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Abstract

This report from the Australian Rotavirus Surveillance Program describes the circulating rotavirus
genotypes identified in children and adults during the period 1 January to 31 December 2024. In 2024, we
saw a continuation of a high burden of rotavirus disease in the Australian population. During this period,
2,118 faecal specimens were referred to the National Rotavirus Reference Centre (NRRC), for rotavirus

G- and P-genotype analysis; of these samples, 1,880 were confirmed as rotavirus positive. This is the
second highest number of samples referred to the NRRC over the past 20+ years of operation. Of the 1,880
samples confirmed rotavirus positive, 1,610 (85.6%) were identified as wildtype rotavirus; 268 (14.3%) were
identified as the Rotarix vaccine-like strain; and two G1P[8] samples could not be confirmed as wildtype
or vaccine-like due to inadequate sequence quality. The equine-like G3P[8] variant was the dominant
genotype nationally (n = 1,297/1,610; 80.6%). Other genotypes were identified at low frequencies including
G1P[8] (n = 9/1,610; 0.6%); G2P[4] (n = 34/1,610; 2.1%); G3P[8] (n = 77/1,610; 4.8%); G8P[8] (n = 46/1,610;
2.9%); G9P[4] (n = 9/1,610; 0.6%); G9P[8] (n = 6/1,610; 0.4%); and G12P[8] (n = 8/1,610; 0.5%). Genotype
distribution was consistent nationally, with equine-like G3P[8] the dominant genotype in all jurisdictions.
Consistent with observations in recent years, a small number of samples with unusual genotypes were
identified (n = 70/1,610; 4.3%). Of these unusual genotypes, the most frequently detected was G2P[8],
which accounted for 52.9% of unusual samples (n = 37/70) and 2.3% of all positive wildtype samples

(n =37/1,610).

The high number of rotavirus positive samples received by the program reflected the notifications for
rotavirus disease reported to the National Notifiable Disease Surveillance Service (NNDSS). Across
Australia, there were 10,108 notifications recorded, the highest reported in any year since establishment of
the national rotavirus notification.

The ability to monitor the genotypes of rotavirus strains causing disease across ages and across
jurisdictions provides important data to aid in assessing the performance of the national rotavirus
vaccination program and to inform public health interventions during outbreaks. The Australian Rotavirus
Surveillance Program also provides important data to monitor annual variations in genotypes circulating
in the population. Understanding the diversity of genotypes in circulation, and the emergence of variants,
provides important context for any changes observed in disease epidemiology in the community.

The Australian Rotavirus Surveillance Program provides diagnostic laboratories with valuable feedback
on laboratory data quality, by reporting incidences of wildtype, vaccine-like, and/or false positive rotavirus
results.

Keywords: rotavirus; gastroenteritis; genotype; surveillance; Australia; vaccine; equine-like G3P[8]
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Introduction

Group A rotavirus infections were identified as the cause of 128,500 deaths and 258 million episodes of
diarrhoea among children < 5 years of age in 2016.! To address this burden, there are now four World
Health Organization (WHO) pre-qualified rotavirus vaccines introduced nationally or regionally into routine
Immunisation Programs of over 131 countries; these vaccines are Rotarix [GSK, Belgium], RotaTeq [Merck,
United States of America], Rotavac [Bharat Biotech, India], and RotaSIIL, [Serum Institute of India, India].2®

In Australia, rotavirus vaccines were first introduced into the routine infant immunisation schedule in

the Northern Territory in 2006 and then nationally on July 1, 2007, with the decision on vaccine choice,
Rotarix [GSK] or RotaTeq [Merck], initially made at the state or territory level. RotaTeq was administered
in Queensland, South Australia and Victoria, whereas Rotarix was administered in the Australian Capital
Territory, New South Wales, the Northern Territory, and Tasmania. Western Australia initially administered
Rotarix and changed to RotaTeq in May 2009. On 1 July 2017, all jurisdictions which had previously
administered RotaTeq changed to Rotarix, making national vaccine administration uniform across all
states and territories in Australia.®” Following the introduction of rotavirus vaccines, there was a significant
reduction in rotavirus-coded and non-rotavirus-coded acute gastroenteritis hospitalisations of children

< 5 years of age.? Several post-licensure studies have shown that rotavirus vaccines are safe and
effective and associated with significant reduction in the rotavirus burden of disease in Australia.®-
Within the first six years of vaccine introduction, an estimated 77,000 hospitalisations were prevented,
90% of which were in children < 5 years of age, with indications of herd protection occurring in older age
groups.®

In Australia, rotavirus gastroenteritis has been a notifiable disease since 2010, with all jurisdictions
reporting through the National Notifiable Disease Surveillance Service (NNDSS) with national
representation since 2018.2 This service monitors the reports of rotavirus disease across each jurisdiction
on a month-by-month basis and according to age cohorts. Over the past decade, the clinical presentations
of rotavirus disease have followed a pattern of a low baseline incidence across months punctuated by
outbreaks, particularly notable in regional areas. In 2021, outbreaks were reported in Western Australia

and the Northern Territory in September and continued through to December, as many parts of Australia
emerged from a prolonged period of social distancing due to coronavirus disease 2019 (COVID-19)
restrictions.® The increased rate of rotavirus notifications observed in 2021 persisted into 2022 and
2023.101

