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Original article

Differential COVID-19 case ascertainment by
age and vaccination status in Victoria, Australia:
a serosurveillance and record linkage study

Joshua Szanyi, David J Price, Kylie S Carville, Mitch Batty, Sarah Yallop, Suellen Nicholson,
Theo Karapanagiotidis, Stacey Rowe, Sheena Sullivan, Vinay Menon, Daniel West,

Lakshmi Manoharan, Eliza Copsey, Suman S Majumdar, Brett Sutton, Deborah A Williamson,
Jodie McVernon

Abstract

Objectives

To compare serological evidence of prior severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection with linked coronavirus disease 2019 (COVID-19) case notification data in Victoria,
Australia, and to determine in vitro SARS-CoV-2 neutralisation activity based on prior infection and
vaccination history.

Design, setting, participants

Four cross-sectional serological surveys were conducted between 30 June and 31 October 2022 (a period
of Omicron BA.4/BA.5 dominance) using 1,974 residual serum samples obtained from the Victorian
Infectious Diseases Reference Laboratory. Serological results were linked to COVID-19 case notification
and vaccination data. Surrogate virus neutralisation testing was performed to obtain in vitro inhibition
estimates by anti-nucleocapsid serostatus and COVID-19 vaccination history.

Main outcome measures

Adjusted anti-SARS-CoV-2 spike and nucleocapsid seropositivity by sex, age and region of residence;
adjusted proportion of cases notified by anti-nucleocapsid serostatus, age and number of COVID-19
vaccination doses received; adjusted percentage in vitro inhibition against wildtype and Omicron BA.4/
BA.5 SARS-CoV-2 variants by anti-nucleocapsid serostatus and COVID-19 vaccination history.

Results

The prevalence of anti-SARS-CoV-2 nucleocapsid antibodies was inversely proportional to age. In
October 2022, prevalence was 84% (95% confidence interval [95% CIJ: 75-93%) among 18-29-year-olds,
compared to 39% (95% CI: 27-52%) among > 80-year-olds. In most age groups, approximately 40% of
COVID-19 cases appear to have been notified via existing surveillance mechanisms. Case notification
was highest among individuals older than 80 years and people who had received COVID-19 vaccine
booster doses. In vitro neutralisation of Omicron BA.4/BA.5 sub-variants was highest for individuals
with evidence of both prior infection and booster vaccination.
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Conclusions

Under-notification of SARS-CoV-2 infections in the Victorian population is not uniform across age
and vaccination strata. Seroprevalence data that give insights into case notification behaviour provide
additional context for the interpretation of existing COVID-19 surveillance information.

Keywords: COVID-19; SARS-CoV-2; serosurveillance; seroprevalence; antibody; vaccination; testing

Introduction

Diagnostic testing and notification of positive tests
to public health authorities do not capture all severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections that have occurred in a popula-
tion,' due to variability in test-seeking and reporting
behaviour, assay sensitivity,” fluctuations in access to
testing, and the presence of asymptomatic infections.
Seroprevalence studies thus provide an additional
source of evidence to inform estimation of population
exposure to SARS-CoV-2 infection, and by extension,
case ascertainment and population-level immunity
to coronavirus disease 2019 (COVID-19). This infor-
mation can then, for example, assist in forecasting
the impact of future outbreaks, planning healthcare
resourcing, and estimating the likely burden of long
COVID. Such studies generally include testing for
anti-spike antibodies (anti-S; induced by both previ-
ous infection and vaccination) and anti-nucleocapsid
antibodies (anti-N; these are not induced by vaccines
that target the spike protein and therefore indicate
prior infection in the Australian context)."?

Victoria (and the rest of Australia) experienced
relatively minimal SARS-CoV-2 transmission in
2020 and 2021 compared to many other jurisdic-
tions globally. This was followed by widespread
transmission of the Omicron BA.1 and BA.2 sub-
variants from late 2021, then sustained community
transmission of the Omicron BA.4 and BA.5 sub-
variants which were first detected in Australia in
April 2022. By mid-2022 most COVID-19 diagnostic
testing in the state was being conducted via rapid
antigen test (RAT), but polymerase chain reaction
(PCR) testing was still available.* Between January
2022 and 12 October 2022 (encompassing most
of the study period), individuals returning a posi-
tive RAT were required to report this result to the
Victorian State Government Department of Health.

