of partici-
pants with positive detection was observed despite the slightly lower compliance rate for
supplement intake in the 25B group based on counting leftover capsules at the end of
the intervention period (Table 1). To assess whether compliance to the supplement
intake could be confirmed by qPCR, we compiled the positive detections for each par-
ticipant in the 5B (Figure 4A) and 25B (Figure 4B) groups. In both groups, few partici-
pants displayed positive detections for less than two strains. By assuming compliance in


Figure 5. Absolute levels of Lactobacillus and Bifidobacterium genera in the feces and relative contri-
bution of supplemented Lactobacillus and Bifidobacterium strains. (A) Dot plot showing qPCR results
combined from three primer sets, to estimate the abundance of the total Lactobacillus spp. in each
participant. (B) Average contribution of supplemented Lactobacillus strains to the Lactobacillus genera
in each group. (C) Dot plot showing the qPCR detection of the Bifidobacterium spp. (D) Average con-
tribution of supplemented Bifidobacterium strains to the Bifidobacterium genera in each group. N.D.,
Not detected.
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participants showing positive detection for at least three strains out of eight, the compli-
ance established by qPCR is � 91% and 82% in the 5B and 25B groups, respectively,
which is below the self-reported compliance for supplement intake (Table 1).
Strain-specific qPCR assays also revealed that some strains remained detectable at the


end of the 7-day washout period (Figure 3). Interestingly, overall persistence (evaluated
as the percentage of positive detections observed at the end of the washout period (V3)
over positive detections at V2) appeared to vary in a strain-dependent manner (Table
2). Some strains displaying a marginal frequency of positive detections at V3, such as L.
rhamnosus R0011 and B. breve R0070, were detected at a similarly low frequency (<
3%) in the control conditions (i.e. placebo group or probiotics groups at baseline). The
low frequency or positive detection at V3 for L. plantarum R1012 and L. casei R0215


Figure 6. Comparative analysis of microbiota composition and alpha-diversity between groups. (A)
Bar chart of taxonomic abundance at the Order level, showing the percentage of Bacteroidales in
each group. (B) Box plot showing the distribution of Shannon alpha-diversity index, for participants in
each group.
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also suggests a minimal capacity for persistence in the studied population (� 7%). For
three of the eight strains, namely B. longum BB536, L. helveticus R0052 and L. lactis
R0158, the frequency of positive detection was similar in the controls and after the
washout period. However, because positive detections at V3 were observed in partici-
pants whom had demonstrated an increase at V2, except for 2 instances in the 5B
group, the positive detections at V3 can be positively attributed to strain persistence
rather than to spurious detection events at both the 5B (Figure S2A) and 25B doses
(Figure S2B). For B. longum ssp. longum BB536, although being generally lower in all
groups, the frequency of detection increased in a dose-dependent manner at V2 in a
subset of participants. Lastly, with its negligible to null frequency of detection in control
conditions, the P. acidilactici strain appears to persist strongly after washout (36.8%),
and more extensively at the 25B dose than at the 5B dose (Figure 3H and S2).


Effect of the intervention on total Lactobacilli and Bifidobacteria abundance


The total Bifidobacteria and Lactobacilli abundance assessed by qPCR were similar
between groups or visits (Figure 5A and 5C). However, the strain- and genus-specific
quantification by qPCR revealed a modest but detectable dose-dependent contribution
of the supplemented product at V2, with values of 0.40 ± 0.11% for Lactobacillus strains
and 0.51 ± 0.26% for Bifidobacterium strains in the 25B group (Figure 5B and 5D).


Microbiota composition analyses


Next, we examined whether the supplemented probiotic formulation could have exerted
a broader effect on the gut microflora by extending our analyses to overall microbiota
composition using taxonomic abundance and diversity metrics. Hence, the 16S V4
amplicon sequencing data was further examined for trends or changes linked to the
interventions with individual samples grouped according to treatment and visit, and
general comparisons were performed at the Order level. The Bacteroidales relative abun-
dance increased at V2 in a dose-related manner compared to levels at V1 (Figure 6A)
and returned near baseline levels at V3 for both the 5B and 25B group, while they
remained similar in the placebo group at all three visits. However, we observed no dif-
ference between groups in terms of alpha diversity (Figure 6B) nor beta-diversity (not
shown) according to treatment or visit.
Considering the inherently high dimensionality of microbiome taxonomic attributed


datasets (i.e. high variability at baseline), we hypothesized that using a machine learning
algorithm could help identify small changes related to the interventions. Indeed,
machine learning algorithms, such as the Random Forest (RF) classifier implemented in
the MicrobiomeAnalyst online server, are highly indicated to reduce the information
into interpretable models and/or classify the samples to predict original grouping based
on microbiome composition (Dhariwal et al. 2017).
The Random Forest analysis predicted the original metadata category of samples


more efficiently (lower error rate) for the 25B than for the 5B group (Figure S3A). The
classification was based primarily on Pediococcus abundance in these groups (Figure
S3B). Using a bootstrap analysis strategy (n¼ 23) (Ning et al. 2014), Pediococcus


JOURNAL OF DIETARY SUPPLEMENTS 239



https://doi.org/10.1080/19390211.2020.1749751

https://doi.org/10.1080/19390211.2020.1749751





remained the main grouping driver in 100% of the analyses, while Holdemania influ-
enced the grouping minimally but consistently (91.3% of the times) (Figure S3C). Other
species were identified by the RF classifier with less reproducibility (i.e. between 21.7%
and 65.2% of the times). Despite an apparent pattern related to treatment, the
Peptostreptococcus original count abundance returned a value of zero for all groups
(data not shown). On the other hand, both the Pediococcus and Holdemania genera dis-
played a pattern of relative abundance related to probiotic supplementation, as seen on
the original counts abundance bar graphs (Figure S3D).
The Firmicutes genus Holdemania was correlated with impaired lipid and glucose


metabolism clinical indicators (Lippert et al. 2017). Conversely, members of the
Bacteroidetes phylum, which comprises the order Bacteroidales, were inversely correlated
with metabolic disease parameters as they were enriched in non-obese individuals with-
out metabolic syndrome (Lippert et al. 2017). In addition, species from the


Figure 7. Comparative analysis of phyla abundance between groups and visits. Donut charts compar-
ing phyla abundance (A) at baseline (Visit 1) for all groups, and at all visits for (B) the Placebo, (C)
Probiotic five Billion, and (D) Probiotic 25 Billion groups. Numbers represent percent abundance. V1,
visit 1; V2, visit 2; V3, visit 3; Pla, Placebo group; 5B, five Billion CFU group; 25B, 25 Billion CFU group.
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Bacteroidales order (namely the Bacteroides) have been identified as potential drivers of
leanness in another study (Ridaura et al. 2013). Considering that Bacteroidales increased
at visit 2 in the 5B and 25B groups, while Holdemania decreased during and after pro-
biotic supplement administration, we explored the possibility that the Firmicutes-
Bacteroidetes ratio could be influenced by the probiotic supplement.
We therefore looked at the phylum distribution at level 2 in all groups at baseline


and observed some marked differences in the relative proportion of Bacteroidetes and
Firmicutes between groups (Figure 7A). While it is not possible to extrapolate the rea-
son(s) for this difference between groups at baseline, we wanted to assess if and how
probiotic supplementation affected that distribution throughout the study by looking at
the within group changes at each of the three visits (Figure 7B–7D). As expected, the
phylum distribution remained similar throughout the study in the placebo group
(Figure 7B). Conversely, in accordance with results from other analyses, we observed an
increase in the relative proportion of Bacteroidetes in both supplemented groups at visit
2 (Figure 7C and 7D). However, while the proportion of Firmicutes was found
decreased in the 5B group at visit 2 (Figure 7C), it appeared to increase slightly in 25B
group at visit 2 (Figure 7D).


Discussion


Here, in addition to demonstrating the safety of the studied multi-strain formulation in
a general adult population through the absence of adverse events, we show that, even at
the higher dose, the formulation did not adversely affect the gastrointestinal function
nor sleeping patterns in adults deemed generally healthy. Furthermore, as expected in
the absence of dysbiosis, the supplemented probiotic formulation contributed to micro-
biota composition minimally, proportionally to the dose administered, and transiently
for most strains. However, some positive changes in microbiota composition could be
identified despite the absence of effect of the supplement on microbiota diversity; this
was expected considering that microbiota diversity is generally normal in the general
adult population.
While all strains contained in the product were recovered from the feces in a dose-


dependent manner after the intervention, our results reveal that each strain possessed a
specific behavior in terms of persistence after the supplementation period. Only a few
studies have used quantitative strain-specific qPCR analyses to monitor the transit of
supplemented bacterial strains, most of which focusing on single probiotic strains
(Tuohy et al. 2007; Ahlroos and Tynkkynen 2009; Nagulesapillai et al. 2017; Arioli et al.
2018; Radicioni et al. 2019). However, a study using a 4-strain blend administered at a
low (seven billion CFU) and high dose (70 billion CFU) reported results consistent with
ours; they observed a longer post-intervention persistence with the higher supplement
dose (70 billion CFU) for three out of the four supplemented strains (Taverniti et al.
2019). In our study, persistence, which was assessed once after a 7-day washout period,
was observed in more participants at the 25B dose than in the 5B dose. Taken together,
these studies expose the need, and validate the approach to use, for characterizing single
strains within multi-strain probiotic blends in general adult populations.
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Indeed, the high level of variability in the composition of a ‘healthy’ or ‘normal’
microbiota is now well recognized (Gevers et al. 2012; Falony et al. 2016; Lavelle and
Hill 2019). Many factors have been identified for their fundamental role in shaping an
individual’s microbiota composition, including diet, physical activity level, BMI, age,
gender, geography, household sharing and cohabitation, pets, blood parameters, stool
consistency, medications and health (Dill-McFarland et al. 2019; Lavelle and Hill 2019).
The often arbitrary, co-occurrence of several of these factors explains the high interper-
sonal variability observed among groups of the general population in terms of
microbiota composition, and this despite any appearance of homogeneity based on a
pre-determined selection of baseline characteristics (de Boer et al. 2015).
To overcome the interpersonal variability observed between groups in terms of


microbiota composition at baseline, we used a Random Forest (RF) machine learning
algorithm, which successfully classified the samples into the original grouping based on
Pediococcus abundance, most likely detecting the supplemented strain P. acidilactici. In
addition, the RF algorithm also identified Holdemania as a genus with a minor but con-
sistent effect on the grouping, revealing at the same time that the Holdemania genus
was decreased specifically at visit 2 in participants receiving the supplements. The fact
that this genus was also decreased at visit 3 (washout) in both the 5B and 25B groups
suggests that a persistent effect of the supplemented product on microbiota composition
might have occurred, which could possibly be related to the persistence of the supple-
mented strains. Interestingly, another study reported a decrease in the Firmicutes genus
Holdemania in healthy adults following a 1-month course of a probiotic supplement
containing Lactobacillus rhamnosus HN001 and Bifidobacterium longum BB536
(Toscano et al. 2017).
This study had strengths and limitations. Strengths included the recruitment of a


population with minimal exclusion criteria to preserve the lifelike nature of a population
considered free from preexisting dysbiosis-associated conditions. To this end, we did
not specifically advise against the consumption of fermented foods and all analyses were
performed on all participants who completed the trial regardless of their diet or anti-
biotic consumption during the trial. Only one participant in the 25B group received
antibiotics for a skin infection unrelated to the supplement. We cannot exclude that
keeping this participant in the analyses could have introduced some variability in the
microbiota composition. Another limitation is that the current study examined only
short-term safety. Additional research should explore the long-term effects of higher
doses of specific probiotics on microbiota profile.
This study demonstrates the safety of the supplemented product, even at the highest


dose tested, in a sample of the general adult population independently of baseline
microbiota composition interpersonal variability. Supplemented strains were detected in
the feces proportionally to the dose administered. Although the supplemented product
only affected microbiota composition minimally, the increase in Bacteroidales and
decrease in Holdemania following supplement administration suggest that assessing the
potential positive impacts of this formulation in individuals with obesity or metabolic
disease is warranted based on existing literature. In addition, further characterization of
individual strain persistence using time-course analyses is required and should be
assessed in future studies.
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ABSTRACT


The efficacy of probiotics supplementation 
on the lipid profiles of obese adolescents : 


a randomized trial


I Putu Gede Karyana1*, Ni Luh Sri Apsari1, I Wayan Dharma Artana1, 
I Ketut Suarta1, Putu Veny Kartika Yantie1, Ni Nyoman Metriani Nesa1, 


I Gusti Ngurah Sanjaya Putra1, Soetjiningsih1


Background: Obesity is defined as a medical condition characterized by excessive accumulation of body fat and is associated 
with an increased prevalence of dyslipidemia. Probiotics are living microorganisms, which upon consumption in sufficient 
numbers, exert health benefits. One of the benefits that has been studied is improving blood lipid profile. The aim of this study 
was to determine the efficacy of probiotics supplementation on obese adolescents’ lipid profiles. 
Methods: A randomized, double-blind, controlled clinical trial involving 58 obese adolescents aged 12-15 years in Denpasar 
City was performed. After the physical activity, nutritional intake, and lipid profile were assessed, subjects were randomized 
with random block into two groups: the treatment group who received sachet containing probiotics with five strains bacteria 
(Streptococcus thermophilus, Lactobacillus rhamnosus, Lactobacillus acidophilus, Bifidobacterium longum, Bifidobacterium 
bifidum) and the control group who received placebo for eight weeks. During the study, there were six drop out subjects, 
and the final analysis was performed on 52 subjects. The data was analyzed using MANCOVA test, with p value of <0,05 
considered significant.
Results: In the supplementation group, total cholesterol was decreased by 22,6 mg/dL (95% CI: -33.3 to -12.1, p = 0.0001), 
LDL was decreased by 16.9 mg/dL (95%CI: - 26.7 to -7.1, p = 0.001), and TG was decreased by 30.8 mg/dL (95%CI: -55.3 to 
-6.4, p = 0.014). Probiotic supplementation was not proven to increase HDL levels and HDL: LDL ratio with p values of 0.370 
and 0.374, respectively.
Conclusion: Probiotics supplementation in obese adolescent could reduce total cholesterol, LDL, TG, but had no effect on 
improving HDL levels and HDL: LDL ratio.
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INTRODUCTION
Obesity is a medical condition 
characterized by excessive accumulation 
of body fat. Study of obesity in adolescents 
increases because its prevalence has 
increased more than four times in the 
last three decades.1 The prevalence of 
overweight and obesity in Indonesia 
is found mostly in the age group of 5 to 
12 years, while in Bali, obesity is most 
prevalent in the age group of 13 to 15 
years.2,3 Children with obesity are at 
high risk of becoming obese in adults 
and potentially suffer from metabolic 
diseases such as dyslipidemia.4,5 Increased 


prevalence of dyslipidemia is in line with 
the increasing prevalence of obesity, and 
become the most common risk factor of 
cardiovascular disease in the future.6,7 


Consumption of high-calorie, high-
fat, and high-cholesterol diet is a cause of 
obesity.4 This condition can cause changes 
in the intestinal microbiota, and altered 
fat metabolism. In the intestine of obese 
children, composition of microbiota is 
altered with Firmicutes as the predominant 
phyla.8,9


Probiotics are supplements consisting 
of microbiota that is beneficial for 
digestive health. Probiotics act by 
balancing the digestive tract microbiota 


when given in sufficient quantities.10,11 


They are known to have many benefits, 
one of which is its effect in decreasing 
cholesterol levels in the blood.12 The effect 
of probiotics on cholesterol reduction is 
characterized by its ability to bind lipids 
in the small intestine. The important 
mechanisms of probiotics on cholesterol 
reduction include: (1) the breakdown of 
direct cholesterol and deconjugation of 
bile salts and (2) conversion of cholesterol 
to coprostanol in the intestine, which is 
directly excreted through feces.13,14 Several 
studies have shown the effect of probiotics 
on lipid profile. Xiao et al., evaluated the 
effect of low-fat yogurt containing 108 
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CFU/g B. longum BL1 on lipid profiles of 
23 adult samples aged 28-60 years. The 
results showed a significant reduction (P 
<0.05) in the total serum cholesterol, LDL, 
and TG, as well as an increase in HDL by 
14.5% after probiotics administration for 4 
weeks compared with control.15


Most of the research on probiotic 
supplementation in obesity were 
conducted in adults. This study was 
conducted to investigate the benefits of 
probiotic supplementation in improving 
blood lipid profiles in adolescents with 
obesity.


