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NOMENCLATURE   

The  noƟfied  sƵbsƚance  is   Butyrivibrio  fibrisolvens   ASCUSDYϭϵ  and  is  deposiƚed  in  ƚhe  NRRL  as                
BͲϲϳϯϰϳ͘  The  microbial  sƚrain  maǇ  be  encapsƵlaƚed  ǁiƚh  hǇdrogenaƚed  glǇcerides  for  Ƶse  in  direcƚ  fed                 
microbial  prodƵcƚs  for  dairǇ  caƩle  ǁhich  is  referred  ƚo  as  ͚faƚ  encapsƵlaƚed   Butyrivibrio  fibrisolvens                
ASCUSDYϭϵ͛͘    

  
The  microbial  sƚrain   Butyrivibrio  fibrisolvens   ASCUSDYϭϵ  is  oŌen  referred  ƚo  in  some  appended               
reporƚs  as  ͚DairǇͲϭϵ͛  or  ͚DYϭϵ͛   ǁhich  are  ƚhe  inƚernal  research  name  for   Butyrivibrio  fibrisolvens                
ASCUSDYϭϵ͘   
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GRAS   NoƟce   for    BƵƚǇƌiǀibƌiŽ   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   for   UƐe   aƐ   a   
Direcƚ   Fed   Microbial   in   DairǇ   CaƩle   

PART   1   –   SIGNED   STATEMENTS   AND   CERTIFICATION   

In  accordance  ǁiƚh  Ϯϭ  CFR  ΑϱϳϬ  SƵbparƚ  E  consisƟng  of  ΑϱϳϬ͘ϮϬϯ  ƚo  ϮϴϬ͕  NaƟǀe  Microbials͕  Inc͘                  
herebǇ  informs  ƚhe  U͘S͘  Food  and  DrƵg  AdminisƚraƟon  ;FDAͿ  ƚhaƚ  ƚheǇ  are  sƵbmiƫng  a  GenerallǇ                
Recogniǌed   As   Safe   ;GRASͿ   noƟce   for    Butyrivibrio   fibrisolvens    ASCUSDYϭϵ͘     

1.1 Name   and   Address   of   OrganizaƟon   

NaƟǀe   Microbials͕   Inc͘   
ϭϬϮϱϱ   Science   Cenƚer   Dr͘ ͕   SƵiƚe   CϮ   
San   Diego͕   CA   ϵϮϭϮϭ   

1.2 Name   of   the   NoƟfied   Substance   

The  noƟfied  sƵbsƚance  is   Butyrivibrio  fibrisolvens   ASCUSDYϭϵ  ;microbial  sƚrainͿ͘  Iƚ  is  manƵfacƚƵred  as               
a  freeǌeͲdried  milled  prodƵcƚ  ǁhich  is  fƵrƚher  sƚandardiǌed  and  sƚabiliǌed  bǇ  encapsƵlaƟon  in  faƚ  for                 
Ƶse  in  direcƚ  fed  microbial  prodƵcƚs  for  dairǇ  caƩle͘  The  sƚandardiǌed  prodƵcƚ  is  referred  ƚo  as  ͚faƚ                   
encapsƵlaƚed   Butyrivibrio  fibrisolvens   ASCUSDYϭϵ͛  or  ͚ Butyrivibrio  fibrisolvens   ASCUSDYϭϵ          
encapsƵlaƚed͛͘   In  addiƟon͕  a  nƵmber  of  ƚhe  appended  reporƚs  refer  ƚo   Butyrivibrio  fibrisolvens               
ASCUSDYϭϵ   or   ƚhe   faƚ   encapsƵlaƚed   prodƵcƚ   Ƶnder   ƚhe   inƚernal   research   name͕   DairǇͲϭϵ͘   

1.3 Intended   CondiƟons   of   Use   

B.  fibrisolvens   ASCUSDYϭϵ  is  inƚended  for  Ƶse  as  a  sƵpplemenƚal  soƵrce  of  ǀiable  microorganisms  in                 
ƚhe  feed  of  dairǇ  caƩle͘  The  inƚended  pƵrpose  of  sƵpplemenƚaƟon  of  ƚhe  microorganism  is  ƚo                 
aƵgmenƚ  ƚhe  digesƟon  of  feed  in  ƚhe  rƵmen͘  The  microbial  sƚrain  ǁill  be  deliǀered  in  ƚhe  faƚ                   
encapsƵlaƚed  form  ƚo  dairǇ  caƩle  eiƚher  alone  or  in  combinaƟon  ǁiƚh  oƚher  microbial  sƚrains͘                
Eǆamples  of  ƚhe  condiƟons  Ƶnder  ǁhich  direcƚ  fed  microbial  prodƵcƚs  conƚaining  faƚ  encapsƵlaƚed   B.                
fibrisolvens   ASCUSDYϭϵ  maǇ  be  incorporaƚed  inƚo  ƚhe  dieƚ  of  dairǇ  caƩle  inclƵde  as  parƚ  of  ƚhe  ƚoƚal                   
miǆed  raƟon  ;TMRͿ͕  as  ƚopͲdressing  ƚo  indiǀidƵal  feeds  or  ƚhe  dailǇ  raƟon͕  and  as  a  componenƚ  of  a                    
feed  sƵpplemenƚ͘  Iƚ  is  anƟcipaƚed  ƚhaƚ   B.  fibrisolvens   ASCUSDYϭϵ  ǁill  be  incorporaƚed  inƚo  feed  aƚ  a                  
recommended   leǀel   of   ϭǆϭϬ ϴ    CFUͬcoǁͬdaǇ͘     

1.4 Statutory   Basis   for   the   Conclusion   of   GRAS   Status   

PƵrsƵanƚ  ƚo  Ϯϭ  CFR  ΑϱϳϬ͘ϯϬ;aͿ  and  ;bͿ͕   B.  fibrisolvens   ASCUSDYϭϵ  manƵfacƚƵred  bǇ  NaƟǀe  Microbials͕                
has  been  conclƵded  ƚo  haǀe  GRAS  sƚaƚƵs  for  Ƶse  as  a  direcƚ  fed  microbial  in  dairǇ  caƩle͕  as  described                     
in   Parƚ   ϭ͘ϯ͕   on   ƚhe   basis   of   scienƟfic   procedƵres͘     

1.5 Premarket   ExcepƟon   Status   

NaƟǀe  Microbials  herebǇ  informs  ƚhe  U͘S͘  FDA  of  ƚhe  ǀieǁ  ƚhaƚ   B.  fibrisolvens   ASCUSDYϭϵ  is  noƚ                  
sƵbjecƚ  ƚo  ƚhe  premarkeƚ  approǀal  reqƵiremenƚs  of  ƚhe  Federal  Food͕  DrƵg  and  CosmeƟc  Acƚ  ;FFDCAͿ                 
based  on  NaƟǀe  Microbials  conclƵsion  ƚhaƚ  ƚhe  noƟfied  sƵbsƚance  is  GRAS  Ƶnder  ƚhe  condiƟons  of                 
inƚended   Ƶse   as   described   in   Parƚ   ϭ͘ϯ   aboǀe͘     

ϵ   
  



1.6 Availability   of   InformaƟon   

The  daƚa  and  informaƟon  ƚhaƚ  serǀe  as  ƚhe  basis  for  ƚhis  GRAS  noƟficaƟon  ǁill  be  made  aǀailable  ƚo                    
ƚhe   U͘S͘   FDA   for   reǀieǁ   and   copǇing   Ƶpon   reqƵesƚ   dƵring   cƵsƚomarǇ   bƵsiness   hoƵrs   aƚ   ƚhe   offices   of͗   

NaƟǀe   Microbials͕   Inc͘   
ϭϬϮϱϱ   Science   Cenƚer   Dr͘ ͕   SƵiƚe   CϮ   
San   Diego͕   CA   ϵϮϭϮϭ   

In  addiƟon͕  Ƶpon  reqƵesƚ͕  NaƟǀe  Microbials  ǁill  sƵpplǇ  ƚhe  U͘S͘  FDA  ǁiƚh  a  compleƚe  copǇ  of  ƚhe  daƚa                    
and  informaƟon  eiƚher  in  an  elecƚronic  formaƚ  ƚhaƚ  is  accessible  for  ƚhe  AgencǇ s͛  eǀalƵaƟon  or  on                  
paper͘    

1.ϳ Freedom   of   InformaƟon   Act,   5   U.S.C.   552   

In  NaƟǀe  Microbials  ǀieǁ͕  all  daƚa  and  informaƟon  presenƚed  in   Parƚs  Ϯ  ƚhroƵgh   ϳ  of  ƚhis  noƟce  do  noƚ                     
conƚain  anǇ  ƚrade  secreƚs͕  commercial  or  financial  informaƟon  ƚhaƚ  is  priǀileged  or  confidenƟal͕  and                
ƚherefore͕  all  daƚa  and  informaƟon  presenƚed  herein  are  noƚ  eǆempƚ  from  ƚhe  Freedom  of                
InformaƟon  Acƚ͕  ϱ  U͘S͘C͘  SecƟon  ϱϱϮ  ǁiƚh  ƚhe  eǆcepƟon  of  Appendices  ϭϬ͕  ϭϭ  and  ϭϱ͕  ǁhich  are                   
considered   ƚo   conƚain   confidenƟal͕   proprieƚarǇ   commercial   informaƟon͘     

1.ϴ CerƟficaƟon   

As  reqƵired  in  Ϯϭ  CFR  ϱϳϬ͘ϮϱϬ;cͿ;ϮͿ͕  NaƟǀe  Microbials͕  Inc͘  herebǇ  cerƟfies  ƚhaƚ  ƚo  ƚhe  besƚ  of  ƚheir                   
knoǁledge͕  all  daƚa  and  informaƟon  presenƚed  in  ƚhis  noƟce  consƟƚƵƚes  a  compleƚe͕  represenƚaƟǀe               
and  balanced  sƵbmission͕  ǁhich  inclƵdes  all  Ƶnfaǀorable  as  ǁell  as  faǀorable  informaƟon  knoǁn  ƚo                
NaƟǀe  Microbials  and  perƟnenƚ  ƚo  ƚhe  eǀalƵaƟon  of  ƚhe  safeƚǇ  and  GRAS  sƚaƚƵs  of   Butyrivibrio                 
fibrisolvens    ASCUSDYϭϵ͘   

Signed͕   
  
  
  

ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ ͺͺͺͺͺͺͺͺͺͺͺͺ 
  

MallorǇ   Embree͕   PhD͕   Chief   ScienƟfic   Officer   Daƚe   
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PART   2   –   IDENTITY,   METHOD   OF   MANUFACTURE,   SPECIFICATIONS   AND   PHYSICAL   OR   TECHNICAL   
EFFECT   

2.1 IdenƟty   

Ϯ͘ϭ͘ϭ      Taǆonomic   ClassificaƟon   

The  cƵrrenƚ  ƚaǆonomic  classificaƟon  of  ƚhe  microbial  sƚrain͕   B ͘   fibrisolvens  ASCUSDYϭϵ͕  is  proǀided  in                
Table  Ϯ͘ϭ͘   B.  fibrisolvens  ASCUSDYϭϵ  is  a  prominenƚ  anaerobic͕  nonͲsporeͲforming͕  member  of  ƚhe               
rƵminanƚ  gƵƚ  microbiome   ;BrǇanƚ  and  Small  ϭϵϱϲͿ ͘  Recenƚ  ǁhole  genome  assemblies  haǀe  reǀealed               
ƚhaƚ͕  in  aƚ  leasƚ  some  sƚrains͕  ƚhe  genome  consisƚs  of  Ϯ  chromosomes   ;RodrígƵeǌ  Hernáeǌ  eƚ  al͘  ϮϬϭϴͿ ͘                   
In  ƚhe  rƵmen͕  ƚhe  species  degrades  fibroƵs  planƚ  maƚerial  and  fermenƚs  polǇsaccharides   ;Hespell͕               
Wolf͕   and  Boƚhasƚ  ϭϵϴϳͿ ͘  While  ƚhe  genƵs  name  implies  ƚhaƚ  ƚhe  genera  prodƵces  bƵƚǇraƚe͕                
fermenƚaƟon  prodƵcƚs  ǁiƚhin  ƚhe   B.  fibrisolvens  species  are  sƚrain  specific͘  The  noƟfied  sƚrain               
predominanƚ  fermenƚaƟon  prodƵcƚs  are  aceƚaƚe  and  bƵƚǇraƚe  ; Table  Ϯ͘ϯ Ϳ͘  ManǇ  sƚrains  of   B.               
fibrisolvens  prodƵce  bƵƚǇraƚe  as  a  major  prodƵcƚ  ǁhile  oƚhers  faǀor  lacƚaƚe͕  formaƚe͕  or  aceƚaƚe                
;Paillard  eƚ  al͘  ϮϬϬϳͿ ͘  The  species  has  also  been  shoǁn  ƚo  plaǇ  a  role  in  biohǇdrogenaƟon  of  faƩǇ                    
acids͕  boƚh   in  vitro  and in  vivo   ;Shiǀani  eƚ  al͘  ϮϬϭϲ͖  Maia  eƚ  al͘  ϮϬϭϬͿ ͘  SpecificallǇ͕    B.  fibrisolvens                    
conǀerƚs  linoleic  acid  ƚo  cisͲϵ  ƚransͲϭϭ  conjƵgaƚed  linoleic  acid  ;CLAͿ   ;McKain͕  Shingfield͕  and  Wallace                
ϮϬϭϬͿ ͘  Some  CLA  isomers  haǀe  been  implicaƚed  ǁiƚh  milk  faƚ  depression͕  specificallǇ  ƚransͲϭϬ  cisͲϭϮ͕                
ǁhich   are   noƚ   prodƵced   bǇ    B.   fibrisolvens     ;BaƵmgard   eƚ   al͘   ϮϬϬϬͿ ͘   

  

Ϯ͘ϭ͘Ϯ SoƵrce   of   ƚhe   Microorganism   

B.  fibrisolvens  ASCUSDYϭϵ  ǁas  idenƟfied  and  isolaƚed  ƚo  aǆeniciƚǇ  from  ƚhe  rƵmen  conƚenƚs  of  a                 
healƚhǇ͕   midͲlacƚaƟon  Holsƚein  coǁ  rƵmen  obƚained  ǀia  cannƵla͘  The  sample  ǁas  receiǀed  and               
isolaƚed  bǇ  NaƟǀe  Microbials  ;NaƟǀe  Microbials͕  ϭϬϮϱϱ  Science  Cenƚer  Dr͕   San  Diego͕  ϵϮϭϮϭͿ͘  The                
isolaƚe  ǁas  deposiƚed  in  ƚhe  NRRL͕  AgricƵlƚƵral  Research  Serǀice  CƵlƚƵre  CollecƟon͕  and  referenced  as                
NRRL   BͲϲϳϯϰϳ͘   Proof   of   deposiƚ   can   be   foƵnd   in   Appendiǆ   ϬϬϭ͘   

Ϯ͘ϭ͘ϯ DescripƟon   of   ƚhe   Microorganism   

B.  fibrisolvens  ASCUSDYϭϵ  is  a  small  rod͕  ƚǇpicallǇ  ϮͲϱ  ʅm  in  lengƚh͕  normallǇ  foƵnd  as  single  cells  or  in                     
chains  ; FigƵre  Ϯ͘ϭ Ϳ͘  Cells  are  moƟle  and  sƚain  gramͲnegaƟǀe  ; FigƵre  Ϯ͘Ϯ Ϳ͘  When  cƵlƚƵred  on  ƚrǇpƟc  soǇ                  
agar͕    B.   fibrisolvens  ASCUSDYϭϵ  forms  circƵlar͕   slighƚlǇ  Ƶmbonaƚe  colonies  ǁiƚh  a  spreading  edge  and                
opaqƵe   cenƚer   ; FigƵre   Ϯ͘ϯ Ϳ͘   

ϭϭ   
  

  Table   Ϯ.ϭ: Taxonomic   ClassificaƟon   of    B͘   fibƌiƐŽlǀenƐ   
Kingdom   Bacteria   
Phylum   Firmicutes   

Class   Clostridia   
Order   Clostridiales   
Family   LachnŽƐƉiƌaceae   
Genus   BƵƚǇƌiǀibƌiŽ   
Species   FibƌiƐŽlǀenƐ   



 Figure   2.1:   Methylene  Blue  Stain  for   B͘  fibƌiƐŽlǀenƐ   ASCUSDY1ϵ  aŌer  4ϴ  hours  of  incubaƟon              
(1000x   magnificaƟon)   

  

  

 Figure   2.2: Gram  Stain  for   B͘  fibƌiƐŽlǀenƐ   ASCUSDY1ϵ  aŌer  ϳ  days  of  incubaƟon  (staƟonary              
phase,   400x   magnificaƟon)   

    

  

 Figure   2.3:      B͘   fibƌiƐŽlǀenƐ    ASCUSDY1ϵ   Colonies   on   TrypƟc   Soy   Agar   (4x   magnificaƟon)   

  

  

ϭϮ   
  



In   vitro    assaǇs   demonsƚraƚe   ƚhaƚ    B ͘    fibrisolvens    ASCUSDYϭϵ   groǁs   on   a   ǀarieƚǇ   of   sƵbsƚraƚes   inclƵding   
arabinose͕   ǆǇlose͕   glƵcose͕   frƵcƚose͕   rhamnose͕   escƵlin͕   salicin͕   cellobiose͕   melibiose͕   saccharose͕  
raffinose͕   and   sƚarch͘   FƵll   resƵlƚs   can   be   foƵnd   in    Table   Ϯ͘Ϯ ͘   The   fermenƚaƟon   profile   of    B.   fibrisolvens   
ASCUSDYϭϵ   is   similar   ƚo   ǁhaƚ   has   preǀioƵslǇ   been   reporƚed   for   ƚhe   species    ;M͘   A͘   CoƩa   ϭϵϴϴ͖   
MaroƵnek   and   Peƚr   ϭϵϵϱ͖   Van   GǇlsǁǇk͕   Hippe͕   and   RaineǇ   ϭϵϵϲͿ ͘   

  

ϭϯ   
  

 Table   Ϯ.Ϯ: Growth   of    B͘    fibƌiƐŽlǀenƐ    ASCUSDYϭϵ     on   Different   Carbon   Sources   
Carbon   Source   Growth   Carbon   Source   Growth   

No   Carbon   Control   No   Growth   Inositol   No   Growth   

Glycerol   No   Growth   D-Mannitol   No   Growth   

Erythritol   No   Growth   D-Sorbitol   No   Growth   

D-Arabinose   No   Growth   Methyl-aD-Mannopyranoside   No   Growth   

L-Arabinose   Growth   Methyl-aD-Glucopyranoside   No   Growth   

D-Ribose   No   Growth   N-AcetylGlucosamine   No   Growth   

D-Xylose   Growth   Amygdalin   No   Growth   

L-Xylose   No   Growth   ArbuƟn   No   Growth   

D-Adonitol   No   Growth   Esculin/Ferric   Citrate   Growth   

Methyl-BD-xylopyranoside   No   Growth   Salicin   Growth   

D-Galactose   No   Growth   D-Cellobiose   Growth   

D-Glucose   Growth   D-Maltose   No   Growth   

D-Fructose   Growth   D-Lactose   No   Growth   

D-Mannose   No   Growth   D-Melibiose   Growth   

L-Sorbose   No   Growth   D-Saccharose   Growth   

L-Rhamnose   Growth   D-Trehalose   No   Growth   

Dulcitol   No   Growth   Inulin   No   Growth   

D-Melezitose   No   Growth   D-Tagatose   No   Growth   

D-Raffinose   Growth   D-Fucose   No   Growth   

Starch   Growth   L-Fucose   No   Growth   

Glycogen   No   Growth   D-Arabitol   No   Growth   

Xylitol   No   Growth   L-Arabitol   No   Growth   

GenƟobiose   No   Growth   Potassium   Gluconate   No   Growth   

D-Turanose   No   Growth   Potassium   2-KetoGluconate   No   Growth   

D-Lyxose   No   Growth       



  

Meƚaboliƚe  prodƵcƟon  of  B.   fibrisolvens  ASCUSDYϭϵ  ǁas  measƵred  aƚ  ϱϮ  hoƵrs  elapsed  fermenƚaƟon               
Ɵme  Ƶsing  an  Agilenƚ  ϭϮϲϬ  series  HPLC  ǁiƚh  refracƟǀe  indeǆ  ;RIͿ  deƚecƚor͘   The  resƵlƚs  are  sƵmmariǌed                  
in    Table   Ϯ͘ϯ    and   Appendiǆ   ϬϬϮ͘   Major   fermenƚaƟon   prodƵcƚs   inclƵde   aceƚaƚe͕   bƵƚǇraƚe͕   and   lacƚaƚe͘   

Ϯ͘ϭ͘ϰ IdenƟficaƟon   of   ƚhe   Microorganism   

2.1.4.1 1ϲS   rRNA   Gene   Sequencing   

The  ϭϲS  rRNA  gene  ǁas  amplified  from  ƚhe  sƚrain  Ƶsing  ϮϳF  and  ϱϰϯR  primers  and  paired  end                   
seqƵenced  ϮǆϯϬϬ  base  pairs  ;bpͿ  Ƶsing  an  IllƵmina  Miseq   ;SchƵmann  ϭϵϵϭ͖  MƵǇǌer͕   de  Waal͕  and                 
UiƩerlinden  ϭϵϵϯͿ ͘  The  resƵlƟng  seqƵence  ǁas  qƵaliƚǇ  ƚrimmed  and  compared  ƚo  NaƟonal  Cenƚer  for                
BioƚechnologǇ  InformaƟon  ;NCBIͿ  daƚabases  Ƶsing  ƚhe  Basic  Local  Alignmenƚ  Search  Tool  ;BLASTͿ  ƚo               
esƚablish  ƚhe  idenƟƚǇ  of  ƚhe  sƚrain͘  Deƚails  of  ƚhe  analǇsis  inclƵding  ƚhe  BLAST  oƵƚpƵƚ  are  proǀided  in                   
Appendiǆ  ϬϬϯA  and  ϬϬϯB͘  Sƚrains  of   B.  fibrisolvens  and  Ƶnnamed  rƵmen  bacƚeriƵm  proǀided  ϭϲS                
rRNA  seqƵence  maƚches  ƚhaƚ  fall  ǁiƚhin  ƚhe  minimƵm  ϵϴ͘ϳй  seqƵence  idenƟƚǇ  ƚhreshold  ƚǇpicallǇ               
Ƶsed  ƚo  define  a  species   ;Yarǌa  eƚ  al͘  ϮϬϭϰͿ ͘  The  besƚ  maƚch  ǁas  ƚo   B.  fibrisolvens   InBoǀϭ  aƚ  ϵϵ͘ϳй                     
seqƵence   idenƟƚǇ͘   ResƵlƚs   can   be   foƵnd   in    Table   Ϯ͘ϰ ͘     

  

  
  

ϭϰ   
  

 Table   Ϯ.ϯ: Metabolite   ProducƟon   of    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   on   Complex   Media   with   Glucose   
Metabolite   ProducƟon   (g/L)   
Pyruvic   acid   0   
Succinic   acid   0.0ϴ   

