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Who are we??

Medical Research Council Antibody Immunity
Research Unit

Based in Johannesburg, South Africa
Virology, Immunology and Structure

HIV, Influenza, CMV, SARS-CoV-2




Contribution of Light Sources to Biological and Medical Sciences

Structural biology helps us understand the structure and function of macromolecules
Including proteins, DNA and RNA

Aids in vaccine design Provides information on protein-inhibitor interactions for drug,
herbicide and pesticide design
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Neutralizing antibodies in HIV vaccine
development

* Broadly neutralizing antibodies (bNADbs) are required for an effective
HIV vaccine

* They neutralize various global HIV-1 strains and inhibit entry into cells

 However, HIV infection has shown us:
* Rare — 20% HIV infected individuals develop them
* Unusual features
« Take long to appear — chronic infection

* Therefore, studying bNAbs and their targets may aid in immunogen
design to elicit bNADbs



Importance of structural biology in bNAb research

Why we study the structure of antibody-HIV Envelope complexes?

-define novel epitopes targeted by bNADbs

-discover key residues important for the neutralization of HIV by bNAbs
-define structural attributes of “special” viral strains

-inform design of immunogens which will elicit bNAbs




i) Isolation of mAbs from memory B cells
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Technique to obtain the high resolution structure of
proteins:

CAP256-VRC26.03 (week 119)

CDR HBE /

Antibody structure HIV Envelope structure



X-ray crystallography pipeline
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Structural characterization of antibody lineages
from single donor

CAP314 — HIV-infected donor who developed bNAbs within 2 years post-infection

Isolated and characterized three antibody lineages (families)
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CDRL3 insertion (29 aa) associated with increased breadth
over time
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Novel mode of binding to HIV CD4 binding site

HIV Envedl
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Using structural biology our lab can now:

1) Learn more about the structure and function of bNAbs — what
unusual features do they have? how can we elicit them in a vaccine?

) explore vaccine elicited antibody responses — HIV trimer trials:
study the structure of these Abs and how they interact with full HIV
trimers and other immunogens

i) Discover and characterize unique HIV strains — learn more about
unique features of Env strains that have enhanced capacity to elicit
bNADbs
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The answer to the vaccine question:
the spike protein

SARS-CoV-2 prefusion spike SARS-CoV-2 postfusion spike

Image: Monica Birkhead
CEZPD, NICD

https://cen.acs.org/pharmaceuticals/vaccines/tiny-tweak-behind-COVID-19/98/i38



Using structural biology to make the

best vaccine candidate

Moderna
Pfizer
JnJ
Novavax
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SARS-CoV-2 RBD and spike expression

Spike RBD Receptor
kDa 1 R NR NR R binding domain

| . . ’ (RBD)
We have used the spike protein to answer §
2

many important guestions around the
Immune response triggered by SARS-CoV-
iInfection and vaccination |
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Emergence and spread of Beta variant in South

Early and rapid resurgence
prompted intensified genomic
surveillance in October...

SA
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Mutations Specific to the Beta variant

Class 2
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Does the Beta variant escape neutralization
by South African COVID-19 donor plasma?

medicine il C?!\/QMyUNI/CATION

SARS-CoV-2 501Y.V2 escapes neutralization
by South African COVID-19 donor plasma

Constantinos Kurt Wibmer', Frances Ayres', Tandile Hermanus', Mashudu Madzivhandila',
Prudence Kgagudi', Brent Oosthuysen’, Bronwen E. Lambson'?, Tulio de Oliveira3,
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Beta variant is resistant to “class 1’ mAbs
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Beta variant is resistant to “class 2” mAbs
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Beta variant I1s resistant to NTD-directed mADbs
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The Beta variant exhibits escape from three classes of therapeutically relevant
monoclonal antibodies.
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Beta escapes neutralization by South African
COVID-19 donor plasma

Neutralization titer (ID5)
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Cumulative event

How well does the AstraZeneca vaccine neutralize
Beta?

otrata =+ grp=Flacebo =+ grp=Vaccine

AstraZeneca
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/5% risk reduction in mild-moderate Covid-19 occurring at least 14 days
after single dose of ChAdOx1/nCoV19 prior to evolution of the Beta
variant in South Africa.



