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NCBI Resources
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NCBI Biosample n Pathogen Template for

Metadata
sample_name  YVhat collection_date When
organism

Category (attribute_package)

- , 6a) geo_loc_name
1a) Clinical/Host-associated - =

lal) specific_host OR
1a2) isolation_source 6b) lat_lon
1a3) host-disease Who
OR collected by —_—
1b) Environmental/Food/Other minimal metadata

1bl) isolation_source

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

m US. National Library of Medicine https://www.ncbi.nlm.nih.gov



Data Reduction

Data Data

D - N size usefulness
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,
p——— annotated important (antimicrobial

— :[.' - - resistance) genes

Turn large data into useful data: within 24 hours

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




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

Acinetobacter baumannii
Campylobacter jejuni
Citrobacter freundii

E.coli and Shigella
Klebsiella oxytoca

Klebsiella pneumoniae

Listeria monocytogenes
Morganella morganii
Neisseria

Providencia alcalifaciens
Pseudomonas aeruginosa
Salmonella enterica

Serratia marcescens

4,000

2,000
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2014 2015 2016 2017




NCBI Pathogen Detection Total Isolates (Foodborne Bacteria)

Total isolates clustered
vs. non clustered per organism
BO000 -
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New Proposed Pipeline based on wgMLST

Assembly with NCBI
de novo assembler
(SKESA)
clusters of nearest

_ WgMLST to neighbors (<50 SNPs) +
SRA deposit ‘ Genome assembly ‘ SNP clustering ‘ phylogenetic

WgMLST trees
allele
calling

table of nearest
neighbors

<1 hour <1 day

U.S. National Library of Medicine




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

Pathogen Detection
NCBI Pathogen

NCBI Pathogen Detection integrates bactenal pathogen genomic sequences Learn More DeteCtIOn ISOIateS
originating in food, envirenmental sources, and patients. It quickly clusters and

identifies related sequences to uncover potential food contamination sources, About B rowser
helping public health scientists investigate foadbarne disease authreaks.

FAGQ
Gwluir'ﬁ rovy! >

Factsheet

R More than
nirmice Il SIS [
Explore the Data R 174 00 pathogen
Lontributors |SO|ateS
Species New Isolates Total lsolates Data Resources M h
. ; ore than
Salmonella enterica 223 84,066 Isolates Browser 142 000 Wlth
E.coli and Shigslla ar 33.169 antimicrobial resistance an aCQUired or
- reference gene database Ch romOSOmaI
Listeria monooytogenss 1c 15,349 lselates with antibiotic antlblotIC
_ — : resistant phenotypes .
Campylobacter jejuni 2 11514 resistance gene

Beta-lactamase resources

Mycobacterium tuberculosis L] G202
Qe D
1 i

Elehsislla pnewmoniae 4,213

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

samples
sample_name M collection_date M
organism

Category (attribute_package)

a _ 6a) geo_loc_name
1a) Clinical/Host-associated - =

lal) specific_host OR
1a2) isolation_source 6b) lat_lon
1a3) host-disease Who
OR collected by —_—

1b) Environmental/Food/Other
1bl) isolation_source

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

U.S. National Library of Medicine



Analysis of isolation_source for food/environmental
samples

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

o all pairs of isolates within 10 SNP distances
e 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

U.S. National Library of Medicine 1 https://www.ncbi.nlm.nih.gov



Analysis of isolation_source for food/environmental
samples | =
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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

U.S. National Library of Medicine



Analysis of isolation_source for food/environmental
samples

Salmonella

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

U.S. National Library of Medicine



Analysis of isolation_source for food/environmental
samples

Listeria

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

U.S. National Library of Medicine . | https://www.ncbi.nlm.nih.gov



Analysis of isolation_source for food/environmental
samples

E. coli and Shigella

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
5
2

stool/feces
horse/equine 2

U.S.National Library of Medicine | https://www.ncbi.nlm.nih.gov



Analysis of isolation_source for food/environmental
samples

Campylobacter

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

U.S. National Library of Medicine . | https://www.ncbi.nlm.nih.gov



Analysis of isolation_source for food/environmental
samples

List of Selected Outbreak Investigations, by Year

2017 2016 2015 2014 2013 2012 2011

Unknown - Cyclospora (2017)