METHODS
This study was a randomized double blind 
clinical trial. Obese adolescents aged 12 to 
15 years old with BMI > percentile 95 who 
met the inclusion criteria were included in 
the study. The exclusion criteria include 
obesity caused by genetic disorder, 
patients with chronic infection, patients 
with malignancy, immunocompromised 
patients, administration of medication 
that affect lipid profile, administration 
of probiotics more than two weeks, and 
history of anti-inflammatory medications 
(NSAID, corticosteroid) consumption. 


The study conducted at five junior high 
schools in Denpasar, chosen by purposive 
sampling. This study was approved by 
Research Ethics Committee of Udayana 
Medical School, Sanglah Hospital.


Sample estimation was calculated by 
using a hypothesis test for mean of two 
paired groups, with confidence interval 
0.05 and power of 80%. By calculating 
10% dropped out, subjects needed for each 
group were 29, with a total of 58 subjects. 
The subjects were recruited by consecutive 
sampling. Subjects and their parents were 
given explanations about the purpose 
and procedure of the study, including its 
potential benefits and risks. 


Subjects who were eligible and willing 
to participate in this study were asked to 
sign the informed consent. Subsequently, 
subjects underwent assessment which 
included  food recall, anthropometric 
status, and lipid profile. After the data 
was collected, subjects were randomized 
using a block system. The size of the 
block selected was block of 4 so that the 
number of sequences needed was 15 
sequences. Each block consisted of 4 


subjects, 2 from group A and 2 from group 
B. Randomization was carried out by 
researchers using a computer system. The 
random code was stored by the research 
assistant in a sealed envelope and opened 
after the research was completed. The 
pharmaceutical company is the party that 
determines code A for probiotic or B for 
placebo so the researchers and subjects did 
not know the content of sachets given. 


Each subject was given 56 sachets 
containing probiotic or placebo for 8 
weeks, one sachet was taken daily. The 
probiotics contain 5 strains of microbiota 
(Streptococcus thermophilus, Lactobacillus 
rhamnosus, Lactobacillus acidophilus, 
Bifidobacterium longum, Bifidobacterium 
bifidum) in the amount of 1,25x109 CFU. 
The placebo was made from flour and 
glucose with the same consistency, taste, 
and outer packaging as probiotics. The 
placebo was also produced by the same 
pharmaceutical company as the probiotics. 


Food recall assessment was obtained 
by questionnaire given to the parents 
before the intervention. Food recall was 
obtained for three days to count the total 
calorie, protein, fat, and carbohydrate. 
Anthropometric measurement included 
weight, height, and body mass index (BMI) 
and plotted using CDC 2000 chart. Total 
cholesterol and triglyseride were assessed 
using enzymatic colorimetriy method, 
while LDL and HDL were measured using 
Enzymatic homogeneous method.  Blood 
sampling and laboratory tests were carried 
out by the Prodia® Clinical Laboratory. 
Subjects' lipid profile was measured at the 
beginning and end of the study.


Treatment follow-up was carried 
out once a week by phone to determine 
the compliance and adverse effects of 
probiotics. If there were intoxication or 
side effects of supplements given, the 
supplementation would be discontinued. 
Samples that had discontinued 
consumption of supplements or did not 
consume ≥80% of the supplements were 
recorded as drop outs. The drop-out rate 
that can be accepted was less than 20%.


Administration of supplementation 
or placebo was carried out for 8 weeks, 
divided into 2 periods, each for 4 weeks. 
To ensure that the subjects consumed 
the supplements, one of the adult family 
members, preferably the parents are 


appointed as supervisors and observers 
of compliance to take supplements. 
Evaluation for compliance was carried out 
by reporting the remaining supplements 
that were not consumed. Children were 
asked to bring to school the remaining 
supplements that are not taken during 
the first 4 weeks to be submitted to the 
researcher, and the researchers gave the 
remaining supplements that must be taken 
4 weeks later. 


Data analysis was performed by 
computer programs. Categorical data 
was presented in percentage. Normally 
distributed numerical data was presented 
in mean and standard deviation while the 
abnormally distributed numerical data 
was presented in median and interquartile 
range. The Kolmogorov-Smirnov test was 
used to determine the normality of data 
distribution. Data that had an abnormal 
distribution was transformed. The 
bivariate test used to analyze the effect of 
probiotic supplementation on lipid profiles 
was the Mann-Whitney test. To calculate 
and analyze the effect of several controlled 
variables, a multivariate logistic regression 
test (MANCOVA) was performed. The 
level of significance used was p <0.05 and 
95% confidence interval.


RESULTS
This research was conducted from May to 
September 2018. There were 127 students 
with obesity at five junior high schools in 
Denpasar who met the inclusion criteria. 
Sixty one subjects were excluded because 
they refused to participate in this research 
and consumed NSAIDs, and therefore, 58 
subjects were eligible. During this study, 
there were two subjects from the treatment 
group and four subjects from the control 
group who dropped out of this research 
because of their unwillingness to continue 
the study and incomplete administration 
of the supplement. At the end of the study, 
the total number of analyzed subjects were 
52 subjects, 27 subjects from the treatment 
group and 25 subjects from the control 
group. Scheme of the recruitment and 
randomization of subjects was shown in 
Figure 1.


Baseline data of subjects’ characteristics 
were shown in Table 1. The subjects 
consisted of 17 (32.6%) boys and 35 
(67.3%) girls who were distributed 
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are presented in Table 3. The difference in 
the mean levels of total cholesterol, LDL 
and TG at the beginning and end of the 
study, in the treatment group compared 
to the control group was significantly 
different with p value of <0.05. Non-
significant results were obtained from the 
difference in mean HDL levels and HDL: 
LDL ratio at the beginning and end of the 
study, in both study groups with p value 
of > 0.05.


Multivariate analysis were performed 
with MANCOVA test by analyzing all 
dependent variables with control variables 
including age and BMI. The results of 
multivariate analysis were presented in 
Table 4. Probiotic supplementation could 
significantly reduce the mean cholesterol 
level by 22.6 mg / dL (95% CI: -33.1 to -12.1) 
in the treatment group with the p value of 
0.0001. LDL levels in the treatment group 
decreased by 16.9 mg / dL (95%CI: -26.7 - 
-7.1) with the p value of 0.001. There was 
a significant decrease in TG levels in the 
treatment group by 30.8 mg / dL (95% CI: 
-55.3 - -6.4) with the p value 0.014. There 
was no significant decrease in the level of 
HDL in the treatment group with a change 
of 1.4 mg / dL (95% CI: -4.4 - 1.7) and p 
value of 0.370. No significant result was 
also found in the HDL: LDL ratio in the 
treatment group. There was only a 0.02 
increase in the HDL: LDL ratio (95%CI: 
-0.02 - 0.6) in the treatment group with the 
p value of  0.374.


DISCUSSION
Obesity is a medical condition in 
which nutritional disorders occured, 
characterized by excessive accumulation 
of body fat. There is a positive relationship 
between obesity and the appearance of 
comorbidities including hypertension, 
dyslipidemia, obstructive sleep apnea, 
and diabetes.4 Denpasar is one of the 
cities with the highest prevalence of obese 
adolescents in Bali, therefore the study 
selected research subjects aged 12-15 years 
at junior high school.3


The characteristics of BMI and 
nutritional intake at the beginning of 
the study appeared comparable between 
the treatment and the control group, and 
therefore, would not influence the results 
of the study.


Probiotics supplementation in the 


Figure 1. Selection process, randomization, and subject analysis scheme


Table 1. Baseline characteristics of the subject


Characteristic
Group


Supplementation Control
N 27 25
Sex


Male, n (%)
Female, n (%)


9 (33,3)
18 (66,7)


8 (32,0)
17 (67,3)


Age (year), mean (SD) 14,0 (1,0) 14,3 (1,2)
Body weight, mean (SD) kg 78,5 (11,2) 76,8 (9,3)
Body height, mean (SD) cm 160,5 (5,5) 158,5 (6,8)
BMI (kg/m2), median (IQR) kg/m2 30,5 (4,1) 30,7 (3,3)
Calorie intake, median (IQR) kkal 2841,1 (146,3) 2806,1 (325,9)
Protein intake, median (IQR) kkal 88,6 (29,1) 84,6 (30,5)
Fat intake, median (IQR) kkal 82,3 (22,5) 78,6 (16,0)
Carbohydrate intake, median (IQR) kkal 410,4 (61,7) 422,1 (64,6)


SD = standard deviation; IQR = interquartile range


comparably between the treatment and 
control groups. The mean age of the 
treatment group was 14.0 ± 1.0 years with 
an age range of 12.2 to 15.9 years and a 
control group of 14.3 ± 1.2 years with 
an age range of 11.9 to 15.9 years. At the 
beginning of the study, anthropometric 
data included body weight, body height 
and BMI were obtained; nutritional 
intake which included calories, protein, 
fat, and carbohydrates were comparable 
between the treatment and control group. 
Comparison of lipid profiles before and 


after treatment based on research groups 
is described in Table 2. Based on the table, 
the overall lipid profile including total 
cholesterol, LDL, HDL, triglycerides and 
HDL ratio: LDL at the beginning and end 
of the study appeared comparable.


The effect of probiotic supplementation 
was assessed by decreased mean levels 
of total cholesterol, HDL and TG and 
increased level of HDL and HDL: LDL ratio 
at the end of treatment. Changes in levels 
of lipid profiles reflected the effects of the 
treatment given. The results of the analysis 
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Table 2. Comparison Of Lipid Profile Before And After Treatment Based on 
The Research Groups


Characteristic
Group


Supplementation Control
Total cholesterol


Initial  (mg/dL), mean (SD)
End (mg/dL), mean (SD)


170,7 (31,5)
153,2 (23,2)


165,1 (24,8)
170,7 (24,6)


LDL
Initial  (mg/dL), mean (SD)
End (mg/dL), mean (SD)


114,4 (34,3)
99,3 (24,0)


107,8 (22,6)
109,6 (24,2)


HDL 
Initial  (mg/dL), mean (SD)
End (mg/dL), mean (SD)


44,8 (8,1)
43,4 (7,6)


43,52 (9,0)
44,1 (9,1)


Triglyceride


Initial  (mg/dL), mean (SD)
End (mg/dL), mean (SD)


126,2 (82,0)
102,2 (54)


120,9 (88)
129,5 (60)


Rasio HDL : LDL
Initial  (mg/dL), mean (SD)
End (mg/dL), mean (SD)


0,4 (0,3)
0,5 (0,3)


0,4 (0,2)
0,4 (0,2)


Table 3. Comparison of Lipid Profile Before and After Treatment Based on 
Research Group


Characteristic
Group


p
Supplementation Control


Difference of total cholesterol, mean (SD) 
mg/dL


-17,3 (21,0) 5,6 (18,5) 0,0001


Difference of LDL, mean (SD) mg/dL -15,1 (17,0) 1,8 (13,0) 0,0001
Difference of HDL mean (SD) mg/dL -1,1 (7,0) 0,6 (7,0) 0,248
Difference of TG, mean (SD) mg/dL -24,0 (50,0) 8,6 (30,5) 0,001
Difference of ratio HDL:LDL, mean (SD) 0,0 (0,1) 0,0 (0,1) 0,695


Table 4. MANCOVA Test Results on the Effect of Probiotic Supplementation on 
Lipid Profile After Controlling for Age and BMI


Dependent variables B Confidence interval 
(95% CI) p


Decrease of total cholesterol (mg/dL) 22,6 -33,3 to -12,1 0,0001


Decrease of LDL (mg/dL) 16,9 -26,7 to -7,1 0,001
Increase of HDL (mg/dL) -1,4 -4,4 to 1,7 0,370
Decrease of Triglyceride (mg/dL) 30,8 -55,3 to -6,4 0,014
Decrease of HDL:LDL ratio 0,02 -0,02 to 0,6 0,374


treatment group decreased the average 
of total cholesterol, LDL, and triglyceride 
levels more than the control group with 
p value of <0.05. Similar results were 
obtained from studies conducted by 
Rajkumar et al. (2004) who examined the 
effects of probiotics # VSL3 and omega-3 
fatty acids on insulin sensitivity, blood 
lipid profile, and inflammation in 60 
healthy adult subjects aged 40-60 years. 
The method of the aforementioned study 
was a double blind randomized trial 
comparing probiotics # VSL3 containing 
8 bacterial strains (B. longum, B. infantis, 


B. breve, L. acidophilus, L. paracasei, L. 
bulgaricus, L. Plantarum, S. thermophilus), 
omega-3 fatty acids, and placebo for 6 
weeks. The result showed that probiotics 
#VSL3 significantly improved lipid profiles 
(total cholesterol, LDL, HDL, triglycerides 
and VLDL) with p value of <0.05.16 


The first mechanism of cholesterol 
reduction by probiotics is through the 
production of Bile Salt Hydrolase (BSH), an 
enzyme which catalyzes the deconjugation 
of bile acids. The conjugated bile acid 
will dissolve, decreasing its absorption 
in the intestine, and thereby increasing 


its elimination in the feces. Another 
mechanism is the conversion of cholesterol 
to coprostanol by the bacteria in the 
intestine, allowing it to be directly excreted 
through feces. Both of these mechanisms 
result in reduced concentration of 
cholesterol in the blood.12,13 Prior studies 
which reported same results as this study 
used similar strains of bacteria, namely 
the Lactobacillus, Bifidobacterium, and 
Streptococcus. The result of this study 
was in accordance with the theory that 
cholesterol binding ability is influenced 
by the growth of certain specific strains of 
probiotics.17,18


HDL levels in this study were not 
significantly different between the 
treatment and control group (p = 0.374). 
Different results were obtained from 
the research conducted by Kiessling et 
al. (2002) who examined the increase 
in HDL cholesterol levels in long-term 
consumption of fermented dairy products 
for 6 months. This study was a clinical 
trial involving 29 healthy adult women 
aged 19-56 years. The probiotic strain 
used was S. thermophilus, L. lactis, B. 
longum. The results of this study showed 
that the administration of fermented 
milk containing probiotics significantly 
increased blood HDL levels in the 
treatment group with a p value of <0.05. 
Different result from this study was likely 
due to a shorter duration of treatment. The 
study also stated that an increase in HDL 
levels can be caused by the administration 
of probiotics along with other diets that 
naturally increase blood HDL levels.19 


The ratio between HDL and LDL 
was also not significantly different in 
both bivariate and multivariate analyzes. 
Administration of probiotics in a short 
period of time cannot affect HDL levels 
and thus, the HDL: LDL ratio will not 
change significantly.


