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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 2022. After two years of a lower number of stool samples received as a result of the coronavirus disease 2019 (COVID-19) pandemic, this reporting period saw the highest number of samples received since the 2017 surveillance period, with samples received from all states and territories. During this period, 1,379 faecal specimens had been referred for rotavirus G- and P- genotype analysis, of which 1,276 were confirmed as rotavirus positive. In total, 1,119/1,276 were identified as wildtype rotavirus, 155/1,276 identified as the Rotarix vaccine strain and 2/1,276 that could not be confirmed as vaccine or wildtype due to sequencing failure. Whilst G12P[8] was the dominant genotype nationally among wildtype samples (28.2%; 315/1,119), multiple genotypes were identified at similar frequencies including G9P[4] (22.3%; 249/1,119) and G2P[4] (20.3%; 227/1,119). Geographical differences in genotype distribution were observed, largely driven by outbreaks reported in some jurisdictions. Outbreaks and increased reports of rotavirus disease were reported in the Northern Territory, Queensland, and New South Wales. A small number of unusual genotypes, potentially zoonotic in nature, were identified, including: G8P[14]; G10[14]; canine-like G3P[3]; G6P[9]; and G11P[25]. Ongoing rotavirus surveillance is crucial to identify changes in genotypic patterns and to provide diagnostic laboratories with quality assurance by reporting incidences of wildtype, vaccine-like, or false positive rotavirus results.
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Introduction
Group A rotaviruses were identified as the cause of 128,500 deaths and 258 million episodes of diarrhoea among children < 5 years of age in 2016.1 To address this burden, two rotavirus vaccines, Rotarix™ [GlaxoSmithKline] and RotaTeq™ [Merck], have been successfully introduced in the National Immunisation Programs (NIP) of 123 countries, drastically reducing the rotavirus burden of disease.2 In Australia, the Australian NIP implemented both vaccines on 1 July 2007, significantly reducing rotavirus-coded and non-rotavirus-coded acute gastroenteritis hospitalisations of children ≤ 5 years of age.3–5 Within the first six years of vaccine introduction, an estimated 77,000 hospitalisations were prevented, 90% of which were in children ≤ 5 years, with indications of herd protection occurring in older age groups.5 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 states and territories in Australia changed to Rotarix.6,7
Rotavirus surveillance programs utilise a binary classification system based on the two outer capsid proteins, VP7 (G, glycoprotein) and VP4 (P, protease-sensitive), to describe rotavirus genotypes.8 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.9–11 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.12 The majority of human rotavirus genomes fall under two genotype constellations: Wa-like (genogroup 1: G1/3/4/9/12-P[8]-I1-R1-C1-M1-A1-N1-T1-E1-H1), and DS-1-like (genogroup 2: G2-P[4]-I2-R2-C2-M2-A2-N2-T2-E2-H2).12 A third genogroup, AU-1-like, is also detected in humans, however less frequently (genogroup 3: G3-P[9]-I3-R3-C3-M3-A3-N3-T3-E3-H3).12 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.
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. Genotype surveillance data has revealed changes in diversity, as well as temporal and geographic fluctuations over time.6,13 Furthermore, differences in genotype diversity and dominance were observed when comparing vaccines by jurisdictions, suggesting that RotaTeq and Rotarix exert different immunological pressures.6,13 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 strain 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 2022.
Methods
Faecal samples were tested for the presence of rotavirus by quantitative reverse transcription polymerase chain reaction (RT-qPCR), enzyme immunoassay (EIA), or latex agglutination 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), gender, postcode, and the RT-qPCR cycle threshold (Ct) values generated by the collaborating laboratory. Specimens were received from the following 14 collaborating centres located in the Australian Capital Territory (ACT), New South Wales (NSW), Northern Territory (NT), Queensland (Qld), South Australia (SA), Tasmania (Tas.), Victoria (Vic.), and Western Australia (WA) (n = number of specimens received):
Microbiology Department, Canberra Hospital, ACT (n = 15);
Microbiology Department, SEALS-Randwick, Prince of Wales Hospital, NSW (n = 85);
Department of Microbiology and Infectious Diseases, Liverpool Hospital, Liverpool, NSW (n = 99);
Virology Department, The Children’s Hospital, Westmead, NSW (n = 62);
Douglass Hanly Moir Pathology, NSW (n = 17);
The Microbiology Department, Alice Springs Hospital, Alice Springs, NT (n = 61);
Pathology Queensland, Royal Brisbane and Women’s Hospital, Herston, Qld (n = 687);
Microbiology and Infectious diseases laboratory, SA Pathology, Adelaide, SA (n = 52);
Molecular Medicine, Pathology Services, Royal Hobart Hospital; Hobart, Tas. (n = 20);
Department of Microbiology, Monash Medical Centre, Clayton, Vic. (n = 94);
Laboratory Services, Royal Children’s Hospital, Parkville, Vic. (n = 67);
Enteric Virus Reference Laboratory, Victorian Infectious Diseases Reference Laboratory, Peter Doherty Institute for Infection and Immunity, Melbourne, Vic. (n=20); and
QEII Microbiology Department, PathWest Laboratory Medicine, Nedlands, WA (n = 100).
Samples were allocated a unique laboratory code and entered into the NRRC database (Excel and REDCap). Samples were stored at -30 ⁰C until analysed.
Viral RNA was extracted from 10–20% faecal extracts using the QIAamp Viral RNA mini extraction kit (QIAGEN), according to the manufacturer’s instructions with the exception of eluting in 50 µl 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.14,15 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].15–17 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 or with inconclusive results were further tested by VP6-specific RT-PCR using the Superscript III One-Step RT-PCR System with Platinum Taq DNA Polymerase (Invitrogen) and primers Rot3 and Rot5 as described previously.18,19
Sanger sequencing was used to determine the VP7 and/or VP4 nucleotide sequence for PCR non-typeable or VP6 positive samples. The current set of primers in the second-round G-typing protocol is not able to assign genotypes to equine-like G3, G12, and unusual rotavirus strains. The VP7 gene of each G1P[8] sample was sequenced to determine if wildtype or Rotarix vaccine strain was detected. Samples which had no first-round PCR amplicon were re-amplified using the Superscript III One-Step RT-PCR System with Platinum Taq DNA Polymerase (Invitrogen), in conjunction with VP7 (Beg9/End9) or VP4 (Con2/Con3) primers, as described previously.16,17,20 First-round VP7, VP4 and VP6 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 µl of nuclease-free water. Purified DNA and oligonucleotide primers (Rot3/Rot5, 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 3730xl DNA Analyzer (Applied Biosystems). Electropherograms were visually analysed and edited using Sequencher v.5.4.6. Genotype assignment was determined using BLAST.[footnoteRef:2] [2: 	http://blast.ncbi.nlm.nih.gov/Blast.cgi.] 

