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Objectives

* Discuss published examples of SARS-CoV-2 reinfection

* Describe what is known about coronavirus immunity

* Discuss what is known about SARS-CoV-2 antibody dynamics

* Describe differences between vaccine immunity and natural immunity

* Discuss possible effects of exposure of prior coronaviruses on SARS-
CoV-2 immune response

* Discuss how clinicians should approach antibody test results in their
patients
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Clinical Case |

* 33 year old otherwise healthy man in Hong Kong sought attention for
three days of
* Fever
* Headache
* Productive cough
* Sore throat
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Clinical Case |

* SARS-CoV-2 RT-PCR positive, admitted as per protocol

* Asymptomatic upon admission three days after initial RT-PCR
performed

* SARS-CoV-2 IgG negative |10 days post admission
* Discharged |6 days after admission after 2 negative RT-PCR swabs
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Clinical Case |

* 4 mo later he travelled from United Kingdom — Spain - Hong Kong
where he screened positive by SARS-CoV-2 RT-PCR at airport

* Hospitalized per protocol; no symptoms throughout
* C-reactive protein 8.6 mg/L (normal <5.0); no CXR abnormalities

* Ct value 26.69 (posterior oropharynx), declined during hospitalization

* Day | and day 3 Abbott SARS-CoV-2 IgG negative
* Days 5 IgG positive at 4.84 S/CO

* Viral genomic analysis = 2 different clade/lineages
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ACCEPTED MANUSCRIPT
COVID-19 re-infection by a phylogenetically
distinct SARS-coronavirus-2 strain confirmed by

whole genome sequencing

Kelvin Kai-Wang To, lvan Fan-Ngai Hung, Jonathan Daniel Ip, Allen Wing-Ho Chu,
Wan-Mui Chan, Anthony Raymond Tam, Carol Ho-Yan Fong, Shuofeng Yuan,
Hoi-Wah Tsoi, Anthony Chin-Ki Ng ... Show more

Author Notes

Clinical Infectious Diseases, ciaal275, https://doi-
org.proxyl.library.jhu.edu/10.1093/cid/ciaal275
Published: 25 August2020 Article history o
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Clinical Case 2

* 5| year old woman with asthma, on inhaled CS, presents with
* Anosmia
* Fever

Headache
* Myalgia
* Cough
* Dyspnea
* O2 saturation 94%
* SARS-CoV-2 RI-PCR positive, managed as an outpatient

* Symptomatic for 5 weeks
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Clinical Case 2

* Approximately 3 months later presents with

* Headache

* Cough

* Fatigue

* Rhinitis
* Symptoms similar to prior episode, more mild
* Positive for SARS-CoV-2 RT-PCR

* 7 days later asymptomatic
* Roche SARS-CoV-2 IgG 134 S/CO

* Viral genomic analysis = 2 different lineages
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ACCEPTED MANUSCRIPT

Symptomatic SARS-CoV-2 reinfection by a
phylogenetically distinct strain

Jan Van Elslande, Pieter Vermeersch, Kris Vandervoort, Tony Wawina-Bokalanga,

Bert Vanmechelen, Elke Wollants, Lies Laenen, Emmanuel André, Marc Van Ranst,
Katrien Lagrou ... Show more
Author Notes

Clinical Infectious Diseases, ciaal330, https://doi-
org.proxyl.library.jhu.edu/10.1093/cid/ciaal330
Published: 05 September 2020 Article history o
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Unique Characteristics of Reinfection Cases

Patient |

Mild disease SARS-CoV-2 PCR neg Asymptomatic reinfection Roche IgG positive

lgG neg (10 days) lgG negative 4.84 S/CO
~14 days ~4 months ~5 days

~7 days

~3 months

Moderate Symptom resolution S.ympt.omatico: Symptom resolution
disease reinfection, mild Abbot IgG positive 134 S/CO

Patient 2

COVID-19 GRAND ROUNDS

JOHNS HOPKINS DIVISION OF INFECTIOUS DISEASES



Questions

* Does disease severity have implications on antibody response!?

