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Circulating variants across Aotearoa New Zealand:
The Institute of Environmental Science and Research (ESR) reports there are four (sub)variants (BA.2.75.2, BQ.1, BQ.1.1 and XBB) that combined make up 4% or more of the sequenced community samples in Aotearoa New Zealand in the period of 1 to 14 October. 
Note that changes in reporting of border and community cases makes the interpretation of latest trends in the proportion of variants difficult. However, these sequencing results correlate with wastewater variant analysis (with the exception of BQ.1.1 being at a higher proportion in some wastewater catchments).
BA.5   	85%
BA.4 		2%
BA.4.6	6%
BA.2		3%
BA.2.75	4%
For further information regarding the genomic report produced by ESR, please refer to the following. (link)
The ESR Wastewater surveillance dashboard can be accessed here. (link)
[bookmark: _Toc115163833]Current overall variant risk status:
As of 14th October 2022, both XBB and BQ.1.1 have been detected in New Zealand. Due to both variants demonstrating substantial immune evasion compared to prior Omicron variants in lab tests, cases are likely to increase in the coming weeks. 
There is no strong evidence of an increase in disease severity associated with these variants. 


[bookmark: _Toc115163834]Executive Summary 
Section updated: 20 October 2022
Over the last month, a large number of new omicron variants has been reported over a relatively short period of time. These variants demonstrate convergence which is a process whereby variants from different lineages accumulate similar mutations. Mutations in the spike protein appear to be responsible for the enhanced characteristics of these variants, compared to previous Omicron variants. 
The European Centre for Disease Control (ECDC) is now reporting variants based on the identification of key mutations which have demonstrated important characteristics, in particular ACE2 binding affinity and immune escape from current vaccines or infection with previous variants. The change from tracking variants to monitoring mutations is significant and indicates a possible change in the pandemic to a phase of multiple circulating variants.
The assessment of severity through the analysis of mutations has not yet progressed to the point of clinical utility. The identification of increased severity for any specific mutation remains difficult to assess, especially in the short term.
Omicron remains the dominant SARS-CoV-2 variant globally. However, antigenic difference between circulating variants is now very wide, with greater differences between Omicron variants than between previously circulating named variants of concern (Alpha, Beta, Gamma and Delta). 
BA.5 is the dominant variant in New Zealand with a slowly falling prevalence as other variants are replacing BA.5. There have been some methodological changes in reporting and genome sequencing, but the replacement of BA.5 by a range of other variants is almost certain and is being reported in multiple regions. In this respect, it is important to note that during periods of rapidly changing circulating variants, the time delays between the identification of cases and wastewater detection and reporting of genome sequencing can result in difficulties in interpreting the cause of case number fluctuations.
Currently, it is not possible to identify which of a range of variants will become dominant. While this may appear to hamper the prediction of case numbers and severity, it is clear that the new variants have a similar growth advantage due to immune escape. In addition, the new variants possess many similar mutations and in line with the discussion above, may be treated as a single variant. 
New multivalent and Omicron specific vaccines are expected to provide improved protection against a wide range of Omicron variants, especially for hospitalisation. Antivirals continue to be effective at decreasing the severity of disease, but monoclonal antibodies have very little efficacy against the new variants.
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[bookmark: _Toc115163837]Growth advantage/transmissibility
BQ.1.X show a substantial growth advantage, but estimates have only been published for UK and are aggregated with other BE.1.1 lineages currently.
· BE.1.1 lineages (including BQ.1/BQ.1.1 sublineages) have an estimated growth advantage of 28.82% per week (95% CrI[footnoteRef:2]: 26.61 – 31.09) compared to BA.5 in the UK. (1) [2:  95% Credible Interval] 