LacƟc   acid   1.42   
Glycerol   0.ϱ1   

AceƟc   acid   2.ϱϲ   
Propionic   acid   0.02   

Butyric   acid  3.ϴ3   
Ethanol   0.0ϵ   

1-Butanol   0   

 Table   Ϯ.ϰ: ϭϲS   rRNA   alignment    to    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   ϭϲS   rRNA   by   BLAST   

Genus   species   (Genbank   accession   #)   IdenƟty   (й)   Coverage   (й)   

B.   fibrisolvens    InBoǀϭ   ;JNϲϰϮϱϵϵͿ   ϵϵ͘ϳй   ϭϬϬй   
RƵmen   BacƚeriƵm   NKϯBϴϭ   ;GUϯϮϰϯϲϯͿ   

  ϵϵ͘ϳй   ϵϵй   

RƵmen   BacƚeriƵm     NKϰAϲϭ   ;GUϯϮϰϯϳϮͿ  
  

ϵϵ͘ϯй   ϵϵй   

RƵmen   BacƚeriƵm     NKϰAϭϭϰ   ;GUϯϮϰϯϳϳͿ   ϵϴ͘ϵй   ϵϵй   
B.   fibrisolvens    WVϭ   ;AFϯϵϲϵϮϳͿ   ϵϴ͘ϯй   ϵϵй   



2.1.4.2 Whole   Genome   Sequence   Assembly   and   AnnotaƟon   

Genomic  DNA  ǁas  isolaƚed  from  a  pƵre  cƵlƚƵre  of   B.  fibrisolvens  ASCUSDYϭϵ  and  seqƵencing  libraries                 
ǁere  prepared  Ƶsing  ƚhe  Neǆƚera  XT  kiƚ  ;IllƵmina͕  San  Diego͕  CAͿ͘  The  resƵlƟng  libraries  ǁere                 
pairedͲend  seqƵenced  ;ϭǆϯϬϬbpͿ  on  an  IllƵmina  Miseq  and  in  parallel͕  longͲread  libraries  ǁere               
prepared  from  ƚhe  same  eǆƚracƚed  DNA  Ƶsing  SQKͲRADϬϬϰ  kiƚ  ;Oǆford  NanoporeTechnologies͕             
OǆfordͿ  folloǁing  ƚhe  proƚocol  oƵƚlined  bǇ  Jain   et  al ͘  ; ϮϬϭϴ Ϳ  and  ϭD  seqƵenced  on  ƚhe  MinION  ;Rϵ͘ϰ                   
floǁcell͖  Oǆford  Nanopore͕  OǆfordͿ   ;Jain  eƚ  al͘  ϮϬϭϴͿ ͘  The  genome  ǁas  assembled  ƚhroƵgh  hǇbrid                
meƚhods  ƵƟliǌing  boƚh  shorƚ  and  long  reads͘  Read  qƵaliƚǇ  and  genome  coǀerage  ǁas  eǀalƵaƚed  Ƶsing                 
FASTQC  for  IllƵmina  daƚa  and  NanoSƚaƚ  for  ƚhe  Oǆford  Nanopore  reads͘  The   B.  fibrisolvens   ASCUSDYϭϵ                 
genome  ǁas  closed  ǁiƚh  no  gaps  and  consisƚed  of  Ϯ  chromosomes͕  a  main  chromosome  ;ϰ͕ϭϭϲ͕Ϯϭϰ                 
bpͿ  and  a  chromid  ;ϯϯϲ͕ϴϱϲ  bpͿ͘  The  presence  of  a  chromid  is  consisƚenƚ  ǁiƚh  preǀioƵs  obserǀaƟons                  
of  ƚhe  species   ;RodrígƵeǌ  Hernáeǌ  eƚ  al͘  ϮϬϭϴͿ ͘  The  ƚoƚal  lengƚh  of  ƚhe  genome  is  ϰ͕ϰϱϯ͕ϬϳϬ  bp  and  a                     
GC  conƚenƚ  of  ϯϵ͘ϵй͘  AssemblǇ  sƚaƟsƟcs  can  be  foƵnd  in   Table  Ϯ͘ϱ ͘  The  fƵll  deƚails  of  ƚhe  assemblǇ  are                     
proǀided   in   Appendiǆ   ϬϬϯC͘   

Proƚein  coding  genes  ǁere  predicƚed  ƚhroƵgh  GLIMMERϮ  and  ƚhroƵgh  an  iƚeraƟǀe  process  of               
annoƚaƟng  pƵƚaƟǀe  genes  Ƶsing  ƚhe  FIGfams  daƚabase   ;Delcher  ϭϵϵϵ͖  MeǇer͕   Oǀerbeek͕  and              
RodrigƵeǌ  ϮϬϬϵͿ ͘  To  idenƟfǇ  proƚein  coding  open  reading  frames  of  poƚenƟal  genes͕  conƟgs  ǁere  firsƚ                 
filƚered  of  all  poƚenƟal  ƚRNA  coding  genes ;T͘   M͘  Loǁe  and  EddǇ  ϭϵϵϳͿ  and  rRNA  genes   ;Aǌiǌ  eƚ  al͘                     
ϮϬϬϴͿ ͘   

The   B.  fibrisolvens  ASCUSDYϭϵ  genome  conƚains  ϯ͕ϴϲϳ  coding  seqƵences  ǁhich  ǁere  sƵbseqƵenƚlǇ              
bƵilƚ  inƚo  a  meƚabolic  reconsƚrƵcƟon  describing  Ϯϯϱ  fƵncƟonal  sƵbsǇsƚems   ;DeJongh  eƚ  al͘  ϮϬϬϳ͖               
Becker  and  Palsson  ϮϬϬϱͿ ͘  These  sƵbsǇsƚems  inclƵde  larger  meƚabolic  groƵps  describing  meƚabolism͕              
ǀirƵlence͕   plasmids͕   disease͕   defense   meƚabolic   prodƵcƚs͕   sƚress   response   and   dormancǇ͘   

The  assembled  genome  has  been  deposiƚed  aƚ  NCBI  Ƶnder  accession  nƵmber   CPϬϲϱϴϬϬ  for  ƚhe  main                 
chromosome   and   CPϬϲϱϴϬϭ   for   ƚhe   chromid ͘   

  

2.1.4.3 Whole   Genome   Sequence   Comparison   

To  deƚermine  relaƚedness  of   B.  fibrisolvens  ASCUSDYϭϵ  ƚo  oƚher  closelǇ  relaƚed  species  aƚ  a  higher                 
resolƵƟon͕  ǁhole  genomes  ǁere  compared  Ƶsing  ANI͘  Candidaƚe  genomes  for  genomeͲgenome             
comparison  ƚo   B.  fibrisolvens  ASCUSDYϭϵ  ǁere  selecƚed  bǇ  fƵll  lengƚh  ϭϲS  rRNA  similariƚǇ  and                
doǁnloaded  from  ƚhe  NCBI  daƚabase͘  MUMmer  ǁas  Ƶsed  ƚo  generaƚe  ƚhe  alignmenƚs  for  ANI  on  ƚhe                  

ϭϱ   
  

 Table   Ϯ.ϱ: Assembly   StaƟsƟcs   for    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   

#   of   ConƟgs   2   

#   of   ConƟgs   ш   ϱ,000   bp   2   

Longest   ConƟg   (bp)   4,11ϲ,214   

Assembly   Length   4,4ϱ3,0ϳ0   

Nϱ0   4,11ϲ,214   

Nϳϱ   4,11ϲ,214   

GCй   3ϵ.ϵ1   



basis  ƚhaƚ  ƚhis  soŌǁare  is  adepƚ  aƚ  aligning  highlǇ  similar  seqƵences  and  is  more  sƚringenƚ  ƚhan  mosƚ                   
oƚher  aligners  sƵch  as  BLAST   ;KƵrƚǌ  eƚ  al͘  ϮϬϬϰͿ ͘  ResƵlƚs  for  ƚhe  MUMmer  alignmenƚ  can  be  foƵnd  in                    
Table   Ϯ͘ϲ ͘   

The  onlǇ  ANI  maƚches  ƚo   B.  fibrisolvens   ASCUSDYϭϵ  aboǀe  ƚhe  ϵϱй  ANI  cƵƚoff  ƚo  be  considered  ƚhe                   
same   species   ǁere   ƚǁo   sƚrains   of    B.   fibrisolvens    ;Richƚer   and   RossellóͲMóra   ϮϬϬϵͿ ͘   

  

  

Ϯ͘ϭ͘ϰ͘ϰ SƵmmarǇ   and   ConclƵsions   

ϭϲS  rRNA  and  ǁhole  genome  analǇsis  confirm  ƚhaƚ   B.  fibrisolvens  ASCUSDYϭϵ  represenƚs  a  member  of                 
ƚhe   species    B.   fibrisolvens.     

Ϯ͘ϭ͘ϱ Plasmid   AnalǇsis   

To  confirm  ƚhe  presenceͬabsence  of  plasmids͕  ƚhe  assemblǇ  graph  for  ƚhe   B.  fibrisolvens  ASCUSDYϭϵ                
assemblǇ  ǁas  analǇǌed  bǇ  Bandage   ;Wick  eƚ  al͘  ϮϬϭϱͿ ͘  The  assemblǇ  graph  analǇsis  confirmed  ƚhaƚ                 
ƚhe   B.  fibrisolvens  ASCUSDYϭϵ  ǁas  conƚained  in  Ϯ  circƵlar  chromosomes  ǁiƚh  no  Ƶnincorporaƚed               
fragmenƚs͕  ǀerifǇing  ƚhe  compleƚeness  of  ƚhe  assemblǇ͘  Image  of  ƚhe  assemblǇ  graph  can  be  foƵnd  in                  
FigƵre   Ϯ͘ϰ ͘   

As  noƚed  in   Parƚ  Ϯ͘ϭ͘ϰ͘Ϯ ͕  ƚhe  presence  of  a  smaller͕   circƵlar  second  replicon  ;chromidͿ  is  consisƚenƚ                  
ǁiƚh  oƚher  assemblies  of  ƚhe  species͘  The  annoƚaƚed  feaƚƵres  on  ƚhe  pƵƚaƟǀe  chromid  are  associaƚed                 
ǁiƚh  general  hoƵsekeeping  and  meƚabolic  fƵncƟons͕  ǁhich  is  consisƚenƚ  ǁiƚh  gene  composiƟon  of               
chromids   ;Harrison  eƚ  al͘  ϮϬϭϬͿ ͘  No  genes  encoding  ǀirƵlence  facƚors͕  ƚoǆins͕  anƟmicrobial  resisƚance͕               
or   ƚransposable   elemenƚs   ǁere   foƵnd   on   ƚhe   chromid͘     

  

  

  

  

  

ϭϲ   
  

 Table   Ϯ.ϲ: Average   NucleoƟde   IdenƟty   (ANI)   of   Related   Species   to    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   by   
MUMmer   

Genus   species   (assembly)   ANI   (й)   Coverage   (й)   

B.   fibrisolvens    INBov1   (GCA_0031ϳϱ1ϱϱ)   ϵϳ.ϲ   ϳ2.1   

B.   fibrisolvens    YRB200ϱ   (GCA_000423ϵϴϱ)   ϵϲ.ϴ   ϳϳ.3   

B.   fibrisolvens    DSM30ϳ1   (GCA_ϵ0012ϵϵ4ϱ)   ϴϵ.2   34.ϴ   

Butyrivibrio   proteoclasƟcus    B31ϲn   (GCA_00014ϱ03ϱ)   ϴϲ.4   3.ϲϵ   

Butyrivibrio   proteoclasƟcus    PϲBϳ   (GCA_000ϲ220ϴϱ)   ϴϱ.ϱ   2.ϴ   

Butyrivibrio   hungatei    NK4A1ϱ3   (GCA_0004244ϲϱ)   ϴ4.ϴ   2.ϲ   

Butyrivibrio    hungatei     MB2003   (GCA_001ϴϱϴ00ϱ)   ϴ4.4   3.4   



 Figure   Ϯ.ϰ: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ     Assembly   Graph   as   Generated   by   Bandage   

  

  
  

Ϯ͘ϭ͘ϲ In-vitro    and    In-silico    AnalǇsis   of   AnƟbioƟc   SƵscepƟbiliƚǇ   

PhenoƚǇpic  ƚesƟng  ǁas  condƵcƚed  on   B.  fibrisolvens  ASCUSDYϭϵ  ƚo  deƚermine  ƚhe  minimƵm              
inhibiƚorǇ  concenƚraƟons  ;MICsͿ  againsƚ  a  selecƚed  groƵp  of  anƟmicrobials  of  releǀance  ƚo  hƵman  and                
ǀeƚerinarǇ  medicine͘  The  fƵll  sƚƵdǇ  reporƚ  is  proǀided  in  Appendiǆ  ϬϬϰ  and  resƵlƚs  can  be  foƵnd  in                   
Table  Ϯ͘ϳ͘  The  resƵlƚs  ǁere  eǀalƵaƚed  againsƚ  ƚhe  resisƚanƚ  breakpoinƚs  seƚ  bǇ  ƚhe  EƵropean  Food                 
SafeƚǇ  AƵƚhoriƚǇ  ;EFSAͿ  for  ͞ oƚher  gram  posiƟǀe  bacƚeria͕͟   ƚhe  EƵropean  CommiƩee  on  AnƟmicrobial               
SƵscepƟbiliƚǇ  TesƟng  ;EUCASTͿ  for  ͞ gram  posiƟǀe  anaerobes͟  and  ƚhe  Clinical  and  LaboraƚorǇ              
Sƚandards  InsƟƚƵƚe  ;CLSIͿ  for  ͞ anaerobes͟  ;ǁhere  aǀailableͿ͘  The  MIC  ǀalƵes  reporƚed  for   B.               
fibrisolvens  ASCUSDYϭϵ  ǁere  eqƵal͕  or  loǁer  ƚhan͕  ƚhe  cƵƚͲoff  ǀalƵes  and  breakͲpoinƚs  esƚablished  bǇ                
EFSA͕  EUCAST  andͬor  CLSI  for  chloramphenicol͕  and  ampicillin͘  The  isolaƚe  ǁoƵld  be  considered               
sƵscepƟble  ƚo  VancomǇcin  and  ClindamǇcin  according  ƚo  EFSA  and  EUCAST  breakpoinƚs  bƵƚ              
considered  inƚermediaƚelǇ  sensiƟǀe  ƚo  ClindamǇcin  per  CLSI  MIC  ǀalƵes  ǁere  also  considered  ƚo  be  in                 
ƚhe  inƚermediaƚe  range  esƚablished  bǇ  CLSI  for  ƚeƚracǇcline͘  MIC  ǀalƵes  reporƚed  for   B.  fibrisolvens                
ASCUSDYϭϵ  ǁere  higher  ƚhan  ƚhe  cƵƚoff  ǀalƵes  and  breakͲpoinƚs  esƚablished  bǇ  EFSA  for  ƚeƚracǇcline͕                
genƚamicin͕   kanamǇcin͕   sƚrepƚomǇcin͕   and   erǇƚhromǇcin͘     

Iƚ  shoƵld  be  noƚed  ƚhaƚ  sƵscepƟbiliƚǇ  ƚo  aminoglǇcosides  ;genƚamicin͕  kanamǇcin͕  sƚrepƚomǇcinͿ  and              
macrolides  ;erǇƚhromǇcinͿ  decrease  significanƚlǇ  in  anaerobic  condiƟons  ǁhen  compared  ƚo  aerobic             
condiƟons   ;DeMars  eƚ  al͘  ϮϬϭϲͿ ͘  As  sƵch͕  classificaƟons  seƚ  forƚh  bǇ  EFSA  are  for  general                 
gramͲposiƟǀe  organisms  and  shoƵld  be  carefƵllǇ  applied  ƚo   Butyrivibrio  fibrisolvens  dƵe  ƚo  iƚs               
anaerobic  naƚƵre͘  CLSI  and  EUCAST  refrain  from  proǀiding  a  sensiƟǀiƚǇ  for  anǇ  aminoglǇcoside  or                
macrolide  class  drƵgs  for  anaerobes͘  TeƚracǇcline  resisƚance  ǁas  indicaƚed  bǇ  ǀalƵes  aboǀe  ƚhe  EFSA                
breakpoinƚ  and  in  ƚhe  inƚermediaƚe  range  bǇ  CLSI  breakpoinƚ͘  TeƚracǇcline  resisƚance  is  noƚ               
Ƶncommon  among  rƵminal  deriǀed  organisms͘  Among  ϲϴ  liǀesƚock  deriǀed   Clostridium  sƚrains             
analǇǌed  bǇ  DƵƩa  eƚ  al͘  ;ϭϵϴϯͿ  ϭϳͬϲϴ  ;ϮϱйͿ  sƚrains  displaǇing  MIC  ǀalƵes  aboǀe  ƚhe  EFSA                 
microbiological  cƵƚͲoff  ǀalƵe͘  More  recenƚ  sƚƵdies  haǀe  shoǁn  ƚhaƚ  ƚeƚracǇcline  resisƚance  is              
ǁidespread  amongsƚ  diǀerse  ƚaǆa  in  ƚhe  rƵmen   ;DƵƩa͕  Deǀriese͕  and  Van  Assche  ϭϵϴϯͿ ͘  Sabino  eƚ  al͘                  
;ϮϬϭϵͿ  foƵnd  ƚhaƚ  ϲϵй  of  ƚhe  rƵminal  isolaƚes  ƚheǇ  screened  conƚained  ƚeƚracǇcline  resisƚance  genes͕                
ǁhich  ǁere  noƚ  onlǇ  eǆpressed͕  bƵƚ  also  reflecƚed  in  a  resisƚanƚ  phenoƚǇpe   ;Y͘   N͘  V͘   Sabino  eƚ  al͘                    
ϮϬϭϵͿ ͘     

  
  

ϭϳ   
  



  
  

ΎR  с  Resistant  Breakpoint͖  I  с  Intermediate  SensiƟvity  ͬ   SuscepƟble͕  Increased  Exposure͘  A  microorganism  is  categoriǌed  as                   
͞I͟  when  there  is  a  high  likelihood  of  therapeuƟc  success  because  exposure  to  the  agent  is  increased  by  adjusƟng  the  dosing                       
regimen   or   by   its   concentraƟon   at   the   site   of   infecƟon͘     

  

To  eǀalƵaƚe  ƚhe  presence  of  anƟmicrobial  resisƚance  genes  in  ƚhe   B.  fibrisolvens  ASCUSDYϭϵ  genome͕                
amino  acid  seqƵences  from  coding  regions  idenƟfied  in   Parƚ  Ϯ͘ϭ͘ϰ͘ϯ  ǁere  aligned  ƚo  ƚhe  PATRIC                 
daƚabase͘  InclƵded  in  ƚhe  PATRIC  daƚabase  is  ƚhe  Comprehensiǀe  AnƟbioƟcs  Resisƚance  Daƚabase              
;CARDͿ  and  NCBI s͛  NaƟonal  Daƚabase  of  AnƟbioƟc  Resisƚanƚ  Organisms  ;NDAROͿ  for  assessing              
anƟmicrobial  resisƚance͘  In  addiƟon  ƚo  ƚhe  proƚein  seqƵences  from  ƚhe  daƚabases͕  PATRIC  has               
compiled  proƚein  hiƚs  ƚo  CARD  and  NDARO  from  ϯϯϭ͕ϳϱϲ  bacƚerial  genomes  and  inclƵded  ƚhose  as                 
redƵndanƚ  gene  enƚries  as  a  means  ƚo  Ƶndersƚand  ƚhe  global  disƚribƵƟon  of  anƟmicrobial  resisƚance                
proƚeins  across  diǀerse  ƚaǆa  isolaƚed  from  a  ǁide  range  of  enǀironmenƚs  and  hosƚs͘  AnƟmicrobial                
resisƚance  ǁas  fƵrƚher  eǆplored  Ƶsing  ƚhe  ResFinder  ǁeb  serǀer   ;Zankari  eƚ  al͘  ϮϬϭϮͿ  and  BLASTp                 
alignmenƚ  ƚo  ƚhe  NCBI  AMR  daƚabase  as  Ƶsed  bǇ  AMRFinder  ;Noƚe͗  ƚhis  daƚabase  differs  from  NARDO                  
Ƶsed  bǇ  PATRICͿ   ;Feldgarden  eƚ  al͘  ϮϬϭϵͿ ͘  Beƚǁeen  ƚhese  daƚabases  ƚhere  are  a  ƚoƚal  of  ϯϬ͕ϳϰϴ  proƚein                   
seqƵences͕   characƚerisƟcs   of   each   daƚabase   can   be   foƵnd   in    Table   Ϯ͘ϴ ͘   

  
  
  
  
  

ϭϴ   
  

 Table   Ϯ.ϳ: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   AnƟmicrobial   SuscepƟbility   in   RelaƟon   to   EFSA,   EUCAST,   and   CLSI   
breakpoints   

AnƟmicrobial   
Tested   Range   

(ug/mL)   
MIC   (ug/mL)   of   
B͘   fibƌiƐŽlǀenƐ   
ASCUSDYϭϵ   

Ϯ0ϭϴ   EFSA   
Microbiology   
Cut-off   Values   

(ug/mL)   for   
Other   Gram   н   

EUCAST   
Resistant   

Breakpoints   
(ug/mL)   Gram   н   

Anaerobes   

CLSI   Resistant   
Breakpoints   

(ug/mL)   
Anaerobes*   

Ampicillin   0.ϱ-12ϴ   ф   0.ϱ   1   ϴ   ш   2   (R)   
ш   1   (I)   

Chloramphenicol   0.ϱ-ϲ4   4   4   ϴ   ш   32   (R)   
ш   1ϲ   (I)   

Clindamycin   0.03-32   4   4   4   ш   ϴ   (R)   
ш   4   (I)   

Erythromycin   0.ϱ-1ϲ   4   1   Not   available   Not   available   
Gentamicin   0.ϱ-32   ϴ   4   Not   available   Not   available   

Kanamycin   0.ϱ-ϲ4   х   ϲ4   1ϲ   Not   available   Not   available   

Streptomycin   0.ϱ-ϲ4   1ϲ   ϴ   Not   available   Not   available   

Tetracycline   0.0ϲ2ϱ-ϲ4   ϴ   4   Not   available   ш   1ϲ   (R)   
ш   ϴ   (I)   

Vancomycin   0.12ϱ-32   0.2ϱ   1   2   Not   available   



  

  

To  ensƵre  no  hiƚs  ǁere  missed  dƵe  ƚo  codon  bias  or  seqƵencing  error͕   proƚein  alignmenƚs  ǁere                  
considered  a  hiƚ  if  ƚheǇ  haǀe  greaƚer  ƚhan  ϴϬй  idenƟƚǇ  oǀer  more  ƚhan  ϳϬй  qƵerǇ  coǀerage͘  ResƵlƚs                   
can   be   foƵnd   in    Tables   Ϯ͘ϵ    ƚo    Ϯ͘ϭϭ ͘     

GeneƟc  analǇsis  of   B.  fibrisolvens  ASCUSDYϭϵ  idenƟfied  one  possible  resisƚance  gene  ;see   Tables  Ϯ͘ϵ                
ƚo    Ϯ͘ϭϭ Ϳ͘   