Since 1999, the Australian Rotavirus Surveillance Program (ARSP) has characterised rotavirus genotypes
causing severe disease in Australian children < 5 years of age.® From 2010 onwards, surveillance was
extended to children = 5 years of age and adults. The ARSP receives rotavirus positive samples from
collaborating laboratories across all states and territories, which have screened samples for rotavirus
positivity. Positive samples are then sent from jurisdictional collaborating laboratories to the National
Rotavirus Reference Centre, in Melbourne, for confirmatory testing and genotyping. Rotavirus genotypes
are defined by a binary classification system based on the two outer capsid proteins, VP7 (G, glycoprotein)
and VP4 (P, protease-sensitive).’? Globally, there are five common genotype combinations identified

in humans: G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8], although G8P[8] and G12P[8] have also been
described as globally important genotypes in recent years.'®'® Additionally, whole genome classification
assigns genotypes to each of the 11 genes: Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, denoting the VP7-VP4-
VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 genes.'® The majority of human rotavirus genomes
fall under two genotype constellations: Wa-like (genogroup 1: G1/3/4/9/12-P[8]-11-R1-C1-M1-A1-N1-T1-
E1-H1), and DS-1-like (genogroup 2: G2-P[4]-12-R2-C2-M2-A2-N2-T2-E2-H2).'® A third genogroup, AU-1-like,
is also detected in humans, but less frequently (genogroup 3: G3-P[9]-13-R3-C3-M3-A3-N3-T3-E3-H3)."6
Numerous mechanisms contribute to rotavirus diversity including genetic drift, reassortment and zoonotic
transmission. The segmented genome allows for reassortment both within and between human and animal
strains, leading to the emergence of novel strains and unusual genotype combinations.'”
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The genotype data provided by the Australian Rotavirus Surveillance Program has revealed changes in
rotavirus genetic diversity, as well as temporal and geographic fluctuations.®'® Furthermore, differences in
genotype diversity and dominance were observed when comparing vaccines by jurisdictions, suggesting
that RotaTeq and Rotarix exerted different immunological pressures on circulating rotavirus strains in
Australia.®'® The continued surveillance and characterisation of rotavirus genotypes circulating in Australia
will provide important insights into whether changes in vaccine immunisation programs could impact virus
epidemiology and alter genotype diversity, which could have ongoing consequences for the success of
current and future vaccination programs. This report describes the G- and P- genotype distribution of
rotavirus strains causing severe gastroenteritis in Australia for the period 1 January to 31 December 2024.
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Methods

Faecal samples were tested for the presence of rotavirus by quantitative polymerase chain reaction (QPCR)
or enzyme immunoassay (EIA) by collaborating laboratories Australia-wide. Positive samples were frozen
and sent to the National Rotavirus Reference Centre (NRRC), Melbourne, together with available metadata
including date of collection (DOC), date of birth (DOB), sex, postcode, and the gPCR cycle threshold

(Ct) values generated by the collaborating laboratory (where possible). Specimens were received from

12 collaborating centres located in the Australian Capital Territory, New South Wales, Northern Territory,
Queensland, South Australia, Tasmania, Victoria, and Western Australia) (Table 1).

Samples were allocated a unique laboratory code and entered into the ARSP database (Excel and
REDCap). Samples were stored at -30 °C until analysed.

Viral RNA was extracted from 10—-20% faecal extracts using the QlAamp Viral RNA mini extraction

kit (QIAGEN), according to the manufacturer’s instructions, with the exception of eluting in 50 pl of
nuclease-free water. Rotavirus G- and P- genotypes were determined using an in-house hemi-nested
multiplex RT-PCR assay. The first-round RT-PCR reactions were performed using the One Step RT-PCR kit
(QIAGEN), in conjunction with VP7 (VP7F/VP7R) or VP4 (VP4F/VP4R) conserved primers.'®2° The second-
round genotyping PCR reactions were conducted using specific oligonucleotide primers for G types G1,
G2, G3, G4, G8, and G9, or P types P[4], P[6], P[8], P[9], P[10], and P[11]."*-?22 The G- and P- genotype was
determined using agarose gel electrophoresis of second-round PCR products. Samples failing to generate
a second-round PCR amplicon were further tested by VP6-specific RT-PCR using the Superscript il
One-Step RT-PCR System with Platinum Tag DNA Polymerase (Invitrogen) and primers Rot3 and Rot5 as
described previously.2324