Probiotics have been widely used in 
the prevention and treatment of several 
diseases and considered to be safe for 
consumption. Side effects can occur 
especially in immunocompromised 
individuals and patients with severe 
health conditions. Mild side effects 
include abdominal pain, diarrhea or 
bloating, while severe side effects are 
very rare, including bacteremia and 
sepsis in children who are critically ill or 
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have a low immune system.20 During the 
study, there was no report of side effects 
or toxicity from the treatment given, and 
therefore, supplementation of probiotics is 
considered safe for consumption.


This study has several limitations. 
This study did not analyze the physical 
activity (exercise) and food recall was only 
analyzed at the beginning of the study and 
not involved in data analysis.


CONCLUSION
This study proved that probiotic 
supplementation in obese adolescents 
reduced the total cholesterol, LDL levels, 
and blood triglyceride levels. Probiotic 
administration in this study did not 
increase blood HDL levels   and did not 
improve the ratio between HDL and LDL. 
With the evidence that probiotics improve 
blood lipid profiles in obese adolescents, it 
is hoped that probiotic supplementation 
can be part of the management of obesity 
in adolescents to prevent dyslipidemia. 
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ABSTRACT Bifidobacteria are commensals that colonize the orogastrointestinal tract
and rarely cause invasive human infections. However, an increasing number of bifi-
dobacterial blood culture isolates has lately been observed in Norway. In order to in-
vestigate the pathogenicity of the Bifidobacterium species responsible for bactere-
mia, we studied Bifidobacterium isolates from 15 patients for whom cultures of
blood obtained from 2013 to 2015 were positive. We collected clinical data and ana-
lyzed phenotypic and genotypic antibiotic susceptibility. All isolates (11 Bifidobacte-
rium longum, 2 B. breve, and 2 B. animalis isolates) were subjected to whole-genome
sequencing. The 15 patients were predominantly in the extreme lower or upper age
spectrum, many were severely immunocompromised, and 11 of 15 had gastrointesti-
nal tract-related conditions. In two elderly patients, the Bifidobacterium bacteremia
caused a sepsis-like picture, interpreted as the cause of death. Most bifidobacterial
isolates had low MICs (�0.5 mg/liter) to beta-lactam antibiotics, vancomycin, and
clindamycin and relatively high MICs to ciprofloxacin and metronidazole. We per-
formed a pangenomic comparison of invasive and noninvasive B. longum isolates
based on 65 sequences available from GenBank and the sequences of 11 blood cul-
ture isolates from this study. Functional annotation identified unique genes among
both invasive and noninvasive isolates of Bifidobacterium. Phylogenetic clusters of in-
vasive isolates were identified for a subset of the B. longum subsp. longum isolates.
However, there was no difference in the number of putative virulence genes be-
tween invasive and noninvasive isolates. In conclusion, Bifidobacterium has an inva-
sive potential in the immunocompromised host and may cause a sepsis-like picture.
Using comparative genomics, we could not delineate specific pathogenicity traits
characterizing invasive isolates.


KEYWORDS DNA sequencing, antibiotic resistance, bifidobacteria, blood culture,
bloodstream infections, mass spectrometry, pangenome, probiotics, susceptibility
testing, virulence factors


Bifidobacteria are anaerobic, nonsporulating Gram-positive rods representing ubiq-
uitous inhabitants of the human orogastrointestinal tract and vagina. The genus


consists of more than 50 species, with only 10 species being found in humans. In
breast-fed infants, bifidobacteria constitute more than 80% of the intestinal microbiota,
whereas bifidobacteria comprise only 3 to 6% of the adult fecal flora (1, 2). Moreover,
the species distribution is different in infants and adults; Bifidobacterium adolescentis
and Bifidobacterium longum subsp. longum are the major bifidobacterial species in the
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adult intestinal flora, and Bifidobacterium longum subsp. infantis and Bifidobacterium
breve are the predominant species in the intestinal tract of human infants (3–5).
Selected members of the genus Bifidobacterium are believed to exert health benefits to
the host, including competitive exclusion of pathogens (6, 7), modulation of the
immune system (8, 9), and degradation of diet-derived carbohydrates (10). On the basis
of these effects, bifidobacteria are often added to probiotic products in combination
with other lactic acid bacteria to prevent or treat diseases (11, 12), although the
evidence is inadequate. Nevertheless, a growing number of inpatients in U.S. hospitals
often receive probiotics as part of their care (13).


The pathogenic potential of Bifidobacterium remains unclear. Data on the incidence
of invasive infections are very limited, but Bifidobacterium species are estimated to
represent 0.5 to 3% of anaerobic blood culture isolates (14, 15). Among adults, only 15
cases of Bifidobacterium bacteremias had been reported in the literature until 2015 (16),
and these were predominantly among patients with underlying gastrointestinal disease
and/or impaired immunity. There is a paucity of data on the clinical presentations,
prognostic factors, and outcomes of patients with Bifidobacterium bacteremia.


Over the last few years, an increasing number of Bifidobacterium blood culture
isolates have been reported to the Norwegian Organization for Surveillance of Antimi-
crobial Resistance (NORM) (17). The primary objective of this study was to describe the
clinical characteristics, antimicrobial susceptibilities, treatments, and outcomes for 15
patients with Bifidobacterium bacteremia (11 with B. longum bacteremia, 2 with B. breve
bacteremia, and 2 with B. animalis bacteremia). Furthermore, we analyzed the phylog-
eny, the resistome, and putative virulence factors by whole-genome sequencing (WGS).
Finally, we performed a pangenome comparative analysis of all hitherto reported
genome sequences of invasive versus noninvasive B. longum isolates of human origin
in order to search for specific traits characterizing invasive B. longum isolates.


RESULTS
Patient characteristics, treatments, and clinical outcomes. Demographic and


clinical data are listed in Table 1. Six patients were above 80 years of age, and four
patients were born prematurely, before 33 weeks of gestational age. The three ex-
tremely preterm infants (patients 13 to 15) had received a probiotic product containing
B. longum, aiming to prevent necrotizing enterocolitis, as reported in a previous study
(18). There was no information about probiotic supplementation in the medical records
of the other 12 patients. The majority of the 15 patients were either immunocompro-
mised or had signs of a severe underlying condition. Ten patients had gastrointestinal
tract-related diseases, and nine of these patients had a compromised intestinal barrier
or signs of a leaky gut. Four patients died before or during admission. Two patients
(patients 2 and 9), both of whom were severely compromised and elderly, developed
signs of sepsis/septic shock, and the blood culture showed monomicrobial growth of
B. longum. On the basis of their clinical presentation, the blood culture results, and no
other obvious infectious agent identified, we considered the deaths of these two
patients to probably be attributable to B. longum sepsis. One patient (patient 4), an
infant who died before admission to the hospital, had no fever or signs of infection
immediately prior to death, no history of infections, and no signs of infection/inflam-
mation on autopsy. We did not consider that there was enough evidence to define the
death in this patient to be attributable to B. longum sepsis. The last patient who died
(patient 12) was very old and frail. She died 14 h after admission to the hospital and
only 3 h after the blood sample for culture was obtained. Due to her advanced age and
clinical condition, no antibiotic therapy was started. There was polymicrobial growth in
the blood culture (Table 1). On autopsy, there were signs of poor gut circulation (no
perforation), and a dilated cardiomyopathy was confirmed. We did not consider that
there was enough evidence to define the death in this patient to be attributable to B.
longum sepsis. Thirteen patients received antibiotic treatment. Polymicrobial blood-
stream infections, mainly caused by a combination of bifidobacteria and other organ-
isms originating from the gastrointestinal tract, were observed in six patients.
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Species identification and phylogenetic grouping. Using matrix-assisted laser
desorption ionization–time of flight mass spectrometry (MALDI-TOF MS), the isolates
were assigned to the following species: B. longum (n � 11), B. breve (n � 2), and B.
animalis (n � 2). Whole-genome phylogenetics by comparison of the sequences of the
isolate genomes to those of reference genomes further classified the 11 B. longum
isolates to the subspecies level: B. longum subsp. infantis (n � 4) and B. longum subsp.
longum (n � 7). Phylogenetic reconstruction grouped the 15 isolates into four clades
(Fig. 1). B. breve and B. animalis grouped into clade I and clade IV, respectively. Clade
II comprised only B. longum subsp. infantis isolates, while clade III comprised only B.
longum subsp. longum isolates. There was no association between the different clades
and the different hospitals in which the patients had received care.


Phenotypic antimicrobial susceptibility. All isolates showed low MIC values to
vancomycin (0.25 to 1 mg/liter), meropenem (0.016 to 1 mg/liter), and piperacillin-
tazobactam (0.064 to 1 mg/liter) (Table 2). One of the B. breve isolates and both B.
animalis isolates displayed MICs of �16 mg/liter to tetracycline. Nine of 15 isolates
displayed ciprofloxacin MICs of �32 mg/liter. High MIC values (MICs � 256 mg/liter) for
metronidazole were observed in six isolates.


Pangenome analysis and comparative genomics of B. longum species. The
genome sequences of 76 B. longum isolates were used to calculate the total gene
repertoire of the B. longum taxon on the basis of clusters of orthologous groups (COGs).
We identified a B. longum pangenome consisting of 7,876 COGs (Fig. 2). A total of 710
genes (COGs) shared by all 76 B. longum isolates represented the core genome. The
functional classification of the genes in the core as well as the accessory genomes
revealed that a large proportion had yet unknown functions. However, the most
common functional classes represented genes involved in housekeeping functions, like
carbohydrate and amino acid transport and metabolism, translation, ribosomal struc-
ture and biogenesis, transcription, and nucleotide transport and metabolism.


The pangenome analysis of all invasive and noninvasive isolates of B. longum subsp.
longum and B. longum subsp. infantis revealed unique clusters in both subspecies. For
the 34 invasive and noninvasive B. longum subsp. longum isolates, there were 91 and
169 unique clusters, respectively. For the 13 invasive and noninvasive B. longum subsp.


FIG 1 Dendrogram representing the arrangement of clusters between the 15 isolates and the prevalence
of genes encoding resistance to antibiotic groups.
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infantis isolates, there were 48 and 31 unique clusters, respectively. Functional classi-
fication of these clusters identified that unique genes involved in replication, recom-
bination, repair, and transcription were more prevalent in the group of noninvasive
isolates than invasive isolates. In contrast, unique genes involved in carbohydrate
transport and metabolism and defense mechanisms were more prevalent in the group
of invasive isolates than in noninvasive isolates (Fig. 3A and B).


To further discriminate clusters of invasive isolates from noninvasive isolates, phy-
logenetic trees based on the accessory genome were generated for all 34 isolates of B.
longum subsp. longum and all 13 isolates of B. longum subsp. infantis. Interestingly, this
showed that six of seven invasive B. longum subsp. longum isolates were positioned on
subbranches of the same cluster (Fig. 4). However, a similar finding was not shown for
invasive B. longum subsp. infantis isolates.


Bifidobacterium resistome. The complete list of putative antibiotic resistance
genes is reported in Table 2. Genes encoding efflux pumps were found in all isolates.
One B. longum isolate harbored genes encoding antibiotic inactivation enzymes. The
lmrD gene, conferring resistance to lincosamides in Streptomyces and Lactococcus
species, was detected in one B. longum isolate. This isolate was susceptible to clinda-
mycin. Three of the four isolates (two B. animalis isolates and one B. breve isolate) with
decreased susceptibility to tetracycline (MICs, 16 to 32 mg/liter) harbored the tet(T)
gene, known to confer tetracycline resistance. All isolates harbored the mfd gene and
mutations in gyrA. Mutations in gyrB were found only in the two B. animalis isolates.
Mutations in these genes are associated with resistance to fluoroquinolones, and 12 of
15 bifidobacterial isolates had MICs of �4 mg/liter to ciprofloxacin.


Putative virulence factors. The number of putative virulence factors is summarized
in Table 3. A comprehensive list of putative virulence genes is also included in Data Set
S2 in the supplemental material. Ninety-eight putative virulence genes were detected
among the 15 isolates, including genes associated with iron and magnesium transport,
adhesion, stress proteins, proteins with immune-evasive properties, and toxin secretion.
Twenty of the genes (clpC, clpP, bsh, mgtB, ppkA, msbA, phoP, hitC, relA, cylA, cylG, oatA,
farB, pvdH, manB, ybtS, cpsA, bsc1, tagT, and essC) were present or partially present in
the majority (�85%) of all isolates. Putative virulence genes supporting host cell


FIG 2 Pangenome of B. longum showing the functional assignment of the core and accessory (soft core, shell, and cloud)
genomes. The results are based on the analysis of 76 isolates.
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invasion were detected only in the B. animalis isolates and were represented by the
gene iap (cwhA), encoding the extracellular protein p60, a major virulence factor in
Listeria monocytogenes (19). Two unique virulence genes, ureA and ureB, were detected
in the four B. longum subsp. infantis isolates from neonates (clade II). These genes
encode the urease alpha and beta subunits, respectively, which represent enzymes


FIG 3 (A) Functional distribution (%) of unique genes from invasive and noninvasive isolates of B. longum subsp. infantis; (B) functional distribution (%) of unique
genes from invasive and noninvasive isolates of B. longum subsp. longum.
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involved in the hydrolysis of urea to form ammonia and carbamate and increasing
gastric pH, thereby providing a more permissive environment for colonization of the
gastrointestinal tract (20). Forty-six putative virulence genes were shared among the
three Bifidobacterium species, indicating a high level of relatedness (Fig. 5).


Overall, at the subspecies level, there were no differences in the number of putative
virulence genes between invasive and noninvasive isolates. In B. longum subsp. infantis,
72 and 90 unique putative virulence genes were detected among the invasive and
noninvasive isolates, respectively. Of these, 72 were shared among invasive and non-
invasive isolates. In B. longum subsp. longum, 77 and 77 unique putative virulence
genes were detected among the invasive and noninvasive isolates, respectively. Of
these, 69 were shared among invasive and noninvasive isolates. However, among the
B. longum subsp. longum isolates, one invasive isolate (from patient 12) accounted for
most of the difference observed.


FIG 4 Genetic relationship between invasive and noninvasive B. longum subsp. longum isolates based on
accessory genome analysis. Invasive isolates are presented on a gray background.
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DISCUSSION


To our knowledge this is the largest case series of patients with Bifidobacterium
bacteremia for which clinical, microbiological, and genome sequencing data have been
described. There were three main clinical characteristics among patients with bactere-
mia. First, patients were predominantly in the extreme lower or upper age spectrum.
Second, the majority of patients had some degree of immune impairment. Third, most
(11/15) patients had gastrointestinal tract-related conditions or symptoms. Our clinical
findings are in line with previous reports on patients with invasive Bifidobacterium
infections indicating that they seem to be opportunistic infections in immunocompro-
mised patients, probably secondary to bacterial translocation from the gut (16, 21). We
found that in six patients with Bifidobacterium species bacteremia either there was
polymicrobial growth in blood cultures or there were different bacteria isolated from
the patients during the course of their acute disease. This made it difficult to interpret
whether Bifidobacterium was the true cause of their acute infection episode or merely
an innocent bystander in a sick patient (e.g., patients 3 and 7).


