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• Genpax is a research and development-based company building novel solutions for clinical

pathogen genomics. We are focused on the needs of infection prevention and control (IPC),

providing optimal information to recognize and respond to the transmission of strains in the

healthcare system and beyond.

•  

          

        

      IDEM  over 30,

• Considering pathogens can change at a rate of 0 to 5 SNPs per genome per year, the

actionable information needed to proactively detect (and exclude) outbreaks, infer

transmission, and effectively direct IPC is beyond what other analysis pipelines can reliably

deliver.

• Compromises, such as Sequence Typing (e.g. cgMLST) achieve scalability and error tolerance

at the expense of sensitivity and specificity. In contrast, SNP-solutions (e.g. wgSNP) cannot be

scaled and have reference-dependent accuracy (and good references do not exist for many

strains and species).

• Genpax exists to eliminate these constraints; to deliver a new generation of pathogen

analysis capabilities which address the IPC challenges of emergent pathogens and AMR.

• This brochure highlights a selection of key differentiating capabilities in our quest to make

the best possible genomic pathogen analysis accessible to everyone.



Copyright and IP owned by Genpax

 

 

ile  



In the test of scalable comparisons, using Listeria monocytogenes, we processed data 

generated in large studies from different European laboratories.
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•
K

lebsiella pneum
oniae is a com

m
on nosocom

ial pathogen
responsible for a range of severe and life-threatening 
infections [1].

•
K

. pneum
oniae

is a leading cause of extended-spectrum
beta-lactam

ase (ESBL)-producing, and carbapenem
-resistant

health care-associated infections and is considered a crit ical
public health threat by the W

H
O

 [2].
•

Although the overall prevalence is low
er than E

. coli, K
. 

pneum
oniae is notably linked w

ith higher rates of hospital
transm

ission [3].
•

Several genom
ic studies indicate that up to 1/3 of hospital

infections are linked to w
ithin-hospital transm

ission events
[4,5], and proactive genom

ic surveillance is becom
ing the

gold standard infection control practice to detect nosocom
ial

infections and to prevent the transm
ission of highly resistant

strains.
•

Prospective surveillance requires accurate and high-
resolution genom

ic analysis solutions to detect tr ansm
ission

events w
hen bacterial species typically evolve at a rate of

betw
een 1 and 10 SN

Ps per year, w
hich is challenging to

accom
plish using existing m

ethods.

O
bjective: To test the resolving pow

er of G
enpax’s W

G
S 

analysis,through the reanalysis of clinical outbreaks of K
. 

pneum
oniae using data from

 published studies w
ith established 

epidem
iological contexts.

R
am

iro M
orales-H

ojas, Jam
es C

. Littlefair, D
aniel Fram

pton, John F. Peden & N
igel J. Saunders: G

enpax, London, U
nited Kingdom

N
ear zero error using large-scale hospital outbreak w

hole genom
e sequence data 

for K
lebsiella pneum

oniae

M
ethods

•
The perform

ance of the G
enpax

pipeline w
as evaluated using

a recently published dataset obtained from
 tw

o intensive care
units (IC

U
s) in Vietnam

 [6]. This study w
as chosen due to the

num
ber of isolates associated w

ith transm
ission events and

low
 genom

ic distances, providing an ideal opportunity to
assess the pipeline’s perform

ance.
•

The novel pipeline w
as used to call genom

e-w
ide SN

Ps for
1314 K

. pneum
oniae

isolates from
 the study.

•
C

luster analysis w
as conducted based on inform

ative SN
Ps.

This analysis assigned sam
ples to zero-SN

P transm
ission

clusters if they exhibited a distance of 0
SN

Ps to any other
sam

ple w
ithin the cluster.

•
The isolates had an average genom

e length of 5.2 M
bp, of w

hich 89%
 (4.6 M

bp) w
as suitable for

SN
P calling using the G

enpax pipeline. This represents a 24%
 increase in genom

e length
available for variation analysis com

pared to the 3.76 M
bp

core genom
e described in the original

publication.

•
The reanalysis revealed a higher num

ber of 0-SN
P clusters for all K

. pneum
oniae sam

ples 
com

pared to the original publication. This difference w
as prim

arily due to the increased num
ber of

clusters identified in the reanalysis of the ST15 isolates (Table 1).

•
ST15 C

luster 15: The cluster revealed a revised 0-SN
P cluster w

ith 78 m
em

bers. Am
ong these,

67 (85%
) w

ere shared w
ith the previously reported cluster. The reanalysis identified an additional

11 isolates, w
hile 12 originally included isolates had 1 to 4 verified SN

Ps (Figure 1A). N
otably, four

of the sam
ples originally reported to be part of the ST15 0-SN

P cluster w
ere assigned to a

different 0-SN
P group from

 the original publication (Table 2).

•
ST16 C

luster 12: 13 out of the 14 ST16 isolates reported to be in a 0-SN
P cluster w

ere included
in a redefined 0-SN

P cluster. O
ne isolate originally assigned to cluster 12 differed by 2 verified

S N
Ps (Figure 1B). Six additional isolates w

ere placed in this redefined cluster (Table 2), m
aking a

final group of 19 rather than 14.