· BF.7 variant have an estimated growth advantage of 17.95% per week (95% CrI1: 16.58 – 19.44) compared to BA.5 in the UK. (1)
· BA.2.75.X lineages have an estimated growth advantage of 18.78% per week (95% CrI1: 17.10 – 20.52) compared to BA.5 in the UK. (1)
[bookmark: _Toc115163838]Immune evasion, vaccine effectiveness
XBB and BQ.1.1 both have demonstrated substantial immune evasion in lab tests, compared to prior Omicron variants (i.e. BA.2, BA.5) 
· A pre-print evaluating the in vitro neutralisation of variants from serum collected from individuals who were triple-vaccinated with CoronaVac and had either had a BA.1, BA.2 or BA.5 infection, or no infection, found that neutralisation titres were significantly lower against XBB and BQ.1.1 compared to BA.2 or BA.5. (2)
· In those that had a BA.2 breakthrough infection, plasma neutralisation titres were 31-fold lower for XBB and 17-fold lower for BQ.1.1, compared to that of BA.2. (2)
· In those that had a BA.5 breakthrough infection, plasma neutralisation titres were 19-fold lower for XBB and 6.7-fold lower for BQ.1.1, compared to that of BA.2. (2)
[bookmark: _Toc115163839]Disease course / Clinical features (symptoms and severity) 
Further evidence analysing the spike protein between variants, supports the observation that the Omicron variant tends to be associated with less severe clinical outcomes compared to Delta/non-Omicron variants.
· A pre-print study investigating the role of the spike protein in pathogenicity and immune evasion of SARS-CoV-2, created a recombinant SARS-CoV-2 virus by encoding the spike gene from Omicron BA.1 in the backbone of an ancestral SARS-CoV-2 isolate and compared this to both the naturally occurring ancestral and Omicron BA.1 variants in a mouse infection model. The authors found that although immune escape by Omicron is mediated by mutations in the spike-protein, the viral determinants of pathogenicity are primarily conferred by genes that reside outside the spike gene. (3)
· A separate study comparing the immune effects of the spike protein from WT and Omicron (BA.1), found that the spike protein from WT activates more pro-inflammatory immune pathways than the spike protein from Omicron and may be associated with the milder symptoms caused by Omicron infection. (4)
[bookmark: _Toc115163840]Therapeutics effectiveness
One lab study has shown a loss of efficacy for all currently approved monoclonal antibodies against BQ.1.1 and XBB, but there is currently no evidence to suggest these variants have antiviral resistance.
· [bookmark: _Toc115163841]One pre-print has assessed the neutralising abilities against Omicron variants and reported that all currently approved monoclonal antibody therapies including Evusheld and Bebtelovimab, have markedly reduced potency against the emerging Omicron sublineages BQ.1.1 and XBB in an in vitro study. (5) Although this is preliminary data, it indicates that current monoclonal antibody therapies may not be as effective against these variants, which may be significant if either of these variants becomes dominant. BQ.1.1 and XBB have a growth advantage compared to other variants but is not currently a dominant variant in New Zealand, with only three BQ.1.1 cases and one XBB case being detected in the most recent WGS report. (6)
· There is currently no evidence to suggest any currently emerging variants have become resistant to Nirmatrelvir/ritonavir (Paxlovid).
Detection/testing
There is some evidence to suggest a decrease in the performance of RATs to detect Omicron variants. However, data are limited.
· Currently there is some emerging evidence that suggests a clinically relevant decrease in the performance of RATs for detection of the Omicron variant. (7, 8) Comparability between studies is limited by difference in study design and objectives. For these reasons it is difficult to compare the results between studies and evidence of reduced sensitivity may not be indicative of device performance.
[bookmark: _Toc115163842][bookmark: _Hlk117156112]Associated documentation
The following documents or ongoing work programmes draw upon the evidence in this document:
· New Variants of Concern Monitoring and preparedness
· Outlook Strategy Group
· New Variant Public Health Risk Assessments
[bookmark: _Toc115163843]Key recent documents
In addition to selected recent pre-prints and published studies, key reports used in this update include:
· UK Health Security Agency: SARS-CoV-2 Variants of Concern and Variants under Investigation in England, Technical Briefing 46, 7 October 2022 (1)

The UK Health Security Agency SARS-CoV-2 Variants of Concern and Variants under Investigation in England, Technical Briefing 46 on 7 October 2022 (1) reported that: 
· A number of new variants have begun to circulate in the United Kingdom (UK) in recent weeks. The development of these additional lineages has been rapid. They have varying Omicron backbones but some convergent receptor-binding domain (RBD) mutations (notably at S:346) which are likely to produce a degree of escape from current immunity in the UK. 
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[bookmark: _Toc112743695][bookmark: _Toc115163845]Public Health Risk Assessment BA.5
Note: BA.4 and BA.5 have identical spike protein. Many results for these subvariants are reported as combined results on the basis of characterisation using S Gene Target Failure (SGTF).
Updated: 20 October 2022
	
	Overall Risk Assessment* 
	Confidence level **
	Assessment and rationale 


	Overall growth advantage 
	Increased risk  
	High 
	Evidence of a growth advantage compared to BA.2. 
As at 20 October 2022, BA.5 is the predominant variant in New Zealand.
BA.5 has a reported growth advantage of 11.2% over the previously dominant variant BA.2. The growth in BA.5 observed in the whole genome sequencing of individual testing is consistent with the growth observed in wastewater. As cases of BA.5 were increasing and displacing BA.2 in May and early June, the estimated growth rate of BA.5 for New Zealand was approximately 9% per day or 7 day doubling time. (9) This is consistent with growth advantages observed internationally.