Thereafter, reporting was recommended rather
than required. As of 31 October 2022, over 2.6 mil-
lion positive SARS-CoV-2 tests had been notified in
Victoria since the start of the COVID-19 pandemic.®

Recent COVID-19 serosurveillance studies using
donor blood sera®® showed an increase in anti-N
seroprevalence in Victoria from 23% in early 2022
to 67% in August 2022,% consistent with extensive
transmission of SARS-CoV-2 Omicron sub-variants
during this period. However, these results were not
linked to COVID-19 case notification and vaccina-
tion data. Analysis of population seroprevalence
linked to notification, vaccination, and functional
antibody data may provide actionable insights into
contemporary trends in case detection and signal
alterations in cohort or population-level suscepti-
bility over time due to waning immunity. These are
key components informing pandemic policymak-
ing, such as approaches to vaccination and targeting
high-risk subgroups for diagnostic testing.

The aim of this study was therefore to pilot a SARS-
CoV-2 serosurveillance platform in Victoria that was
linked to COVID-19 case notification and vaccina-
tion data. Specifically, this study aimed to: (a) deter-
mine the seroprevalence of anti-S and anti-N anti-
bodies in Victoria using residual sera; (b) estimate
COVID-19 case ascertainment in Victoria through
linkage of serological data with COVID-19 vaccina-
tion and case notification data; and (c) determine in
vitro viral neutralisation activity for a subset of indi-
viduals stratified by past exposure phenotype.
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Methods

Sample selection

Approximately 500 residual serum samples per
month from pathology testing submitted to the
Victorian Infectious Diseases Reference Laboratory
(VIDRL) for other diagnostic purposes were retrieved
for serological analysis from 30 June to 31 October
2022. Samples were included if they were from indi-
viduals aged 18 years or older. Samples were excluded
if their postcode was outside Victoria, if they were
referred from sexual health clinics or for HIV or viral
hepatitis testing, and if they had returned a positive
result for another notifiable disease. A list of samples
meeting the inclusion and exclusion criteria was
reviewed each month, in date order, until approxi-
mately 500 samples with sufficient volume from the
survey period were retrieved.

Serological assays

Roche Elecsys anti-SARS-CoV-2 nucleocapsid (N)
and spike (S) assays (automated semi-quantitative
electro-chemiluminescence immunoassays; Roche
Diagnostics GmbH, Mannheim, Germany) were
used for the detection of total antibody against
SARS-CoV-2 antigens in serum. In these assays, a
biotinylated recombinant SARS-CoV-2 antigen (N
or S) and a ruthenium-labelled recombinant SARS-
CoV-2 antigen are bound by antibodies present in
the sample and captured on a streptavidin coated
microparticle bead forming a sandwich complex.
The microparticle bead is in turn magnetically cap-
tured onto an electrode, then washed; application
of voltage to the electrode induces a chemilumi-
nescence signal. Signal intensity is proportional to
the amount of antibody bound to the SARS-CoV-2
antigen. Results are reported as positive or negative
relative to a control sample. All samples were tested
according to the manufacturer’s instructions for use.

Neutralisation assays

Neutralising activity was assessed using the
GenScript SARS-CoV-2 Surrogate Virus
Neutralization Test (SVNT; GenScript USA, Inc.,
Piscataway, NJ, USA), a competitive blocking
enzyme-linked immunosorbent assay designed to
mimic the in vivo virus neutralisation process.” The
assay detects levels of neutralising antibodies against
SARS-CoV-2 that inhibit the interaction between
the viral spike receptor binding domain (S-RBD)
and the human angiotensin converting enzyme 2
(hACE2) cell surface receptor. Firstly, serum sam-
ples are incubated with a recombinant SARS-CoV-2
S-RBD reporter fragment (for this study, wildtype
and Omicron BA.4/BA.5 conjugates were used) and
any neutralising antibody present in the sample will
bind, forming an antibody-RBD complex. Following
incubation in a microtiter plate coated with hACE2,
the incubated samples are washed to remove non-
specific interactions. Lastly, a colorimetric substrate
is added and the results are read spectrophotometri-
cally. Colour intensity is inversely proportional to
the neutralizing antibody titre and results are pre-
sented as percentage inhibition as per the manufac-
turer’s instructions for use (with < 20% inhibition
defined as seronegative and > 20% inhibition defined
as seropositive).