•
C

luster reanalysis of ST15 isolates in 0-SN
P clusters utilizing a 5-SN

P threshold w
as perform

ed,
as in the original publication. The largest cluster obtained in the reanalysis com

prised 130 isolat es
of the 138 in the largest 5-SN

P cluster in the publication (Table 3).

•
C

luster reanalysis of ST16 isolates in 0-SN
P clusters using a 5-SN

P threshold identified 3 clusters
instead of the single 5-SN

P cluster reported previously (Table 3). Isolates excluded from
 the

redefined 5-SN
P clusters differed by 6 to 12 identified (and verified) SN

Ps.
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Table 1:N
um

ber of 0-SN
P clusters reported by R

oberts et al. for each of the m
ain 

sequence types (STs) and those obtained in this reanalysis w
ith the G

enpax 
pipeline. 

Table 2:The num
ber of isolates in tw

o 0-SN
P clusters reported by R

oberts et al. for 
ST15 and ST16 and the corresponding clusters obtained w

ith the G
enpax

pipeline. 
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P clusters reported by R
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•
P

seudom
onas aeruginosa is one of the m

ain nosocom
ial

pathogens w
ith a high prevalence in burns units, Intensive

C
are U

nits (IC
U

s), and patients w
ith cystic fibrosis [1].

•
P

s. aeruginosa
has been classified as one of three critical

priority pathogens, and
is considered a m

ajor threat by the
W

H
O

 and C
D

C
 due to the em

ergence of m
ultidrug- and

extended-drug-resistant clinical isolates [2,3].
•

P
s. aeruginosa

is an ancient species w
ith a diverse clonal

population structure, for w
hich reference genom

e
solutions

are unsuitable.
•

The lack of suitable reference genom
es typically restricts

analysis to Sequence Typing (M
LST, cgM

LST, w
gM

LST).
•

A general solution that does not depend upon local, high-
quality references is needed to deliver clinical genom

ics and
proactive sequencing for infection prevention and control for
this A M

R
 priority species.

O
bjective: To test a reference-free w

hole genom
e SN

P 
analysis for P

s. aeruginosa, and to com
pare its perform

ance 
against published studies.

A
rthur Poivet, R

ebecca J. Bengtsson, D
an Fram

pton, John F. Peden
& N

igel J. Saunders: G
enpax, London, U

nited Kingdom

R
eference-free w

hole genom
e SN

P analysis ofPseudom
onas aeruginosa, 

w
ith the restructuring of outbreaks analyzed w

ith established m
ethods

R
eferences

1.
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ature
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(August 2000): 959–64. https://doi.org/10.1038/35023079.
2.

R
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lobal Epidem
iology and C
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C
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P): A
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4, no. 3 (M
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5247(22)00329-9.

3.
Karruli, A., et al. “Evidence-Based Treatm
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onas aeruginosa Infections: A C
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U
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C
unningham

, S. A., et al. “C
ore G
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e M
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Sequence Typing and Antibiotic Susceptibility Prediction from

 W
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D
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ultidrug-R
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C
onclusions

•The novel G
enpax m

ethodology accurately determ
ined strain identity w

ithout the need
for a closely related reference genom

e, prior know
ledge of strain types, or clonal

clusters.
•The achieved resolution in this study m

atched that of an expensive and unscalable
custom

ized high-quality approach and surpassed the resolution achieved w
ith cgM

LST
approaches.

•The utilization of this innovative analysis tool can enable real-tim
e phylogenet ic

analysis in clinical settings.

•
This new

SN
P-based approach

successfully identified outbreak
clusters from

 clustered strains of
diverse clonal com

plexes.

•
The analysis dem

onstrates superior
resolution and m

ore inform
ative sub-

structuring of the outbreak than the
m

inim
um

 spanning trees derived
from

 either of the tw
o cgM

LST
schem

a under com
parison.

•
In Figure 3a the SN

P-level analysis
identified differences in 3 strains
previously found to be identical by 
cgM

LST.

•
In Figure 3b the analysis of cluster 2
confirm

ed that 3 isolates near the
root of the outbreak w

ere w
ithin 3

SN
Ps and yielded different

transm
ission inferences:

-
M

BR
L-2439 and M

BR
L-2456 are

no longer sequential in the 
transm

ission chain.
-

M
BR

L-2429 is not tangential to the
outbreak structure.

R
eference-based 

R
eference-free 

Figure 2:
C

om
parison ofw

hole
genom

e SN
P 

analysis of
allST17 isolates, betw

een a tree from
 

M
agalhães et al.(left),and the reference-

free
G

enpax
solution (right).

A suspected outbreak in the burns unit is coloured in 
green. A second subclade com

posed of isolates from
 

patient 11 and environm
ental isolates from

 the sam
e 

IC
U

 is coloured in blue (*= reference). 

