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The vaccine era in Australia

Australia Rotavirus Surveillance Program has monitored genotypes present in Australian
children since 1989

19 collaborating laboratories nationwide collect rotavirus-positive specimens

100%
Vaccines were introduced in 2007 . - e
- Rotarix used nationally since 2017 80%
w 70% m Non-typeable |
Shift in genotype diversity £ _g:h;;;““m'”“'*
- | G1P[8] 2 e u GoP[g]
2 m GBP[8]
B T G2P[4] s 40% = G4P[E]
- Emergence of equine-like G3P|[8] " 30% = Equine-like G3P[8]
m G3P[8]
- Emergence of G12P|[8] 20% u G2P[4]
- Emergence of G8P|[8] 10% u G1P[8]
- Emergence of G9P[4] 0%

. Pre vaccine (1995-2006)  Post vaccine (2007-2021)
- T detection of unusual Genotype diversity in children <5 years
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= Full genome sequencing (n=300)
- Amplicon & random amplification
- Twist Biosciences comprehensive viral panel Poster 12
i streptavidin labelin : ——C\— sequencing viral-
-— b?rizltizr:(;n;iggs :_-_ and Pull-downf c - mme g  specific reads -

.

- Nextera-XT Library preps & Illumina MiSeqg/NextSeq

= Genome assembly
.. Genome Detective
- Custom Galaxy pipeline

- Genome Detective
= Maximum Likelihood Phylogenetic analysis - RAXML-NGS

= Bayesian analysis - BEAST
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Bovine-like strains

Genotype VP7 VP4 VP6 VP1 VP2 VP33 NSP1 NSP2 NSP3 NSP4 NSP5
G6P[14] G6 P[14] |2 R2 C2 M2 All N2 T6 E2 H3
n=14

G8P[14] G8 P[14] |2 R2 C2 M2 All N2 T6 E2 H3
n=27

G10P[14] G10 P[14] 12 R2 C2 M2 All N2 T6 E2 H3
n=11

G8P[1] G8 P[1] 12 R2 C2 M2 N2 T6 E2 H3
n=1

G8P[4] G8 P[4] 12 R2 C2 M2 N2

n=1

G10P[25] G10 P[25] 12 R2 C2 M2 T6 E2

n=1
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KP013528/RVA/Human-wt/DEN/T39267/2009/G6P 14

1987.02 ..

- 1873.44

= *2016” cluster
- Nov 2016 from 16.5 yrs and 21.6 yrs
- shared a MRCA in 2006 with Chinese
Cow/Yak strains
- Poorly characterised endemic lineage
of bovine origins