● The  anƟmicrobial  gene  in  qƵesƟon  is  a  ϭϬϬй  maƚch  ƚo  ƚhe  ƚeƚracǇcline  resisƚance               
gene͕  ƚeƚW͕  in  boƚh  ƚhe  ResFinder  and  NCBI  AMR  daƚabases  and  a  ϵϵй  maƚch  ƚo  ƚhe                  
same  gene  in  ƚhe  Card  and  NDARO  daƚabases͘  TeƚW  confers  resisƚance  ƚo  ƚeƚracǇcline               
ƚhroƵgh  ribosomal  proƚecƟon   ;Aminoǀ͕   GarrigƵesͲJeanjean͕  and  Mackie  ϮϬϬϭͿ ͘  The           
ƚeƚ;WͿ  gene  is  a  ƵbiqƵiƚoƵs  gene  in  ƚhe  bacƚerial  popƵlaƟon  of  rƵminanƚs͕  hƵmans͕               
and   oƚher   farm   animals    ;Pal   eƚ   al͘   ϮϬϭϲ͖   JoǇce   eƚ   al͘   ϮϬϭϵ͖   Y͘    Sabino   eƚ   al͘   ϮϬϭϵͿ ͘   

  

  

  

  

ϭϵ   
  

 Table   Ϯ.ϴ: CharacterisƟcs   of   Databases   Used   to   Assess   AnƟmicrobial   Resistance   

Database   Name   Number   of   Entries   Number   of   
BƵƚǇƌiǀibƌiŽ     Entries   

B͘   fibƌiƐŽlǀenƐ   
Entries   

Contains   Redundant   
Entries   

CARD   (PATRIC)   1ϳ,ϱϱϵ   (2,22ϳ   non   
redundant   proteins   

0   0   Yes   

NDARO   (PATRIC)   
ϱ,13ϴ   (4,004   non   

redundant   proteins)   0   0   Yes   

ResFinder     3,10ϱ   0   0   No   

AMRFinder   Plus   ϲ,ϵ4ϲ   0   0   No   

 Table   Ϯ.ϵ: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   AnƟmicrobial   Resistance   by   PATRIC   

SŽƵƌce   
SŽƵƌce   

OƌgaŶŝƐŵ   GeŶe   PƌŽdƵcƚ   FƵŶcƟŽŶ   
SƵbũecƚ   

CŽǀeƌage   
QƵeƌǇ   

CŽǀeƌage   ŝdeŶƟƚǇ   EͲVaůƵe   

CARDͬ 
NDARO   

BifidŽbacƚeƌiƵŵ   
lŽŶgƵŵ   ƚeƚW  

TeƚƌacǇcliŶe   
ƌeƐiƐƚaŶce͕   
ƌibŽƐŽmal   
ƉƌŽƚecƟŽŶ   

MULTISPECIES͗   
ƚeƚƌacǇcliŶe   

ƌeƐiƐƚaŶce   ƌibŽƐŽmal   
ƉƌŽƚecƟŽŶ   ƉƌŽƚeiŶ   

Teƚ;WͿ   

ϭϬϬ   ϭϬϬ   ϵϵ   Ϭ͘Ϭ   

 Table   Ϯ.ϭ0: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   AnƟmicrobial   Resistance   by   ResFinder   
Gene   IdenƟty   Query   Coverage   FuncƟon   Accession   number   

tetW   ϵϵ.ϵ   100й   (1ϵ20/1ϵ20)   Tetracycline   Resistance   AJ42ϳ422   

 Table   Ϯ.ϭϭ: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ     AnƟmicrobial   Resistance   by   NCBI   AMR   BLASTp   

Gene   e-value   Percent   
IdenƟty   

Query   
Coverage   Subject   Coverage  

tet(W)   0   ϵϵ.ϴ   100   100   



2.1.ϲ.1 SecƟon   Summary   

In  vitro  ƚesƟng  demonsƚraƚed  ƚhaƚ   B.  fibrisolvens  ASCUSDYϭϵ  is  resisƚanƚ  ƚo  ƚeƚracǇcline͕  genƚamicin͕               
kanamǇcin͕  sƚrepƚomǇcin͕  and  erǇƚhromǇcin͘  Resisƚance  ƚo  aminoglǇcosides  and  macrolides  sƵch  as             
genƚamicin͕  kanamǇcin͕  sƚrepƚomǇcin͕  and  erǇƚhromǇcin  is  reflecƟǀe  of   B.  fibrisolvens  ASCUSDYϭϵ             
being  anaerobic  raƚher  ƚhan  anǇ  specific  resisƚance  mechanism  or  genoƚǇpe͘   In  silico  analǇses               
reǀealed  ƚhe  presence  of  ƚeƚW͕  a  gene  implicaƚed  in  ƚeƚracǇcline  resisƚance͘  This  finding  is  consisƚenƚ                 
ǁiƚh  ƚhe  ƚeƚracǇcline  resisƚanƚ  phenoƚǇpe  obserǀed  in  ƚhe  MIC  ƚesƟng͘   B.  fibrisolvens  ASCUSDYϭϵ  is                
sƵscepƟble  ƚo  chloramphenicol͕  ǀancomǇcin͕  and  ampicillin  and  ƚherefore  coƵld  easilǇ  be  conƚrolled              
ǁiƚh   readilǇ   aǀailable   anƟbioƟcs͘     

  

Ϯ͘ϭ͘ϳ AnƟmicrobial   ProdƵcƟon   

Butyrivibrio  fibrisolvens  ASCUSDYϭϵ  sƵpernaƚanƚ  obƚained  posƚ  fermenƚaƟon  ǁas  ƚesƚed  for  inhibiƚorǇ             
acƟǀiƚǇ  againsƚ  reference  sƚrains  knoǁn  ƚo  be  sƵscepƟble  ƚo  a  range  of  anƟbioƟcs͘  No  ǌones  of                  
inhibiƟon  ǁere  obserǀed  indicaƟng  ƚhaƚ  ƚhe  sƚrain  is  noƚ  an  anƟmicrobial  prodƵcer͘   FƵrƚher  deƚails  of                 
ƚhe   sƚƵdǇ   are   proǀided   in   Appendiǆ   ϬϬϱ͘   

Ϯ͘ϭ͘ϴ ToǆigeniciƚǇ   and   PaƚhogeniciƚǇ     

To  assess  ƚhe  presence  of  ǀirƵlenƚ  and  paƚhogenic  genes͕  amino  acid  seqƵences  from  coding  regions                 
idenƟfied  in   Parƚ  Ϯ͘ϭ͘ϰ͘ϯ  ǁere  aligned  ƚo  seǀeral  daƚabases͘  All  applicable͕  pƵbliclǇ  aǀailable  daƚabases                
ǁere  Ƶsed  ƚo  idenƟfǇ  poƚenƟal  paƚhogenic  genes͘  The  characƚerisƟcs  of  ƚhese  daƚabases  are               
described  in   Table  Ϯ͘ϭϮ ͘  The  PATRIC  daƚabase  has  compiled  releǀanƚ  genes  from  eǆƚernal  daƚabases                
inclƵding  Vicƚors͕  VirƵlence  Facƚors  Daƚabase  ;VFDBͿ͕  and  ƚhe  PATRICͺVF  daƚabase͘  These  genes              
represenƚ  ϯϯϭ͕ϳϱϲ  bacƚerial  genomes͘  RedƵndanƚ  gene  enƚries  ;e͘g͘  ƚhe  same  ƚoǆin  shoǁing  Ƶp  in                
mƵlƟple  microbial  speciesͿ  are  inclƵded  as  a  means  ƚo  Ƶndersƚand  ƚhe  global  disƚribƵƟon  of                
paƚhogeniciƚǇ  and  ǀirƵlence  associaƚed  proƚeins  across  diǀerse  ƚaǆa  isolaƚed  from  a  ǁide  range  of                
enǀironmenƚs  and  hosƚs͘  PaƚhogenFInder  and  IslandVieǁer  ǁeb  serǀers   ;CosenƟno  eƚ  al͘  ϮϬϭϯ͖              
Berƚelli  eƚ  al͘  ϮϬϭϳͿ  as  ǁell  as  BLASTp  alignmenƚ  ƚo  ƚhe  PaƚhogenͲHosƚ  InƚeracƟon  Daƚabase  ;PhiͲBASEͿ                 
;Urban  eƚ  al͘  ϮϬϭϱͿ  ǁere  also  ƵƟliǌed  ƚo  assess  ƚhe  paƚhogeniciƚǇ  and  ǀirƵlence  of   B.  fibrisolvens                  
ASCUSDYϭϵ͘  The  ƚoƚal  nƵmber  of  seqƵences  in  ƚhe  PATRIC  and  PhiͲBASE  daƚabases  is  ϭϯϰ͕ϯϵϲ  and                 
inclƵdes  no  seqƵences  from   Butyrivibrio.   IslandVieǁer  conƚains  ϰ͕Ϭϲϱ  paƚhogeniciƚǇ  islands  inclƵding             
ϰ  from   Butyrivibrio  species .   The  analǇsis  in  PaƚhogenFinder  is  daƚabase  independenƚ  and  Ƶses  a  model                 
ƚrained  ǁiƚh  proƚein  seqƵences  from  ϴϴϲ  ǁhole  genome  seqƵences͘  The  PaƚhogenFinder  model              
predicƚs  paƚhogeniciƚǇ  based  on  maƚches  ƚo  proƚeins  foƵnd  differenƟallǇ  in  paƚhogenic  and              
nonͲpaƚhogenic  bacƚeria  regardless  of  ƚheir  annoƚaƚed  fƵncƟon͘  Therefore͕  a  single  hiƚ  ƚo  a  proƚein                
foƵnd  in  paƚhogenic  species  does  noƚ  necessarilǇ  sƵggesƚ  ƚhe  qƵerǇ  organism  is  ǀirƵlenƚ  or                
paƚhogenic͕  bƵƚ  a  collecƟon  of  hiƚs  ƚo  proƚeins  ƵniqƵelǇ  foƵnd  in  paƚhogens  coƵld  be  enoƵgh  for                  
PaƚhogenFinder  ƚo  deem  ƚhe  organism  paƚhogenic͕  eǀen  if  ƚhe  proƚeins  are  noƚ  ƚradiƟonallǇ               
implicaƚed  in  ǀirƵlence  or  paƚhogeniciƚǇ͘  The  program  alloǁs  ƚhe  organism  ƚo  be  eǀalƵaƚed  more                
holisƟcallǇ  and  enables  ƚhe  eǀalƵaƟon  of  proƚeins  ƚhaƚ  are  poƚenƟallǇ  inǀolǀed  in  ǀirƵlence  and                
paƚhogeniciƚǇ   beǇond   ǁell   annoƚaƚed   ǀirƵlence   facƚors   sƵch   as   ƚoǆins͘     

  

  

ϮϬ   
  



  

The  alignmenƚ  process  compares  all  idenƟfied   B.  fibrisolvens  ASCUSDYϭϵ  genes  againsƚ  all  knoǁn               
paƚhogenͲrelaƚed  genes  ƚhaƚ  haǀe  been  idenƟfied  across  ƚhe  Bacƚerial  and  FƵngal  kingdoms͘  To               
ensƵre  no  hiƚs  are  missed  dƵe  ƚo  codon  bias  or  seqƵencing  error͕   proƚein  alignmenƚs  are  considered  a                   
hiƚ   if   ƚheǇ   haǀe   greaƚer   ƚhan   ϴϬй   idenƟƚǇ   oǀer   more   ƚhan   ϳϬй   qƵerǇ   coǀerage͘     

No  genes  inǀolǀed  in  ƚoǆin  sǇnƚhesis͕  paƚhogeniciƚǇ͕   or  ǀirƵlence  ǁere  idenƟfied  in  ƚhe  VFDB͕                
PATRICͺVF͕   or  PhiͲBase  daƚabases͘  AddiƟonallǇ͕   no  hiƚs  ƚo  paƚhogeniciƚǇ  islands  ǁere  idenƟfied  bǇ               
IslandVieǁer͘   A  siƚe  specific  recombinase  ǁas  idenƟfied  as  a  poƚenƟal  ǀirƵlence  facƚor  bǇ  boƚh  Vicƚors                 
and  PaƚhogenFInder͘   While  ƚhe  annoƚaƟon͕  proƚein  seqƵence͕  and  soƵrce  organism  slighƚlǇ  differs              
beƚǁeen  ƚhe  ƚǁo  daƚabases͕  ƚhe  proƚein  in  qƵesƟon  in  ƚhe   B.  fibrisolvens  ASCUSDYϭϵ  genome  is  ƚhe                  
same͘  The  recombinase  is  homologoƵs  ƚo  a  recombinase  foƵnd  in  paƚhogenic   Streptococcus              
pneumoniae.   Phage  deriǀed  siƚeͲdirecƚed  recombinases  haǀe  been  knoǁn  ƚo  eǆcise  and  inserƚ              
paƚhogenic  elemenƚs  in  Streptococcus   species   ;Carroll  eƚ  al͘  ϭϵϵϱͿ ͘  Hoǁeǀer͕   eǆcision  and  inserƟon  of                
geneƟc  maƚerial  bǇ  ƚhe  recombinase  reqƵires  oƚher  phage  encoded  proƚeins  ǁhich  are  noƚ  presenƚ  in                 
ƚhe   B.  fibrisolvens   ASCUSDYϭϵ  genome͘  HomologƵes  of  ƚhe  recombinase  ǁere  foƵnd  ƚo  be  one  of                 
ϯϯϳ  genes  necessarǇ  ƚo  caƵse  lƵng  infecƟons  bǇ   S.  pneumoniae   in  mice͕  ƚhoƵgh  ƚhere  ǁas  no                  
indicaƟon  ƚhaƚ  ƚhe  recombinase  iƚself  ǁas  sƵfficienƚ  ƚo  caƵse  paƚhogeniciƚǇ   ;Haǀa  and  Camilli  ϮϬϬϮͿ ͘                
There  is  some  eǀidence  ƚhaƚ  recombinases  mighƚ  plaǇ  a  role  in  regƵlaƟon  of  sƵrface  proƚein                 
prodƵcƟon  in  Sƚrepƚococci  as  parƚ  of  ƚhe  eǀolƵƟon  from  commesal  ƚo  paƚhogen   ;Holden  eƚ  al͘  ϮϬϬϵͿ ͘                  
Hoǁeǀer͕   ƚhere  is  no  eǀidence  linking  ƚhe  recombinase  encoded  bǇ  ƚhe   B.  fibrisolvens   ASCUSDYϭϵ                
genome  ƚo  ƚhis  ƚǇpe  of  acƟǀiƚǇ͘  A  global  search  of  ƚhe  organisms  in  ƚhe  PATRIC  daƚabase  ǁas                   
condƵcƚed  ƚo  assess  ƚhe  global  disƚribƵƟon  of  similar  siƚeͲdirecƚed  recombinases͘  The  search  reƚƵrned               
ϭϯϰ͕ϱϬϳ  ƵniqƵe  proƚein  hiƚs  beƚǁeen  diǀerse  ƚaǆa  inclƵding  paƚhogenic  and  nonͲpaƚhogenic  species͘              
Alignmenƚ  of  ƚhe  recombinase  proƚein  idenƟfied  in  ƚhe   B.  fibrisolvens   ASCUSDYϭϵ  genome  Ǉielded               
hiƚs  in  paƚhogenic  Sƚrepƚococci  and  in  non  paƚhogenic  commensals  alike͕  sƵggesƟng  ƚhaƚ  ƚhe               
recombinase  does  noƚ  solelǇ  caƵse  paƚhogeniciƚǇ  or  ǀirƵlence͘  ResƵlƚs  for  ƚhese  analǇses  can  be  foƵnd                 
in    Tables   Ϯ͘ϭϯ    ƚo    Ϯ͘ϭϳ ͘     

Ϯϭ   
  

 Table   Ϯ.ϭϮ: CharacterisƟcs   of   Databases   Used   to   Assess   Virulence   and   Pathogenicity   

Database   Name   Number   of   Entries   
Number   of   
BƵƚǇƌiǀibƌiŽ   

Entries   

B͘   fibƌiƐŽlǀenƐ   
Entries   

Contains   
Redundant   Protein   

ID   entries   

Victors   (PATRIC)   
ϲϳ,ϵ14   (4,ϵϱ0   

non-redundant   
proteins)   

0   0   Yes   

VFDB   (PATRIC)   
20,ϵ11   (2,ϱϵϱ   

non-redundant   
proteins)   

1   1   Yes   

PATRIC_VF   
3ϴ,ϳϵ1(1,ϱϳ0   

non-redundant   
proteins)   

0   0   Yes   

Phi-Base   ϲ,ϳϴ0   0   0   No   

IslandViewer4   4,0ϲϱ   pathogenicity   
islands   

4   0   No   

PathogenFInder   N/A   N/A   N/A   N/A   



  
  
  

  
  
  

  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  

ϮϮ   
  

 Table   Ϯ.ϭϯ: Significant   Alignments   Between   Virulence   Databases   and    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   

Organism   
Protein   
Hits   to   
Victors   

Protein   
Hits   to   
VFDB   

Protein   Hits   
to   

PATRIC_VF   

Protein   
Hits   to   

Phi-Base   

Pathogenicity   
Island   Hits   in   
IslandViewer   

Hits   to   Proteins   
from   Pathogens   in   
PathogenFinder   

B.  fibrisolvens    
ASCUSDY1ϵ   

1   0   0   0   0   1   

 Table   Ϯ.ϭϰ: B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   Hits   to   Pathogenic   Genes   in   Victors   

SŽƵƌce   
SŽƵƌce   

OƌgaŶŝƐŵ   GeŶe   PƌŽdƵcƚ   FƵŶcƟŽŶ     
SƵbũecƚ   

CŽǀeƌage   
QƵeƌǇ   

CŽǀeƌage   ŝdeŶƟƚǇ   EͲVaůƵe   

VicƚŽƌƐ   
SƚƌeƉƚŽcŽccƵƐ   
ƉŶeƵŵŽŶiae   

TIGRϰ   
SPͺϭϬϰϬ   SiƚeͲƐƉecific   

ƌecŽmbiŶaƐe   
Phage   

IŶƚegƌaƟŽŶ   
ϭϮ   ϭϬϬ   ϴϴ   ϮeͲϮϳ   

 Table   Ϯ.ϭϱ ͗ PathogenFinder   Results    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   

Gene   Matches   
Proteins   from   Pathogens   

Matched   
Proteins   from   

Non-Pathogens   Matched   
Predicted   as   Human     

Pathogen?   

ϵ   1   ϴ   No   

 Table   Ϯ.ϭϲ ͗           B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   Hits   to   Pathogenic   Genes   in   PathogenFinder   

Gene     Genbank   Accession   
Number   Source   Organism   Percent   IdenƟty   

    Lactobacillales 
site-specific   
recombinase   

CAWϵϵϳϳϴ   Streptococcus   equi   subsp.   
zooepidemicus   HϳϬ   ϵ0.1   



  

  

2.1.ϴ.1 SecƟon   Summary   

No   genes   direcƚlǇ   inǀolǀed   in   paƚhogenesis   or   ƚoǆin   prodƵcƟon   ǁere   idenƟfied͘     

All  pƵbliclǇ  aǀailable  paƚhogen  and  ǀirƵlenceͲrelaƚed  daƚabases  ǁere  qƵeried  ƚo  deƚermine  ƚhe              
paƚhogenic  poƚenƟal  of   B.  fibrisolvens   ASCUSDYϭϵ͘  In  ƚoƚal͕  ƚhese  daƚabases  encompass  ϭϯϴ͕ϰϲϭ              
knoǁn  paƚhogenͲrelaƚed  genes  spanning  all  microbial  ƚaǆonomies͘  Comprehensiǀe  alignmenƚ  of  ƚhe             
B.  fibrisolvens   ASCUSDYϭϵ  genome  ƚo  ƚhese  daƚabases  Ǉielded  ϭ  hiƚ  aboǀe  ƚhe  ϴϬй  idenƟƚǇ͕   ϳϬй                 
qƵerǇ  coǀerage  ƚhreshold͘  The  single  hiƚ  ǁas  ƚo  a  siƚeͲspecific  recombinase  ƚhaƚ  does  noƚ  confer                 
paƚhogeniciƚǇ  alone͕  and  is  foƵnd  in  paƚhogenic  and  nonͲpaƚhogenic  species  alike͘  The  analǇsis  also                
inclƵded  a  search  of  ϰ͕Ϭϲϱ  paƚhogeniciƚǇ  islands͕  ϰ  of  ǁhich  originaƚed  from   Butyrivibrio  species  bǇ                 
ƚhe  IsandVieǁer  ǁeb  inƚerface͘  AddiƟonallǇ͕   daƚabase  independenƚ  analǇsis  Ƶsing  ƚhe  PaƚhogenFinder             
ǁeb  inƚerface  ǁas  condƵcƚed͘  IslandVieǁer  did  noƚ  idenƟfǇ  anǇ  paƚhogeniciƚǇ  islands͘  The  same               
siƚeͲspecific  recombinase  idenƟfied  in  ƚhe  daƚabase  alignmenƚ  ǁas  also  idenƟfied  bǇ  PaƚhogenFinder .              
UlƟmaƚelǇ͕    PaƚhogenFinder   deemed   ƚhaƚ     B.   fibrisolvens    ASCUSDYϭϵ   is   noƚ   a   paƚhogen͘     

Ϯ͘ϭ͘ϵ SƵmmarǇ   of   Organism   SafeƚǇ   Based   on   Genomics   

B.  fibrisolvens   ASCUSDYϭϵ  ǁas  idenƟfied  as  a  sƚrain  of   B.  fibrisolvens   bǇ  ϭϲS  rRNA  and  ǁhole  genome                   
analǇsis͘   In  vitro  anƟmicrobial  sƵscepƟbiliƚǇ  ƚesƟng  reǀealed   B.  fibrisolvens   ASCUSDYϭϵ   is  resisƚanƚ  ƚo                
ƚeƚracǇcline͕  genƚamicin͕  kanamǇcin͕  sƚrepƚomǇcin͕  and  erǇƚhromǇcin͘  The  sƚrain  is  sƵscepƟble  ƚo             
chloramphenicol͕  ǀancomǇcin͕  and  ampicillin͘  Consisƚenƚ  ǁiƚh  ƚhe   in  vitro   anƟmicrobial  resisƚance             

Ϯϯ   
  

 Table   Ϯ.ϭϳ ͗ Top     BLASTp   Hits   to   Site-specific   Recombinase   found   in    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   (excluding   
hits   to   organisms   without   standing   nomenclature)   

Organism     Protein   Name   Genbank   Accession   
Number   

Percent   
IdenƟty   

Query   
Coverage   

Known   
Pathogen?   