Bifidobacterium species are traditionally considered nonpathogenic commensals
that rarely cause human infections. Indeed, a large cohort study focusing on blood-
stream infections caused by probiotic bacteria in 3,500 hematopoietic transplant
recipients did not find any cases of Bifidobacterium bacteremia (15). In Norway, 0 to 2
Bifidobacterium bacteremia cases were reported annually between 2007 and 2012. The
apparent increase seen from 2013 to 2015 may have several reasons. In the recent past,
diagnosis relied mostly on biochemical tests for species identification with known
limitations. Thus, blood cultures with growth of Bifidobacterium may have been iden-
tified only as Gram-positive rods with no further specification of the species. This may
have led to an underestimation of the incidence of Bifidobacterium bacteremia. New
diagnostic tools, such as MALDI-TOF MS, improve detection to the species level. This
technique was introduced between 2011 and 2014 in the hospitals from which the
patients for our study were recruited, and its routine use may be one reason for the
apparently recent increase in the number of cases of bacteremia caused by Bifidobac-
terium species observed in Norway.


B. longum and B. dentium are the species most frequently reported to cause
bifidobacterial infections (16, 21). In our study, we recovered three different species: B.
breve, B. animalis, and B. longum. Bacterial translocation from the gut to the blood-


FIG 5 Area-proportional Venn diagram showing overlapping numbers of putative virulence factors
between the three different species of bifidobacteria, B. longum, B. breve, and B. animalis.
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stream seems to be a likely mechanism since the majority of patients had gastrointes-
tinal tract-related conditions with possible mucosal impairment and a leaky gut.


In Norway, B. animalis subsp. lactis and, to some extent, B. longum are the most
common Bifidobacterium species included in functional food products. Despite their
proposed health-promoting effects (22), antibiotic resistance determinants and viru-
lence factors in commensals are of great concern, as commensals can serve as a
reservoir of resistance genes for intestinal pathogens and have the ability to cause
disease on their own (23). However, there is no experimental evidence for the transfer
of antibiotic resistance genes from bifidobacteria to other pathogens (24). Most pa-
tients in our study had some degree of immune impairment. We did not have
information about probiotic consumption in the adults, but we know that this is
widespread both in Norway and in other countries (25). Although probiotic products
generally are regarded as safe, vigilance regarding their potential virulence, antibacte-
rial resistance, and adverse metabolic activity should be maintained, in particular, in
patients with predisposing or underlying conditions, such as gastrointestinal surgery,
malignancy, or immunodeficiency (26, 27).


The antibiotic susceptibility pattern was similar across all three Bifidobacterium
species in this study, much in line with previous findings (28–30). All isolates had low
MICs to vancomycin (28, 31). High MICs to clindamycin were rare. We detected one B.
longum isolate with an MIC to clindamycin of �256 mg/liter. However, there were
discrepancies between phenotypic and genotypic findings. In the clindamycin-resistant
isolate, no macrolide, lincosamide, and/or streptogramin (MLS) resistance gene was
identified, but other resistance mechanisms may have been involved. All Bifidobacte-
rium isolates in our study harbored mutations in genes associated with resistance to
fluoroquinolones, and in 12 of 15 isolates, the MIC to ciprofloxacin was �4 mg/liter.
Previously, a variable and strain-specific susceptibility to ciprofloxacin among bifido-
bacteria has been described (32, 33). Resistance to tetracyclines is the most common
resistance trait among bifidobacteria (32, 34, 35). We identified the presence of tet(T) in
two B. animalis isolates and one B. breve isolate, which is in good concordance with the
phenotypic findings. The tet genes are the most abundant genetic determinants
responsible for tetracycline resistance among bifidobacteria, but the tet(W) gene has
been the one most commonly found (30, 35, 36). To our knowledge, tet(T) has not
previously been described in Bifidobacterium. MIC values were higher for cefotaxime
than for penicillin G. Cell wall impermeability seems to be the main cause of cephalo-
sporin resistance among the bifidobacteria (29, 37). Our finding suggests intrinsic
resistance to metronidazole, much in line with previous reports (29, 37–39).


There was limited variation in the putative virulence gene content among the 15
Bifidobacterium isolates. In a classical risk assessment approach for pathogens, patho-
genicity is demonstrated to be a consequence of several properties acting in concert,
including colonization and virulence factors (40). We identified several genes playing an
important role in bacterial virulence, including genes encoding proteins involved in
adhesion, antiphagocytosis, immune evasion, iron uptake, and bile resistance, which
presumably pose a risk of infection. However, our findings must be interpreted with
caution, as these virulence factors also are essential features of most commensals. In
fact, most of the mechanisms involved in adhesion of bifidobacteria to host tissue are
similar or even identical to those employed by pathogens to cause disease (41). We
therefore expanded our analysis with a pangenome approach comparing all published
genome sequences from blood culture isolates and commensal strains of B. longum.
Here we detected unique clusters among both invasive and noninvasive isolates.
However, in the virulence prediction, we found limited variation in the putative
virulence gene content, and most genes were present in both invasive and noninvasive
isolates. Among the B. longum subsp. infantis isolates, we actually found a higher
number of putative virulence genes among the noninvasive isolates than among the
isolates causing invasive bacteremia. This was not observed for the B. longum subsp.
longum isolates. However, the phylogenetic tree fr all B. longum subsp. longum isolates
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generated clusters of invasive isolates indicating possible common virulence determi-
nants in their accessory genomes.


This study has limitations. First, the number of blood culture isolates was limited.
Second, we were unable to track probiotic consumption via food or supplementation
in 12 of the patients included. In addition, investigation of potential pathogenicity
using a search for homologous genes in databases might be speculative in relation to
their functional role in Bifidobacterium, as these online resources are based on other
more well characterized bacteria, and sequence homology between different bacteria
does not always predict function.


Conclusion. This study highlights the potential of Bifidobacterium as an opportu-
nistic pathogen causing bacteremia in immunocompromised patients or patients with
a compromised intestinal barrier. Our comparative genomic analysis indicated a pos-
sible phylogenetic separation between invasive and noninvasive B. longum subsp.
longum isolates. Moreover, we found differences in genome content between the
invasive and noninvasive isolates of both B. longum subspecies. However, invasive
isolates were not associated with an increased number of putative virulence genes.
Bifidobacterium bacteremia in infants and children is associated with impaired immu-
nity (16). Our study indicates that similar risk factors apply to adults.


MATERIALS AND METHODS
Bacterial isolates and patients. From 2013 to 2015, all Bifidobacterium bloodstream isolates


identified in Norway (n � 15) were reported to NORM. Patients were eligible for inclusion in this study
if there was one blood culture set with the presence of Bifidobacterium. We collected detailed clinical
data from the medical records, including age, sex, underlying medical conditions, symptoms and signs
prompting blood culture, use of antibiotics, and outcomes from all 15 Bifidobacterium bacteremia
episodes. Patients received written information about this retrospective national study. Participation was
voluntary with an opt-out option provided. The study was approved by the Norwegian Regional Ethical
Committee (approval number 2016/1001).


Species identification and antimicrobial susceptibility testing. The Bifidobacterium isolates were
first isolated and species identification was obtained at nine different Norwegian hospital laboratories.
Subsequently, all Bifidobacterium isolates were reanalyzed at a single laboratory. Species identification
was confirmed by matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) using a Microflex LT instrument (Bruker Daltonics, Bremen, Germany), Flex Control software, and
MALDI Biotyper (v3.1) software (Bruker Daltonics, Bremen, Germany). Processing of samples was done
according to the user’s manual (42). In brief, one bacterial colony was placed on a target plate and 1 �l
70% formic acid was added for cell wall denaturation. Samples were then mixed with 1 �l matrix solution
prior to mass spectrometry extraction. Samples with a log (score) value of �2 were considered to give
a high probability of identification to the species level. Bifidobacteria were cultured on brucella blood
agar plates supplemented with hemin and vitamin K1 (Becton Dickinson, Heidelberg, Germany). The
plates were incubated in an anaerobic atmosphere (10% H2, 10% CO2, 80% N2) for 24 to 48 h, according
to the instructions of the manufacturer. The quality control strain Bacteroides fragilis ATCC 25285 was
used for growth control. The phenotypic susceptibility to nine antibiotics (penicillin G, metronidazole,
clindamycin, tetracycline, meropenem, cefotaxime, ciprofloxacin, piperacillin-tazobactam, and vancomy-
cin) was determined using MIC gradient strips (Liofilchem, Roseto degli Abbruzzi, Italy).


WGS, assembly, and annotation. Bacterial DNA was extracted and prepared for whole-genome
sequencing (WGS) using a Nextera XT kit (Illumina, San Diego, CA, USA), according to the manufacturer’s
instructions (43). The fragment size distribution (500 to 1,000 bp) was analyzed using an Agilent 2100
bioanalyzer system (Agilent Technologies, Waldbronn, Germany). The samples were multiplexed and
sequenced by the Illumina MiSeq platform using v3 reagents with 2 sets of 300 cycles each according to
the manufacturer’s instructions. This yielded an average of 3.09 million reads per bacterial isolate. Each
of the genomes was assembled de novo using SPAdes (v3.5.0) software with default parameters (44).
Structural and functional annotations were performed using an in-house genome annotation pipeline
(Department of Chemistry, University of Tromsø [https://arxiv.org/abs/1604.04103]).


Pangenome analysis of B. longum. We performed a pangenome analysis of the genomes from 76
B. longum isolates. We included all 65 available B. longum genomes (complete and partial) of both human
and animal origin deposited in GenBank (http://www.ncbi.nlm.nih.gov/GenBank/index.html) and the 11
B. longum genomes sequenced in the framework of this study (see Data Set S1 in the supplemental
material). The genomes of B. animalis and B. breve were omitted from the pangenome analyses due to
the limited number of published genomes of isolates of these species and the presence of only four
isolates in our study. The amino acid sequences of the coding sequences (CDSs) for each of the 76 B.
longum isolates and their subspecies were extracted and used as an input for the GET_HOMOLOGUES
software package (45). Clustering of clusters of orthologous genes (COG) was performed using the
OrthoMCL algorithm with default parameters (46). A gene cluster incorporating at least one represen-
tative from each isolate was defined as being part of the core genome, while gene clusters defying this
definition were part of the accessory genome and could be further subdivided. Gene clusters represented
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in �72 isolates were regarded as the soft core, those represented in �2 isolates were regarded as the
shell, and the rest of the accessory genome was regarded as the cloud. Each cluster was annotated, and
functional grouping was made using the eggNOG (v4.5) database (47). The clusters with a functional
classification within the core and subdivided accessory groups were counted individually.


We then excluded 29 of the B. longum genomes deposited in GenBank (from probiotic isolates,
isolates of animal origin, isolates not further classified to the subspecies level, and isolates from
subspecies other than B. longum subsp. longum and B. longum subsp. infantis) and performed separate
pangenome analyses for B. longum subsp. longum (n � 34) and B. longum subsp. infantis (n � 13)
isolates. In these pangenome analyses we compared invasive isolates of B. longum subsp. longum (n �
7) and B. longum subsp. infantis (n � 6) versus noninvasive isolates of B. longum subsp. longum (n � 27)
and B. longum subsp. infantis (n � 7). Human blood culture isolates were defined as invasive isolates,
whereas isolates from infant or adult feces or gut were defined as noninvasive isolates. Gene content
trees from the binary pangenome cluster matrices (the presence or absence of genes in each isolate
relative to the other isolates) were generated with the GET_HOMOLOGUES software package (45) using
the discrete character parsimony algorithm. Clusters that were unique to the invasive isolates and/or to
the noninvasive isolates from both subspecies were identified and functionally annotated with eggNOG
classifications (47).


In silico analysis. The subtyping of the 11 B. longum isolates compared to the reference strains B.
longum subsp. infantis ATCC 15697, B. longum subsp. longum LMG 13197, and B. longum subsp. suis LMG
21814 was performed using the kSNP3 package (48) to identify single-nucleotide polymorphisms (SNPs)
in the genomes and reconstruct a parsimony phylogenomic tree.


The resistance gene identifier in the comprehensive antibiotic resistance database (CARD; version
1.1.1; Department of Biochemistry and Biomedical Science, McMaster University, Canada [https://card
.mcmaster.ca/home]) (49) was used to predict genes presumed to confer antibiotic resistance, and the
findings were compared with the phenotypic susceptibility test results. The virulence factor database
(VFDB; 2016, Institute of Pathogen Biology, Chinese Academy of Medical Sciences and Peking Union
Medical College, China [http://www.mgc.ac.cn/VFs/]) (50) was downloaded, and the CDSs from each
isolate were searched against the sequences in the formatted database using the BLASTP program.
Sequences that matched with E values of less than 1e�20 and sequence identities above 25% were
considered homologs. The numbers of putative virulence genes in the three different Bifidobacterium
species (B. longum, B. animalis, and B. breve) are presented in a Venn diagram (51). To further elucidate
potential pathogenicity, putative virulence factors were identified in all 34 noninvasive B. longum isolates
of human origin and matched to putative virulence factors in all 13 invasive B. longum isolates of human
origin.


Accession number(s). The sequences of the 15 Bifidobacterium isolates from this study have been
deposited in the European Nucleotide Archive (www.ebi.ac.uk/ena) under study accession number
PRJEB18553.
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.00150-17.


SUPPLEMENTAL FILE 1, XLSX file, 0.1 MB.
SUPPLEMENTAL FILE 2, XLSX file, 0.1 MB.


ACKNOWLEDGMENTS
We thank Runa Wolden for excellent technical assistance.
This work was supported by research grant from the Northern Norway Regional


Heath Authority.
We have no potential conflicts of interest.
Eirin Esaiassen took part in all stages of the study and drafted the initial manuscript.


Erik Hjerde performed and interpreted all bioinformatic analyses and revised the
manuscript. Jorunn Pauline Cavanagh contributed to study design, took part in phe-
notypic analyses, and revised the manuscript. Gunnar Skov Simonsen conceptualized
the study and revised the final manuscript. Claus Klingenberg conceptualized and
designed the study and revised the final manuscript. All authors approved the final
manuscript as submitted and agree to be accountable for all aspects of the work. Eirin
Esaiassen, Erik Hjerde, and Claus Klingenberg have full access to all data in the study
and take responsibility for the integrity of the data and the accuracy of the data
analysis. Original data are preserved and retrievable.


This study was performed as a collaborative project through the Norwegian Study
Group on Invasive Bifidobacterial Infections. Members collected clinical data and
identified the Bifidobacterium isolates analyzed in this study. The contributing members
are Reidar Hjetland (Førde Hospital, Førde, Norway), Ingerid Skarstein (Haukeland
University Hospital, Bergen, Norway), Aasmund Fostervold (Stavanger University Hos-


Esaiassen et al. Journal of Clinical Microbiology


July 2017 Volume 55 Issue 7 jcm.asm.org 2246



https://card.mcmaster.ca/home

https://card.mcmaster.ca/home

http://www.mgc.ac.cn/VFs/

http://www.ebi.ac.uk/ena

https://doi.org/10.1128/JCM.00150-17

https://doi.org/10.1128/JCM.00150-17

http://jcm.asm.org





pital, Stavanger, Norway), Karianne Wiger Gammelsrud (Oslo University Hospital, Ul-
levål, Oslo, Norway), Ståle Tofteland (Sørlandet Hospital, Kristiansand, Norway), Kjersti
Wik Larssen (St. Olavs University Hospital, Trondheim, Norway), Ragnhild Støen (St.
Olavs University Hospital, Trondheim, Norway), Nina Handal (Akershus University Hos-
pital, Lørenskog, Norway), and Rolf Arne Sandnes (Innlandet Hospital, Lillehammer,
Norway).


