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[bookmark: _Toc109840817]Overview
[bookmark: _Toc66711981]Routine surveillance does not capture all people infected with SARS-CoV-2 because some are asymptomatic, not diagnosed, or not reported; therefore, estimating the proportion of the population with SARS-CoV-2 antibodies (i.e., seroprevalence) can improve understanding of the population-level incidence of infection. 
This report uses de-identified blood donor specimens to examine trends in infection- and vaccine-induced SARS-CoV-2 seroprevalence before and throughout the first Omicron epidemic wave in Victoria.
Specimens were collected from Victorian blood product donations received during each of 4 time intervals: November 26–30, 2021 (n=1,000), December 24–28, 2021 (n=1,000), January 27–31, 2022 (n=1,000), and 24 February–March 2, 2022 (n=1,099) and tested using the Roche Elecsys anti-SARS-CoV-2 anti-spike and anti-nucleocapsid protein immunoassays. Crude seroprevalence estimates and 95% confidence intervals (CIs) were calculated. 
The presence of anti-spike antibodies indicates prior vaccination against SARS-CoV-2 infection and/or natural infection. The presence of anti-nucleocapsid protein antibodies indicates previous natural infection, most likely within the recent past.
Prevalence of anti-spike antibody was very high (>98.0%) across all 4 time points, with little variation by age group and sex. 
Prevalence of anti-nucleocapsid seroprevalence was very low in November (0.2%), and December (0.7%), increasing to 9.5% in January and 22.5% in February. For both the January and February time points, anti-nucleocapsid seroprevalence was highest among donors aged 18–29 years (22.2% and 34.2%, respectively), decreasing steadily with increasing age-group to 0.0% in January and 11.1% in February, among donors aged 70–89 years.   
Seropositivity for anti-spike was modestly higher than in the general population based on vaccine coverage rates. This may reflect the presence of anti-spike antibodies induced by vaccination and those induced following infection, as it is not possible to distinguish between them. It may also be due to the behaviour of donors who may be more likely to be vaccinated.  
Seroprevalence for anti-nucleocapsid across time points was consistent with the epidemiology of notified cases, with the Omicron wave in Victoria beginning in late December. Of note, however, the November and December anti-nucleocapsid prevalence estimates were lower than cumulative case notifications for that period in people 18¬89 years (1.6% and 1.9%, respectively), while the January and February time points were higher (7.7% and 9.8%, respectively). 
Limited evidence suggests that as a marker of recent infection, anti-nucleocapsid antibodies may have lower sensitivity in vaccinated compared with unvaccinated persons who become infected. Additional work is underway to refine sensitivity estimates for the Roche anti-nucleocapsid immunoassay in this context and inform an analysis approach that accounts for a reduction in test sensitivity.
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[bookmark: _Toc109840820]Background
Since the start of the COVID-19 pandemic, understanding the extent to which SARS-CoV-2 infection has been transmitted through the community has been critical to informing and evaluating infection control and prevention policies. Case reporting depends on several factors, including testing capacity and access, eligibility criteria, test reliability, and health-seeking behaviour of the population. Also, a substantial proportion of people who are infected with SARS-CoV-2 have few or no symptoms and will often not be detected by routine surveillance systems1. 
However, infection leaves an ‘immunological signal’ in the form of anti-SARS-CoV-2 antibodies which can be detected in blood specimens. Large scale serosurveys of SARS-CoV-2 antibody prevalence conducted in the first year of the pandemic found very low levels in Australia, even after the so-called “second wave”in Victoria in 20202-5. Serosurveys are utilised routinely by many countries, including the USA, UK and South Africa6-8 to generate data on population exposure to infection and vaccination, and to inform and track the impact of the emergence of new, more transmissible variants such as Delta and Omicron. The highly transmissible Omicron variant of SARS-CoV-2 emerged in November 2021 and became the dominant variant in Australia by late December 2021. In Victoria, daily notified COVID-19 cases peaked in early-mid January 2022 (Figure 1). 
However, the true incidence of COVID-19 during this wave is likely to have been much higher for several reasons. First, case ascertainment was reduced due to limited PCR testing capacity, with testing infrastructure unable to meet demand for the first 4–6 weeks of the Omicron surge. Second, rapid antigen tests (RATs) were recommended for most of Victoria’s population as the preferred case detection tool in early January 2022, but population-wide availability and use were limited for several weeks. Third, in contrast to PCR testing which is centralised through laboratories, individuals were required to self-report positive RAT results, with an unknown degree of compliance with this expectation. Finally, the proportion of Omicron infections that are asymptomatic is substantial, estimated at 27% in a recent South African study9 and likely higher in a highly vaccinated population. The Victorian Department of Health commissioned a retrospective survey of SARS-CoV-2 antibody prevalence in stored plasmapheresis specimens. This survey aimed to estimate seroprevalence of SARS-CoV-2 antibodies among Victorian blood donors prior to and during the Omicron wave to better understand infection spread in the population. 
[image: Figure 1. Count of COVID-19 (daily and cumulative) case notifications between 1 September 2021 and 9 March 2022 in Victoria among adults aged 18-89 years, and timing of specimen collections. See Appendix for full description.]Figure 1. Count of COVID-19 (daily and cumulative) case notifications between 1 September 2021 and 9 March 2022 in Victoria among adults aged 18-89 years, and timing of specimen collections. See Appendix for full description.