Pseudobutyrivibrio   
xylanivorans   

recombinase   family  
protein   WP_0ϳ2ϵ1ϱ0ϵ0  100   100   no   

Enterococcus   
cecorum   

HypotheƟcal   
protein   KLOϲϱ1ϴ2   ϵϵ   100   

Rare   
opportunisƟc   

pathogen   

Peptoanaerobacter   
stomaƟs  

hypotheƟcal   
protein   

EHL1ϴ41ϴ  ϵ2   100   yes,   periodontal  
disease   

Streptococcus   
pneumoniae   

site-specific   DNA   
recombinase   CVU12401   ϵ0   100   yes   

Coprococcus   comes  
recombinase   family  

protein   WP_14ϳ3ϱϳϳ2ϵ  ϴϵ   100   no   

Eubacterium   rectale  recombinase   family  
protein   WP_13ϴ30ϱϲ0ϵ  ϴϵ   100   no   



daƚa͕   in  silico  analǇses  reǀealed  one  anƟmicrobial  resisƚance  gene  in  ƚhe  genome  ƚhaƚ  plaǇs  a  role  in                   
ƚeƚracǇcline  resisƚance͘  PhenoƚǇpic  ƚesƟng  confirmed  ƚhaƚ  no  anƟmicrobials  ǁere  prodƵced  bǇ   B.              
fibrisolvens   ASCUSDYϭϵ  dƵring  fermenƚaƟon͘  Comparison  of  ƚhe   B.  fibrisolvens   ASCUSDYϭϵ  genome              
ƚo  seǀeral  daƚabases  conƚaining  knoǁn  paƚhogenicͲrelaƚed  genes  reǀealed  one  proƚein  hiƚ͘  Hoǁeǀer͕               
ƚhe  idenƟfied  recombinase  does  confer  paƚhogeniciƚǇ  alone͘  HomologƵes  of  ƚhe  recombinase  are              
foƵnd  in  paƚhogens  as  ǁell  as  nonͲpaƚhogens  indicaƟng  ƚhaƚ  ƚhe  feaƚƵre  is  noƚ  solelǇ  responsible  for                  
paƚhogeniciƚǇ  or  ǀirƵlence͘  Based  on  ƚhese  analǇses͕   B.  fibrisolvens   ASCUSDYϭϵ  is  safe  for  Ƶse  as  a                  
direcƚ   fed   microbial͘     

Ϯ͘Ϯ                Method   of   ManƵfactƵre   

Ϯ͘Ϯ͘ϭ Raǁ   Maƚerials   and   Processing   Aids   

The  raǁ  maƚerials  and  processing  aids  Ƶsed  in  ƚhe  manƵfacƚƵre  of  faƚ  encapsƵlaƚed   Butyrivibrio                
fibrisolvens   ASCUSDYϭϵ  are  lisƚed  in  Appendiǆ  ϭϬ͘  All  raǁ  maƚerials  Ƶsed  in  ƚhe  manƵfacƚƵre  of   B.                  
fibrisolvens  ASCUSDYϭϵ  haǀe  a  hisƚorǇ  of  Ƶse  in  ƚhe  indƵsƚrial  food  and  feed  fermenƚaƟon  processes͕                 
and  are  considered  bǇ  NaƟǀe  Microbials  ƚo  be  safe  and  sƵiƚable  for  Ƶse  in  ƚhe  manƵfacƚƵre  of  feed                    
ingredienƚs   in   ƚhe   U͘S͘   

Ϯ͘Ϯ͘Ϯ               ManƵfacƚƵring   Process   

A  schemaƟc  oǀerǀieǁ  of  ƚhe  manƵfacƚƵring  process  of   B.  fibrisolvens  ASCUSDYϭϵ  is  proǀided  in   FigƵre                 
Ϯ͘ϱ ͘   B.  fibrisolvens  ASCUSDYϭϵ  is  prodƵced  ƚhroƵgh  a  sƚandard  anaerobic  deǆƚrose  fedͲbaƚch              
fermenƚaƟon  process͘  A  ǁorking  cell  cƵlƚƵre  sƚock  is  mainƚained  bǇ  NaƟǀe  Microbials  and  Ƶsed  for                 
ƚhe  seed  fermenƚaƟon͘       

   
   
   
   
   
   
   

  Deƚails  on  ƚhe  manƵfacƚƵring       
process   are   proǀided   in   Appendiǆ   ϭϬ͘   

  

  

  

  

  

  

Ϯϰ   
  

(b) (4)





2.3                 Product   SpecificaƟons   and   Batch   Analyses   

Ϯ͘ϯ͘ϭ               Proposed   ProdƵcƚ   SpecificaƟons   for   ƚhe   Cell   Concenƚraƚe   

Appropriaƚe  feedͲgrade  specificaƟons  haǀe  been  esƚablished  for  ƚhe   B.  fibrisolvens   ASCUSDYϭϵ  cell              
concenƚraƚe  and  are  presenƚed  in   Table  Ϯ͘ϭϴ ͘  Copies  of  ƚhe  meƚhods  of  analǇsis  are  proǀided  in                  
Appendices   Ϭϳ   and   ϭϮ͘   

AbbƌeǀiaƟŽŶƐ͗   BAM   с   BacƚeƌiŽlŽgical   AŶalǇƟcal   MaŶƵal   

Ϯ͘ϯ͘Ϯ               Baƚch   AnalǇses   for   ƚhe   Cell   Concenƚraƚe   

Three  baƚches  of   B.  fibrisolvens   ASCUSDYϭϵ  cell  concenƚraƚe  represenƚaƟǀe  of  ƚhe  commercial              
maƚerial  ǁere  analǇǌed  ƚo  ǀerifǇ  ƚhaƚ  ƚhe  manƵfacƚƵring  process  prodƵces  a  consisƚenƚ  prodƵcƚ  ƚhaƚ                
complies  ǁiƚh  ƚhe  proposed  specificaƟons͘  The  resƵlƚs  are  sƵmmariǌed  in   Table  Ϯ͘ϭϵ  and  ƚhe                
CerƟficaƚes  of  AnalǇsis  are  proǀided  in  Appendiǆ  ϭϯ͘  No  boƚƵlinƵm  ƚoǆins  ǁere  idenƟfied  in  anǇ  of                  
ƚhe   baƚches   ;Appendiǆ   ϬϬϴͿ͘     

Ύ   TeƐƟŶg   dŽŶe   aƚ   eŶd   Žf   feƌmeŶƚaƟŽŶ   ƉƌŽceƐƐ   

   Ϯ͘ϯ͘ϯ            Proposed   ProdƵcƚ   SpecificaƟons   for   ƚhe    B.   fibrisolvens    ASCUSDYϭϵ   FreeǌeͲdried   Poǁder   

Appropriaƚe  feedͲgrade  specificaƟons  haǀe  been  esƚablished  for   B.  fibrisolvens  ASCUSDYϭϵ            
manƵfacƚƵred  as  a  freeǌeͲdried  poǁder  and  are  presenƚed  in   Table  Ϯ͘ϮϬ ͘  Copies  of  ƚhe  meƚhods  of                  
analǇsis   are   proǀided   in   Appendices   Ϭϳ   and   ϭϮ͘     

AbbƌeǀiaƟŽŶƐ͗   CFU   с   cŽlŽŶǇ   fŽƌmiŶg   ƵŶiƚƐ͘   IŶƚeƌŶal   MeƚhŽd   AƉƉeŶdiǆ   ϭϮC   

    

  

Ϯϲ   
  

 Table   Ϯ.ϭϴ:   B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   Concentrate   SpecificaƟons   

Botulinum   toxins   FDA   BAM   

 Table   Ϯ.ϭϵ:   AnalyƟcal   Results   for   ϯ   Batches   of    B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ   Concentrate   

Parameter   Unit   SpecificaƟon   

AnalyƟcal   Results   

Lot   ϭϴ0ϭ.Ϯ0ϯϯ  Lot   ϭϴ0ϭ.Ϯ0ϯϱ  Lot   ϭϴ0ϭ.Ϯ0ϯϳ  

Botulinum   
toxins*   

Per   Ϯ   g   NegaƟve   

 Table   Ϯ.Ϯ0:   B͘   fibƌiƐŽlǀenƐ    ASCUSDYϭϵ    Freeze-dried   Powder   SpecificaƟons   

Parameter   SpecificaƟon   Limits   AnalyƟcal   Method   

Viable   cell   count   Internal   Method   

(b) (4)

(b) (4)

(b) (4)























































































 
 
 



 

 
 



Appendix 002: Supplementary Methods and Results for B. fibrisolvens ASCUSDY19 In Vitro 
Biochemical Assays 

 
 
Objectives: 
 

The objective of this work was to assess the carbohydrate fermentation capabilities and metabolite 

production of B. fibrisolvens ASCUSDY19 through in vitro assays. 

 

Methods: 
 

Carbohydrate fermentation of B. fibrisolvens ASCUSDY19 was qualitatively measured using the API 50CH 

carbon panel (BioMérieux, Marcy-l'Étoile, France). Results can be found in Table 1. B. fibrisolvens 

ASCUSDY19 cells were grown to late exponential phase and recovered by centrifugation at 3,000 x g for 

10 minutes. Cells were resuspended and (wt/vol) bromocresol purple added as a pH indicator 

for acidification of carbohydrates (Avgustin et al. 1997). 

 

Metabolite production of B. fibrisolvens ASCUSDY19 fermentation run 1801.2033 was measured at 8.2, 

16.1, 28, 32.2, 40, 48, 52 hours using an Agilent 1260 series with RI detector operated at 35°C.  The 

column used was a Bio-Rad Aminex HPX-87H #1250140 with Bio-Rad Cation H+ guard #1250129 

operated at 60°C. The mobile phase was  N Sulfuric Acid  concentrated sulfuric to  at a 

flow rate of /min. Pure standards were used at varying concentrations to generate a standard 

curve.  

 

Results: 
 
B. fibrisolvens ASCUSDY19 was assessed for fermentation of 50 carbon sources. Carbon source 

fermentation data is shown below in table 1. Metabolite production at each fermentation time point 

can be found in table 2.  

 

Table 1. Carbon Source Fermentation by B. fibrisolvens ASCUSDY19 

Carbon Source Growth Carbon Source Growth 

No Carbon Control No Growth Inositol No Growth 

Glycerol No Growth D-Mannitol No Growth 

Erythritol No Growth D-Sorbitol No Growth 

D-Arabinose No Growth Methyl-aD-Mannopyranoside No Growth 

L-Arabinose Growth Methyl-aD-Glucopyranoside No Growth 

D-Ribose No Growth N-AcetylGlucosamine No Growth 

D-Xylose Growth Amygdalin No Growth 

L-Xylose No Growth Arbutin No Growth 

D-Adonitol No Growth Esculin/Ferric Citrate Growth 

(b) (4)

(b) (4) (b) (4) (b) (4)

(b) (4)



Methyl-BD-xylopyranoside No Growth Salicin Growth 

D-Galactose No Growth D-Cellobiose Growth 

D-Glucose Growth D-Maltose No Growth 

D-Fructose Growth D-Lactose No Growth 

D-Mannose No Growth D-Melibiose Growth 

L-Sorbose No Growth D-Saccharose Growth 

L-Rhamnose Growth D-Trehalose No Growth 

Dulcitol No Growth Inulin No Growth 

D-Melezitose No Growth D-Tagatose No Growth 

D-Raffinose Growth D-Fucose No Growth 

Starch Growth L-Fucose No Growth 

Glycogen No Growth D-Arabitol No Growth 

Xylitol No Growth L-Arabitol No Growth 

Gentiobiose No Growth Potassium Gluconate No Growth 

D-Turanose No Growth Potassium 2-KetoGluconate No Growth 

D-Lyxose No Growth   

 

Table 2. Metabolite Production by B. fibrisolvens ASCUSDY19 on Complex Media with Glucose 

 Glucose  Pyruvic 

Acid 

Succinic 

Acid 

Lactic 

Acid 

Glycerol Acetic 

Acid 

Propionic 

Acid 

Butyric 

Acid 

1- 

Butanol 

Ethanol 

Fermentation 

Time (hrs) 

g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L 

8.2 

16.1 

28.0 

32.2 

40.0 

48.0 

52.0 

 

 
 

 

(b) (4)



 
 

 
 
Conclusions: 
 

In vitro assays demonstrate that B. fibrisolvens ASCUSDY19 grows on a variety of substrates including L-

arabinose, D-xylose, glucose, fructose, rhamnose, esculin, salicin, cellobiose, melibiose, saccharose, 

raffinose, and starch.  When grown on glucose B. fibrisolvens ASCUSDY19 produces lactate, acetate and 

butyrate as major fermentation products.  

 

 

 

Signed: ________________________________      Date: __________________ 
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Appendix 003C: Supplementary Genome Comparison Data for B. fibrisolvens ASCUSDY19 
 
 
Objectives 
 
The objective of this work was to determine the identity of Butyrivibrio fibrisolvens ASCUSDY19 using 
genomic methods. 
 
Methods 
 
For 16S sequence analysis, the 16S gene was amplified from Butyrivibrio fibrisolvens ASCUSDY19 
the 27F/534R primers and sequenced using an Illumina Miseq (Stackebrandt and Goodfellow 1991; 
Muyzer, de Waal, and Uitterlinden 1993; LANE and J 1991). The resulting sequence was quality trimmed 
and compared to NCBI databases (excluding “uncultured” and environmental samples) to establish the 
identity of the strain. The NCBI databases were queried on November 23, 2020. 
 
Genomic DNA was isolated from a pure culture of B. fibrisolvens ASCUSDY19 by a modified Sambrook 
phenol-chloroform extraction/purification protocol (Jain et al. 2018). Short read sequencing libraries 
were prepared using the Nextera XT kit (Illumina, San Diego, CA) by manufacturer’s recommended 
protocol and the resulting libraries were sequenced (1x300bp) on an Illumina Miseq. In parallel, long 
read libraries were prepared from the same extracted DNA using the SQK-RAD004 kit (Oxford Nanopore 
Technologies, Oxford, UK) using a modified version of the protocol outlined by (Jain et al. 2018) and 1D 
sequenced on the MinION (R9.4 flowcell) by Oxford Nanopore. Full details of the genome assembly can 
be found in appendix 003c. MUMmer was used to generate the alignments for whole genome average 
nucleotide identity (ANI) (Kurtz et al., 2004).  
 
Results 
 
 
Table 1: 16S analysis of B. fibrisolvens ASCUSDY19 

Genus species (GenBank accession #) Percent Match Percent Coverage 

B. fibrisolvens InBov1 (JN642599) 99.7% 100% 

Rumen Bacterium NK3B81 (GU324363) 
 99.7% 99% 

Rumen Bacterium NK4A61 (GU324372) 
 99.3% 99% 

Rumen Bacterium NK4A114 (GU324377) 98.9% 99% 

B. fibrisolvens WV1 (AF396927) 98.3% 99% 

 
Whole genome average nucleotide identity (ANI) was used to confirm the 16S identification. Genomes 
from multiple strains from B. fibrisolvens as well as other Butyrivibrio were compared to B. fibrisolvens 
ASCUSDY19 by ANI (% identity and coverage). As shown in Table 2, the B. fibrisolvens ASCUSDY19 
genome most closely matched B. fibrisolvens. 
 
 



 
 
 
 
 
 
Table 2: Whole Genome ANI analysis of B. fibrisolvens ASCUSDY19 

Genus species (GenBank accession #) ANI (%) Coverage (%) 

B. fibrisolvens INBov1 (GCA_003175155) 97.6 72.1 

B. fibrisolvens YRB2005 (GCA_000423985) 96.8 77.3 

B. fibrisolvens DSM3071 (GCA_900129945) 89.2 
 34.8 

Butyrivibrio proteoclasticus B316n (GCA_000145035) 86.4 3.69 

Butyrivibrio proteoclasticus P6B7 (GCA_000622085) 85.5 2.8 

Butyrivibrio hungatei NK4A153 (GCA_000424465) 84.8 2.6 

Butyrivibrio hungatei MB2003 (GCA_001858005) 84.4 3.4 

 
 
Conclusions 
 
B. fibrisolvens ASCUSDY19 most closely matched the whole genome assemblies of B. fibrisolvens strains 
by ANI. The genomic data in this Appendix should be used along with the phenotypic data from 
Appendix 2 to confirm the identity as B. fibrisolvens.  
 
Documentation 
The full list of 16S hits and alignments can be found on the Native Microbials drive under:  

The details of the ANI analysis can be found on the Ascus drive under: 

 

(b) (4)

(b) (4)
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RID: VSDH46A7013  

Job Title:Nucleotide Sequence      

Program: BLASTN  

Query: None ID: lcl|Query_56439(dna) Length: 299 

Database: nt Nucleotide collection (nt) 

  

Sequences producing significant alignments: 

                                                                  Scientific      Common                     Max    Total Query   
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Appendix 003C: Supplementary Whole Genome Analysis Methods and Read Quality Metrics for B.	
fibrisolvens	ASCUSDY19 

 
	
The	B.	fibrisolvens	ASCUSDY19 genomic DNA was extracted and sequenced as described in the 

main text of the dossier. This appendix contains details about the assembly methods used, the 

protocol for NexteraXT library preparation, FastQC and NanoStat quality metrics for the Illumina 

and Oxford Nanopore reads respectively, metrics generated by Quast  for the completed assembly, 

and a visualization of the assembly graph generated by Bandage. 

	

Assembly	Pipeline	in	Detail	
	 (b) (4)



NexteraXT	Protocol	as	Provided	by	the	Manufacturer	
	

	
	
Full	Protocol:	NexteraXT	
	
	
Quality	Metrics	of	Illumina	Reads	as	Generated	by	FastQC	

(b) (4)

(b) (4)



Read	distribution	as	related	to	quality	score	

	

(b) (4)



Metrics for B.	fibrisolvens	ASCUSDY19 Oxford Nanopore reads as generated by NanoStat. 
	

General	Summary	
	

Number,	Percentage,	and	Megabases	of	Reads	Above	Quality	Cutoffs	
	

	

Longest	Reads	in	Base	Pairs	(bp)	
 

(b) (4)

(b) (4)

(b) (4)



Assembly	Statistics	as	reported	by	Quast	
	

(b) (4)



	
Assembly Graph as Visualized by Bandage. 
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Title:  Characterization of Native Microbials Butyrivibrio fibrisolvens ASCUSDY19 
(Dairy-19) Production Strain: Antibiotic Susceptibility Profile 

1 OBJECTIVE 

To determine the Susceptibility Profile of Butyrivibrio fibrisolvens (Dairy-19) production strain 
to European Food Safety Authority recommended antimicrobials. 

2 STANDARDS OF COMPLIANCE 

This study was conducted in a GSP-like (Good Scientific Practice) manner in accordance with 
testing facility SOPs and to CLSI documents VET01 and M11 to the extent to which it is 
applicable as detailed in the protocol. European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) breakpoints or epidemiological cutoff values (ECOFFs) may be referenced 
for determining non-wildtype minimal inhibitory concentration (MIC) values. Procedures for the 
susceptibility were designed to follow those in European Food Safety Authority (EFSA) 
Guidance on the characterization of microorganisms used as feed additives or as production 
organisms (EFSA Panel on Additives and Products or Substances used in Animal Feed 
[FEEDAP] Rychen et al., 2018) as applicable and as detailed in the protocol. 

3 STUDY SITE 

Antimicrobial susceptibility testing was performed at Native Microbials Inc. 

4 MATERIALS AND METHODS 

4.1 Isolate 

A production strain of Butyrivibrio fibrisolvens ASCUSDY19 (Dairy-19) was procured from 
Commercial Working Cell Banks. The culture was streaked onto both Brucella agar and Mueller 
Hinton agar to verify that the organism is viable, pure, and morphologically typical of the 
purported species and to verify growth on the selected media. 

4.2 Susceptibility Profile 

4.2.1 Procedure 

The procedures listed in the protocol “Agar-Dilution Susceptibility Testing of Anaerobes” 

(Appendix A) were written to comply with CLSI document VET01 entitled Performance 
Standards for Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated from 
Animals and CLSI Document M11 entitled Methods of Antimicrobial Susceptibility Testing of 
Anaerobic Bacteria. 
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4.3 Media 

MIC agar plates for use in an agar dilution method were prepared by Native Microbials with 
antimicrobials and doubling dilution concentrations.  The media for MIC testing was Brucella 
Broth.  Stock solution concentrations and media recipes are captured in Appendix B. 

4.4 Incubation and Interpretation of Susceptibility Tests 

MIC agar plates were incubated and interpreted according to Native Microbials internal protocol 
“Agar-Dilution Susceptibility Testing of Anaerobes” (Appendix A). 

Sensitivities were compared to applicable values (Table 1) from EUCAST clinical breakpoints 
for gram positive anaerobes (“Breakpoint Tables for Interpretation of MICs and Zone Diameters, 
Version 10.0”, 2020), CLSI breakpoints for anaerobic organisms (Clinical and Laboratory 
Standards Institute [CLSI], 2020), and EFSA breakpoints for gram-positive bacteria (Rychen et 
al., 2018). 

4.5 Quality Control 

Reference Strain Escherichia coli (ATCC 25922) was tested on each agar dilution plate to ensure 
proper quality control (QC) of the MIC tests. Available CLSI (CLSI, 2020) and EUCAST 
(“Routine and Extended Internal Quality Control for MIC Determination and Disk Diffusion as 

Recommended by EUCAST, Version 10.0”; EUCAST, 2020) acceptable QC ranges for each 
antimicrobial were referenced (Table 3). 

With each test, all growth was verified to be of one morphology and of the correct colony 
morphological features as considered typical of the strain. 

Table 1. EFSA Gram Positive Breakpoints, EUCAST Gram-Positive Anaerobic 
Breakpoints and CLSI Anaerobes Breakpoints. 
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5 DISPOSITIONS 

All agar dilution plates were discarded after their expiration.  The isolate and all subcultures 
were discarded after autoclaving. No retention cultures were created or maintained from this 
study. 

6 RESULTS 

MIC results of the Butyrivibrio fibrisolvens ASCUSDY19 (Dairy-19) isolate and breakpoints 
interpretations are presented in Table 2. Photographs of agar dilution plates are shown in 
Appendix C. The isolate would be considered wild-type or susceptible according to all three 
criteria (EFSA, EUCAST, and CLSI) to Ampicillin and Chloramphenicol. The isolate would be 
considered susceptible to Vancomycin and Clindamycin according to EFSA and EUCAST 
breakpoints but would be considered intermediately sensitive to Clindamycin per CLSI. The 
isolate is considered intermediately sensitive to Tetracycline according to CLSI, although it 
would be considered resistant by EFSA.  The isolate would be considered non-wildtype or non-
susceptible against Gentamicin, Kanamycin, Streptomycin and Erythromycin to EFSA. 

However, one must consider that some classifications set forth by EFSA are for general Gram-
Positive organisms and are not applicable to Butyrivibrio fibrisolvens due to its anaerobic nature. 
EUCAST provides a breakpoint of “-” for Gentamicin and Erythromycin (Table 1) indicating 
that the species is a poor target for therapy with these antibiotics. CLSI refrains from providing a 
sensitivity for any aminoglycoside or macrolide class drugs for anaerobes. It is well documented 
that aminoglycosides are hindered by anaerobic growth.  Active electron transport is required for 
aminoglycoside uptake into cells, so the class inherently lacks activity against anaerobic bacteria 
(Kislak, 1973; Martin, Gardner, and Washington, 1972; Ramirez and Tolmasky, 2010). 
Susceptibility to aminoglycosides and macrolides decreases significantly in anaerobic conditions 
when compared to aerobic conditions (DeMars et al., 2016). 

Table 2. Minimal Inhibitory Concentrations for Butyrivibrio fibrisolvens and 
Sensitivity Interpretation 
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Appendix A.  Agar-Dilution Susceptibility Testing of 
Anaerobes 

1 General Considerations 

1.1 The procedures described herein are designed to follow those described in Clinical & 
Laboratory Standards Institute (CLSI) document M11: Anaerobic Bacteria 
Antimicrobial Susceptibility. 

