hRVC_

Clinical Genomics in Infectious Disease

Lucy Davison MA VetMB PhD DSAM DipECVIM-CA MRCVS
Idavison@rvc.ac.uk

2025 Conti Symposium on Veterinary Continuing Education
Current C and Contr ies in Clinical i

09/06/2025

hRVC_

Outcomes in infectious disease
are dependent on multiple
factors — including
genetics
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Tools for infectious disease testing include

> Culture (and sensitivity)

> Viral antigen testing (including SNAP / lateral flow)

> Immunohistochemistry or Immunofluorescence on biopsies or cells
> Secondary evidence testing e.g. rising titre of antibodies

> Molecular genetic testing
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What role does clinical genetics play in infectious disease?

= PCR based technologies

> NGS based technologies > Can we predict who will become
= Nanopore and rapid clinical severely ill?
sequencing > Can the genes involved in
susceptibility point us to new
treatments?

> Can genetics help us design and
test new vaccines?
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Diagnostic PCR-based technologies are in widespread use
e.g. for Virus, Fungus, Parasite, Bacteria, Mycobacteria, Protozoa

Primary purpose is diagnostic testing (eg COVID-19 outbreak,
Leptospirosis) - but you do need to know the organism sequence to design
the PCR primers

Can be a very sensitive technique — detecting early and low level infections

Can test many different samples including blood, urine, bone marrow, tissue
biopsies, CSF, oronasal swabs, eye swabs

Quicker than traditional culture techniques (eg in sepsis, TB, fungal disease)

However it does not detect viral proteins (unlike lateral flow), only nucleic
acid (RNA/ DNA), so can give false positive for active infection
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widespread use

> Secondary features of PCR tests include:
« Tracking of new variants in the organism by sequencing the PCR product
* Quantitation of number of viral copies to give an indication of viral load (eg HIV)

Diagnostic Quantitative PCR-based technologies are in

Currently PCR tests have to be performed in specialist laboratories, so are not an
“in-house” veterinary diagnostic

The LAMP (Loop-mediate isothermal amplification) assay is a new alternative
technique, gaining popularity especially in resource-limited settings — tracking
malaria, dengue, Zika
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Diagnostic NGS-Sequencing-based technologies

A Whole genome sequencing
ORVOODOVO]
‘Sample from blood, o i
urine or wound. —- = -
— N\ -— s

Recovery of organism in culture

B Targeted NGS (tNGS)
‘Sample from blood, IDODODOVODODO|
urine or wound
—

E—

Reconstruct microbial genome
T of suspected target pathogen

Sequence targeted genes of
interest within a sample to
detect pathogens

Rodino and Simner 2021
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Diagnostic NGS-Sequencing-based technologies

A Whole genome sequencing
SNV
Sample from blood, DOY
urine or wound. —- = -

Recovery of organism in culture

B Targeted NGS (tNGS)

‘Sample from blood, [S0Do:
Ui or wouns
. —- —

C Metagenomic NGS (mNGS)

eg. CSF

Reconstruct microbial genome
T of suspected target pathogen

‘Sequence targeted genes of
interest within a sample to
detect pathogens

Sequence all nucleic acids
contained within a sample

Apply bioinformatics to identify
the pathogenic organism

Rodino and Simner 2021
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What about detecting anti-microbial resistance (AMR) genes?

v

A ‘negative’ result does not always mean that AMR genes are not present — ie
genetics has a poor negative predictive value

Not all AMR genes are known and present in the databases used for detection

When detecting multiple organisms, it is challenging to associate the AMR gene with
the particular pathogen

v

v

v

Other techniques — e.g. Mass spectrometry, biomarker analysis, bacterial culture and
sensitivity are required alongside genetics for this purpose
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What are the targets in targeted sequencing?

v

Selected genes in pathogens are selected that are constant between variant strains

v

In bacteria the 16s rRNA gene is commonly used as this allows differentiation of
organisms at the genus level across all major phyla of bacteria

v

This is dependent on there being a database of organism gene sequences that is
accessible to the person doing the analysis

% PetBiome
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Can infectious disease sequencing in humans be prompt
enough to have a clinical impact?

v

MinlON has been used in the field in real time
outbreaks for diagnosis, contract tracing and E
mutation tracking (e.g. influenza, Ebola, Zika)

v

Nanopore workflows have also been used in \
hospital settings

>
2025114 105633 eyt generation diagnosticsof bloodstream infections .