* Upon reinfection patient | was IgG negative at day | and day 3, then
positive at day 5
* Does this faster-than-expected response indicate prior presence of lgG?

* How should a clinician interpret:
* Roche SARS-CoV-2 I1gG 134 S/CO
* Abbot SARS-CoV-2 IgG 4.84 S/CO

* Do the numbers matter?
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Is immunity against SARS-CoV-2
attainable?

Galit Alter and Andrea Cox
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Effective immune responses to viral infection

e Eliminate infectious virus from blood and other fluids
(i.e. prevent further spread)
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Effective immune responses to viral infection

* Eliminate infectious virus from blood and other fluids
(i.e. prevent further spread)

* Eliminate virus-infected cells from tissues (i.e. “cure”
infection)

COVID-1? GRAND ROUNDS
JOHNS HOPKINS DIVISION OF INFECTIOUS DISEASES



Effective immune responses to viral infection

* Eliminate infectious virus from blood and other fluids
(i.e. prevent further spread)

* Eliminate virus-infected cells from tissues (i.e. “cure”
infection)

* Provide immunity to reinfection
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Phases of the normal immune response to viral infection

Induction of

adaptive

response Adaptive

: - response
Virus | Establishment, »
growth | of infection

> Memory
| - h'
Innate !
defenses Threshold level
-«—— of virus required
to activate adaptive
immune response
Duration of infection
Entrv of virus Virus cleared
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Does Coronavirus-specific immunity exist?
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Common coronavirus immunity is short lived

Lessons from
Common Coronaviruses Three Hypothetical Scenarios
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How long will IMMUNITY last?
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First case of SARS-CoV-2 re-infection

m The first time the man was infected, he had a fever, cough, sore throat and headache
HEALTH & MEDICINE

for three days. He tested positive for the coronavirus on March 26 and was admitted to

A man in Hong Kong is the a hospital in Hong Kong three days later. At that point his symptoms had gone away.

He was discharged on April 14 after he tested negative for the virus twice. But the man

firSt confirmed case Of tested positive again more than four months later on August 15, when officials
coronaVIrus relnfectlon screened him upon returning to the Hong Kong airport from Spain. The second time,

he never showed any indication of being sick — a sign that his immune system kicked
A 33-year-old got sick during his first round with the virus, but wasn't

in enough to protect him from the disease because he remained asymptomatic but not
ill the second time

enough to prevent reinfection.
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RESEARCH ARTICLE

SARS-CoV-2 infection protects against rechallenge in
rhesus macaques

Abishek Chandrashekar'*, ® Jinyan Liu"*, © Amanda J. Martinot"-2", ® Katherine McMahan'", ® Noe B. Mercado'*,

Lauren Peter'”, ® Lisa H. Tostanoski'*, ® Jingyou Yu"*, © Zoltan Maliga®, Michael Nekorchuk®, ® Kathleen Busman-Sahay*,

Margaret Terry*, © Linda M. WrijilZ, © Sarah Ducat?, David R. Martinez5, ® Caroline Atyeo®®, ® Stephanie Fischinger®, @ John
S. Burke®, (® Matthew D. Slein®, ® Laurent Pessaint’,  Alex Van Ry’, ® Jack Greenhouse’, & Tammy Taylor’, ® Kelvin Blade’,
Anthony Cook’, ® Brad Finneyfrock’, Renita Brown’, Elyse Teow’, Jason Velasco’, (® Roland Zahn®, ® Frank Wegmann®, ® Peter
Abbink!, ® Esther A. Bondzie', ®® Gabriel Dagotto'-, ( Makda S. Gebre'%, Xuan He'!, ® Catherine Jacob-Dolan'?, @ Nicole
Kordana', Zhenfeng Li', © Michelle A. Lifton', @ Shant H. Mahrokhian', ® Lori F. Maxfield', ® Ramya Nityanandam', ® Joseph P.
Nkolola', @ Aaron G. Schmidt®?, @ Andrew D. Miller'?, © Ralph S. Baric5, © Galit Alter®®, @ Peter K. Sorger3, @ Jacob D. Estes?,