	Transmissibility 
	Insufficient data 
	Insufficient data 
	No direct data on intrinsic transmissibility and there is no current ability to measure from surveillance data. There is some laboratory evidence that ACE2 binding is increased for BA.5 compared to prior Omicron variants, and BA.5 may have increased infectivity. (10)

	Immune evasion 
	Increased risk
	High 
	There is evidence of increased immune evasion compared to BA.2, based on laboratory data; however, preliminary data suggest no substantial decrease in vaccine effectiveness, but this is subject to revision. Growth advantage is likely mostly due to immune evasion properties, rather than changes to intrinsic transmissibility.
Laboratory data: BA.5 has moderate drop in neutralising antibodies compared to BA.1 and BA.2, and lower protection conferred from vaccination with 3 doses. Less of an impact was associated with ‘hybrid’ protection, e.g., by ‘breakthrough’ infections after vaccination.(11-13)
Reinfection: Limited evidence on the rates of reinfection in New Zealand or internationally, including after prior Omicron variant infection. Prior infection with BA.1 or BA.2 provides some protection against BA.5; prior infection with non-Omicron variants is lower.(14-16)

	Vaccine Effectiveness
	 Low
	Low/
Moderate
	Vaccine effectiveness (VE): Insufficient data for robust assessment of vaccine effectiveness but early data suggest there no indicators of a large change in VE against symptomatic infection from BA.2 to BA.5.(14, 17). One study has observed a decrease in VE against hospitalisation between BA.2 and BA.5, comparing people who had received the booster (3 dose with prior infection) to unvaccinated (with prior infection). No difference was seen for VE mortality. (18) The current epidemiological data, whilst incomplete, is consistent with the neutralisation findings.

	Severity 
	Possible increase in risk of hospitalisation
	Low/ Moderate 
	Booster vaccination reported to be associated with a lower risk reduction against BA.5 of hospitalisation (77%) and death (88%) compared to the risk reduction for BA.2 of 92% and 94% respectively. 


	Therapeutics
	Low
	Moderate
	One in vitro study shows increased resistance to Evusheld compared to BA.2, (19) whilst another shows it retains activity. (20)
Real-world evidence has indicated that Evusheld, when given to vaccinated people, provides an increased protection against symptomatic and severe COVID-19 compared to booster vaccination alone. (21)

	Testing
	Insufficient Data
	Insufficient data
	

	Overall Assessment

	There is an increase in overall risk from the previous predominant variant, BA.2. BA.5 is more transmissible compared to BA.2 and is the variant associated with the current wave of cases in New Zealand.


*The ‘Overall risk assessment’ is presented in comparison to the prior or current predominant variant, in this case BA.2. ‘Increased risk’ indicates the assessed variant as worse than the previous predominant variant with regards to that characteristic; ‘no change’ means that the assessed variant poses equivalent risk; and ‘decreased risk’ means that the assessed variant is better than the previous predominant variant.
[bookmark: _Toc112743696] **‘Confidence level’ indicates the overall quality of data that are available to make the risk assessment: ‘High’ (high quality, robust data); ‘Moderate’ (good data with limitations); ‘Low’ (very little data available). ‘Insufficient data’ indicates that there are no data of reasonable quality on which to base an assessment at this time.
[bookmark: _Toc115163846]Public Health Risk assessment for BA.2.75 (Centaurus)
Updated: 20 October 2022
	[bookmark: _Hlk113273904] 
	Overall risk assessment* 
	Confidence level **
	Assessment and rationale 


	Overall growth advantage 
	Increased Risk
	Moderate
	Evidence of a growth advantage compared to BA.5. 
Prevalence in community cases to 14 October in New Zealand is 4%
There is evidence that BA.2.75 has a growth advantage against BA.4/5 in some countries (India, Austria, Singapore).
There are too few samples of BA.2.75 internationally or in New Zealand to determine if the observed growth advantage observed overseas will be replicated in New Zealand. The data requires continued close monitoring. Cases currently remain stable around 4-5% of all variants sequenced.

	Transmissibility 
	Insufficient data 
	Insufficient data 
	There is no direct data on intrinsic transmissibility and there is no current ability to measure this directly from surveillance data 

	Immune evasion 
	No change in risk
	Low
	No evidence of increased immune evasion.
Mutations suggest that BA.2.75 may have immune evasion potential. However, there is very limited data to evaluate immune evasion against vaccination, prior infection with BA.5, or a combination of the two (hybrid immunity). There are no estimates of vaccine effectiveness against BA.2.75.
Laboratory data: Neutralisation studies found that BA.2.75 was similar or slightly less able to neutralise antibodies produced after BA.2 infection and vaccination, compared to BA.4 or BA.5. (22-26) Potentially higher receptor binding compared to other Omicron lineages. There are no data on the ability of BA.2.75 to neutralise antibodies produced after BA.5 infection.