Rotavirus has been a notifiable disease in Australia since 2010, with all states and territories reporting through the National Notifiable Diseases Surveillance System (NNDSS) in 2022.21 Ethics approval was not required as all samples are provided as de-identified with no clinical data.

Results
Number of specimens
A total of 1,379 specimens determined to be rotavirus positive by collaborating laboratories were referred to the NRRC during the period 1 January to 31 December 2022 (Figure 1). A subset of samples were not analysed further due to sample being duplicate (n = 8), insufficient (n = 17), missing (not received; n = 6), or not confirmed as rotavirus positive by VP6 PCR analysis at the Murdoch Children’s Research Institute (MCRI) (n = 71). A single sample was not processed as it arrived after the cut-off date for sample processing for this report.
Figure 1: Consort diagram of rotavirus positive stool samples included in the 2022 ARSP; 1 January to 31 December 2022
[image: Figure 1 demonstrates the selection criteria for samples processed and reported as part of the 2022 ARSP. For the period of 1 January to 31 December 2022, 1379 rotavirus positive specimens were received. 32 of these samples were not processed due to the sample being a duplicate (n=8), insufficient (n=17), or missing (n=6). A further 71 samples could not be confirmed as rotavirus positive, therefore were not processed further. In total, 1276 samples were confirmed as rotavirus positive and genotyped, of which 1119 were identified as wildtype, 155 were identified as vaccine-like and 2 samples identified as G1P[8] could not be identified as vaccine-like or wildtype.]
A total of 1,276 samples were genotyped. Samples were then classified as wildtype (no vaccine component identified) or vaccine-like (Rotarix vaccine component identified), based on genotype and the analysis of the top BLAST hits of any G1 VP7 or VP6 sequence. Of the 1,119 samples confirmed as wildtype, 490 (43.8%) were collected from children < 5 years of age, and 629 (56.2%) were obtained from children ≥ 5 years of age and from adults (Table 1). An additional 155 samples were identified as vaccine-like by VP7 or VP6 sequencing, with the majority (151/155; 97.4%) obtained from infants ≤ 6 months of age. Two samples genotyped as G1P[8] could not be determined as either wildtype or vaccine-like, due to repeated failed attempts to generate adequate sequencing results.
Table 1: Age distribution of wildtype rotavirus gastroenteritis cases, Australia, 1 January to 31 December 2022
	Age (months)
	Age (years)
	n
	% of total
	% < 5 years of age