Maradol Papayas - Salmonella Urbana

Maradol Papayas - Salmonella Newport and Salmonella Infantis

Maradol Papayas - Salmonella Anatum

Maradol Papayas - Salmonella Infections

Vulto Creamery Soft Raw Milk Cheese - Listeria monocytogenes
|.M. Healthy SoyNut Butter - E. coli O157:H7

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

U.S.National Library of Medicine | https://www.ncbi.nlm.nih.gov



Using NCBI Pathogen Detection Isolates Browser

Search for papaya

(

enterica PDS000002071.3 (13 ou .
Salmonella enterica PDS000015602.6 (10 out of 18)
Salmanella enterica PDS0000019458.208 (8 out of 1121)
almonella enterica PDS0000025158.184 (3 out of 710}
ica PDSO00003506.110 (2.5 ]
Salmonella enterica PDS000004194.14 (7 out of 19)

Salmonella enterica PDS000003785.8 (23 out of 32)
Salmonella enterica PDS000002071.3 (13 out of 13)
Show all 56 clusters
225 isolates
Salmonella enterica « | I ¥ Filters [0 Expand All [RERETTHITES xaruwnload
Page1 of12 w M 20 ¥ Wiew 1 - 20 of 225
# COrganism Group Strain Serovar Isolate Create Date Location Isclation Soun Isoclation type SNP cluster Min-sam Min-diff BioSample -MEer group
1 Salmonella enterica FDAD00121° enterica PDOTO00237170.1 2017-08-28  Mexico Fresh Papaya  environmentalicthe PDSO00015865.4 0 0 SAMMOTS19491 | POGOO0UT NS
2 Salmonella enterica FD&000121° enterica POTO00237254.1 2017-03-28  Mexico Fresh Papaya environmentaliothe PDSD00015865.4 1] 0 SAMMDTS19500 PDG000000002.10289
3 Salmonella enterica FDAOD0121° enterica POTO00245441.1 2017-09-27 Mexico Fresh Papaya  environmentalicthe PDS000015865.4 1] 0 SAMMOTS19496 PDE000000002.1028
MD-DOH- Maradol
4  Salmonella enterica 18-000048- POTO00228393 1 2017-07-28  USAMD papaya environmentaliothe PDS0D0015E02.6 o 0 SAMMDTIT4521  PDGO0D0DD0002.1025
1
5 Salmonella enterica FOA000120 POTO00233355.1 2017-05- 15— bdai tlre SRS EON SRS = O CAMMNTADOICD  DOGAN0000002.102%9
g Salmonella enterica FDA000120: POTO002335873.1 2017-08- ‘ papaya x [F000000002.1029
Salmonella enterica | o OGS POTO00236342 1 2017.08- . . £000000002.1028
T 17087 e Salmanella enterica PD3 G (23 out of 32) i )

multiple isolates in multiple

clusters

https://www.ncbi.nlm.nih.gov
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Using NCBI Pathogen Detection Isolates Browser

8/710 from papaya search

Sal ella - 710 isolates

- PDGO0D0O00002.1025 | PDS000002518.184 W Filters @D Columns

Page 1 of 142 W M &5 ¥ Vi
Isolates Selected
m # Strain Serovar Izclate ID Create Date  Location  Isolation So  lIsolation type Host Min-za Min-dif BioSample A
8 Distance between selected isolates : enterica / ) . i
1 |l# |FDADDDD4 PDTODDD4E3E6.3 2016-02-3¢ | Mexico papaysa envirenmentalfoth 0 20 SAMMNOZ247 450
minimum=0 5NPs, maximum= 103 SNPs, Agon_a p
average=51 SNPs 2 ||« FDADDDDAL ir;t:;ga ' |PDTOOO112603.1 2016-02-3¢ | Mexico papaya envirpnmentalfoth i} 23 SAMMND284743E
Target crestion date range smong selected isols 3 ¥ FDADDDDAC i;':;:a ! |PDTODD1126041 | 2016-03-D8 Mexico papaya envirenmentalfoth 0 23|SAMND2847437
015-02-11 to 2017-05-02 terica |
4 [+ FARDO34 e”:;'ga’ POTOOODO30E1.2  |2015-02-11 | Mexico papaya envirenmentsl/att 18 15 SAMMNOZ344010
Y riler selecied 150 5 ¥ FARDO3S i;':;ga PDTODOO03237.2  |2015-02-11 |Mexico papays envircnmentalioth 13 12/ SAMMDZ344911
2017 . envirenmentalfother | 3 2 Choose Columns Page1 of142 B M 5 v Wi
Mexico 2017-05-02 B
only one is from 2017
2016 environmentaliother | [i Ny _ — . - e » : _— .
. Mezxico 2016-03-06 = | = TER B ¥ 1 Spacing v DIM UNSELECTED oFF TREE TIPS @@ o
environmentsliother | i N Q, Search & Highlight in Tree
Mexico 2016-03-06
o| e
environmentaliother | x| F 20 40 -
Mexico 2016-03-06 - i i
: : p—r—urre ~—only food isolate from 2017 is not
Lo environm C

