The peritoneal membrane:
an open window to local inflammation
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.| was terrified of the
possibility of peritonitis™

“The high possibility of infection reported amongst PD patients
was a significant factor in my decision to opt for haemaodialysis
from the outset.

“Self-testing for PD patients will be a major advantage.”
— Janet Williams — . Pl

Renal transplant patient =T /AR P4
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Diagnosis of infection largely depends
on microbiological culture results

Robert Koch
(1843-1910)




Diagnosis of infection largely depends
on microbiological culture results




Causative organism or contamination?




No growth or no infection?




Delayed antibiotic-treatment
Increases the risk of treatment failure
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In the absence of rapid and reliable diagnostics,
treatment of infections is largely empirical




,,NO patient wants to take
unnecessary drugs”

“Having to take a lot of drugs, with the side effects they give, is a
matter of concern to all patients with a long term chronic illness.”

— Gloria Owens -

Renal transplant patient N
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Can we improve
the current diagnosis
of microbial infection

in PD patients ?



Features of an ideal diagnostic test

Sensitivity and Specificity Time to Result
» Detect all true positive + Clinically relevant timeframes
* Identify true negatives « ID and AST profile
« Minimal false positive/negative * 4 hours total
Currently: 20% culture negative Currently: 2-5 days
Ease of Performance Accessibility

Comprehensive laboratory tests
Rapid screening for ED testing
Point of care for rural/remote
Acceptable cost-per-test

* No specialist training
* Minimal sample preparation
« Minimal biosafety concerns

Currently: Specialist staff in labs Currently: Laboratory tests only

Chakera et al., under review



Can we exploit the
inflammatory response
for diagnostic purposes ?



Analysis of local inflammatory biomarkers
during acute peritonitis




Analysis of local inflammmatory biomarkers
during acute peritonitis

Open “Omics” approach

Source Material Technology
- .-~ Cellular fraction Transcriptomics
:: =) (in cellular fraction mRNAs;
; QQ © X ) Detached cells in PDE mainly miRNAs
i @ @ = o available for analysis)
' @ @ { 4 Infiltrating cells

3]

Proteomics

(requires depletion of
RNA high-abundance proteins
Proteins in discovery phase)

_ Dissolved fraction

Small molecules a3 \1otabolomics

(endogenous metabolites or
nonbiological substances)

PDE biobanks

» Generation of PAMS

Aufricht et al., Kidney Int 2017



Analysis of local inflammatory biomarkers
during acute peritonitis

« 281 patients
— 169 with confirmed bacterial infection
— 30 with culture-negative peritonitis
— 82 stable controls

« Parameters measured:
— cytokines, chemokines and other immmune mediators
— microRNAs
— number, proportion and activation status of immune cells
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Local levels of cytokines and chemokines
during acute peritonitis
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Local levels of microRNAs
during acute peritonitis
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Composition of the inflammatory infiltrate
during acute peritonitis

® Stable © Gram-positive @ Gram-negative
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% CD3+ cells
expressing CD4

Composition of the inflammatory infiltrate
during acute peritonitis
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Elevated levels of peritoneal yd T cells predict
Gram-negative infections on the day of presentation
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Pattern recognition by human unconventional T cells

O=P-OH

HMB-PP

Liuzzi et al., Curr Opin Immunol 2015



The immune system responds to
pathogen-associated molecular patterns
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Liuzzi et al., Curr Opin Immunol 2015



The immune system responds to
pathogen-associated molecular patterns

Recognition

Staphylococcus aureus . . . . . No recognition

Escherichia coli . . ...