Table 1:C
om

paring the perform
ance of the 

G
enpax pipeline by com

paring w
hole genom

e 
SN

P distances of closely related isolates.

•
The perform

ance of the G
enpax analysis pipeline w

as
evaluated using datasets from

 tw
o published studies, and

com
pared to the original findings:

156 isolates from
 M

agalhães et al [4].
•

C
linical and environm

ental isolates w
ere originally typed

and separated in 3 groups m
ainly corresponding to 

ST1076, ST253, and ST17.
•

For each ST group, a com
plete reference genom

e w
as 

created by sequencing a clinical isolate w
ith both PacBio 

and Illum
ina H

iSeq
technologies, and w

hole genom
e 

SN
P distances w

ere obtained using these references.
38 isolates from

 C
unningham

et al., w
hich w

ere originally 
analyzed using tw

o cgM
LST

m
ethods. O

ne of those w
as an

in-house m
ethod w

hich addressed 4,041 alleles based on
the PAO

1 reference genom
e [5].

ST
target

M
agalhãeset al.

(SN
Ps)

Genpax 
(SN

Ps)

1076
Alliso.

 14
 14

1076
All sam

e-patient iso.
 10

 11

1076
Patient 4 iso.

 7
 5

1076
Patient 24 iso.

 2
 4

253
All sam

e-patient iso.
 4

 3

253
Burns unit

 11
11

253
ICU 5 cluster

11 
 14

10 
 14

253
ICU 2 cluster
(suspected outbreak)

 1
 0

17
All sam

e-patient iso.
 6

 12

17
Suspected outbreak 
(figure 2 -green)

 13
 12

17
Patient 11 cluster 
(figure 2 -blue)

 7
 2

Figure 1:C
om

parison ofw
hole

genom
e SN

P analysis 
of

all ST1076 isolates, betw
een a tree from

 M
agalhães 

et al.(left), and the reference-free G
enpax solution 

(right)(*= reference).

Magalhães et al., 2020

(a)C
luster1

Figure 3:C
om

parison betw
een

cgM
LST

m
inim

um
 spanning trees

(left) and 
G

enpax dendrogram
s (right). The 

distances on the m
inim

um
 spanning tree 

refer to allelic differences [5].

(b)C
luster2

C
unningham

etal.,2022

C
unningham

etal.,2022

•
The m

ean sequence length analyzed
using t he G

enpax pipeline represents
around 85%

 of the average genom
e

length.

•
The G

enpax
analysis replicated the

results obtained from
 w

hole genom
e

SN
P analysis (w

hich used opt im
al

bespoke
reference genom

es), both for
clonal outbreaks (figure 1) and m

ore
diverse isolates (figure 2).

•
Previously identified clusters of closely 
related strains w

ere identified by the
G

enpax pipeline, and the perform
ance

w
as assessed by com

paring w
ithin-

cluster SN
P distances (Table 1).

-
In the ST1076 outbreak (Figure
1),all sam

ples fall w
ithin 14 SN

Ps of 
each other, and local transm

ission
chains can be inferred (exam

ples in
colored boxes).

-
In som

e cases, the environm
ental

source of the infection could be
identified (e.g.Figure 2 –

blue
cluster).

Magalhães et al., 2020
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N
ovel genom

e com
parison tool reveals both false-positive and false-negative M

R
SA 

and M
SSA strain identification and a failure to detect transm

ission-linked strains 
using phenotypic, PC

R
, and previous genom

ic strategies

Introduction
•

S
taphylococcus aureus

is associated w
ith >1 m

illion deaths a 
year globally and is an AM

R
 priority pathogen [1].

•
M

ethicillin resistance in S
. aureus is typically conferred by the 

presence of the m
ecA

gene carried on the m
obile SC

C
m

ec
cassette, w

hich is often spontaneously lost during culture,
leading to discordant phenotypes [2].

•
Transm

ission links m
ay be overlooked due to the com

m
on 

approach of partitioning strains into M
R

SA and M
SSA, 

especially w
here the determ

ination of m
ethicillin resistance

can be unreliable using current m
ethodologies such as

indicator m
edia, susceptibility testing, and PC

R
.

•
Thus, it is necessary to use a genom

e com
parison tool

coupling accurate SN
P-resolution strain identification w

ith
optim

ised gene detection.

Jam
es C

. Littlefair, Benedict J. U
ttley, G

areth Linsm
ith, D

an Fram
pton, John F. Peden, & N

igel J. Saunders: G
enpax,London, U

nited Kingdom
 

R
esults –

m
ecA

C
onclusions

•
The reanalysis reveals putative false-positive and false-negative M

R
SA and M

SSA determ
ination by m

ethods such
as suscept ibility testing and PC

R
, potential spontaneous gain/loss of m

ecA
and m

upA, and potential cryptic
resistance.

•
Partitioning strains into M

R
SA and M

SSA leads to m
issed transm

ission-links, particularly w
hen done unreliably, and

indicates that transm
ission inference requires W

G
S of all clinically relevantS

. aureus isolates
supported by accurate, 

high-resolution, scalable genom
e analysis. To address the full diversity of isolates, a clonal reference is not required

to get accurate and com
prehensive results.