2015 . environmentalfother | o) x|

Mexico 2015-02-11 environmer

near any clinical isolates
5

environmentaliother | 8 x|
Mexico 2015-02-11

One

—0 env
fother, 2015-02-

i

environmentaliother | [i Ny
Mexico 2015-02-11

environmentaliother | [i Ny
Mexico 2015-02-11




Using NCBI Pathogen Detection Isolates Browser

8/1121 from papaya search
A
;Mella - 1121 isolates
O PDGO00000002.1029 | PDS000001946.208

Isolates Selected EIES

W Filters @ Columns

Page 1 of225 W M 5 ¥

g Strain Serovar Isolate ID Create Date  Location  Isolation 501 Isolation type Host
8 Distance betweaen salectad izolates - VA WES- _ . .
1 |(lef "'DEI' POTODDZ234942 1 2017-08-21 |USANA papaysa envircnmentalfoth
minimum=0 SNPs, maximum= 72 SNPs, !
average=48 SNPs 2 ||« FDONDO1D POTOOODDO2410.1 2014-01-06 | Mexico papays environmentaloth
Target crestion date range amang selestsd | 3 ¥ FONDOAT $’;‘f£‘;§;n POTOO0DO2452.2  |2015-02-11 |Mexico papaya environmental/atr
2014-01-06 to 2017-08-21 4 |[# |Fmanoas PDOTOOD003555.1  |2014-02-26 |Mexico papays ervironmental/oth
enterica / . . . . . . R .
5 |l FDADDDM[Tthpson PDTODD111537. 2016-023-02 |Mexico papaysa environmental/oth
8 12 Choose Columns Page i |of222 W MW 5 ¥
envircnmentalfother |
Mexico 2017-08-16 three are from 2017
environmentaliother | — - . = » .
— —] z 5 ] = DIM UNMSELECTED oFF TREE TIPS oN
USA:MD 2017-07-26 ==l |k < 1spacing v @
envircnmentalfother | Q in Tree
USaA 2017-08-21
) A 'J - I
2016 @ < smronmenelomer| @)% |2 , ©__one food isolate from 2017 is extremely close

Wexico 2016-03-06

environmentaliother | [i Ny
Mexico 2016-03-02

o multiple clinical isolates

2015 . envirenmentaliother | o) x|
Mexico 2015-02-11

2014 . environmental/other | o) x|
Mexico 2014-02-26

envirenmentalfother | 8 x| &
Mexico 2014-01-06

[ S S — —— -

C
LA L L WL L RN ine

POLDO0OOO0OY

m U.S. National Library of Medicine




Using NCBI Pathogen Detection Isolates Browser

Salmgpila - 1121 isolates
POGO0Q000002.1029 ! PDEO00001946.208

+ Filters @D Columns

112 isolates in total in

Clonal Su btree Isolates Selected R

& Strain Serovar Isolate ID Create Dati
max = 17 SNPs 1 1 2 Dimr_f fehwesn selected i"'_‘*‘“ : 1 & PDTODD2398552 | 2017-10-11
- ;‘;’::?‘;T:;j:;“;’;;:'m“m w | PNUSASDZ PDTOOD239865.2  |2017-10-11
avg - 3 S N PS Target crestion date rangs amaong selecty 5 POTOD0Z50413.1 2017-10-11
sastes 4 POTOO0ZS0416.1 | 2017-10-11
el 5 | |PHUSASDZ POTOO0248150.1  |2017-10-06
solates 3 8 Choose Columns