r
L

2006.49

MW718924/RVA/Human-wt/TZA/2019/G6Px
FJ262986/RVAHuman-wi/EG Y/Egy3399/2004/GEP 14
LC460431/RVA/Human-wt/GHA/MO0B4/2010/GEP14
. . . KF414563/RVA/Human-w/I TA/BA46/2012/G6P 14
JF793945/RV A/Human-wt/ITA/PAS/1989/GEP 14
- Diverged from MG6-like ancestor in JE7S85Aa RUA aman wUITAAT 2008005 14
EF554142/AVA/Human-wt/ITA/111-05-27/2005/G6P14
1 9 8 7 OND09345/RVA/Human-wi/GRE/20100407-60036/2010/GEP 14
_ Unsampled dlverSIty _ Iong branch EF554120/RVA/Human-wi/BEL/B10925/1987/G6P14
R e EFBR4131/RVA/MUmAN-G/ITAIPA166/1988/G6P 14
1084 6 5555 AF421183/RVA/Human-tc/AUS/ASG6-02/1997/G6P 14
lengths S A S s |G ike”
e ] /R fHuman-tc/AUSM / aokF -
1993.42 U22011/RVA/Human-1c/AUS/MGS/1993/GEP14 MG6-like
. . 1987.35 - RVAHUMan-wAUS/SA2086/2016/GEP 14
- Repeated relntrOduct|0n7 [ 200261 3 RVA/Human-wi/AUS/W502/2016/G6P14
' ]—F RVA/Huma /AUSIWAPC1170/2011/GEP 14
- . . RVA/Human-wiAUS/WAPC2097/2016/G6P 14
- Contlnued Clrculatlon at IOW 201176 2zl AVA/Human-wi/AUS/WAPC1172/2011/GBP14
B . - HMO35514/RVA/Human-wt/FRA/R2775/2007/GEP 14
eque Cy KF170899/RVA/Cow-wt/IND/AM-B71/2012/GEP11
KU714480/RVA/HUman-wt/MWI/MW2-181-B/2000/G1 P8
KC986967/AVA/HUman-wt/BGD/KH2288/2011/G6PE
JNB3BT24/RVA/Cow-wt/IND/CI1/2011/GEPX
JX442766/RVA/Cow-wt/IND/BE2/2008/GEPX
JX442784/RVA/Cow-wt/INDIPBC/2010/GBP 1
HMS67170/RVA/Cow-wi/IND/ME-8/2010/G6PX
JX442787/RVA/Cow-wt/IND/HE/2011/GEPX
RVA/Human-wt/AUS/RCH793/2016/GEP14 P ”
RVAMuman-wt/AUS/SAZ2188/2016/GEP14 } 2016
MKG38900/RVAIYak-tc/CHN/QH-4/2015/GEP1
MNS28491/RVA/Cow-1c/CHN/SDA2/2018/GEP 1
MN328496/RVA/Cow-1c/CHN/LN12/2018/GEP1
MNS37497/RVAICow-wt/CHN/LN12/2018/GEP 1
MK250429/RVA/Yak-tc/CHN/HY-1/2018/G6P11
MN937484/RVA/Cow-wi/CHN/SDA2/2018/GEP1
MN328495/RVA/Cow-tc/CHN/LN5/2018/GEP 1
MKB3BBI3/RVA/Yak-16/CHN/TB-3/2015/GEP1
MK638895/RVA/Yak-1c/CHN/YN-1/2015/G6P1
MKG38901/RVAIYak-tc/CHN/QH-2/2015/GEP1
MKB38902/RVA/Y ak-tc/CHN/QH-3/2015/G6P1
MKB38BBE/AVA/Yak-tc/CHN/HY-7/2015/G6P 1
MK638888/RVA/Yak-1c/CHN/HY-8/2016/G6P1
MKB3B892/RVA/Yak-16/CHN/TB-2/2015/GEP1
MK638881/RVA/Yak-1c/CHN/HY-2/2017/G6P1

cc - 7 I
] MG6_I k I t L X008868/RVA/HUMan-wDNK/OSFE5962/2005/G6P 14
| e C us er 1977.4 KT461287/AVA/Goat-wt/MAR/Ch-S12/2014/G6P 14
MN583316/RVA/Goat-wt/MAR/S5/2012/GEP14
MT025301/RVA/Bavine-wtESP/105896/2017/G6P11
KP013386/RVA/Caw-wt/IRN/Tehran-G6-2/2011/GEPX
FJ598310/RVA/Cow-xx/TUR/E 16 TR/2006/GEP1 1
GUI37891/RAVAIGoat-xx/BGD/GO102/1999/GEP1
GU937889/RVA/Goat-xx/BGD/GO100/1999/GEP1
MN937495/RVA/Cow-wt/CHN/LNS/2018/G6P1
MKG38890/RVA/Yak-tc/CHN/HY-11/2015/G6P1
MK638903/RVA/Yak-tc/CHN/HY-1/2017/G6P1
T T T T T 22 6

rlmarl In a u S rS FNE65685/RVA/Human-wt/HUN/BP 1879/2003/G6P 14
- Primarily in adults 16-84 y
KU708256/RVA/Roe-deer-wl/SLO/D3B-14/2014/G6F15
EF554109/AVA/Human-wt/HUN/Hun5/1997/GE6P14
GU937882/RVA/Goat-wi/BGD/GO24/1999/GEP1
MKE38889/RVAIYak-1c/CHN/HY-10/2016/G6P1
1980 1990 2000 2010 2020

= Not closely related to previously
characterised Australian bovine strains




G8P[14] - VP7

KC 257096 TRVA FCamel-wt /SDN [MRC -DPRUAA TT2002 FGEPLL
ﬁ'_ﬁduzunw RVA [Human-wt//KEN /0283 12010/CEP14

