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Epidemic

. . o iceberg
 Introduction: During an epidemic, diagnosed cases

represent a tip-of-the-iceberg of infection taking
place in the community. Sero-epidemiological
studies provide an effective means to assess true
infection attack rates in a community to inform
control strategies.

e Overall Aims: to define infection attack rates in the
Hong Kong population, development and duration
of population immunity to SARS-CoV-2 through
population based serial cross sectional and
longitudinal sero-epidemiology studies.
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Specific objectives / research questions

* Define age-stratified infection attack rate in the community over
time? What proportion of infections are being captured by our
surveillance / case detection / confirmation?

 What is duration of immunity (detectable antibody and T cell
immunity after natural infection)
» effects the reliability of sero-epidemiology studies
»Development of population immunity = relevant to vaccine policy

 VValidate testing strategy for large scale sero-epidemiology studies (N
ELISA, S ELISA, S RBD ELISA, neutralizing antibody, other antibodies)?



Methods: Study cohorts

Five study cohorts chosen to provide different levels of exposure risk.

e Cohort A{ Age-stratified community-based longitudinal cohort (Jul 2020-
Oct 2021)(PI: Ben Cowling);

e Cohort B) Age-stratified serial cross-sectional sampling of blood donors
(Apr 2020-Sept 2021) (PI: J Wu & K Leung);

* Cohort C) Serial cross sectional sampling of individuals working in specific
occupations with increased social contacts with presumed increased risk of
infection (June 2020-Oct 2021) (PI: M Ni & R Au);

e Cohort D) RT-PCR negative persons discharged from quarantine centres
(June 2020 -Aug 2021 %(PI DKM Ip)

e Cohort E) longitudinal follow up of a cohort of RT-PCR confirmed COVID-19
infections (Feb 2020-Aug 2021) (Pls: David Hui, Owen Tsang, Mike Kwan,
Susan Chu; Wai-hung Chan).



Methods: Study cohorts and numbers
recruited

Five study cohorts chosen to provide different levels of exposure risk.

e Cohort A) Age-stratified community-based longitudinal cohort (n=4736;
unvaccinated n=1788)(Jul 2020-Oct 2021)(PI: Ben Cowling);

e Cohort B) Age-stratified serial cross-sectional sampling of blood donors
(n=13,968; unvaccinated n=13,043)(Apr 2020-Sept 2021) (PI: J Wu);

e Cohort C) Serial cross sectional sampling of individuals working in specific
occupations with increased social contacts with presumed increased risk of
infection (n=2336; unvaccinated n=1301) (June 2020-Oct 2021) (PI: M Ni &

R Au);

e Cohort D) RT-PCR negative persons discharged from quarantine centres
(n=4,044; unvaccinated n=3203) (June 2020-Aug 2021) (PI: DKM Ip)

e Cohort E) longitudinal follow up of a cohort of RT-PCR confirmed COVID-19
infections (n=2282) (Feb 2020-Aug 2021) (Pls: David Hui, Owen Tsang,
Mike Kwan, Susan Chu; Wai-hung Chan).



Methods
Spike RBD ELISA

e High throughput
* |nexpensive

Perera et al Eurosurveillance 2020

Surrogate virus
neutralization test
(SVNT)
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e Can be done in BSL-2
containment laboratory

e Simple and rapid

e More costly than ELISA

Plague reduction
neutralization test

(the “gold standard” test for specificity and immunity)
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50% plaque neutralization: PRNT50
90% plaque neutralization: PRNT90

e Requires work in BSL-3
containment laboratory

e Highly labour and
expertise intensive

e 5 days to complete assay



SARS-CoV-2 antibody detectable by ELISA, sVNT and neutralization tests
> 90 days after RT-PCR confirmed infection (329 sera; 124 patients)