Anti-spike and anti-nucleocapsid
antibody seroprevalence

Logistic regression models were constructed with
antibody seropositivity as the dependent variable and
age, sex, region of residence and sample collection
time point as independent variables, using weights
calculated on 2021 census data for the Victorian
population aged 18 years and over obtained from the
Australian Bureau of Statistics (ABS).'° An interac-
tion term between sample collection time point and
age, sex or region of residence was added to each
model depending on the demographic variable of
interest to allow for the generation of sample col-
lection time-point-specific estimates of anti-N and
anti-S seropositivity with 95% confidence intervals
within each demographic group. Estimates were not
adjusted for assay sensitivity or specificity.
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Data linkage and linked data analysis

COVID-19 case notification and vaccination data
were linked to serological results via the Victorian
Department of Health’s Transmission and Response
Epidemiology Victoria (TREVi) database and the
Australian Immunisation Register (AIR) respec-
tively. Reporting of COVID-19 vaccinations to the
AIR was mandated from 20 February 2021 onwards.

Linkage was performed using a multi-stage determin-
istic linkage approach based on permutations of par-
ticipants’ dates of birth, first names, and surnames.
Data were de-identified prior to analysis. Standard
definitions used by the Victorian Department of
Health were applied to ensure that two notifications
received within a short interval were not classified
as two infection events. Estimates, in age and vacci-
nation strata, of the proportions of individuals with
a case notification by anti-N serostatus and of sero-
positive individuals with a case notification, were
adjusted for age, sex and region of residence using
logistic regression models weighted based on ABS
data for the Victorian population aged > 18 years.”

Neutralising antibody responses

For each survey, 100 samples were randomly selected
(equally across age quartiles) for surrogate virus neu-
tralisation testing as described above. Adjusted esti-
mates of percentage inhibition by anti-N seropositiv-
ity and vaccination status were generated via beta
regression models, controlling for age, sex, and area
of residence, and using weights calculated from ABS
data on the Victorian population aged > 18 years."

Sensitivity analyses

For samples unable to be linked to a COVID-19 vac-
cination record, it was not possible to determine
whether they were truly unvaccinated or whether
linkage for these individuals failed. Accordingly, a
sensitivity analysis was performed in which unlinked
individuals were randomly assigned a number of
vaccination doses based on their age and the over-
all distribution of vaccination dose uptake by age
in the Victorian population as of 1 September 2022
(Appendix A, Table A.1)."* Individuals who had been
successfully linked to vaccination data retained their
original number of vaccine doses. Ten iterations of
vaccine dose allocations were performed, with the
primary regression analyses repeated on the data set
at each iteration. The ten sets of regression outputs
were then pooled using Rubin’s rules to obtain the
results.

Ethical considerations

Serological testing was completed under a legal direc-
tion by the Victorian Chief Health Officer under the
Public Health and Wellbeing Act (2008). Data link-
age was completed by the Victorian Department of
Health under the Public Health and Wellbeing Act
(2008) and the Health Records Act (2001).! Ethical
approval was obtained from the Royal Melbourne
Hospital Human Research Ethics Committee (refer-
ence number: HREC/88386/MH-2022).