Hanne Andersen’, ® Mark G. Lewis’, @ Dan H. Barouch'.6.%
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vidence of waning immunity
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A correction has been published 1

natureresearch

CORRESPONDENCE

August 2020 - Nature medicine 26(8)
Rapid Decay of Anti-SARS-CoV-2 Antibodies in Persons with Mild Covid19

DOI: 10.1038/s41591-020-0965-6
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Decay kinetics are heavily influenced by when
antibodies are sampled
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Stability of humoral
Immune responses over
time

The NEW ENGLAND

SUBSCRIBE -
JOURNAL of MEDICINE

OR RENEW

ORIGINAL ARTICLE
Osimertinib in Resected EGFR-
Mutated Non-Small-Cell Lung
Cancer

PERSPECTIVE

Community Health Workers and
Covid-19 — Addressing Social
Determinants of Health...

ORIGINAL ARTICLE

Survival with Olaparib in

Metastatic Castration-Resistant
Prostate Cancer

NEJM Catalyst eBook: ‘
The Clinician Rolein Health ™

Care Delivery and Innovation

ORIGINAL ARTICLE

Humoral Immune Response to SARS-CoV-2 in Iceland

Daniel F. Gudbjartsson, Ph.D., Gudmundur L. Norddahl, Ph.D., Pall Melsted, Ph.D., Kristbjorg Gunnarsdottir, M.Sc., Hilma Holm, M.D., Elias
Eythorsson, M.D., Ph.D., Asgeir O. Arnthorsson, M.Sc., Dadi Helgason, M.D., Ph.D., Kristbjorg Bjarnadottir, Ph.D., Ragnar F. Ingvarsson, M.D., Brynja
Thorsteinsdottir, B.Sc., Steinunn Kristjansdottir, B.Sc., Kolbrun Birgisdottir, B.Sc., Anna M. Kristinsdottir, M.Sc., Martin I. Sigurdsson, M.D., Ph.D,,
Gudny A. Arnadottir, M.Sc., Erna V. Ivarsdottir, M.Sc., Margret Andresdottir, M.Sc., Frosti Jonsson, M.Sc., Arna B. Agustsdottir, M.Sc., Jonas Berglund,
Ph.D., Berglind Eiriksdottir, Run Fridriksdottir, M.Sc., Elisabet E. Gardarsdottir, Magnus Gottfredsson, M.D., Ph.D., Olafia S. Gretarsdottir, B.Sc.,
Steinunn Gudmundsdottir, M.Sc., Kjartan R. Gudmundsson, B.Sc., Thora R. Gunnarsdottir, B.Sc., Arnaldur Gylfason, M.Sc., Agnar Helgason, Ph.D.,
Brynjar O. Jensson, M.Sc., Aslaug Jonasdottir, M.Sc., Hakon Jonsson, Ph.D., Thordur Kristjansson, M.D., Ph.D., Karl G. Kristinsson, M.D., Ph.D.,
Droplaug N. Magnusdottir, M.Sc., Olafur T. Magnusson, Ph.D., Lovisa B. Olafsdottir, M.D., Solvi Rognvaldsson, B.Sc., Louise le Roux, M.Sc., Gudrun
Sigmundsdottir, M.D., Asgeir Sigurdsson, B.Sc., Gardar Sveinbjornsson, M.Sc., Kristin E. Sveinsdottir, B.Sc., Maney Sveinsdottir, B.Sc., Emil A.
Thorarensen, B.Sc., Bjarni Thorbjornsson, B.Sc., Marianna Thordardottir, Ph.D., Jona Saemundsdottir, B.Sc., S. Hjortur Kristjansson, M.D., Kamilla S.
Josefsdottir, M.D., Gisli Masson, Ph.D., Gudmundur Georgsson, B.Sc., Mar Kristjansson, M.D., Alma Moller, M.D., Ph.D., Runolfur Palsson, M.D.,
Thorolfur Gudnason, M.D., Unnur Thorsteinsdottir, Ph.D., Ingileif Jonsdottir, Ph.D., Patrick Sulem, M.D., and Kari Stefansson, M.D., Ph.D.
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A Seroprevalence among SARS-CoV-2 Infected Persons
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Stable- but hugely variable- SARS-CoV-2
titers over time

