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WGS The Beginning

End of 2015

Extracted DNA and sent to PHE
FileZilla software

Downloaded fastq files
Analysed
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Analysis

* BioNumerics software ————
— BioNumerics e se s
— EnteroBase
— CGE
— pubMLST
— PathogenWatch

* Ran WGS and Conventional Techniques in
Tandem until October 2018



AST Contamination

Broth MIC Resistance Genes
ASSUTTmNaCp Y none
ASuUTNaCpAzt Y ASuT

T Y none (E.coli)

ASu Y none

On repeat all matched with resistance genes
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Validation
 412/418 isolates correlated  (98.6%)

e Resistance to Chloramphenicol (n=3) with no
corresponding gene

* MIC=16




Discrepancies

* Azithromycin resistance (n=2) with no
corresponding genes

— MIC=32 & MIC=64
— ? Variations in Efflux Pumps
— acrB efflux pump

* sull gene present & MIC=16 (Susceptible)



Trimethoprim Salmonella

No dfrA genes

dfrAl
dfrA5
dfrA7
dfrAl12
dfrAl4

100%
100%
100%
100%
99.59-.79

MIC <=2
n=8
n=1
n=6
n=14
n=12

>32
>32
>32
>32
>32



1. Azithromycin has been used in the treatment of enteric infections, primarily with Salmonella
Typhi and Shigella spp. For wild-type isolates of both species, the MICs are <16 mg/L and the
inhibition zone diameters for the azithromycin 15 pg disk 212 mm.

Salmonella
Resistant
mph(A) n=4 MIC = 64
No genes n=35 MIC = 32 ST65 S.Brandenburg

? Efflux pumps

Susceptible
No genes n=28 MIC =16
No genes n=619 MIC <=8



ESBL in Salmonella

* ESBL Phenotype
aCTX-M-15 (2)
aCTX-M-14 (1)
aCTX-M-14b (1)
aSHV-12 (2)
aCMY-2 (1)
aDHA-1 (1)
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Non-ESBL Phenotype

* blaTEM

—-1A (2), 1B (186), -1C (3), -57 (2), -104 (1), -126 (38),
-143 (1), -166 (1)

* blaCARB-2 (23)

* blaOXA-1 (3), blaOXA-10 (1)
blaTEM-126 (99.77 & 99.88%)
blaTEM-143 (95.55%)



NCBI Reference Gene Catalog
TEM-126

it apps Wl Comparatvegeno.. ¥ CGEServer 8§ Mextstrain/ncov A Featurelist == Login Metabion WOP - D.. BB MLST B Aminoglycosides M.. (™ Internct Speed Test.. & VFDB: Virulence Fac.. [B) Reference Gene Cat.. @ Sequence Massager 1365 full pdf » Reading |

U.S. National Library of Medicine

National Center for Biotechnology Information

Health > Pathogen Detection > Reference Gene Catalog Help
Search
blaTEM-126 X0
db version: 2021-03-01.1 Changelog Bacterial Antimicrobial Resistance Reference Gene Database
Filters
Page 1 of 1 .:G‘ Records per Page 20 v Dj Choose columns & Download Displaying 1 - 1 of 1
# allele gene fa...  product name scope type subtype class subclass refseq pr...  refseqn... genbank... genbank.. curated ...

1 blaTEM-... = blaTEM class A extended-spectrum beta-lactamase TEM-126 core AMR AMR BETA-LA... CEPHALOSPCORIN WP_063... NG_050.. | AAT4574.. AY62819.. No



Nucleotide Differences
Some with 2 (99.77% ID) and some
with 1 (99.88%) nt differences.

Both resulted in the same 1 Amino
Acid Substitution

blaTEM-126

m Result Summary Guide Tree | Phylogenetic Tree | Results Vi

Cownload Alignment File

CLUSTAL O(1.2.4) multiple seguence slignment

blaTEM_126_aa
M517@l17e_TEM
M5188827_TEM
M5198261_TEM
M5218278_TEM
M521841s TEM

blaTEM_126_as
M517@17@_TEM
MS188827_TEM
M5198261_TEM
M5218278_TEM
MS218416_TEM

blaTEM_126_asz
M5178178_TEM
M518@927_TEM
M5198261_TEM
M5218278_TEM
M5218415_TEM

blaTEM_126_aa
M5178178_TEM
M518@827_TEM
M5198261_TEM
M5218278_TEM
M521e4ls_TEM

blaTEM_126_az
M517@17@_TEM
M5188827_TEM
M5198261_TEM
MS218278_TEM
M5218416_TEM

MSIQHFRVALIPFFAAFCLPVFAHPET LVEVKDAEDQLGARVGY IELDLNSGKILESFRP
MSIQHFRVALIPFFAAFCLPVFARPET LVEVEDAEDQLGARVGYIELDLNSGKILESFRP
MSIQHFRVALIPFFAAFCLPVFAHPET LVEVKDAEDQLGARVEYIELDLNSGKILESFRP
MSIQHFRVALIPFFAAFCLPVFAHPET LVEVKDAEDQLGARVGY IELDLNSGKILESFRP
MSIQHFRVALIPFFAAFCLPVFAHPET LVEVKDAEDQLGARVEYIELDLNSGKILESFRP
M5IQHFRVALIPFFAAFCLPVFAHPET LVEVKDAEDQLGARVEY IELDLNSGKILESFRP

e e e T i e e ]