Sanger sequencing was used to determine the VP7 and/or VP4 nucleotide sequence for PCR non-typeable
samples. The current set of primers used in the second-round G-typing protocol are not able to detect
genotypes to equine-like G3, G12, and unusual rotavirus strains. Due to non-specific binding of the G9
primer to equine-like G3 strains, all G9 samples were further characterised using equine-like G3 primers
as described previously.?® All non-typeable P[8] samples were further characterised using G12 specific
primers as described previously.?® The VP7 gene of each G1P[8] sample was sequenced to determine if
wildtype or Rotarix vaccine-like strain was detected. The VP7 gene of any sample which was negative by
equine-like G3 PCR (potentially G9) was sequenced. Samples which had no first-round PCR amplicon

(but were VP6 positive) were re-amplified using the Superscript lll One-Step RT-PCR System with Platinum
Tag DNA Polymerase (Invitrogen), in conjunction with VP7 (Beg9/End9) or VP4 (Con2/Con3) primers,

as described previously.??2427 The generated VP7 and VP4 amplicons were purified using the Wizard

SV Gel for PCR Clean-Up System (Promega) or the QIAquick Gel Extraction Kit (QIAGEN), according to
the manufacturer’s protocol with the exception of eluting in 30 pl of nuclease-free water. Purified DNA

and oligonucleotide primers (VP7F/VP7R, VP4F/VP4R, Beg9/End9, or Con2/Con3) were sent to the
Australian Genome Research Facility (AGRF), Melbourne, and sequenced using an ABI PRISM BigDye
Terminator Cycle Sequencing Reaction Kit (Applied Biosystems) in an Applied Biosystems 3730xI DNA
Analyzer (Applied Biosystems). Electropherograms were visually analysed and edited using Geneious
Prime 2025.1.2." Genotype assignment was determined using BLAST" and Rotavirus A Genotyping Tool
Version 0.1.7

i https://www.geneious.com.
ii http://blast.ncbi.nim.nih.gov/Blast.cgi.
iii https:/www.rivm.nl/mpf/typingtool/rotavirusa/.
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Table 1: Number of samples provided by each collaborating laboratory

Healthcare facility Department Jurisdiction?

Canberra Hospital Microbiology Department ACT 57
Prince of Wales Hospital Serology, Virology and OTDS Laboratories (SAViD), NSW Health Pathology NSW 353
Liverpool Hospital, Liverpool Department of Microbiology & Infectious Diseases NSW 98
The Children’s Hospital, Westmead Virology Department NSW 107
Douglass Hanly Moir Pathology Infectious Serology Department NSW 53
Alice Springs Hospital, Alice Springs The Microbiology Department NT 93
Royal Brisbane & Women'’s Hospital, Herston Pathology Queensland Qld 555
SA Pathology, Adelaide Microbiology and Infectious diseases laboratory SA 163
Royal Hobart Hospital, Hobart Molecular Medicine, Pathology Services Tas. 72
Monash Medical Centre, Clayton Department of Microbiology Vic. 173
Royal Children’s Hospital, Parkville Laboratory Services Vic. 130
PathWest Laboratory Medicine, Nedlands QEIll Microbiology Department WA 264

a ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.



Results

Sample description

A total of 2,118 specimens determined to be rotavirus positive by collaborating laboratories were referred to
the NRRC during the period 1 January to 31 December 2024 (Figure 1). A subset of samples (n = 238) were
not analysed further due to: being a duplicate sample (n = 45), missing sample (not received; n = 1), having
insufficient sample volume (n = 19) or not confirmed as rotavirus positive by VP6 PCR analysis by NRRC
methods (n = 173).

A total of 1,880 samples were successfully genotyped. Samples were then classified as wildtype
(no vaccine VP7 gene identified) or vaccine-like (Rotarix vaccine VP7 gene identified), based on genotype
and the analysis of the top BLAST hits of any G1 VP7 sequence.

Figure 1: NRRC workflow diagram reflecting the number of rotavirus positive stool samples
received from 1 January to 31 December 2024

2,118
“rotavirus positive” samples
received from laboratories
(DOC 1 Jan - 31 Dec, 2024)

65 samples not analysed due to:
e duplicate sample (n = 45)
e sample volume insufficient (n = 19)
e missing (n = 1)

173 samples not confirmed as
rotavirus positive
(VP6/VP7/VP4 PCR negative)

1,880
confirmed rotavirus
positive samples

1,610 samples identified as 2 samples identified as G1P[8] 268 samples identified as
wildtype rotavirus (unconfirmed whether vaccine-like
(G- and P-typing) wildtype or vaccine-like) (VP6 and/or VP7 sequencing)

Demographics of the sample population

Age distribution of wildtype rotavirus samples

Of the 1,610 samples confirmed as wildtype, 739 (45.9%) were collected from children < 5 years of age,
and 871 (54.1%) were obtained from children = 5 years of age and from adults (Table 2).
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Table 2: Age distribution of wildtype rotavirus gastroenteritis cases referred to the NRRC,
Australia, 1 January to 31 December 2024

Age (months) Age (years) n % of total % < 5 years of age
0-6 — 89 5.5 12.0
7-12 <1 104 6.5 1441

