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Virology
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A pandemic is defined as “an epidemic
occurring worldwide, or over a very wide
area, crossing international boundaries
and usually affecting a large number of
people”. The classical definition includes
nothing about population immunity,
virology or disease severity.

By this definition, pandemics can be said

to occur annually in each of the

temperate southern and northern

hemispheres, given that seasonal

epidemics cross international boundaries

and affect a large number of people.

However, seasonal epidemics are not ‘
considered pandemics "0 ‘



To the thinking person nothing is more remarkable
in this life than the way in which Humanity adjusts
itself to conditions which at their outset might well
nave appeared intolerable.

P.G. Wodehouse, London 1926



SARS Case Definitions




SARS CoV2 Case Definition



Influenza Case Definitions

Case definition assessments
suggest high sensitivity but
lower specificity

Variation with season
Cough + Fever

Sensitivity 87%

Specificity 70% (Gupta 2012)
Headache + Myalgia

Sensitivity 86%, 73%

Specificity 10%, 26% (Hirve 2012)




Epidemiology

Influenza
Yearly epidemics

Well established monitoring
methods

GP surveillance

Laboratory surveillance

ED surveillance

Specific projects

Affected populations

Coronaviruses
Established infections

Recurrent betacoronavirus outbreaks
OC43 established in the population

21890

HKU1 found 2005 (Woo 2005)

Recent pandemic
Asymptomatic infection

Affected populations
Children 2.8% severe



Overall comparison

IP COVID29 11.5din 97.5%
101/10,000 symptoms >14 d (Lauer 2020)




Many different viruses cause infections
similar to COVID19




Viruses causing respiratory infections

Rhinoviruses Coronavirus NL63
~__» Coronavirus 229E
Coronavirus OC43
Coronavirus HKU1
Human respiratory syncytial virus

Influenza A & B
Parainfluenza 1,2,3,4

Coronaviruses ~12%
Adenoviruses

Human metapneumovirus
Enteroviruses

HSV/VZV
EBV/CMV
Measles

* Emerging Viruses
* Human Coronaviruses

SARS CoV (2003)
MERS CoV (2012)
COVID-19

* Influenza ‘ ° ‘



Other (non SARS)
coronaviruses mainly occur
In winter every year

[Lambert 2007]

No. of ARIs associated with individual virus identifications (including coinfections)
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Clinical presentation

COVID19 and Influenza COVID19
Respiratory transmission Inflammation higher
Clinical presentation with fever, ﬁ/ISSOCia;‘?S higher.mto;tah‘tt}/] Jeath (93%

i OcCarditis associated wi ed V.
resplratory SyronomS . wi¥h myocarditis, 38% without) (Khan i
Similar complications of pneumonia, 2020)
inflammation, mortality, neurological Intravascular clotting
effects Neurological syndromes

Higher with pandemic 2009? 92% vs 3.8- -
50% (Chacko 2012) Dysgeusia
Effects on inflammatory and AnoSMI3
, .. Encephalitis, Seizures
coagulation pathways (Madjid 2004) Strokz ‘ ° '
Neurological syndromes ADEM ‘

Flu Encephalitis, GBS, Cerebellar ataxia ®




Patient characteristics in hospitalized

COVID19 Influenza
More frequently  More frequently
COVID19 and Influenza Obese Heart failure
: : Chronic respiratory
Mefjllan age Diabetes disease
Simliar Hypertension Cirrhosis
(68, 71 yrs) Dyslipidaemia Anaemia
Coinfections In hospital more I hospital more
Respiratory QEAI
failure _
Children
PTE hospitqlized, lower
Septic shock mortality

Haem stroke

(Piroth 2020)




Mortality

SARS CoV2/COVID19 Influenza

In hospital mortality higher with Acute influenza
Older Hospitalised mortality 3.8-50%
Male Hospitalised 2009 pandemic 92%
Chronic cardiac disease (Chacko 2012)
Biomarkers higher IL6, higher D- Uncertain association of
dimer mortality with pre existing
Biomarkers possibly higher ALT, cardiac disease (Harris 2019,