2017 . clinical | USA 2017-09-14 @ | x |
clinical | USA 2017-09-07 @ | x | = | = = | 17| % | | ISpatingw | DIMUNSEL
clinical | USA 2017-10-11 @ | % | &
clinical | USA 2017-09-08 @ | = | & 5 )

clinical | USA 2017-08-09 @ | x |

clinical | USA 2017-08-15 @ | x |

clinical | USA 2047-09-27 @ | x | [
clinical | USA 2047-08-07 @ | x | &

environmentaliother | @) x|
Mexico 2017-08-16

clinical | USA 2017-09-27 @ | x|
clinical | USA 2017-08-07 @ | x |
clinical | USA 2017-08-22 @ | x | [
clinical | USA 2017-09-11 @ | x |
clinical | USA 2017-09-11 @ | x |

clinical | USA 2047-09-14 @ | x| &

clinical | USA 2047-10-11 @ | x| &

m U.S. National Library of Medicine & https://www.ncbi.nim.nih.gov




Using NCBI Pathogen Detection Isolates Browser

Home / Isclates Browser / Collapsed Tree View | Whole Tree View
Accesgings -

Name:environmentalfother, 2017-05-16, Mexico, papaya,
FDADDDT2044 .

Bioproject_center:Center for Food Safety and Applied Mutrition h Serovar Isolate ID Create D)

4
1 1 A Biosample_acc: SAMMOT429355 | POTOO0239355 2 2017-10-
| Collected_by:FDA 1502 PDTOO0239865.2 2017-10-

Collection_date:2017-07-21
Target_creation_date:2017-08-16
Geo_loc_name:Mexico

PDTDOO250413.1 2017-10-
POTODO2ZS0416.1 2017-10-
lsn2 PDTDDO245150.1 2017-10-

subtree is filtered
for food/environmental
samples

E Columns

envirenmentsliother |
Mexico 2017-08-16

= = 1 E| = & 1 Spacing DIM UN

environmentaliother |
USA:MD 2017-07-26

environmentaliother |
UsANWA 2017-08-21

one is papya from Mexico
in August, 2017

(

3

-
NCBI

m U.S. National Library of Medicine - https://www.ncbi.nlm.nih.gov
—



Unlinked Isolates

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

U.S. National Library of Medicine

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



Unlinked isolates

Example:

Cluster of Salmonella Enteritidis e —
506 ISOIateS ?ﬂ!l-ﬂ!.-iih:}urr.lu.u 1:

All clinical - AT I
No isolates directly from : -
food/environmental sources s =
Collected 2013-2017
From CDC, PHE, state labs i

What is the cause?

mU.S.National Lo —— https://www.ncbi.nim.nih.gov



NCBIlis Role in Combatting Antibiotic Resistance

NATIONAL ACTION

PLLAN FOR COMBATING < . :
ANTIBIOTIC-RESISTANT ICreate a repository of resistant
BACTERIA bacterial strains (an 1isolate bankT)
and maintain a well-curated

reference database that describes
the characteristics of these strains.T

1Develop and maintain a national
sequence database of resistant

MARCHE 2015
pathogens.T




NCBIlis Role in Combatting Antibiotic Resistance

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)
RefSe( set released in June 2016 (4128 genes/proteins as of Oct)
https.//www.ncbi.nlm.nih.gov/bioproject/PRINA313047

Implement and validate tools for identifying AMR genes in new
iIsolates

U.S. National Library of Medicine :


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
Salmoneils . 1319 Rl -
POG0BMI B0 14 LT 1154 i L
15 u .um ........ in I -1,-. ".. ||||| [P
EMP, pramim T SNPE svamgesdd | | ot R rToRs 0 ERRRER S oreesoiTa g g Harha Ly
Sh
:';1;;!.:.!!];.3;1::"');.2:!“.” ....... i ..f'.;;;,.._,‘ paa
S XE o " list of all AMR
. bl | | A - S Y A _ genes per isolate e
3 Fe L1 ] : i
¥ (L]
L::_:""!" Shocl a1 1
F o] » o a » M
[ B
. o == . = -
fifteen total four clonally
isolates — related
5 il k
in SNIP tree Salmonella from
encode mcr-1 - Thailand: all
L]

(within tree
containing 3319
Samonella)

encoding mcr-1

U.S. National Library of Medicine

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

U.S. National Library of Medicine . https://www.ncbi.nim.nih.gov
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