13-24 1-<2 224 13.9 30.3
25-36 2-<3 163 1041 221
37-48 3-<4 89 5.5 12.0
49-59 4-<5 70 4.4 9.5
Subtotal - 739 45.9 100
60-120 5-<10 211 1341 -
121-240 10-< 20 106 6.6 —
241-960 20-<80 497 30.9 —
961+ >80 57 3.5 —
Subtotal — 871 54.1 -
Total — 1,610 100.0 —

Age distribution of rotavirus vaccine-like samples

All G1P[8] samples (n = 279) were analysed by VP7 sequencing to identify vaccine-like strains. Overall,
277 samples were successfully sequenced, of which 268 were Rotarix vaccine-like and 9 were wildtype.
Two samples genotyped as G1P[8] could not be determined as wildtype or vaccine-like due to repeated
failed attempts to generate adequate sequencing results.

Of the samples found to have a vaccine-like VP7 gene, 97.3% (n = 256/268) were from the 0-6 months of
age group (Table 3), reflecting the vaccination schedule. Samples with vaccine-like VP7 genes were found
in infants 7 months (n = 2) and 8 months of age (n = 2), and in young children aged 13 months, 15 months,
and 4 years. The five vaccine-like samples detected in individuals over 5 years of age were from individuals
10, 16, 27, 31 and 39 years old (Table 3).

Table 3: Age distribution of samples referred to the NRRC found to have a vaccine-like VP7 gene
identified, Australia, 1 January to 31 December 2024

Age (months) Age (years) n % of total % < 5 years of age
0-6 — 256 95.5 97.3
7-12 <1 4 15 1.5

13-24 1-<2 2 0.7 0.8
25-36 2-<3 0 0.0 0.0
37-48 3-<4 0 0.0 0.0
49-59 4-<5 1 0.4 0.4
Subtotal - 263 98.1 100.0
60-120 5-<10 0 0.0 —
121-240 10-<20 2 0.8 —
241-960 20-<80 3 11 -
961+ > 80 0 0.0 —
Subtotal - 5 1.9 -
Total - 268 100 -
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Temporal trends across 2024

National trends of rotavirus positive samples categorised as wildtype and
vaccine-like strains

Wildtype and vaccine-like rotavirus positive samples were analysed by date of collection (DOC: month)

and then compared to monthly national rotavirus notifications reported by the NNDSS (Figure 2).2 The peak
of notifications reported by the NNDSS correlated with the number of samples received by the NRRC.
Wildtype samples received by the NRRC and notifications reported by the NNDSS were relatively steady
across January to May, with a moderate increase observed in June and July. From August, a notable
increase was observed in the NNDSS notifications which continued into September and October, tapering
in November to December. This pattern was largely reflected in the samples received by the NRRC;
however, the pronounced increase observed in August was not captured, as the number of samples
received remained comparable to those in July. As expected, there was no seasonal association for
samples with a vaccine-like strain (Figure 2).

Figure 2: Number of analysed wildtype and vaccine-like samples with respect to NNDSS number of
rotavirus notifications, 1 January to 31 December 2024

Seasonal trends of wildtype rotavirus positive samples across jurisdictions

Rotavirus positive specimens were received from all jurisdictions for the 2024 surveillance period.

The highest numbers of wildtype samples for this surveillance period were from New South Wales (27.7%;
n = 446/1,610) and Queensland (27.6%; n = 445/1,610), followed by Victoria (15.7%; n = 252/1,610) and
Western Australia (12.2%; n = 197/1,610) (Table 4).

Jurisdiction-based notification reports per 100,000 population suggested differing patterns of rotavirus
activity across the country in 2024 (Figure 3).2 The Northern Territory had the highest cumulative annual
notification reports at 48 per 100,000 population, followed by New South Wales (47 per 100,000);
Queensland (45 per 100,000); the Australian Capital Territory (42 per 100,000); South Australia (36 per
100,000); Western Australia (28 per 100,000); Victoria (25 per 100,000) and Tasmania (23 per 100,000).

The unprecedented burden of disease in 2024, compared to recent years, was highlighted when reviewing
the annual notification data per 100,000 population since 2018. The notifications for 2024 were the highest
observed for most jurisdictions including the Australian Capital Territory, New South Wales, Tasmania

and Victoria, and the second highest for Western Australia and Queensland (2024 equal with 2019).

The Northern Territory reports frequent outbreaks of rotavirus, with 2024 notifications the fourth highest in
recent years (Figure 3).
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Figure 3: Rotavirus NNDSS notifications per 100,000 population by jurisdiction annually between
2018 and 2024

The peak of rotaviruses cases varied across Australia, with the majority of notifications in the latter
months in most jurisdictions (Figure 4). The Northern Territory reported bimodal peaks in March and
November of similar magnitudes; South Australia also exhibited bimodal peaks, with high notifications in
January reflecting the tapering of the 2023 season which saw high notification rates in 2023 Quarter 4,
with the second peak in November and December 2024. The peak of notifications for New South Wales
and the Australian Capital Territory was across September, October and November. The highest monthly
notification rate was reported for New South Wales in September and October. Notification rates for
Queensland were stable for the first half of the year, with a peak in August and September, tapering off
from October to December. Western Australia exhibited relatively stable notification rates across the year,
while Tasmania also exhibited relatively stable notification rates across the year with a moderate increase in
March. Notifications in Victoria were relatively stable across Quarters 1, 2 and 3 with a moderate increase
in Quarter 4.