•
The gene detection provided inform

ation on both resistance determ
inants and m

arkers that indicate the
requirem

ents for different clinical m
anagem

ent that w
ere highly concordant w

ith the strains underlying relationships,
enabling confident interpretation of findings.

R
esults –

other genes
•

2 out of 3 of the previously identified m
upirocin-resistant 

isolates w
ere confirm

ed to be m
upA

+, both of w
hich w

ere
high confidence (Table 1).

•
6 isolates w

ere found to be P
V

L+
(5 M

SSA; 1 M
R

SA). Both
constituent genes of this com

plex w
ere found w

ith high
confidence in all isolates.

•
41 isolates w

ere found to be tsst-1+ (38 M
SSA; 3 M

R
SA). 

All w
ere found w

ith high confidence bar one w
hich w

as
found w

ith m
edium

 confidence. These w
ere overw

helm
ingly 

found in ST30/36-group isolates, even outside of
transm

ission clusters (Figure 3).
•

12 isolates w
ere found to be eta+

(12 M
SSA), all of w

hich
w

ere high confidence except one w
hich w

as m
edium

confidence.
•

2 isolates w
ere found to be etd+

(2 M
SSA), both of w

hich
w

ere found w
ith high confidence.

Table 1: Isolates identified as m
upirocin resistant in the original analysis or m

upA
+

in the G
enpax

reanalysis

Sam
ple

m
ecA

status
Available?
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R
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-
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R

esistant
m
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-

N
/A

PO
0329
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/A
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o
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esistant

N
/A

N
/A

ST-30/36 
group

Figure
3:

N
J

dendrogram
show

ing
the

distribution
of

tsst-1
am

ong
all

processed
isolates.

tsst-1+
isolates

are
colored

blue
and

tsst-1-
isolates

are
colored

red.
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•
15/107 (~14%

) of isolates previously identified as M
R

SA w
ere both m

ecA
-and m

ecC
-.

•
8/243 (~3%

) of isolates previously identified as M
SSA w

ere m
ecA

+, all high confidence.
•

Segregating strains into M
R

SA and M
SSA based on susceptibility testing and PC

R
 prior to genom

ic distance determ
ination in the

original analyses, led to m
issing transm

ission links in 9/48 (~19%
) of transm

ission clusters (m
axim

um
 pairw

ise distance of 15
SN

Ps).
•

In the largest transm
ission cluster (n = 24), the original analyses excluded 4 isolates, of w

hich 3 w
ere identified as M

SSA despite 
being m

ecA
+, and 1 w

as genuinely m
ecA

-(Figure 2).

Figure
2:

N
J

dendrogram
show

ing
the

largesttransm
ission

cluster.
M

R
SA

(m
ecA

+)
and

M
SSA

(m
ecA

-)
isolates

are
colored

blue
and

red,
respectively.

The
3

M
R

SA
isolates

previously
identified

as
M

SSA
are

m
arked

w
ith

an
asterisk.

Figure
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dendrogram
show

ing
the

distribution
of

m
ecA
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ong

allprocessed
isolates.m

ecA
+

isolates
are

colored
blue

and
m

ecA
-isolates

are
colored

red.m
ecA

+
isolates

are
found

m
ostly

w
ithin

ST22-group.
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M
ethods

•
All publicly-deposited readsets

(n = 369, as of April 2023)
from

 tw
o published studies [3, 4] w

hich collected M
R

SA and
M

SSA isolates in tandem
 w

ithin the sam
e acute hospital

betw
een M

ay 2017 and M
arch 2019 w

ere processed through
the G

enpax analysis pipeline. This included SN
P-resolution

strain identification and gene detection (w
hich assigns gene

detection confidence and identifies putative degeneracy).
•

Isolates w
hich m

et inclusion criteria (107/111 previously 
identified as M

R
SA and 243/258 previously identified as

M
SSA using screening m

ethods including EU
C

AST
susceptibility testing and PC

R
) w

ere screened fo r
m

ecA
/m

ecC
and m

upA
/m

upB.
•

The genes lukS
-P

V
 / lukF-P

V
(PVL), tsst-1, eta, etb, etd

and 
ete

w
ere also screened for as they are im

portant for the
clinical m

anagem
ent of S

. aureus.
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INTRODUCTION TO THE FOLLOWING HEALTH ECONOMICS PAPER 
A clinical genomics solution must provide an increase in patient and public safety with improved 
patient care and improved management of healthcare resources, while also being economically 
viable. Several previous publications indicate that this is the case for proactive clinical genomics for 
IPC. (These are cited in the following paper.) 

