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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.
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A novel multi-scale outbreak detection and strain identification capability for genome 
sequence-based infection control: an MRSA example
J.C. Littlefair, B.J. Uttley, D. Frampton, J.F. Peden, and Nigel J. Saunders
Materials from oral presentation at ASM Microbe 22

Abstract: The exclusion (as well as inclusion) of strains is vital for outbreak investigation and 
infection prevention and control of healthcare-associated infection, for both health resource 
management and patient-care. Current genome-sequence based diagnostics strategies have 
limitations in their analytical capabilities and scalability which restrict their utility for proactive 
diagnostic surveillance and to direct real-time infection control.

MLST is of limited value in the context of dominant epidemic or more virulent clones; such as 
MRSA where up to 90% of isolates fall into a small number of common STs. High-resolution SNP-
based analysis can be pursued when there is an appropriate reference genome, but the greater 
the diversity between the sample and reference genome the lower the coverage, resolution, and 
accuracy. Further, the similarity of members of clonal clusters within hospital and surrounding 
community and health-care environments can be high. Thus, the detection and differentiation of 
hospital-associated acquisition and transmission from strains entering the hospital is non-trivial 
and requires improved sequence analysis to resolve.

GenPAx has developed a novel analysis pipeline that can perform multi-scale analysis for both 
outbreak detection and high-resolution determination of strain identity and relatedness (and 
implied transmission connections). This can be run without prior knowledge of potential outbreaks 
or associated strains and can detect single instances of known high-virulence and highly-resistant 
clones.

Using a well-established dataset of over 600 London-based MRSA we achieved clearly higher 
resolution and improved determination of connected isolates than using traditional methods: the 
number of sites used for identification within the study was more than doubled, and the dynamic 
range of differences and resolution of associated strains was greatly increased. While highly similar 
strains some with less than 10 nt difference were still identified, other previously linked strains 
became clearly separated, indicating that the number and size of hospital and health-care 
associated cross-infections was substantially lower than previously thought. There was also a 
better match between the size of the largest cluster and the number of epidemiologically 
determined interactions.

Thus, we have shown that this next generation of bacterial genomics resources can substantially 
increase the future diagnostic utility of genome sequencing for hospital infection control.

The first implementation of a novel multi-
scale solution can analyze, connect, and 
compare diverse strains with a natural 
reference-free solution. A solution that 
works across a whole population with 
preserved resolution, while clearly linking 
isolates within outbreaks with divergent or 
no Sequence Type designations.



A unique multiscale detailed analysis that 
does not lose resolution when addressing 
larger numbers of strains. More than 
doubling the strain defining information at 
around 700 strains, and maintaining 
sequence addressed; illustrated by 
extending analysis to nearly 3000 strains.

Large scale analysis led to the discovery of 
local healthcare microbiomes that mean 
that thresholds for the detection and 
discrimination must be re-defined in this 
context. Because outbreaks are occurring in 
a background of highly similar unlinked 
locally circulating strains.

Thresholds for detection and separation of 
outbreaks need to be lower than previously 
reported (with this analysis, around 15 
SNVs), meaning that discrimination of 
outbreaks is compromised by the noise/error 
rates using other methods. The London study 
reported more outbreaks in their publication 
than had actually occured.

Reanalysis of the largest outbreak identified 
four previously missed cases, and more than 
doubled the resolution for the identification 
of transmission chains (middle). A later 2022 
prototype that was not ready for presentation 
but was referred to with further resolution 
(right) is also shown here.