Results

Following the removal of samples from the same
individual collected at multiple time points (n =
20; only latest sample retained), 1,974 samples were
included in the analysis. Demographic characteris-
tics, serostatus, vaccination status, and COVID-19
case notifications for individuals included in the
cohort at each monthly collection point are summa-
rised in Table 1 (see also Appendix A, Figure A.1). Of
those individuals included in the cohort, 15.5% (n =
305) were not linked to a record in the vaccination
database and 70.1% (n = 1,384) were not linked to the
notification database. Overall, 98% (n = 1,935) and
60.3% (1,191) of tested samples returned a positive
result for anti-S and anti-N antibodies respectively.

Figure 1 shows anti-S and anti-N seropositivity over
the sample collection period, by age, sex and region
of residence. Anti-S seropositivity remained high
over the specimen collection period in all demo-
graphic groups. Anti-N seropositivity increased
between the first and last specimen collection period
in all demographic strata. Adjusted anti-N seroposi-
tivity in October was highest amongst the young-
est age group (18-29 years) at 84% (95% confidence
interval [CI]: 75-93%) and lowest amongst the oldest
age group (= 80 years) at 39% (95% CI: 27-52%).

i https://www.legislation.vic.gov.au/in-force/acts/
public-health-and-wellbeing-act-2008/056.

ii  https://www.legislation.vic.gov.au/in-force/acts/
health-records-act-2001/047.

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024 6



-a8uer anyrenbiajur ;YOI q

‘sajdures XT1s 103 SUTISSTUI SEM d)BP UOT}OS[0d Uswdadg e

%0 0 %0 0 %0 0 %Z0 L %10 L Buissi
%66 L6 %L'66 sop %LL6 65t %T'96 605 %0'86 SE6'L aANISOd smezsol %Hmﬁ wﬂ@
%9°0 € %60 ¥ %ET m %9°€ 6l %6'L 8¢ anneBaN
%0 0 %0 0 %0 0 %Z0 L %10 L Buissi
%99 433 %S°€9 867 %6'19 162 %¢€°0S 997 %€°09 161'L MO (1 cor0s _o_amwww_w”ﬁwﬂ@
%9°€€ 891 %S°9€ LLL %L'8E 6Ll %S 6t 79t %9'6€ 8L aAneBaN
%0 0 %Z0 L %0 0 %0 0 %L°0 L a1y
%' 9 %S L %ET L %90 3 %L LT om 500(q 03 Joud Eo:uwwm___mﬁ.um
%967 8yl %t'6T gel %E'8T €€l %0°L2 vl %87 295 auo “SHVS P3YIIOU 4O JAGUINN
%269 ove %6'89 543 %69 9ze %b'TL €8¢ %L'0L €'l Buissiw 1o IN
%80 v %ET 1L %90 € %t°0 z %0'L 0z S350 A1
%9°%T 34} %0'6T o€l %9°1T L6 %8ElL €L %L1T 62y $350p 4no4
%9'6€ 861 %6'€E 651 %L Ly 961 %08 ST %60 £08 sa50p 234y Buidwes poojq
%9'LL 88 %L'8L S8 %6'LT €0l %Z'LT zil %L61 88¢ sas0p om|. B TS R,
%0'L S %e’L 9 %E’L 9 %S’ 8 %E’L 74 350p 3UQ
%9l z8 %Sl 44 %8El 59 %L'SL 08 %S°SL S0€ Buissiw 1o pajeurdenun
%€ €€ 86 %9'81 /8 %E9L LL %Z'0C L0L %88l LLE BLIODIA [eUOIBRY
%L'99 2oy %18 z8¢ %9°€8 €6€ %8'6L ey %Z'1L8 £€09'L aunogqjaly ueyjodonai epEsHoEslY
— 0'€9-5'v€ — TS9-vLE — g'€9-1'ee — 6'99-5'9¢ — 679-€'5¢ B¥lo] ———
— Vg — £0S — T6v — 1'ZS — 005 uepapy
%0 z %0 0 %0 0 %0 0 %L°0 z Buissi
%t 434 %St €1z %S°LS we %E 9 Sve %S Ly L£6 3jewa X35
%ZES 997 %9°tS 957 %S '8 87T %L €S 8z %t'TS SE0'L e