MEA34 734 TAVA [Human-wt [KEN (WK1 26 2010 CBPY

LCESA505 JRVA MBovine-wi PN JAH L] 2015/CEPL
JNEIL225RVA [ ow-waet [ZAFTLEDA 2007 G EPL
r EFE72560/RVA [Human-tc/IND /GO /1980 /CBM LD

= Predominant G8P[14] cluster
- P[1]/P[8]
- 1998 - 2017
- Children <5
- Within a bovine sub-lineage
- MRCA 1997

AFLAIGESRVA [Human-wt/CBRIOEH14262 /1 9580/C A

FIE117E2 JRVA [Human-wt MZLRWVDE - 14 F2005 FCEPLA
AFDIABE2 [RVA fHuman-tc/AUS/DLE/ 1 596 G EPLY
KUSDEIBS/AVA Human-wt/HUN/182-02 /2002 /{CEPL4

KYE372333 MAVA [Human-wt/SVKN IS 2087 2008 /CEPL14

|— KTBETS3&/AVA (Alpaca-wt/PER/1115/2010/GEPL

—— MHDI61E2 /RVA [Cow-wt/BRA Y136/ 2016/CGEP1L

————  KJBOIBADRVA Human-wt/PRY (49250 /204 /G BPL

HME2 7547 MRVA /Human-tc/KEN/B12 /18987 FCEPL

KYA2EB0BRVA Roe-deer-wt/SLO/DL10- 1572015 FGEPLA

BHD24672 TAVA Human-wt TTA/BADL /2012 /GEPL4
EF5 54153 /RVA [Sheep-tc/ESPIOVRTE2 f2002 fCEPLA
OM3I0IDEE/RVA [Human/CRE/20210521 /3005 2021 [GEPLA
KT726336/RVA [Human-wt/MAR/MAI1 /2011 (GEPLA
MC214342 FRVA fHuman-tc/MAR /mad 1 {2011 fCEPLY
¥PD13543 FRVA fHuman-wt/DEN L2252 1755 /2011 /CAPL4
JHODEEGS AVA [Human-wt [DNK/11HEA 15872011 FGEPY
KF577843 /RVA [Coat-wt /ARG /00402011 FCEPL
JHOT00E2 MRVA Micuna-wi (ARG /O 75 2010/CEP1A
FI347105 /RVA [Cuanaco-wit/ARG F'Chubut /1998 [CEPL4
AF545E5%/RVA [Cuanaco-wt ARG [Rio-Negro /1958 /GEPL
AFS45BEDRVA {Cuanaco-witfARC f{Chubut /1999 /CEP14

KP19EBEAT MRVA [Human-wtITA PR1573 /2 000/ CAP14
? LC3IIG5EE/RVA [Human-wt JPN/12- 1375 /2012 [CEP14

KPDDGS 1 FAVA Human-wt [GTM [2 009726 790/ 2009 /G BP14
IN2ATTIERVA Human-wt/DNE/IEHEL5 1 2006/LEP1A

I_K_ 14
Lt

K4

AVAHUman-wIALIE

RVAHUMan Wi AUSFGA I8/GER 14

— G

A HUmAN- WA LISWAGE- 1 Z002GAP 14
1997 39 2003.96

GO39B014FAVAHmAn WUALIS

1590.59 e~
2005.55 201138 5 A00RITEP 14

R um

RVA M- W ALUSPL0GE0TLGER 4

2004.47
RVAHuman Wt AUS

2010.45

007 LEB0010RVAHUMSN-wtUPH/I 2567201 4GER 14

T T T T

1990 2000 2010 2020



I KP258401/RVA/Human-wt/BEL/BES028/2012/G3P14

|_|:|30205224.’RVNHabbi!-tcrlTA.I'BD-QBH 996/G3P14
AYT40738/RVA/Human-wt/BEL/B4106/2000/G3FP14

LC095955/RVA/Human-wtVNM/NT0082/2007/G10P14

[ LC055550/RVAHuman-wt/THA/SKT-27/2012/G6P14
| —— MGS26769/RVA/Human-wi/MOZ/0060b/2012/G12P8FP14