• A minimally reducing SNP-level multiscale ‘direct to identity’ analysis is possible, 
addressing more genome content than cg/wgMLST or wgSNP

• In this analysis of 679 strains with an S. aureus prototype, a >2-fold increase in
informative SNPs was achieved, coupled with noise reduction

• Broader comparisons identified local healthcare microbiomes, and these and the
diversity of same-patient isolates informed the selection of thresholds for identifying
probably connected strains (15 SNPs)

• Reanalysis resulted in BOTH recognizing that some previously suggested clusters were
probably not connected strains AND that strains had been wrongly omitted from some
true clusters

• The greater information accessible can be used to structure clusters to assist and
improve outbreak investigation by infection control

• The ‘each against all’ capability of this analysis at scale enables this strategy to be
applied to proactive surveillance and outbreak detection, in addition to confirmation
and investigation of suspected clusters



    

 

 

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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•
Analyzing highly recom

binogenic species w
ith panm

ictic
populations poses challenges for w

hole genom
e sequence

analysis due to the absence of reference genom
es for

accurate strain analysis and generation of universally
applicable and com

parable results.
•

This m
eans that analysis of these species is often lim

ited to
Sequence Typing m

ethods that have sub-optim
al resoluti on

and provide poor source-attribution and inferred transm
ission

inform
ation.

•
C

am
pylobacter jejuniexem

plifies this issue, as outbreaks can
be spread through food distribution netw

orks, resulting in
transm

ission-linked isolates being potentially distribut ed
across different laboratories.

•
The objective w

as to evaluate the perform
ance of G

enpax's
W

G
S analysis pipeline by applying it to sequence data from

Pascoe’s study [1] and com
pare the results.

•
This study w

as selected because of its clearly defined
transfer history of strains, low

 SN
P differences, but counter-

intuitive findings w
ith respect to history and rates of 

evolutionary change -even w
hen using a close to optim

al
W

G
S analysis strategy w

ith a w
ell established highly sim

ilar
ancest ral reference genom

e.
•

It also presents a w
ell controlled and docum

ented sim
ulation

of the processes that occur in the context of a clinical
outbreak, in w

hich m
utations are tracked to determ

ine strain 
identity, and to infer transm

ission. It also represents a
stringent test against w

hich to com
pare a reference-

independent analysis.

K
arolina Jackow

ska, D
an Fram

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

enpax, London, U
nited Kingdom

Reference-free W
GS SN

P-resolution analysis of Cam
pylobacter jejuni

•
G

enom
e-w

ide SN
Ps for the 22 publicly available C

. jejuni

strain 11168 derivative isolates from
 various U

K laboratories

w
ere called using the G

enpax pipeline. 

•
All m

etadata w
as taken from

 the Pascoe study [1]. 

•
D

endrogram
s w

ere created using a neighbour-joining

m
ethod [2].

•
M

issing data w
as excluded from

 further analysis.
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ize the usefulness of bacterial 

genom
e sequences in infection 

prevention and control.
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•
R

esults w
ere obtained addressing an average of 1.38 M

bp
of C

. jejuni, equivalent to 85.3%
 of the

published genom
e.

•
The AL11168.1 sequence w

hich is the closest to the original isolate is clearly ancestral, as it should 
be, unlike in the original analysis.

•
The strains strongly correlate w

ith the sources and laboratories betw
een w

hich they w
e re

circulated, unlike in the original analysis.

•
G

enom
e-w

ide SN
P analysis identified an average of 9 SN

P differences to the reference
(AL11168.1) per sam

ple; in contrast to 29 SN
P differences in the Pascoe et al.(2019) study.

•
Tw

o 0-SN
P distance

clusters w
ere identified, totaling 12 of the 22 sam

ples, of 5 and 7 m
em

bers
that are separated by 3 SN

Ps.

Table 2:M
etadata table from

 the Pascoe study [1]. 
London sourced sam

ples cluster together and 
N

C
TC

 sourced sam
ples cluster together (w

ith the 
exception ofisolate 5). Full table available in the 
Pascoe study.

Figure 1:Phylogenetic tree from
 Pascoe 

et al. (2019), created using m
axim

um
-

likelihood. Phylogeny w
as reconstructed 

in FastTree2 w
ith the generalized tim

e 
reversible substitution m

odel. 

