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Why do we need serological studies

AKey questions:
Ahow many people were infected
Amay also indicate how many people are protected

AHow do you develop and validate a test?
AProducing the protein: the DNA sequence is enough
A Defining the cut off and analytical sensitivity: samples from patients
ADefining sensitivity and specificity



How we detect antigen and antibody

Substrate

Indirect ELISA
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JL — 81& The amount of color = signal

Positive: Signal > cut of value



Reactivity ofAdvagengG assay in cases at
different time points after symptom onset and
among controlg; S/CO calculated using
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Performance oAdvagengG assay at different thresholds
comparing cases with serology performed > 10 days from
symptom onset against healthy controls
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Abbott SARST CoV1 2 IgG CLIA S/C
(log scale)

ivietnoaoiogiCal questlons
Serology test characteristics and Abbot-Ah#b
dynamics
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e Symptom length Disease S/C value
Age (years) Sex Comorbidity y Tdays) 9 severity at peak
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Methodological questions
Blood donors as proxy for population sample

Advantages Disadvantages
AFast ASelection bias

- age group
- socioeconomic

- spatial distribution

- deferral criteria

- behavioral differences

ARelatively inexpensive

AAccess to statef-the-art
testing infrastructure

AStored historical samples for
6m in Brazil



REDS-IV progrant, NHLBI/NIH (20072025)
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Blood donor study in Brazil

ATotal of 8 capitals (most populated)
ARetrospectively Mar-Jul/20¢ Abbott antiN
AProspectively Aug /26 Apr/21 Abbot antiN
AApr-Nov 21 Abbott antS (7 cities)

A~800 1000 samples per month.

ASamples wergeographically stratified usin
donor zip code (except Manaus)

ASystem to control sample testing

Blood donors Study participant



Methodological questions
Blood donors as proxy for population sample
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Are blood donors reactivity different than the
general population

Results EIA Ever donated % Donated last year %

SAREOW2 YES NO YES NO
Positive 10.7 9.4 9.7 10.8
Negative 88.4 89.3 89.7 88.2
Inconclusive 1.0 1.4 0.6 1.0

Cesawictorapersonal communication
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SARS-CoV-2 anitbody
prevalance per month (%)

Abbott SARS-CoV-2 IgG
CIMA S/CO (log scale)

First results from Manaus and Sao Raulo
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a) Build-up of herd immunity during a model b) Herd immunity threshold in relation to Ry, comparing
epidemic of SARS CoV-2. SARS CoV-2 with influenza A, Ebola virus disease,
poliomyelitis and rubella
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A city in Brazil where covid-19 ranamok may

be a ‘sentinel’ for the rest of the world

Somany people have gotten sick in Manaus that researchers say the virus is
running out of people to infect.

By Antonio Regalado September 22, 2020

In a report posted to the preprint server medRxiv, a group led by Ester
Sabino, of the Institute of Tropical Medicine at the University of Sdo Paulo,
says it tested banked blood for antibodies to the virus and estimates that
between 44 and 66% of the population of Manaus has been infected since
the city detected its first case in March.

“From what we learned this is probably the highest prevalence in the world.”
Sabino said in a phone interview. “Deaths have dropped very rapidly, and
what we’re saying is that it’s related.”



Our data show that >70% of the population had been infected in
Manaus about 7 months after the virus first arrived in the city.
This is above the theoretical herd immunity thresrHowever,
prior infection may not confer lor-lasting immunity(30, 31).
Indeed, we observed rapid antibody waning in Manaus,
consistent with other reports that have shown signal waning on
the Abbott IgG assayid, 32). However, other commercial
assays, with different designs or targeting different antigens,
have more stable signdl4), and there is evidence for a robust
neutralizing antibody response several months out from
iInfection 33). Rare reports of reinfection have been confirmed
(34), but the frequency of its occurrence remains an open
questiong5).Manaus represents a fnNsen:
Lm0 S0 © a8 bors . st At us a dat-based indication of what may happen if S/~CoV-2

Is allowed to spread largely unmitigatédirther

seroepidemiological, molecular, agdnomic surveillance

studies in the region are required urgently to determine the

longevity of population immunity, the correlation with the

observed antibody waning, and the diversity of circulating

lineages.

8 REPORT f ¥ in @ % =

Three-quarters attack rate of SARS-CoV-2 in the
Brazilian Amazon during a largely unmitigated
epidemic



https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R30
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R31
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R14
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R32
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R14
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R33
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R34
https://www.science.org/doi/full/10.1126/science.abe9728?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org#core-R35

Resurgence of SARS-CoV-2 in Manaus, despite seroprevalence

ORF1ab
Second synT733C

== COVID-19 hospitalizations IOCkFiO\{Vﬂ ;ysgngtsT
200 == Excess deaths E 3

K1795Q

del11288-11296 (3675-3677 SGF)
synC12778T

synC13860T

E5665D

Entertainment
venues reopen |

Mandatory
use of masks
Social distancing Local
eased elections:

