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NCBI/NIH Pathogen Detection Pipeline: 
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sample_name 

organism 

strain/isolate 

 

Category (attribute_package) 

1a) Clinical/Host-associated  

1a1) specific_host  

 1a2) isolation_source 

 1a3) host-disease  

 OR  

1b) Environmental/Food/Other 

 1b1) isolation_source 
 
 

 

   

collection_date 

 

Geographic location 

 

6a) geo_loc_name 

OR 

6b) lat_lon 

 

collected by 
 
 

 

   

Where 

When 

Who 

What 

minimal metadata  

NCBI Biosample ñ Pathogen Template for 
Metadata 

https://www.ncbi.nlm.nih.gov 

256 198 submissions using the above template 
 171 540 clinical/host-associated 
   84 658 food/environmental 



Raw data: hundreds of millions  
of base pairs in short reads 

Intermediate data: assembly of a  
few million bases 

Relevant data: a phylogenetic tree  
clustering isolates, SNP distances,   
annotated important (antimicrobial  
resistance) genes 

Data 
size 

Data 
usefulness 

Data Reduction 

Turn large data into useful data: within 24 hours 

https://www.ncbi.nlm.nih.gov 



NCBI Pathogen Detection Processed Isolates - Last 6 Months (SRA to Assembly) 

https://www.ncbi.nlm.nih.gov 
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NCBI Pathogen Detection Total Isolates (Foodborne Bacteria) 



New Proposed Pipeline based on wgMLST 

SRA deposit Genome assembly 
wgMLST to 
SNP clustering 

Assembly with NCBI 
de novo assembler  
(SKESA) 

<1 hour 

wgMLST 
allele 
calling 

<1 day 

table of nearest 
neighbors 

clusters of nearest 
neighbors (<50 SNPs) + 
phylogenetic 
trees 

https://www.ncbi.nlm.nih.gov 



Nearest neighbors (rapid reports) 
 
Rapid reports are reported per day for a set of Bioprojects for Salmonella and Listeria 
 
Report nearest 5 neighbors and all neighbors <6 allele differences 
 
Report allele differences, loci in common and SNP accession (if exists) 
 
Put in a tab-delimited file per run 

ftp://ftp.ncbi.nlm.nih.gov/pathogen/Results/Listeria/Rapid_reports/ 
ftp://ftp.ncbi.nlm.nih.gov/pathogen/Results/Salmonella/Rapid_reports/ 
 

https://www.ncbi.nlm.nih.gov 

ftp://ftp.ncbi.nlm.nih.gov/pathogen/Results/Listeria/Rapid_reports/
ftp://ftp.ncbi.nlm.nih.gov/pathogen/Results/Salmonella/Rapid_reports/


https://www.ncbi.nlm.nih.gov/pathogens/ 
 

NCBI Pathogen 
Detection Isolates 
Browser 
 
 
More than 
174 00 pathogen 
isolates 
 
More than 
142 000 with 
an acquired or 
chromosomal 
antibiotic 
resistance gene 

https://www.ncbi.nlm.nih.gov 

https://www.ncbi.nlm.nih.gov/pathogens/
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Analysis of isolation_source for food/environmental 
samples 

Describes the physical, environmental and/or local geographical source of the 
biological sample from which the sample was derived. 



• foodborne pathogen submissions in 2017 from 
CDC/FDA/USDA only 
 

• all pairs of isolates within 10  SNP distances 
 

• each pair is categorized based on sample metadata 
 
 1. clinical vs. clinical 
 2. clinical vs. food/environmental <- smoking gun? 
 3. food/environmental vs. food/environmental 
 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 
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Analysis of isolation_source for food/environmental 
samples 



Number of isolates 
< 10 SNPs All >50 SNPs 

Organism Clinical Environmental Clinical Environmental Clinical 
Salmonella 8951 4569 13964 6786 2116 
Listeria 158 1385 432 1836 104 
Campylobacter 514 804 973 1436 168 
E. coli/Shigella 1109 538 2559 736 1549 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 



Source of top ~95% of food/environmental isolates in clinical vs. 
food/environmental pairs per within 10 SNPs distance 
Source Count of pairs 
chicken 9855 
beef/bovine 1375 
pork/swine 949 
water 749 
turkey 614 
missing 582 
feces/stool 527 
papaya 504 
animal 286 
swabs 258 
poultry rinse 140 
sediment 110 
research strain 84 
intestine 70 
environmental sponge 54 
horse/equine 54 

Salmonella 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 



Source of isolates in clinical vs. food/environmental for pairs 
less than 10 SNP distance 
Source Count of pairs 
swabs 78 
cheese 52 
sandwich 12 
avocado 15 
deli meat 14 
environmental 7 
produce/salad 4 
food 9 

Listeria 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 



Source of isolates in clinical vs. food/environmental for 
pairs within 10 SNP distance 
Source Count of pairs 
soy nut butter 268 
beef/bovine 29 
milk 7 
goat 4 
flour 3 
rabbit 1 
stool/feces 5 
horse/equine 22 