Table 1: A) SN
P distance m

atrix show
ing the pairw

ise com
parisons betw

een sam
ples from

 Pascoe 
et al. (2019). B) SN

P distance m
atrix show

ing pairw
ise com

parisons betw
een sam

ples using the 
G

enpax pipeline.   

•
Phylogenetic trees reflect and are consistent w

ith the 
relationship betw

een the 23 isolates in term
s of their

know
n origin and distribution histories and can be

used to trace the transfer of sam
ples across different

locations (See Figure 1 and Table 2).
•

M
atrices show

 a significant reduction in pairw
ise SN

P
differences. The G

enpax m
ethod exhibits reduced

noise, as w
ell as enhanced resolution and sensitivity.

•
N

C
TC

 sourced sam
ples tend to cluster together. This

is also the case for London sourced sam
ples.
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Figure 2:Phylogenetic tree created using 
reanalyzed data from

 the G
enpax 

pipeline. Tw
o near 0-distance clusters are 

visualized
. 

•
The re-analysis generates an inferred set of relationships that is m

ore
parsim

onious w
ith respect to both the ancestral strain, and the pattern of

distribution of strains betw
een laboratories.

•
The re-analysis does not confirm

 the original conclusions as to the substantial
diversity and non-com

parability of studies conducted in different laborat ories
using derivatives of C

. jejunistrain 11168.

•
The G

enpax m
ethod show

s increased sensitivity and decreased noise com
pared

to previous analyses, and m
ore accurate SN

P-calling enables better
identification and near-distance determ

ination betw
een isolates and the

relationships betw
een them

, thereby enabling detection and definition of 
transm

ission and outbreaks in future applications.

•
These results strongly validate the accuracy, resolution, and perform

ance of a
ref erence-free W

G
S analysis that is applicable to any strain, w

hen m
easured

against the perform
ance of established m

ethods w
ith an ideal reference genom

e.
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3.R
esults

Using IDEM
, the m

edian am
ount of each input genom

e analyzed w
as 2,420,186 bp. There are 119 variant sites identified 

in this outbreak, consisting of 117 SNVs and 2 recom
bination events, and the 72 sam

ples in this study w
ere all w

ithin 19 
SNVs of each other.

Congruence: Com
parison of the dendrogram

s show
s broadly congruent relationship structures, as determ

ined by IDEM
 

and the original CDC analyses. There is consistent clustering dow
n to sm

all pairs and groups (dem
onstrated by pairs 1-4 

and highlighted boxes in Fig 1 &
 Fig 2). As a result, w

e infer sim
ilar outcom

es in term
s of transm

ission chain, 
corroborating the original CDC results.

0 distance pairs: The original CDC analysis reported four 0-distance pairs. Pairs 1,2 and 3 (Fig 2) w
ere corroborated by 

our analysis. Tw
o SNVs (separately verified w

ith high confidence) w
ere identified betw

een the sam
ples in pair 4 

(PNUSAL003927, CFIAFB20200090).

Indels: The robust determ
ination of sm

all indels is recognized to be analytically challenging. How
ever, w

e have found 
(and verified) that indel analysis provides additional resolution in this outbreak dataset (results not show

n).

G
eorgina R

. R
ussell, Luis F. M

ontem
ayor, John F. Peden, N

igel J. Saunders: G
enpax,London, U

nited Kingdom

1.Introduction
Listeria m

onocytogenes is a foodborne pathogen and the causative agent of listeriosis: an infection that is often self-
lim

iting but w
hen clinically significant is associated w

ith high hospitalization and m
ortality rates. As such, it is a priority 

pathogen for public health surveillance and food safety.

Listeriosis cases w
ithin nationally agreed w

gM
LST

thresholds are considered as potentially representing a single outbreak 
and prom

pt investigations by public health authorities. These thresholds vary betw
een country e.g. 25 alleles in the USA 

and 10 in Canada.