EERFPMMSTFKVLLCGAYLSRVDAGQEQLGRRIHYSONDLVEYSPVTEKHLTDGMTVREL
EERFPMISTFKVLLCGAYLSRVDAGQEQLGRRIHYSONDLVEYSPVTEKHLTDGMTVREL
EERFPMISTFEVLLCGAVLSRVDAGQEQLGRRIHYSQNDLVEYSPVTEKHLTDGMTVREL
EERFPMMSTFEVLLCGAVLSRVDAGQEQLGRRIHY SONDLVEYSPVTEKHLTDGMTVREL
EERFPMMSTFEVLLCGAYLSRVDAGOEQLGRRIHYSOQNDLVEYSPVTERHLTDGMTVREL
EERFPMMSTFEVLLCGAVLSRVDAGQEQLGRRIHY SONDLVEYSPVTEKHLTDGMTVREL

sHEEHE FEEERERsFsFEsRsESrREEsEsRRrRs R ER R s R RER R EREEREREE

CSAATTMSDNTAANLLLTTIGGPKEL TAF LHNMGDHWTRLDRWEPELNEAIPNDERETTT
CSAATTMSDNTAANLLLTTIGGPKELTAF LHNMGDHWTRLDRWEPELNEAIPNDERDTTT
CSAATTMSDNTAANLLLTTIGGPKELTAF LHNMGDHWTRLDRWEPELNEATPHDERDTTT
CSAATTMSDNTASNLLLTTIGGPKELTAF LHNMGDHVTRLDRWEPELNEATPNDERDTTT
CSAATTMSDNTAANLLLTTIGGPKELTAF LHNMGDHVTRLDRWEPELNEAIPNDERDTTT

CSAATTMSDNTASNLLLTTIGGPKELTAF LHNMGDHYTRLDRWEPELNEAIPNDERDTTT
EREEREFSEREREEEFEERERI R R R E RS ERER S EERHEREF R R EEEERER HEE

PAAMATTLRELLTGELLTLASROOLIDWMEADRYAGPLLRSALPAGWF TADKSGAGERGS
PAAMATTLRELLTGELLTLASRQQLIDEMEADKYAGPL LRSALPAGWF TADKSGAGERGS
PAAMATTLRELLTGELLTLASRQQLIDIMEADKYAGPLLRSALPAGHWF TADKSGAGERGS
PAAMATTLRELLTGELLTLASRQQLIDEMEADKYAGPLLRSALPAGWF IADKSGAGERGS
PAAMATTLRELLTGELLTLASROQQLIDEMEADKVAGPLLRSALPAGKWF LADKSGAGERGS
PAAMATTLRELLTGELLTLASROOLIDWMEADRYAGPLLRSALPAGWF TADKSGAGERGS

e i S e e s e

RGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAEIGASL IKHL 288
RGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIAEIGASL IKHL 288
ROIIAALGPDGKPSRIVVIVTTGSQATMDERNRQIAEIGASL IKHL 288
REIIAALGPDGRPSRIVWIYTTGSOATMDERNRQIAEIGASLIKHK 286
ROITAALGPDGKPSRIVVIYTTGSQATHMDERNRQIAETIGASL IKHI 286

RGITAALGPDGKPSRIVVIYTTGSQATMDERNRQIAEIGASL IKHI 288

B e e g e e e LS g

128
12@
128
128
128
128

188
138
158
188
188
1s8@

248
248
248
248
248



blaTEM-143

CLUSTAL O0¢1.2.4) multiple sequence alignment

h1aTEM_143_RC
M5178063_TEM

n1aTEM 143 _RC
M5178@63_TEM

b1aTEM 143 _RC
MS178@63_TEM

blaTEM _143_RC
M5178a63_TEM

h1aTEM_143_RC
M5178863_TEM

n1aTEM 143 _RC
MS178@63_TEM

blaTEM _143_RC
M5178a63_TEM

h1aTEM_143_RC
M5178863_TEM

TTACCAATACTTAAT CAGT GAGECACCTATCTCAGCOATCTATCTATTTCOGTTCATCCAT

e teoagtgaggcacctatctcagogatctetoctatttogttocatocat
B e Sy e e L R S e L

AGTTGCCTEACTCCCCATCATETAGATAACTACGATACGERAGGECTTACCATCTGRCCC
ggtteccteactoccccgtcptetapataactacgatacggpagepcttaccatctggcce

