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Techniques

• Serotyping

• Phage Typing

• PFGE

• MLVA

• AST

– Disk Diffusion

– Broth Microdilution with TREK Sensititre 2010

– EUCAST Guidelines

Dice (Opt:0.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-100.0%]
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WGS The Beginning

• End of 2015

• Extracted DNA and sent to PHE

• FileZilla software

• Downloaded fastq files

• Analysed 



2018

• Qiagen EZ1

• MiSeq

• Illumina Nextera XT

– Changed to Flex/DNA Prep (July 2019)

• MiSeq V3 kit

– 300bp reads



Robotic Liquid Handler



Tapestation



Analysis

• BioNumerics software
– BioNumerics

– EnteroBase

– CGE

– pubMLST

– PathogenWatch

• Ran WGS and Conventional Techniques in 
Tandem until October 2018 



AST Contamination

Broth MIC Resistance Genes

ASSuTTmNaCp v none

ASuTNaCpAzt v ASuT

T v none (E.coli)

ASu v none

On repeat all matched with resistance genes



ASuTTmNaCp



No Resistance



Validation
• 412/418 isolates correlated (98.6%)

• 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

• sul1 gene present & MIC=16 (Susceptible)



Trimethoprim Salmonella

• No dfrA genes MIC <=2

• dfrA1 100% n=8 >32

• dfrA5 100% n=1 >32

• dfrA7 100% n=6 >32

• dfrA12 100% n=14 >32

• dfrA14 99.59-.79 n=12 >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 µg disk ≥12 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

– blaCTX-M-15 (2)

– blaCTX-M-14 (1)

– blaCTX-M-14b (1)

– blaSHV-12 (2)

– blaCMY-2 (1)

– blaDHA-1 (1)



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



Nucleotide Differences

blaTEM-126

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

Both resulted in the same 1 Amino 
Acid Substitution



blaTEM-143



Mega

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



Disk Diffusion



NaCp



• Agona

– ASuTmNaCpCazCtxAzt

– blaCTX-M-15, sul1, 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
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blaOXA-48 PCR pos ,WGS Neg

• blaOXA48 only present in <1% of cells



Now You See it, Now You Don’t

Positive 

VIMNegative 

Meropenem

MIC=8mg/L

Meropenem 

MIC=0.25 mg/L
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• Two resistance genes 
missing from isolate 
from aerobic bottle 

– blaVIM-1

– aac(6’)1b 



Annual Report



Files for ECDC



GISAID for FWD Pathogens?
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