Published Online 17 March  enabled by rapid whole-genome sequencing of bacterial cells bio-protocol

2025 purifed from blood cultures = -
https://doi.org/10. = Direct RNA Sequencing of Foot-and-
1016/j.cbiom.2025,

mouth Disease Virus Genome Using a
Flongle on MinlON

105633
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Molecular Mol . . Bioinformaticians
Bioinformaticians
Biologists & Epidemiologists
of bacteria por day from laboratory, where.
around the country. molecular biologists

‘answer two questions:

DNA from all o the
bacteria fsoltes using
Various techniques.
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1) How rolated is
partcular solate’s genome.
o that of previously
sequenced isolates?

and the process takes
275 hours.

2) For that partiular
solate,is there anything
1t the genome that can
nform patient treatment or
public heath action?

09/06/2025

> PART 1: Using gel
management of inf

> PCR based technologies
NGS based technologies
Nanopore and rapid clinical sequencing
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What role does clinical genetics play in infectious disease?

> Can we predict who will become severely ill?
> Can the genes involved in susceptibility point
us to new treatments?

= Can genetics help us design and test new
vaccines?

COVID-19

Mttt Gorometedene oz 1522 Genome Medicine
i A 2301 1738
RESEARCH Open Access

Rare predicted loss-of-function variants
of type | IFN immunity genes are associated
with life-threatening COVID-19

Oaniels Matuozzo'?, Estlle Talouarn'2, Asrd Matchal 2 Peng Zhang?,Jeremy Manry'2, Yoarn Seeleuthner
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Genetic

There are many publications about host genetic susceptibility in

Article

Themajor geneticrisk factor forsevere
COVID-19isinherited fromNeanderthals
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Deep learning identified genetic variants for
COVID-19-related mortality among 28,097 affected
cases in UK Biobank

Zihuan Liu | WeiDai | Shiying Wang | Yisha Yao | Heping Zhang
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OPEN

Multi-ancestry fine mapping implicates OAST
splicing in risk of severe COVID-19

Jenife £ Hoffman", % Atlas Khan?, incira’,
Theodore G.Drivas”,Gina M. Ploso ", Tomeko Nakaish 137, COVID-19 Hest Genetics

Initiativer,  Anurag ). Kenneth Bailie <,
1.Brent Richards 2 and Hugo Zeberg 9™




How can genetic variants contribute to risk in a
complex disease?

1. High-frequency & fixed variants in a breed —

+ providing an overall increased susceptibility of the whole breed to the
disease (may or may not be exclusive to the breed)
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2. Variants in a subset of individuals with the breed —

+ modifying susceptibility to the disease within a breed (i.e. seen in more
cases than controls within a breed)

3. Low: ency or unique variants —

+ modifying risk of the disease in individual dogs or cats
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Genome-wide association study (GWAS) — using a “SNP Chip”

DNA from Controls
n=20 to several thousand

DNA from Cases
n=20 to several thousand

Manhattan plot shows significant SNPs differing in
frequency between the two populations
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How do genetic variants contribute to the risk of disease? @9 F

>Association # Causation

- Most genetic variants identified to date are SNPs (single nucleotide polymorphisms) but
other types include insertions, deletions, copy number variants, inversions and
translocations

- Some SNPs are non-synonymous — coding sequence / amino acid change

- Synonymous SNPs - do not change the amino acids, but can still affect gene function e.g.
through mRNA transcript stability or splicing

- Other SNPs in introns or untranslated regions and can have a regulatory effect on gene
function

- Some SNPs lie outside genes altogether but can still have a regulatory function e.g.
through transcription factor binding or chromatin accessibility
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different for each
person

AEG

DNA sequence | ) Precision Medicine
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expert analysis, this
is of limited value
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Infectious disease research interests: Where will the next
veterinary infectious disease diagnostic test come from?