[bookmark: _Toc109840821]Methods
[bookmark: _Hlk102032822]Blood specimens were obtained for testing through 2 separate mechanisms:
I. Retrospective plasmapheresis specimens: A total of 1000 specimens were retrieved from storage, from plasmapheresis donors who had donated in Victoria during 3 time intervals: 26–30 November 2021, 24–28 December 2021, and 27–31 January 2022. 
II. The Australian COVID-19 Serosurveillance Network conducted the first round of a series of regular, national prospective serological surveys among blood donors of SARS-CoV-2 antibody prevalence. In this round, 5,187 specimens were collected nationally, including 1,099 samples from Victoria, from donations made between 24 February and 2 March (Figure 1).
All samples are from Lifeblood donors aged 18 years or over who meet routine donor eligibility criteria, as per the Australia Red Cross Lifeblood (https://www.lifeblood.com.au/blood/eligibility). Data were collected for each specimen on age, sex, and residential postcode. The plasmapheresis samples are routinely stored as plasma for four months at –30°C for regulatory purposes, and were retrieved for the study from the Lifeblood archive facility in Tullamarine. The specimens from the national survey were fresh blood samples from any blood donor (plasmapheresis or whole blood), and were collected from the Melbourne Lifeblood processing centre prior to discard. 
Samples were tested for the presence of antibodies to spike and nucleocapsid proteins using the Roche Elecsys Anti-SARS-CoV-2 anti-Spike and anti-nucleocapsid immunoassays. This diagnostic system was selected for high sensitivity, specificity and throughput capacity 10,11.
Population data were obtained from the Australian Bureau of Statistics 2021 mid-year estimated residential population (ERP), and blood donor panel statistics were obtained from Lifeblood. 
Reported seroprevalence estimates and 95% confidence intervals (CIs) were based on crude seropositivity for anti-spike and anti-nucleocapsid, with 95% confidence intervals estimated by the binomial exact method. Estimates were presented stratified by age-groups, sex, Statistical Area Level 4 (SA4) and donation type (plasmapheresis versus other). In sensitivity analyses, crude seropositivity age-standardised to the Victorian ERP were also calculated.
Ethics approvals were granted by the Sydney Children’s Hospital Network Human Research Ethics Committee ([SCHN HREC] HREC 2022/ETH00187), Lifeblood Ethics Committee (2022#07) and UNSW HREC (2022/ETH00187).
[bookmark: _Toc109840822]Results
1.1. [bookmark: _Toc109840823]Characteristics of the survey population
Valid results were available for 4,085/4,099 (99.7%) samples collected, including 996 for November, 994 December, 997 January and 1,098 February. The mean age of donors was 44.9 years (range 18–82) and was similar across the time points. Males and females were sampled equally (51.1% male). All SA4s (the largest sub-region smaller than state level, with a minimum of 100,000 population) were sampled and distributions were broadly similar across time points, with metropolitan SA4’s slightly oversampled in the February time point (Figure 2).



	Figure 2. Distribution of demographic characteristics, age group (A), sex (B), and geographic area1 (C), for the 4 survey time points, the broader Victorian blood donor population2 and Estimated Residential Population (ERP)3 . See Appendix for full description. 

	[image: Figure 2. Distribution of demographic characteristics, age group (A), sex (B), and geographic area1 (C), for the 4 survey time points, the broader Victorian blood donor population2 and Estimated Residential Population (ERP)3 . See Appendix for full description. ]

	1: ABS Statistical Area Level 4 (SA4). SA4 regions are the largest sub-state regions have a minimum population of 100,000 persons. 2: All persons donating blood to Australian Lifeblood between 1 January 2021 – 31 December 2021. 3: ABS data on the estimated residential population of persons aged 18-89 years in Australia (excluding Other Territories) as of 30 June 2021. 



1.2. [bookmark: _Toc109840824]Anti-spike protein seroprevalence
Prevalence of anti-spike antibody was very high across all 4 time points (99.2% [98.4–99.7] in November, 98.9% [98.0–99.4] in December, 98.8% [97.9–99.4] in January and 98.8% [98.0–99.4] in February) with little variation by age-groups (Figure 3A and Appendix Table 1). 
Seroprevalence was similar for males and females at each time point.
Among samples positive for anti-spike antibody, the majority had titres >250 U/ml, with this proportion increasing at the January and February time points, which may be due to boosting effects from natural infection and/or vaccination.

	[bookmark: OLE_LINK1]Figure 3. Crude SARS-CoV-2 anti-spike protein seroprevalence among Victorian blood donors over time, by age group (A), sex (B), and semi-quantitative antibody concentration levels over time (C). See Appendix for full description. 

	[image: Crude SARS-CoV-2 anti-spike protein seroprevalence among Victorian blood donors over time, by age group (A), sex (B), and semi-quantitative antibody concentration levels over time (C). See Appendix for full description. ]



1.3. [bookmark: _Toc109840825]Anti-nucleocapsid protein seroprevalence  
Prevalence of anti-nucleocapsid seroprevalence was very low in November (0.2% [0-0.7]), and December (0.7% [0.3–1.4]), increasing to 9.5% [7.8–11.5] in January and 22.5% [20.1–25.1] in February (Figure 4A). 
A trend of decreasing anti-nucleocapsid seroprevalence with increasing age is present in the January and February time points. No differences in seroprevalence across time points were observed following age-adjustment compared with unadjusted seroprevalence. Males and females had similar anti-nucleocapsid seroprevalence at each time point.
The proportion of anti-spike positive samples that were anti-nucleocapsid negative decreased over the time points, from >99% in November and December to 90.4% in January and 77.1% in February. 
Anti-nucleocapsid seroprevalence was compared with cumulative case notifications (aged 18–89 years, as a proportion of the Victorian population of the same age) reported up to 14 days prior to the median date of collection at each time point. The November and December seroprevalence estimates are lower than the population proportion of cumulative case notifications (1.6% in November and 1.9% in December), while the January and February time points are higher (7.7% in January and 9.8% in February).
Anti-nucleocapsid seroprevalence by SA4 is presented in Table S4.
Within the February time point, plasmapheresis donors aged 18–29 and 30–39 had lower anti-nucleocapsid seroprevalence (31.9% [23.4–41.3] and 20.8% [13.5–29.7]) compared to other blood donor types (36.5% [27.7–46.0] and 29.8% [20.8–40.1]). This difference was not observed in older age groups (Table S5 and Figure S1).