1.2 Agar-dilution method is considered the standard method of antimicrobial susceptibility 
testing of anaerobic bacteria by CLSI. 

1.2.1 Anaerobic organisms commonly require complex nutritional formulations for 
growth. Organisms to be assayed using this method need to be tested for growth on 
Mueller-Hinton Agar or Supplemented Brucella Agar. Supplements should not be 
used unless necessary for the growth of the organism. The use of other media is 
not recommended due to potential interference between antibiotics and media 
components (e.g. p-aminobenzoic acid, thymidine, glycine, divalent cations). 

1.3 Unless otherwise noted, perform all work in an anaerobic chamber using degassed 
supplies. 

1.4 Organisms will be grown on pre-reduced agar as appropriate for the particular strain 
(Reinforced Clostridial Agar, Tryptic Soy Agar, etc.). Organisms that are more 
aerotolerant may be grown on non-reduced agar. 

1.4.1 To reduce media for testing, place agar plates or liquid media into an anaerobic 
chamber overnight. A reducing agent may be added to liquid media to expedite 
oxygen removal. An anaerobic indicating dye may be used in both agar or liquid 
media to provide a visual cue for reduced media. 

2 Media Preparation 
(b) (4)
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4 Inoculation of Plates 

5 Reading Results 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Agar Dilution Antibiotic Susceptibility Photos:  Ampicillin 

0 μg/mL Ampicillin 0.5 μg/mL Ampicillin 

1 μg/mL Ampicillin 2 μg/mL Ampicillin 
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4 μg/mL Ampicillin 8 μg/mL Ampicillin 

16 μg/mL Ampicillin 32 μg/mL Ampicillin 
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64 μg/ml Ampicillin 128 μg/ml Ampicillin 
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Agar Dilution Antibiotic Susceptibility Photos:  Chloramphenicol 

0 μg/mL Chloramphenicol 0.5 μg/mL Chloramphenicol 

1 μg/mL Chloramphenicol 2 μg/mL Chloramphenicol 
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4 μg/mL Chloramphenicol 8 μg/mL Chloramphenicol 

16 μg/mL Chloramphenicol 32 μg/mL Chloramphenicol 
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64 μg/ml Chloramphenicol 
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Agar Dilution Antibiotic Susceptibility Photos:  Clindamycin 

0 μg/mL Clindamycin 0.03125 μg/mL Clindamycin 

0.0625 μg/mL Clindamycin 0.125 μg/mL Clindamycin 
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0.25 μg/mL Clindamycin 

 
0.5 μg/mL Clindamycin 

 
1 μg/mL Clindamycin 

 
2 μg/mL Clindamycin 
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4 μg/mL Clindamycin 

 
8 μg/mL Clindamycin 

 
16 μg/mL Clindamycin 

 
32 μg/mL Clindamycin 
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Agar Dilution Antibiotic Susceptibility Photos:  Erythromycin 

0 μg/mL Erythromycin 0.125 μg/mL Erythromycin 

0.25 μg/mL Erythromycin 0.5 μg/mL Erythromycin 
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1 μg/mL Erythromycin 2 μg/mL Erythromycin 

4 μg/mL Erythromycin 8 μg/mL Erythromycin 

 



 Butyrivibrio fibrisolvens ASCUSDY19 - Antibiotic Susceptibility Profile 
 

Version:  Final Page 35 of 55 

 
16 μg/ml Erythromycin 
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Agar Dilution Antibiotic Susceptibility Photos:  Gentamicin 

0 μg/mL Gentamicin 0.125 μg/mL Gentamicin 

0.25 μg/mL Gentamicin 0.5 μg/mL Gentamicin 
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1 μg/mL Gentamicin 2 μg/mL Gentamicin 

4 μg/mL Gentamicin 8 μg/mL Gentamicin 
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16 μg/mL Gentamicin 32 μg/mL Gentamicin 
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Agar Dilution Antibiotic Susceptibility Photos:  Kanamycin 

0 μg/mL Kanamycin 
 

0.5 μg/mL Kanamycin 

 
1 μg/mL Kanamycin 

 
2 μg/mL Kanamycin 
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4 μg/mL Kanamycin 

 
8 μg/mL Kanamycin 

 
16 μg/mL Kanamycin 

 
32 μg/mL Kanamycin 
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64 μg/mL Kanamycin 
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Agar Dilution Antibiotic Susceptibility Photos:  Streptomycin 

0 μg/mL Streptomycin 
 

0.5 μg/mL Streptomycin 

 
1 μg/mL Streptomycin 

 
2 μg/mL Streptomycin 
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4 μg/mL Streptomycin 

 
8 μg/mL Streptomycin 

 
16 μg/mL Streptomycin 

 
32 μg/mL Streptomycin 
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64 μg/mL Streptomycin 
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Agar Dilution Antibiotic Susceptibility Photos:  Tetracycline 

0 μg/mL Tetracycline 
 

0.0625 μg/mL Tetracycline 

 
0.125 μg/mL Tetracycline 

 
0.25 μg/mL Tetracycline 
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0.5 μg/mL Tetracycline 

 
1 μg/mL Tetracycline 

 
2 μg/mL Tetracycline 

 
4 μg/mL Tetracycline 
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8 μg/mL Tetracycline 

 
16 μg/mL Tetracycline 

 
32 μg/mL Tetracycline 

 
64 μg/mL Tetracycline 
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Agar Dilution Antibiotic Susceptibility Photos:  Vancomycin 

0 μg/mL Vancomycin 
 

0.125 μg/mL Vancomycin 

 
0.25 μg/mL Vancomycin 

 
0.5 μg/mL Vancomycin 
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1 μg/mL Vancomycin 

 
2 μg/mL Vancomycin 

 
4 μg/mL Vancomycin 

 
8 μg/mL Vancomycin 
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16 μg/mL Vancomycin 

 
32 μg/mL Vancomycin 

 
 

(b) 
(4)
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OBJECTIVES 
 
To determine the antimicrobial properties of the Butyrivibrio fibrisolvens ASCUSDY19 
(Dairy-19) production strain supernatant. 
 

STANDARDS OF COMPLIANCE 
 
This study was conducted in a GSP-like (Good Scientific Practice) manner in accordance 
with testing facility SOPs as detailed in the protocol.   
 

STUDY SITE 
 
Antimicrobial property testing of the product was performed by

MATERIALS  
 
The sponsor-provided Dairy-19 supernatant (Lot number 20191105_V1) was prepared by 
centrifugation at 16,100 RCF (13,200RPM) for 20 minutes followed by sterile filtration with 
a 0.22µm membrane. The sample was received on November 20, 2019. 

 
ANTIMICROBIAL PROPERTIES 

 

A portion of the growth medium from a typical production batch of the Butyrivibrio 
fibrisolvens ASCUSDY19 (Dairy-19), or a scaled down version, was kept refrigerated 
(2-8°C) and shipped to  and used 13 days after receipt.   

1.1. Preparation of Culture Plates 

The following six organisms were tested against the supernatant: 

Organism ATCC number ode Dilution tested 

Staphylococcus aureus 6538 Sta 11 1:10 
Escherichia coli 11229 EC 96 1:10 
Bacillus cereus 2 BC 5 1:10 
Bacillus circulans 4516 Bi 1 1:10 
Streptococcus pyogenes 12344 Str 59 1:20 
Serratia marcescens 14041 SM 4 1:10 

 

(b) (4)

 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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1.2. Disk Preparation 

1.3. Incubation 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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1.4. Interpretation 
 

1.5. Quality Control 

 
DISPOSITIONS 

 
The supernatant was discarded after autoclaving and issue of the final report.  No retention 
sample was maintained. 

 
RESULTS 
 

No zones of inhibition were observed for the Dairy-19 supernatant lot, or the sterile 
distilled water control.  A zone of inhibition was observed for the enrofloxacin positive 
control for each organism as indicated in the table below: 

 
Table 1.  Zone Diameters from Dairy-19 Supernatant and Controls 

 

Organism 
ATCC 
number 

Zone Diameter for the indicated solution (mm) 
Dairy-19 

Supernatant 
Sterile Distilled 

water Enrofloxacin 
Staphylococcus aureus 6538 Sta 11 
Escherichia coli 11229 EC 96 
Bacillus cereus 2 BC 5 
Bacillus circulans 4516 Bi 1 
Streptococcus pyogenes 12344 Str 59 
Serratia marcescens 14041 SM 4 

 
Following incubation, pictures were taken of each organism seeded into the agar onto 
which a saturated disk of supernatant and controls were placed according to the protocol.  
These pictures are included in Appendix B.  No zones of inhibition are observed in these 
pictures.  

 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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CONCLUSION 
 
The Dairy-19 supernatant exhibited no antibacterial activity against the 6 strains 
representative of Gram positive and Gram negative bacteria.

(b) (4)

















FINAL REPORT:       Version FINAL 
Characterization of Ascus Biosciences Butyrivibrio fibrisolvens ASCUSDY19 (Dairy-19):  
Absence of Antimicrobial Activity Page 15 of 17  
 

  

 
APPENDIX B:  Photos 
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Abstract

Background: The 3MTM PetrifilmTM Rapid E. coli/Coliform Count Plate is a selective and differential sample-ready-culture
medium designed for the rapid enumeration of Escherichia coli (E. coli) and coliforms in the food and beverage industries.
Objective: The 3M Petrifilm Rapid E. coli/Coliform Count Plate was compared to the U.S. Food and Drug Administration
Bacteriological Analytical Manual (BAM) Chapter 4 Enumeration of Escherichia coli and the Coliform Bacteria, the
International Organization of Standards (ISO) 4832:2006 Microbiology of food and animal feeding stuffs — Horizontal
method for the enumeration of coliforms—Colony-count technique, and ISO 16649-2:2017 Microbiology of food and animal
feeding stuffs—Horizontal method for the enumeration of beta-glucuronidase-positive Escherichia coli—Part 2 Colony-
count technique at 44 degrees C using bromo-4-chloro-3- indolyl beta-D-glucuronide methods for the enumeration of E. coli
and coliforms in dry dog kibble.
Method: The candidate method was evaluated using two diluents, Butterfield’s phosphate buffered diluent and peptone salt
solution, in a paired study design with each reference method in a multi-laboratory collaborative study following the
current AOAC Validation Guidelines. Three target contamination levels and an uninoculated control level were evaluated.
Results: The candidate and reference methods were not statistically different at each contamination level. Reproducibility
values obtained during the collaborative study were similar between the candidate and reference methods.
Conclusion: These results demonstrate that the candidate method is equivalent to the reference methods.
Highlight: 3M Petrifilm Rapid E. coli/Coliform Count Plate was recommended for Official First Action status for enumeration of
E. coli and coliforms in a broad range of foods and environmental surfaces.

Coliform bacteria are a category of rod-shaped, non-spore form-
ing Gram-negative bacteria. These organisms can be motile or
non-motile and can ferment lactose with the production of acid

and gas. While coliform bacteria are very common and nor-
mally harmless, coliform contamination in food or beverage
products does pose a health risk. Since coliforms are commonly
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found in soil and vegetation, when coliform contamination is
found, it usually is caused by the environment. Coliform pres-
ence in food products raises the question of pathogen contami-
nation occurring through a similar process. Many coliforms,
including Escherichia coli (E. coli), a subgroup of coliform, can be
found in the human digestive tract. While some strains of E. coli
are harmless, other strains can cause serious illness. Similar to
coliforms, if E. coli contamination is detected it indicates that
conditions exist in which pathogens may be present (1).

Test methods for coliforms and E. coli are designed to detect
and enumerate typical phenotypes. For this reason, methods
for coliforms and E. coli have some limitations. For example,
The Compendium of Methods for the Microbiological
Examination of Foods states that 92–99% of E. coli produce
beta-glucuronidase, some pathogenic E. coli do not produce this
enzyme and a few strains of non-E. coli organisms can produce
beta-glucuronidase (2). This limitation should be understood
for any beta-glucuronidase-based method, such as: 4-methylum-
belliferyl-b-glucuronide (MUG) most probable number, violet red
bile (VRB) agar with MUG (FDA-BAM), and other alternative meth-
ods including 3M Petrifilm Plate methods (2).

Traditional screening and confirmation of E. coli or coliform
bacteria can require 3 to 7 days and can be very labor intensive
for laboratories. The 3M Petrifilm Rapid E. coli/Coliform Count
Plate allows for the simple, rapid enumeration and differentia-
tion of coliform and E. coli in food and environmental samples.
Test portions are diluted in an appropriate diluent and a sample
aliquot is plated onto the plate. The plates can be incubated at
multiple temperatures (for dairy: 30 6 1 �C or 32 6 1 �C for E. coli
and coliforms, and 42 6 1 �C for E. coli; for all other foods;
35 6 1 �C or 37 6 1 �C for E. coli and coliforms, and 42 6 1 �C for
E. coli) with enumeration occurring in as little as 18 h.

The 3M Petrifilm Rapid E. coli/Coliform Count Plate was
validated according to AOAC Validation Guidelines (3) following
the AOACVR Official Methods of AnalysisSM process. The objective
of these studies was to demonstrate that the candidate method
accurately enumerated E. coli and coliforms in a broad range
of foods and select environmental surfaces as claimed by the
manufacturer and that no difference in repeatability was observed
between the candidate method and the reference methods. For
the pre-collaborative studies, 33 matrices were evaluated. The
following matrices were evaluated with Butterfield’s Phosphate
Buffered Diluent (BPBD) only: pasteurized whole milk, butter, non-
fat dry milk, raw ground pork, lamb chop, raw ground chicken,
chicken carcass rinsate, shell eggs, liquid egg whites, powdered
egg whites, fresh raw bean sprouts, frozen cranberries, infant for-
mula with probiotics, infant formula without probiotics, infant rice
cereal without probiotics, dry dog kibble, dry cat food, all-purpose
flour, and chocolate chip cookie dough. The following matrices
were evaluated with BPBD and peptone salt solution (PSS): raw
ground beef (73% lean), raw frozen chicken wings, raw milk, whole
liquid egg, tuna sushi, smoked salmon, bunched raw spinach, pas-
teurized carrot juice, ready-made sandwiches (bread, deli meat,
and cheese), raw vegetable salad with mayonnaise-based dressing,
chicken feed, soybean meal, stainless steel environmental
sponges, and sealed concrete environmental sponges. Additional
pre-collaborative parameters (inclusivity and exclusivity testing)
satisfied the requirements for Official Methods of Analysis approval.

The purpose of this collaborative study was to compare the
3M Petrifilm Rapid E. coli/Coliform Count Plate to the U.S. Food
and Drug Administration (FDA) Bacteriological Analytical Manual
(BAM) Chapter 4: Enumeration of Escherichia coli and the Coliform
Bacteria (4), the International Organization of Standards (ISO)
4382:2006 Microbiology of food and animal feeding stuffs – Horizontal

method for the enumeration of coliforms—Colony-count technique (5),
and ISO 16649-2:2001 Microbiology of food and animal feeding stuffs—
Horizontal method for the enumeration of b-glucuronidase-positive
Escherichia coli—Part 2: Colony count technique at 44 �C using 5-bromo-
4-chloro-3-indolyl b-D-glucuronide (6) reference methods for the
enumeration of coliform and E. coli in dry pet food.

Collaborative Study
Study Design

One matrix, dry dog kibble, was evaluated in this study. The
matrix was obtained from a local retailer and screened for the
presence of naturally occurring E. coli and coliforms by the FDA
BAM and ISO reference methods. No natural contamination was
observed; four separate levels of contamination were targeted
for the evaluation: uninoculated [0 colony-forming unit (CFU)/
g], low (10–100 CFU/g), medium (100–1000 CFU/g), and high
(1000–10 000 CFU/g). To obtain the required contamination lev-
els, bulk lots of the matrix were artificially contaminated with a
lyophilized culture of E. coli [Q Laboratories (QL) isolate 11007-8
(origin – beef hide)] and Klebsiella pneumonia [QL isolate 11007-7
(origin – raw hamburger)] at each target contamination level.
Two replicate samples from each of the four contamination lev-
els were analyzed by both the candidate and reference methods
in a paired study design.

A detailed collaborative study packet outlining all necessary
information related to the study including media preparation,
test portion preparation and documentation of results was sent
to each collaborating laboratory prior to the initiation of the
study.

Preparation of the Inocula and Test Portions

The isolates used in this evaluation were lyophilized prior to in-
oculation. The cultures were first propagated onto tryptic soy
agar with 5% sheep blood (SBA) from a QL frozen stock culture
stored at -70�C. To prepare the culture for lyophilization, a sin-
gle, well isolated colony from SBA was transferred into brain
heart infusion broth and incubated at 37 6 2 �C for 18–24 h. The
cultures were diluted in a sterile cryoprotectant, reconstituted
in 10% non-fat dry milk, and freeze dried for 48–72 h. A bulk lot
of the test matrix was inoculated with each culture at a high
level. An aliquot of the high-level inoculated matrix was further
mixed with uninoculated matrix to produce the medium and
low level inoculum by mixing by hand and shaking in sterile
containers. After inoculation, the matrix was held for a mini-
mum of 2 weeks at ambient temperature (20–25 �C). The inocu-
lated test product was packaged into separate 10 g (ISO) and 50 g
(BAM) samples in sterile Whirl-PakVR bags and shipped to the
collaborators. All data was received from each temperature
probe, showing all shipments remained under similar condi-
tions throughout shipment.

Test Portion Distribution

All samples were labeled with a randomized, blind-coded 3-digit
number affixed to the sample container. Nine participants from
8 separate locations participated. Test portions were shipped in
leak-proof insulated containers via overnight delivery according
to the Category B Dangerous Goods shipment regulations set
forth by International Air Transport Association. Test portions
were shipped at ambient temperatures (20–25�C). Upon receipt,
samples were held at ambient temperature until analysis was
initiated. In addition to each of the test portions, collaborators
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also received a test portion for the matrix labeled as Aerobic
Plate Count (APC), to determine total background count in the
matrix using the FDA BAM Chapter 3 Aerobic Plate Count refer-
ence method (7). The APC background screen samples were pre-
pared from the bulk lot of test matrix, prior to inoculation.
Additionally, a temperature probe was included in the ship-
ment. Participants were instructed to submit the data from the
temperature probe upon receipt of the shipment.

Test Portion Analysis

Collaborators followed the appropriate preparation and analysis
protocol provided to them in the collaborator instructions
(Version 2, August, 2018). Each collaborator received 16 test por-
tions (2 high, 2 medium, 2 low, and 2 uninoculated for paired
analysis with the 3M Petrifilm Rapid E. coli/Coliform Count Plate
and ISO methods, and 2 high, 2 medium, 2 low, and 2 uninocu-
lated for analysis with the 3MTM PetrifilmTM Plate and BAM
method).

3M Petrifilm Rapid E. coli/Coliform Count Plate and BAM

A 50 g test portion was diluted with 450 mL of BPBD, allowed to
sit for 20 min to soften the dry dog kibble, and homogenized
with a paddle blender for 2 min 6 10 s. Ten-fold serial dilutions
of each sample were prepared in BPBD and a 1.0 mL aliquot
of each dilution was plated onto a single 3M Petrifilm Rapid
E. coli/Coliform Count Plate for each dilution. The plate was in-
cubated at 35 6 1 �C for 18–24 h. After incubation, plates were
enumerated for total coliforms and E. coli. The total coliform
count is indicated by red colonies with gas production and blue
colonies with and without gas production (E. coli). Colonies can
go through further identification based on user requirements.
Plates containing greater than 100 CFU were recorded as too
numerous to count (TNTC). Final results were determined by
multiplying the counts by the dilution factor for that plate.

Each test portion analyzed by the candidate method was
also analyzed using the FDA BAM Chapter 4 reference method
in a paired study design. A 1.0 mL aliquot from each sample di-
lution was plated onto a Petri dish. To each plate, 10 mL of VRB
agar was added and allowed to solidify. To avoid spreading colo-
nies and surface growth, an overlay of 5 mL of VRB agar with
MUG was added. All plates were inverted, incubated for 18–24 h
at 35 6 1 �C and enumerated. Purple-red colonies that were
0.5 mm or larger in diameter and surrounded by a zone of pre-
cipitated bile acids were enumerated as coliform colonies. E. coli
colonies were determined by observing bluish fluorescence
when viewed under a longwave ultraviolet light. Counts of 25–
250 CFU/plate were considered countable, while counts outside
that range were considered estimates. For both the reference
method test portions and the 3M test portions, coliform colonies
were confirmed by transferring typical colonies to tubes con-
taining brilliant green lactose bile (BGLB) broth and incubating
at 35 6 1 �C. Tubes were examined at 24 and 48 h for gas produc-
tion. The reference method test portions and the 3M test
portions’ E. coli colonies were confirmed by transferring pre-
sumptive colonies to EC-MUG broth and incubating at 35 6 1 �C
for 48 6 2 h. Tubes were then examined for fluorescence. In ad-
dition, for each positive sample, a single colony was confirmed
using APIVR 20E, AOAC Official Methods of Analysis 978.24 (8).

3M Petrifilm Rapid E. coli/Coliform Count Plate and ISO

A 10 g test portion was diluted with 90 mL of PSS, allowed to sit
for 20 min to soften the dry dog kibble, and homogenized with a

paddle blender for 2 min 6 10 s. Ten-fold serial dilutions of
each sample were prepared in PSS and a 1.0 mL aliquot of each
dilution was plated onto duplicate 3M Petrifilm Rapid E. coli/
Coliform Count Plates for each dilution. One plate was incu-
bated at 37 6 1 �C for 18–24 h and the other plate was incubated
at 42 6 1 �C for 18–24 h. After incubation, plates were enumer-
ated for total coliform (37 �C) and E. coli (37 �C and 42 �C). The to-
tal coliform count is indicated by red colonies with or without
gas production and blue colonies with or without gas produc-
tion (E. coli). Plates containing greater than 100 colonies were
recorded as TNTC. Final results were determined by multiplying
the counts by the dilution factor for that plate.

Each test portion analyzed by the candidate method was
also analyzed with the ISO 4382 and ISO 16649-2 reference
methods in a paired study design. For ISO 4832, serial dilutions
for each sample were plated in sterile Petri dishes followed by
the addition of VRB agar with lactose (VRBL). To avoid spreading
colonies and surface growth, an overlay of 5 mL of VRBL was
added. Agar plates were incubated for 24 6 2 h at 37 6 1 �C.
Typical colonies in the countable range (10–150) were enumer-
ated using a standard colony counter. If atypical colonies were
present, further confirmation was conducted by transferring
colonies to BGLB broth. For ISO 16649-2, serial dilutions for each
sample were plated in singular using tryptone bile X-glucuro-
nide medium. Agar plates were incubated for 18–24 h at
44 6 1 �C. Typical colonies in the countable range (10–150) were
enumerated using a standard colony counter.