However, these papers do not always include all attributable costs of sequencing, analysis, staffing 
and other infrastructure costs, and others are dated or don't work with the most current 
epidemiological information or a more limited set of species. This new analysis draws upon the best 
of this previous work, updates it, addresses a core set of healthcare-associated hospital-acquired 
AMR priority pathogens, using inclusive current real world costs, and a  best-available set of 
epidemiological information. The publication also makes its model available in an Excel format to 
enable local hospitals or others to modify it to generate locally informed versions and ongoing 
updates. Key findings of this modelling include: 

Addressing NHS England as an example:
o it would be possible to save over 70,000 bed days per year, which is the equivalent

of building and fully equipping and staffing a new 200-bed hospital with full
occupancy

o it is possible to prevent more than 1,200 avoidable hospital care associated deaths;
representing 10-20% of estimated avoidable hospital deaths per year

o it is possible to save at least £480 million per year in avoidable costs
There is no economic obstacle to adoption, because the savings to hospitals and healthcare
delivery systems are considerably greater than the costs of adopting and delivering
proactive bacterial genomics surveillance for IPC.
Improved patient safety and actions to contain and prevent the spread of AMR within the
hospital can be achieved at negative costs.
The hospital-level costs savings are dominated by improved use of healthcare resources,
such that large savings remain with wide variations in the costs of sequencing and analysis.
Larger savings and proportionate returns on investment are available in the US than the UK

The only remaining obstacles to adoption are sequencing, which is now available in-house to any 
modern laboratory capable of typical microbiology and pathology services or through external 
services, and the expertise and resources that are required for analysis and interpretation that are 
now openly available from Genpax. 

Finally, it should be noted that these models are intentionally conservative. They do not include 
savings from other activities such as combined environmental, healthcare worker, and pre-
admission screening; the additional benefits of addressing non-AMR/antibiotic sensitive strains with 
similar transmission mechanisms and clinical consequences (e.g. MSSA which has a 20 to 30% 
mortality); nor additional species. They also do not include costs associated with exceptional 
responses such as ward closure, rebuild and refits, equipment replacement, insurance company 
non-payment or claw-backs, or legal liabilities for hospital transmitted infections. Nor the savings 
from avoidable responses to ‘non-outbreaks’ that suspected on epidemiological grounds are caused 
by strains are unrelated and not connected, or being able to demonstrate that infections were not 
caused by hospital-associated strains. 
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Previously, scalability challenges of high-resolution analyses using SNVs, or SNV with other 
differences (e.g. indels, recombination), meant that detailed analysis for outbreak detection 
and investigation either had to address only small numbers of isolates, be periodically 
consolidated in major centres, or had to be preceded by an initial low-resolution but 
practically more deliverable step. Commonly this is a form of Sequence Typing (MLST, 
cgMSLT/cgST, or wgMLST). After this, strains of the same type or with a certain range of 
differences are selected for more detailed analysis of some kind. cgST has recognized 
limitations, as do the minimum spanning trees generated from it. But it has higher 
resolution than MLST, and can group strains into smaller and more analyzable groups for 
subsequent investigation. Although this can still present a scaling challenge to compare 
strains beyond limited time-frames or geographies, especially for the most clinically 
important and common clones.

Because cgST correlates well with other phylogenomic information in population-scale 
studies when compared to findings using more detailed analyses, it has been assumed 
that it will perform reliably and sensitively in selecting the strains that are potentially 
parts of outbreaks and transmission-linked clusters. However, the nature and scale of 
differences spanning populations does not necessarily reflect performance in 
distinguishing more closely related strains, with a method that is reported to generate 
slightly different results when using different assemblers, less than 40x coverage, and 
varied addressed alleles, even when reanalyzing the same sequencing files (e.g. Abdel-Glil 
et al. J. Clin Micro, 2022). However, because cgST when used in clinical and epidemiology 
studies is  used as a pre-selection step, this assumption is not normally tested because 
ungrouped strains are not compared in detail.

The resources within IDEM perform analysis in detail throughout. Further, because it is a 
natural-reference free solution, the results remain fully comparable because they are 
not divided into groups that have been analyzed using different references, or 
references with different degrees of divergence from analyzed isolates. This enables 
the performance of cgST in the identification of putative outbreak members and 
transmission-linked isolates to be assessed.

Such an analysis has been performed using and comparing findings to the results of two 
large published studies of Campylobacter species. One of C. jejuni, the other of C. coli. 
This genus illustrates several challenges for WGS analysis, because it undergoes 
relatively frequent recombination resulting in a panmictic population structure. This means 
that defining genes and alleles may be difficult using the search methods used in cgST 
(BLAST), and that it is difficult (perhaps impossible) to establish a consistent set of 
good quality reference genomes. The analysis methods used within IDEM are natural 
reference free, and overcome these barriers. Thereby enabling a test of the performance 
of cgST in these species. The findings have potential implications not only for analyses 
performed solely using cgST, but also for all pipelines that use it as a preliminary step.
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Introduction 
• Campylobacteriosis, the leading cause of gastrointestinal disease in the EU, 

is primarily caused by two species: Campylobacter jejuni and Campylobacter 
coli.