Figure 4: Rotavirus NNDSS notifications per 100,000 population by jurisdiction, 1 January to
31 December 2024
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Table 4: Rotavirus G and P genotype distribution observed across jurisdictions during the period 1 January to 31 December 2024

Total  G1P[8] G2P[4] G3P[8] Eq G3P[8]° GS8P[8] G9P[4] GOP[8] G12P[8] Mixed Other® Non-type®
0.0 0.0 22 0.0 0.0 0.0 0.0 1 3.7

%
0.0

Age
Jurisdiction®®  (years) n

]

%
0.0

<5 27 0 0 0 81.5 4 14.8 0 0 0 0 0
ACT
=5 14 0 0.0 0 0.0 0 0.0 11 78.6 3 214 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
<5 214 0 0.0 4 1.9 6 2.8 179 83.6 7 3.3 1 0.5 0 0.0 1 0.5 0 0.0 6 2.8 10 4.7
NSW
=5 232 1 0.4 6 2.6 6 2.6 194 83.6 2 0.9 1 0.4 2 0.9 1 0.4 0 0.0 10 4.3 9 3.9
<5 26 1 3.8 0 0.0 0 0.0 20 76.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 3.8 4 15.4
NT
=5 18 1 5.6 0 0.0 0 0.0 13 72.2 0 0.0 0 0.0 0 0.0 1 5.6 0 0.0 0 0.0 3 16.7
<5 196 0 0.0 0 0.0 8 44 171 87.2 2 1.0 0 0.0 0 0.0 1 0.5 0 0.0 12 6.1 2 1.0
Qld
=5 249 3 1.2 1 0.4 8 3.2 210 84.3 2 0.8 0 0.0 2 0.8 1 0.4 0 0.0 22 8.8 0 0.0
<5 47 0 0.0 3 6.4 4 8.5 36 76.6 1 21 0 0.0 0 0.0 1 21 0 0.0 1 21 1 21
SA
>5 81 0 0.0 5 6.2 6 74 62 76.5 3 3.7 2 2.5 0 0.0 0 0.0 0 0.0 2 2.5 1 1.2
<5 21 0 0.0 0 0.0 1 4.8 16 76.2 1 4.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 14.3
Tas.
>5 36 0 0.0 1 2.8 2 5.6 31 86.1 0 0.0 1 2.8 0 0.0 0 0.0 0 0.0 0 0.0 1 2.8
<5 110 0 0.0 7 6.4 5 4.5 73 66.4 10 9.1 2 1.8 0 0.0 0 0.0 0 0.0 7 6.4 6 5.5
Vic.
=5 142 2 1.4 5 3.5 11 7.7 96 67.6 11 7.7 1 0.7 1 0.7 1 0.7 0 0.0 3 21 11 7.7
<5 98 0 0.0 0 0.0 11 1.2 84 85.7 0 0.0 1 1.0 0 0.0 1 1.0 0 0.0 1 1.0 0 0.0
WA
>5 99 1 1.0 2 2.0 9 9.1 79 79.8 0 0.0 0 0.0 1 1.0 0 0.0 0 0.0 5 5.1 2 2.0
<5 739 1 0.1 14 1.9 35 4.7 601 81.3 25 3.4 4 0.5 0 0.0 4 0.5 0 0.0 28 3.8 27 3.7
Subtotal
=5 871 8 0.9 20 2.3 42 4.8 696 79.9 21 2.4 5 0.6 6 0.7 4 0.5 0 0.0 42 4.8 27 3.1
Total - 1,610 9 0.6 34 21 77 4.8 1,297 80.6 46 2.9 9 0.6 6 0.4 8 0.5 0 0.0 70 4.3 54 3.4
a Samples sorted based on sample postcode, not collection location.
b ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.
c Equine-like G3PI[8].
d Other: unusual and rarely detected genotypes, as detailed in Table 5.
e Specimen where G or P genotype was not determined.



Genotype distribution of rotavirus positive samples

Rotavirus G and P genotype distribution patterns

Genotype analysis was performed on all 1,610 confirmed wildtype rotavirus positive samples (Table 4).
The lack of genotype diversity was notable, with equine-like G3P[8] representing the dominant genotype
nationally (n = 1,297/1,610; 80.6%). Equine-like G3P[8] was the dominant genotype in all jurisdictions;
accounting for 80.5% of samples in the Australian Capital Territory; 83.6% in New South Wales; 75.0%
in the Northern Territory; 85.6% in Queensland; 76.6% in South Australia; 82.5% in Tasmania; 67.1%

in Victoria and 82.7% in Western Australia. Age distribution did not impact genotype distribution, with
equine-like G3P[8] dominant in the population < 5 years of age (81.3%; n = 601/739) and = 5 years of age
(79.9%; n = 696/871) in all jurisdictions.