Statistical Analysis

Each collaborating laboratory recorded the CFU/g results for the
reference methods and the candidate method on the electronic
spreadsheet provided. The data sheets were submitted to the
study director at the end of the study for analysis. A logarithmic
transformation (CFU/gþ 0.1f, where f is the reported CFU/g
corresponding to the smallest reportable result). A Youden plot
was prepared to identify discrepancies between test replicates
(Figures 1–5). Outliers were identified using the Cochran and
Grubbs’ tests. The differences of means, including 95% upper and
lower confidence limits, were determined for each contamina-
tion level (9). If the difference of means between the two methods
was < 0.5 Log10, it was considered that no statistical difference
existed between the two methods (10). The repeatability (sr) and
reproducibility (sR) of the methods were also determined (11).

AOAC Official Method 2018.13
Enumeration of Escherichia coli and Coliform in a Broad

Range of Foods and Select Environmental Surfaces

3M Petrifilm Rapid E. coli/Coliform Count Plate

First Action 2018

[Applicable to the enumeration of E. coli and coliform from
pasteurized whole milk, butter, non-fat dry milk, raw ground
pork, raw lamb chop, raw ground chicken, chicken carcass rin-
sate, shell eggs, liquid egg whites, powdered egg whites,
fresh raw bean sprouts, frozen cranberries, infant formula with
probiotics, infant formula without probiotics, infant rice cereal
without probiotics, dry dog kibble, dry cat food, all-purpose
flour, chocolate chip cookie dough, raw ground beef (73% lean),
raw frozen chicken wings, raw milk, whole liquid egg, tuna su-
shi, smoked salmon, bunched raw spinach, pasteurized carrot
juice, ready-made sandwiches (bread, deli meat and cheese),
raw vegetable salad with mayonnaise-based dressing, chicken
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feed, soybean meal, stainless steel environmental sponges, and
sealed concrete environmental sponges]

See Table 2018.13A and B for a summary of results of the
collaborative study.

See Tables 2018.13C–G for detailed results of the collabora-
tive study.

A. Principle

The 3M Petrifilm Rapid E. coli/Coliform Count Plate is a self-
contained, sample-ready-culture-medium system which

contains a cold-water-soluble gelling agent and two different
indicators; 5-bromo-4-chloro-3-indolyl-D-glucuronide that indi-
cates glucuronidase activity and tetrazolium that facilitates col-
ony enumeration. The 3M Petrifilm Rapid E. coli/Coliform Count
Plate is intended for the enumeration of both E. coli and coliforms
in various food and beverage products and from environmental
surfaces. The 3 M Petrifilm Rapid E.coli/Coliform Count Plates can
be incubated for 18–24 h at 30 6 1 �C or 32 6 1 �C for E. coli and
coliforms, and 42 6 1 �C for E. coli for dairy products; for all other
foods; 35 6 1 �C or 37 6 1 �C for E. coli and coliforms, and 42 6 1 �C
for E. coli. The typical colony morphology for E. coli is blue to
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Figure 1. Youden’s Plot for 3M Petrifilm Rapid E. coli/Coliform Count Plate (35 �C) and FDA BAM for Coliforms.
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Figure 2. Youden’s Plot for 3M Petrifilm Rapid E. coli/Coliform Count Plate (35 �C) and FDA BAM for E. coli.
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Figure 3. Youden’s Plot for 3M Petrifilm Rapid E. coli/Coliform Count Plate (37 �C) and ISO 4832 for Coliforms.
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yREC = 1.0003x + 0.0355

R² = 0.963

yISO = 0.9878x + 0.0548

R² = 0.970
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Figure 4. Youden’s Plot for 3M Petrifilm Rapid E. coli/Coliform Count Plate (37 �C) and ISO 16649-2 for E. coli.

yREC = 0.9933x + 0.0227

R² = 0.973

yISO = 0.9728x + 0.0414

R² = 0.979

0

0.5

1

1.5

2

2.5

3

3.5

4

0 0.5 1 1.5 2 2.5 3 3.5 4

LO
G 10

RE
P

A
CF

U/
g

LOG10 REP B CFU/g

Dry Dog Food

3M Petrifilm
Petrifilm Raid 
E. coli/Coliform
Plate Count

Petrifilm Raid
E. coli/Coliform
Plate Count)

ISO

Linear (3M

Figure 5. Youden’s Plot for 3M Petrifilm Rapid E. coli/Coliform Count Plate (42 �C) and ISO 16649-2 for E. coli.

Table 2018.13A. Interlaboratory study results of 3M Petrifilm Rapid E. coli/Coliform Count Plate vs. FDA BAM Chapter 4

3M Petrifilm Rapid E. coli/Coliform Count Plate-Coliform (35�C) FDA BAM Chapter 4 Coliform

Difference
of Meansd

Difference
of Meanse

95% LCL, UCLMatrix Lot Na

Mean Log10

CFU/g sr
b sR

c Lot Na

Mean
Log10 CFU/g sr sR

Dry Pet Kibble Uninoculated 9 0.000 0.00 0.00 Uninoculated 9 0.000 0.00 0.00 0.00 0.00, 0.00
Low 9 1.645 0.22 0.25 Low 9 1.617 0.18 0.31 �0.30 �0.20, 0.14
Medium 9 2.687 0.12 0.16 Medium 9 2.660 0.10 0.12 �0.30 �0.09, 0.03
High 9 3.458 0.10 0.17 High 9 3.474 0.12 0.17 0.02 �0.06, 0.10

3M Petrifilm Rapid E. coli/Coliform Count Plate—E. coli (35oC) FDA BAM Chapter 4 E. coli Difference
of Meansd

Difference
of Meanse

95% LCL, UCL
Dry Pet Kibble Uninoculated 9 0.000 0.00 0.00 Uninoculated 9 0.000 0.00 0.00 0.00 0.00, 0.00

Low 9 1.422 0.22 0.31 Low 9 1.448 0.20 0.32 0.02 �0.17, 0.22
Medium 9 2.298 0.12 0.26 Medium 9 2.292 0.11 0.22 �0.01 �0.12, 0.11
High 9 3.236 0.14 0.22 High 9 3.220 0.15 0.17 �0.02 �0.14, 0.10

a Number of collaborators that reported complete results.
b sr ¼ Repeatability.
c sR ¼ Reproducibility.
d A Difference of means <0.5 indicates no statistically significant difference between methods.
e 95% Lower and Upper Confidence Limits.

Bird et al.: Journal of AOAC INTERNATIONAL Vol. 103, No. 2, 2020 | 517

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u

p
.c

o
m

/ja
o

a
c
/a

rtic
le

/1
0

3
/2

/5
1

3
/5

8
0

4
1

4
6

 b
y
 g

u
e

s
t o

n
 2

1
 D

e
c
e

m
b

e
r 2

0
2

0



blue-green colonies with or without gas production, regardless
of size or color intensity. Other coliform colonies will appear as
red colonies with entrapped gas (within approximately one col-
ony diameter) for enumeration when comparing to FDA BAM, or
red colonies with and without gas production when comparing
to ISO 4832:2006. Plates containing more than 100 CFU for the
total coliform count or more than 100 CFU for the E. coli count
can either be estimated or recorded as TNTC.

B. Apparatus and Reagents

(a) 3M Petrifilm Rapid E. coli/Coliform Count Plates.—Available
from 3M Food Safety - CAT No. 6436/6437

(b) 3MTM Petrifilm Flat Spreader.—CAT No. 6425
(c) Sterile Diluent.—PSS and BPBD.
(d) Pipettes.—capable of pipetting 1000 mL or a serological

pipette.
(e) Sterile pipette tips.—capable of 1000 mL.
(f) Laboratory paddle-blender.—Seward 400 or equivalent.
(g) Filter Stomacher bags.–Seward or equivalent.
(h) Incubators.—Capable of maintaining 30 6 1�C, 32 6 1�C, 35

6 1�C, 37 6 1�C, or 42 6 1�C.
(i) Refrigerator.—capable of maintaining 2–8�C, for storing plates.
(j) Freezer.—capable of maintaining –20–0�C for storing plates.

(k) Standard Colony Counter or Illuminated Magnifier.
(l) Top-loading balance.—capable of weighing 1–2000 g.

Table 2018.13C. Log10 Coliform Counts for Dry Dog Kibble with 3M Petrifilm Rapid E. coli/Coliform Count Plate (35�C) and FDA BAM Chapter 4

Uninoculated Low Medium High

Collaborator

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

Aa B A B A B A B A B A B A B A B

1 0.000 0.000 0.000 0.000 1.613 1.613 1.322 1.041 2.364 2.664 2.520 2.741 3.400 3.303 3.344 3.592
2 0.000 0.000 0.000 0.000 1.708 1.959 1.785 1.613 2.741 2.807 2.733 2.592 3.281 3.083 3.083 3.303
3 0.000 0.000 0.000 0.000 1.851 2.083 2.004 1.908 2.344 2.545 2.433 2.603 3.644 3.507 3.581 3.344
4 0.000 0.000 0.000 0.000 1.491 1.322 1.613 1.785 2.592 2.654 2.634 2.479 3.558 3.324 3.464 3.654
5 0.000 0.000 0.000 0.000 1.041 1.613 1.613 1.322 2.820 2.846 2.749 2.764 3.569 3.464 3.433 3.281
6 0.000 0.000 0.000 0.000 1.708 1.785 1.851 1.959 2.741 2.876 2.779 2.930 3.258 3.344 3.449 3.344
7 0.000 0.000 0.000 0.000 1.908 1.613 1.908 1.908 2.904 2.624 2.624 2.691 3.644 3.624 3.644 3.654
8 0.000 0.000 0.000 0.000 1.322 1.708 1.322 1.491 2.634 2.644 2.520 2.664 3.592 3.479 3.520 3.634
9 0.000 0.000 0.000 0.000 1.491 1.785 1.613 1.041 2.820 2.749 2.700 2.717 3.507 3.654 3.624 3.592

a A and B ¼ Indicated duplicate test portions.

Table 2018.13B. Interlaboratory Study Results of 3M Petrifilm Rapid E. coli/Coliform Count Plate vs. ISO 4832 and 16649-2

3M Petrifilm Rapid E. coli/Coliform Count Plate—Coliform (37�C) ISO 4832

Difference of
Meansd

Difference
of Meanse

95% LCL, UCLMatrix Lot Na

Mean
Log10 CFU/g sr

b sR
c Lot Na

Mean
Log10 CFU/g sr sR

Dry Pet Kibble Uninoculated 9 0.000 0.00 0.00 Uninoculated 9 0.000 0.00 0.00 0.00 0.00, 0.00
Low 9 1.616 0.28 0.34 Low 9 1.692 0.22 0.24 0.08 �0.09, 0.25
Medium 9 2.583 0.09 0.19 Medium 9 2.557 0.09 0.23 �0.03 �0.12, 0.07
High 9 3.359 0.09 0.16 High 9 3.352 0.09 0.12 �0.01 �0.10, 0.08

3M Petrifilm Rapid E. coli/Coliform Count Plate—E. coli (37�C) ISO 16649-2
Dry Pet Kibble Uninoculated 9 0.000 0.00 0.00 Uninoculated 9 0.000 0.00 0.00 0.00 0.00, 0.00

Low 9 1.419 0.28 0.28 Low 9 1.542 0.22 0.22 0.12 �0.04, 0.29
Medium 9 2.291 0.12 0.19 Medium 9 2.296 0.11 0.17 0.01 �0.11, 0.12
High 9 3.140 0.11 0.14 High 9 3.202 0.16 0.21 0.04 �0.07, 0.16

3M Petrifilm Rapid E. coli/Coliform Count Plate—E. coli (42oC) ISO 16649-2 Difference
of Meansd

Difference
of Meanse

95% LCL, UCL
Dry Pet Kibble Uninoculated 9 0.000 0.00 0.00 Uninoculated 9 0.000 0.00 0.00 0.00 0.00, 0.00

Low 9 1.400 0.27 0.27 Low 9 1.542 0.22 0.22 0.14 0.02. 0.27
Medium 9 2.342 0.13 0.15 Medium 9 2.296 0.11 0.17 �0.05 �0.15. 0.06
High 9 3.133 0.14 0.14 High 9 3.202 0.16 0.21 0.05 �0.09, 0.19

a Number of collaborators that reported complete results.
b sr ¼ Repeatability.
c sR ¼ Reproducibility.
d A Difference of means <0.5 indicates no statistically significant difference between methods.
e 95% Lower and Upper Confidence Limits.

518 | Bird et al.: Journal of AOAC INTERNATIONAL Vol. 103, No. 2, 2020

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u

p
.c

o
m

/ja
o

a
c
/a

rtic
le

/1
0

3
/2

/5
1

3
/5

8
0

4
1

4
6

 b
y
 g

u
e

s
t o

n
 2

1
 D

e
c
e

m
b

e
r 2

0
2

0



Table 2018.13F. Log10 E. coli Counts for Dry Dog Kibble with 3M Petrifilm Rapid E. coli/Coliform Count Plate (37�C) and ISO 16649-2

Uninoculated Low Medium High

Collaborator

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

Aa B A B A B A B A B A B A B A B

1 0.000 0.000 0.000 0.000 1.613 1.708 1.613 1.322 2.083 2.303 2.149 2.004 3.004 2.908 3.083 3.303
2 0.000 0.000 0.000 0.000 1.908 1.322 1.491 1.041 2.258 2.004 2.364 2.344 3.004 3.179 3.258 2.959
3 0.000 0.000 0.000 0.000 1.491 1.041 1.708 1.322 2.045 1.959 2.303 2.179 3.281 3.083 3.470 3.479
4 0.000 0.000 0.000 0.000 1.041 1.041 1.322 1.613 2.149 2.417 2.581 2.417 3.004 3.083 3.303 3.382
5 0.000 0.000 0.000 0.000 1.613 1.041 1.785 1.613 2.449 2.179 2.520 2.464 3.179 3.004 3.507 3.083
6 0.000 0.000 0.000 0.000 1.491 1.491 1.785 1.708 2.303 2.303 2.149 2.258 3.149 3.004 3.004 2.785
7 0.000 0.000 0.000 0.000 1.322 1.785 1.322 1.708 2.417 2.520 2.281 2.520 3.479 3.258 3.207 3.400
8 0.000 0.000 0.000 0.000 1.041 1.613 1.851 1.613 2.479 2.507 2.233 2.258 3.233 3.149 3.045 3.083
9 0.000 0.000 0.000 0.000 1.491 1.491 1.322 1.613 2.464 2.400 2.303 2.004 3.303 3.207 3.004 3.281

a A and B ¼ Indicated duplicate test portions.

Table 2018.13D. Log10 E. coli Counts for Dry Dog Kibble with 3M Petrifilm Rapid E. coli/Coliform Count Plate (35oC) and FDA BAM Chapter 4

Uninoculated Low Medium High

Collaborator

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4 Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

BAM
Chapter 4

Log10

CFU/g

Aa B A B A B A B A B A B A B A B

1 0.000 0.000 0.000 0.000 1.322 1.613 1.041 1.041 1.785 2.083 2.083 2.382 3.233 3.004 3.045 3.382
2 0.000 0.000 0.000 0.000 1.322 1.851 1.708 1.322 2.149 2.344 2.400 2.479 2.908 2.785 3.083 3.004
3 0.000 0.000 0.000 0.000 1.785 1.785 1.851 1.908 1.908 2.045 2.083 2.149 3.382 3.479 3.464 3.207
4 0.000 0.000 0.000 0.000 1.041 1.041 1.491 1.708 2.281 2.382 2.179 2.004 3.533 3.233 3.449 3.479
5 0.000 0.000 0.000 0.000 1.041 1.322 1.322 1.041 2.700 2.624 2.520 2.433 3.207 3.004 3.303 3.223
6 0.000 0.000 0.000 0.000 1.491 1.785 1.785 1.491 2.520 2.433 2.644 2.717 3.083 3.303 3.382 3.004
7 0.000 0.000 0.000 0.000 1.851 1.322 1.613 1.851 2.479 2.179 2.207 2.083 3.520 3.449 3.117 3.281
8 0.000 0.000 0.000 0.000 1.041 1.041 1.041 1.491 2.149 2.207 2.004 2.281 3.344 3.149 3.207 3.004
9 0.000 0.000 0.000 0.000 1.322 1.613 1.322 1.041 2.520 2.569 2.324 2.281 3.207 3.417 3.233 3.083

a A and B ¼ Indicated duplicate test portions.

Table 2018.13E. Log10 Coliform Counts for Dry Dog Kibble with 3M Petrifilm Rapid E. coli/Coliform Count Plate (37�C) and ISO 4832

Uninoculated Low Medium High

Collaborator

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 4832
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g
ISO 4832

Log10 CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g
ISO 4832

Log10 CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g
ISO 4832

Log10 CFU/g

Aa B A B A B A B A B A B A B A B

1 0.000 0.000 0.000 0.000 2.004 1.785 1.708 1.613 2.344 2.233 2.179 2.004 3.004 3.083 3.179 3.344
2 0.000 0.000 0.000 0.000 1.908 1.322 1.613 1.041 2.545 2.400 2.603 2.654 3.179 3.344 3.303 3.258
3 0.000 0.000 0.000 0.000 1.613 1.041 1.708 1.708 2.520 2.682 2.449 2.592 3.382 3.400 3.581 3.545
4 0.000 0.000 0.000 0.000 1.041 1.041 1.322 1.785 2.344 2.569 2.603 2.741 3.258 3.281 3.464 3.400
5 0.000 0.000 0.000 0.000 1.785 1.851 1.785 1.613 2.400 2.520 2.673 2.700 3.433 3.592 3.233 3.400
6 0.000 0.000 0.000 0.000 1.613 1.908 1.908 1.908 2.581 2.624 2.400 2.303 3.400 3.507 3.258 3.179
7 0.000 0.000 0.000 0.000 1.322 1.959 1.785 2.004 2.741 2.876 2.779 2.930 3.507 3.344 3.233 3.433
8 0.000 0.000 0.000 0.000 1.491 1.785 2.004 1.613 2.820 2.846 2.581 2.700 3.464 3.464 3.344 3.479
9 0.000 0.000 0.000 0.000 1.613 2.004 1.491 1.851 2.700 2.741 2.634 2.493 3.533 3.281 3.400 3.303

a A and B ¼ Indicated duplicate test portions.
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C. General Instructions

(a) Read the instruction manual carefully before use.
(b) Storage conditions: Store the plates at –20 to 8�C. Allow the

plates to warm to ambient temperature (20–25�C/<60% rel-
ative humidity) prior to use. After opening the pouch, un-
used plates should be placed back in the pouch, sealed and
stored at ambient temperature for no longer than 4 weeks.
If the temperature of the site is > 25�C with a relative hu-
midity greater than 50%, it is recommended to place the
plates in a sealed container and store in a freezer for no
more than 4 weeks.

(c) Plates containing more than 100 CFU for the total coliform
count or more than 100 CFU for the E. coli count can either be
estimated or recorded as TNTC. Note, the enumeration for
E. coli or total coliforms may occur on separate dilutions.

Safety Precautions:
Do not use this plate for the specific detection of E. coli O:157 be-
cause most E. coli O:157 strains are atypical, glucuronidase nega-
tive, and will not be detected as E. coli but only as coliforms.
After use, 3M Petrifilm Rapid E. coli/Coliform Count Plates may
contain microorganisms that may be a potential biohazard.
Follow current industry standards and local regulations for dis-
posal of biohazardous waste.

To reduce the risks associated with release of contaminated
product:

(a) Follow all product storage instructions contained in the
instructions for use.

(b) Do not use beyond the use by date.
(c) Do not use 3M Petrifilm Rapid E. coli/Coliform Count Plates

that show discoloration.
(d) Do not use diluents containing citrate, bisulfate or thiosul-

fate; they can inhibit growth.

To reduce the risks associated with bacterial infection and
workplace contamination:

(a) Perform testing in a properly equipped laboratory under
the control of a skilled microbiologist.

(b) The user must train their personnel in current proper test-
ing techniques.

To reduce the risk associated with misinterpretation of results:

(a) 3M has not documented 3M Petrifilm Rapid E. coli/Coliform
Count Plates for use in industries other than food and bev-
erage. 3M has not documented 3M Petrifilm Rapid E. coli/
Coliform Count Plates for testing water, pharmaceuticals,
or cosmetics.

(b) Do not use 3M Petrifilm Rapid E. coli/Coliform Count Plates
in the diagnosis of conditions in humans or animals.

(c) 3M Petrifilm Rapid E. coli/Coliform Count Plates do not dif-
ferentiate any one E. coli or coliform strain from another.

(d) A few strains of bacteria can produce b-glucuronidase such
as Shigella, Salmonella, Enterobacter, Citrobacter, and Klebsiella
and will produce blue to blue-green colonies on the 3M
Petrifilm Rapid E. coli/Coliform Count Plate.

(e) Foods with high sugar content may increase the potential
for gas production from non-coliform Enterobacteriaceae.

D. Sample Preparation

(a) Use appropriate sterile diluents (BPBD or PSS). Do not use
diluents containing citrate, bisulfate, or thiosulfate with
the 3M Petrifilm Rapid E. coli/Coliform Count Plates, as
they can inhibit growth.

(b) For food samples, prepare test portion (10, 11, or 50 g) or
equivalent ratio of sample to diluent to create a 1:10 dilu-
tion as appropriate to the sample being tested.

(c) For environmental surface samples, add 25 mL of the ap-
propriate diluent to each sponge sample.

(d) Blend or homogenize sample as appropriate.
(e) For optimal growth and recovery of microorganisms in

acidic products (< pH 5), adjust the pH of the sample sus-
pension to greater than pH 5. For acidic products, adjust
with pH 1N NaOH.

(f) Remove all required plates and allow to come to ambient
temperature (20–25�C).

(g) Retract the top film to fully expose the culture medium and
dispense 1.0 mL of sample onto the center of the plate.

(h) Reapply the cover by rolling down the film. Place the 3M
Petrifilm Flat Spreader on the center of the plate and press
gently to allow sample to spread evenly over the medium

Table 2018.13G. Log10 E. coli Counts for Dry Dog Kibble with 3M Petrifilm Rapid E. coli/Coliform Count Plate (42�C) and ISO 16649-2

Uninoculated Low Medium High

Collaborator

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

3M Petrifilm
Rapid E. coli/

Coliform Count
Plate Log10

CFU/g

ISO 16649-2
Log10

CFU/g

Aa B A B A B A B A B A B A B A B

1 0.000 0.000 0.000 0.000 1.322 1.041 1.613 1.322 2.303 2.233 2.149 2.004 3.045 2.908 3.083 3.303
2 0.000 0.000 0.000 0.000 1.708 1.041 1.491 1.041 2.52 2.303 2.364 2.344 3.004 3.149 3.258 2.959
3 0.000 0.000 0.000 0.000 1.322 1.041 1.708 1.322 2.083 2.258 2.303 2.179 3.083 2.908 3.470 3.479
4 0.000 0.000 0.000 0.000 1.491 1.041 1.322 1.613 2.233 2.479 2.581 2.417 3.083 3.281 3.303 3.382
5 0.000 0.000 0.000 0.000 1.491 1.491 1.785 1.613 2.449 2.233 2.520 2.464 3.233 3.233 3.507 3.083
6 0.000 0.000 0.000 0.000 1.491 1.708 1.785 1.708 2.303 2.004 2.149 2.258 3.303 3.149 3.004 2.785
7 0.000 0.000 0.000 0.000 1.041 1.613 1.322 1.708 2.382 2.479 2.281 2.520 3.281 3.045 3.207 3.400
8 0.000 0.000 0.000 0.000 1.322 1.708 1.851 1.613 2.464 2.520 2.233 2.258 3.083 3.449 3.045 3.083
9 0.000 0.000 0.000 0.000 1.613 1.708 1.322 1.613 2.507 2.400 2.303 2.004 3.149 3.004 3.004 3.281

a A and B ¼ Indicated duplicate test portions.
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causing gel to form. Let the plate sit undisturbed for at
least 1 min.