= KU714458/RVA/Human-wtMWI/MW2-181-B/2000/G1P8
[ KP198648/RVA/Human-wtITA/PR1973/2009/G8P 14
b—————  FN665680/RVA/Human-wtHUN/BP1879/2003/G6P 14
f FNB65691/RVA/HUman-wt/HUN/BP 1062/2004/GBP14
JQ423905/RVA/Rabbit-tc/CHN/NS/1992/G3P 14
_[ RVAMHuman-wt/AUS/SA2188/2016/GEP14
2015.59¢ RVAHuman-wt/AUS/RCH793/2016/G6P14
EF554096/RVAMHuman-tc/AUS/MGE/1993/GEP14
KFE90128/RVAMHuman-wt/AUS/RCH272/2012/G3P14
RVA/Human-wt/AUS/RCH5T4/2014/G8P 14
RVA/Human-wt/AUS/SA1562/2015/G8P 14
RVA/Human-wt/AUS/SA2088/2016/GBP14
RVA/Human-wt/AUS/WAPC1162/2011/G8P 14

2002.06 RVAHuman-wt/AUS/WS502/2016/GEP 14
|:| [ RVA/Human-wt/AUS/SA2086/2016/GEP14

1893.28

= 2 endemic P[14] variants - minor
clustering based on G type .

2008.22
201411

e - 7y - 1977.91 RVAHuman-wt/AUS/Q984/2013/GEP14
2007.05 RVAHuman-wt/AUS/SA2079/2016/G10P14
= “MG6-like” variant o oasss01s AR M AUSYIAGS 1200516814
1994.89 RVA/Human-wt/AUS/WDP155/2009/G8P 14

G 6 / G 1 O / G 8 / G 3 [ FJ495129/RVA/Antelope-wZAF/RC-18-08/2008/G6P 14
- EF554151/RVA/Sheep-1c/ESP/OVRT62/2002/G8P14
MT234361/RVA/Buffalo-W/ZAF/4426/2002/G29P 14
MW292232/RVA/HUman-wtiJPN/Ni17-46/2017/G 15P 14
- M R C A 1 9 7 7 KT281123/RVAHuman-wt/USA/2012741499/2012/G24P 14
KJ411435/RVA/HUman-vwi/USA/2012841174/2012/GBP 14

- - T JX070050/RVA/Vicuna-wi/ARG/CT5/2010/GEP14
- D | Ve rg e d | n 1 9 3 0 S ﬂfﬂVMﬁuanmowﬂARGfChubuﬂ 999/G8P14
MNO67447/RVA/Goat-w/MAR/S19/2012/G10P 14
LC460429/RVA/Human-wt/GHAMO084/2010/GEP 14
EF554107/RVAHuman-wt/HUN/Hun5/1997/G6F14
—|j‘— KU508383/RVA/Human-wyHUN/82-02/2002/G8P14
e . 9 . EF554140/RVA/HUman-wt/ITA/111-05-27/2005/G6P 14
_| 469/RVA/Human-tc/EGY/AS970/2012/GEP14
. NT Varl ant Varl ants Sh ared a { %ﬂg&gsmvwuman-mrEvassg?rzo12;&9P14
— GU984754/RVA/Cow-wiIND/BBI2007/GBP 14
M R C A Of 1 9 9 3 MH769726/RVA/Cow-wt/IND/C131/2017/G15P14
GU984756/RVA/Cow-wi/IND/B6/2007/GBP 14
GU984755/RVA/Cow-wiIND/79/2007/GBP 14
H H KP198626/RVAMuman-wi/ITA/PR457/2009/G10P14
- Diverged In 1940s 106637 RN AR TAPATS00004 G814
— EF554118/RVA/Human-wi/BEL/B10925/1997/G6P 14
MNOG7458/RVA/Calf-wiMARIS18/2012/G6P14
MG214340/RVAHuman-tc/MAR/ma31/2011/G8P 14

KF035110/RVA/HUman-wt/BRB/2012821133/2012/G4P 14
RVA/Human-wt/AUS/P406/2011/G8P14