REFERENCES
1. Saavedra JM. 2007. Use of probiotics in pediatrics: rationale, mechanisms


of action, and practical aspects. Nutr Clin Pract 22:351–365. https://doi
.org/10.1177/0115426507022003351.


2. Lewis ZT, Totten SM, Smilowitz JT, Popovic M, Parker E, Lemay DG, Van
Tassell ML, Miller MJ, Jin YS, German JB, Lebrilla CB, Mills DA. 2015.
Maternal fucosyltransferase 2 status affects the gut bifidobacterial com-
munities of breastfed infants. Microbiome 3:13. https://doi.org/10.1186/
s40168-015-0071-z.


3. Milani C, Turroni F, Duranti S, Lugli GA, Mancabelli L, Ferrario C, van
Sinderen D, Ventura M. 2015. Genomics of the genus Bifidobacterium
reveals species-specific adaptation to the glycan-rich gut environ-
ment. Appl Environ Microbiol 82:980 –991. https://doi.org/10.1128/
AEM.03500-15.


4. Bottacini F, Ventura M, van Sinderen D, O’Connell Motherway M. 2014.
Diversity, ecology and intestinal function of bifidobacteria. Microb Cell
Fact 13(Suppl 1):S4. https://doi.org/10.1186/1475-2859-13-S1-S4.


5. Arboleya S, Watkins C, Stanton C, Ross RP. 2016. Gut bifidobacteria
populations in human health and aging. Front Microbiol 7:1204. https://
doi.org/10.3389/fmicb.2016.01204.


6. Collado MC, Gueimonde M, Hernandez M, Sanz Y, Salminen S. 2005.
Adhesion of selected Bifidobacterium strains to human intestinal mucus
and the role of adhesion in enteropathogen exclusion. J Food Prot
68:2672–2678. https://doi.org/10.4315/0362-028X-68.12.2672.


7. Serafini F, Strati F, Ruas-Madiedo P, Turroni F, Foroni E, Duranti S, Milano
F, Perotti A, Viappiani A, Guglielmetti S, Buschini A, Margolles A, van
Sinderen D, Ventura M. 2013. Evaluation of adhesion properties and
antibacterial activities of the infant gut commensal Bifidobacterium
bifidum PRL2010. Anaerobe 21:9 –17. https://doi.org/10.1016/j.anaerobe
.2013.03.003.


8. Round JL, Mazmanian SK. 2009. The gut microbiota shapes intestinal
immune responses during health and disease. Nat Rev Immunol
9:313–323. https://doi.org/10.1038/nri2515.


9. Nicola S, Amoruso A, Deidda F, Pane M, Allesina S, Mogna L, Del Piano
M, Mogna G. 2016. Searching for the perfect homeostasis: five strains of
Bifidobacterium longum from centenarians have a similar behavior in
the production of cytokines. J Clin Gastroenterol 50(Suppl 2):S126 –S130.


10. Pokusaeva K, Fitzgerald GF, van Sinderen D. 2011. Carbohydrate metab-
olism in Bifidobacteria. Genes Nutr 6:285–306. https://doi.org/10.1007/
s12263-010-0206-6.


11. El-Soud NH, Said RN, Mosallam DS, Barakat NA, Sabry MA. 2015. Bifido-
bacterium lactis in treatment of children with acute diarrhea. A random-
ized double blind controlled trial. Open Access Maced J Med Sci
3:403– 407. https://doi.org/10.3889/oamjms.2015.088.


12. Singhi SC, Kumar S. 2016. Probiotics in critically ill children. F1000Res
5:407. https://doi.org/10.12688/f1000research.7630.1.


13. Yi SH, Jernigan JA, McDonald LC. 2016. Prevalence of probiotic use
among inpatients: a descriptive study of 145 U.S. hospitals. Am J Infect
Control 44:548 –553. https://doi.org/10.1016/j.ajic.2015.12.001.


14. Brook I. 1996. Isolation of non-sporing anaerobic rods from infections in
children. J Med Microbiol 45:21–26. https://doi.org/10.1099/00222615
-45-1-21.


15. Cohen SA, Woodfield MC, Boyle N, Stednick Z, Boeckh M, Pergam SA.
2016. Incidence and outcomes of bloodstream infections among hema-
topoietic cell transplant recipients from species commonly reported to
be in over-the-counter probiotic formulations. Transpl Infect Dis 18:
699 –705. https://doi.org/10.1111/tid.12587.


16. Weber E, Reynaud Q, Suy F, Gagneux-Brunon A, Carricajo A, Guillot A,
Botelho-Nevers E. 2015. Bifidobacterium species bacteremia: risk factors
in adults and infants. Clin Infect Dis 61:482– 484. https://doi.org/10.1093/
cid/civ347.


17. Norwegian Organization for Surveillance of Antimicrobial Resistance.
2016. Usage of antimicrobial agents and occurrence of antimicrobial


resistance in Norway. Norwegian Organization for Surveillance of Anti-
microbial Resistance, Tromsø/Oslo, Norway.


18. Esaiassen E, Cavanagh P, Hjerde E, Simonsen GS, Stoen R, Klingenberg C.
2016. Bifidobacterium longum subspecies infantis bacteremia in 3 ex-
tremely preterm infants receiving probiotics. Emerg Infect Dis 22:
1664 –1666. https://doi.org/10.3201/eid2209.160033.


19. Yu M, Zuo J, Gu H, Guo M, Yin Y. 2015. Domain function dissection and
catalytic properties of Listeria monocytogenes p60 protein with bacte-
riolytic activity. Appl Microbiol Biotechnol 99:10527–10537. https://doi
.org/10.1007/s00253-015-6967-5.


20. Marshall BJ, Barrett LJ, Prakash C, McCallum RW, Guerrant RL. 1990. Urea
protects Helicobacter (Campylobacter) pylori from the bactericidal effect
of acid. Gastroenterology 99:697–702. https://doi.org/10.1016/0016
-5085(90)90957-3.


21. Bourne KA, Beebe JL, Lue YA, Ellner PD. 1978. Bacteremia due to
Bifidobacterium, Eubacterium or Lactobacillus; twenty-one cases and
review of the literature. Yale J Biol Med 51:505–512.


22. Sanchez B, Delgado S, Blanco-Miguez A, Lourenco A, Gueimonde M,
Margolles A. 10 October 2016. Probiotics, gut microbiota, and their
influence on host health and disease. Mol Nutr Food Res. https://doi
.org/10.1002/mnfr.201600240.


23. Penders J, Stobberingh EE, Savelkoul PH, Wolffs PF. 2013. The human
microbiome as a reservoir of antimicrobial resistance. Front Microbiol
4:87. https://doi.org/10.3389/fmicb.2013.00087.


24. Gueimonde M, Sanchez B, de los Reyes-Gavilán CG, Margolles A. 2013.
Antibiotic resistance in probiotic bacteria. Front Microbiol 4:202. https://
doi.org/10.3389/fmicb.2013.00202.


25. Varankovich NV, Nickerson MT, Korber DR. 2015. Probiotic-based strat-
egies for therapeutic and prophylactic use against multiple gastrointes-
tinal diseases. Front Microbiol 6:685. https://doi.org/10.3389/fmicb.2015
.00685.


26. Didari T, Solki S, Mozaffari S, Nikfar S, Abdollahi M. 2014. A systematic
review of the safety of probiotics. Expert Opin Drug Saf 13:227–239.
https://doi.org/10.1517/14740338.2014.872627.


27. Borriello SP, Hammes WP, Holzapfel W, Marteau P, Schrezenmeir J,
Vaara M, Valtonen V. 2003. Safety of probiotics that contain lactoba-
cilli or bifidobacteria. Clin Infect Dis 36:775–780. https://doi.org/10
.1086/368080.


28. Moubareck C, Gavini F, Vaugien L, Butel MJ, Doucet-Populaire F. 2005.
Antimicrobial susceptibility of bifidobacteria. J Antimicrob Chemother
55:38 – 44.


29. Delgado S, Florez AB, Mayo B. 2005. Antibiotic susceptibility of Lacto-
bacillus and Bifidobacterium species from the human gastrointestinal
tract. Curr Microbiol 50:202–207. https://doi.org/10.1007/s00284-004
-4431-3.


30. Mättö J, van Hoek AHAM, Domig KJ, Saarela M, Floréz AB, Brockmann E,
Amtmann E, Mayo B, Aarts HJM, Danielsen M. 2007. Susceptibility of
human and probiotic Bifidobacterium spp. to selected antibiotics as
determined by the Etest method. Int Dairy J 17:1123–1131. https://doi
.org/10.1016/j.idairyj.2007.01.008.


31. Lim KS, Huh CS, Baek YJ. 1993. Antimicrobial susceptibility of bifidobac-
teria. J Dairy Sci 76:2168 –2174. https://doi.org/10.3168/jds.S0022
-0302(93)77553-0.


32. Masco L, Van Hoorde K, De Brandt E, Swings J, Huys G. 2006. Antimi-
crobial susceptibility of Bifidobacterium strains from humans, animals
and probiotic products. J Antimicrob Chemother 58:85–94. https://doi
.org/10.1093/jac/dkl197.


33. Ouoba LI, Lei V, Jensen LB. 2008. Resistance of potential probiotic lactic
acid bacteria and bifidobacteria of African and European origin to
antimicrobials: determination and transferability of the resistance genes
to other bacteria. Int J Food Microbiol 121:217–224. https://doi.org/10
.1016/j.ijfoodmicro.2007.11.018.


Bifidobacterium Bacteremia and Pathogenicity Journal of Clinical Microbiology


July 2017 Volume 55 Issue 7 jcm.asm.org 2247



https://doi.org/10.1177/0115426507022003351

https://doi.org/10.1177/0115426507022003351

https://doi.org/10.1186/s40168-015-0071-z

https://doi.org/10.1186/s40168-015-0071-z

https://doi.org/10.1128/AEM.03500-15

https://doi.org/10.1128/AEM.03500-15

https://doi.org/10.1186/1475-2859-13-S1-S4

https://doi.org/10.3389/fmicb.2016.01204

https://doi.org/10.3389/fmicb.2016.01204

https://doi.org/10.4315/0362-028X-68.12.2672

https://doi.org/10.1016/j.anaerobe.2013.03.003

https://doi.org/10.1016/j.anaerobe.2013.03.003

https://doi.org/10.1038/nri2515

https://doi.org/10.1007/s12263-010-0206-6

https://doi.org/10.1007/s12263-010-0206-6

https://doi.org/10.3889/oamjms.2015.088

https://doi.org/10.12688/f1000research.7630.1

https://doi.org/10.1016/j.ajic.2015.12.001

https://doi.org/10.1099/00222615-45-1-21

https://doi.org/10.1099/00222615-45-1-21

https://doi.org/10.1111/tid.12587

https://doi.org/10.1093/cid/civ347

https://doi.org/10.1093/cid/civ347

https://doi.org/10.3201/eid2209.160033

https://doi.org/10.1007/s00253-015-6967-5

https://doi.org/10.1007/s00253-015-6967-5

https://doi.org/10.1016/0016-5085(90)90957-3

https://doi.org/10.1016/0016-5085(90)90957-3

https://doi.org/10.1002/mnfr.201600240

https://doi.org/10.1002/mnfr.201600240

https://doi.org/10.3389/fmicb.2013.00087

https://doi.org/10.3389/fmicb.2013.00202

https://doi.org/10.3389/fmicb.2013.00202

https://doi.org/10.3389/fmicb.2015.00685

https://doi.org/10.3389/fmicb.2015.00685

https://doi.org/10.1517/14740338.2014.872627

https://doi.org/10.1086/368080

https://doi.org/10.1086/368080

https://doi.org/10.1007/s00284-004-4431-3

https://doi.org/10.1007/s00284-004-4431-3

https://doi.org/10.1016/j.idairyj.2007.01.008

https://doi.org/10.1016/j.idairyj.2007.01.008

https://doi.org/10.3168/jds.S0022-0302(93)77553-0

https://doi.org/10.3168/jds.S0022-0302(93)77553-0

https://doi.org/10.1093/jac/dkl197

https://doi.org/10.1093/jac/dkl197

https://doi.org/10.1016/j.ijfoodmicro.2007.11.018

https://doi.org/10.1016/j.ijfoodmicro.2007.11.018

http://jcm.asm.org





34. Florez AB, Ammor MS, Alvarez-Martin P, Margolles A, Mayo B. 2006.
Molecular analysis of tet(W) gene-mediated tetracycline resistance in
dominant intestinal Bifidobacterium species from healthy humans. Appl
Environ Microbiol 72:7377–7379. https://doi.org/10.1128/AEM.00486-06.


35. Ammor MS, Florez AB, Alvarez-Martin P, Margolles A, Mayo B. 2008.
Analysis of tetracycline resistance tet(W) genes and their flanking se-
quences in intestinal Bifidobacterium species. J Antimicrob Chemother
62:688 – 693. https://doi.org/10.1093/jac/dkn280.


36. Aires J, Doucet-Populaire F, Butel MJ. 2007. Tetracycline resistance me-
diated by tet(W), tet(M), and tet(O) genes of Bifidobacterium isolates
from humans. Appl Environ Microbiol 73:2751–2754. https://doi.org/10
.1128/AEM.02459-06.


37. Charteris WP, Kelly PM, Morelli L, Collins JK. 1998. Antibiotic susceptibil-
ity of potentially probiotic Bifidobacterium isolates from the human
gastrointestinal tract. Lett Appl Microbiol 26:333–337. https://doi.org/10
.1046/j.1472-765X.1998.00342.x.


38. Löfmark S, Edlund C, Nord CE. 2010. Metronidazole is still the drug of
choice for treatment of anaerobic infections. Clin Infect Dis 50:S16 –S23.
https://doi.org/10.1086/647939.


39. Collado MC, Gonzalez A, Gonzalez R, Hernandez M, Ferrus MA, Sanz Y.
2005. Antimicrobial peptides are among the antagonistic metabolites
produced by Bifidobacterium against Helicobacter pylori. Int J Antimi-
crob Agents 25:385–391. https://doi.org/10.1016/j.ijantimicag.2005.01
.017.


40. Kitamoto S, Nagao-Kitamoto H, Kuffa P, Kamada N. 2016. Regulation of
virulence: the rise and fall of gastrointestinal pathogens. J Gastroenterol
51:195–205. https://doi.org/10.1007/s00535-015-1141-5.


41. Westermann C, Gleinser M, Corr SC, Riedel CU. 2016. A critical evaluation
of bifidobacterial adhesion to the host tissue. Front Microbiol 7:1220.
https://doi.org/10.3389/fmicb.2016.01220.


42. Bruker Daltonics. 2012. MALDI Biotyper 3.1 user manual. Bruker Dalton-
ics, Bremen, Germany.


43. Illumina. 2016. Nextera® DNA library prep reference guide. Illumina, San
Diego, CA.


44. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.