> Canine Respiratory Coronavirus > Feline Infectious Peritonitis
+ Host genetics + Host genetics
+ MHC associations * RNA-sequencing
* RNA-sequencing « Virus sequencing
* In vitro mechanistic work « Feline MHC
« (Vaccination strategies — historic) « Feline immune repertoire

« Clinical / therapy studies
+ Functional studies / genome annotation

L
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Canine Respiratory Coronavirus

= First discovered in the UK in 2003"
> Itis a beta coronavirus
> It is present worldwide, with 50% of USA / Canada dogs having antibodies

= It is very contagious (aerosol) with >99% dogs in affected shelters
seroconverting within 3 weeks

= There is a spectrum of severity — from asymptomatic to pneumonia —
especially if additional pathogens are present (CIRD complex — Kennel
Cough)

= No specific anti-viral therapy or vaccine but up to 3 weeks isolation is
recommended, and supportive care for severely affected dogs

“Erles K, Toomey C. Brooks HW, Brownie J. Detection of a group 2 coronavirus in dogs with canine infectious respiratory
disease. Virology 2003; 310:216-223.
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How long does Is a vaccine
immunity last? required?

Can we design Is CRCoV an
Will anti-virals immunological appropriate
help in CIRDC? interventions'to @ model for SARS-

limit disease? CoV2 studies?

HOW CAN MOLECULAR GENETICS HELP DIAGNOSE,
MANAGE AND PREVENT KENNEL COUGH?
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UKRI funded project: COVID 19: LESSONS FROM FATAL CORONAVIRUS INFECTIONS IN COMPANION ANIMALS

H l § § Outcomes translatable to
Cani . H Whole Genome Targeted Covid-19
. anine respiratory ‘Sequencing and MHC r
. Se ci f Sk
@ coronavinis CRCoV) - puf H s ors sy W Smvrcgel s ) 2 4
a beta coronavirus / mildly affected dogs dogs ﬁﬂ‘

(similr {0 SARS.Cov-2) Vs tis vk
Highly contagious type of P ¥ Novel genelicfactors for

‘kennel cough” susceptibility to severe
B coronavirus-related disease
” 3 - v Novel coronavirus treatment
H _ targets
H ke Improved understanding of

RNA sequencing (1=24) of companion animal responses to

- Large tissue sample archive
at Royal Veterinary College:

<

Some dogs develop fatal coronaviruses:
amon CRCoV affected and ¥ Preparedness for delayed Covid-
unaffected canine lungs of 19 complcations
known viralstatus v Preparecness for fulure pandemics
and zoonoses

~
SYEMASCOT Mepping Animal Suscepibiity to Coronaviruses
Outcomes and Transcriptomics




RNA sequencing from affected / unaffected canine lung demonstrates

clustering by virus and clinical signs status

°

[
PC2: 19% of variance
8 &

Y

MASCOT
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-50 0 50
PC1:29.3% of variance

100

Study design

Samples were originally collected post-mortem from dogs euthanised for CIRD, o for

reasons unrelated o the study, and were selected for the following sample groups:

cp- c+p-
CRCoV negative, lung CRCoV positive, lung
pathology negative pathology negative
cp+ Cc+p
CRCoV negative, lung CRCoV positive, lung
pathology positive pathology positive

N =6 per group
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Q1: Could some of the genes expressed in
affected dogs end up being helpful diagnostic or
prognostic biomarkers?

Q2: Can we learn anything about expected or
unexpected co-infections?

Tom Hiron
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What's causing -

An ple of a direct-t test (not
genetic, but based on protein sequences of
several viruses — distemper, adenovirus and
influenza).

