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From Virus Hunting To Vaccine Design;
Steps To Prepare For Future Epidemics Or Pandemics
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Emergence of tick-borne diseases on the rise due to climate change
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-(-( Imported CCHF cases in Europe

5-49 CCHF cases reported annually é

1SN

50 and more CCHF cases reported annually

N. Shahhosseini et al., Microorganisms, 2022



Emergence of tick-borne diseases on the rise due to climate change
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Potential scenarios for introduction of exotic tick-borne diseases into Canada

*

H. longicornis

L pacificus
D. andersoni

D. variabilis
R. sanguineus

1. scapularis
L. cookei

A 4

D. variabilis
L. scapularis
L. cookei

R. sanguineus

Tick sampling sites .

H. longicornis




Potential scenarios for introduction of exotic mosquito-borne diseases into Canada
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Travel without restriction
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Crimean-Congo Hemorrhagic Fever Virus in Ticks from Migratory Birds, Morocco, B D, 2013
https://www.mondou.com/en-CA/blogs/advice/do



http://www.mondou.com/en-CA/blogs/advice/dog/protect-your-pet-against-ticks-ad26.html
http://www.mondou.com/en-CA/blogs/advice/dog/protect-your-pet-against-ticks-ad26.html




Metagenomics for novel/emerging pathogen discovery and characterization
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Characterization of a novel Rhabdovirus from ticks in Canada

Tick sampling sites
Rhabdovirus presence

Rhabdovirus-TIGMIC-1/D.silvarum/China/2018/ON812484

35| -~ Rhabdovirus-TIGMIC-9/D.silvarum/China/2018/ON812576

100| - Rhabdovirus-TIGMIC-3/D.silvarum/China/2019/0N812542

41— Rhabdovirus-TIGMIC-6/D.silvarum/China/2019/ON812540

— ADTR-2/D.variabilis/USA/2016/MF962659
99

— CTR-P20-S95-AB/D.andersoni/Canada/2022

00| 1 CTR-P22-5101-AB/D.andersoni/Canada/2022

97 { CTR-P1-S4-SK/D.andersoni/Canada/2022

CTR-P19-S921-AB/D.andersoni/Canada/2022

—— Rhabdovirus-TIGMIC-2/H.isaaci/China/2018/ON746538

— Taishun Tick virus/H.scupense/Russia/2018/MN542372



Characterization of an unclassified Coronavirusin bat samplesin Canada

Bat samplingsites
Alpha-CoV presence

BatCoV strain AB-2021/Myotis lucifugus/Canada/2021/0R365503
{ BatCoV strain SK-2021/Eptesicus fuscus/Canada/2021/0OR365502
U BatCoV strain ON-2022/Eptesicus fuscus/Canada/2022/OR371949
BatCoV strain BC-2022/Myotis californicus/Canada/2022/0R371599
BatCoV strain SK-2021/Eptesicus fuscus/Canada/2021/OR371597
;‘_[ BatCoV strain SK-2021/Eptesicus fuscus/Canada/2021/OR371600
BatCoV strain BC-2022/Eptesicus fuscus/Canada/2022/OR371596
Eptesicus bat coronavirus/Eptesicus fuscus/USA/2020/0L410609
Eptesicus bat coronavirus/Eptesicus fuscus/USA/2021/0L410610
Eptesicus bat coronavirus/Eptesicus fuscus/USA/2021/0L415262
Eptesicus bat coronavirus/Eptesicus fuscus/USA/2020/0L410608
’7 Eptesicus bat coronavirus/Eptesicus fuscus/USA/2020/0L415261
L Eptesicus bat coronavirus/Eptesicus fuscus/USA/2020/0L410607
’7 Pipistrellus bat coronavirus/Pipistrellus sp/Pakistan/2016/MZ293737
9
n

B3

Pipistrellus bat coronavirus/Pipistrellus sp/Pakistan/2016/MZ293738
Alphacoronavirus HCQD/Eptescus serotinus/South Korea/2020/MW924112
Tadarida brasiliensis bat alphacoronavirus/Tadarida brasiliensis/Argentina/2017/OP715781

$

BtRf-AlphaCoV/Rhinolophus ferrumequinum/China/2012/NC 028824
m BtMr-AlphaCoV/Myotis ricketti/China/2011/NC 028811
_mrr Bat coronavirus isolate BtCoV/Myotis dasycneme/Denmark/2016/MN535734
—— Bat coronavirus isolate Anlong-57/Myotis davidii/China/2013/KY770851
100— Bat coronavirus CDPHE15/Myotis lucifugus/USA/2006/NC 022103
' Myotis lucifugus coronavirus/Myotis lucifugus/Canada/2019/KY799179
Porcine epidemic diarrhea virus/Porcine/Thailand/2014/KR610991
{ Coronavirus BtSk-AlphaCoV/Scotophilus kuhlii/China/2017/MK211372
100'— Scotophilus bat coronavirus/Scotophilus/Hong Kong/2006/NC 009657
qu BtMf-AlphaCoV/Miniopterus fuliginosus/China/2011/KJ473795
10&{ Miniopterus bat coronavirus 1/Miniopterus/Hong Kong/2008/EU420138
2| L Bat coronavirus 1B strain AFCD307/bat/Hong Kong/2008/EU420137
BtMf-AlphaCoV/Miniopterus fuliginosus/China/2012/KJ473797
4|— Rhinolophus bat coronavirus HKU32/Rhinolophus sinicus/Hong Kong/2015/MK720945
99