	0–6
	 
	70
	6.3
	14.3

	7–12
	≤ 1
	72
	6.4
	14.7

	13–24
	1 –≤ 2
	135
	12.1
	27.6

	25–36
	2 –≤ 3
	100
	8.9
	20.4

	37–48
	3 –≤ 4
	69
	6.2
	14.1

	49–59
	4 –< 5
	44
	3.9
	9.0

	Subtotal
	 
	490
	43.8
	100.0

	60–120
	5 –≤ 10
	133
	11.9
	 

	121–240
	10 –≤ 20
	68
	6.1
	 

	241–960
	20 –≤ 80
	383
	34.2
	 

	961+
	> 80
	45
	4.0
	 

	Subtotal
	 
	629
	56.2
	 

	Total
	 
	1,119
	100.0
	 




Rotavirus positive samples identified by month, 2022
Wildtype and vaccine-like rotavirus positive samples were analysed by date of collection (DOC: month) and compared to the notifications received by the NNDSS, to examine the temporal distribution (Figure 2).21 Jurisdiction-based notification rates per 100,000 population revealed that notifications in South Australia were steady across the year, after a decrease observed early in the year (Figure 3). In the Australian Capital Territory, Tasmania, Western Australia, Victoria and New South Wales, the notification rates were relatively steady across the year until increases were observed from September onwards, peaking in November or December.  Notifications in the Northern Territory had minor fluctuations until a marked increase was observed in August and September. Similarly in Queensland, notifications were high from August to December, with a peak of cases between September and October (Figure 3). Community outbreaks were reported by jurisdictional Department of Health units in the Northern Territory, New South Wales and Queensland, accounting for the high number of cases from these three jurisdictions. The peak of notifications reported by the NNDSS correlated with the number of samples received by the NRRC in 2022. There was no temporal association for the identification of vaccine-like cases (Figure 2).
In 2022, collaborating laboratories were less impacted by SARS-CoV-2 testing compared to the 2020 and 2021 surveillance periods, and many laboratories returned to prior capacity to collect, store, and send rotavirus samples to the NRRC. The number of samples submitted to NRRC was the highest since 2017 due to the outbreaks in New South Wales and Queensland.
Figure 2: Number of analysed wildtype and vaccine-like specimens compared to NNDSS notifications received for rotavirus, Australia, 1 January to 31 December 2022
[image: Figure 2 demonstrates the comparison of wildtype and vaccine-like samples received by the ARSP and the notification rate of rotavirus through NNDSS (National Notifiable Diseases Surveillance System) in Australia for the period 1 January to 31 December 2022. This indicates the amount of rotavirus positive samples received by the ARSP for this period follows the trend of rotavirus NNDSS notification rates with notification rates and samples collected concentrated in the months of August to December. ]
Figure 3: State-based number of NNDSS notifications received for rotavirus, 1 January to 31 December 2022
[image: Figure 3 describes the samples received by the ARSP broken down by month and jurisdiction. It reveals that the NT and Qld had the highest notification rates per 100,000 population with peaks observed between August and September for the NT and between September and November for Qld.]
Wildtype rotavirus specimens
Age distribution for wildtype rotavirus infections
From 1 January to 31 December 2021, just under half of wildtype rotavirus positive samples (n = 490/1,119; 43.8%) were obtained from children < 5 years of age (Table 1). The highest proportions of positive samples from children < 5 years of age were obtained from the 13–24 and 25–36 month age groups, accounting for 27.6% (n = 135/490) and 20.4% (n = 100/490) of samples respectively (Table 1). The majority of samples from individuals ≥ 5 years of age were from the 241–960 (n = 383/629) and 60–120 (n = 133/629) months of age groups (Table 1).