Days after onset of illness

Test | | 151-200 | 201-386
PRNT50 Tested 50 39 26 115
%Pos  98% 100% 100% 99.1% . 3
PRNT90  Tested 50 39 26 115
% Pos  92% 90% 92% 91% R A :
RBD Tested 52 41 27 120
ELISA o pos  100% | 98% 93% 98% 65%01=071-052
SUNT  Tested 41 39 26 106 [ P e e A S
>20% 9 pos  100% | 95% 96% 97% PRTSOtter
SVNT Tested 41 39 26 106 196 negative controls: 100% negative
>30% 9 pos  100% | 85% 73% 90%

Sera 151-389 days post infection, 97.5% positive by spike RBD ELISA; 100% by
PRNT50, 94.9% positive by sVNT (cut off 20%) and 73% by sVNT (cut off 30%).

Lau et al EClinMed 2021



Validated strategy for serological testing for
sero-epidemiology study

Screen sera using spike RBD ELISA

o

Pre-confirm using surrogate neutralization test (sVNT)
(rapid, no need for BSL-3 lab)

9

Final confirmation with plaque reduction neutralization test (PRNT)

(Requires biosafety level 3 containment)



Cohort 1: Community Cohort 2: Healthy blood donors
(age-stratified) (relatively healthier)

Hong Kong Population
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Cohort 3: High-risk occupations
with high number of contacts
(increased risk)

Cohort 4: Close contacts of confirmed
cases from quarantine camps
(highest risk)




Cohort A: “EPI-HK” community cohort study

* Longitudinal observational cohort study of all ages.
Household composition recorded but participation from all

household members is not required.
Community-based longitudinal cohort on incidence of respiratory virus infections

° St arte d in Ju Iy 2020 Rolling enrolment of participants betweesn April 2020 - September 2020, with fallow=ups of the sanhe ivdividuals

- blood draw every 6 months (Oth, 6th and 12th month since enrolment) for serclogic confimation of infaction
- year-round active surveillance for acute respiratory lliness and respiratory specimen collection for virclogic
confirrnation of infectian

In all cohort particioants:

* Participant enrolment through multiple mass promotion

efforts: 3000 individuals: 800 aged <18y, 1200 aged 18-64y, and 1000 aged 265y
« mass mailing (community centres, residential estates, Aot 2030 Sen 2020 Oct2030. Mur 2021 AprZoml - ses202)
schools, general practitioners, churches, and Morth  ———+—+—+——+—+—+—+—+—+—+—+—+—+—>
. 0 6 12 18
com pa ni es) Clotted blood & interview
. . - Cohort subsat 1 (@] o &
e advertisements in newspapers - Cohort subset 2 ° e e
- Cohort subset 3 (5] Q@ Lo}
. . . . - Cohort subset 4 @ () e
e advertisements in social media - Cohort subset 5 ® @ ®
- Cohott subset & Q@ (o] @
* mass emailing Active surveillance for

acute respiatory illness?
* COVID-lg Communlty vaccination centres (pre- “Study staff contact alf participarsts to eetively identify acute respirgtory iliness (AR, by contacting pareicpesnts for corlrmotion of freolilf siofus
. . . op . and rerminder Messags in alternote week
vaccination samples relevant for identifying prior

natural infections)

 Blood collection every 6 months in all participants 4736 sera collected:
 Continuous enrolment to replace dropouts 1788 non-vaccinated sera analysed



Estimating the community incidence of infection

Longitudinal observational cohort study in individuals of all ages. Blood collection every 6 months in all

participants. Pl BJ Cowling
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e Using a statistical model allowing for change in risk of SARS-CoV-2 infection over time,
estimate that cumulatively there have been 60,000 (95% Cl: 12,000 — 140,000)
unrecognized SARS-CoV-2 infections in Hong Kong. That corresponds to a cumulative

incidence of 0.9%.

e If adding the 12300 confirmed cases, the cumulative incidence of SARS-CoV-2 infection in

the community would be approximately 1%.
e Suggests case ascertainment level of approx. 17%