	Severity 
	Insufficient data
	Insufficient data
	No evidence of a change in severity compared to BA.5 
Too few cases have been detected internationally or in New Zealand to evaluate severity. Lab and animal studies suggest mixed results for binding compared to BA.5, (26) but overall pathogenicity similar to BA.5. (27)

	Therapeutics
	Insufficient data
	Insufficient data
	

	Testing
	Insufficient data
	Insufficient data
	

	Overall Assessment
	No change in risk


*The ‘Overall risk assessment’ is presented in comparison to the prior or current predominant variant, in this case BA.5 ‘Increased risk’ indicates the assessed variant as worse than the previous predominant variant with regards to that characteristic; ‘no change’ means that the assessed variant poses equivalent risk; and ‘decreased risk’ means that the assessed variant is better than the previous predominant variant.
 **‘Confidence level’ indicates the overall quality of data that are available to make the risk assessment: ‘High’ (high quality, robust data); ‘Moderate’ (good data with limitations); ‘Low’ (very little data available). ‘Insufficient data’ indicates that there are no data of reasonable quality on which to base an assessment at this time.


[bookmark: _Toc115163847]

Public Health Risk assessment for BA.4.6 (Aeterna)
Updated: 20 October 2022
	 
	Overall risk assessment* 
	Confidence level **
	Assessment and rationale 


	Overall growth advantage 
	Increased risk
	Low
	Evidence of a growth advantage compared to BA.4/5. 
BA4.6 prevalence has slowly increased in NZ, now accounting for approximately 6% of genomes tested in the two weeks to 14 October.

	Transmissibility 
	Insufficient data 
	Insufficient data 
	

	Immune evasion 
	No change in risk
	Low
	Early data shows that BA.4.6 has greater immune escape from vaccine serum than BA.5, showing on average 2.4 to 2.6-fold decrease in antibody neutralisation. (28)


	Severity 
	Insufficient data
	Insufficient data
	

	Therapeutics
	Increased risk
	Low
	Some indication that Evusheld is less effective for this variant. (28) 

	Testing
	Insufficient Data
	Insufficient Data
	

	Overall Assessment
	No change in risk


*The ‘Overall risk assessment’ is presented in comparison to the prior or current predominant variant, in this case BA.5. ‘Increased risk’ indicates the assessed variant as worse than the previous predominant variant with regards to that characteristic; ‘no change’ means that the assessed variant poses equivalent risk; and ‘decreased risk’ means that the assessed variant is better than the previous predominant variant.
 **‘Confidence level’ indicates the overall quality of data that are available to make the risk assessment: ‘High’ (high quality, robust data); ‘Moderate’ (good data with limitations); ‘Low’ (very little data available). ‘Insufficient data’ indicates that there are no data of reasonable quality on which to base an assessment at this time.

[bookmark: _Toc112743697][bookmark: _Toc115163848]Public Health Risk assessment for BQ.1.1 (Cerberus)
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	Overall risk assessment* 
	Confidence level **
	Assessment and rationale 


	Overall growth advantage 
	Increased risk
	Moderate
	Evidence of a growth advantage compared to BA.5. (1) (29)
Currently three cases have been detected in New Zealand as of 14 October 2022.
Detected in wastewater in New Zealand as of 14 October 2022. (6) 

	Transmissibility 
	Insufficient data 
	Insufficient data 
	No direct data on intrinsic transmissibility and there is no current ability to measure from surveillance data. There is some laboratory evidence that ACE2 binding is increased for BQ.1.1 compared to prior Omicron variants which may affect transmissibility/infectivity. (2)

	Immune evasion 
	Increased risk
	Moderate
	Evidence of increased immune evasion.
More resistant to neutralisation from sera of vaccinated and breakthrough infected individuals. (5)

	Severity 
	Insufficient data
	Insufficient data
	No evidence of a change in severity compared to BA.5 
Too few cases have been detected internationally or in New Zealand to evaluate severity.


	Therapeutics
	Increased risk
	Low
	One in vitro study showed loss of efficacy of all currently approved clinical monoclonal antibody therapies including Evusheld and Bebtelovimab. (5)

	Testing
	Insufficient data
	Insufficient data
	Currently there is some emerging evidence that suggests a clinically relevant decrease in the performance of RATs for detection of the Omicron variant. (7, 8)
However, it is uncertain how this will affect sensitivity specifically for BQ.1.1

	Overall Assessment
	There is an increase in overall risk from the previous predominant variant, BA.5. (Moderate confidence)
BQ.1.1 is increasing in frequency overseas and appears to be more transmissible and immune evasive.


*The ‘Overall risk assessment’ is presented in comparison to the prior or current predominant variant, in this case BA.5. ‘Increased risk’ indicates the assessed variant as worse than the previous predominant variant with regards to that characteristic; ‘no change’ means that the assessed variant poses equivalent risk; and ‘decreased risk’ means that the assessed variant is better than the previous predominant variant.
 **‘Confidence level’ indicates the overall quality of data that are available to make the risk assessment: ‘High’ (high quality, robust data); ‘Moderate’ (good data with limitations); ‘Low’ (very little data available). ‘Insufficient data’ indicates that there are no data of reasonable quality on which to base an assessment at this time.