Cumulative event
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How well do vaccinee sera neutralize the Beta

variant?
’

1,000

Protection against
severe disease
caused by Beta Is
unknown
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Madhi et al, NEJM, 2021




The GRAND ARRIVAL of the AstraZeneca vaccine in

The AZ vaccine roll-out was
halted in SA



Conclusion |
The Beta variant shows substantial and complete escape
from:
* Three classes of therapeutically relevant mAbs

* Neutralizing antibodies in COVID-19 convalescent
plasma

* Vaccinee sera, including Astrazeneca but questions
remain about level and mechanism of protection from
severe Infection



The original variant doesn’t make good cross-
reactive Ab responses. What about the Beta
variant?

* Does the Beta variant elicit robust antibody
responses?

* |s there cross-reactivity in binding and neutralization
by antibodies triggered by Beta?

The NEW ENGLAND JOURNAL o f MEDICINE

CORRESPONDENCE

Cross-Reactive Antibody Responses
Elicited by the 501Y.V2 Variant



Cohort of 89 hospitalised patients

recruited in Jan/Feb 2021 when Beta
was dominant variant in South Africa
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Does Beta infection elicit potent neutralizing

antibodies?
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Are neutralizing antibodies to Beta (501Y.V2) cross-reactive?

Infected with original
variant

n=44

100,000

10,000

1,000

Neutralization titer (ID5()

100

10

Original  501Y.V2

9-fold reduction

48%

Neutralization (IDg,>20)

B No Neutralization (IDg,<20)

Moyo-Gwete, Madzivhandila et al, NEJM, 2021



Are neutralizing antibodies to 501Y.V2 cross-reactive?

Infected with original
variant
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Are neutralizing antibodies to Beta (501Y.V2) cross-reactive?

Infected with original
variant

infected with
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Beta and Delta-elicited plasma is more cross-reactive than orginal (WT)

plasma
1st wave plasma (614G WT -elicited)
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Isolation of a Beta-specific anti

Pseudovirus
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Vaccine-elicited immunity following SARS-CoV-2
Infection (ancestral and Beta)

In collaboration with Wendy Burgers and Ntobeko Ntusi,
University of Cape Town

Cell Host & Microbe @ CelPress -

Prior infection with SARS-CoV-2
boosts and broadens Ad26.COV2.S immunogenicity
in a variant-dependent manner
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What is the effect of previous
Infection on responses after JnJ
vaccination?

No prior infection
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With Wendy Burgers and Ntobeko Ntusi

Keeton, Richardson, Moyo-Gwete et al, CHM



Previous infection results in Ad26.COV2.S
boosting of binding antibodies

No prior D614G Beta
1.2 infection

0.8

Binding responses

Pre Post Pre Po'st P're Pc")st

GMT: 0.01 022 028 087 032 0.90

Keeton, Richardson, Moyo-Gwete et al, CHM



Previous infection results in Ad26.COV2.S

boosting of neutralizing antibodies

Neutralization titers

105g
104
103g

10° =

No prior
Infection

D614G

Beta

10*

GMT:
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Similar to other vaccines,
SARS-CoV-2 infection
before Ad26.COV2.S
boosts neutralizing
antibodies



Conclusion Il

« SARS-CoV-2 infection before Ad26.COV2.S boosts
binding and neutralizing antibody activity

* In high SARS-CoV-2 seroprevalence areas, such as
South Africa, this will significantly impact vaccine
efficacy — especially with booster vaccines available



Immune responses elicited by vaccination In
people living with HIV
* 7.5 million South

Africans are HIV
positive

* 19% adult HIV
prevalence ages 15-49)

. . - Divergence of Delta and Beta variants and SARS-CoV-2 evolved in advanced HIV
Safety and immunogenicity of the ChAdOx1 nCoV-19 Y()

(AZD1222) vaccine against SARS-CoV-2 in people living with
and without HIV in South Africa: an interim analysis of a
randomised, double-blind, placebo-controlled, phase 1B/2A
trial

disease into two serological phenotypes
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Binding to SARS-CoV-2 spike and RBD similar in PLWH and HIV-
uninfected
Randomised, double-blind, placebo-controlled phase 1b/2a trial in South Africa
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Emergence of resistant variants within long-
term shedders

HIV unsuppressed individuals may be long-term SARS-CoV-2 shedders
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Final conclusions

Structural biology Is a key field for both virology and
Immunology — without it we would not have a SARS-CoV-2
vaccine

Understanding the structure of a protein helps us understand its
function and how to manipulate the protein to get a desired
effect

Although there is still no HIV vaccine, major strides have taken
place over the last 40 years bringing us closer to this goal

Structural biology will continue to be a relevant even in the face
of the next global pandemic
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