= Hi ic di f lobal :
Historic divergence from globa N umanUAUSWARCAOST /0 e 14
1948.5 2005.57 RVAHuman-wirAUSWAPC1172/2011/GEP 14

strains and prolonged endemic e )
circulation and reassortment 567755 RVAuman-WAUSN'S5

1993.64

USMWDP280/2011/G10P14
59/RVA/Human-wt/AUS/SA179/2011/G10P14
JX567756/RVAHUMan-wt/AUSVE82/2011/G10P14
JX567758/RVA/HUmMan-wt/AUSISA175/2011/G10P14
JX567754/RVA/HUMan-wt/AUS/D355/2011/G10P 14
RVA/Human-wt/AUS/SA1452/2015/G10P14

™ (1 2 O 1 6 77 G 6 P 14 AB853893/RVA/Cow-wt/JPN/Tottori-SG/2013/G15P14
KU956009/AVA/Human-wt/HON/2011825363/2011/G10P14
KP008509/RVA/Human-wi/GTM/2009726790/2009/G8P14

KY426812/RVA/Roe-deer-wt/SLO/D110-15/2015/G8P14

- Divergence from global | Pk tnte i IS
strains in 1830s

1850 1860 1870 1880 1890 1800 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

2009.61




G8P[8]
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Pre-2017 - sporadic cases
- G8-P8-11-R1-C1-M1-A1-N1-T1-E1-H1

2017 outbreak in New South Wales
- <byears n=7/0
- 2> 5 years and adults n=96
- Contemporary European G8P[8]
- G8-P8-12-R2-C2-M2-A2-N2-T2-E2-H2

2021 outbreaks New South Wales and Victoria
- <5 years n=147
- >5 years and adults n=147
- Reintroduction from global G8P[8]
- G8-P8-12-R2-C2-M2-A2-N2-T2-E2-H2

2022

300

250

200

150

100

50

0

2015

2016

2017 2018 2019 2020 2021
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= 2021 and 2022 samples have a highly conserved genome

= 2017 outbreak strains vs. 202172022 outbreak
- Highly conserved genome
- Variant VP2 and VP3 genes

Reference: RVA/Human-wt/AUS/02909/2022/G8P8

AUS/02830/2021/G8P[8]

AUS/WAPC3481/2021/G8P[8]‘

AUS/NSW159/2017/G8P[8]

AUS/NSW085/2017/G8P[8]

Ok 1k 2k 3k 4k 5k 6k Tk 8k 9k

10k

12k

14k 15k 16k 17k
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;, Augusi so uth Australia

= G3P[9] (n=20) ..g
- Emerged in South Australia in 2013-2014 A SRl ey

= G3P[3] (n=19)

G3P

- Emerged in 2010 in Western Australia e
Sporadic G3P[8] (n=3) Eiiiii . o
= Backbone largely derived from G3P[3] 0 o S

Genotype VP7
9]

G3

G3P[3]

G3P[8]
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" cluster with canine & feline strains within the same o
clade as RVA/Dog-wt/AUS/ND4/2013/G3P[3] e,
= G3P[8] clustered in a different clade of canine and feline
strains, shared high nucleotide similarity to RVA/Bat- e
wt/ZMB/LUS12-14/2012/G3P[3] o

= G3P[9] cluster within a primarily human clade containing
and the historic feline strain RVA/Cat-
wt/AUS/Cat2/1984/G3P[9]

= More recent introductions into the human population

© Murdoch Children’s Research Institute, 2022
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Large diversity of rotavirus strains in Australia infecting adults and children
- Zoonotic transmission and reassortment contributes to this diversity

Emergence of DS-1 backbone strains e.g., G8P[8]

Endemic circulation of variants that entered the human population decades ago via
zoonotic transmission

Recent emergence of some variants and direct zoonotic transmission events

Diversity in animals is largely undescribed making it difficult to infer transmission events
: One-Health Initiative

Overall burden of rotavirus disease remains significantly reduced in the vaccine era but
emerging variants can cause concern especially widespread outbreaks

© Murdoch Children’s Research Institute, 2022
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