Public Health Risk assessment for XBB (Gryphon)
Updated: 20 October 2022
	 
	Overall risk assessment* 
	Confidence level **
	Assessment and rationale 


	Overall growth advantage 
	Increased risk
	Low
	Evidence of a growth advantage compared to BA.5
Cases are increasing in Singapore against a background of BA.5.
Currently one case has been detected in New Zealand as of 14 October 2022. (6)
No detection of XBB in wastewater as of 14 October 2022. (6)

	Transmissibility 
	Insufficient data
	Insufficient data
	No direct data on intrinsic transmissibility and there is no current ability to measure from surveillance data. There is some laboratory evidence that ACE2 binding is increased for XBB compared to prior Omicron variants which may affect transmissibility/infectivity. (2)

	Immune evasion 
	Increased risk
	Moderate
	Evidence of increased immune evasion.
More resistant to neutralisation from sera of vaccinated and breakthrough infected individuals. (5)
Singapore reporting reinfections are making up 17-18% of new cases. (30)

	Severity 
	Insufficient data
	Insufficient data
	No evidence of increased severity, as there is a divergence and weakening of the correlation between the number of cases and new hospitalisations in Singapore. (34)

	Therapeutics
	Increased risk
	Low
	One in vitro study showed loss of efficacy of all currently approved clinical monoclonal antibody therapies including Evusheld and Bebtelovimab. (5)

	Testing
	Insufficient data
	Insufficient data
	Currently there is some emerging evidence that suggests a clinically relevant decrease in the performance of RATs for detection of the Omicron variant. (7, 8)
However, it is uncertain how this will affect sensitivity specifically for XBB.

	Overall Assessment
	No change in risk


*The ‘Overall risk assessment’ is presented in comparison to the prior or current predominant variant, in this case BA.5. ‘Increased risk’ indicates the assessed variant as worse than the previous predominant variant with regards to that characteristic; ‘no change’ means that the assessed variant poses equivalent risk; and ‘decreased risk’ means that the assessed variant is better than the previous predominant variant.
 **‘Confidence level’ indicates the overall quality of data that are available to make the risk assessment: ‘High’ (high quality, robust data); ‘Moderate’ (good data with limitations); ‘Low’ (very little data available). ‘Insufficient data’ indicates that there are no data of reasonable quality on which to base an assessment at this time.
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Section updated: 20 October 2022
The risk of clinically significant emerging variants is considered to be high, according to the WHO. (31) The WHO has expressed concern in early April, some countries have significantly reduced SARS-CoV-2 testing. They caution that unless robust surveillance systems are retained, countries may lose the ability to accurately interpret epidemiological trends, implement the appropriate measures necessary to reduce transmission and monitor and assess the evolution of the virus. (32) 
Details of BQ.1.1, XBB, BA.4.6, BA.5 and BA.2.75 can be found above in the risk assessment. 
Variants under monitoring
· As of October 14th 2022, the ECDC has designated Omicron lineages with mutations N460X and F490X, K444X and N460X, as a variant under monitoring (VUM). Among others, lineages BQ.1, BQ.1.1, XBB, BN.1 and BN.2 fall under either of these two designations. Data from GISAID EpiCoV shows a rapid increase of this VUM in Bangladesh, India, and Singapore, and it is present at low levels in the EU/EEA. The N460X and F490X substitutions are located near important antigenic sites, and there are some indications of a significant effect on neutralising activity. (33, 34)
XBB
· XBB is a recombinant Omicron variant, thought to of arisen in a single patient from a recombination event between the BJ.1 (from BA.2.10) and BM.1.1.1 (from BA.2.75) variants. 
· A cluster of cases were flagged on 13 September 2022, from sequences originating from Singapore, India, Bangladesh and the USA in early September. (35)
· Spike mutational profile is related to BA.2 and BJ.1 but with the following mutations: 364T, 445P, 446S and 490V. (6)
· Currently driving an increase in cases in Singapore. As of 15 October reinfection rates are around 18% in Singapore. (30)
· No evidence of increased severity currently, as there is a divergence and weakening of the correlation between the number of cases and new hospitalisations. (30)
· One XBB in vitro study showed increased resistance to Evusheld and bebtelovimab. (2)