B e e e

CAGTOCTRCAATEATACCGCEARACCCACOCTCACCOOCTCCAGAT TTATCAGCAATARA

cagtgctgcaatgataccgogagacccacgotcaccggctoccagetttatcageaatasa
s e s ok o sk e i e sk s B sh e e ke o b ko e bk ok s kR b e s s b R b e e e

CCAGCCAGCCOEAAGOGCCaARCGCAGAAGTOOTCCTACAACTTTATCCGCCTCCATCCA

CCAECCagccEgaaggEccgagcgcagaagteetoctgcaactttatoccgoctocatoca
R g S e L S ] e e ]

ATCTATTAATTGTTGCCaEEAMG TAGAGT AAGTAGTTCGCCAGTTAATAGTTTGCGCAA
gtctattaattettpgccpgpasgctagagtaagtapttcgccagttaatagtitececaa

B e e e

COTTaTTaCCAT TECTGCAGRCATCGTOGGTGTCACGCTCATCAT TTGRTATGRITTCATT

cgitgttigccattgotgragecatocgtogigicacgctcgtnnttggtatggcticatt
sdedo gk ke e ek Rk ek B kR o b R sk e e ke R o s gk e e e e R e

CAGCTCCaaT TCCCAACAATCAAGECGAGT TACATGAT CCCCCATATTA T AAAAAAGT

cagctoccgnnnnnnnnnnnnnnnnnnnngttacatgatccocccatgttegtgcasaaaagc
EE L LT Y LT e e e e

GETTAGCTCCTTCOETCCTCOGATCATTAT CAGAAGTAAGT TAGCAGCAGTGT TATCACT

ggttapgctocticgptocctcepatogttiptcagaapgtaagtipecapcagtpttatcact
B Y e Y s SR R R ]

a5

124
186

154
156

2448
226

388
286

354
346

428
426

458
4664



M7: Alignment Explorer (beta-lactam.fsa)
Data Edit Search Alignment Web Sequencer Display Help

Mega
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DNASequences  Translated Protein Sequences

Species/Abbrv
. blaTEM-1A 1 HM745566
. blaTEM-1B 1 AY453016
. blaTEM-1C 1 FJ560503

blaTEM-1D_1 AF188200

blaTEM-126_1 AY628199
blaTEM-127_1 AY368236
blaTEM-130_1 AJ266928

. blaTEM-131 1 A¥43636l

. blaTEM-132 1 A¥451682

. blaTEM-133_1 A¥S28425
. blaTEM-134_1_A¥S74271
. blaTEM-135_1_GQ89€333
. blaTEM-136_1_AYE2€417
. blaTEM-137_1_RM286274
. blaTEM-138_1_AY853593
- blaTEM-139_1_DQ072853
. blaTEM-121_1_AY956335
- blaTEM-142_1_DQ388882
- blaTEM-143_1_DQO75245
- blaTEM-145_1_DQ105528

Group Name

e o o

Many TEM enzymes vary by just one SNP

There exists large discrepancies in the functional subclass assignment (e.g.
narrow-spectrum, ESBL etc.) of beta-lactamases across the various AMR
databases.

Functional class assignment for the SHV beta-lactamases is particularly
complicated because some intrinsic SHV alleles seem to have been mis-
identified as causal variants of extended-spectrum or inhibitor resistances, due
to the difficulties in distinguishing chromosomal and mobile variants.



Mobile Genetic Elements

Plasmids

Phages
Transposons
Integrons

Insertion sequences




MDR ST13 S.Agona

ASuTmNaCpCazCtxAzt

» MS1A0181 SIOPE 1 CMM E.
Vizion Review Stored Image - EUVSEC, Sec. 1 (MS160181, 1) i P——
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Disk Diffusion
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* Agona
— ASuTmNaCpCazCtxAzt
— blaCTX-M-15, sull, dfrA12, mph(A), gyrA:p.D87Y,
— Plasmid IncL/M (96.69%), IncR (100%)

* Agona without Plasmid
— NaCp
— gyrA:p.D87Y



cgMLST of ST13 S.Agona

. Ireland
. UK
. Germany

‘1I

31 40
24 41

29 39

a1 3 4
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50
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blaOXA-48 PCR pos WGS Neg

scoococonghin cheooppancc oo ongameoc e s gpas

* blaOXA48 only present in <1% of cells



Now You See it, Now You Don’t

Meropenem Meropenem
MIC=0.25 mg/L MIC=8mg/L
_ Positive
Negative VIM



ME181272

Minimum Spanning ME181321 83
Tree of wgMLST of . MﬂBlZSS‘g)
different Enterobacter

cloacae by hospital

g ro u p ME181345
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Experiment data
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Annual Report

Antimicrobial resistance
Following extensive validation, antimicrobial susceptibility patterns are now predicted from

the whole genome sequence thus reducing analytical costs and laboratory waste.