• Correct detection of outbreaks is key to infection control. 
• MLST and cgMLST are commonly used to identify clusters for further 

analysis. 
• Here, we assess their performance against an openly scalable solution 

comparing strains at SNV resolution to determine their sensitivity and 
specificity for likely transmission-linked strains, using data from two recent 
publications. (Hsu et al., Harrison et al.)

K. Jackowska 1, D. Frampton 1, J.F. Peden 1, N.J. Saunders 1. 1Genpax - London (United Kingdom)
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Limitations of sequence typing for isolate inclusion in outbreak 
investigations

Methods
• In total, 3762 readsets were processed 

through the Genpax IDEM platform.
• All pairwise SNP distances for 844 C. jejuni 

and 2918 C. coli isolates were 
determined using the platform. 

• Allele difference groups, as well as cgST
and MLST were defined and derived for 
each sample in the two publications.
(Hsu et al., Harrison et al.) 

• The results were combined and compared.
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Results - Overview
• Of the pairs which were linked by IDEM at a distance of ≤10 SNV, 80/318 

(25%) of C. jejuni and 1374/2920 (47%) of C. coli isolate pairs were not 
clustered by cgMLST at an allelic difference of 10 (AD10); representing 
thresholds used for outbreak detection. 

• Using a higher threshold of AD25, a portion (21/318 (7%)) of the ≤10 SNP C.
jejuni isolates remained ungrouped. 

• Strikingly, 4/39 (10%) C. jejuni and 47/117 (40%) C. coli 0-SNV isolates are 
also not grouped at AD10. 

• Examination of reported sequence types (ST) showed that 11/318 (3%) of C.
jejuni and 200/2920 (7%) C. coli sample pairs were identified as different 
sequence types (STs) while differing by ≤ 10 SNVs. 

• In contrast, samples belonging to the same ST had a median pairwise SNV
distance of 568 (IQR: 75-1961) for C. jejuni and 95 (IQR: 66-153) for C. coli
respectively.

Campylobacter coli results

Conclusions
• Both MLST and cgMLST under- and over-predict sample linkage in both published

studies (generate both false negative and false positive results). 
• Across the two studies, 211 pairs of isolates ≤10 SNV distance identified by IDEM 

do not share the same sequence type (ST) and 1466 pairs do not share the same
cgMLST cluster at AD10, which would normally exclude them from being 
identified as potential members of outbreaks and subsequent more detailed 
comparisons and analysis.

• In addition, of the 6% of isolate pairs identified as the same ST 
(300959/4514920), only 1% (3039) fall within a distance of 10 SNVs. The majority 
(99%) of same ST pairs have a greater SNV distance than would normally be 
considered to indicate outbreak / transmission connection.

• This performance indicates that Sequence Typing (MLST or cgMLST/cgST) is not an 
optimal first stage analysis for the detection and investigation of transmission-
linked strains and outbreaks in these species.

• This may reflect the combined effects of issues inherent to the underlying 
methodology in the context of the highly recombining and panmictic nature of 
the genus. Similar analyses seem warranted in other species.

Campylobacter jejuni results

Poster No. P2151 
Date: 27/04/2024
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Figure 1. Distribution of cgST/AD/MLST pairs 
at each SNV distance threshold for C. jejuni

Figure 2. Percentage of pairs at each SNV distance threshold 
that have the same cgST/AD/MLST classification for C. jejuni

Figure 3. Distribution of AD/MLAST pairs 
at each SNV distance threshold for C. coli

Figure 4. Percentage of pairs at each SNV distance threshold 
that have the same AD/MLST classification for C. coli
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Listeria monocytogenes often causes prolonged and dispersed outbreaks with small 
numbers of differentiating differences from which to infer sources and transmission. The 
ability of the IDEM natural reference-free analysis to connect strains from multiple 
centres and studies has been presented previously (vida supra). The performance within 
the detail of outbreak analysis is equally important, to enable rapid detection and 
effective responses to outbreaks. Also, the precision of the IDEM analysis should enable 
more rapid and definitive decision making when using information from fewer strains and 
responses earlier in outbreak situations. To assess this, a reanalysis of an intensively 
studied and published outbreak is presented.

Outbreak of Listeria monocytogenes in enoki mushrooms from 
South Korea: Comparison of reference-independent SNP-resolution 
genome comparison tool with existing retrospective methods
G. R. Russell, L. Montemayor, G. Linsmith, D. Frampton, J. Peden, N. Saunders; Genpax, 
London, United Kingdom