BQ.1.1
· An Omicron subvariant that is most closely related to the BA.5 subvariant. First flagged on 26 August 2022 with sequences from the USA, UK and Japan. First sequences uploaded onto GISAID from mid-July in Nigeria. (36) 
· Spike protein mutational profile is the same as BA.5 with the following mutations: R346T, K444T and N460K. (6)
· Outside the spike protein, it has the following mutations: NSP12 protein (RNA-dependent RNA polymerase) mutation Y273H (also annotated as ORF1b:Y264H), NSP13 protein (helicase) mutation N268S (also annotated as ORF1b:N1191S). (36)
· One BQ.1.1 in vitro study showed increased resistance to Evusheld and bebtelovimab. (2)
BA.2.3.20 
· A BA.2 and Delta recombinant that has a growth advantages over BA.5. (2) Variant has been detected in three countries distant from one another has rare 2-nucleotide mutation S:A484R. First detected in the United States and has since been detected in Singapore. (37)
BJ.1 
· Detected on the 29 July 2022, is a BA.2 sub-lineage with 14 additional mutations in the spike protein, this variant has been mostly detected in India (70% of all BJ.1 cases) and has also been detected in Singapore, South Korea, Austria and the United States of America. (38, 39) 
BA.2.10.X
· BA.2.10.X (also referred to as BA.2.10.1, BA.2.10.4 or BA.2.10+) is an Omicron subvariant, that has been identified due to its large collection of mutations. There is no observed evidence for phenotypic changes (transmission, severity, immune evasion), and there are very few reported cases of this variant to date. (38)
BA.2.75.2
· A pre-print study has found BA.2.75.2 to be resistant to neutralisation by Evusheld (tixagevimab and cilgavimab), but has remained sensitive to bebtelovimab. (40) 
· Serum from blood doners in Sweden was on average five-fold less effective at neutralising BA.2.75.2 compared to BA.5. (40)
· BA.2.75.2 is carrying additional mutations, R346T, F486S, and D1199N that due to its growth advantage are suggestive of more extensive escape from neutralising antibodies than previous Omicron variants. (40)
BA.5.2.1
· A new subvariant of the Omicron BA.5 lineage detected in China on the 8 July 2022. (41) The first confirmed case of BA.5.2.1 was detected in Shanghai, with more cases since identified across multiple provinces in China.(41) There is limited scientific evidence around transmission potential, disease severity and other properties of this variant.