45. Contreras-Moreira B, Vinuesa P. 2013. GET_HOMOLOGUES, a versatile
software package for scalable and robust microbial pangenome anal-
ysis. Appl Environ Microbiol 79:7696 –7701. https://doi.org/10.1128/
AEM.02411-13.


46. Li L, Stoeckert CJ, Jr, Roos DS. 2003. OrthoMCL: identification of ortholog
groups for eukaryotic genomes. Genome Res 13:2178 –2189. https://doi
.org/10.1101/gr.1224503.


47. Huerta-Cepas J, Szklarczyk D, Forslund K, Cook H, Heller D, Walter MC,
Rattei T, Mende DR, Sunagawa S, Kuhn M, Jensen LJ, von Mering C, Bork
P. 2016. eggNOG 4.5: a hierarchical orthology framework with improved
functional annotations for eukaryotic, prokaryotic and viral sequences.
Nucleic Acids Res 44:D286 –D293. https://doi.org/10.1093/nar/gkv1248.


48. Gardner SN, Hall BG. 2013. When whole-genome alignments just won’t
work: kSNP v2 software for alignment-free SNP discovery and phyloge-
netics of hundreds of microbial genomes. PLoS One 8:e81760. https://
doi.org/10.1371/journal.pone.0081760.


49. McArthur AG, Waglechner N, Nizam F, Yan A, Azad MA, Baylay AJ,
Bhullar K, Canova MJ, De Pascale G, Ejim L, Kalan L, King AM, Koteva
K, Morar M, Mulvey MR, O’Brien JS, Pawlowski AC, Piddock LJ, Spano-
giannopoulos P, Sutherland AD, Tang I, Taylor PL, Thaker M, Wang W,
Yan M, Yu T, Wright GD. 2013. The comprehensive antibiotic resis-
tance database. Antimicrob Agents Chemother 57:3348 –3357.
https://doi.org/10.1128/AAC.00419-13.


50. Chen L, Yang J, Yu J, Yao Z, Sun L, Shen Y, Jin Q. 2005. VFDB: a reference
database for bacterial virulence factors. Nucleic Acids Res 33:
D325–D328.


51. Micallef LRP. 2013. eulerAPE: drawing area-proportional Euler and Venn
diagrams using ellipses. University of Kent, Canterbury, United Kingdom.
http://www.eulerdiagrams.org/eulerAPE/. Accessed April 2017.


Esaiassen et al. Journal of Clinical Microbiology


July 2017 Volume 55 Issue 7 jcm.asm.org 2248



https://doi.org/10.1128/AEM.00486-06

https://doi.org/10.1093/jac/dkn280

https://doi.org/10.1128/AEM.02459-06

https://doi.org/10.1128/AEM.02459-06

https://doi.org/10.1046/j.1472-765X.1998.00342.x

https://doi.org/10.1046/j.1472-765X.1998.00342.x

https://doi.org/10.1086/647939

https://doi.org/10.1016/j.ijantimicag.2005.01.017

https://doi.org/10.1016/j.ijantimicag.2005.01.017

https://doi.org/10.1007/s00535-015-1141-5

https://doi.org/10.3389/fmicb.2016.01220

https://doi.org/10.1089/cmb.2012.0021

https://doi.org/10.1128/AEM.02411-13

https://doi.org/10.1128/AEM.02411-13

https://doi.org/10.1101/gr.1224503

https://doi.org/10.1101/gr.1224503

https://doi.org/10.1093/nar/gkv1248

https://doi.org/10.1371/journal.pone.0081760

https://doi.org/10.1371/journal.pone.0081760

https://doi.org/10.1128/AAC.00419-13

http://www.eulerdiagrams.org/eulerAPE/

http://jcm.asm.org





	
	
	
	
	
	
	


Attachment		
II965.1-CBI.2.1-A13	


	
	
	
	
	







JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/99/$04.0010


Apr. 1999, p. 1227–1228 Vol. 37, No. 4


Copyright © 1999, American Society for Microbiology. All Rights Reserved.


CASE REPORT


Case of Sepsis Caused by Bifidobacterium longum
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We report a case of sepsis caused by Bifidobacterium longum in a 19-year-old male who had developed high
fever, jaundice, and hepatomegaly after acupuncture therapy with small gold needles. Anaerobic, non-spore-
forming, gram-positive bacilli were isolated from his blood and finally identified as B. longum. He recovered
completely after treatment with ticarcillin and metronidazole. To our knowledge, this is the first report of inci-
dental sepsis caused by B. longum.


CASE REPORT


A 19-year-old male was admitted to the hospital due to high
fever, jaundice, and hepatomegaly. A month prior to admis-
sion, he had developed a herniated intervertebral disk of the
lumbar spine. He had a partial laminectomy and began receiv-
ing acupuncture therapy in a local clinic practicing oriental
medicine. Due to continuing lumbar pain, several 1-cm-long
gold needles had been inserted into the lumbar area 10 days
prior to admission; 5 days later, the patient started to develop
chills, fever, nausea, vomiting, and diarrhea. Upon presen-
tation, hepatic enlargement was observed by ultrasonography
and several gold needles were located on X-ray film near the
lumbar area (Fig. 1). The blood culture grew anaerobic, non-
spore-forming, gram-positive bacilli. A clinical diagnosis of
sepsis by anaerobic bacilli was made, and empiric treatment
with ticarcillin and metronidazole was begun. The patient
was fully recovered after 10 days, and a checkup 1 week later
showed a normal range of hepatic function.


Microbiological investigation. Three blood samples, which
were taken from three different sites at 30-min intervals, inoc-
ulated into both tryptic soy broth and thioglycollate medium,
and incubated at 37°C for 2 days, yielded gram-positive bacilli.
The three cultures in thioglycollate grew much better than
those in tryptic soy broth, suggesting that the bacilli were
anaerobic. The gram-positive bacilli appeared to be very
pleomorphic and produced no endospores. When the Dong-
guk isolate was subcultured on 5% sheep blood agar at 37°C
for 2 days, the anaerobically grown colonies were 0.5 to 1 mm
in diameter and appeared whitish, raised, mucoid, and nonhe-
molytic, while aerobically grown colonies were hardly visible
even after 5 days. The isolate was inoculated onto thioglycol-
late medium without dextrose or indicator (Difco, Detroit,
Mich.) and tested by conventional biochemical means accord-
ing to Holdeman et al. (5). These tests were repeated twice.


Gas-liquid chromatography (GLC) with a Capco instrument
(Clinical Analysis Products, Sunnyvale, Calif.) was performed
to analyze the metabolic end products. Acetic acid and lactic
acid were detected as volatile and nonvolatile fatty acids, re-


* Corresponding author. Mailing address: Department of Clinical
Pathology, Kyongju Hospital of Dongguk University, Kyongju, Kyong-
buk 780-714, Korea. Phone: 82-561-770-8280. Fax: 82-561-749-5538.
E-mail: hskim@mail.dongguk.ac.kr.


FIG. 1. Radiological findings of the simple abdomen showing many small
needles (arrows).
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spectively. The isolate showed the biochemical characteristics
and GLC profile of Bifidobacterium longum, as described by
Holdeman et al. (5) (Table 1).


Discussion. Anaerobic bacterial sepsis is often caused by
organisms found in the gastrointestinal tract, skin, urogenital
tract, or oral cavity. Bacteroides fragilis and Clostridium perfrin-


gens are the anaerobic agents isolated most frequently from
infections (3, 7). Bifidobacterium spp. colonize the intestinal
tract, the mouth, and, in some instances, the vagina in humans
(1) and are rarely isolated from clinical specimens, with the
exception of Bifidobacterium dentium as one of the causative
agents of dental caries and related diseases (2, 6). It is known
to be difficult to identify Bifidobacterium spp. due not only to
variability in aerotolerance, colony morphology, and stainabil-
ity on Gram staining but also to the difficulty in distinguishing
the organisms from other gram-positive, non-spore-forming,
anaerobic bacilli by conventional biochemical tests (1). Defin-
itive identification of the genus Bifidobacterium requires anal-
ysis of metabolic products, volatile and nonvolatile fatty acids,
in broth media by GLC (4, 8).


We encountered a case of sepsis due to B. longum, an an-
aerobic, non-spore-forming, gram-positive bacillus which has
been widely regarded as being of benefit to the host by pre-
venting other pathogens from overgrowing in the intestinal
tract (1). Since there were no obvious predisposing conditions
preceding anaerobic infection in the young male patient other
than acupuncture therapy, it is speculated that the organism
was introduced to the blood circulation either from improperly
sterilized acupuncture needles or from the colon via minute
perforations caused by those needles. This case emphasizes
the potential for serious infections caused by normally harm-
less gastrointestinal tract flora when invasive acupuncture ther-
apy is improperly provided.
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TABLE 1. Culture and biochemical characteristics of the
B. longum type strain and the Dongguk isolate


Characteristic
or test B. longuma Dongguk


isolate


Acid from:
Arabinose 1 1
Cellobiose v 2
Erythritol 2 2
Esculin v 2
Fructose 1 1
Glucose 1 1
Inositol 2 2
Lactose 1 1
Maltose 1 1
Mannitol 2 2
Mannose v 1
Melezitose 1 1
Melibiose 1 1
Raffinose 1 1
Rhamnose 2, w 2
Ribose 1 1
Salicin 2 2
Sorbitol 2 2
Sucrose 1 1
Trehalose v 2
Xylose 1 1
Adonitol 2 2
Dulcitol 2 2
Glycerol 2 2
Inulin w 1


Esculin hydrolysis v 2
Indole production 2 2
Nitrate reduction 2 2
Catalase 2 2
Bile growth 43 1
Hemolysis 2 2
Motility 2 2
Gas 22 2
GLC Acetic acid Acetic acid


Lactic acid Lactic acid


a Data are from reference 5. Symbols and abbreviations: 1, positive; 2, neg-
ative; v, variable; w, weak acid; 43, most strains show good growth on bile, while
some strains show moderate growth; 22, most strains produce gas, while some
strains do not.
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Probiotic use in clinical practice: what are the risks?1–3


Robert J Boyle, Roy M Robins-Browne, and Mimi LK Tang


ABSTRACT
Probiotics have been advocated for the prevention and treatment of
a wide range of diseases, and there is strong evidence for their
efficacy in some clinical scenarios. Probiotics are now widely used
in many countries by consumers and in clinical practice. Given the
increasingly widespread use of probiotics, a thorough understanding
of their risks and benefits is imperative. In this article we review the
safety of probiotics and discuss areas of uncertainty regarding their
use. Although probiotics have an excellent overall safety record,
they should be used with caution in certain patient groups—partic-
ularly neonates born prematurely or with immune deficiency. Be-
cause of the paucity of information regarding the mechanisms
through which probiotics act, appropriate administrative regimens,
and probiotic interactions, further investigation is needed in these
areas. Finally, note that the properties of different probiotic species
vary and can be strain-specific. Therefore, the effects of one probi-
otic strain should not be generalized to others without confirmation
in separate studies. Careful consideration should be given to these
issues before patients are advised to use probiotic supplements in
clinical practice. Am J Clin Nutr 2006;83:1256–64.


KEY WORDS Probiotics, sepsis, Lactobacillus, Saccharomy-
ces


INTRODUCTION


Probiotics in the form of Streptococcus thermophilus and
Lactobacillus bulgaricus in fermented milk have been ingested
by humans for thousands of years in the belief that they have
health benefits. For example, Persian tradition has it that Abra-
ham owed his fertility and longevity to the regular ingestion of
yogurt. In the early 20th century, the Russian immunologist Elie
Metchnikoff proposed that lactic acid bacilli may have beneficial
health effects and attributed his own longevity to regular probi-
otic ingestion. The proposed health benefits of probiotics have
undergone increasingly rigorous scientific evaluation in recent
years, and there is now strong evidence for their use in treating
and preventing some human diseases. However, community use
of probiotics is much wider than these specific indications, and
probiotics have become an important commercial commodity.
Given the increasingly widespread use of probiotics in both com-
munity and healthcare settings, clinicians need to have an under-
standing of the risks and benefits of probiotic treatment. In this
article we review the known risks of probiotic treatment and
explore areas of uncertainty regarding their use.


DEFINING PROBIOTICS


Probiotics are defined as “live microorganisms that when ad-
ministered in adequate amounts confer a health benefit on the
host” (1). It is believed by many that the ideal probiotic should
remain viable at the level of the intestine and should adhere to the
intestinal epithelium to confer a significant health benefit. Some
evidence supports the importance of viability in human studies,
with viable bacteria having greater immunologic effects than
nonviable bacteria and killed bacteria being associated with ad-
verse effects in some instances (2, 3). Some of the best charac-
terized probiotics have also been shown to adhere strongly to
intestinal epithelium in both in vitro and in vivo studies (4).
Probiotics must also be resistant to gastric acid digestion and to
bile salts to reach the intestinal intact, and they should be non-
pathogenic. Most probiotics are strains of Bifidobacterium or
Lactobacillus species. Some are derived from the intestinal mi-
crobiota of healthy humans, and others are nonhuman strains
used in the fermentation of dairy products. Species from other
bacterial genera such as Streptococcus, Bacillus, and Enterococ-
cus have also been used as probiotics, but there are concerns
surrounding the safety of such probiotics because these genera
contain many pathogenic species, particularly Enterococcus (1).
Nonbacterial microorganisms such as yeasts from the genus Sac-
charomyces have also been used as probiotics for many years.


EFFICACY OF PROBIOTICS IN PREVENTING AND
TREATING DISEASE


Probiotics have been advocated for the prevention and treat-
ment of a diverse range of disorders, from acute gastroenteritis to
intestinal neoplasia (reviewed in 5). The evidence for their effi-
cacy in many such disorders is not strong, but there are well-
established benefits in a small number of conditions. The stron-
gest evidence for the use of probiotics is in the management of
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diarrheal diseases. For example, a meta-analysis of randomized
controlled trials has shown that many probiotics are effective in
preventing antibiotic-associated diarrhea (6), including the yeast
Saccharomyces boulardii and the bacterium Lactobacillus aci-
dophilus in combination with L. bulgaricus, L. rhamnosus strain
GG [American Type Culture Collection (ATCC) 53103; LGG],
and Enterococcus faecium strain SF68. A separate meta-analysis
of randomized controlled trials has shown a variety of probiotics
(including Lactobacillus species, Enterococcus species, and S.
boulardii) to be effective in the treatment of infective diarrhea in
both adults and children (7). In this analysis, probiotics were
found to reduce the mean duration of diarrhea by �30 h. There
is also support from randomized controlled trials for the efficacy
of a probiotic mix (containing 3 � 1011 CFU L. bulgaricus, L.
casei, L. plantarum, L. acidophilus, Bifidobacterium longum, B.
breve, B. infantis, and S. thermophilus) in preventing flares of
chronic pouchitis in patients with inflammatory bowel disease
and for the use of a different probiotic mix [B. lactis Bb12 and
Lactobacillus reuteri (ATCC 55730) at 1 � 107 CFU/g in a cow
milk formula] to prevent diarrheal illness in infants attending
childcare (8, 9). Probiotic therapy has also been explored in
nongastrointestinal diseases, including the treatment and preven-
tion of atopic eczema (10, 11). Nevertheless the evidence to date
suggests that the major clinical effects of probiotics are seen in
gastrointestinal disorders. Below we review current concerns
and areas of uncertainty regarding the use of probiotics and the
limitations of such in disease management.