Given the overwhelming predominance of equine-like G3P[8], other genotypes were detected in decreased
frequencies compared to previous years; given the low detection of these other genotypes, limited trends
can be deduced. Human G3P[8] was a dominant national genotype in 2023, accounting for 42.6% of
samples (n = 662/1,554)." Whilst human G3P[8] was the second-most commonly identified genotype
nationally in 2024, the frequency had decreased to represent 4.8% of samples nationally (n = 77/1,610);
this genotype accounted for 4.7% of samples from the population < 5 years of age (n = 35/739) and 4.8%
of samples from the population = 5 years of age (n = 42/871). In most jurisdictions, the second-most
commonly identified genotype was the same in the population < 5 years of age and = 5 years of age,

with similar proportions observed. However, the small numbers of samples identified for other genotypes
impact this interpretation.

G8PI[8] accounted for only 2.9% of wildtype samples nationally (n = 46/1,610) and was not detected in the
Northern Territory or Western Australia. In the Australian Capital Territory, G8P[8] was the second-most
commonly identified genotype (17.1%; n = 7/41), accounting for 14.8% of samples from the population

< 5 years of age (n = 4/27) and 21.4% of samples from the population = 5 years of age (n = 3/14). G8P[8]
was also the second-most commonly identified genotype in Victoria, accounting for 8.3% of samples

(n =21/252).

Of other genotypes, wildtype G1P[8] was infrequently detected, representing 0.6% of samples (n = 9/1,610),
and was almost exclusively detected in the population = 5 years of age (n = 8/9). G2P[4] has continued

to decrease in frequency recent years, accounting for 9.4% of all wildtype specimens analysed in 2023

(n = 146/1,554) and only 2.1% of wildtype samples nationally in 2024 (n = 34/1,610)." G9P[4] continued

to decrease in frequency, from a recent peak of 22.3% of samples in 2022 (n = 249/1,119); this genotype
accounted for 2.1% of samples in 2023 (n = 32/1,554) and only 0.6% of samples in 2024 (n = 9/1,610)."%"
G9P[8] was similarly infrequently identified, representing only 0.4% of samples in 2024 (n = 6/1,610) and
was only detected in the = 5 years population. G12P[8] has also decreased in recent years. G12P[8] was
the most frequently detected genotype in the 2022 surveillance period, representing 28.2% of samples
genotyped (n = 315/1,119) but decreased to 6.4% of samples in 2023 (n = 100/1,554), and further decreased
to only 0.5% of samples in 2024 (n = 8/1,610).1%"

Unusual genotypes and genotype combinations observed

Certain rotavirus genotypes, including G1P[8], G2P[4], G3P[8], G9P[8], G8P[8] and G12P[8], represent the
most commonly detected genotypes globally.®-'®* Unusual genotypes may be detected that represent
reassortment events between commonly circulating strains, minor variants, or sporadic zoonotic
transmissions. Some samples with unusual genotypes were identified in 2024 (n = 70) (Tables 4, 5).
Similar to what was observed in 2023, G2P[8] was the most commonly identified unusual genotype (n = 37)
and was detected in New South Wales, Queensland, South Australia, Victoria and Western Australia,
suggesting this reassortant strain circulates nationally at a low frequency. Not detected in 2023, G1P[6]
was detected in 2024 in eight samples in New South Wales, Queensland, Victoria and Western Australia,
further highlighting the low-level circulation of unusual variants at a national level. The highly unusual G11
genotype was identified, with four G11P[25] samples detected in Queensland, all from adults. The cases
were identified in different months and, based on postcode, the individuals resided in different regions
across the state of Queensland. Many genotype combinations were sporadically detected as a single
sample, including equine-like G3P[6], G3P[14], G4P[8], and G12P[4].
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Table 5: Unusual genotypes and genotype combinations observed during the period 1 January to
31 December 2024

Genotype Total

G1P[6] 8
G2P[g] 37
G3P[3] 2

Equine-like G3P[6] 1

Feline-like G3P[8] 2
G3P[9] 2
G3P[14] 1
G4P[8] 1
G6P[9] 3

G8P[14] 2
G9PI[6] 4
G11P[25] 4
G12P[4] 1
G12P[6] 2
Total 70
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Discussion and conclusion

This Australian Rotavirus Surveillance Program Report describes the distribution of rotavirus genotypes
identified in Australia for the period 1 January to 31 December 2024. This marks 17 years since the national
introduction of rotavirus vaccines (Rotarix [GSK] and RotaTeq [Merck]) in the National Immunisation
Program for all Australian infants, and the seventh year since the exclusive use of Rotarix across all
jurisdictions.®282° Of the 2,118 samples submitted as rotavirus positive by collaborating laboratories

across all jurisdictions, a total of 2,053 were tested by the NRRC; 65 samples were excluded, due either to
being a duplicate of a tested sample, or the sample was missing, or required metadata was not provided.
In total, 91.6% of samples tested in 2024 (n = 1,880/2,053) were confirmed to be rotavirus positive by the
NRRC. This provides acknowledgement and confidence that collaborating laboratories are accurately
identifying rotavirus.