References
1.	UK health Security Agency. SARS-CoV-2 variants of concern and variants under investigation in England: Technical briefing 46 2022 [Available from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1109820/Technical-Briefing-46.pdf.
2.	Cao Y, Jian F, Wang J, Yu Y, Song W, Yisimayi A, et al. Imprinted SARS-CoV-2 humoral immunity induces converging Omicron RBD evolution. bioRxiv. 2022:2022.09.15.507787.
3.	Chen D-Y, Kenney D, Chin C-V, Tavares AH, Khan N, Conway HL, et al. Role of spike in the pathogenic and antigenic behavior of SARS-CoV-2 BA. 1 Omicron. bioRxiv. 2022.
4.	Li X, Li W, Liu Z, Kang Y, Zhang X, Xu Z, et al. A comparative study of spike protein of SARS-CoV-2 and its variant Omicron (B.1.1.529) on some immune characteristics. Scientific Reports. 2022;12(1):17058.
5.	Cao Y, Jian F, Wang J, Yu Y, Song W, Yisimayi A, et al. Imprinted SARS-CoV-2 humoral immunity induces convergent Omicron RBD evolution. bioRxiv. 2022:2022.09.15.507787.
6.	ESR. COVID-19 Genomics Insights (CGI) Report #25 - 19 October 2022. 2022.
7.	Leuzinger K, Roloff T, Egli A, Hirsch HH. Impact of SARS-CoV-2 Omicron on Rapid Antigen Testing Developed for Early-Pandemic SARS-CoV-2 Variants 2022 [e02006-22]. Available from: https://journals.asm.org/doi/abs/10.1128/spectrum.02006-22.
8.	Bekliz M, Adea K, Puhach O, Perez-Rodriguez F, Melancia SM, Baggio S, et al. Analytical Sensitivity of Eight Different SARS-CoV-2 Antigen-Detecting Rapid Tests for Omicron-BA.1 Variant 2022 [e00853-22]. Available from: https://journals.asm.org/doi/abs/10.1128/spectrum.00853-22.
9.	de Ligt J, Geoghegan J, Douglas J, Hadfield J, Ren U, Winter D, et al. COVID-19 Genomics Insight (CGI) Report. No.11, 15th June 2022, Unpublished ESR report. 2022 [
10.	Aggarwal A, Akerman A, Milogiannakis V, Silva MR, Walker G, Kidinger A, et al. SARS-CoV-2 Omicron BA.5: Evolving tropism and evasion of potent humoral responses and resistance to clinical immunotherapeutics relative to viral variants of concern 2022 [Available from: http://medrxiv.org/content/early/2022/07/10/2022.07.07.22277128.abstract.
11.	Qu P, Faraone J, Evans JP, Zou X, Zheng YM, Carlin C, et al. Neutralization of the SARS-CoV-2 Omicron BA.4/5 and BA.2.12.1 Subvariants. N Engl J Med. 2022;386(26):2526-8.
12.	Hachmann NP, Miller J, Collier A-rY, Ventura JD, Yu J, Rowe M, et al. Neutralization Escape by the SARS-CoV-2 Omicron Variants BA.2.12.1 and BA.4/BA.5 2022 [Available from: https://www.medrxiv.org/content/medrxiv/early/2022/05/19/2022.05.16.22275151.full.pdf.
13.	Quandt J, Muik A, Salisch N, Lui BG, Lutz S, Kruger K, et al. Omicron BA.1 breakthrough infection drives cross-variant neutralization and memory B cell formation against conserved epitopes. Sci Immunol. 2022:eabq2427.
14.	Hansen CH, Friis NU, Bager P, Stegger M, Fonager J, Fomsgaard A, et al. Risk of Reinfection, Vaccine Protection, and Severity of Infection with the BA.5 Omicron Subvariant: A Danish Nation-Wide Population-Based Study 18 July 2022 [Available from: https://ssrn.com/abstract=4165630.
15.	Altarawneh HN, Chemaitelly H, Ayoub HH, Hasan MR, Coyle P, Yassine HM, et al. Protection of SARS-CoV-2 natural infection against reinfection with the Omicron BA.4 or BA.5 subvariants 2022 [Available from: https://www.medrxiv.org/content/medrxiv/early/2022/07/12/2022.07.11.22277448.full.pdf.
16.	European Centre for Disease Prevention and Control. Communicable Disease Threats Report: Week 19, 8-14 May 2022 2022 [updated 13 May 2022. Available from: https://www.ecdc.europa.eu/sites/default/files/documents/Communicable-disease-threats-report-8-May-2022-public.pdf.
17.	UK Health Security Agency. SARS-CoV-2 variants of concern and variants under investigation in England Technical briefing 43 24 June 2022 [Available from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1086494/Technical-Briefing-43-28.06.22.pdf.
18.	Kislaya I, Casaca P, Borges V, Sousa C, Ferreira BI, Fernandes E, et al. SARS-CoV-2 BA.5 vaccine breakthrough risk and severity compared with BA.2: a case-case and cohort study using Electronic Health Records in Portugal 2022 [2022.07.25.22277996]. Available from: https://www.medrxiv.org/content/medrxiv/early/2022/07/25/2022.07.25.22277996.full.pdf.
19.	Yamasoba D, Kosugi Y, Kimura I, Fujita S, Uriu K, Ito J, et al. Neutralisation sensitivity of SARS-CoV-2 omicron subvariants to therapeutic monoclonal antibodies 2022 [updated 01 July 2022. 08 June 2022:[942-3]. Available from: https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00365-6/fulltext.
20.	Tuekprakhon A, Huo J, Nutalai R, Dijokaite-Guraliuc A, Zhou D, Ginn HM, et al. Further antibody escape by Omicron BA.4 and BA.5 from vaccine and BA.1 serum 2022 [2022.05.21.492554]. Available from: http://biorxiv.org/content/early/2022/05/23/2022.05.21.492554.abstract.
21.	Young-Xu Y, Epstein L, Marconi VC, Davey V, Zwain G, Smith J, et al. Tixagevimab/Cilgavimab for Prevention of COVID-19 during the Omicron Surge: Retrospective Analysis of National VA Electronic Data 2022 [2022.05.28.22275716]. Available from: https://www.medrxiv.org/content/medrxiv/early/2022/05/29/2022.05.28.22275716.full.pdf.