Intro: Enoki mushrooms from a manufacturer in South Korea have been identified as the 
cause of an outbreak spanning 5 years (2016-2020) and multiple countries (US, Canada, 
France, and Australia). Identification of these listeriosis cases within nationally agreed wg/
cgMLST thresholds prompted extensive investigations by public health authorities to 
determine the possible source. L. monocytogenes is linked to high hospitalization and 
mortality, and its distribution is linked to food distribution networks, thus requiring 
multinational cooperation. L. monocytogenes has a population structure with diverse clonal 
lineages usually analyzed with a single reference strain. This prevents optimal SNP analysis 
for strains in all lineages. Objective: To assess the Genpax IDEM platform in comparison 
with an existing method in a previously investigated L. monocytogenes outbreak. Methods: 72 
publicly deposited sequences published by Pereira et al. 2023 were re-analyzed using the 
reference-independent SNP-level resolution Genpax IDEM platform, and the resultant 
relationships determined and compared with those from the original study. 
Results: Dendrogram structures show largely congruent clustering of samples with 
few key differences, demonstrating the ability of the automated IDEM resource to 
generate similar results to previous carefully curated analysis. We were able to validate 
SNP differences identified in samples pairs that were previously identified as being 0 
SNPs; as well as validating 0 distance sample pairs common to both sets of analysis. 
We demonstrated a more plausible transmission path for this outbreak within one of the 
identified clades, with a South Korean enoki mushroom sample basal to the clade. A 
feature of the Genpax IDEM pipeline is that it allows the direction of transmission to 
be ascertained, even for small numbers of isolates. Conclusion: This outbreak shows that 
multinational supply chains have many challenges associated with them when trying to 
ensure safe practices as a single supplier can cause outbreaks in multiple countries. The 
ability of the Genpax IDEM platform to compare samples to those previously 
analyzed is of great importance for L. monocytogenes, as it allows rolling and 
preventative surveillance consistent with current best standard methods to look 
retrospectively at an outbreak and removes the requirement for reference-choice. This 
level of resolution corroborates earlier results of the Genpax IDEM platform, including a S. 
aureus ring trial where 0 SNP pairs consistent with replicate groups were found.

References:
Pereira E, et al., 2023. Multinational Outbreak of Listeria monocytogenes Infections Linked to Enoki 
Mushrooms Imported from the Republic of Korea 2016-2020. Journal of Food Protection, 86(7),p.100101.
Littlefair JC, et al., Calling Zero: A new foundation for diagnostic bacterial genomics. ECCMID, 2022. 



Transformative differences to practice enabled by Genpax IDEM 

 

Current use of WGS-based genomics is largely limited to the investigation of otherwise suspected 
outbreak-associated isolates. It has a reactive and remediation function, but it is not primarily a 
detection and prevention resource. In the rare settings where it is currently used proactively, it is 
typically limited to low resolution analysis (e.g. cgMLST), followed by later detailed analyses of selected 
strains; or to limited sampling space and time-windows to limit the number of strains compared 
(normally to not more than 50-100). This is because of multiple factors, and requires local expert teams, 
all of which are overcome by the Genpax IDEM solution. 

Using IDEM information from proactive sequencing of targeted pathogens can identify transmission-
connected infections, outbreak clusters, and for tracking and source identification, that can be 
augmented by environmental surveillance. Enabling rapid responses, without depending upon other 
indicators, to contain high-risk strains within hospital and other healthcare environments. It can also 
identify sites with more transmissible, virulent, and resistant strains for targeted containment, pre-
admission screening, and follow-up interventions. 

By detecting otherwise unrecognized connections between infections early, from the second isolate of a 
strain transmitted or acquired in the hospital, or even the first isolate of a strain identified as high risk, 
IPC responses can be targeted to prevent onward transmission and reduce the size of outbreaks and 
the number of healthcare-associated infections that occur. This will result in smaller outbreaks, fewer 
outbreaks, more rapid detection and remediation of routes and sources of transmission, and greater 
protection of both patients and staff from emergent pathogens. Thus, protecting patient safety, the 
biosecurity of hospital environments, and reducing direct and indirect costs of care, that conservative 
models show cover the costs of WGS-led rapid surveillance many times over. 

Due to its open scalability, the more surveillance data collected within IDEM, from patients of the 
environment, the more informed the IPC team becomes, and with it their ability to rapidly deliver 
effective interventions and identify sources. Thereby, protecting both patients and the hospital from the 
ever-increasing biosecurity challenges of more resistant and virulent healthcare adapted strains. The 
new paradigm being maximal immediate patient prevention, coupled with the creation and maintenance 
of the safest possible healthcare environment, though new IPC capabilities enabled by proactive 
pathogen sequencing, analyzed and connected through IDEM. 

So what? 

Smaller outbreaks
Fewer outbreaks

Better infection prevention
Improved patient safety

Improved hospital reputation and IPC practices
Saves money while saving lives
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IPC resources are limited and must be used with maximum efficiency to protect the patients and 
hospital environments from highly transmissible, virulent, and resistant strains. Being able to 
distinguish outbreaks from non-outbreaks and to know which infection and colonizations are 
transmission-linked or not is fundamental to infection prevention. The pursuit of connections between 
patients with infections that are not linked, and the institution of control measures for coincidental 
but not connected similar infections, consumes limited resources and distracts IPC teams from 
investigating genuinely linked infections, and confuses those investigations. Meanwhile professional 
medical practice requires precautions and actions to address possible risks to patients, so recognizing 
unconnected cases is important. 