Geographic distribution for wildtype rotavirus infections
Rotavirus positive specimens were received from all states and territories for the 2022 surveillance period. Over half of all wildtype samples for this surveillance period were from Queensland (54.8%, 613/1,119), followed by New South Wales (18.9%, 211/1,119); reflecting the sustained outbreaks reported in these states. Compared to recent surveillance periods, this reveals a more comprehensive national representation, as no samples were received from South Australia in 2021 and Tasmania in 2020 and 2021.
Wildtype rotavirus genotype distribution
Genotype analysis was performed on all 1,119 confirmed wildtype rotavirus positive samples from children and adults (Table 2).
G12P[8] was the most common genotype identified nationally, representing 28.2% of all wildtype specimens analysed (n = 315/1,119) and identified in 6/8 jurisdictions. The incidence of G12P[8] was similar between the < 5 and ≥ 5 years of age groups, representing 28.6% (n = 140/490) and 27.8% (n = 175/629) of samples respectively. G12P[8] were almost exclusively detected in Queensland (n = 281/315, 89.2%).
G9P[4] was the next most common genotype identified, representing 22.3% of all wildtype specimens analysed (n = 249/1,119) and identified in 7/8 jurisdictions. The incidence of G9P[4] was similar between the < 5 and ≥ 5 years of age groups, representing 23.9% (n = 117/490) and 21.0% (n = 132/629) of samples respectively. The majority of G9P[4] samples were from Queensland (82.7%, n = 206/249) with a further 10.4% (n = 26/249) detected in New South Wales.
G2P[4] accounted for 20.3% of all wildtype specimens analysed (n = 227/1,119) and was identified in all jurisdictions, with a similar incidence reported between the < 5 and ≥ 5 years of age groups, representing 22.2% (n = 109/490) and 18.8% (n = 118/629) of samples respectively. G2P[4] was the dominant genotype identified in the Northern Territory, accounting for 86.4% of samples (n = 37/43). G2P[4] was also dominant in New South Wales, accounting for 39.3% of samples (n = 83/211), closely followed by human G3P[8] accounting for 32.2% of samples (n = 68/211). Human G3P[8], the most common genotype identified in the 2020, 2019 and 2018 surveillance periods, accounted for 15.7% of all wildtype specimens analysed in 2022 (n = 176/1,119) and was identified in 7/8 jurisdictions. G2P[4] and G3P[8] were co-dominant in Victoria, accounting for 39.9% (n = 59/148) and 40.5% (n = 60/148) of samples respectively.
[image: A green rectangle with dark green and white strokes and black text displaying the title of the journal - Communicable Diseases Intelligence]
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Table 2: Rotavirus G and P genotype distribution in infants, children and adults, 1 January to 31 December 2022
	Jurisdictiona
	Age (years)
	Total (n)
	G1P[8]
	G2P[4]
	G3P[8]
	Eq G3P[8]b
	G8P[8]
	G9P[4]
	G12P[8]
	Mixed
	Otherc
	Non-typed

	
	
	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	ACT
	< 5
	6
	0
	0.0
	2
	33.3
	3
	50.0
	0
	0.0
	0
	0.0
	1
	16.7
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	
	≥ 5
	3
	0
	0.0
	2
	66.7
	1
	33.3
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	NSW
	< 5
	94
	1
	1.1
	37
	39.4
	26
	27.7
	1
	1.1
	1
	1.1
	16
	17.0
	10
	10.6
	0
	0.0
	1
	1.1
	1
	1.1

	
	≥ 5
	117
	1
	0.9
	46
	39.3
	42
	35.9
	2
	1.7
	1
	0.9
	10
	8.5
	8
	6.8
	1
	0.9
	5
	4.3
	1
	0.9