22.	Cao Y, Yu Y, Song W, Jian F, Yisimayi A, Yue C, et al. Neutralizing antibody evasion and receptor binding features of SARS-CoV-2 Omicron BA.2.75 2022 [2022.07.18.500332]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/07/19/2022.07.18.500332.full.pdf.
23.	Sheward DJ, Kim C, Fischbach J, Muschiol S, Ehling RA, Björkström NK, et al. Evasion of neutralizing antibodies by Omicron sublineage BA.2.75 2022 [2022.07.19.500716]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/07/20/2022.07.19.500716.full.pdf.
24.	Wang Q, Iketani S, Li Z, Guo Y, Yeh AY, Liu M, et al. Antigenic characterization of the SARS-CoV-2 Omicron subvariant BA.2.75 2022 [2022.07.31.502235]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/08/01/2022.07.31.502235.full.pdf.
25.	Gruell H, Vanshylla K, Tober-Lau P, Hillus D, Sander LE, Kurth F, et al. Neutralization sensitivity of the SARS-CoV-2 Omicron BA.2.75 sublineage 2022 [2022.08.04.502609]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/08/04/2022.08.04.502609.full.pdf.
26.	Qu P, Evans JP, Zheng Y-M, Carlin C, Saif LJ, Oltz EM, et al. Evasion of Neutralizing Antibody Response by the SARS-CoV-2 BA.2.75 Variant 2022 [2022.08.14.503921]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/08/15/2022.08.14.503921.full.pdf.
27.	Saito A, Tamura T, Zahradnik J, Deguchi S, Tabata K, Kimura I, et al. Virological characteristics of the SARS-CoV-2 Omicron BA.2.75. bioRxiv. 2022:2022.08.07.503115.
28.	Jian F, Yu Y, Song W, Yisimayi A, Yu L, Gao Y, et al. Further humoral immunity evasion of emerging SARS-CoV-2 BA.4 and BA.5 subvariants 2022 [2022.08.09.503384]. Available from: https://www.biorxiv.org/content/biorxiv/early/2022/08/10/2022.08.09.503384.full.pdf.
29.	Public Health Ontario. Evidence Brief: Risk Assessment for Omicron Sublineages BQ.1 and BQ.1.1 (as of Oct 5, 2022) 2022 [Available from: https://www.publichealthontario.ca/-/media/Documents/nCoV/voc/2022/10/omicron-bq1-bq11-oct-5.pdf?sc_lang=en.
30.	Singapore Ministry of Health. OPENING REMARKS BY MINISTER FOR HEALTH MR ONG YE KUNG AT THE MOH PRESS CONFERENCE TO UPDATE ON THE COVID-19 SITUATION ON 15 OCTOBER 2022 2022 [Available from: https://www.moh.gov.sg/news-highlights/details/opening-remarks-by-minister-for-health-mr-ong-ye-kung-at-the-moh-press-conference-to-update-on-the-covid-19-situation-on-15-october-2022.
31.	World Health Organization (WHO). COVID-19 Weekly Epidemiological Update 29 March 2022: World Health Organization; 2022 [updated 29 March 2022. Available from: https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---29-march-2022.
32.	World Health Organisation (WHO). COVID-19 Weekly Epidemiological Update: Edition 87, published 12 April 2022 2022 [updated 12 April 2022. 87:[Available from: https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---12-april-2022.
33.	European Centre for Disease Prevention and Control. Changes to list of SARS-CoV-2 variants of concern, variants of interest, and variants under monitoring 2022 [updated 14 October 2022. Available from: https://www.ecdc.europa.eu/sites/default/files/documents/Variants%20changelog%2014%20October%202022.pdf.
34.	European Centre for Disease Prevention and Control. Communicable Disease Threats Report: Week 41, 9 - 15 October 2022 2022 [Available from: https://www.ecdc.europa.eu/sites/default/files/documents/Communicable-disease-threats-report-14-october-2022.pdf.
35.	GitHub. BJ.1/BM.1.1.1 (=BA.2.75.3.1.1.1) recombinant with breakpoint in S1 [>=5 sequences, 3x Singapore, 2x US as of 2022-09-12] 2022 [Available from: https://github.com/cov-lineages/pango-designation/issues/1058.
36.	GitHub. BE.1.1.1 sublineage with Orf1b:Y264H and S:N460K ( 69 sequences ) emerged in Nigeria ( 14 seqs ) #993 2022 [Available from: https://github.com/cov-lineages/pango-designation/issues/993.
37.	Github. BA.2.3 Sublineage with 10 highly convergent S1 mutations (5 seqs, 3xSingapore, 1xAustralia, 1xUSA) #1013 2022 [Available from: https://github.com/cov-lineages/pango-designation/issues/1013.
38.	GitHub. BA.2.10(.1) sublineage with S:V83A, H146Q, Q183E, V213E, G339H, R346T, L368I, V445P, G446S, V483A, F490V, G798D, S1003I (11 seq, West Bengal and 1 in New York) 2022 [Available from: https://github.com/cov-lineages/pango-designation/issues/915.
39.	University of Edinburgh, Centre for Genomic Pathogen Surveillance, University of Oxford, bluedot, University of Cambridge, University of Sydney. Lineage list  [Available from: https://cov-lineages.org/lineage_list.html.
40.	Sheward DJ, Kim C, Fischbach J, Muschiol S, Ehling RA, Björkström NK, et al. Omicron sublineage BA.2.75.2 exhibits extensive escape from neutralising antibodies. bioRxiv. 2022:2022.09.16.508299.
41.	Stanway D. Shanghai identifies new COVID Omicron subvariant Reuters2022 [updated 10 July 2022; cited 2022 19 July]. Available from: https://www.reuters.com/world/china/chinas-shanghai-says-new-omicron-subvariant-found-2022-07-10/?taid=62cada3bb77d0e00013570cf&utm_campaign=trueAnthem%3A%2BTrending%2BContent&utm_medium=trueAnthem&utm_source=twitter.

	2
	[TITLE]



image1.jpeg
N2N202n209n2n 212N 2n2n9ndnin