JnsuaeIRy) K10633e>H

¢z/oL/LE —Tz/oL/L0 ¢Z/60/0€ - TZ/60/1L0 CT/80/L€ - TT/80/L0 CT/LO/LE —TT/90/0€E CZ/OL/LE —TT/90/0€
00Ss=u 69 =u 0L =u 6CS =uU v.6'L=N
1349010 1aquaydas Isnbny Ang/aung Jel01

(yuowr uord3[j0d ddures pooiq £q pue [e303) 110Y0D Y} UI PIPNIUI S[ENPIAIPUI JO SOTSLId)ORIRY)) T J[qe],

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024



‘TRAISIUT DUIPYUOD %S6 1D %S6 q
-o1qeordde se aouaprsax Jo uordax pue afe ‘xas J0J pajsn(pe are saJEWIIS [V *(9ouapIsal Jo uordax pue afe “xas) dnod oryderSowap £q pue
YJUOW UOT}09[[0d Aq pasA[eue a1am sAaAINS0IaS *(00S = U) 1990300 pue (69% = u) Joqualdas (0L = u) Isndny ‘(67s = u) A[n[/oun( :gzo¢ Jo syjuowr urmor[oy oy} SurInp pajoo[od aIam suawadg e

uolbay aby X35
eLIOIA auinoqap
_mco__mmx cmu__oﬁ_uobw_\,_ +me mml_om mowoo mml_om mvﬂo# mml_om mml_w_ w_mr_cwu_ w_H_NS_
F %0
g
o
3
Loesz 3
o
1390120 == =
1quiadag 3
1snbny =e= L %05 .m
AInf/aung A— * * * v,
=
uo173]|0d * _ * <
uawipadg T
F%S. ©
(93]
X
N
%001
uajenasdosas Apoqnue pisdedospnu-puy
eLIOIIA auinoqap
|euoibay ueyjodonap +08 6/—0L 69—-09 6509 6v—0t 6£-0¢ 6C—8L Slewad Slew
1 1 1 1 1 1 1 1 1 1 1
I %0
H
o
°
e}
L %S =
o
13g01>Q == >
Joquindas m
1SNBNY == L 005 .w
AInf/aunr 2.
uol329]|0d m.
usawdads T
I %SL N
R
()
0* o* ole * oot ote ok -* 4 o* 21t %001

asudjeaasdosas Apoqnue ayjids-nuy

q«dno1d sryderSowsp pue
JJuow Uor)dd[[0d> udurads £q 110705 Apnjs a1} Suoure (S[EAINUI DUIPYUOD %SG pue) adudesdsdosas Apoqrue pisdesospnu-nue pue aids-nuy :1 2andrg

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024



sN1e}s04as pisdedoapnu-iuy

9AIISOd anebaN
1 1
I %0
F%S¢C
S9SOP DI0W IO {7 ==
s9sop €
S9S0p ¢ == L os0c
S9sop | 100
sasoQ
- %SL
- %00L

(ID%56 F) uoied1130U 35ed YUm uolpiodoid

aAINISOd
1

sN1e}s043s pisdedospnu-nuy

aAnebaN

‘[RAISIUT DUIPYUOD %S6 (1D %S6 q
(1461 = u) a1qeordde se aouapisal Jo uordax pue ade ‘xas 10 pajsn(pe aIe sa)eWNSI [V ©

+08 ==
6/L—0L ==
69—09
65—06G ==
6v—0t
6£—0¢ ==
6C—8lL
by

{

- %0

F %S¢
Y
o
T
o
=
o
=]
=
5
N
Y
®

Los0s
S
=4
=
2
=
=]
o
0
v
X
N

F %S.L

%001

Y

qPIAIIIAI SISOP duIILA 6T-AIAOD JO Jqunu £q (g)
pue a8e £q (V) paynes ‘snjejsoas pisdesospnu-nue £q Surjdures pooyq 03 Jorid uonesynou ased gI-AIAQD © YIM s[enpiarput jo uoniodoiq :z andrg

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024



uoljediilou ased
SOA ON

‘[RAISIUT DUIPYUOD %G6 [D %S6 q

(1261 = u) arqeoridde se aouaprsar yJo uordax pue a8e “xas 10 pajsn(pe aIe SAJLWIISI [V ©

SOA

uol3edH1I0U 3SR

S9SOP 2I0W 10 {7 ==
S9s0p €
SISOP 7 ==
sasop | 100
saso(

- %0

I %SC

I %0S

I %S.