B 100"~ Rousettus bat coronavirus HKU10/bat/China/2005/NC 018871
81— Tylonycteris bat coronavirus HKU33/Tylonycteris robustula/China/2015/MK720944
L BtNv-AlphaCoV/Nyctalus velutinus/China/2013/NC 028833
99— Human coronavirus NL63/Homo sapiens/USA/2004/JX504050
‘— NL63-related bat coronavirus/Triaenops afer/Kenya/2010/KYQ73744
r Human coronavirus 229E/Homo sapiens/Finland/2021/0OK662398
L Bat coronavirus/Hipposideros sp/Kenya/2009/KY073747

71

'~ Camel alphacoronavirus Camel229E/Camelus dromedarius/Kenya/2015/KU291449
100 Camel alphacoronavirus Abu Dhabi B38/Camel/UAE/2015/MF593473
73L Camel alphacoronavirus Camel229E/Camelus dromedarius/Saudi Arabia/2014/KT253324
Plateatu pika coronavirus/Ochotona curzeniae/China/2010/MZ577265
1001 Mink coronavirus/Mustela vison/USA/1998/NC 023760
‘ Ferret coronavirus/Mustela putorius/Netherlands/2010/NC 030292
Canine coronavirus/Dog/Taiwan/2008/GQ477367

" PRCV ISU-1/Pig/USA/2006/DQ811787
[ Wencheng Sm shrew coronavirus/Suncus murinus/China/2014/KY987735
Shrew-CoV/Sorex araneus/China/2014/KY 370053

B) Alpha-CoVs

)
§ $¢4 44

Hipposideros pomona bat coronavirus HKU10/Hipposideros pomona/China/2018/MN611523 w

100
__| &3 Alpaca respiratory coronavirus/Vicugna pacos/USA/2008/JQ410000 w
75 0

Feline infectious peritonitis virus/Cat/USA/2005/NC 002306 h H

|
s

|
>

|
o

Unclassified
Alpha-CoVs

Rhinacovirus

Myotacovirus

Colacovirus

Pedacovirus

Minunacovirus

Decacovirus

Nyctacovirus

Setracovirus

Duvinacovirus

Luchacovirus

Minacovirus

Tegacovirus

Sunacovirus

Soracovirus
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Characterization of a novel Rhabdovirus from mosquitoes in Germany
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Nucleorthabdovirus

Cytorhabdovirus % %

Lyssavirus ‘_ g }'\ ﬂ
Enlargement of proposed
genus Ohlsdorfvirus

Sigmavirus 'a
Tllpa‘f’fi'l.ls 1_ M Riverside virus/KU248085/2014/Hungary-Oc.spp
Sprivivirus ; -
Vasiculovirus ﬁ * a North Creek virus/KF360973/1997/Australia-Cx.sitiens
Tibrovirus ¢y /
! Ohlsdorf virus/Ohlsdorf/2015/Oc.cantans
]
Ephemerovirus W% Y/
I
Il Ohlsdorf virus/Coswig/2013/Oc.cantans
Unassigned Rhabdoviruses !
I
: I
Perhabdovirus ‘ J 2 Ohlsdorf virus/Griefswald/2014/Oc.cantans
!
!
/ °4 Ohlsdorf virus/Ohlsdorf/2012/Oc.cantans
Novel Rhabdoviruses
E Ohlsdorf virus/Kuhkopf/2013/Oc¢.cantans
\
\ \\
N
\\\ Ohlsdorf virus/Ohlstedt/2015/Oc.cantans
\
N
N 0.z