	NT
	< 5
	30
	1
	3.3
	26
	86.7
	0
	0.0
	0
	0.0
	1
	3.3
	0
	0.0
	1
	3.3
	0
	0.0
	1
	3.3
	0
	0.0

	
	≥ 5
	13
	0
	0.0
	11
	84.6
	0
	0.0
	0
	0.0
	1
	7.7
	1
	7.7
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	Qld
	< 5
	265
	0
	0.0
	6
	2.3
	8
	3.0
	1
	0.4
	22
	8.3
	95
	35.8
	122
	46.0
	1
	0.4
	8
	3.0
	2
	0.8

	
	≥ 5
	348
	3
	0.9
	9
	2.6
	9
	2.6
	3
	0.9
	44
	12.6
	111
	31.9
	159
	45.7
	0
	0.0
	7
	2.0
	3
	0.9

	SA
	< 5
	9
	0
	0.0
	2
	22.2
	4
	44.4
	0
	0.0
	1
	11.1
	0
	0.0
	2
	22.2
	0
	0.0
	0
	0.0
	0
	0.0

	
	≥ 5
	28
	1
	3.6
	6
	21.4
	12
	42.9
	2
	7.1
	1
	3.6
	3
	10.7
	2
	7.1
	0
	0.0
	1
	3.6
	0
	0.0

	Tas.
	< 5
	2
	1
	50.0
	0
	0.0
	1
	50.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	
	≥ 5
	8
	0
	0.0
	2
	25.0
	5
	62.5
	0
	0.0
	1
	12.5
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	Vic.
	< 5
	62
	2
	3.2
	26
	41.9
	21
	33.9
	2
	3.2
	0
	0.0
	4
	6.5
	4
	6.5
	0
	0.0
	3
	4.8
	0
	0.0

	
	≥ 5
	87
	1
	1.1
	33
	37.9
	39
	44.8
	2
	2.3
	0
	0.0
	6
	6.9
	4
	4.6
	1
	1.1
	1
	1.1
	0
	0.0

	WA
	< 5
	22
	0
	0.0
	10
	45.5
	4
	18.2
	0
	0.0
	1
	4.5
	1
	4.5
	1
	4.5
	1
	4.5
	2
	9.1
	2
	9.1

	
	≥ 5
	25
	2
	8.0
	9
	36.0
	1
	4.0
	1
	4.0
	7
	28.0
	1
	4.0
	2
	8.0
	0
	0.0
	2
	8.0
	0
	0.0

	Subtotal
	< 5
	490
	5
	1.0
	109
	22.2
	67
	13.7
	4
	0.8
	26
	5.3
	117
	23.9
	140
	28.6
	2
	0.4
	15
	3.1
	5
	1.0

	
	≥ 5
	629
	8
	1.3
	118
	18.8
	109
	17.3
	10
	1.6
	55
	8.7
	132
	21.0
	175
	27.8
	2
	0.3
	16
	2.5
	4
	0.6

	Total
	
	1,119
	13
	1.2
	227
	20.3
	176
	15.7
	14
	1.3
	81
	7.2
	249
	22.3
	315
	28.2
	4
	0.4
	31
	2.8
	9
	0.8


a	ACT: Australian Capital Territory; NSW: New South Wales; NT: Northern Territory; Qld: Queensland; SA: South Australia; Tas.: Tasmania; Vic.: Victoria; WA: Western Australia.
b	Equine-like G3P[8].
c	Other: unusual and rarely detected genotypes as detailed in Table 3.
d	Specimen where G or P genotype was not determined.
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The most frequently detected genotype in the 2021 surveillance period was G8P[8], which accounted for 7.2% (n = 81/1119) of samples in 2022; the majority were detected in Queensland throughout the year. Other unusual, potentially zoonotic genotypes were identified this year, including canine-like G3P[3] (n = 2); G6P[9] (n = 2); G6P[11] (n = 1); G6P[14] (n = 1); G8P[14] (n = 2); G10P[14] (n = 1); and G11P[25] (n = 1) (Table 2, Table 3).
Table 3: Unusual and rarely detected genotype combinations identified in infants, children and adults, 1 January to 31 December 2022
	Genotype
	Total