| Dramatic
difference in
titers
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What does a positive antibody test mean!

7= Immunity

— EXposure

Sero-Epidemiological studies are needed to establish a threshold of immunity.
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Defining a protective titer...

Re-infection Surveillance

4||:|

|

Re-infection?

|

negatives convalescents

What level of antibodies = IMMUNITY?
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Vaccine Immunity is widely different than
Natural Immunity

C Binding IgG 4 Wk after Second
Vaccination
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Primates

Kizzmekia S. Corbett, Ph.D., Barbara Flynn, M.S., Kathryn E. Foulds, Ph.D., Joseph R. Francica, Ph.D., Seyhan Boyoglu-Barnum, Ph.D., Anne P. Werner,
B.S., Britta Flach, Ph.D., Sarah O’Connell, M.S., Kevin W. Bock, M.B., Mahnaz Minai, M.S., Bianca M. Nagata, M.S., Hanne Andersen, Ph.D., et al.
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What else matters for Immunity to SARS-
CoV-2

Cyloloxic T cell

Y

A,
Viral antigen ."&
1. Virus
cannot bind
| " o o
_—
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T cell Immunity to Viruses

e CDS8T cells

* recognize virally infected cells and can lyse or activate nucleases within them
* may cause tissue injury

* CDA4T cells
* Provide help for production of antibody by B cells and for CD8 memory
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Can the immune response to similar
coronaviruses worsen disease!?

* Can prior infection with similar coronaviruses protect!?
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Can the immune response to similar
coronaviruses worsen disease!?

* Can prior infection with similar coronaviruses protect!?

* Or does that make things worse?
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The age factor...

* The immune systems of the very old and the very
young are both less able to control infections.
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The age factor...

* The immune systems of the very old and the very
young are both less able to control infections.

* Percent of US deaths in children (under |9 yo):
* Influenza: ~0.3%

* COVID-19:~0.05%

Source: CDC
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The age factor...

* Hypothesis: Older immune systems contribute to
disease severity not just because of impairment but
by prior shaping of the immune response by
exposure to similar but not identical coronaviruses.
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Evidence for worsened disease in the face of an
Immune response...
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Dengue Virus
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Dengue Virus
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Dengue Virus
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Dengue Virus
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Antibody in Dengue Virus

Neutralization
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Antibody in Dengue Virus

Neutralization Non cross-reactive

—
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Antibody in Dengue Virus- can make infection worse

Neutralization Non cross-reactive Partially cross- reactive

—
N L

=\

--------------------
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Severe Cases Mild Cases

4 Anti-NP IgG (severe cases) 4+ Anti-NP1gG (mild cases)

Anti-N

Serology:

Severe cases with
higher titer IgG early
in infection

Anti-RBD |/

Anti-RBD IgG (mild cases)

To, Lancet Infect. Dis., 2020

Time after symptom onset (days) Time after symptom onset (days)
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Pre-existing T cell Immunity to SARS-CoV?2

* No
* Peng et al- no responses to SARS-CoV2 in healthy donors from the UK
* Zhu et. al- none to S protein peptides in 108 vaccine recipients in China.

* Yes

* Sekine et al - T cells specific for the S and M (not N proteins) in blood
donated in Sweden prior to the pandemic.