A total of 2,118 samples were sent from collaborating laboratories, which is the second highest number
of samples received by the NRRC to date. The highest number of samples was in 2017, when 2,285
samples were received. However, in 2017 only 62.2% of samples (n = 1,422/2,285) were processed due to
programmatic constraints at the time.2® Thus, the 2024 surveillance period represents the highest number
of samples tested by the NRRC (96.9%; n = 2,053/2,118). In March and April of 2024, an outbreak was
reported in Darwin and Alice Springs by the Northern Territory Centre for Disease Control. At the time of
the public health alert, 58% of cases were aged 10 years or younger, and 41% of those cases were not
up to date with rotavirus vaccinations for their age.?® Notifications in Western Australia were also highest
in April, but no recognised outbreaks were reported by the Western Australia Department of Health.®!

In New South Wales, the peak of rotavirus notifications in September and October was associated with
multiple outbreaks of rotavirus and norovirus in the community. During this period, over 224 outbreaks of
viral gastroenteritis were reported in early childhood and school settings.*

The 2024 surveillance period is notable as it is the first time a single genotype has predominated to

this extent in Australia. Historically, the dominant genotype detected in a given year has accounted for
27.6% to 52.0% of samples in that year, reflecting the dynamic co-circulation of genotypes nationally.
Prior exceptions to this historical trend have been two seasons where sampling bias impacted the
interpretation of genotype distribution. In 2002/2003, G9P[8] accounted for 74.7% of samples, but only
Western Australia, the Northern Territory, and Victoria contributed samples. In 2021, localised outbreaks
in the Northern Territory and Western Australia were attributed to G8P[8], and G8P[8] was the dominant
genotype nationally accounting for 87.5% of samples (n = 294/336). However, due to the small number of
samples collected, and compounded by the fact that no samples from Tasmania or South Australia were
collected (collaborating laboratories had reduced capacity to participate in the program due to ongoing
impacts of SARS-CoV-2 testing), it is unknown if the dominance of G8P[8] during this period was truly
reflective of the genotype distribution in the population nationally.

Typically, geographic differences are also observed with genotype distributions differing between
jurisdictions. In recent years, when high rates of community cases and outbreaks were reported in multiple
jurisdictions, differences in genotype distribution were observed. For example, in 2017 multiple outbreaks
were recorded across Australia due to diverse genotypes, including G2P[4] (Northern Territory, Western
Australia, and South Australia), equine-like G3P[8] (New South Wales), and G8P[8] (New South Wales

and Victoria).?® Differences in genotype distribution have also been noted between the population < 5
years and = 5 years of age.'”® These nuanced differences in epidemiology were lacking in 2024, due to the
overwhelming dominance of equine-like G3P[8] in all jurisdictions and across all ages.

G83 strains are recognised to exhibit considerable diversity, as this genotype is endemic in humans as well
as in a range of host species such as cats, dogs, rabbits, goats, sheep, pigs, horses, cattle, and rodents.3?
Certain G3 variants have crossed the species barrier into humans including canine-like and feline-like
G3P[3], G3P[6] and G3PJ[9] strains, which have become established as minor human variants and are thus
sporadically detected in many countries.3*%"

Equine-like G3P[8] represents a zoonotic variant that has become established in the human population
following reassortment events between equine-like G3 strains and endemic human strains. Australia was
one of the first countries to report the emergence of this variant and it has spread globally over the past
decade.® Equine-like G3P[8] has been reported in high frequencies in a number of countries, including
Brazil where it accounted for 84% and 65% of samples genotyped in 2018 and 2019 respectively.3®
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Equine-like G3P[8] was also reported as a predominant genotype in Indonesia during 2015-2016.%°
Equine-like G3P[8] has not been reported as the predominant genotype nationally in Australia prior to
2024. Equine-like G3P[8] was detected in Australia in 2013, accounting for 15.0% of samples genotyped;
differentiation between human and equine-like G3P[8] was routinely conducted from 2015 onwards.
Detection has varied over the last decade: 13% in 2015, 19% in 2016, peaking at 25% in 2017 associated
with an outbreak in New South Wales. Detection was subsequently low in 2018 and 2019, representing 5%
and 6% of samples respectively, before re-emerging in 2020, accounting for 19% of samples; however, this
surveillance period was significantly impacted by the COVID-19 pandemic. Detection was again low in 2021
and 2022, at 1.2% and 1.3% respectively, before re-emerging in 2023 at 29.3% and ultimately reaching the
unprecedented detection rate of 80.6% in 2024. This cyclical pattern may suggest that the re-emergence
of this genotype is driven by the accumulation of immunologically naive people in the population. During
2013 to 2017, when both Rotarix and RotaTeq vaccines were used in Australia, genotype data was
stratified based on jurisdiction and vaccine use, and equine-like G3P[8] was more commonly detected in
jurisdictions using Rotarix than in those using RotaTeq.5'®