BUT: This is not listed as detecting some of the
other important kennel cough pathogens e.g.
CRCoV, Mycoplasma, Bordetella

BCoV  CRCoV__Other
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pos lpos_2000 7525

CRCOV negatve, ing
pathology egal

e

Detection of viral reads in canine lung samples

Coverage restricted to ~60bp terminal region

ca.-snx e

(GROOV positve, ling
pathology negatve

CRCoV negatve, g | creov positve. g
patnology posiive pathology poste

N6 por group.




Canine genetics: Could there be a genetic test to tell us which dogs
are likely to become very ill (or be asymptomatic viral shedders?)

Genotype
W HOM ALT
HE

B HET
W HOM_REF
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What about cats?
The Mystery of Feline
Infectious Peritonitis

I

The Effect of Natural Feline Coronavirus Infection on
the Host Immune p A Whole-Ti i
Analysis of the Mesenteric Lymph Nodes in Cats with
and without Feline Infectious Peritonitis

un
> Vi fes.

Genetic ibility to feline i

in Birman cats

The influence of age and genetics on natural
resistance to experimentally induced feline
infectious peritonitis

Feline coronavirus (FCoV)

Highly contagious diarrhoea (cattery).
‘Internal mutation hypothesis’ — FIPV/IFECV.
Serotype | most prevalent (80-95%),
serotype Il most studied in vitro
(recombinant with CCoV' S gene).

FCoV-23 — novel recombinant and highly
pathogenic strain (Cyprus 2023).

Feline Infectious Peritonitis (FIP)

FIP patho: incomple

Early diagnosis is challenging - diverse range and
nonspecificity of symptoms (jaundice, fever,
vasculitis, hyperglobulinemia)
Antivi ff ve but

nsive and
us.

Images courtesy of Dr Emi Barker, University of Bristol
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Internal mutation theory

FECV Inf
ECV Infected cats .

Virus passes through the Invade and replicate in
" cat's intestinal tract 5 columnar epithelial cells ® -
®
*® A X @ %

w5
Replication Mesenteric /&

FIPV cause Monocytes
lymph nodes

diseases Mutation
$ )
| Systemically A

\ Y/
w0 &40 infection Macrophages

Tonsils jpper
respiratory

Yu Gao et al, Virus Research, 2023
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What is the
dysregulated Is a vaccine
immune response possible?
against?

Can we design

always persist in ilrz?énnl/]gr?tlig%?atg risk of an FIP-like

i 2 S i 2
tissues? limit disease? iliness?

Does the virus Are humans at

WHAT KIND OF QUESTIONS CAN WE ASK WITH GENETIC
TECHNIQUES APPLIED TO CLINICAL SAMPLES?
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Mapping Animal Susceptibility to Coronaviruses:
Outcomes and Transcriptomics (MASCOT)

Whole genome
sequencing (WGS)
of 24 cats Targeted validation )
+ (12FIP, 12 control) — Se€quencing (2 rounds) . FIP-associated
- (155 FIP, 492 control genetic variants
‘meta-analysis)

]

FIP tisus sample archive
T o o sammpie amhive at ) Wultiissue host Differentially exprossed
Brisiol Vet Sohool. RNA sequencing (n=36) transcriptomics > genes and pathways.

ofissuss from cats wih e

+ Cats euthanised for various
reasons and tissue samples oV genome
archived in RNAlater. —+ me

- FIP status confirmed by assembly Virus sequence variants
histopathology, IHC, RT-PCR
+ Samples from DSH only.

+ Extensively phenotyped Ky L Lo

and without FIP.