	G1P[6]
	1

	G2P[8]
	5

	(Canine-like) G3P[3]
	2

	(Canine-like) G3P[4]
	1

	G3P[6]
	1

	G4P[6]
	1

	G4P[8]
	1

	G6P[9]
	2

	G6P[11]
	1

	G6P[14]
	1

	G9P[6]
	1

	G9P[8]
	10

	G8P[14]
	2

	G10P[14]
	1

	G11P[25]
	1

	Total
	31


Vaccine-like rotavirus specimens
Age distribution for rotavirus vaccine-like samples
All G1P[8] samples (n = 170) were analysed by VP7 sequencing to identify vaccine-like strains. Overall, 168 samples were successfully sequenced, of which 155 were Rotarix vaccine-like and 13 were wildtype. Of the vaccine-like samples, 97.4% (n = 151/155) were from the 0–6 months of age group. The remaining samples were single identifications in patients aged 7 months, 4 years, 23 years, and 41 years old.
Discussion
In this Australian Rotavirus Surveillance Program Report for 2022, we describe the distribution of rotavirus genotypes identified in Australia for the period 1 January to 31 December 2022, marking the fifth year of exclusive use of Rotarix in the National Immunisation Program.6,7 A total of 1,379 specimens, determined to be rotavirus positive by collaborating laboratories, were referred to the NRRC. During the 2020 and 2021 reporting periods, the coronavirus disease 2019 (COVID-19) pandemic had a major impact on the collection and storage of stool samples at collaborating centres and on the transportation of samples to the NRRC. The 2022 surveillance period saw most collaborating centres return to capacity, resulting in improved rates of sample collection and referral of rotavirus-positive samples to the ARSP nationwide. The number of specimens collected in 2022 represented the largest number of samples received since the 2017 surveillance period.22 Similarly, the national rotavirus notification rates reported by the NNDSS in 2022 were also the highest since 2017.21 The ARSP captured stool samples for 21.4% of all notifications in 2022.
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 COVID-19 restrictions.23 The increased rates of rotavirus notifications in the latter months of 2021 persisted into 2022 and outbreaks continued to shape the temporal and geographic distribution of rotavirus disease in 2022. High rotavirus notification rates were observed in Queensland, New South Wales, and the Northern Territory. In Queensland between October and December, there were 1,119 NNDSS notifications for rotavirus, with the overall 2022 notification and rates of rotavirus 4.2 times higher than for 2021. Notifications were primarily in children under 1 year of age, but all age groups were impacted, and the notification rates were the highest reported since 2019 when widespread outbreaks also occurred.24,25 The Centre for Disease Control in the Northern Territory reported an increase in the number of rotavirus notifications between August and September.26 The majority of reported cases occurred in the Alice Springs region; based on samples received by the NRRC, the dominant genotype circulating during the outbreak was G2P[4].
For the first time since 2015, G12P[8] was identified as the dominant genotype (28.2%); however, this genotype was primarily detected in association with an outbreak in Queensland.27 This represents a re-emergence of G12P[8] in Australia. Reflecting the global emergence of this genotype at the time, G12P[8] was one of the most common genotypes detected in Australia between 2012 and 2015, primarily detected in jurisdictions implementing the RotaTeq vaccine. The prevalence declined from 2016 onwards, with only three samples detected from 2018 to 2021.6,23,24,28,29
G9P[4] was the next most common genotype identified, representing 22.3% of all wildtype specimens analysed. Overall, 82.7% of G9P[4] samples were from Queensland, where they were detected in co-circulation with G12P[8] during the months of increased rotavirus activity. A further 10.4% of G9P[4] were detected in New South Wales. The first Australian G9P[4] was identified in 2009 and detection of this genotype remained at low levels (< 5 samples detected per year) until 2014, where a year-on-year minor increase in detection was observed and by 2019 the genotype accounted for 3.6% of samples.24 The 2022 surveillance period represents the first time G9P[4] has been detected as one of the dominant genotypes in Australia. Globally, G9P[4] strains exhibiting a DS-1-like genome constellation have emerged in the last decade, detected at increasing frequency in national surveillance programs. In 2017, G9P[4] accounted for 14.9% of samples genotyped in Argentina.30 Between 2006 and 2014, G9P[4] was infrequently detected by the European Rotavirus Network. However, from 2015 onwards, detection increased, with the genotype accounting for 5–7% of samples genotyped annually between 2015 and 2020, and the genotype was detected in numerous countries including the United Kingdom, Greece, Italy, Spain, Finland and Belgium.31 G9P[4] has also been consistently reported in India between 2013 and 2019.32