First
100 | lockdown

Sampling location: e

T20N
== Amazonas P26S
Other B
il .
17T mutatl_ons
E484k | biological

NSO1Y | jnterest
H655Y

T10271
ORF8

K417T Eo2K
E484K ins28269-28273

N
N501Y | Paor

No. admissions/deaths per day

— : : — ; : - —— — E484K
Mar/20 Apr/20 May/20  Jun/20 Jul/20 Aug/20  Sep/20  Oct/20 Nov/20  Dec/20 Jan/21

1.053/3

Earliest detection
SARS-CoV-2
P.1 lineage

21 Earliest detection . 4 |dentification of P.1 in Manaus

Smoothed Rt
w

Mar/20 Apr/20 May/20  Jun/20 Jul/20 Aug/20  Sep/20  Oct/20 Nov/20  Dec/20 Jan/21

Darlan
Candido &
Ingra Claro




Altered epidemiological characteristics
of the P.1/Gamma VOC in Manaus

Two-category mathematical model to investigate transmissibility, immune evasion and disease
severity of P.1 lineage in Manaus:

A P.1is 1.2.4 (50% BCI) more transmissible k
compared to noAP1 lineages in Manaus 1.00; ,

A P.1 can evade 246% (50% BCI) of protective
Immunity elicited by previous infection with
non-P1 lineages

A 1.2¢1.9 (50% BCI) times more likely to result
In mortality: strained healthcare systems?

A Validated by subsequent studies on reinfectic T 7 7 0001
disease severity and transmissibility Trangmisslplity inereass

0.754 0.75 1

0.501 0.50 -

Cross-immunity
Cross-immunity

0.254 0.25 4

o 1 2 3 4
Relative risk of mortality

Faria et alScienc&021;



Prete Jr et al. BMC Infectious Diseases (2022) 22:127 BM C |nfecti0l.|5 Dise ases
https://doi.org/10.1186/512879-022-07094-y

RESEARCH Open Access

Reinfection by the SARS-CoV-2 Gamma 2

variant in blood donors in Manaus, Brazil (A) Persistently seronegative (anti-N assay)

Carlos A. Prete Jr', Lewis F. Buss?, Renata Buccheri®, Claudia M. M. Abrahim?, Tassila Salomon®,

Myuki A. E. Crispim*, Marcio K. Oikawa®, Eduard Grebe®"#, Allyson G. da Costa®, Nelson A. Fraiji?,
Maria do P S. S. Carvalho®, Charles Whittaker?, Neal Alexander'®, Nuno R. Faria’®'!, Christopher Dye'’,
Vitor H. Nascimento', Michael P. Busch®’ and Ester Cerdeira Sabino®

(A) Persistently seronegative (anti-S assay)

Proportion of reinfection cases in 2021
A V curve 13.6%, (95% CI [7.0%, 24.5%)])

A +Probable 22.7% (95% CI [14.3%, 34.2%)])
A +Possible 39.3% (95% CI [29.5%, 50.0%])

Rates of reinfection in individuals positive in 2020
A V curve 6.5% (95% CI [3.3%, 12.3%)) S el e

0.014

| ¢
(D) Reinfection by Gamma (anti-N assay) (D) Reinfection by Gamma (anti-S assay)
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A +Probably 12.2% (95% CI [7.5%, 19.1%)) —=anun ol e
A +Possible 26.8% (95% CI [19.8%, 35.3%)) o2 | e |

(E) Probable reinfection by Gamma (anti-N assay) (E) Probable reinfection by Gamma (anti-S assay)

Rates of gamma infection in negative samples o | - L

A 115 negative in 2020: 51 infected in 2021 (44.3%, | | .~ _ | ; .
C1135.6%, 53.5%)). | = | N5 e LcEans |

(F) Possible reinfection by Gamma (anti-N assay)

The protection against reinfection conferred by N = e |
previous infection il e — = = i |

A V curve 85.3% (95% CI [71.3%, 92.7%)]), ani{ 2 | fi=. = unsane . &
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A + probably 72.5% (95% CI [54.7%, 83.6%)) bonaton Dt
A + possible 39.5% (95% CI [14.1%, 57.8%)])




Antibody waning and disease spectrum

Trajectories of signal-to-cutoff (S/C) values Distribution of the half-life (days) Distribution of the peak signal-to-cutoff (S/C)
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Prete CA Jr. & al. SARS-CoV-2 antibody dynamics in blood donors and COVID-19 epidemiology in eight Brazilian state capitals: A serial cross-sectional study. Elife. 2022
Sep 22;11:e78233.



Crude Prevalence Time Series Distribution of the delay between
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Adjusted seroprevalence In eight Brazilian capitals

== Adjusted seroprevalence corrected == Crude seroprevalence == Adjusted seroprevalence without Age-standardised mortality per 10,000 inhabitants
for seroreversion correction for seroreversion
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Abbott anti-S SARS-CoV-2 I1gG CIMA S/C

2"dwave had a lower attack rate and a higher
morbility/mortality
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Vaccination coverage in blood donor eligible age range
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