(i) Incubate the plates.
(1) For dairy products: 30 6 1�C or 32 6 1�C for coliforms

and E. coli or 42 6 1�C for E. coli for 18–24 h.
(2) For all other foods: 35 6 1�C or 37 6 1�C for coliforms

and E. coli or 42 6 1�C for E. coli for 18–24 h.
(j) Enumerate all blue to blue-green colonies with or without

gas regardless of size or intensity of color as E. coli.
(k) Interpretation of non-E. coli coliform colonies varies by

reference method.
(1) The U.S. FDA/BAM Chapter 4 defines coliforms as Gram

negative rods, which produce acid and gas from lactose
during metabolic fermentation. Enumerate red colonies
which are closely associated with entrapped gas
within one colony diameter of the colony. Colonies
not associated with gas (a distance greater than one
colony diameter between colony and gas bubble) are
not counted as coliforms. The total coliform count
consists of both the red colonies with gas and blue col-
onies with and without gas, estimates can be made on
plates containing > 100 colonies.

(2) ISO defines coliforms by their ability to grow in
method-specific, selective media. ISO 4832 enumera-
tes typical coliform colonies on VRBL with confirma-
tion of atypical colonies. Enumerate red colonies
with and without gas production. The total coliform
count is indicated by red colonies with or without
gas production and blue colonies with and without
gas production, estimates can be made on plates
containing > 100 colonies.

(l) Multiply the count by the dilution factor to get final coli-
form and E. coli count.

Results of the Collaborative Study

In this collaborative study, the 3 M Petrifilm Rapid E. coli/
Coliform Count Plate was compared to the FDA BAM Chapter 4,
ISO 4832, and 16649-2 for the enumeration of E. coli and coli-
forms. A total of 9 participants across 8 laboratories throughout
the United States, Canada, Mexico, and Switzerland participated
in the evaluation. All participants who received samples per-
formed analysis and submitted results.

The candidate method results along with the reference method
results reported by each laboratory were converted to logarithmic
values for statistical analysis and were plotted using a Youden’s
plot. The Log10 individual laboratory results are presented in
Tables 2018.13C–G. Figures 1–5 present the Youden plots of each
matrix. The transformed data were analyzed for outliers by the

Cochran and Grubb’s tests. No outliers were identified. The differ-
ence of means (including 95% confidence intervals), repeatability
(sr), and reproducibility (sR) were determined for each contamina-
tion level. The results of the interlaboratory data analyses are pre-
sented in Tables 2018.13A and B. In addition to the test portions,
each participant that performed testing submitted results for an
APC test to determine the total microbial load of the test matrix.
The average APC result obtained by the collaborators was 1.8 � 105

CFU/g (low to high range of 3.4 � 104 CFU/g to 5.2 � 105 CFU/g).
Table 1 presents the results of the APC for each collaborator.

Dry Dog Kibble

Four contamination levels were evaluated (uninoculated, low,
medium, and high) by both the candidate and reference
method. Nine collaborators submitted data, and all data sets
were included in the statistical analysis.

3M Petrifilm Rapid E. coli/Coliform Count Plate and BAM
Coliform

Difference of means values (0.00, -0.28, 0.28, and 0.17) for the
uninoculated, low, medium, and high contamination levels, in-
dicate the candidate and reference method are not statistically
different. Repeatability (0.00, 0.22, 0.12, and 0.10) and reproduc-
ibility (0.00, 0.25, 0.16, and 0.17) values for each contamination
level indicate that the method performed similarly within sam-
ple replicates and between laboratories throughout the range of
contamination levels.

3M Petrifilm Rapid E. coli/Coliform Count Plate and BAM
E. coli

Difference of means values (0.00, -0.02, -0.01, and -0.02) for the
uninoculated, low, medium, and high contamination levels, in-
dicate the candidate and reference method are not statistically
different. Repeatability (0.00, 0.22, 0.12, and 0.14) and reproduc-
ibility (0.00, 0.31, 0.26, and 0.22) values for each contamination
level indicate that the method performed similarly within sam-
ple replicates and between laboratories throughout the range of
contamination levels.

3M Petrifilm Rapid E. coli/Coliform Count Plate and ISO
Coliform 37 �C

Difference of means values (0.00, 0.08, -0.03, -0.01) for the unino-
culated, low, medium, and high contamination levels, indicate
the candidate and reference method are not statistically differ-
ent. Repeatability (0.00, 0.28, 0.09, 0.09) and reproducibility (0.00,
0.34, 0.19, 0.16) values for each contamination level indicate
that the method performed similarly within sample replicates
and between laboratories throughout the range of contamina-
tion levels.

3M Petrifilm Rapid E. coli/Coliform Count Plate and ISO
E. coli 37 �C

Difference of means values (0.00, 0.12, 0.01, and 0.04) for the
uninoculated, low, medium, and high contamination levels, in-
dicate the candidate and reference method are not statistically
different. Repeatability (0.00, 0.28, 0.12, and 0.11) and reproduc-
ibility (0.00, 0.28, 0.19, and 0.14) values for each contamination
level indicate that the method performed similarly within sam-
ple replicates and between laboratories throughout the range of
contamination levels.

Table 1. Results of aerobic plate count for collaborating laboratories

Lab Dry Dog Kibble (CFU/g)a

1 1.2 � 105

2 3.4 � 104

3 6.6 � 104

4 3.7 � 105

5 5.2 � 105

6 1.1 � 105

7 6.6 � 104

8 8.9 � 104

9 2.2 � 105

a Samples analyzed by FDA BAM Chapter 3.
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3M Petrifilm Rapid E. coli/Coliform Count Plate and ISO
E. coli 42 �C

Difference of means values (0.00, 0.14, -0.05, and 0.05) for the
uninoculated, low, medium, and high contamination levels, in-
dicate the candidate and reference method are not statistically
different. Repeatability (0.00, 0.27, 0.13, and 0.14) and reproduc-
ibility (0.00, 0.27, 0.15, and 0.14) values for each contamination
level indicate that the method performed similarly within sam-
ple replicates and between laboratories throughout the range of
contamination levels.

Discussion

No negative feedback was reported to the study directors from
the collaborating laboratories in regard to the performance of
the candidate method. No statistically significant difference
was observed between the candidate method and the reference
methods, when compared using a difference of means of < 0.5
and a confidence interval between -0.5 and 0.5. Based on the
data presented, the reproducibility values obtained for all con-
tamination levels were generally similar between the candidate
and reference methods, indicating that both the between-
laboratory variations and within-laboratory variations were
consistent between the candidate and reference method. These
values indicate that for reproducibility, no meaningful statisti-
cal differences (absolute value of <0.50 Log10) were observed in
the data between the candidate and reference methods when
test portions were analyzed by different analysts at each labora-
tory or within each sample set at a given laboratory.

Recommendations

It is recommended that the 3M Petrifilm Rapid E. coli/Coliform
Count Plate be adopted as Official First Action status for the
enumeration of E. coli and coliforms in a broad range of foods
and environmental surface established from testing pasteurized
whole milk, butter, non-fat dry milk, raw ground pork, lamb
chop, raw ground chicken, chicken carcass rinsate, shell eggs,
liquid egg whites, powdered egg whites, sprouts, cranberries, in-
fant formula with probiotics, infant formula without probiotics,
infant rice cereal without probiotics, dry dog kibble, dry cat
food, flour, chocolate chip cookie dough, raw ground beef (73%
lean), raw frozen chicken wings, raw milk, whole liquid egg,
tuna sushi, smoked salmon, bunched spinach, pasteurized car-
rot juice, ready-made sandwiches, raw vegetable salad with
dressing, chicken feed, soybean meal, stainless steel environ-
mental sponges, and sealed concrete environmental sponges.
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Approving Body and Method Feedback

This method was approved by the AOAC Expert Review Panel
for Microbiology Methods for Food and Environmental
Surfaces as First Action. The Expert Review Panel invites
method users to provide feedback on the First Action methods.
Feedback from method users will help verify that the methods
are fit-for-purpose and are critical for gaining global
recognition and acceptance of the methods. Comments can be
sent directly to the corresponding author or methodfeedback@
aoac.org.
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BAM: Clostridium botulinum

January 2001

Bacteriological Analytical Manual
Chapter 17
Clostridium botulinum
Authors: Haim M. Solomon and Timothy Lilly, Jr.

For additional information, contact Shashi Sharma
(mailto:Shashi.Sharma@fda.hhs.gov)

Clostridium botulinum is an anaerobic, rod-shaped sporeforming
bacterium that produces a protein with characteristic neurotoxicity.
Under certain conditions, these organisms may grow in foods producing
toxin(s). Botulism, a severe form of food poisoning results when the toxin-
containing foods are ingested. Although this food illness is rare,
its mortality rate is high; the 962 recorded botulism outbreaks in the
United States from 1899 to 1990 (2) involved 2320 cases and 1036 deaths.
In outbreaks in which the toxin type was determined, 384 were caused by
type A, 106 by type B, 105 by type E, and 3 by type F. In two outbreaks, the
foods implicated contained both types A and B toxins. Due to a limited
number of reports, type C and D toxins have been questioned as the
causative agent of human botulism. It is suspected that these toxins are
not readily absorbed in the human intestine. However, all types except F
and G, which have not been as studied thoroughly, are important causes
of animal botulism. 

mailto:Shashi.Sharma@fda.hhs.gov


Antigenic types of C. botulinum are identified by the complete
neutralization of their toxins using the homologous antitoxin. Cross-
neutralization of a specific toxin by heterologous antitoxins does not occur
or is minimal. There are seven recognized antigenic types: A through G.
Cultures of five of these types apparently produce only one type of toxin
but all are given type designations corresponding to their toxin
production. Types C and D cross-react with antitoxins to each other
because they each produce more than one toxin and have at least one
common toxin component. Type C produces predominantly C  toxin with
lesser amounts of D and C , or only C , and type D produces
predominantly type D toxin along with smaller amounts of C  and C .
Mixed toxin production by a single strain of C. botulinum may be more
common than previously realized. There is a slight reciprocal cross-
neutralization with types E and F, and recently a strain of C. botulinum
was shown to produce a mixture of predominantly type A toxin, with a
small amount of type F.

Aside from toxin type, C. botulinum can be differentiated into general
groups on the basis of cultural, biochemical, and physiological
characteristics. Cultures producing types C and D toxins are not
proteolytic on coagulated egg white or meat and have a common
metabolic pattern which sets them apart from the others. All cultures that
produce type A toxin and some that produce B and F toxins are
proteolytic. All type E strains and the remaining B and F strains are
nonproteolytic, with carbohydrate metabolic patterns differing from the C
and D nonproteolytic groups. Strains that produce type G toxin have not
been studied in sufficient detail for effective and satisfactory
characterization.

C. botulinum is widely distributed in soils and in sediments of oceans and
lakes. The finding of type E in aquatic environments by many
investigators correlates with cases of type E botulism that were traced to
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contaminated fish or other seafoods. Types A and B are most commonly
encountered in foods associated with soil contamination. In the United
States, home-canned vegetables are most commonly contaminated with
types A and B, but in Europe, meat products have also been important
vehicles of foodborne illness caused by these types.

Measures to prevent botulism include reduction of the microbial
contamination level, acidification, reduction of moisture level, and
whenever possible, destruction of all botulinal spores in the food. Heat
processing is the most common method of destruction. Properly
processed canned foods will not contain viable C. botulinum. Home-
canned foods are more often a source of botulism than are commercially
canned foods, which probably reflects the commercial canners' great
awareness and better control of the required heat treatment.

A food may contain viable C. botulinum and still not be capable of causing
botulism. If the organisms do not grow, no toxin is produced. Although
many foods satisfy the nutritional requirements for the growth of C.
botulinum, not all of them provide the necessary anaerobic conditions.
Both nutritional and anaerobic requirements are supplied by many
canned foods and by various meat and fish products. Growth in otherwise
suitable foods can be prevented if the product, naturally or by design, is
acidic (of low pH), has low water activity, a high concentration of NaCl, an
inhibitory concentration of NaNO  or other preservative, or two or more
of these conditions in combination. Refrigeration will not prevent growth
and toxin formation by nonproteolytic strains unless the temperature is
precisely controlled and kept below 3°C. Foods processed to prevent
spoilage but not usually refrigerated are the most common vehicles of
botulism.
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Optimum temperature for growth and toxin production of proteolytic
strains is close to 35°C; for nonproteolytic strains it is 26-28°C.
Nonproteolytic types B, E, and F can produce toxin at refrigeration
temperatures (3-4°C). Toxins of the nonproteolytics do not manifest
maximum potential toxicity until they are activated with trypsin; toxins of
the proteolytics generally occur in fully (or close to fully) activated form.
These and other differences can be important in epidemiological and
laboratory considerations of botulism outbreaks. Clinical diagnosis of
botulism is most effectively confirmed by identifying botulinal toxin in the
blood, feces, or vomitus of the patient. Specimens must be collected before
botulinal antitoxin is administered to the patient. Identifying the
causative food is most important in preventing additional cases of
botulism. See Examination of Canned Foods, Chapter 21.

Botulism in infants 6 weeks to 1 year of age was first recognized as a
distinct clinical entity in 1976. This form of botulism results from growth
and toxin production by C. botulinum within the intestinal tract of infants
rather than from ingestion of a food with preformed toxin. It is usually
caused by C. botulinum types A or B, but a few cases have been caused by
other types. Infant botulism has been diagnosed in most U.S. states and in
every populated continent except Africa (1).

Constipation almost always occurs in infant botulism and usually
precedes characteristic signs of neuromuscular paralysis by a few days or
weeks. Illnesses have a broad range of severity. Some infants show only
mild weakness, lethargy, and reduced feeding and do not require
hospitalization. Many have shown more severe symptoms such as
weakened suck, swallowing, and cry; generalized muscle weakness; and
diminished gag reflex with a pooling of oral secretions. Generalized
muscle weakness and loss of head control in some infants reaches such a
degree of severity that the patient appears "floppy." In some hospitalized
cases, respiratory arrest has occurred, but most were successfully



resuscitated, and with intense supportive care have ultimately recovered.
As a result, the case-fatality rate (2%) for this form of botulism is low.
Recovery usually requires at least several weeks of hospitalization (1).

Honey, a known source of C. botulinum spores, has been implicated in
some cases of infant botulism. In studies of honey, up to 13% of the test
samples contained low numbers of C. botulinum spores (3). For this
reason, the FDA, the Centers for Disease Control and Prevention (CDC),
and the American Academy of Pediatrics recommend not feeding honey to
infants under one year old.

The mouse bioassay is a functional assay that detects biologically active
toxin. The assay requires a three part approach: toxin screening, toxin
titer, and finally toxin neutralization using monovalent antitoxins. The
process requires two days of analysis at each step.

Recently, rapid, alternative, in-vitro procedures have been developed for
the detection of types A, B, E, and F botulinal toxin producing organisms
and their toxins. The toxins generated in culture media can be detected
using ELISA techniques such as the DIG-ELISA and the amp-ELISA.
Biologically active and non-active toxins are detected since the assay
detects the toxin antigen. The ELISA assays require one day of analysis.
The toxin genes of viable organisms can be detected using the polymerase
chain reaction technique and require one days of analysis after overnight
incubation of botulinal spores or vegetative cells. In-vitro assays that are
positive are confirmed using the mouse bioassay.

I. Mouse Bioassay for Clostridium botulinum Toxin

A. Equipment and Materials

1. Refrigerator

2. Clean dry towels



3. Bunsen burner

4. Sterile can opener (bacteriological or puncture type)

5. Sterile mortar and pestle

6. Sterile forceps

7. Sterile cotton-plugged pipets

8. Mechanical pipetting device (NEVER pipet by mouth)

9. Sterile culture tubes (at least a few should be screw-cap
tubes)

10. Anaerobic jars (GasPak or Case-nitrogen replacement)

11. Transfer loops

12. Incubators, 35 and 28°C

13. Sterile, reserve sample jars

14. Culture tube racks

15. Microscope slides

16. Microscope, phase-contrast or bright-field

17. Sterile petri dishes, 100 mm

18. Centrifuge tubes

19. Centrifuge, refrigerated, high-speed

20. Trypsin (1:250; Difco Laboratories, Detroit, MI)

21. Syringes, 1 and or 3 ml, sterile, with 25 gauge, 5/8 inch
needles for injecting mice

22. Mice, 16-24 g (for routine work, up to 34 g)

23. Mouse cages, feed, water bottles, etc.

24. Millipore filters: 0.45 µm pore size



B. Media (/food/laboratory-methods/media-index-bam) and
Reagents (/food/laboratory-methods/reagents-index-bam)

1. Alcoholic solution of iodine (4% iodine in 70% ethanol)
(R18 (/food/laboratory-methods/bam-r18-
disinfectants))

2. Chopped liver broth (M38 (/food/laboratory-
methods/bam-media-m38-chopped-liver-broth)) or
cooked meat medium (M42 (/food/laboratory-
methods/bam-media-m42-cooked-meat-medium))

3. Trypticase-peptone-glucose-yeast extract (TPGY) (M151
(/food/laboratory-methods/bam-media-m151-
trypticase-peptone-glucose-yeast-extract-broth-tpgy))
broth or with trypsin (TPGYT) (M151a (/food/laboratory-
methods/bam-media-m151a-trypticase-peptone-glucose-
yeast-extract-broth-trypsin-tpgyt))

4. Liver-veal-egg yolk agar (M84 (/food/laboratory-
methods/bam-media-m84-liver-veal-egg-yolk-agar)) or
anaerobic egg yolk agar (M12 (/food/laboratory-
methods/bam-media-m12-anaerobic-egg-yolk-agar))

5. Sterile, gel-phosphate buffer, pH 6.2 (R29
(/food/laboratory-methods/bam-r29-gel-phosphate-
buffer))

6. Absolute ethanol

7. Gram stain reagents (R32 (/food/laboratory-
methods/bam-r32-gram-stain)), crystal violet (R16
(/food/laboratory-methods/bam-r16-crystal-violet-stain-
bacteria)), or methylene blue (R45 (/food/laboratory-
methods/bam-r45-methylene-blue-stain-loefflers))
solutions

https://www.fda.gov/food/laboratory-methods/media-index-bam
https://www.fda.gov/food/laboratory-methods/reagents-index-bam
https://www.fda.gov/food/laboratory-methods/bam-r18-disinfectants
https://www.fda.gov/food/laboratory-methods/bam-media-m38-chopped-liver-broth
https://www.fda.gov/food/laboratory-methods/bam-media-m42-cooked-meat-medium
https://www.fda.gov/food/laboratory-methods/bam-media-m151-trypticase-peptone-glucose-yeast-extract-broth-tpgy
https://www.fda.gov/food/laboratory-methods/bam-media-m151a-trypticase-peptone-glucose-yeast-extract-broth-trypsin-tpgyt
https://www.fda.gov/food/laboratory-methods/bam-media-m84-liver-veal-egg-yolk-agar
https://www.fda.gov/food/laboratory-methods/bam-media-m12-anaerobic-egg-yolk-agar
https://www.fda.gov/food/laboratory-methods/bam-r29-gel-phosphate-buffer
https://www.fda.gov/food/laboratory-methods/bam-r32-gram-stain
https://www.fda.gov/food/laboratory-methods/bam-r16-crystal-violet-stain-bacteria
https://www.fda.gov/food/laboratory-methods/bam-r45-methylene-blue-stain-loefflers


8. Sterile physiological saline solution (R63
(/food/laboratory-methods/bam-r63-physiological-
saline-solution-085-sterile))

9. Monovalent antitoxin preparations, types A-F (obtain
from CDC)

10. Trypsin solution (prepared from Difco 1:250)

11. 1 N Sodium hydroxide solution (R73 (/food/laboratory-
methods/bam-r73-1-n-sodium-hydroxide-solution))

12. 1 N Hydrochloric acid solution (R36 (/food/laboratory-
methods/bam-r36-1-n-hydrochloric-acid))

C. Sample preparation

Preliminary examination. Refrigerate samples until
testing, except unopened canned foods, which need not be
refrigerated unless badly swollen and in danger of bursting.
Before testing, record product designation, manufacturer's
name or home canner, source of sample, type of container and
size, labeling, manufacturer's batch, lot or production code,
and condition of container. Clean and mark container with
laboratory identification codes.

Solid and liquid foods. Aseptically transfer foods with little
or no free liquid to sterile mortar. Add equal amount of gel-
phosphate buffer solution and grind with sterile pestle before
inoculation. Alternatively, inoculate small pieces of product
directly into enrichment broth with sterile forceps. Inoculate
liquid foods directly into enrichment broth with sterile pipets.
Reserve sample; after culturing, aseptically remove reserve
portion to sterile sample jar for tests which may be needed
later. Refrigerate reserve sample.

Opening of canned foods (see Chapter 21).

https://www.fda.gov/food/laboratory-methods/bam-r63-physiological-saline-solution-085-sterile
https://www.fda.gov/food/laboratory-methods/bam-r73-1-n-sodium-hydroxide-solution
https://www.fda.gov/food/laboratory-methods/bam-r36-1-n-hydrochloric-acid


Examine product for appearance and odor. Note any evidence
of decomposition. DO NOT TASTE the product under any
circumstances. Record the findings.

D. Detection of viable C. botulinum

1. Enrichment. Remove dissolved oxygen from
enrichment media by steaming 10-15 min and cooling
quickly without agitation before inoculation.

Inoculate 2 tubes of cooked meat medium with 1-2 g
solid or 1-2 ml liquid food per 15 ml enrichment broth.
Incubate at 35°C.

Inoculate 2 tubes of TPGY broth as above. Incubate at
28°C. Use TPGYT as alternative only when organism
involved is strongly suspected of being a nonproteolytic
strain of types B, E, or F.

Introduce inoculum slowly beneath surface of broth to
bottom of tube. After 5 days of incubation, examine
enrichment cultures. Check for turbidity, gas production,
and digestion of meat particles. Note the odor.

Examine cultures microscopically by wet mount under
high-power phase contrast, or a smear stained by Gram
reagent, crystal violet, or methylene blue under bright-
field illumination. Observe morphology of organisms and
note existence of typical clostridial cells, occurrence and
relative extent of sporulation, and location of spores
within cells. A typical clostridial cell resembles a tennis
racket. At this time test each enrichment culture for
toxin, and if present, determine toxin type according to
procedure in F, below. Usually, a 5-day incubation is the
period of active growth giving the highest concentration



of botulinal toxin. If enrichment culture shows no growth
at 5 days, incubate an additional 10 days to detect
possible delayed germination of injured spores before
discarding sample as sterile. For pure culture isolation
save enrichment culture at peak sporulation and keep
under refrigeration.

2. Isolation of pure cultures. C. botulinum is more
readily isolated from the mixed flora of an enrichment
culture or original specimen if sporulation has been
good.