	[bookmark: OLE_LINK2]Figure 4. Crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence among Victorian blood donors over time, by age group (A) and sex (B). See Appendix for full description. 

	[image: Figure 4. Crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence among Victorian blood donors over time, by age group (A) and sex (B). See Appendix for full description. ]





[bookmark: _Toc109840826]Interpretation and data considerations
· Findings from this report showed that seroprevalence of anti-spike antibody was very high (>98.0%) across all 4 time points, with little variation by age group and sex. These estimates are modestly higher than what would be expected in the general population based on vaccine coverage rates. At the end of February 2022, an estimated 94.8% of the eligible Victorian population had received at least 1 dose of a COVID-19 vaccine, with the lowest rates reported among young adults, in whom coverage was 83.4%, 86.3% and 90.8% for those aged 20–24, 25–29 and 30–34 years, respectively12. 
· The very high prevalence of anti-spike antibodies likely reflects a combination of vaccine recipients and natural infection among a minority of donors who had not been vaccinated. The vaccines used in Australia, and natural infection with SARS-CoV-2 produce antibody responses against the SARS-CoV-2 spike protein that are indistinguishable, on the basis of anti-spike protein positivity alone. Other markers of antibody responses specific to a range of virus-variant epitopes can be examined to better understand immune profiles. 
· Blood donors may be more highly vaccinated than the general population. It is well recognised that blood donors are a distinct population. They have been shown to have a higher average income and education and be healthier than the general population13,14. These factors have been shown to impact health-seeking behaviour, including COVID-19 vaccination15,16.   
· Crude anti-nucleocapsid seroprevalence estimates were somewhat lower than expected, particularly for the November and December time points, where estimates were lower than the cumulative case notifications following the peak of the Delta wave. There is evidence to suggest that anti-nucleocapsid antibodies are produced at lower levels and wane faster in people who acquire infection following vaccination than those who have not been vaccinated17,18. Available data on the sensitivity of serology assays to detect anti-nucleocapsid antibodies in vaccinated persons who become infected with the Alpha or Delta variants differ considerably, with estimates ranging from as low as 26% and as high as 86%. Preliminary local data on breakthrough infections with the Omicron variant among vaccinated Australian healthcare workers suggests sensitivity of 74% (Table S6). 
· [bookmark: _Hlk102467462]While estimates of nucleocapsid protein prevalence that have not been adjusted for test performance will underestimate the true cumulative SARS-CoV-2 attack rate in the population, the general pattern across time points is consistent with the epidemiology of notified cases, with the Omicron wave in Victoria beginning in late December.
· In the UK and USA, crude estimates (i.e. without adjustment) have been used to track changes in infection rates over time using the Roche assay. Steady increases in anti-nucleocapsid protein seroprevalance have been reported, consistent with the reported SARS-CoV-2 epidemiology in these countries7,8,19.
· The lower seroprevalence observed among plasmapheresis donors in the February time point compared with other donor types suggests the presence of some systematic differences between plasmapheresis donors, which may also have contributed to lower, biased estimates in the November to January time points. 
· Statistical approaches have been developed to produce adjusted seroprevalence estimates that incorporate assay-specific test performance characteristics4,5. Additional work is underway to estimate the sensitivity of the Roche anti-nucleocapsid immunoassay in this context and inform an analysis approach that accounts for a reduction in test performance (Table S6).  
[bookmark: _Toc109840827]Recommendations & additional planned work
We recommend that additional statistical modelling be undertaken to produce adjusted estimates of anti-nucleocapsid seroprevalence if reliable test sensitivity and specificity data becomes available. As mentioned in the previous section, available estimates on the sensitivity of anti-nucleocapsid assays in vaccinated populations vary substantially and are based on breakthrough infections with either the Alpha or Delta variants in overseas populations. Local data on infections following the Omicron wave are needed to inform the analysis approach for this study. These are in the process of being generated. 
We do not recommend testing additional stored plasmapheresis specimens from the February time point for two reasons. First, the lower seroprevalence observed among plasmapheresis donors in the February time point compared with other donor types was also observed in other jurisdictions, suggesting a real effect. Testing additional samples would increase the precision (i.e., reduce the width of the confidence intervals) of the February estimates for plasmapheresis donors but is unlikely to change the overall study findings. Second, Lifeblood indicated that the retrospective collections turned out to be more demanding than they had anticipated, and they were strongly hesitant about retrieving more samples.
Ongoing serosurveillance among blood donors will continue to provide crucial information on the impact of the pandemic. The Australian COVID-19 Serosurveillance Network will commence the next National blood donor serosurvey on 13 June, reflecting donation dates from 9 June. This survey time point will provide an estimate of SARS-CoV-2 antibody prevalence in Victoria following the spread of the Omicron BA.2 variant and capture any further surges leading up to winter. Results will be made available to the Department of Health as soon as they are available.  