LDH, CK, Ferritin, Creatine,
Procalcitonin

Fagnoul 2013)

(Khan MS 2020)




Mortality




Cardiovascular complications

SARS CoV2/COVID19 Influenza
COVID19 deaths 15-70% Cardiac excess mortality
underlying cardiovascular 0.0962% case fatality
disease _ Vascular thrombosis uncommon
1.38% case fatality | 4 diac h talizat
Higher DVT, PTE ncreased cardiac ospitalization
. o 24% increase at peak
Reduced cardiac hospitalization Increased risk of AMI after
Most likely deferred admission influenza
50% decrease
Higher numbers with increased ® . \

troponin levels O
@
(Khan MS 2020) . ‘



Virus Properties

SARS CoV2 INFLUENZAVIRUS
1 strain Human 3 (4) main strains
Multiple emerging variants Multiple subtypes
g‘l”c 5,'11:11;5'168'1'351/50” -ve stranded, segmented RNA
+ve stranded, non segmented RNA 13.5 kb length _
30 kb length Surface NA, HA proteins
Surface Spike protein Enveloped

Enveloped Incubation 1-4 d

Incubation 2-14 d (up to ~2 months
outliers)




Virus structure

Binds Glycans with terminal
sialic residues as

Binds ACE 2 receptor a2,3-linked SA humans

Requires TMPRSS enzyme a2,6-linked SA birds ’
Requires HA, NA enzyme ® . o



SARS CoV2 closely resembles coronaviruses
found in bats, and SARS CoV that caused
infections in humans during 2003




Coronaviruses are spread from animals (Zoonoses)



Coronavirus Diversity

(Boni 2020)



Responses to winter — circulating flu & SARS

Enhanced testing Clinical effects on availability of

Distinguish because of ICU and ED resources

Different spread, clinical progress Coinfection

Differing prognosis Variable studies, flu + SARS in 12%

Therapy for influenza with Vaccination for flu associated

antivirals (NI), steroids with reduced COVID19 mortality

contraindicated (Marchionni 2020)

Therapy for SARS with antivirals ‘
@ .

(remdesivir), dexamethasone

O
. O
(Rubin 2020) O ‘



Evolution of virus detection




Through art and science in their broadest senses it is possible to make a
permanent contribution towards the improvement and enrichment of

human life and it is these pursuits that we students are engaged in.
Fred Sanger, Cambridge 1980
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We diaghose SARS CoV2 with molecular tests
(PCR) and serology




The process of diagnosis of SARS CoV?2



Diagnosis at SAVID

Commenced early February 2020 Ongoing issues
Utilised standard PCR testing Reagent shortages
In house assays based around E, N, Orf 1b Equipment MTBF
genes Staff stressors, illness
In house assays from HKU, CDC, WHO Team plans for infection of laboratory
Based on overseas sequences, local scientists
verification

Rapid development of commercial assays
Roche 6800 automated PCR platform
Seegene multiplex platform

Genetic Signatures automated PCR
platform

Pooling to improve workflow and reduce
reagent use

RCPAQAP Biosecurity PHLN Module for 33
SARS-CoV-2, 2020 . ‘




How we diagnose SARS CoV2

Swabs taken Ongoing issues
Reagent shortages
Equipment MTBF

Rapid development of
Staff stressors, illness

commercial assays

Roche 6800 automated PCR Team plans for infection of
platform laboratory scientists