N. Shahhosseini etal., Infect Genet Evol. 2017



Characterization of an exotic pathogenic Cyclovirus in human and pigs in Africa

GD-1-12/CAV/1X260426/chicken
CyCVs-FD/Feline feces/KMO17740/USA
1.00/100 | PKgoat21/Goat/NC_014927/Pakistan
PKbeef23/Beef/H()738634/Pakistan
TN25/Human feces/GQ404857/ Tunisia
TNI18/Human feces/GQ404858 Tunisia
VS$5700009/Human serum/NC_021568/Malawi
SC_CGS88/ Swine feces/KM392285/Cameroon
SC_CGS9%/ Swine feces/KM392284/Cameroon
SC_CGST77/ Swine feces/KM392286/Cameroon
HC_CGS288/ Human feces/ KM392287/Madagascar
HC_CGS104/ Human feces/ KM392289Madagascar
HC_CGS2-202/ Human feces/KM392288/Madagascar
LOOI0 | CyCV-VN psl/ Porcine feces/KF031470/Viet Nam
CyCV-VN csl/ Chicken feces KF031471/Viet Nam
CyCV-VN hef2/Human CSF/KF031466/Viet Nam
CyCV-VN hef3/Human CSF/KF031467/Viet Nam
CyCV-VN hefd/Human CSF/KF031468/Viet Nam
YCV-VN hef5/Human CSF/KF031469/Viet Nam
yCV-VN hefl/Human CSF/NC_021707/Viet Nam -
FL1-NZ38-2010/DragonflyNC_023869/USA
0.92/70] 5841/Human respiratory secretion/ AKF726986/Chile
7078A/Human respiratory secretion/KF726984/Chile
1.00/100 | 7046A/Human respiratory secretion/KF726987/Chile
7081 A/Human respiratory secretion/KF726985/Chile
DICyV-4_US-DFKWGX-2012/Dragonfly/KC512916/USA
LI PK5510/ Human feces/GQ404847/Pakistan
NG 14/Human feces/GQ404855/Nigeria
PK5222/Human feces/GQ404846/Pakistan
1.00/100 YPK6 197 Human feces/GQ404848/Pakistan
PK5006/Human feces/GQ404844/Pakistan
PKgoatl 1/Goat/NC_014928/Pakistan
{ Chimp11/Chimpanzee feces/GQ404849/Tanzania
1Lo0/100 LChimpi 2/Chimpanzee feces/GQ404850/Tanzania
DfCyV-7_NZ-DFNZ3-2011/Dragonfly/KC512919/New Zealand

0 ‘?‘J-_lTll I NGchicken8/Chicken/HQ738643/Nigeria
- 100100 § NGehickenl5/Chicken/NC_014930/Nigeria

D DICYV-Al_To-pool2BNZ13-P£:2010/Dragonly/HQ638066/ Tonga
DCyV-AL0_To-11NZ22-Db-2010/ Dragonfly/ HQ638063/Tonga
DFCyV-Al1_To-10NZ21-Db-2010/Dragonfly/HQ638060/Tonga
GF-4c/Bat fecess HM228874/USA

YN-BtC'V-2/Bat feces/JF938079/China

YN-BICV-4/Bat feces/JF938081/China

PK5034/Human feces/GQ404845/Pakistan
CyCV-TB/Bat/NC_014929/USA

NG12/Human feces/GQ404854/Nigeria
PR-6E-2010/Dragonfly/JX 185426/Puerto Rico
GS140/Cockroach/NC_020206/USA

CyCV- Cameroon N - 15
CyCV' M adaga SCar MM. Garigliany et al., Scientific reports, 2014

0.98/82

1.00/86

1.00/98

CyCV-VN

CyCV- Vietnam
A

! 0.98/89

100100







SARS-CoV-2 spillover transmission due to recombination event
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Split Tree of SARS-CoV-2 Variants of Concern
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In Silico Docking of Novel SARS-CoV-2 Variants of Concern

Y501: -7.23 kecal/mol
K417 -2.75 keal/mol

UK-VOC

E484: +1.38 kecal/mol

Y501: -7.34 kcal/mol

SA-VOC | N417: +0.21 kcal/mol

N3501: -2.92 kecal/mol K484: -0.59 keal/mol

K417: -2.77 keal/mol

Y501: -7.27 keal/mol

E484: +1.34 kealimol | A THERL

COH-VOC K417: -2.75 kcal/mol

‘i E484: +1.38 kcal/mol

Y501: -7.01 kcal/mol

T417; +0.22 kecal/mol

K484: -2.17 kcal/mol

Binding Free Energy of RBD- % ¢ [ {
hACE2 Docked Complexes 20

N. Shahhosseini et al., Microorganisms. 2021



Molecular Interactions Between hACE2 with WT and Delta Variant Spike

GIn24
[

Gly496

Thr500

Gly502 Alad75

Tyr505 Asnd87

GInd98 GIn493

. Tyrd449
Spike Lys417 Tyr489
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N. Shahhosseini etal., GeneReports. 2022



The interacting residues
and residue accessibility

(WT; A, Delta variant; D)

(A)

Mo a wo & ) ao Ao e sw ke do 1o
47 505
420 30 440 450 60 470 80 450 500
Interacting residues 1} il || | ] = e
Residue accessibility b
Amino acid L452 E484
BFE (kcal/mol) +0.01 +1.91

(©) do e b ] ) oo w0 s s tdw o rew |
47
420 430 440 450 460 470 480 430 500
Interacting residues 1 — | | I
Residue accessibility : i [ /
Amine acid R452 Q484
BFE (kecal/mol) -1.02 +0.39

Structures of hACE2

docked with WT (B) and

Delta variant (E)
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Development of two DNA vaccines for SARS-CoV-2
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G. Babuadze et al., npj Vaccines. 2022
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Thank you for your attention!
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