F%00L

(ID%S6 F) 2A1Usodouss uoljodold

+08 ==
6/—0L ==
69—09
65—0G ==
6v7—0t
6€—0¢ =*=
6C—8L
aby

I

ON
1

I %0

I %S¢C
2
o
©
o
=
o
=}
w
°

I %0S .m
o
2,
=3
<
)
"
O
n
R
o

%S/

- %001

Y

qPIATIIAI SISOP duIdILA 6T-AIAOD JO Jqunu £q (g)

pue a8e £q (V) payne)s ‘snjejs uonedsynou ased I-IAOQD I01id £q aanisodoiss pisdesospnu-njue aae oym spenpiarput jo uonjiodoiq :¢ aandrg

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024



‘prsdeoos(onu-1jue :N-TJUE. )93} UOTJeSI[BIINIU SNITA 9jeS0o1Ins (TN AS ‘SJUBLIRA-QNS 'Y /F V4 UOIdTWQ :§'Vd/¥'Vd 2dApim i1 q

“(Th€ = u) UI| paJOP [BIUOZLIOY 3]} Aq PAJBIIPUL ST (9%07) A31A1Is0d 159) 10§ P[OYSAIYY Y,
*95UapIsal Jo uordas pue oe xas 10y pajsn(pe aIe saJeW)SI [[V ‘[PpoW uorssaxdar elaq oy} 4q pajewrr}sa se uonIqryur a8ejuadsiad [eAISIUT 9OUIPYUOD 0466 PUE UedW Y} Juasardal s1eq J01Id pue
spuourerp seazoym ‘ordures yoes 10y uoniqryur agejusdrod juasaidar sjurod “PIAISIAI SISOP AUIIIBA 6T-AIAOD JO IoquInu a9y} uo pue £31anrsodorss prsdesos[onu-1jue uo paseq st £103s1y aansodxyg e

SaUIlddeA JO JsquinN

2J0W 10 ¥ € 4 2J0W 10 ¥ € 4
1 1 1 1 1 1
- %0
- %0¢
%0t
S
%)
<
zZ
I_
5
=
g
w.
%09
%08
%001
9ANISOd N-RuUY LM —- S/¥'Vd jueLIRA annebaN N-nuUy

4410181 31nsodxa £q ‘S 'y g/ Vg UoIdIWQ pue g-A0)-SYVS 2dLip[im jsureSe uoniqryur s5ejuadsad pajsnlpy :§ 2andig

www.health.gov.au/cdi « Commun Dis Intell (2018) 2024;48 (https://doi.org/10.33321/cdi.2024.48.28) * Epub 21/08/2024



The adjusted proportion of cases notified by anti-N
serostatus, stratified by age, is shown in Figure 2(A).
Amonganti-N negative samples (n =782), the adjusted
proportion of case notifications was low, particularly
among those aged > 60 years; for example, 4% (95%
CI: 1-7%) among those aged 60-69 years compared
with 13% (95% CI: 7-20%) among samples from peo-
ple aged 50-59 years. For anti-N positive individuals
younger than 80 years, the adjusted proportion of
case notifications was approximately 40%; this was
higher (65% [95% CI: 54-75%]) for people aged > 80
years. Among all anti-N seropositive individuals (n =
1,191), the adjusted proportion of case notifications
increased with additional COVID-19 vaccine doses
received (Figure 2(B)). For example, this was 36%
(95% CI: 29-42%) among anti-N seropositive indi-
viduals who had received two vaccine doses and 54%
(95% CI: 46-61%) among anti-N seropositive indi-
viduals who had received four or more vaccine doses.