Seegene multiplex platform

Genetic Signatures automated PCR
platform

Pooling to improve workflow and
reduce reagent use

RCPAQAP Biosecurity PHLN Module for 34
SARS-CoV-2, 2020 . ‘




Molecular Tests used in Australian Laboratories

ABBOTT REALTIME SARS-COV-2 RDRP, N 17 APRIL 2020

GENETIC SIGNATURES (AUSTRALIA) 13 APRIL
EASYSCREEN™ SARS-COV-2 DETECTION KIT 2020

AUSDIAGNOSTICS (AUSTRALIA) RESPIRATORY VIRUS ORF 13, 19 March 2020
PANEL (INCL SARS-COV-2) ORF 8

BECTON DICKINSON (USA) BD SARS-COV-2 FOR BD N1, N2 17 April 2020
MAX™ SYSTEM

BIOFIRE RESPIRATORY PANEL 2.1 PLUS M, S 27 July 2020
CEPHEID (USA) XPERT® XPRESS SARS-COV-2 E, N2 22 March 2020
HOLOGIC (USA) APTIMAR SARS-COV-2 ASSAY 29 June 2020

CERTEST BIOTC SL (SPAIN) VIASURE SARS-COV-2 S GENE | 21 March 2020
REAL TIME PCR DETECTION KIT

HOLOGIC (USA) PANTHER FUSIONRSARS-COV-2 [NeL:{zMEYs 20 May 2020
ASSAY (Region
1&2)

ROCHE (SWITZERLAND) COBASR SARS-COV-2 ORFlab, 20 March

E 2020
™ _
CERTEST BIOTC SL (SPAIN) VIASURE SARS-COV-2 REAL 31 March 2020 SEEGENE (KOREA) ALLPLEX™ 2019-NCOV E,N, 20 hRIfEL
TIME PCR DETECTION KIT A Helfly A
SEEGENE (KOREA) ALLPLEX™ SARS-COV-2 RdRp, E, 17 June 2020
ASSAY N

[Guilholm 2020, Pathology] 35



Serology Tests used in Australian Laboratories

ABBOTT (IRELAND) SARS-COV-2 IGG KIT

BECKMAN COULTER (USA) ACCESS SARS-COV-2 IGG ANTIBODY
TEST

BIOMERIEUX (FRANCE) VIDASR SARS-COV-2 IGM

BIOMERIEUX (FRANCE) VIDAS® SARS-COV-2 IGG

BIO-RAD (FRANCE) PLATELIA SARS-COV-2 TOTAL AB

DIASORIN SPA (ITALY) LIAISONR SARS-COV-2 S1/S2 IGG AND
IGM

EUROIMMUN MEDIZINISCHE LABORDIAGNOSTIKA AG
(GERMANY) ANTI-SARS-COV-2 ELISA (IGG)

EUROIMMUN MEDIZINISCHE LABORDIAGNOSTIKA AG
(GERMANY) ANTI-SARS-COV-2 ELISA (IGA)

EUROIMMUN MEDIZINISCHE LABORDIAGNOSTIKA AG
(GERMANY) ANTI-SARS-COV-2 NCP ELISA (IGG) (IGM)

ORTHO-CLINICAL DIAGNOSTICS (UNITED KINGDOM) VITROS
IMMUNODIAGNOSTIC PRODUCTS ANTI-SARS-COV-2 TOTAL

ROCHE’S ELECSYS ANTI-SARS-COV-2
SIEMENS (USA) ADVIA CENTAUR® SARS-COV-2 TOTAL (COV2T)
ASSAY

SIEMENS (USA) ATELLICA® IM SARS-COV-2 TOTAL (COV2T)
ASSAY

28 JULY 2020

24 July 2020

3 August 2020
3 August 2020
23 June 2020
31 July 2020
18 May 2020

18 May 2020

5 August 2020

19 June 2020

20 May 2020

5 June 2020

5 June 2020

SIEMENS (USA) DIMENSIONS EXL SARS-COV-2 TOTAL
ANTIBODY ASSAY

SHENZHEN YHLO BIOTECH (CHINA) IFLASH-SARS-COV-2 IGG

AND IGM

[Guilholm 2020, Pathology]

31 July 2020
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How we diagnose Influenza and other
Respiratory Viruses