E. coli and Shigella 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 



Source of isolates in clinical vs. food/environmental for pairs 
within 10 SNP distance 
Source Count of pairs 
milk 972 
beef/bovine 712 
chicken 238 
sheep 16 
offal 42 
canine 9 
missing 4 
pig/swine 2 
feces/stool 8 

Campylobacter 

Analysis of isolation_source for food/environmental 
samples 

https://www.ncbi.nlm.nih.gov 



Analysis of isolation_source for food/environmental 
samples 

https://www.cdc.gov/foodsafety/outbreaks/multistate-outbreaks/outbreaks-list.html 

https://www.ncbi.nlm.nih.gov 



Search for papaya 

225 isolates 

multiple isolates in multiple 
clusters 

Using NCBI Pathogen Detection Isolates Browser 

https://www.ncbi.nlm.nih.gov 



8/710 from papaya search 

only food isolate from 2017 is not 
near any clinical isolates 

only one is from 2017 

Using NCBI Pathogen Detection Isolates Browser 

https://www.ncbi.nlm.nih.gov 



8/1121 from papaya search 

three are from 2017 

one food isolate from 2017 is extremely close 
to multiple clinical isolates 

Using NCBI Pathogen Detection Isolates Browser 

https://www.ncbi.nlm.nih.gov 



112 isolates in total in 
clonal subtree 
max = 17 SNPs 
avg = 3 SNPs 

Using NCBI Pathogen Detection Isolates Browser 

https://www.ncbi.nlm.nih.gov 



subtree is filtered 
for food/environmental  
samples 
 
one is papya from Mexico 
in August, 2017 

Using NCBI Pathogen Detection Isolates Browser 

https://www.ncbi.nlm.nih.gov 



Unlinked clinical isolates (not within 50 SNPs of any food/environmental isolate) 
 
Not just singletons, some are in exceptionally large clusters 
 
Is a new sampling strategy required? Are new food vehicles waiting to be discovered? 
What does the epidemiology tell us? 

Number of isolates 
< 10 SNPs All >50 SNPs 

Organism Clinical Environmental Clinical Environmental Clinical 
Salmonella 8951 4569 13964 6786 2116 
Listeria 158 1385 432 1836 104 
Campylobacter 514 804 973 1436 168 
E. coli/Shigella 1109 538 2559 736 1549 

Unlinked isolates 

https://www.ncbi.nlm.nih.gov 



Example: 
 
Cluster of Salmonella Enteritidis 
506 isolates 
All clinical 
 
No isolates directly from  
food/environmental sources 
 
Collected 2013-2017 
 
From CDC, PHE, state labs 
 
What is the cause? 
 

Unlinked isolates 

https://www.ncbi.nlm.nih.gov 



ìCreate a repository of resistant 
bacterial strains (an ìisolate bankî) 
and maintain a well-curated 
reference database that describes 
the characteristics of these strains.î 

 

ìDevelop and maintain a national 
sequence database of resistant 
pathogens.î 

 

NCBIís Role in Combatting Antibiotic Resistance 

https://www.ncbi.nlm.nih.gov 



The Practical Results of AMR efforts at NCBI 
 
With collaborators, build database of sequenced isolates with 
standardized AST metadata (i.e. accepting submissions of 
antibiograms)  (4928 Samples as of Oct) 
https://www.ncbi.nlm.nih.gov/biosample/?term=antibiogram[filter]) 

Collaborators include: (CDC, WRAIR, FDA, B&W, Broad) 
 
Stable, up-to-date database of AMR genes with standardized 
nomenclature 

Collaborators (CARD, Lahey, experts) 
 RefSeq set released in June 2016 (4128 genes/proteins as of Oct) 
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA313047 

 
Implement and validate tools for identifying AMR genes in new 
isolates 

NCBIís Role in Combatting Antibiotic Resistance 

https://www.ncbi.nlm.nih.gov 

https://www.ncbi.nlm.nih.gov/biosample/?term=antibiogram%5Bfilter
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA313047


Antimicrobial genotypes and phenotypes added to Pathogen Detection 
interface 

four clonally 
related 
Salmonella from 
Thailand: all 
encoding mcr-1 

fifteen total 
isolates 
in SNP tree 
encode mcr-1 
(within tree 
containing 3319 
Samonella) 

list of all AMR 
genes per isolate 

https://www.ncbi.nlm.nih.gov 



Summary 

NCBI is enhancing existing analytical pipelines to improve turnaround time to 
answer two fundamental questions: 
  
 1. Are these isolates clonally related? 
 
 2. Is there a point source for clinical illnesses? 
 
NCBI is improving publicly accessible web interfaces to the above information 
and enhancing the information layered onto the phylogenetic trees and list of ioslates 
 
 1. To quickly make inclusion/exclusion determinations to aid those responsible  
 for food safety 
 
 2. To quickly see the list of genetic determinants that encode antimicrobial  
 resistance  
 
 3. In the future other genes responsible for virulence, heavy metal resistance, point 
 mutations, mobile elements 

https://www.ncbi.nlm.nih.gov 
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