[bookmark: _Toc109840828]Supplementary data
[bookmark: _Toc106876597]Table S1. Crude SARS-CoV-2 anti-spike protein seroprevalence among Victorian blood donors at each time point, by age group and sex. See Appendix for full description.
	
	Nov 2021 
	Dec 2021
	Jan 2022
	Feb 2022

	
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)

	Overall 
	988/996 
(99.2; 98.4-99.7)
	983/994 
(98.9; 98.0-99.4)
	985/997 
(98.8; 97.9-99.4)
	1085/1098 
(98.8; 98.0–99.3) 

	Age group (years)
	
	
	
	

	18–29 
	215/216 
(99.5; 97.4-100)
	211/212 
(99.5; 97.4-100)
	196/198 
(99.0; 96.4-99.9)
	228/228 
(100; 98.3–100) 

	30–39 
	216/219 
(98.6; 96.0-99.7)
	207/210
(98.6; 95.9-99.7)
	184/185
(99.5; 97.0-100)
	196/200 
(98.0; 95.0–99.2) 

	40–49 
	175/175
(100; 97.9-100)
	168/170
(98.8; 95.8-99.9)
	184/188
(97.9; 94.6-99.4)
	201/202 
(99.5; 97.2–100) 

	50–59 
	179/181
(98.9; 96.1-99.9)
	184/188
(97.9; 94.6-99.4)
	204/207
(98.6; 95.8-99.7)
	217/222 
(97.7; 94.8–99.0) 

	60–69 
	157/159
(98.7; 95.5-99.8)
	162/163 
(99.4; 96.6-100)
	172/173
(99.4; 96.8-100)
	180/183 
(98.4; 95.3–99.4) 

	70–89 
	46/46
(100; 92.3-100)
	51/51 
(100; 93.0-100)
	45/46
(97.8; 88.5-99.9)
	63/63 
(100; 94.3–100) 

	Sex
	
	
	
	

	Male 
	495/500 
(99.0; 97.7-99.7)
	456/463 
(98.5; 96.9-99.4)
	484/490 
(98.8; 97.4-99.5)
	624/633 
(98.6; 97.3–99.3) 

	Female 
	493/496 
(99.4; 98.2-99.9)
	527/531
(99.2; 98.1-99.8)
	501/507
(98.8; 97.4-99.6)
	461/465 
(99.1; 97.8–99.7) 








[bookmark: _Toc106876598]Table S2. Crude SARS-CoV-2 anti-spike protein seroprevalence among Victorian blood donors at each time point, by geographic area (Statistical Area Level 4). See Appendix for full description.
	
	Nov 2021 
	Dec 2021
	Jan 2022
	Feb 2022

	
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)

	Overall 
	988/996 
(99.2; 98.4-99.7)
	983/994 
(98.9; 98.0-99.4)
	985/997 
(98.8; 97.9-99.4)
	1085/1098 
(98.8; 98.0–99.3) 

	Inner 
	119/120
(99.2; 95.4-100)
	124/125 
(99.2; 95.6-100)
	108/108
(100; 96.6-100)
	186/187
(99.5; 97.1-100)

	Inner East 
	45/45
(100; 92.1-100)
	38/38
(100; 90.7-100)
	45/45 
(100; 92.1-100)
	89/89
(100; 95.9-100) 

	Inner South
	87/87
(100; 95.8-100) 
	77/77 
(100; 95.3-100)
	107/108
(99.1; 94.9-100)
	93/94 
(98.9; 94.2-100) 

	North-East
	76/76
(100; 95.3-100)
	59/59 
(100; 93.9-100)
	86/86
(100; 95.8-100)
	163/165
(99.4; 96.6-100) 

	North-West^
	46/48
(95.8; 85.7-99.5)
	45/46
(97.8; 88.5-99.9)
	41/41 
(100; 91.4-100)
	74/76
(97.4; 90.8-99.7)

	Outer East
	81/82
(98.8; 93.4-100)
	67/67 
(100; 94.6-100)
	61/64
(95.3; 86.9-100)
	199/202
(98.5; 95.7-99.7)

	South-East
	101/102
(100; 96.4-100)
	68/68 
(100; 94.7-100)
	85/87
(97.7; 91.9-99.7)
	96/98
(98.0; 92.8-99.8)

	West
	118/120
(98.3; 94.1-99.8)
	115/118 
(97.5; 92.7-99.5)
	80/80 
(100; 95.5-100)
	86/86 
(98.8; 90.8-100)

	Mornington Peninsula
	80/80
(100; 95.5-100)
	77/77 
(100; 95.3-100)
	70/71
(98.6; 92.4-100)
	57/58
(98.3; 90.8-100)

	Ballarat
	42/42 
(100; 91.6-100)
	36/36 
(100; 90.3-100)
	33/34 
(97.1; 84.7-99.9) 
	3/3
(100; 29.2-100)

	Bendigo
	33/34 
(97.1; 84.7-99.9)
	54/56 
(96.4; 87.7-99.6)
	64/64
(100; 94.4-100)
	2/2 
(100; 15.8-100)

	Geelong
	65/65
(100; 94.5-100)
	100/101 
(99.0; 94.6-100)
	70/70
(100; 94.9-100)
	11/11 
(100; 71.5-100)