NSWHP RANDWICK RESPIRATORY ASSAYS

Respiratory testing assays

NAT/PCR
Rapid Influenza/RSV NAT (Cepheid GeneXpert)

Respiratory Multiplex NAT (Seegene Allplex Respiratory panels 1. 2 & 3)
19 targets:
Panel 1: Flu A, Flu B, RSV A, RSV B, Flu A-H1, Flu A-H1pdmO09 & Flu A-H3
Panel 2: AdV, HEV, PIV1, PIV2, PIV3, PIV4 & MPV
Panel 3: HBoV, HRV, CoV NL63, CoV 229E & CoV 0C43

Serology
CFT: Flu A, Flu B, RSV, AdV, PIV1, PIV2, PIV3, HEV
EIA: Bordetella pertussis, M pneumoniae
IFA: Legionella pneumophila & Legionella longbeachae




FLU & RSV, NSWHP RANDWICK 2017

* N=7714 (In-house Multiplex, Flu & RSV inclusive only)

* N =1001 (Rapid, Flu & RSV)
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Neuraminidase Inhibitor Susceptibility Analysis, WHO
Report 2017

50/99 sample submitted to WHO cultured
Case study:

85 yro female

NPA Specimen collected on 21/08/2017
Flu A & RSV Positive

30mg Oseltamivir for total 15 days
Subtype: A/Sydney/521/2017

Inhibition:

Highly reduced inhibition: Oseltamivir (1C50:2862.02)
Reduced Inhibition: Peramivir (IC50: 13.77)




Studies going forward

Newer diagnostics
Rapid near patient sensing
Mass Spectrometry, laboratory based

Serology
Commercial Assays
In house purified protein targets

Ophthalmology
Ocular tropism

Cohorts
Phylogeography
Infection of surfaces
Spread, children




Human virome

Vertebrate-infecting viruses most relevant to disease pathogenesis

Forterre, Clin Infect Dis. 2017 ‘ ‘



Virome Capture Sequencing for
vertebrate-infecting viruses
(VirCapSeq-VERT)

~2 million probes (avg. 70 mer)

complete genomes of all known vertebrate-

infectious viruses
(207 viral taxa)




WGS to identify SARS CoV2 variation — National genomics for viral pandemic

Objectives:

¢ Coordinated Australian national program of SARS-CoV-2 genomics
% Public health understanding and response improved

% Understanding behaviour, spread, evolution of the virus

% National coverage of sequencing, analysis, ensure national equity

Specific aims

(1) What are the optimal approaches to SARS-CoV-2 whole genome
sequencing and analysis that will yield high-resolution, high-quality
characterisation and bioinformatics analysis of the virus?

(2) What is the best-practice method for integration of national genomics
and epidemiological data to identify transmission clusters and events?

(3) How can phylodynamics (genomic modelling) be used retrospectively
and in real-time, to further improve understanding of the reproductive
rate of SARS-CoV-2 across states and territories, and nationally?

(4) What is the impact of pathogen genomics in this COVID-19 pandemic
and how will it impact future outbreak responses?

Team

Cls Rawlinson (UNSW), Howden (UMelb), Sintchenko (USyd), Jennison
(QldHealth), Williamson, Seeman, Duchene, Kelaher (UMelb), and Als
Caly, Lane, Da Silva, Kirk, Schlebusch, Moore, Bull Rockett, Leong, Smith

Outcomes to date:

¢ Initial technical studies

Platforms (Bull et al Nature Comms)
Low viral load sample assessments for WGS
42 AusTrakka use in WGS assessments

= Identify blocks

Low template amounts
Resourcing remote and rural

Multi institutional agreements/approaches

i Opportunities

National data with metadata
#  Mutation analysis of individual strains
¢ Transmission nationally and internationally

i Longer term plans

2 Continuing studies/infrastructure after grant finishe’
%2 Continued support of regional and remote .

Better preparedness ‘
Speaker: William Rawlinson AM Fw ‘
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