The adjusted proportion of individuals who were
anti-N seropositive by case notification status, strati-
fied by age, is shown in Figure 3(A). Note that these
results, and those presented in Figure 3(B), are gen-
erated from separate regression models to those pre-
sented in Figure 2. The proportion of individuals
who were seropositive with no prior COVID-19 case
notifications decreased with age; this was highest
among individuals aged 18 to 29 years (70%, [95%
CI: 63-77%]) and lowest among those aged 80 years
and over (13% [95% CI: 9-18%]). When stratifying
by vaccination status (Figure 3(B)), individuals who
had received at least four COVID-19 vaccine doses
prior to blood sampling and who had not been a
notified case were the least likely to be anti-N sero-
positive (25% [95% CI: 21-30%]).

Figure4 shows sVNT inhibition stratified by exposure
history. Neutralisation activity tended to be higher
against wildtype virus than against Omicron BA.4/
BA.5 across all combinations of serological results
and vaccination doses. Neutralisation also increased
with serological evidence of previous infection (anti-
N seropositivity) and with increasing vaccine doses.
Lower neutralising activity was observed among
older compared to younger individuals with respect
to Omicron BA.4/BA.5 (Appendix A, Figure A.2).

When vaccination status was re-assigned (based on
the distribution of vaccine doses in Victoria by age as
of 1 September 2022) for individuals not linked to a
vaccination record, and analyses by vaccine dose strata
were repeated as a sensitivity analysis, uncertainty
substantially increased among the zero-dose cohort
but overall trends in relation to other vaccination
groups were maintained (Appendix A, Figure A.3).

Discussion

This study, conducted between 30 June and
31 October 2022, suggests that COVID-19 case ascer-
tainment in Victoria varies by age and vaccination
status. The findings indicate relatively low notifica-
tion of SARS-CoV-2 infections, particularly among
younger age groups (approximately 40%, for example,
among those aged 18-29 years). Higher case detec-
tion among those > 80 years of age may be a result
of the increased propensity for symptomatic disease
amongst older individuals," differences in test-seek-
ing behaviour by age and vaccination status, expo-
sure to SARS-CoV-2 testing in the context of presen-
tations to health care services, and/or routine testing
in aged-care facilities. Case notification also varied
by the number of vaccine doses an individual had
received, with more highly vaccinated individuals
who had serological evidence of prior infection being
more likely to be a notified case. This proportion
ranged from 19% (95% CI: 14-24%) among individu-
als who had not completed a primary (two-course)
vaccination series to 54% (95% CI: 46-61%) among
those who had received four or more vaccine doses
after adjusting for age, sex, and region of residence.

When examining functional antibody responses, the
highest levels of neutralisation (particularly against
Omicron BA.4 and BA.5) were observed among indi-
viduals with evidence of both booster vaccination
and previous infection, reflecting the results of stud-
ies finding that protection resulting from previous
infection and vaccination in combination is higher
than that from infection or vaccination alone.'*'
It is not currently possible, however, to directly and
quantitatively correlate percentage inhibition val-
ues derived from sVNT assays with a specific level
of protection against SARS-CoV-2 infection, as there
is no defined correlate of protection for sVNT titres.
The clinical significance of in vitro neutralisation
responses in terms of protection against severe or
critical COVID-19 are also unclear.

The importance of these results is not that
COVID-19 case notifications were incomplete, but
that this was not uniform across age and vaccina-
tion uptake strata. Therefore, for example, if one
was to attempt to validate a SARS-CoV-2 trans-
mission model against Victorian data, one would
have to account not only for under-reporting but
also for how this under-reporting varies among
different groups. Accordingly, a strength of this
analysis is linkage of seroprevalence results with
COVID-19 vaccination and notification data which
has not been conducted previously in Australia.
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Internationally, such an approach has been used in
Canada to identify predictors of infection by socio-
economic status and estimate case ascertainment,*
and in Denmark to estimate the percentage of indi-
viduals infected soon after Omicron variant emer-
gence, case ascertainment, and the then-current
COVID-19 infection fatality ratio.!