	Hume
	14/14 
(100; 76.8-100)
	29/29
(100; 88.1-100)
	40/40
(100; 91.2-100)
	13/14
(92.9; 66.1-99.8)

	Latrobe - Gippsland
	44/44 
(100; 92.0-100)
	38/40 
(95.0; 83.1-99.4)
	54/57 
(94.7; 85.4-100)
	3/3
(100; 29.2-100)

	North-West#
	Nil 
	4/4
(100; 39.8-100)
	2/2
(100; 15.8-100)
	Nil

	Shepparton 
	18/19 
(94.7; 74.0-99.9)
	15/15
(100; 78.2-100)
	23/23 
(100; 95.2-100)
	2/2 
(100; 15.8-100)

	Warrnambool and Southwest
	14/14
(100; 74.8-100)
	30/30
(100; 88.4-100)
	13/14 
(92.9; 66.1-99.8)
	2/2 
(100; 15.8-100)

	Missing
	5/5 
	7/8
	3/3 
	7/7 


^ Melbourne city north-west. # Regional north-west.
Table S3. Crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence among Victorian blood donors at each time point, by age group and sex. See Appendix for full description.
	[bookmark: _Hlk102027683]
	Nov 2021 
	Dec 2021
	Jan 2022
	Feb 2022

	
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)

	Overall 
	2/996
(0.2; 0.0-0.7)
	7/994
(0.7; 0.3-1.4)
	95/997
(9.5; 7.8-11.5)
	248/1098 
(22.6; 20.1–25.2)

	Age group (years)
	
	
	
	

	18–29 
	1/216 
(0.5; 0.0-2.6)
	4/212
(1.9; 0.5-4.8)
	44/198
(22.2; 16.6-28.7)
	78/228 
(34.2; 28.4–40.6) 

	30–39 
	0/219
(0.0; 0.0-1.7)
	0/210
(0.0; 0.0-1.7)
	28/185
(15.1; 10.3-21.1)
	50/200 
(25.0; 19.5–31.4) 

	40–49 
	0/175
(0.0; 0.0-2.1)
	1/170
(0.6; 0.0-3.2)
	10/188
(5.3; 2.6-9.6)
	42/202 
(20.8; 15.8–26.9) 

	50–59 
	0/181
(0.0; 0.0-2.0)
	1/188
(0.5; 0.0-2.9)
	5/207
(2.4; 0.8-5.5)
	41/222 
(18.5; 13.9–24.1) 

	60–69 
	1/159
(0.6; 0.0-3.5)
	1/163
(0.6; 0.0-3.4)
	8/173
(4.6; 2.0-8.9)
	30/183 
(16.4; 11.7–22.4) 

	70–89 
	0/46
(0.0; 0.0-7.7
	0/51 
(0.0; 0.0-7.0)
	0/46
(0.0; 0.0-7.7)
	7/63 
(11.1; 5.5–21.2) 

	Sex
	
	
	
	

	Male 
	0/500
(0.0; 0.0-7.4)
	3/463
(0.6; 0.1-1.9)
	55/490
(11.2; 8.6-14.4)
	143/633 
(22.6; 19.5–26.0) 

	Female 
	2/496 
(4.0; 0.0-1.4)
	4/521
(0.8; 0.2-1.9)
	40/507
(7.9; 5.7-10.6)
	105/465 
(22.6; 19.0–26.6) 





Table S4. Crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence among Victorian blood donors at each time point, by geographic area. See appendix for full description.
	
	Nov 2021 
	Dec 2021
	Jan 2022
	Feb 2022

	
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)

	Overall 
	988/996 
(99.2; 98.4-99.7)
	983/994 
(98.9; 98.0-99.4)
	985/997 
(98.8; 97.9-99.4)
	1085/1098 
(98.8; 98.0–99.3) 

	Inner
	0/120
(0; 0-3.0)
	1/125
(0.8; 0-4.4)
	24/108
(22.2; 14.8-31.2)
	43/187
(23.0; 17.2-29.7)

	Inner East
	0/45 
(0; 0-7.9)
	1/38
(2.6; 0.1-13.8)
	5/45
(11.1; 3.7-24.1)
	18/89
(20.2; 12.4-30.1)

	Inner South
	0/87 (0; 0-4.2)
	0/77
(0; 0-4.7)
	11/108
(10.2; 5.2-17.5)
	25/94
(26.6; 18.0-36.7)

	North-East
	1/76 
(1.3; 0-7.1)
	0/59
(0; 0-6.1)
	6/86
(7.0; 2.6-14.6)
	40/165
(24.4; 18.0-31.7)

	North-West^
	0/48
(0; 0- 7.4)
	0/46
(0; 0-7.7)
	6/41
(14.6; 5.6-29.2)
	19/76
(25.0; 15.8-36.7)

	Outer East
	0/82 
(0; 0-4.4)
	0/67 
(0; 0-5.4)
	2/64
(3.1; 0.4-10.8)
	28/202
(13.9; 9.4-19.4)

	South-East
	0/102
(0; 0-3.6)
	1/68
(1.5; 0-7.9)
	12/87
(13.8; 7.3-22.9)
	23/98
(23.5; 15.5-33.1)

	West
	0/120 
(0; 0-3.0)
	2/118
(1.7; 0.2-6.0)
	9/80
(11.3; 5.3-20.3)
	30/86
(34.9; 24.9-45.9)

	Mornington Peninsula
	0/80 
(0; 0-4.5)
	1/77
(1.3; 0-7.0)
	3/71
(11.3; 5.3-20.3)
	12/58
(20.7; 11.2-33.4)