More than half of the isolates (205 of 353, 58.1%) were susceptible to all antimicrobial
agents tested. Multi-drug resistance (three or more different classes of antibiotics) was|
identified in 19.3% of isolates (n = 68), 27.9% of isolates that were multi-drug resistant, (n =

19) had the profile of resistance to ampicillin, sulphonamide and tetracycline (ASuT) and

were mainly monophasic S. Typhimurium.

A total of 6 extended spectrum beta-lactamase (ESBL) producing isolates were detected, all
from patients with a history of recent foreign travel to Asia. These included 4 blaCTX-M-15
containing S.Typhi, all in blood cultures from patients with travel history to Pakistan; a
blaCMY-2 isolate of S, Typhimurium (India) and a S.Kentucky with b/aCMY-2 (Indonesia).

A total of 75 isolates had mutations in their gyrd and/or parC genes and/or encoded gnr

genes which would result in reduced susceptibility to ciprofloxacin.

High level resistance to ciprofloxacin (>2mg/1) is rare among Sa/monella but a ciprofloxacin-
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29 e I PWT 4
H | J K L M N (o] P Q R S T u A W X Y z AA AB AC AD AE AF AG AH Al Al AK AL AN AN AO |«
ST Predicted Serotype Imported Country of Infection ESBL AMP CTX CHL SMX TCY TMP AZM GEN CIP  COL MEM blaCMY-2 blaTEM-1B blaTEM-1C blaTEM-135 blaCARB-2 floR cml  cmlAl sull  sul2  sul3  tet(A) tet(B) tet(G) tet(M) dfrA5 dfrAl2 dfra
34 4,[5], - NEG PNWT PWT PWT PNWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT
34 4,[5],12:i0 - NEG PNWT PWT PNWT PNWT PNWT PNWT PWT PNWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PNWT PWT PWT PWT PNWT PWT
198 Kentucky YES VN NEG PNWT PWT PNWT PNWT PNWT PNWT PWT PNWT PNWT PNWT PWT PWT PNWT PWT PwWT PWT PNWT PWT PWT PNWT PWT PWT PNWT PWT PWT PNWT PNWT PWT PWT
516 Give YES ES NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
362 Bareilly - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
19 Typhimurium - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PwWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
34 4,[5], - NEG PNWT PWT PWT PNWT PNWT PWT PWT PNWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT
43 Java YES D NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PwWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
32 Infantis - NEG PWT PWT PWT PNWT PNWT PWT PWT PWT PNWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT
19 Typhimurium - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
34 4,[5],12:i:- NO NEG PNWT PWT PWT PNWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT
11 Enteritidis YES ES NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
6063 Adelaide - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
2559 Strathcona YES UNKNOWN NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
1 Typhi - NEG PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
34 4,[5], - NEG PNWT PWT PWT PNWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT
86 Paratyphi B - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
29 Stanley YES TH NEG PNWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT
29 Stanley - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis YES MT NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
19 Typhimurium NO NEG PNWT PWT PNWT PNWT PNWT PNWT PWT PWT PNWT PWT PWT PWT PNWT PWT PWT PWT PNWT PNWT PNWT PWT PNWT PNWT PNWT PWT PWT PWT PWT PNWT PWT
16 Virchow YES IN NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis - NEG PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis YES UNKNOWN NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
2 Typhi YES IN NEG PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
32 Infantis YES AU NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT .P\NT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
11 Enteritidis YES KE NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
1954 Chester YES MA NEG PWT PWT PWT PNWT PNWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PNWT PWT PNWT PWT PWT PWT PWT PWT PN
34 4,[5], - NEG PNWT PWT PWT PNWT PNWT PWT PWT PNWT PWT PWT PWT PWT PNWT PWT PwWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT
11 Enteritidis YES ES NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
198 Kentucky YES D NEG PNWT PWT PWT PNWT PNWT PWT PWT PNWT PNWT PWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT PNWT PWT PWT PNWT PWT PWT PWT PWT PWT PWT
83 Muenchen - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
13 Agona - NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
166 Newport NO NEG PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT PWT
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GISAID for FWD Pathogens?

VOC Omicron GR/484A (B.1.1.529) first detected in Botswana/Hong Kong/South Africa | v ’

Map of tracked variant occurrence

Circle size proportional to number of variant genomes, zoom into region for more detail. Color by recency with red being most recent.
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