Betw
een 2016 and 2020 an outbreak of Listeriosis spanned m

ultiple countries (US, Canada, France and Australia) and the 
source w

as determ
ined to be L. m

onocytogenesfrom
 enoki m

ushroom
s from

 a m
anufacturer in South Korea.

L. m
onocytogeneshas a diverse clonal population structure w

ith lineage specific differences but is typically analyzed
w

ith 
a  single com

m
on reference strain. This can result in varying quality of analysis of outbreaks depending upon their 

sim
ilarity in sequence content, depending upon lineage.

O
bjectives: To assess the results of using the IDEM

 that uses a reference-independent solution that is applicable to all 
strains, com

pared to the published findings of the expert group at CDC using gold standard m
ethods in a L. 

m
onocytogenesoutbreak. To

dem
onstrate the im

provem
ent in resolution possible through adding supplem

entary variant 
events (indels) w

ith prototype m
ethods for release in an upcom

ing version of the platform
.

2.M
ethods

Read sets data (n=72) w
ere gathered for analysis from

 the original study by the CDC. These w
ere analyzed

using the 
IDEM

 platform
: a reference-independentSNV-level resolution tool currently available from

 Genpax. Analysis using IDEM
 

generates continuously updated results, w
ith the addition of new

 to existing isolate relationships w
ith full SNV plus 

recom
bination event resolution w

ithin tw
o hours of upload of a FASTQ

.

Dendrogram
s w

ere generated outside of the platform
 to generate readily com

parable illustrations for this presentation. 
Using in-house tools, SNVs, com

plex events including recom
bination, and indels w

ere independently verified to address 
events and differences identified betw

een the new
 and previous analyses.

R
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Fig 1
M

axim
um

-likelihood phylogenetic tree from
 Pereira et al., 2023. Boxes indicate 

clusters of interest. Text color indicates source, blue: food sam
ple, red: clinical 

sam
ple.

Fig 2
Dendrogram

 produced using the current Genpax m
ethod available in IDEM

 
(SNVs only). Boxes indicate cluster of interest. M

etadata data and tip colors 
from

 Pereira et al., 2023 to m
atch Fig 1.
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G
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pany developing novel 
solutions that overcom

e the 
lim

itations of established analysis 
strategies to m

axim
ize the 

usefulness of bacterial genom
e 

sequences in infection prevention 
and control.

5.C
onclusions

The IDEM
 platform

 m
ethodologies dem

onstrated at least equivalent perform
ance to gold standard expert analysis. This 

platform
 enables prospective detection and continuously updated analysis of ongoing outbreaks, w

ith reduced analysis 
tim

e and high resolution. This m
ethodology m

atched reference-based perform
ance w

hile being applicable to all strains in 
the species (separately dem

onstrated). Based on com
parable branch length w

e can infer that the Genpax m
ethod has 

identified the SNVs previously reported, w
hile perform

ing filtering, and additionally identifying tw
o recom

bination events.

W
e have found that the inclusion of indels provides additional resolution and structural inform

ation useful for transm
ission 

inference. 
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•

C
.

difficile
is

an
im

portant
cause

of
healthcare

associated
infections,

w
ith

high
prevalence

in
the

U
S,

and
rising

prevalence
in

the
U

K
and

elsew
here

[1].
Partly

related
to

dem
ographic

change,
but

also
due

to
currently

undefined
factors,som

e
clinically

im
portantclones

also
exhibitresistance

to
established

treatm
ents.

Ithas
a

highly
diverse

clonalpopulation
structure,thatin

som
e

parts
are

m
ore

different
than

is
generally

considered
to

be
a

single
species,and

as
a

species
italso

exhibits
substantialand

relatively
frequent

recom
bination.

This
challenges

traditional
reference

genom
e

solutions.Sequence
Typing

(M
LST,cgM

LST,
w

gM
LST)

lacks
the

resolution
needed

for
precise

outbreak
detection,

transm
ission-inference

and
strain

differentiation,
especially

in
a

species
in

w
hich

rates
of

diversification
are

currently
considered

to
be

low
er

than
w

ith
others.