	Ballarat 
	0/42 
(0; 0-8.4)
	0/36
(0; 0-9.7)
	2/34
(5.9; 0.7-19.7)
	1/3
(33.3; 0.8-90.6)

	Bendigo 
	0/34
(0; 0-10.3)
	0/56
(0; 0-6.4)
	2/64
(3.1; 0.4-10.8)
	0/2
(0; 0-84.2)

	Geelong
	0/65
(0; 0-5.5)
	1/101
(1.0; 0-5.4)
	5/70
(7.1; 2.4-15.9)
	1/11
(9.1; 0.2-41.3)

	Hume
	0/14 
(0; 0-23.2)
	0/29 
(0; 0-11.9)
	2/40
(5.0; 0.6-16.9)
	2/14
(14.2; 1.8-42.8)

	Latrobe – Gippsland
	1/44
(2.3; 0.1-12.0)
	0/40 
(0; 0-8.8)
	4/57
(7.0; 1.9-17.0)
	1/3
(33.3; 0.8-90.6)

	North-West#
	Nil
	0/4
(0; 0-60.2)
	0/2
(0; 0-84.2)
	Nil

	Shepparton
	0/19
(0; 0-17.6)
	0/15
(0; 0-21.8)
	1/23
(4.3; 0.1-21.9)
	0/2
(0; 0-84.2)

	Warrnambool and Southwest
	0/14 
(0; 0-23.3)
	0/30
(0; 0-11.6)
	0/14
(0; 0-23.2)
	0/2 
(0; 0-84.2)

	Missing
	0/5 
	0/8
	1/3
	5/7





Table S5. Crude SARS-CoV-2 anti-spike and anti-nucleocapsid protein seroprevalence among Victorian blood donors at the February timepoint, by donation type. See Appendix for full description.
	
	Anti-spike
	Anti-nucleocapsid

	
	Plasmapheresis 
	Other*
	Plasmapheresis 
	Other*

	
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)
	n/N (%; 95% CI)

	Overall 
	575/ 584
(98.5; 97.1-99.3)
	510/514
(99.2; 98.0-99.8)
	120/ 584
(20.5; 17.3-24.1)
	128/514
(24.9; 21.2-28.9)

	18–29 
	113/113
(100; 96.8-100)
	115/115
(100; 96.8-100)
	36/113
(31.9; 23.4-41.3)
	42/115
(36.5; 27.7-46.0)

	30–39 
	102/106 
(96.2; 90.6-99.0)
	94/94
(100; 96.2-100)
	22/106
(20.8; 13.5-29.7)
	28/94
(29.8; 20.8-40.1)

	40–49 
	95/96
(99.0; 94.3-100)
	106/106
(100; 96.6-100)
	20/96
(20.8; 13.2-30.3)
	22/106
(20.8; 13.5-29.7)

	50–59 
	120/123
(97.6; 93.0-99.5)
	97/99
(98.0; 92.9-99.8)
	20/123
(16.3; 10.2-24.0)
	21/99
(21.2; 13.6-30.6)

	60–69 
	108/109
(99.1; 95.0-100)
	72/74
(97.3; 90.6-99.7)
	18/109
(16.5; 10.1-24.8)
	12/74
(16.2; 8.7-26.6)

	70-89
	37/37
(100; 90.5-100)
	26/26
(100; 86.8-100)
	4/37
(10.8; 3.0-25.4)
	3/26
(11.5; 2.4-30.2)


*  Includes plateletpheresis samples (17/514) and samples where the volume collected was too low to determine collection type (7/514).

	[bookmark: _Toc106876599]Figure S1. Crude SARS-CoV-2 anti-spike (A) and anti-nucleocapsid (B) protein seroprevalence among Victorian blood donors at the February timepoint, by donation type. See Appendix for full description. 
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Table S6. Summary of available data on the sensitivity of anti-nucleocapsid antibodies in vaccinated persons who become infected. See Appendix for full description. 
	Source
	Time period
	Number N-Ab positive1
	Number tested2
	Sensitivity 
(Calculated 95% CI)
	Assay

	Roche insert
	March–June 2020
	
	496
	99.5%
	Roche

	Publications

	Allen et al. 202120
	April 2021
	6
	23
	26.1% 
(10.2–48.4%)
	Roche

	Pollett et al. 202221
	March 2020– May 2021
	4
	6
	66.7% 
(22.3–95.7%)
	MMIA LakePharma

	Whitaker et al. 202222
	February – August 2021
	Single dose
Alpha: 125
Delta: 20


Two doses
Alpha: 21
Delta: 42
	Single dose
Alpha: 142 
Delta: 20


Two doses
Alpha: 27
Delta: 44
	Single dose
· Alpha: 88.0% 
· (81.5–92.9%)
· Delta: 100% 
· (83.2–100%)

Two doses
· Alpha: 77.7% 
(57.7–91.4%)
· Delta: 95.5%
(84.5–99.4%)
	Roche

	Follmann et al. 202223
	June 2020–March 2021
	21
	52
	40.4% (27.0–54.9%)
	Roche

	Internal validations

	ICPMR Healthcare worker study
	January–February 2022
	23
	31
	74.2% (55.4–88.1) 
	Roche