RISKS ASSOCIATED WITH PROBIOTIC TREATMENT


Probiotics are often regulated as dietary supplements rather
than as pharmaceuticals or biological products. Thus, there is
usually no requirement to demonstrate safety, purity, or potency
before marketing probiotics. This can lead to significant incon-
sistencies between the stated and actual contents of probiotic
preparations, as shown in a recent South African study (12). In
Europe, those dietary supplements intended for use by infants
and young children do have specific compositional legal require-
ments (13). In the United States, although dietary supplements do
not generally require premarket review and approval by the Food
and Drug Administration, those that are marketed specifically for
the treatment or prevention of a disease are classified as biolog-
ical products and do need review and approval by the Food and
Drug Administration. Similarly, in Australia, those probiotics
marketed for specific health benefits require premarket review
by the Therapeutic Goods Administration and are usually regu-
lated as complementary medicines. In Japan, those probiotic
products marketed for a specified health use also require formal
premarket review by the Health Ministry (14). Although most
commercially available probiotic strains are widely regarded as
safe, there are significant concerns with respect to safety in par-
ticular populations.


Infection


The most important area of concern with probiotic use is the
risk of sepsis. Probiotics have been widely used in food process-
ing for many years, and overall have an excellent safety record,
as supported by reviews (15, 16). Many small studies also sup-
port the safety of particular probiotic strains in particular high-
risk populations. For example, different Lactobacillus strains
have been fed to adults and children infected with HIV, to term


infants, and to premature infants with no significant adverse
effects (17–19). In Finland, there has been a marked increase in
the use of the probiotic LGG since its introduction into the coun-
try in 1990. In 1992 alone, 3 � 106 kg of products containing
LGG was sold in Finland (20). Despite this increased use, no
significant increase in Lactobacillus bacteremia or bacteremia
attributable to probiotic strains has been observed in southern
Finland (20, 21). Thus, there is a body of evidence that supports
the safety of some probiotics, particularly Lactobacillus strains.


One theoretical concern with the safety of probiotics is that
some have been designed or chosen to have good adherence to the
intestinal mucosa, and this is considered important for their
mechanism of action. Adherence to the intestinal mucosa may
also increase bacterial translocation and virulence. The most
potent probiotics, therefore, may have increased pathogenicity.
The relation between mucosal adhesion and pathogenicity in
Lactobacillus spp. is supported by the finding that blood culture
isolates of Lactobacillus spp. adhere to intestinal mucus in
greater numbers than do isolates from human feces or dairy
products (22). Murine experiments have also shown the potential
for probiotics to cause sepsis. For example, Wagner et al (23)
colonized athymic mice with human isolates of L. reuteri, L.
acidophilus, Bifidobacterium animalis, or LGG. Although athy-
mic adult mice were not adversely affected by the probiotics,
colonization with the probiotics L. reuteri and LGG did lead to
death in some athymic neonatal mice. This finding suggests that
the presence of immune deficiency in neonates may put them at
particularly high risk of probiotic sepsis. These theoretical con-
cerns are highlighted by recent case reports of probiotic sepsis in
humans.


Reports of sepsis related to probiotic use


Lactobacillus species are a rare but well-recognized cause of
endocarditis in adults (and other forms of sepsis in children) in
the absence of probiotic supplementation. Several reports have
directly linked cases of Lactobacillus and other bacterial sepsis
to the ingestion of probiotic supplements. These case reports are
discussed below and are summarized in Table 1 and Table 2.
Rautio et al (24) reported the case of a 74-y-old diabetic woman
who developed LGG liver abscess and pneumonia 4 mo after
commencing daily LGG supplementation. The infective and pro-
biotic strains were indistinguishable by pulsed-field gel electro-
phoresis of chromosomal DNA restriction fragments. In a second
case, Mackay et al (25) reported the development of L. rhamno-
sus endocarditis (strain not specified) after a dental extraction in
a 67-y-old man with mitral regurgitation who was taking probi-
otic capsules daily. The authors found no differences between the
probiotic and the infective L. rhamnosus with the use of standard
API 50 CH (BioMerieux, Hazelwood, MI) biochemical analysis
and pyrolysis mass spectrometry. These reports are highly sug-
gestive of probiotic supplement–related sepsis, but it should be
noted that LGG and other strains of L. rhamnosus can sometimes
be found in the intestinal microbiota of healthy humans, so the
source of infection in these cases is not conclusively proven. This
point is emphasized by Presterl et al’s (48) report of an adult with
L. rhamnosus endocarditis, which was thought—after species
identification with the use of API 50 CH—to be due to a probiotic
strain but was found—after molecular typing with the use of
randomly amplified polymorphic DNA—to be due to a different
strain of unknown origin
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Bacterial sepsis related to probiotic use in children has also
been reported. Kunz et al (26) described the cases of 2 premature
infants with short gut syndrome who were fed via gastrostomy or
jejunostomy and developed Lactobacillus bacteremia while tak-
ing LGG supplements In 1 of the 2 cases, pulsed-field gel elec-
trophoresis of chromosomal DNA restriction fragments found
the bacteremic strain and probiotic strain to be indistinguishable.
De Groote et al (27) reported a similar case, confirmed with the
use of pulsed-field gel electrophoresis and rRNA sequencing
Recently, 2 definitive cases of probiotic sepsis due to LGG were
reported in children; strain homology was confirmed by using
repetitive element sequence-based polymerase chain reaction
DNA fingerprinting (28). The authors reported the case of a
4-mo-old infant with antibiotic-related diarrhea after cardiac sur-
gery, who developed LGG endocarditis 3 wk after commencing
LGG at 1010 CFU/d. They also reported the case of a 6-y-old girl
with cerebral palsy and antibiotic-associated diarrhea who de-
veloped LGG bacteremia on day 44 of treatment with LGG at
1010 CFU/d through a gastrojejunostomy tube. Bacillus subtilis
bacteremia and cholangitis related to probiotic use have also been
described. In one case, strain homology between the probiotic
and pathogenic bacteria was confirmed by using molecular typ-
ing (29–31). Many cases of Saccharomyces boulardii fungemia
in those taking S. boulardii supplements have now been de-
scribed; in some cases, homology between the probiotic and
infective organisms was confirmed by using molecular typing
(32–45). Interestingly, 2 reports suggest that a probiotic supple-
ment (S. boulardii) taken by one hospital inpatient may spread to
neighboring patients, to whom it is not being directly adminis-
tered, and lead to significant sepsis (33, 34). It has been suggested


that contamination of vascular catheters may be responsible for
such cases (32). We are not aware of any reports of Bifidobac-
terium sepsis related to probiotic use, which is in keeping with
animal studies that suggest its low pathogenicity (23). It may be
that bifidobacteria have a better safety profile than other probi-
otics, but their infrequent association with sepsis may equally
relate to the dominance of other genera such as lactobacilli in
currently available probiotic preparations.


Risk factors for probiotic sepsis


All cases of probiotic bacteremia or fungemia have occurred in
patients with underlying immune compromise, chronic disease,
or debilitation, and no reports have described sepsis related to
probiotic use in otherwise healthy persons. Most cases of probi-
otic sepsis have resolved with appropriate antimicrobial therapy,
but in some cases patients have developed septic shock (32). In
other cases the outcome has been fatal, but these fatalities were
usually related to underlying disease rather than directly to pro-
biotic sepsis (31, 35, 46). One exception is the report by Lestin et
al (47) of a 48-y-old diabetic woman with diarrhea attributable to
Clostridium difficile who died from multiorgan failure and septic
shock in association with a toxic megacolon and probiotic fun-
gemia. The case is suggestive of fatal probiotic sepsis, but mo-
lecular methods were not used to confirm homology between the
probiotic and pathogenic fungi. Many case reports of probiotic
sepsis describe persons with preexisting intestinal pathology,
including diarrhea and short intestine. These may be common
indications for probiotic use, but would also be expected to in-
crease the risk of probiotic translocation through the intestinal
mucosa. Some cases have occurred after probiotic strains were


TABLE 1
Cases of bacterial sepsis temporally related to probiotic use in humans1


Study Age Risk factors Probiotic Method of identification2 Form of sepsis


Rautio et al (24) 74 y Diabetes mellitus LGG API 50 CH, PFGE of DNA restriction
fragments


Liver abscess


Mackay et al (25) 67 y Mitral regurgitation, dental
extraction


Lactobacillus rhamnosus,
3 �109 CFU/d


API 50 CH, pyrolysis mass
spectrometry


Endocarditis


Kunz et al (26) 3 mo Prematurity, short-gut syndrome LGG No confirmatory typing Bacteremia
10 wk Prematurity, inflamed intestine,


short-gut syndrome
LGG PFGE of DNA restriction fragments Bacteremia


De Groote et al (27) 11 mo Prematurity, gastrostomy, short-gut
syndrome, CVC, parenteral
nutrition, rotavirus diarrhea


LGG, 1/4 capsule/d rRNA sequencing Bacteremia


Land et al (28) 4 mo Cardiac surgery, antibiotic diarrhea LGG, 1010 CFU/d Repetitive element sequence-based
PCR DNA fingerprinting


Endocarditis


6 y Cerebral palsy, jejunostomy
feeding, CVC, antibiotic-
associated diarrhea


LGG, 1010 CFU/d Repetitive element sequence-based
PCR DNA fingerprinting


Bacteremia


Richard et al (29) 47 y Not stated Bacillus subtilis, 8 �109


spores/d
Antibiotic susceptibility Bacteremia


25 y Not stated B. subtilis, 8 �109


spores/d
Antibiotic susceptibility Bacteremia


63 y Neoplastic disease B. subtilis, 8 �109


spores/d
Antibiotic susceptibility Bacteremia


79 y Not stated B. subtilis, 8 �109


spores/d
Antibiotic susceptibility Bacteremia


Oggioni et al (30, 31)3 73 y Chronic lymphocytic leukemia B. subtilis, 109 spores/d 16S rRNA sequencing Bacteremia


1 Where no dose is given, there was no precise dose described in the original publication. CVC, central venous catheter; rRNA, ribosomal RNA; PFGE,
pulsed-field gel electrophoresis; PCR, polymerase chain reaction; LGG, Lactobacillus rhamnosus GG; CFU, colony forming units.


2 API 50 CH; BioMerieux, Hazelwood, MI.
3 Fatal outcome not clearly related to probiotic sepsis.
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TABLE 2
Cases of fungal sepsis temporally related to probiotic use in humans1


Study Age Risk factors Probiotic2 Method of identification3 Form of sepsis


Hennequin et al (32) 30 mo Cystic fibrosis, CVC, poor nutritional
state, intestinal surgery


Saccharomyses boulardii,
750 mg/d


PFGE of mitochondrial DNA
restriction fragments


Fungemia


36 y HIV infection, CVC, diarrhea S. boulardii, 1.5 g/d PFGE of mitochondrial DNA
restriction fragments


Fungemia


47 y Antibiotic-associated diarrhea, upper
GI surgery for malignancy


S. boulardii, 2 g/d PFGE of mitochondrial DNA
restriction fragments


Septic shock


78 y Peptic ulcer, chronic renal failure,
pneumonia, COPD


S. boulardii, 1.5 g/d PFGE of mitochondrial DNA
restriction fragments


Fungemia


Cassone et al (33)4 34 y CVC, intensive care unit No direct treatment PFGE of undigested
chromosomal DNA


Fungemia


48 y CVC, intensive care unit No direct treatment PFGE of undigested
chromosomal DNA


Fungemia


75 y CVC, intensive care unit No direct treatment PFGE of undigested
chromosomal DNA


CVC colonization


35 y Intensive care unit Unclear PFGE of undigested
chromosomal DNA


Fungemia


Perapoch et al (34) 3 mo CVC, diarrhea, parenteral nutrition S. boulardii, 100 mg/d PFGE of mitochondrial DNA
restriction fragments


Fungemia


Infant Short-bowel syndrome, CVC,
parenteral nutrition


Not received directly (no
direct treatment)


PFGE of mitochondrial DNA
restriction fragments


Fungemia


PFGE of undigested
chromosomal DNA


Lherm et al (35)5 50–82 y Acutely unwell on intensive care unit
with respiratory failure, CVC


S. boulardii, 1.5–3.0 g/d PFGE of nuclear and
mitochondrial DNA
restriction fragments


Fungemia


Bassetti et al (36) 51 y Immunosuppression, Clostridium
difficile–associated diarrhea, CVC


S. boulardii, 1 g/d PFGE of DNA restriction
fragments


Fungemia


Riquelme et al (37) 42 y Kidney and pancreas transplant,
immunosuppression, C. difficile–
associated diarrhea


S. boulardii, 1 g/d PFGE of DNA restriction
fragments


Fungemia


41 y HIV, diarrhea S. boulardii, 750 mg/d PFGE of DNA restriction
fragments


Fungemia


Fredenucci et al (38) 49 y Antibiotic-associated diarrhea,
immunosuppression


S. boulardii, 200 mg/d PFGE of undigested
chromosomal DNA
API 32C


Fungemia


Cesaro et al (39) 8 mo Acute myeloid leukemia, CVC,
neutropenia


S. boulardii API 32C Fungemia


Cherifi et al (40) 89 y C. difficile–associated, colitis,
gastrostomy


S. boulardii, 300 mg/d No formal identification
described


Fungemia


Henry et al (41) 65 y Malignancy, immunecompromise,
mucositis, diarrhea, parenteral
nutrition


S. boulardii No formal identification
described


Fungemia


Niault et al (42) 78 y Antibiotic-associated diarrhea,
intensive care unit,


S. boulardii, 1.5 g/d No formal identification
described


Fungemia


intragastric feeding
Viggiano et al (43) 14 mo Burns, diarrhea, gastrostomy S. boulardii, 200 mg/d No formal identification


described
Fungemic shock


Zunic et al (44) 33 y Inflammatory bowel disease,
intensive care unit, parenteral
nutrition


S. boulardii, 1.5 g/d No formal identification
described


Fungemia


Pletincx et al (45) 1 y Parenteral nutrition, antibiotic-
associated diarrhea, CVC


S. boulardii, 600 mg/d No formal identification
described


Septicemia


Rijnders et al (46)5 74 y Colitis, nasogastric feeding S. boulardii, 600 mg/d No formal identification
described


Fungemia


Lestin et al (47)6 48 y Diabetes, C. difficile–associated
diarrhea


S. boulardii, 150 mg/d API 32C Fatal fungemia


1 CVC, central venous catheter; COPD, chronic obstructive pulmonary disease; PFGE, pulsed-field gel electrophoresis; GI, gastrointestinal.
2 250 mg S. boulardii � 5.425 � 1013 live cells.
3 API 32C; BioMerieux, Hazelwood, MI.
4 Cases thought to be related to S. boulardii treatment of neighboring intensive-care-unit patients.
5 Fatal outcome (n � 3) not clearly related to probiotic sepsis.
6 Fatal fungemia in association with toxic megacolon; death thought to be related to probiotic sepsis.
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given via jejunostomy tube, bypassing gastric acid, and this
would be expected to increase the numbers of viable probiotic
bacteria that reach the intestine. The presence of a central venous
catheter is also a common finding in cases of probiotic sepsis and
has been shown to be a possible source of sepsis (32). Premature
infants appear to be overrepresented in case reports, as are those
who are debilitated or immunocompromised. The increased sus-
ceptibility of premature infants and the immuncompromised to
probiotic sepsis is supported by animal studies (23). On the basis
of the characteristics of the cases reported to date, we propose a
list of major and minor risk factors for probiotic sepsis (Table 3).
We suggest that the presence of a single major risk factor or more
than one minor risk factor merits caution in using probiotics.