* Le Bert et al- responses to the N and NS proteins in ~ 30% of healthy donors
from Singapore

. Grifc?(r;i et al - CD4+ T cells from 40-60% US donors reacted to SARS-CoV-2
peptides

* Weiskopf et al- CD4+ T cells from 2 of 10 healthy donors from the
Netherlands showed signs of activation in response to SARS-CoV-2 peptides.

* Braun et.al.— 35% CDA4+ T cells of healthy donors from Germany showed
signs of activation in response to SARS-CoV-2 spike peptides.

PengY et.al. Nat Immunol 2020, Zhu FC et al. Lancet. 2020, Sekine T et. al. Cell 2020, Le Bert N et. al. Nature 2020, Grifoni A et. al. Cell 2020,
Weiskopf D et. al. Sci Immunol 2020, Braun | et. al. Nature 2020
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SARS-CoV-2 Spike protein: COVID-19 patients
respond more often than healthy donors

100~ Il COVID-19 patients

j?f; Healthy donors
» — Eﬂ-
o
Eé 60-
= 2
© = 40+
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ﬂ | |

S-l (N-term) S-ll (C-term)

All the healthy donors had antibodies to the “common cold” respiratory
coronaviruses

Braun J et. al. Nature 2020
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How could T cell responses to SARS-CoV?2
exist before it did?

* Mateus et al mapped out 3| SARS-CoV-2 S protein epitopes targeted by T
cell lines from unexposed HDs. Homologous common cold coronaviruses

peptides in the S protein also recognized.

* Healthy donors have circulating T cells specific for the spike proteins of
HCoV-NL63, HCoV33 229E,and HCoV-OC43.BUT-T cell responses to
SARS-CoV-2 spike nucleocapsid proteins are not common despite
exposure- present in only I/2] people. Due to cross-recognition by T
cells specific for the common cold coronaviruses?

Mateus | et. al. Science 2020, Woldemeskel et. al.] Clin Invest. 2020.
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What remains to be determined

* What do recurrent cases of COVID-19 mean for protective

immunity? Existing data say immunity is not sterilizing, but protective-
more data needed.

* Can we make a vaccine that generates protective immune responses
to SARS-CoV-2?

* Will the current vaccines (designed to elicit nAb) be the right
strategy!

* Will a focus on enhancing T cell responses enhance vaccine design?

* What does prior exposure to the common cold coronaviruses mean
for COVID-19 infection outcomes and vaccination success!?
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Back to questions brought up by our cases
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Does severity of disease have implications antibody
response!

Patient |

Mild discase SARS-CoV-2 PCR neg Asymptomatic reinfection Roche IgG positive

IgG neg (10 days) IgG negative 484 S/CO
~14 da ~4 months ~5 days

~7 days
Moderate Symptom resolution Symptomatic Symptom resolution
disease reinfection, mild Abbot IgG positive 134 S/CO

Patient 2
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Upon reinfection patient | was lgG negative at days | & 3,
then positive at day 5. Does the speed of this response
indicate prior presence of IgG!?

Patient |

Mild disease SARS-CoV-2 PCR neg
IgG neg (10 days)

~14 days

Moderate Symptom resolution Symptomatic Symptom resolution
disease reinfection, mild Abbot IgG positive 134 S/CO

Patient 2
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How should a clinician interpret:

Roche SARS-CoV-2 1gG 134 S/CO

Abbot SARS-CoV-2 IgG 4.84 S/CO
Do the numbers matter?
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Do we have a reliable surrogate marker for protective
immunity? What does this mean for vaccine development!?
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How does understanding the threshold of
immunity affect vaccine allocation plans!?
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Objectives

* Discuss published examples of SARS-CoV-2 reinfection

* Describe what is known about coronavirus immunity

* Discuss what is known about SARS-CoV-2 antibody dynamics

* Describe differences between vaccine immunity and natural immunity

* Discuss possible effects of exposure of prior coronavirus’ on SARS-
CoV-2 immune response

* Discuss how clinicians should approach antibody test results in their
patients
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