1Breakthrough infections confirmed positive by NAT. 2Total number of SARS-COV-2 vaccinated people tested.
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Figure 1 is a combination graph showing the timing of the four serosurvey collections along with numbers of new daily notified cases in bars and cumulative case numbers as a line. The X-axis shows date of notification by single day from 1 September 2021 to 9 March 2022. The primary Y-axis shows daily notified cases on scale from 0 to 34,000. The secondary Y-axis shows cumulative notified cases on a scale from 0 to 550,000. The figure shows that Survey 1, from 26¬–30 November 2021 occurred at a time when daily case numbers were low and relatively stable following the Delta peak in 2021. The figure shows that Survey 2, from 24–28 December 2021, occurred at the start of the Omicron wave as case numbers were beginning to rise sharply. The figure shows that Survey 3, from 27¬–31 January 2022, occurred following the peak of the Omicron wave as new case numbers were slowing and the cumulative case curve was levelling out. The figure shows that Survey 4, from 24 February–2 March 2022 as case numbers were lower and had stabilised following the peak of the Omicron wave in January.
[bookmark: _Toc109840832]Figure 2
Figure 2 is a panel of three figures. 
Figure 2A shows the distribution of the serosurvey sample at each of the four survey time points, as well as the overall Lifeblood population and estimated resident population (ERP) for Victoria as stacked bar graphs by age group (18–29, 30–39, 40–49, 50–59, 60–69, and 70–89 years). The X-axis shows the month and year of the four surveys as well as the Lifeblood and the Victorian ERP, and the Y-axis shows the proportion of the sample from 0–100%. Figure 2A shows that age distribution of the sample was stable across survey time points. The survey age distribution was similar to the Lifeblood population, with younger age groups slightly under-sampled and older age groups oversampled. The survey age distribution was similar to the Victorian ERP, with the 50–59 and 60–69 year age groups slightly oversampled and the 70–89 year age group slightly under-sampled.
Figure 2B shows the distribution of the serosurvey sample at each of the four survey time points, as well as the overall Lifeblood population and estimated resident population (ERP) for Victoria as stacked bar graphs by sex. The X-axis shows the month and year of the four surveys as well as the Lifeblood and the Victorian ERP, and the Y-axis shows the proportion of the sample from 0–100%. Figure 2B shows that the distribution of the samples at the first three time points were similar to each other and to the Lifeblood population and Victorian ERP, at approximately 50%, while the fourth time point in February 2022 slightly oversampled males.
Figure 2C shows the distribution of the serosurvey sample at each of the four survey time points, as well as the overall Lifeblood population and estimated resident population (ERP) for Victoria by Statistical Area level 4 (SA4). The X-axis shows column graph with each of the four survey time points, the Lifeblood population, and the Victorian ERP grouped by each of the 17 Victorian SA4s. The Y-axis shows the proportion of the sample from 0–100%. Figure 2C shows that a broad range of SA4s were sampled, with sampling occurring from SA4s, with SA4s in metropolitan Melbourne oversampled in the fourth time point in February.
[bookmark: _Toc109840833]Figure 3
Figure 3 is a panel of three figures.
Figure 3A shows crude anti-spike protein seroprevalence at each at each of the four survey time points  by age group (18–29, 30–39, 40–49, 50–59, 60–69, and 70–89 years) as points with 95% confidence intervals as error bars. The X-axis shows the month and year of the collection, and the Y-axis shows the crude seroprevalence on a scale from 85.0% to 100%. Figure 3A shows that all age groups across all four time points had consistently high crude seropositivity with no significant differences seen in any age group.
Figure 3B shows crude anti-spike protein seroprevalence at each of the four survey time point by sex (Female and Male) as points with 95% confidence intervals as error bars. The X-axis shows the month and year of the collection, and the Y-axis shows the crude seroprevalence on a scale from 85.0% to 100%. Figure 3B shows that seropositivity was similar between males and females at all four time points with no significant differences seen between them at any point.
Figure 3C shows the proportion of the samples by semi-quantitative anti-spike concentration levels over the four survey time points, with the month and year of each collection on the X-axis and cumulative proportion from 0 to 100% on the Y-axis. Semi-quantitative levels are split into four groups: <0.8 units (negative), 0.8–<25.0 units, 25–<250 units, and ≥250 units. It shows the majority of samples at each time point have anti-spike concentration levels above 250 units, at approximately 80% of samples in November and December, increasing to >90% in January and February.
[bookmark: _Toc109840834]Figure 4
Figure 4 is a panel of two graphs.
Figure 4A shows crude anti-nucleocapsid protein seroprevalence at each of the four survey time points by age group (18–29, 30–39, 40–49, 50–59, 60–69, and 70–89 years) as points with 95% confidence intervals as error bars. The X-axis shows the month and year of the collection and the Y-axis shows the crude seroprevalence on a scale from 0% to 45%. Figure 4A shows that anti-nucleocapsid protein seroprevalence was very low (<1%) overall and across all age groups in November and December, Seroprevalence increases in January, and increases further in February, with a trend in age emerging in these time points of decreasing seroprevalence with age.
Figure 4B shows crude anti-nucleocapsid protein seroprevalence at each of the four survey time points by sex as points with 95% confidence intervals as error bars. The X-axis shows the month and year of the collection and the Y-axis shows the crude seroprevalence on a scale from 0% to 30%. Figure 4B shows that seropositivity was similar between males and females at all four time points with no significant differences seen between them at any point.
[bookmark: _Toc109840835]Figure S1 
Figure S1 is a panel of two graphs.
Figure S1A shows crude anti-spike seroprevalence by age-group (18–29, 30–39, 40–49, 50–59, 60–69, and 70–89 years) and donation type (plasmapheresis and other) as points with 95% confidence intervals as error bars. Age group is on the X-axis and seroprevalence is on the Y-axis on a scale from 85.0–100%. Figure S1A shows slightly lower seroprevalence overall and within the 30–39 year and 40–49 year age groups, although confidence intervals overlap at all these points.
Figure S2A shows crude anti-nucleocapsid seroprevalence by age-group (18–29, 30–39, 40–49, 50–59, 60–69, and 70–89 years) and donation type (plasmapheresis and other) as points with 95% confidence intervals as error bars. Age group is on the X-axis and seroprevalence is on the Y-axis on a scale from 0–50%. Figure S2A shows lower seroprevalence overall and within the 18–29 year, 30–39 year and 50¬–59 year age groups, although confidence intervals overlap at all these points.