Deleterious metabolic activities


The intestinal microbiota play an important role in many met-
abolic activities, including complex carbohydrate digestion,
lipid metabolism, and glucose homeostasis (49). There is there-
fore a theoretical risk of adverse metabolic effects from manip-
ulation of the microbiota with the use of probiotics, even if such
manipulation is only temporary. The likelihood of significant
adverse effects in this regard seems low however, and probiotic
studies to date have not shown significant adverse effects on
growth or nutrition (50).


Immune deviation or excessive immune stimulation


Murine experiments also showed that the intestinal microbiota
is important in stimulating normal immune development, partic-
ularly the development of gut-associated lymphoid tissue. The
presence of an intestinal microbiota is necessary for a range of
immune functions, including antibody production, the develop-
ment and persistence of oral tolerance to food antigens, and the
formation of germinal centers within lymphoid follicles (49, 51).
This crucial role of the intestinal microbiota in normal immune
development suggests that manipulations designed to alter the
microbiota may have significant immunomodulatory effects.
The long-term effect of these manipulations on the host is diffi-
cult to predict, and adverse effects on immune development
remain a possibility. This is particularly relevant in the field of
neonatal probiotic supplementation, where medium- to long-
term alteration of the microbiota or life-long modification of the
immune response might be achieved. A second group that may be
at increased risk of adverse immune stimulation is pregnant


women. During pregnancy there is a bias in T cell responses
toward a Th2 phenotype, which is thought to be important in
maintaining fetal viability because Th1 cytokines are associated
with pregnancy loss (52). Probiotic Lactobacillus species have
been shown to suppress Th2 cytokine responses in vitro, and in
some human studies were found to increase production of the
Th1 cytokine interferon � (53, 54). These effects may be detri-
mental to pregnancy viability. However, there is currently no
direct evidence for this, and such a risk remains theoretical. At
present there is little support for the hypothesis that probiotics
cause adverse immune development from empirical studies, but
this is an area that warrants further investigation.


Microbial resistance


In most circumstances the available data suggest that probi-
otics colonize the human intestine transiently. Nevertheless, con-
cern exists regarding the possible transfer of antimicrobial resis-
tance from probiotic strains to more pathogenic bacteria in the
intestinal microbiota. Many Lactobacillus strains are naturally
resistant to vancomycin, which raises concerns regarding the
possible transfer of such resistance to more pathogenic organisms,
particularly enterococci and Staphylococcus aureus. However, the
vancomycin-resistant genes of Lactobacillus spp. are chromosomal
and, therefore, not readily transferable to other species. Conjugation
studies have not found the vancomycin-resistant genes of lacto-
bacilli to be transferable to other genera (55).


AREAS OF UNCERTAINTY IN THE USE OF
PROBIOTICS


When evaluating the risks and benefits of probiotic treatment,
considerable uncertainty surrounds their use. This uncertainty
arises from several areas, which are discussed below.


Specificity of probiotic effects


Although pooled analyses have, in some cases, shown signif-
icant treatment effects for probiotics as a whole, different pro-
biotics can have different effects in both in vivo and in vitro
analyses. The clinical or laboratory effects of one probiotic cannot
be assumed for another probiotic species or for different strains of
the same species. Bifidobacterium species isolated from human
feces were found, in a detailed study, to be genetically heteroge-
neous, and different strains had different properties in terms of acid
and oxygen tolerance and growth requirements (56). This variation
in properties is likely to lead to strain-to-strain variation in micro-
biological and clinical effects. Murine studies confirm this vari-
ation by showing a diversity of clinical effects between probiot-
ics. Wagner et al (57) studied the effects of 4 different probiotic
species (L. reuteri, L. acidophilus, LGG, and B. animalis) in
preventing colonization and sepsis with Candida albicans in
both athymic and euthymic mice. They found all strains to be
protective, but there were significant differences in efficacy and
a great diversity of immune effects in terms of antibody and
proliferative responses to C. albicans and intestinal inflamma-
tory cell infiltration. In vitro studies also support the diversity of
actions of different probiotics. Indeed, one study showed differ-
ent strains to have antagonistic effects. In a study of dendritic cell
function with the use of 2 different Lactobacillus species, L.
reuteri DSM12246 was found to specifically inhibit L. casei
CHCC3139–induced interleukin (IL) 12, IL-6, and tumor necro-
sis factor � production by murine dendritic cells and to inhibit L.


TABLE 3
Proposed risk factors for probiotic sepsis1


Major risk factors
1) Immune compromise, including a debilitated state or malignancy
2) Premature infants


Minor risk factors
1) CVC
2) Impaired intestinal epithelial barrier, eg, diarrheal illness, intestinal


inflammation
3) Administration of probiotic by jejunostomy
4) Concomitant administration of broad spectrum antibiotics to which


probiotic is resistant
5) Probiotics with properties of high mucosal adhesion or known


pathogenicity
6) Cardiac valvular disease (Lactobacillus probiotics only)


1 The presence of a single major or more than one minor risk factor
merits caution in using probiotics. CVC, central venous catheter.
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casei CHCC3139–induced up-regulation of dendritic cell co-
stimulatory markers (58). Similarly, studies of the effects of
Bifidobacterium species on dendritic cell function have shown
marked variation between species (59). Studies in humans pro-
vide confirmation of the significance of these murine and in vitro
findings. For example, LGG has specific effects in enhancing
immunoglobulin A responses against rotavirus that are not found
with other Lactobacillus species. Furthermore, in the treatment
of infective diarrhea, a combination of S. thermophilus and L.
bulgaricus was ineffective, whereas a combination of L. aci-
dophilus and L. bifidus was particularly effective (7). It is there-
fore of the utmost importance to examine probiotic-specific ef-
fects when reviewing their clinical efficacy and to not generalize
the effects of one probiotic strain to another, even within the same
species. Nevertheless, in some clinical scenarios, a range of dif-
ferent probiotics appear to be effective—presumably by acting
through a mechanism common to a range of nonpathogenic mi-
crobes. Additional work is needed to clarify the relative impor-
tance of strain-specific effects in different scenarios and the
nature of probiotic-probiotic interactions.


Probiotic treatment schedules


Limited information is available about appropriate probiotic
dosing regimens. Few dose-comparison studies have been un-
dertaken; those that have investigated this issue have more com-
monly used fecal recovery as an outcome rather than clinical
response. For example, fecal recovery of LGG after administra-
tion to adults in various doses has been studied using culture-
based methods (60). A daily dose of �1010 CFU was needed to
ensure reliable fecal recovery of LGG. However, fecal recovery
is not an optimal outcome measure because fecal detection may
not reflect clinical outcomes. The number of viable bacteria
reaching or colonizing the intestine depends on many factors
other than dose, particularly the probiotic formulation, coadmin-
istration of food or milk (which may protect the probiotic from
gastric acid), and the person’s gastric pH, intestinal motility, and
prior composition of intestinal microbiota. The latter varies con-
siderably from one person to another (61). Commercially avail-
able probiotic formulations generally contain �106 CFU/g of
viable organisms, but the doses of specific probiotics required for
specific clinical effects are not well established.


Probiotic mechanisms of action


One of the difficulties in assessing the place of probiotics in
clinical practice is our limited understanding of their mecha-
nisms of action. However, some of the biological effects of pro-
biotics have now been characterized, and it is important for
clinicians using probiotics to have some knowledge of these
microbiological and immunologic effects.


Microbiological mechanisms


The human intestinal microbiota contains hundreds of differ-
ent species of bacteria as well as archaea and eukarya, and the
bacterial density is particularly high in the large intestine (up to
1011 CFU/g). In adults, the species composition appears to be
stable in a given person over time in the absence of pathologic
states such as infective diarrhea or antibiotic use (62). However,
studies indicate that probiotic bacteria can significantly influ-
ence the composition of the healthy intestinal microbiota. For
example, Sepp et al (63) treated 15 newborns with 1010–1011


CFU LGG/d for the first 2 wk of life and monitored the devel-
opment of intestinal microbiota in these infants and in an un-
treated control group. Using culture-based detection methods,
they found that LGG persisted in the stool at 1 mo of age in 8 of
the 15 infants. There were significant differences in stool micro-
biota between the LGG-treated and control infants. In the LGG-
treated infants, coliforms and lactobacilli were present in in-
creased numbers as early as days 3–4 of life and, by 1 mo age,
Bifidobacterium spp. had also increased. The newborn micro-
biota changes rapidly in the first weeks of life and at the time of
weaning and is not thought to reflect adult patterns until 2 y age.
Thus, the intestinal microbiota of infants may be more amenable
to manipulation by probiotic supplementation than that of adults.
However, Benno et al (64) have shown that probiotics can also
alter the intestinal microbiota of adults. They administered LGG
at a dose of 1.4 � 1010 CFU/d to 13 healthy adults for 4 wk. They
found that the proportion of the fecal microflora represented by
bifidobacteria rose from 16.9% before LGG administration to
36% after administration with the use of culture-based detection
methods (P � 0.05). There was also an increase in lactobacilli
and a decrease in the proportion of the fecal microflora repre-
sented by Clostridium spp. Tannock et al (65) used molecular
methods to analyze stool bacterial populations and found less
marked changes in the adult fecal microflora during supplemen-
tation with L. rhamnosus DR20 than reported by other workers.
Molecular profiling methods can be more strain-specific than
culture-based methods and may be less biased. However, either
method of fecal profiling is limited to reflecting distal colonic
luminal contents and provides little information regarding small
intestinal colonization. Despite these limitations, these studies
suggest that probiotics can affect the pattern of microbial colonic
colonization.


Probiotics can also affect the intestinal microbiota in disease
states. Some of the protective mechanisms through which they
inhibit the actions of pathogenic microbes have been elucidated.
For example, in disease states associated with increased intesti-
nal mucosal permeability, it has been shown that the administra-
tion of Lactobacillus probiotics can decrease intestinal mucosal
permeability (66). Probiotics produce bacteriocins, hydrogen
peroxide, and biosurfactants to aid their survival in the gastro-
intestinal tract and can competitively inhibit the adherence of
more pathogenic bacteria to the intestinal epithelium. Many pro-
biotic species induce mucin production by intestinal epithelial
cells in vitro and some also induce the production of defensin-�2,
an antimicrobial peptide (67). These appear to be important
mechanisms through which some probiotic bacteria act in pre-
venting the adherence of pathogens to the intestinal epithelium.
Moreover, such antagonism of pathogenic bacteria appears to be
most effective when probiotic strains themselves adhere to the
intestinal epithelium (67). This supports the concept that probi-
otics need to colonize the intestine to exert a beneficial effect, and
it is well established that some probiotic strains do colonize the
intestine for �2 wk after administration (4). This transient col-
onization may be sufficient to protect the intestinal mucosa
against colonization by more pathogenic microbes, stimulate
local and systemic immune responses, and enhance mucosal
barrier function. It may also transiently create the necessary
microenvironment for other intestinal microbes to flourish, with
these secondary microbes leading to clinical benefits. Whether
colonization of the intestine is always necessary for probiotics to
exert their beneficial effects is not certain.
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Immunologic mechanisms


A range of probiotic immune effects have been described, but
direct evidence for the immune mechanisms by which they
achieve their beneficial effects is limited. Murine studies have
defined some of the mechanisms through which the intestinal
microbiota enhances intestinal epithelial barrier function, and
this may also be an important function of probiotics. Hooper et al
(68) discovered that intestinal commensals up-regulate mucin-
encoding genes in the host intestinal epithelium, which stimu-
lates the production of mucus to form a protective barrier. Other
investigators have shown that Toll-like receptor (TLR) signaling
by the commensal intestinal microbiota is essential for ho-
meostasis of the intestinal epithelium and protection from epi-
thelial injury. By recognizing pattern recognition molecules
from commensal microorganisms, TLRs stimulate the produc-
tion of epithelial repair factors. This is likely to be an important
mechanism through which probiotics act (69). TLR activation by
molecules such as lipopolysaccharide, flagellin, and lipoteichoic
acid also generates the production of cytokines through intracel-
lular signaling pathways, which activate transcription factors
such as nuclear factor �B (NF-�B). Some nonpathogenic enteric
bacteria have been shown to have an immunosuppressive effect
on intestinal epithelial cells by directly inhibiting the NF-�B
pathway (70). Others inhibit the same pathway by promoting the
nuclear export of an NF-�B subunit, thus limiting the duration of
NF-�B activation (71). These inhibitory effects on the proin-
flammatory NF-�B pathway may be an important mechanism by
which microbes regulate intestinal inflammation.


Clinical studies have also shown some specific immunologic
actions for particular probiotics. LGG increases mitogen-
stimulated and circulating concentrations of the antiinflamma-
tory cytokine IL-10 when administered to infants (72). LGG was
also found to up-regulate markers of phagocyte activation in
healthy persons while down-regulating the same markers in per-
sons allergic to cow milk undergoing cow milk challenge (73).
Specific probiotics have been shown to reduce intestinal inflam-
mation and improve intestinal mucosal permeability in allergic
disorders for which these markers are altered (74). In vitro studies
have shown probiotic actions on dendritic cell function, which
show considerable species-to-species variation (58). For exam-
ple Bifidobacerium bifidum, B. longum, or B. pseudocatenula-
tum up-regulate cord blood dendritic cell IL-10 production in
vitro, whereas B. infantis does not (59). More recently, specific
probiotics have been engineered to produce IL-10 in the intesti-
nal microenvironment, and future clinical studies of such strains
will be of great interest (75). Thus, the immunologic effects of
probiotics are likely to occur through both less specific TLR-
mediated actions on intestinal epithelial homeostasis and strain-
specific effects on particular immune functions. Further work is
needed to elucidate these details for specific probiotics in specific
disorders. The finding that a probiotic strain may have opposing
effects in healthy persons and those with allergies is also note-
worthy and warrants further evaluation.


CONCLUSIONS


Probiotics are increasingly being used by consumers for their
health benefits and are advocated by many health care profes-
sionals. The evidence base for their use in specific clinical sce-
narios is strong, but they are commonly used in a much wider


range of scenarios in which their efficacy is not well established.
Herein we reviewed the safety of probiotics and highlighted
deficiencies in our understanding of their appropriate adminis-
tration and their mechanisms of action. We found that probiotics
are safe for use in otherwise healthy persons, but should be used
with caution in some persons because of the risk of sepsis. Newly
developed probiotic strains should be thoroughly evaluated for
safety before being marketed. Although much remains to be
learned regarding the mechanisms of action and the appropriate
administration of probiotic strains, it is clear that different strains
can have very specific effects. Moreover their effects may vary
in health and disease, in different disease states, and in different
age groups. Thus, clinical trial results from one probiotic strain in
one population cannot be automatically generalized to other
strains or to different populations. Further studies are needed to
explore mechanistic issues and probiotic interactions. In view of
the increasing use of probiotics as health supplements and ther-
apeutic agents, clinicians need to be aware of the risks and ben-
efits of these treatments.
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