R
ecom

bination
in

this
species

can
also

lead
to

conflicting
findings

w
hen

using
different

sequencing-based
m

ethodologies,depending
upon

the
extentofSequence

Typing
com

ponents
thatlie

w
ithin

recom
bined

regions.

These
species-specific

issues
m

ay
be

one
contributory

reason
forthe

persistence
ofC

E-ribotyping
forthis

species,w
hen

W
G

S
is

becom
ing

m
ore

w
idely

used
for

others,
even

though
this

typing
system

uses
the

size
ofonly

7
am

plified
productpeaks

and
does

not
differentiate

detailed
isolate

relationships
w

ithin
recurrentclinically

im
portantribotypes.

O
bjective:

To
test

a
reference-free

w
hole

genom
e

SN
P

analysis
for

C
.

difficile
and

com
pare

its
perform

ance
against

published
studies.

A
nastasia Pivnyuk, D

an Fram
pton, John F. Peden, & N

igel J. Saunders: G
enpax, London, U

nited Kingdom

Precision O
utbreak Surveillance of C

lostridioides
difficile

Through R
eference-free W

G
S SN

P-resolution A
nalysis

R
eferences

1.Lessa, F. C., et al. (2015). Burden of Clostridium
 difficile infection in the United States. New

 England Journal of M
edicine,372(9), 825-

834.
2.Knight, D. R., et al. (2023). Genom

ic epidem
iology and transm

ission dynam
ics of recurrent Clostridioidesdifficile infection in W

estern 
Australia. European Journal of Clinical M

icrobiology &
 Infectious Diseases, 42, 607-619.

3.Knight, D. R., et al. (2017). Genom
e Analysis of Clostridium

 difficile PCR Ribotype
014 Lineage in Australian Pigs and Hum

ans Reveals a 
Diverse GeneticRepertoire and Signatures of Long-Range

Interspecies Transm
ission. Frontiers in M

icrobiology, 7, 2138.

•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 m

atched, and in som
e cases surpassed, the resolution achieved and 

reported w
ith core genom

e and w
hole genom

e SN
P approaches perform

ed by a specialist expert 
group, w

hile being deliverable through a system
 that is not dependent upon sequence typing, is 

openly scalable, and w
ith a 2-hour turnaround that can support both expert and non-expert users.

•The utilization of this innovative analysis pipeline can provide high resolution analysis that has the 
perform

ance necessary to enable real-tim
e outbreak detection and phylogenetic analysis for 

transm
ission inference in clinical settings in w

ays that are optim
al, consistent, and not strain 

dependent.

•
40

C
D

IR
T014

isolates
w

ere
assem

bled
and

m
apped

on
R

T014
reference

strain
C

D
630

•
6

clonal
groups

(C
G

1-6)
w

ith
2SN

V
in

the
w

hole
com

parable
genom

e
(w

gSN
P)

w
ith

C
G

1
corresponding

to
ST49,C

G
2

and
C

G
6

to
ST2,and

the
rem

ainderbeing
ST13

•
The G

enpax
ID

EM
 pipeline correctly identified all 6 clonal groups generating concordant results and 

detail to that generated in the original study by an expert group using a stringent analysis and a 
specifically selected local reference, w

hile using a generally applicable natural reference-free solution.

The
perform

ance
of

the
G

enpax
analysis

pipeline
w

as
evaluated

using
datasets

from
tw

o
published

studies
thatused

W
G

S
to

determ
ine

transm
ission

or
relatedness.

The
results

w
ere

com
pared

to
those

presented
in

the
originalpublications.