Seroprevalence among blood donors aged 16 to 65 before COVID vaccination

We detected 6 positives by PRNT among 10,534 blood samples collected from unvaccinated blood donors on or
before 28 Feb 2021 (prior to vaccination roll-out)
Using a Bayesian inference model, estimate case ascertainment rate of local cases was 23.1% (17.4-32.0) by PRNT.
Consistent with estimate of 17% from Cohort A and 23% (17-47%) from the “Octopus model”

Applying this case ascertainment rate to all cases as of 18 Nov 2021 (12,396 cases), we estimate the total number of
infections in Hong Kong to be 54,000-62,000, or slightly less than 1% of Hong Kong population.

Blood No sVNT sVNT PRNT PRNT
donors | positive % positive positive % positive
2020
April 848 1 0.12% (0.00-0.66) 0 0.00% (0.00-0.43)
May 819 1 0.12% (0.00-0.68) 1 0.12% (0.00-0.68)
June 640 0 0.00% (0.00-0.57) 0 0.00% (0.00-0.57)
July 526 0 0.00% (0.00-0.70) 0 0.00% (0.00-0.70)
August 1544 1 0.06% (0.00-0.36) 1 0.06% (0.00-0.36)
September | 1149 0 0.00% (0.00-0.32) 0 0.00% (0.00-0.32)
October 1178 0 0.00% (0.00-0.31) 0 0.00% (0.00-0.31)
November 1044 1 0.10% (0.00-0.53) 1 0.10% (0.00-0.53)
December 1150 4 0.35% (0.00-0.89) 2 0.17% (0.00-0.63)
2021
January 984 2 0.20% (0.02-0.73) 1 0.10% (0.00-0.56)
Feburary 652 0 0.00% (0.00-0.56) 0 0.00% (0.00-0.56)
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Cohort C: High occupational risk (excluding

those vaccinated)

Occupations Initial

recruitment
N (%)
139 (16%)
19 (2%)

Courier services (delivery or 65 (8%)
courier)

4(0.5%)
9 (1%)
240 (28%)
31 (4%)
260 (30%)
Workin Supermarkets  ERNGI)

Work in Wet Markets 44 (5%)

856 (100%)

2" yisit
N (%)

64 (17%)
2 (0.5%)
2 (0.5%)

2 (0.5%)

0 (0%)

133 (35%)
15 (4%)
130 (34%)
15 (4%)
18 (5%)
381(100%)

3rd yisit
N (%)

14 (22%)
0 (0%)
0 (0%)

0 (0%)

0 (0%)

34 (53%)
0 (0%)

12 (19%)
1 (1%)

3 (5%)

64 (100%)

Sero-positives

Date of Age | Occupation

Blood
Drawn

m Female 64 Bus Driver
25 May Female 64 Frontline staff of MTR
2021

Positive rate for
Bus drivers 0.7% (95% Cl 0.04-3.9)
MTR workers 0.4% (95% ClI 0.02-2.3)




PRNTS5O0 titer

Duration of protection from re-infection in
symptomatic COVID-19 infections
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e Recent studies have estimated that the correlate of
50% protection from re-infection was 20% of the
convalescent neutralizing antibody titre (Khoury et
al 2021).

 From the PRNTS50 antibody titres in symptomatic
COVID-19 cases between 30 to 60 days after iliness
onset in this study, we estimated the geometric
mean antibody titers (GMT) and then, estimated
20% of the GMT, which represents the 50% correlate
of protection.

* The threshold for 50% protection from re-infection
for PRNT50 was 1:25.9 (95% CI 1:24.7-1:27.6).

Lau et al EClinMed 2021



Estimated duration of protection from re-infection
for 50% of those with prior SARS-CoV-2 infection

50% plaque reduction neutralization test titres (PRNT50)

g 320
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400

mild
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Estimated that PRNT50 will
drop to the threshold of
protection (1:25) at 990
days (95% Cl lower bound
441, decline not statistically
significant) days after
symptom onset in
symptomatic patients.