MLN immune repertoire

TCRIBCR clonotype roquoncin

e m—— assembly (19 FIP, 23 control)
Nanopore feline
WGS and assembly
o Targeted Nanopore
- MHC sequencing of MHC typing and FIP
Y ¥ N — f6cas T association
» (8 FIP, 8 control)

hnch
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PHASE 1 PHASE 2 PHASE 3 (funded by
MASCOT (complete) (fully funded by UKRI UK International
and completed) Coronavirus Network),
i . APHA [Glasgow
Feline Infectious Whole Genome collaboration
Peritonitis (FIP) Eeauencing Targeted sequencing of
(12 FIP cases 10,000 selected FINAL VALIDATION
12 controls) variants using SeqSNP COHORT: Targeted
! i 66 FIP cases from sequencing of 3,000
RNA-Sequencing ( ° selected Phase 2 variants
‘ (6 FIP cats and 6 Bristol archive and 50+ [N RSS Y1
! ! controls : liver, lungs, controls) cases from Royal
o lymph nodes) Veterinary College archives
R e T e v Top 10,000 variants and 115 controls
- 30,000 genes and variants|  ranked by significance
Feline of potential significance in| X .
enteric ! ! FIP identified ¥ 10K variant analysis
coronavirus complete
Highly contagious  Some cafs develop v f th
e smmenn ||| Smpciienons 23 VARIANTS ROBUSTLY
fatal FIP (Feline overiap with g ASSOCIATED WITH FIP
Infectious Peritonitis) SpifcancelniCONIDNS) RISK IN META-ANALYSIS
within weeks to years of
initial infection
Feline MHC sequencing
-
DSH
DSHadiP  DSHOR .
; . son sman.sm 1105t Genetics Study
H o 3.37e-02 3.24(1.92 - 5.48)
' i pisagon o o] We have identified 23 novel FIP-
! . 458e-03 2.72(1.81- 4.08) associated host variants impacting on
: . 1.256-03 2,69 (1.83 - 3.94) N A N
: i A0 2 250 (105 S%80) the risk of an individual cat getting FIP
\ - 1.91e-02 248 (167 - 3.67) " N
: , 3350-02 239 (162-353) Functional studies underway...
. ' 8.81e-03 0.41(0.28 - 0.59)
. 3 3.39¢-03 0.40 (0.28 - 0.58)
. 4 6.15e-03 0.40 (0.27 - 0.58)
. + 9.24e-04 0.39 (0.27 - 0.56)
o 1

10g(OR)

B
All breeds Fomgp ook

H . 9.60e-05 189 (1.51-237)

H - 287e-02 179(1.38-231)

' . 1660-02 160 (131 1.96)

2030-02 049036 - 067)
2620-04 0.45(0.34 - 060)
533-03 0.43(031-081)
w0 s

o o
0g(OR) Dr Marsha Wallace

We are also interested in the genetics of the feline major
histocompatibility complex (MHC)

Class Il Class | Class |

FLABAC
sequence

v Responsible for antigen presentation
v Highly polymorphic — many different alleles
v' The region is not fully resolved or understood in cats
[ v —— v Challenging region to sequence
> v Different numbers of genes in each individual
j v “Transplantation antigens”
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In humans, understanding the MHC type provides insights into the
risk and /or outcome of many different diseases including...

Autoimmune diseases, immune mediated diseases, cancer, infectious diseases e.g.

Multiple sclerosis
Primary biliary el

C 9
Hepatitis B
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MHC is important in infectious diseases as it presents antigenic
(pathogen) peptides to T-cells, shaping the immune response

MHC RESTRICTION

SORRY, BUT 1 DON'T
RECOGNIZE THAT
MHC-PEPTIDE COMPLEX
YOU HAVE THERE

E%L Dx DV Y R ovancc

I I I
T T

L I P ]

Recognton No resogniion No recogriton

CellCartoons net
https://cellcartoons.net/comic/mhc-restriction/

g
14
I

The feline MHC region was very poorly covered until we assembled a new
feline genome using Oxford Nanopore technology (long reads)

felCat9 B2 vs EU153401 ONT assembly chr_B2 vs EU153401

Csse1
e cassll

20e07

330407 \

20007 o

oaso0 o108 20106 sas01 aevon 16406 aet0r
Feline MHC (EU153401 Yuhki et al 2008) Feline MHC (EU153401 Yuhki et al 2008)
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felCat9 B2
7/
/
ONT long-read assembly chr_B2
/ )
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We can now sequence feline MHC genes at different sites (loci)

in the genome - 3 examples shown below

AST hits oRB

oReor oRaason2 oReezis
- -

iu0

850

More commonly found in FIP cats

vaua
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Is an FIP polygenic risk score (predictive diagnostic genetic test)

on the horizon for cats?