[bookmark: _Toc109840836]Table S1 
Table S1 shows the crude SARS-CoV-2 anti-spike protein seroprevalence at each time point by age group and sex. The table shows the number of seropositive samples out of the total tested, with the seroprevalence as a proportion and 95% confidence intervals in brackets.
[bookmark: _Toc109840837]Table S2 
Table S2 shows the crude SARS-CoV-2 anti-spike protein seroprevalence at each time point by geographic area at Statistical Area Level 4 (SA4). The table shows the number of seropositive samples out of the total tested, with the seroprevalence as a proportion and 95% confidence intervals in brackets.
[bookmark: _Toc109840838]Table S3 
Table S3 shows the crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence at each time point by age group and sex. The table shows the number of seropositive samples out of the total tested, with the seroprevalence as a proportion and 95% confidence intervals in brackets.
[bookmark: _Toc109840839]Table S4 
Table S4 shows the crude SARS-CoV-2 anti-nucleocapsid protein seroprevalence at each time point by geographic area at Statistical Area Level 4 (SA4). The table shows the number of seropositive samples out of the total tested, with the seroprevalence as a proportion and 95% confidence intervals in brackets.
[bookmark: _Toc109840840]Table S5 
Table S5 shows crude anti-spike and anti-nucleocapsid protein seroprevalence at the February time point by donation type (plasmapheresis or other) and age group. The table shows the number of seropositive samples out of the total tested, with the seroprevalence as a proportion and 95% confidence intervals in brackets.
[bookmark: _Toc109840841]Table S6 
Table S6 shows a summary of available data on the sensitivity of anti-nucleocapsid assays in vaccinated persons who become infected, including the source of the data, the time period, the number of antibody-positive samples, the number tested, the sensitivity with 95% confidence intervals, and the assay used.
OFFICIAL

2OFFICIAL


image1.jpg
'ORIA | Department

) of Health

Government




image2.tiff
- Daly — Cumulative Survey 1: Survey 2: Survey 3: Survey 4:

26-30 Nov 24-28 Dec 27-31Jan 24 Feb-2 Mar
34000 - 550000
32000 [[ 525000
f- 500000
30000 [ 2oooe
28000 I+ aso000
26000 [ 425000
" i f- 400000
g 2w [ 400000
22000 I 350000
S oono-| 325000
@ 18000 I~ 300000
- 275000
16000 [ 259000
14000 - 225000
12000 [~ 200000
F 175000
10000 [ 1100
8000 - 125000
6000-] F- 100000
4000-]
2000-]
ol

DD D D> D > D > oD D D > DD
B S oS S T TS RS R0 R0 28 (8 8
FE I DA S S E YA P F G @D





image3.tiff
Proportion (%)

5

Proportion (%)

A

g

204

18-

B

I 18-291M 30-39[ 40-49[ 50-59[] 60-69( ] 70-89 M Female Wl Male
100
90
50
o
€4
i
P
30
20
10
o

e*v & & & 4\"& xx°"1> o & w@@
1 Nov21 [ Dec21 B Jan 22 Wl Feb22 Bl lifeblood [ ERP
Melbourne





image4.tiff
Crude seroprevalence (95% Cls)

100.0-

97.5

95.0

92.5

90.0

87.5

85.0

18-29

30-39 40-49 50-59 60-69 70-89
m  Overall L]
A years years years years years. years
Z 1000
S
LR LR if1 e107
B8 975
g
£ 950
s
H
3 925
a
H
g 900,
s
3
2 875
S
85.0
Nov 21 Dec21 san22 Feb22
B Female W Male C BN 5250 BN 255250 L0 0825 MEM <0.8 (Negative)
100
LI J .
80
g
.E 60
£ so
g 40
& 30
20
10
o
Nov 21 Dec 21 Jan22 Feb22 Nov 21 Dec 21 Jan22 Feb 22




image5.tiff
18-29 . 30-39 = 40-49 50-59 60-69 70-89
years years years years years years

®|  Overall L]

>

IS
&
1

Crude seroprevalence (95% Cls)
~
8
Il
i

Nov 21 Dec 21 Jan 22 Feb 22
B ® female W Male

30—
3 25 }
2
o
¥ 20—
3
2
s
S 15
H
s
§ 10 %
3
s 5
2
o d m ia

Nov 21 Dec 21 Jan 22 Feb 22




image6.tiff
Crude seroprevalence (95% Cls)

100.0

97.5—

95.0

92.5—

90.0

87.5-

B Plasmapheresis ® Other

i ] I

85.0

50
45—
40—
35—
30
25—
20
15
10

Crude seroprevalence (95% Cls)

Overall 18-29 30-39 40-49 50-59 60-69 70-89
years years years years years years

EE

Overall 18-29 30-39 40-49 50-59 60-69 70-89
years years years years years years