Lau et al EClinMed 2021



PRNTSO0 titer

Comparison of duration of 50% plague reduction neutralization
test (PRNT50) antibody responses after natural infection

Compared to adults, children had significantly faster waning of antibody titers for PRNT50 (p <0.001) and
PRNT90 (p=0.004) (data not shown). Difference in peak (between 30 to 60 days) PRNT titers did not differ
significantly between children and adults with mild disease.
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Lau et al EClinMed 2021



The waning immunity among blood donors over time in blood donor cohort

Median age: 48.7 (IQR: 41.8-55.2) Median age: 39.9 (IQR: 30.3-49.3)
100 - Sinovac vaccinees N= 297 100 - BioNTech vaccinees N=593
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range: 1-14 days post infection
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Long term memory
range: 61-180 days
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Summary of outcomes

e Validate testing strategy and define duration of protective antibody
responses which is now being used in the different vaccine studies being
carried out by Profs Hui, Lau and Cowling.

 Infection attack rate in the Hong Kong population is ~¥1% and 17%-23% of
all infections are being detected and confirmed.

e Occupational groups such as taxi drivers, supermarket employees were not
at higher risk than the general population? Perhaps because of PPE and
precautional practices?

e Protective antibody responses following natural infection are relatively long
lived.

e Antibody responses in children appear to be shorter lasting.

e Natural infection is associated with robust T cell responses but these are
weaker in children and more directed to the ORF1 non-structural proteins.
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Month-by-month data on unvaccinated individuals

Samples from PRNT positive Crude % positive Age-standardized % with 95%
unvaccinated individuals | samples Cl
(or pre-first-dose)
Jul 2020 50 0 0% 0% (0%, 0%)
Aug 2020 27 0 0% 0% (0%, 0%)
Sep 2020 56 0 0% 0% (0%, 0%)
Oct 2020 71 0 0% 0% (0%, 0%)
Nov 2020 76 0 0% 0% (0%, 0%)
Dec 2020 254 0 0% 0% (0%, 0%)
Jan 2021 227 0 0% 0% (0%, 0%)
Feb 2021 194 0 0% 0% (0%, 0%)
Mar 2021 366 2 0.54% 0.55% (0%, 1.08%)
Apr 2021 143 5 3.31% 3.50% (0.29%, 5.11%)
May 2021 41 1 2.44% 2.44% (0%, 13.13%)
Jun 2021 92 0 0% 0% (0%, 0%)
Jul 2021 101 2 1.83% 1.98% (0%, 3.41%)
Aug 2021 51 0 0% 0% (0%, 0%)
Sep 2021 31 0 0% 0% (0%, 0%)



	Community based sero-epidemiological study of COVID-19 to provide data in real time on age-stratified infection attack rates, disease severity and population-immunity, for guiding intervention policy (Ref. No.: COVID190126)
	投影片編號 2
	Specific objectives / research questions
	Methods: Study cohorts
	Methods: Study cohorts and numbers recruited
	Spike RBD ELISA 
	SARS-CoV-2 antibody detectable by ELISA, sVNT and neutralization tests      ≥ 90 days after RT-PCR confirmed infection (329 sera; 124 patients) 
	Validated strategy for serological testing for sero-epidemiology study
	投影片編號 9
	Cohort A: “EPI-HK” community cohort study
	Estimating the community incidence of infection
	投影片編號 12
	Cohort C: High occupational risk (excluding those vaccinated)
	Duration of protection from re-infection in symptomatic COVID-19 infections
	Estimated duration of protection from re-infection for 50% of those with prior SARS-CoV-2 infection
	Comparison of duration of 50% plaque reduction neutralization test (PRNT50) antibody responses after natural infection
	投影片編號 17
	投影片編號 18
	投影片編號 19
	Summary of outcomes
	Acknowledgments
	投影片編號 22