94 isolates from
 Knight et al. [2]

•
C

linical isolates from
 38 patients w

ith recurrent C
. 

difficile infection (rC
D

I) are taken for W
G

S over 2 years 
of surveillance (94 isolates in total)

•
Sequence Typing follow

ed by cgSN
P

using ST-m
atched 

references, using Snippy v4.6.0 follow
ed by snp-dists

v0.8.2 w
ith further cgSN

P
analysis. Study uses a 

m
ixture of ST types and R

T types
40 isolates from

 Knight et al. [3]
•

40 R
T014 isolates w

ith 16 being from
 pigs (P) and 24 

from
 hum

an patients (H
)

•
SN

V analysis using Sm
alt v0.7.6 com

pared w
ith a high 

quality R
T014 reference genom

e, m
pileup/SAM

tools, 
and a com

bination of public (VC
Ftools, SnpEFF) and 

private tools to stringently filter results.

•
-10 for reinfection.

•
In

54
outof56

distances
thatcould

be
com

pared
the

results
using

the
G

enpax
pipeline

are
concordantw

ith
the

originalpublication
to

the
extentofthe

resolutions
published.

100%
of0-2

SN
P

pairw
ise

distances
w

ere
resolved

sim
ilarly.3

outof3
transm

ission
events

w
ere

identified
correctly

(black
arrow

s
in

Fig.1)
•

In
Patient2

(P2)
there

is
a

13
SN

P
distance

betw
een

the
second

(P2_2)
isolate,and

the
first(P2_1)

and
third

(P2_3)
isolates.H

ow
ever.P2_1

and
P2_3

are
identical,and

P2_2
is

identicalto
both

Patient
6

isolates
(P6_1,

P6_2).
This

suggests
either

there
w

as
anothertransm

ission
eventthatw

as
notpreviously

recognized
and

reported
in

the
originalpublication,ora

sam
ple

sw
ap

during
data

subm
ission.

•
In Patient 28 event 3 for Patient 28 (P28) the G

enpax
ID

EM
 pipeline identified m

ore 
SN

Vs in event 3 than the original analysis (6 vs 0-2). By the studies' criteria this w
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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.)
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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
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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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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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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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Species
IDEM

 status
Acinetobacter baum

annii
Release June 24

Cam
pylobacter coli

Available
Cam

pylobacter jejuni
Available

Cam
pylobacter lari

Available
Citrobacter freundii

Release July 24
Clostridioides difficile

Available
Corynebacterium

 diphtheriae com
plex

Release July 24
Cronobacter sakazakii

Release July 24
Enterobacter asburiae

Release June 24
Enterobacter cloacae (and subspecies)

Release June 24
Enterobacter horm

aechei (and subspecies)
Release June 24

Enterobacter kobei
Release June 24

Enterobacter ludw
igii

Release June 24
Enterobacter roggenkam

pii
Release June 24

Enterococcus faecalis
Available

Enterococcus faecium
Available

Escherichia coli
Available

Haem
ophilus influenzae

Release July 24
Klebsiella aerogenes

Release July 24
Klebsiella oxytoca

Release June 24
Klebsiella pneum

oniae
Available

Klebsiella quasipneum
oniae

Available
Klebsiella variicola

Available
Legionella pneum

ophila
Release July 24

Listeria m
onocytogenes

Available
M

ycobacterium
 tuberculosis

Available
M

ycobacteroides abscessus
Release July 24

N
eisseria gonorrhoeae

Release July 24
N

eisseria lactam
ica

Release July 24
N

eisseria m
eningitidis

Release July 24
Pseudom

onas aeruginosa
Available

Salm
onella enterica

Release June 24
Serratia m

arcescens
Release June 24

Shigella boydii
Release June 24

Shigella dysenteriae
Release June 24

Shigella flexneri
Release June 24

Shigella sonnei
Release June 24

Staphylococcus aureus
Available

Staphylococcus epiderm
idis

Release July 24
Stenotrophom

onas m
altophilia

Release July 24
Streptococcus pneum

oniae
Release July 24

Vibrio cholerae
Release July 24

Species currently available
14

Species available by end of July
42

Species scheduled by end of 2024
>100
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