Pre-treatment of specimens for streaking. Add
equal volume of filter-sterilized absolute alcohol to 1 or 2
ml of enrichment culture in sterile screw-cap tube. Mix
well and incubate 1 h at room temperature. To isolate
from sample, take 1 or 2 ml of retained portion, and add
an equal volume of filter-sterilized absolute alcohol in
sterile screw-cap tube. Mix well and incubate 1 h at room
temperature. Alternatively, heat 1 or 2 ml of enrichment
culture or sample to destroy vegetative cells (80°C for 10-
15 min). DO NOT use heat treatment for nonproteolytic
types of C. botulinum.

Plating of treated cultures. With inoculating loop,
streak 1 or 2 loopfuls of ethanol or heat-treated cultures
to either liver- veal-egg yolk agar or anaerobic egg yolk
agar (or both) to obtain isolated colonies. If necessary,
dilute culture to obtain well-separated colonies. Dry agar
plates well before use to prevent spreading of colonies.
Incubate streaked plates at 35°C for about 48 h under



anaerobic conditions. A Case anaerobic jar or the GasPak
system is adequate to obtain anaerobiosis; however,
other systems may be used.

E. Selection of typical C. botulinum colonies 

Selection. Select about 10 well-separated typical colonies,
which may be raised or flat, smooth or rough. Colonies
commonly show some spreading and have an irregular edge.
On egg yolk medium, they usually exhibit surface iridescence
when examined by oblique light. This luster zone, often
referred to as a pearly layer, usually extends beyond and
follows the irregular contour of the colony. Besides the pearly
zone, colonies of C. botulinum types C, D, and E are ordinarily
surrounded by a wide zone (2-4 mm) of yellow precipitate.
Colonies of types A and B generally show a smaller zone of
precipitation. Considerable difficulty may be experienced in
picking toxic colonies since certain other members of the
genus Clostridium produce colonies with similar
morphological characteristics but do not produce toxins.

Inoculation. Use sterile transfer loop to inoculate each
selected colony into tube of sterile broth. Inoculate C.
botulinum type E into TPGY broth. Inoculate other toxin types
of C. botulinum into chopped liver broth or cooked meat
medium. Incubate as described in D-1, above, for 5 days. Test
for toxin production as described in F, below. To determine
toxin type, see F-3, below.

Isolation of pure culture. Restreak toxic culture in
duplicate on egg yolk agar medium. Incubate one plate
anaerobically at 35°C. Incubate second plate aerobically at
35°C. If colonies typical of C. botulinum are found only on
anaerobic plate (no growth on aerobic plate), the culture may



be pure. Failure to isolate C. botulinum from at least one of the
selected colonies means that its population in relation to the
mixed flora is probably low. Repeated serial transfer through
additional enrichment steps may increase the numbers
sufficiently to permit isolation. Store pure culture in
sporulated state either under refrigeration, on glass beads, or
lyophilized.

F. Detection and identification of botulinal toxin

1. Preparation of food sample. Culture one portion of
sample for detection of viable C. botulinum; remove
another portion for toxicity testing, and store remainder
in refrigerator. Centrifuge samples containing suspended
solids under refrigeration and use supernatant fluid for
toxin assay. Extract solid foods with equal volume of gel-
phosphate buffer, pH 6.2, by macerating food and buffer
with pre-chilled mortar and pestle. Centrifuge macerated
sample under refrigeration and use supernatant fluid for
toxin assay. Rinse empty containers suspected of having
held toxic foods with a few milliliters of gel-phosphate
buffer. Use as little buffer as possible to avoid diluting
toxin beyond detection. To avoid or minimize nonspecific
death of mice, filter supernatant fluid through a millipore
filter before injecting mice. For non-proteolytic samples
or cultures, trypsinize after filtration.

2. Determination of toxicity in food samples or
cultures

Trypsin treatment. Toxins of nonproteolytic types, if
present, may need trypsin activation to be detected.
Therefore, treat a portion of food supernatant fluid,
liquid food, or TPGY culture with trypsin before testing



for toxin. Do not treat TPGYT culture with trypsin since
this medium already contains trypsin and further
treatment may degrade any fully activated toxin that is
present. Adjust portion of supernatant fluid, if necessary,
to pH 6.2 with 1 N NaOH or HCl. Add 0.2 ml aqueous
trypsin solution to 1.8 ml of each supernatant fluid to be
tested for toxicity. (To prepare trypsin solution, place 0.5
g of Difco 1:250 trypsin in clean culture tube and add 10
ml distilled water, shake, and warm to dissolve. Analysts
who are allergic to trypsin should weigh it in a hood or
wear a face mask.) Incubate trypsin- treated preparation
at 35-37°C for 1 h with occasional gentle agitation.

Toxicity testing. Conduct parallel tests with trypsin-
treated materials and untreated duplicates. Dilute a
portion of untreated sample fluid or culture to 1:5, 1:10,
and 1:100 in gel-phosphate buffer. Make the same
dilutions of each trypsinized sample fluid or culture.
Inject each of separate pairs of mice intraperitoneally
(i.p.) with 0.5 ml untreated undiluted fluid and 0.5 ml of
each dilution of untreated test sample, using a 1 or 3 ml
syringe with 5/8 inch, 25 gauge needle. Repeat this
procedure with trypsin-treated duplicate samples. Heat
1.5 ml of untreated supernatant fluid or culture for 10
min at 100°C. Cool heated sample and inject each of a
pair of mice with 0.5 ml undiluted fluid. These mice
should not die, because botulinal toxin, if present, will be
inactivated by heating.

Observe all mice periodically for 48 h for symptoms of
botulism. Record symptoms and deaths. Typical
botulism signs in mice begin usually in the first 24 h with
ruffling of fur, followed in sequence by labored



breathing, weakness of limbs, and finally total paralysis
with gasping for breath, followed by death due to
respiratory failure. Death of mice without clinical
symptoms of botulism is not sufficient evidence that
injected material contained botulinal toxin. On occasion,
death occurs from other chemicals present in injected
fluid, or from trauma.

If after 48 h of observation, all mice except those
receiving the heated preparation have died,
repeat the toxicity test, using higher dilutions of
supernatant fluids or cultures. It is necessary to
have dilutions that kill and dilutions that do not kill in
order to establish an endpoint or the minimum lethal
dose (MLD) as an estimate of the amount of toxin
present. The MLD is contained in the highest dilution
killing both mice (or all mice inoculated). From these
data, the number of MLD/ml can be calculated.

3. Typing of toxin. Rehydrate antitoxins with sterile
physiological saline. Do not use glycerin water.
Dilute monovalent antitoxins to types A, B, E, and F in
physiological saline to contain 1 international unit (IU)
per 0.5 ml. Prepare enough of these antitoxin solutions
to inject 0.5 ml of antitoxin into each of 2 mice for each
dilution of toxic preparation to be tested. Use the toxic
preparation that gave the higher MLD, either untreated
or trypsinized. Prepare dilutions of the toxic sample to
cover at least 10, 100, and 1000 MLD below the
previously determined endpoint of toxicity if possible
(see 2, above). The untreated toxic preparation can be
the same as that used for testing toxicity. If a trypsinized



preparation was the most lethal, it will be necessary to
prepare a freshly trypsinized fluid. The continued action
of trypsin may destroy the toxin.

Inject the mice with the monovalent antitoxins, as
described above, 30 min to 1 h before challenging them
with i.p. injection of the toxic preparations. Inject pairs
of mice (protected by specific monovalent antitoxin
injection) i.p. with each dilution of the toxic preparation.
Also inject a pair of unprotected mice (no injection of
antitoxin) with each toxic dilution as a control. The use
of 4 monovalent antitoxins (types A, B, E, and F) for the
unknown toxic sample prepared at 3 dilutions requires a
total of 30 mice — 6 mice for each antitoxin (24 mice)
plus 2 unprotected mice for each of the 3 dilutions (6
mice) as controls. Observe mice for 48 h for symptoms of
botulism and record deaths. If test results indicate that
toxin was not neutralized, repeat test, using monovalent
antitoxins to types C and D, plus polyvalent antitoxin
pool of types A through F.

II. Mouse Screening Procedure for Clostridium botulinum
Type E Spores in Smoked Fish

A. Equipment and Materials

1. 12 mice (16-24 g, or up to 34 g) per subsample (24 or
more required for positives)

2. Types A, B, E antisera

3. Saline, sterile, 0.85% NaCl (R63 (/food/laboratory-
methods/bam-r63-physiological-saline-solution-085-
sterile))

https://www.fda.gov/food/laboratory-methods/bam-r63-physiological-saline-solution-085-sterile


4. Trypsin (Difco); 1:250, 5% solution

5. Syringes, 1 and 3 ml, 25 gauge, 5/8 inch needle

6. Incubator 28°C

7. TPGY medium (M151 (/food/laboratory-methods/bam-
media-m151-trypticase-peptone-glucose-yeast-extract-
broth-tpgy))

8. Water bath, 37°C

9. Gel-phosphate diluent (R29 (/food/laboratory-
methods/bam-r29-gel-phosphate-buffer))

10. Centrifuge, refrigerated

11. Plastic bags, strong and water-tight

B. Procedure

Incubation. Place each smoked fish subsample (which may
consist of 1 or more fish, depending on size, and may be either
vacuum-packed or bulk-smoked fish) in a strong water-tight
plastic bag. Add freshly steamed and cooled TPGY broth to
subsample. NOTE: Add enough TPGY broth to completely
cover fish. Squeeze bag to expel as much air as possible and
seal it with hot-iron bag sealer or other air-tight closure device.
Incubate at 28°C for 5 days. Precautions should be taken
during incubation period since bag may swell and split from
gas formation.

Cultures. At end of incubation period, centrifuge 20 ml of
TPGY culture from each subsample at 7500 × g rpm for 20
min. Use refrigerated centrifuge. Determine pH of TPGY. If
above 6.5, adjust to 6.0-6.2 with HCl. Refrigerate for overnight
storage.

https://www.fda.gov/food/laboratory-methods/bam-media-m151-trypticase-peptone-glucose-yeast-extract-broth-tpgy
https://www.fda.gov/food/laboratory-methods/bam-r29-gel-phosphate-buffer


Trypsinization. To 3.6 ml of culture, adjusted to pH 6.0-6.2,
add 0.4 ml of 5% solution of trypsin. Incubate at 35-37°C for 1
h. Remove culture and let cool to room temperature before
injecting mice. Trypsinized extract cannot be stored overnight.

Toxicity screening. Dilute trypsinized and nontrypsinized
broth cultures to 1:5, 1:10, and 1:100 in gel-phosphate diluent.
(NOTE: Do not store trypsinized material overnight.) Inject
mice i.p. with 0.5 ml of each dilution. Inject 2 mice per
dilution, i.e., trypsinized and nontrypsinized (total 12 mice per
subsample). Observe mice for botulism symptoms and record
condition of mice at frequent intervals for 48 h. If no deaths
occur, no further tests are indicated. Deaths are presumptive
evidence of toxin and should be confirmed.

Confirmation with protected mice. Dilute new portion of
nontrypsinized or trypsinized culture (whichever showed the
highest titer) to 1:5, 1:10, and 1:100 in gel-phosphate diluent.
(Do not store trypsinized material overnight.) Inject 6 mice i.p.
with 0.5 ml of 1:5 saline dilution of type E antiserum. These
will be compared to 6 mice without this protection (controls).
After 30 min, inject 0.5 ml of each dilution into 2 mice
protected with antiserum and into 2 mice not so protected.
Record their condition at intervals up to 48 h. If unprotected
mice die and protected mice live, the presence of type E toxin
is indicated. If all protected mice die, repeat confirmation with
higher dilutions of toxic culture in type E-protected mice and
with mice protected against C. botulinum types A and/or B
antiserum. If all antiserum-protected mice die, send toxic
culture media on dry ice to Division of Microbiological Studies
(HFS-516), FDA, 5100 Paint Branch Pkwy, College
Park, MD 20740, for further tests. Isolate and identify
cultures from samples containing toxin of type E, if possible.



Obtain C. botulinum antisera from Centers for Disease Control
and Prevention, Atlanta, GA 30333, USA. Reconstitute
lyophilized antisera with sterile saline. Dilute sera 1:5 with
sterile saline for mouse injection.
If you have questions about the method, contact Shashi
Sharma, FDA. Telephone (240)-402-1570.

General Hints Regarding C. botulinum Toxin Analysis
1. The first 24 hours are the most important time regarding symptoms

and death of mice: 98-99% of animals die within 24 hours. Typical
symptoms of botulism and death may occur within 4 to 6 hours.

2. If deaths occur after 24 hours, be very suspicious, unless typical
botulism symptoms are clearly evident.

3. If deaths occur in mice injected with the 1:2 or 1:5 dilution but not
with any higher dilution, be very suspicious. Deaths may have been
from nonspecific causes.

4. Mice can be marked on tails with dye to represent various dilutions.
Dye does not come off easily.

5. Mice injected with botulinal toxin may become hyperactive before
symptoms occur.

6. Food and water may be given to the mice right away; it will not
interfere with the test.

7. Rehydrated antitoxin may be kept up to 6 months under
refrigeration, and may be frozen indefinitely.

8. TPGY medium is relatively stable and can be kept 2-3 weeks under
refrigeration.

9. With cooked meat medium, vortex tubes completely; toxin may
adhere to meat particles.



10. Trypsin is not filtered. Use 0.5 g in 10 ml of distilled water. It can be
kept up to 1 week under refrigeration.

Interpretation of Data (NOTE: Laboratory tests are designed
to identify botulinal toxin and/or organisms in foods)

1. Toxin in a food means that the product, if consumed without
thorough heating, could cause botulism.

2. Viable C. botulinum but no toxin in foods is not proof that the food
in question caused botulism.

3. The presence of toxin in food is required for an outbreak of botulism
to occur.

4. Ingested organisms may be found in the alimentary tract, but are
considered to be unable to multiply and produce toxin in vivo,
except in infants.

5. Presence of botulinal toxin and/or organisms in low-acid (i.e., above
pH 4.6) canned foods means that the items were underprocessed or
were contaminated through post-processing leakage.

Swollen cans are more likely than flat cans to contain botulinal
toxin since the organism produces gas during growth.

Presence of toxin in a flat can may imply that the seams were
loose enough to allow gas to escape.

Botulinal toxin in canned foods is usually of a type A or a
proteolytic type B strain, since spores of the proteolytics can be
among the more heat-resistant.

Spores of nonproteolytics, types B, E, and F, generally are of
low heat resistance and would not normally survive even mild
heat treatment.

6. The protection of mice from botulism and death with one of the



monovalent botulinal antitoxins confirms the presence of botulinal
toxin and determines the serological type of toxin in a sample.

7. The following reasons may explain why deaths occur in mice that are
protected by one of the monovalent antitoxins:

There may be too much toxin in the sample.

More than one kind of toxin may be present.

Deaths may be due to some other cause.

Retesting at higher dilutions of toxic fluids is required, and mixtures
of antitoxins must be used in place of monovalent antiserum. Some
other toxic material, which is not heat-labile, could be responsible if
both heated and unheated fluids cause death. The heat-stable toxic
substance could possibly mask botulinal toxin.

Safety Precautions for the Clostridium botulinum Laboratory
1. Place biohazard signs on doors to restrict entrance and keep the

number of people in the laboratory to a minimum.

2. All workers in the laboratory should wear laboratory coats and
safety glasses.

3. Use 1% hypochlorite solution to wipe laboratory table tops before
and after work.

4. NEVER PIPETTE ANYTHING BY MOUTH. USE
MECHANICAL PIPETTORS.

5. Use a biohazard hood for transfer of toxic material, if possible.

6. Centrifuge toxic materials in a hermetically closed centrifuge with
safety cups.

7. Personally take all toxic material to the autoclave and see that it is
sterilized immediately.



8. Do not work alone in the laboratory or animal rooms after hours or
on weekends.

9. Have an eye wash fountain and foot-pedaled faucet available for
hand washing.

10. No eating and drinking in the laboratory when someone works with
toxins.

11. In a very visible location, list phone numbers where therapeutic
antitoxin can be obtained in case of emergency. THIS IS VERY
IMPORTANT!

12. Reduce clutter in the laboratory to a minimum and place equipment
and other materials in their proper place after use.
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III. Amplified ELISA Procedure for Detection of Botulinal
Toxins A, B, E, and F from Culture. Contact Joseph L. Ferreira
(404 253-2216) for questions about method.



These toxins can be detected using an amplified ELISA procedure
that has a detection limit of approximately 10 MLD/mL. Toxic
cultures may be more antigenic than purified toxins and the level of
detection using the ELISA may be more sensitive than the mouse
bioassay. Both TPGY and CMM are tested since more toxin may be
generated in one medium compared to the other and the mouse
bioassay, which is needed for confirmation of ELISA tests, also
utilizes these media.

A. Equipment and Materials

1. Microplate, Dynex Immulon ll U-bottom, cat. No. 3655

2. Microtiter pipettors to deliver from 0.1- 2.0, 2-20, and
50-200 µl.

3. Multichannel pipettor, 8 or 12 place 50-200 µl

4. Pipets, disposable 1,5,10 ml

5. Glass test tubes 13X100 mm, 15X150 mm

6. Incubator, 35°C

7. Refrigerated centrifuge

8. Microplate washer

9. Microplate shaker

10. Microplate reader (read 490 and 630 nm reference)

11. Microtiter plate seals

12. Multichannel pipet reservoirs

B. Media (/food/laboratory-methods/media-index-bam) and
Reagents (/food/laboratory-methods/reagents-index-bam)

1. Tryptone-peptone-glucose-yeast extract broth (TPGY).

2. Cooked meat medium (CMM).

https://www.fda.gov/food/laboratory-methods/media-index-bam
https://www.fda.gov/food/laboratory-methods/reagents-index-bam


3. 0.05M bicarbonate buffer: 0.8g Na CO  + 1.47g NaHCO
in 500 ml distilled H O, pH 9.6.

4. 1% Casein buffer: Add 10.0g vitamin-free casein + 7.65 g
NaCl, 0.724g Na HPO  (anhydrous), 0.21g KH PO  to
900 ml H O, and 3 ml of 1 M NaOH. Heat with
stirring to ~ 80°C to dissolve casein. Check pH and
adjust to 7.9 with 1 M NaOH, q.s. to 1 liter. Sterilize at
121°C for 20 min. Final pH is ~7.4-7.6.

5. Goat type A or E, rabbit type B, or horse F antitoxin.

6. Goat type A, B, E, or F biotinylated antitoxin

7. Tris buffered NaCl-0.005% Tween 20 (TBST): 6.04g Tris
base, 8.76g NaCl, Distilled H O 900 ml, dissolve Tris and
NaCl, pH adjust to 7.5 at 25°C with 2 M HCl, add 50 µl of
Tween-20 and q.s. to 1 liter.

8. Extravidin-alkaline phosphatase conjugate (Sigma)

9. Amplified ELISA substrate system (GibCo)

10. 0.3 M H SO : dilute concentrated acid (MW 98, specific
gravity 1.84, purity 96-98%) by adding 1 ml to 59 ml of
distilled H O.

11. Botulinal complex toxin standards A, B, E, and F.
(Metabiologics Inc., Madison, WI)

C. Amplified ELISA Procedure

1. Preparation of samples. Food samples or anaerobic
isolates picked from agar plates are inoculated into TPGY
(without trypsin) and CMM as recommended in
Chapter 17 of the Bacteriological Analytical Manual
(2001). TPGY broth and cooked meat media are
incubated for 5 days at 26°C and 35°C respectively.
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Cultures are centrifuged at 7,000 × g and 4°C for 30 min,
supernatant pH is adjusted to 7.4-7.6 using 1 N NaOH or
1N HCl. Samples and controls are analyzed in duplicate
for TPGY and for CMM. Analyze undiluted and 1:5
dilutions of each culture supernatant. 1:5= 0.2 ml culture
+ 0.8 ml casein buffer.

2. Preparation of microtiter plates. Coat each well of
the microtiter plate with 100 µl of appropriate dilution of
goat type A, E, or F or rabbit type B antitoxin diluted in
bicarbonate buffer. Prepare the number of needed
microtiter plate wells to test the sample. Dilute the stock
antitoxins according to the accompanying directions.
Store plate with coating buffer overnight at 4°C with
plastic seal cover on top of plate to prevent drying.

3. ELISA analysis of culture media.

a. Remove plate from 4°C storage and wash plate 5
times in Tris buffered saline (TBST) with 45 second
hold between each aspiration. Use a commercial
plate washer or other mechanical device; avoid
using a squeeze bottle to wash.

b. Block plate in casein buffer with by filling all wells
to the top of the plate (~300 µl/well) and incubate
for 60-90 min at 35°C. Prepare the sample and
control dilutions while the plate is being blocked.

Negative controls: Duplicate wells with all
reagents except toxin (undiluted sterile CMM and
TPGY broth).



Positive controls: Test standard toxins type A, B,
E, and F diluted in sterile TPGY and CMM (pH 7.6)
at a concentration of 2 ng/ml (~2-60 LD /ng
depending on toxin type).

c. Wash the blocked plate as above and then add the
toxic samples and controls (100 µl/well). Work
from the left side of the plate to the right side when
adding the reagents.

d. Incubate toxin-containing samples and controls for
2 hr. at 35°C. Prepare the type A, B, E, and F biotin-
labeled antibody reagents according to directions
while incubating the samples. Do not make more
than you need!

e. Wash plate 5 times in TBST as above.

f. Add the diluted biotin-labeled goat antibody (100
µl/well) and incubate for 60 min at 35°C.

g. Wash plate 5 times in TBST as above.

h. Add the streptavidin-alkaline phosphatase
conjugate diluted 1:10,000 in casein buffer (100
µl/well), and incubate for 60 min at 35°C.

i. Wash 5 times in TBST with a final 10 minute soak
(the last buffer wash is not aspirated). After 10
minute soak, discard the wash and tamp the plate
several times on a paper towel to remove wash
buffer.

j. Add 50 µl of the GIBCO substrate solution,
incubate 12.5 min at room temperature on plate
shaker (~100 rpm) then add 50 µl of the GIBCO
amplifier and incubate for approximately an

50



additional 10 min. without shaking. The plate
should be taken to the plate reader immediately
after addition of the amplifier reagent and be ready
to read the reactions. Read absorbance at 490 nm
with 630 nm subtraction (reference filter) to
account for plate absorbance. The analysis can be
stopped at any time (2-15 min) after addition of the
amplifier when positive controls give appropriate
sensitivity (absorbance ≥ 1.0) and negative controls
are acceptable (absorbance not greater than ~
0.30). The reaction can be stopped with 50 µl of 0.3
M H SO  and the absorbance read up to two hours
later.

Results: A positive test is an absorbance value
that is >0.20 above the absorbance observed in the
negative controls (sterile uninoculated TPGY broth
or CMM).

D. Confirmation of positive ELISA samples.
The ELISA is used for screening culture media that may
contain type A, B, E, and/or F botulinal toxins. Samples that
are positive using the ELISA must be confirmed using the
mouse bioassay.

Flow Diagram for Amp-ELISA

Day 1
Coat microtiter plates with capture IgG and store overnight at 4°C.

Day 2
1. Wash plates, block, put on toxic samples and controls, 2 hr incubate.

2. Wash, put on biotinylated IgG's, 1 hr incubate.
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