Longitudinal immune profiling of PD patients

lAcute infection

| Pre Post

No recognition of microbial pathogens,
stable populations over time

h Infection-induced accumulation at site of infection

Time >




Local enrichment of yO T cells in acute infections
caused by HMB-PP* but not HMB-PP~ organisms
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Liuzzi et al., J Immunol 2016



Unconventional T cells induce
damage of peritoneal tissue cells

i




Unconventional T cells induce
damage of peritoneal tissue cells

Liuzzi et al., J Immunol 2016



Unconventional T cell activating pathogens
are associated with worse clinical outcomes

Technique failure
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@ Gram* HMB-PP-

Enterococcus: 96
Streptococcus: 364

Gram* HMB-PP~

Staphylococcus aureus: 518
Staphylococcus, CNS: 1081

Gram* HMB-PP*

Corynebacterium: 67
Kocuria: 1
Mycobacterium: 17
Rhodococcus: 1
Rothia: 1

Liuzzi et al., J Immunol 2016

® Gram- HMB-PP*

Acinetobacter: 81
Citrobacter: 19

E. coli: 342
Enterobacter: 90
Klebsiella: 194
Neisseria: 14
Pantoea: 1
Pasteurella: 3
Proteus: 16
Pseudomonas: 189
Roseomonas: 2
Serratia: 80



The peritoneal membrane: a window to local inflammation

Gram* infection Gram- infection
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The peritoneal membrane: a window to local inflasmmation

Stable Infection
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Machine-learning algorithms enhance
the predictive power of biomarker signatures
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Cluster analysis of cellular and soluble biomarkers
In patients presenting with acute peritonitis
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Cluster analysis of cellular and soluble biomarkers
In patients presenting with acute peritonitis
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Cluster analysis of cellular and soluble biomarkers
In patients presenting with acute peritonitis
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Pathogen-specific local immune fingerprints
in patients with acute peritonitis

Technique
failure

Coagulase-negative
Staphylococcus

Streptococcus,
Enterococcus

Zhang et al., Kidney Int 2017



Immune fingerprint-based diagnosis of acute infection

Random Forest: Cytokines only 0.800 £ 0.100 0.333 £ 0.365
with y& T cells 0.775+0.215 0.850 = 0.050
Support Vector Machine: Cytokines only  0.775 +0.215 0.850 + 0.050

with y6 T cells 0.925+0.0/0 0.775+0.146



Immune fingerprint-based diagnosis of acute infection

v’ Diagnostic assays for
hospital laboratories

v’ Point-of-care devices for
primary/secondary care

v' Home tests for high risk
patients
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Organism-specific diagnosis of early peritonitis
using clinical immunoanalysers
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Organism-specific diagnosis of early peritonitis
using clinical immunoanalysers

— Discrimination of Gram-positive vs Gram-negative infections

Sensitivity

o
(0]
|

o
(@]
|

o
~
|

o
N
!

o
l

0

0.2

04 0.6
1 - Specificity

0.8

1

IL-1B

IL-6

IL-10
TNF-a
CXCLS8/IL-8



PERIT-PD:

2 »Patient immune responses
Inverness to infection in peritoneal dialysis*“
p Neweastle A huge thank you to
Derry & Antrim all patients, nurses and

Newg Bradfo,;e:g; York clinicians who have
soford 8 't contributed to the

shrewsbury f y collection of samples

Wolverhampton

Birmingham o 208" and clinical data

Swansea ‘ ; Sutton ‘ ; Basildon
Cardiff
LK 4

Brighton
Portsmouth
Truro ‘ Exeter



Raya Ahmed
Sarah Baker
Amy Brook

Simone Cuff
Martin Davey
lda Fnberg

Loic Raffray
ingjing Zhang

SIEMENS .-,
Healthineers -

' MOLOGlc@

Nicholas Topley
Donald Fraser
Tim Bowen
\Ja es Chess
Chan-l!d Colmont

Kieron{Donovan
Gareth Roberts

\ KW@W Williams

Andreas Artemiou
Bernhard Moser

Fraser Logue

NISGHR
——

Sefydliad Cenedlaethol | MNational Institute
ar gyfer Ymechwil Gofal | for Social Care and
Cymdeithasol ac lechyd | Hea

National Institute for
Health Research

Baxter

Medical
Research

MRC Council

LIFE SCIENCES RESEARCH NETWORK WALES
RHWYDWAITH GWYDDORAU BYWYD CYMRU

SEVENTH FRAMEWORK
! ‘ PROGRAMME
7
European
Commission

Horizon 2020

SN

European Union funding
for Research & Innovation