While this study provides novel insights into
COVID-19 in Victoria, results should be interpreted
in light of potential biases due to, for example, limi-
tations inherent in the deterministic data linkage
approach utilised. Specifically, 15.5% of individuals
were not able to be linked to a record in the vaccina-
tion database, suggesting they were either unvacci-
nated or linkage was unsuccessful. There was there-
fore a substantial discrepancy between the percent-
age of individuals appearing unvaccinated in this
cohort following linkage to immunisation records
and COVID-19 vaccination coverage in Victoria —
only an estimated 3% of Victorians aged 16 years
and over have not received a COVID-19 vaccine.'®
Sensitivity analyses did, however, reflect trends
observed in the primary analysis and therefore do
not change our conclusions.

Furthermore, analyses were performed on residual
serum samples and therefore participants may not be
representative of the general Victorian population.
Study participants broadly reflected the Victorian
population in terms of age distribution, sex and resi-
dence in metropolitan Melbourne. However, it was
not possible to further assess representativeness in
terms of other demographic factors, comorbidities, or
healthcare seeking behaviour given data limitations.

It is also important to consider the lower sensitivity
of anti-N assays for asymptomatic'” and vaccinated’
individuals, the possible presence of repeated infec-
tions which cannot be differentiated using serology,
and anti-N waning."” Published estimates of the lon-
gitudinal trajectory of anti-N antibodies vary, but the
estimated half-life of anti-N IgG has been reported as
85 days (95% credibility interval: 81-90 days) in alon-
gitudinal seroprevalence study of healthcare workers
in the United Kingdom."” Higher peak anti-N levels
have been observed among older individuals and
individuals symptomatic with their acute infection."”

The probability of anti-N seroconversion may also
vary by COVID-19 vaccination status; for exam-
ple, in one study seroconversion following PCR-
confirmed SARS-CoV-2 infection occurred in only
40% of vaccinees compared to 93% of placebo recipi-
ents.” Factors such as these likely explain the obser-
vation that not all notified cases were anti-N positive
in this analysis. Importantly, however, while the sen-
sitivity of commercial anti-S assays has been shown
to be reduced for detecting Omicron-induced com-
pared to wildtype-induced antibodies, this is not the
case for anti-N assays.'®"

This project successfully piloted a serosurveillance
approach that provided new insights into the prev-
alence of prior SARS-CoV-2 infection in Victoria.
Now that a transition period has been reached in
which there is sustained community transmission
of SARS-CoV-2 in Australia and the virus is being
managed alongside other communicable diseases,
the objectives of serosurveillance will inevitably shift
from obtaining simple estimates of total popula-
tion exposure to more nuanced analyses aiming, for
example, to identify sub-populations at highest risk
of morbidity and mortality and to inform ongoing
vaccination strategies.”® This could be facilitated in
future through the use of data linkage approaches.
As prior infection with SARS-CoV-2 is now wide-
spread, the utility of anti-N assays in informing pan-
demic intelligence and response may become lim-
ited; in this context, variant-specific neutralisation
assays, as demonstrated in this study, may become
increasingly informative.?’
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Appendix A

Table A.1: Percentage distribution of vaccine doses by age in Victoria as of 1 September 2022*

i Age group (years)
doses 60-69 70-79°
0 10.1 4.2 2.2 1.6 1.4 0.9 0.9
1 2.5 1.6 1.2 1.6 1.3 0.0 0.0
2 37.5 32.6 24.9 18.8 121 7.1 7.1
3 50.0 33.7 43.8 50.1 20.3 271 271
4¢ 0.0 279 279 279 64.9 64.9 64.9
5d — — J— — — — —

a  Values refer to percentages within each age group.

Vaccine dose distributions in these two age groups were not reported separately and were thus assumed to be uniform within
these age groups for purposes of the sensitivity analysis.

¢ Fourth dose vaccine coverage was reported in 30-59 and 60+ year age groups only and was assumed to be uniform within these
age groups in this analysis.

d Not publicly reported; assumed to be zero in all age groups for this analysis.

Figure A.1: Age distribution of individuals included in the study cohort (grey bars)*
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a  The orange line indicates the age distribution of > 18-year-olds in Victoria, as per 2021 census data (ABS).
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