Analysis in IDEM provides pre-emptive information. A team can see whether a C. difficile isolate is 
part of the hospital associated strains, or one that was imported by the patient; and costly cohorting 
and outbreak response meetings and actions avoided. When increased incidence of infections are 
noted, the proactively sequenced isolated information can be used to determine whether there is an 
outbreak, and which isolates are members of which part of coincident outbreaks. This latter issue is 
greatest relevance to early stage adopters in which multiple long-standing hospital-associated 
outbreaks often coexist. 

Examples in early users of IDEM have already illustrated situations in which non-outbreaks have 
been rapidly recognized, allowing IPC teams not to spend resources inappropriately and to focus upon 
other impactful activities. Substantial IPC resources can be wasted investigating non-outbreak strains, 
where IDEM would enable more correctly targeted and effective responses. And, IDEM consistently 
identfies multiple transmission-linked clusters of only 2 or 3 isolates that would otherwise not have 
been recognized at all due to not being alert organisms, and therefore not being on the 'radar'. 

So what? 

Cost savings from avoiding unnecessary IPC meetings, interventions pending investigations,
and precautionary ward closures for non-outbreaks.
More effective IPC from better and more detailed information on connected strains and
transmission chains
More effective IPC from reducing time investigating non-outbreaks, freeing time to focus
upon real outbreaks and transmission events and other prevention-focused activities.
Defensible positions with patients demonstrably infected by patient-linked, rather than
hospital associated strains
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IDEM is not genomics only for the bioinformaticians, report-focused epidemiologists, and 
academics. IDEM is about optimized genomics presented directly to those who can act on it to 
improve patient and public safety in a way that can be easily understood; which means the Infection 
Prevention and Control teams, and the patient-facing clinical staff. Batch and QC reports are 
generated  for the sequencing laboratory to ensure that the data generated is of consistently high 
quality and for any issues to be quickly addressed. An individual sample report is also generated for 
record keeping. But, the most important report is an interactive, continuously updated, easy to 
access, interpret, and interrogate resource for front-line clinicians. 

The IPC reporting system enables the IPC team, from the nurses and infectious disease physicians, to 
the Director of Infection Prevention and Control (and equivalents) to access and act upon the 
information as soon as the sequencing data has been analyzed and integrated. (Typically within 2 
hours of a sequencing run being completed, or first thing in the morning if a run has completed 
during the night.) There are no delays or intermediate interpretations between the frontline patient-
facing teams and the results of the sequencing analysis. With minimal induction training, any user 
with a professional understanding of infection prevention and control has direct access to the usable 
information, and is empowered to act upon it. No long per-sample multiple page pdf reports from 
multiple samples to work through, no large tables of information that doesn’t impact clinical 
decision making, no periodic data consolidation. Just simple, focused, clearly communicated 
information in a format tailored for the people who need it that highlights connected strains and 
potential outbreak clusters. It also provides access to other findings of relevance to IPC and 
containment of more hazardous or resistant isolates such as resistance and virulence genes. 

So what? 

The information gets directly to the people who need it, not delayed or stuck in the lab
Patient-focused responses are enabled more quickly
Fewer and smaller outbreaks
Improved patient care and safety
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No more waiting for periodic consolidation of data. All strains with evidence of outbreak- and/or 
transmission-connections are immediately detected and accessible though IDEM. Within a target 
turnaround time of under 2 hours from receipt of the FASTQ (the file from the DNA sequencer). 

IDEM does not use a Sequence Typing step, thereby avoiding associated errors, avoiding missing 
some outbreak members, and putting strains into groups that are too large for optimal detailed 
scalable analyses. The IDEM pipeline is also natural reference-free, meaning that all strains are 
comparable at the same high-resolution regardless of reference sequence availability or quality; and 
that all strains are comparable and connectable with an optimum high-resolution analysis. Thereby 
avoiding missing outbreak members by separating them prior to detailed comparisons or using 
difference references. Thus, all sequenced isolates are directly compared in a system that is 
continuously updated to detect transmission connections and determine relationships in real clinical 
time. 

Once weekly, or other periodic consolidation (as is typically practiced in reference laboratories, and 
other settings) is no longer necessary to identify connections. Previously a slow and 
computationally intensive costly process that could not reasonably be performed on a rolling basis 
for every newly sequenced isolate, this is now integrated into the core analysis process. Thus a 
delay associated with the final stage of analysis when addressing larger numbers of isolates in detail 
of 1 to 7 days, or more, is avoided in recognition and response times; and the actionable information 
can be obtained in close to the time it takes to isolate and sequence the DNA. 

So what? 

Surveillance in healthcare can operate over longer time periods, necessary to detect some
outbreaks linked to the environment, healthcare workers, or patient re-admissions
Critical information for public health responses available more quickly
No consolidation delays with public health teams able to respond on a rolling basis, rather
than following periodic updates
Can be used to connect data between labs, enabling wider connected surveillance and closer
to isolation laboratory sequencing
Faster responses in pathogen eradication programs, such as for M. tuberculosis
Connection possible between all historic, surveillance, and clinical samples with ability to
look over multiple years and origins
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