G2P[4] accounted for 20.3% of all wildtype specimens analysed (n = 227/1,119) and was identified in all jurisdictions. G2P[4] was the dominant genotype identified in the Northern Territory, accounting for 86.4% of samples and was the dominant genotype detected during a reported outbreak in Alice Springs. G2P[4] was also dominant in New South Wales, accounting for 39.3% of samples, closely followed by human G3P[8] accounting for 32.2% of samples. G2P[4] and G3P[8] were co-dominant in Victoria.
Over the last few years, wildtype G1P[8] has been rarely detected (2016, n = 4; 2017, n = 1; 2018, n = 1; 2019, n = 2; 2020, n = 1; and 2021, n = 2). 22-24,28,29,33 In 2022, there was a moderate increase in the detection of G1P[8] samples compared to prior years, with 13 identified nationwide, from Victoria (n = 2), New South Wales (n = 2), Northern Territory (n = 1), Queensland (n = 3), South Australia (n = 1), Tasmania (n = 1) and Western Australia (n = 3). These wildtype G1P[8] were identified in children < 5 years of age (n = 4) and from older children and adults (n = 9). Sequence analysis identified three wildtype variants were circulating with no geographical association and were closely related to globally circulating variants identified over recent years.
In the 2021 surveillance period, G8P[8] was identified as the predominant genotype, accounting for 87.5% of all wildtype samples genotyped, and was identified in association with outbreaks in Western Australia and the Northern Territory.23 Surprisingly in 2022, the prevalence of G8P[8] dramatically decreased to 7.2% of samples genotyped and cases were primarily detected in Queensland. The prevalence of G8P[8] was also noted to dramatically decline in Europe; after detection peaked in 2018–2019, G8P[8] had all but disappeared by 2021 and was only detected in three specimens from the combined surveillance of twelve European countries.31
In prior years when widespread community outbreaks have impacted multiple jurisdictions, the same genotype has been implicated, for example, the G8P[8] outbreaks in Western Australia and the Northern Territory in 2021,23 and the human G3P[8] outbreaks in Queensland and New South Wales in 2019.24 Uniquely in 2022, the widespread community outbreaks were not attributed to a single genotype. In New South Wales, G2P[4] and human G3P[8] co-circulated at similar frequencies during periods of increased rotavirus disease. Similarly in Queensland, G12P[8] and G9P[4] co-circulated at similar frequencies during periods of increased rotavirus disease. The 2022 season is notable as the number of specimens collected represents the largest number of samples received since the 2017 surveillance period.22 Interestingly, in 2017 there were also multiple community outbreaks caused by varied 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). It has been proposed that the increase in rotavirus disease observed in some parts of Australia in 2021 and 2022 is a result of the extensive social distancing measures enforced during the peak of the COVID-19 pandemic. These measures decreased the transmission of rotavirus in the community, reducing exposure and preventing natural boosts to immunity for the wider population, leading to outbreaks.
There continues to be a substantial detection of rotavirus vaccine-like virus in samples from infants. This is most likely due to the shift in diagnostic techniques in recent years to multiplex PCR panels that do not distinguish between wildtype and vaccine rotavirus strains.34,35 Consequently, it is important to interpret a rotavirus positive result in children aged less than 8 months of age with caution, as this result could be due to the receipt of a recent dose of a rotavirus vaccine.
In conclusion, in this 2022 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 – 31 December 2022. During this period, G12P[8] re-emerged as the dominant genotype, largely due to a widespread outbreak in Queensland, where G9P[4] also co-circulated. In New South Wales, G2P[4] and human G3P[8] co-circulated during widespread community outbreaks. A localised outbreak in Alice Springs was due to G2P[4]. The extensive lockdowns and social changes during the first two years of the COVID-19 pandemic in 2020–2021 appear to have impacted the transmission dynamics of rotavirus disease in Australia. Decreased herd immunity in children and the wider community, due to reduced exposure, may be driving the increase in community rotavirus disease reported in many jurisdictions in 2022. It remains important to describe the genotypes circulating in the community to understand how genotype dominance and distribution change over time in response to vaccination and societal factors.
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