0 &
L)
U
Qogogﬁgggﬁgﬂgﬂg%
600000000
LR @ ()
GOQG}GQQﬁgﬁgﬁgﬁgﬂgﬁﬁﬁgﬁg%%%
U ﬁogc}gogogogﬂgﬁgogogogogo2@20292@2@0 @
{ ¢ ¢ )
UG 0O{)06‘90GGQQGGGO09%0009%0000@0%% &
' 0%“0 }QCQQGOGGQQGGGDG%G G%%%%%%%%ﬂﬂ%ﬁ anﬂq;m
GﬁCMT)C‘QCGOGOOQOGQGOGOGOOOOGOOG%M

Low Risk High Risk
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FIP is likely polygenic and multi-factorial

No FIP

Host Genetics

FIP
Host co-morbidities
Environment / husbandry

Virus Factors / mutations

Anti-viral therapies

14
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RNA sequencing showed us that there was persistence of
FCoV despite immune activation in FIP

Mesenteric lymph nodes (MLN)

Adaptive

any of these genes

marker for FIP?

B
qﬁ"fsfﬁ“ﬁﬁ"’{{i“ CersEaChnaay ﬁ;tt.:s’gﬁ{ 2

A Rlel sty Bt e sy

mo

Exprossion Zscore

o

e
8 FIP focal onal)
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Could expression of

become a diagnostic

hRVC_

We could also assemble and examine full-length FCoV genomes
from tissue RNA-seq : Are there any virus mutations consistently
associated with disease that could be useful in the clinic?

Control FIP

20000
’E- 25000 25000-
£ o o0 Tissue
c . Liver
B 15000 15000
: B o
S 10000 10000.
g W
@ 500 5000-

fﬁﬁéﬁ{% ?‘f}“}"ff @Rl P REAEEE AR Ra G e R

Here we saw that there was no single consistent mutation
that was present in the virus sequence of all FIP cats
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We are also interested in the “immune repertoire” in FIP
— this might be a way to see if vaccinations are working
or are necessary in cats in future

S J\%\ @ % EE

RNA-seq

v o J Constant

S

1 | Targeted sequencing
e - — N—
— |
COR3 e —

Dr Tom Hiron
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Persistence of FCoV shapes the TCR repertoire in cats with FIP

w202 Dr Tom Hiron

09/06/2025
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What about using genetics to study the B-cell response
in FIP versus non-FIP cats?

Liver Lung MLN

Mean proporton of clonotypes
g8

PRIRTRIRIIIIIRII
S ey

SEESH

Conel P Conol FIE Conol AP

The B cell response Persistence of virus also shapes the B
is dominated by IgG cell repertoire

Tom Hiron (manuscript in preparation)
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What role does clinical genetics play in infectious disease?

> PART 1: Using genetics in > PART 2: Using genetics to
diagnosis and management of investigate different host
infectious diseases responses to viruses (with the

example of coronavirus)

> PCR based technologies
> NGS based technologies

> Nanopore and rapid clinical
sequencing

> Can we predict who will become
severely ill?

> Can the genes involved in
susceptibility point us to new
treatments?

> Can genetics help us design and
test new vaccines?

hRVC_
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Clinical Genomics in Infectious Disease
THANK YOU FOR YOUR ATTENTION — QUESTIONS?

Lucy Davison MA VetMB PhD DSAM DipECVIM-CA MRCVS
Idavison@rvc.ac.uk
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