Current genotyping methods do not accurately detect the equine-like G3 variant. The current G9 primer
used in the hemi-nested multiplex RT-PCR method incorrectly binds to equine-like G3 strains, so
secondary testing via specific primers for the equine-like G3 variant or sequence analysis is required to
differentiate between equine-like G3 and G9 strains. This issue of mis-priming is notable as it may lead to
inaccurate reporting of G9 strains; secondary confirmation of equine-like G3 via single-plex genotyping
assays or sequencing is costly and labour-intensive. Thus, differentiation between equine-like G3P[8] and
other G3P[8] strains is not routinely done in all settings, which makes it difficult to ascertain the accurate
global distribution of the equine-like variant. Given the global circulation of equine-like G3P[8] strains, there
have been minor differences detected in strains harbouring the equine-like VP7 G3 gene, with different
genome constellations circulating endemically in some regions. It would be of great benefit to conduct
full genome sequencing on the strains circulating in 2024 to establish whether they represent the original
variant detected in 2013, which may have circulated endemically across the intervening years, or whether
the 2024 peak was seeded by a variant introduced from globally circulating variants.

Differentiating G1P[8] strains as either wildtype or vaccine-like is needed to understand observed trends in
rotavirus detection in the younger population. A total of 256 samples collected from infants 0 to 6 months
of age had rotavirus vaccine-like G1P[8] detected (74.2%; n = 256/345). This most likely reflects the
increasing use of multiplex PCR panels in the collaborating laboratories. This highly sensitive assay does
not distinguish between wildtype and vaccine-like rotavirus strains, and sequencing is required to make
this distinction.*®4! Therefore, a rotavirus-positive result in an infant less than eight months of age needs
to be interpreted with caution, as it may reflect vaccine virus shedding that is expected within the days
following administration of a live oral rotavirus vaccine.*>*' Given the infrequent detection of G1P[8] in the
population, all G1P[8] samples should routinely be sequenced, as vaccine-like strains are occasionally
detected in unvaccinated or older individuals.

As reported in prior years, a small number of unusual genotypes were detected in 2024. Whilst the
majority of these unusual genotypes are sporadically detected as a single occurrence or in small

numbers, characterisation of these strains can provide insights into the diversity of strains circulating in
the population. Over time, genotypes that have been considered rare or unusual have emerged as more
dominant genotypes. Rare genotypes can also give indications of variants that may circulate in particular
geographic regions at low frequencies, which then emerge in new regions. For instance, the highly unusual
G11 genotype was identified in 2024, with four G11P[25] samples identified in Qld, all from adults. The only
G11 previously identified in Australia was a G11P[25] identified in a four-year-old in 2022 from Victoria."
G11 strains are proposed to have porcine origins and are rarely detected in humans, with reports primarily
from Pakistan, India, Nepal and Bangladesh and an outbreak in older children in Korea.*?-*® G2P[8] was the
most frequently identified unusual genotype in 2023 (n = 18) and 2024 (n = 37) and was detected nationally.
Whole genome sequencing would be beneficial to determine if these are sporadic reassortment events or if
a conserved G2PI[8] strain with either a Wa-like or DS-1-like genome constellation is circulating.
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In conclusion, in this 2024 Annual Rotavirus Surveillance Report, we describe the incidence of both
wildtype and vaccine-like rotavirus strains detected in Australia for the period of 1 January to 31 December
2024. A high burden of disease was reported across many jurisdictions, with 10,108 notifications recorded
by the NNDSS. This is the highest recorded since rotavirus became nationally notifiable, and outbreaks
were reported in the Northern Territory and New South Wales. A total of 2,118 samples were received for
testing in 2024, which is the second highest number of samples referred to the NRRC over the past 20+
years of operation. It is also notable that 2024 represents the highest number of samples processed by
the NRRC (as not all 2017 samples were processed due to programmatic constraints), and that 91.5% of
rotavirus positive samples (n = 1,721/1,880) required secondary confirmation of genotype results such

as sequencing to differentiate between wildtype and vaccine G1P[8] or subsequent testing to accurately
determine G12 or equine-like G3P[8] strains. Equine-like G3P[8] was the dominant genotype nationally,
representing 80.6% of rotavirus positive samples; the significant predominance of a single genotype

has not been previously observed. Documenting genotype distribution and changes over time is key to
understanding vaccine performance and herd immunity across different age groups and jurisdictions.
Consistent with observations in prior years, a small number of unusual genotypes were identified. In 2024,
the Australian Rotavirus Surveillance Program was strongly supported by a network of collaborating
laboratories with the aim to provide accurate surveillance data to support the public health response and
vaccination programs.
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