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Life is simple, but we insist on making it complicated
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« Innate immune system: Induced by infection

« Adaptive immune system: Tailored to pathogen;
memory
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Virus binds to Replication and local Spread to lymphatics Adaptive immunity takes over
epithelial cells spread of infection
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Leukocytes and Lymphocytes

Leukocytes
Monocyte Eosinophil Basophil Lymphocytes Neutrophil

= Leukocyte: general term for white blood cell (lymphocytes,
neutrophils, eosinophils, macrophages)

« Lymphocyte: Subset of leukocytes (T, B, NK cells; have variable
antigen-detecting cell surface receptors
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Innate instruction of adaptive immunity

Virus, Inflammatory Dead and
virus protein cytokines dying cells
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MHC class | on nearly all cells
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MHC class Il

Exogenous antigen presentation
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Lymphocyte activation triggers massive cell proliferation

Secondary lymphoid follicle Q \
Afferent lymphatic ves;ﬁ/

Marginal sinus

Primary lymphoid follicle (mostly B cells)

Paracortical area (mostly T cells)

Medullary cords (macrophages and plasma cells)

Artery
Vein

Efferent lymphatic vessel

Cortical sinus \/ e// Senescent germinal center
(0% .
Germinal center

» 1/10,000 -1/100,000 B or T cells recognize antigen

« 1-2weeks: 1,000 - 50,000 fold amplification

» Lymphadenopathy
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Mucosal and cutaneous immune system
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Peyer’s patch

GALT = gut-associated lymphoid tissue

MALT = mucosa-associated lymphoid tissue
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Go to:

b.socrative.com/login/student
room number: virus

What is a property of innate instruction of adaptive immunity?

Presentation of viral peptides on MHC Il to CD4 T cells
Endocytosis of viral proteins

Activation of DCs by cytokines

Sensing by TLRs

All of the above

moower

Virology Live 2021 - Vincent Racaniello



Effectors of the adaptive response
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Antibodies

Light chain

Heavy chain

Heavy-chain
hypervariable
regions

Papain cleavage sites
Hinge region

Complement-binding region

V, and Vy: variable regions
C, and Cy: constant regions

Serum antibody titer

Antigen A

|

Antigen A
+
Antigen B
- Secondary
Anti-A —— anti-A response
Anti-B ——
) Primary
Primary anti-B

anti-A response response

Contraction not waning!
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Antibodies, antigens, and epitopes

= Antigen: molecule that induces an immune
response (protein, DNA, RNA, lipid,
polysaccharide) Antigen

Linear epitope

Conformational
epitope

« Epitope: part of antigen bound by antibody %

or T-cell receptor w?j

= Monoclonal antibody: against a single
epitope

= Serum contains a mixture of monoclonal
antibodies: polyclonal
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Generation of B cell receptor diversity

Germline configuration
J segments Constant

V segments D segments region exons
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Antibody response

Disulfide bonds
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A rapid assay for serum antibodies to SARS-CoV-2

Collect blood sample

Blood with
anti-viral antibodies

Gold-anti-rabbit IgG Anti-human IgM ‘
i\ conjugate Gold-viral antigen antibody Anti-human IgG - Anti-rabbit antibody
' antibody

conjugate e

4 M7\ @ \V
g \Y)T)'( \\F)"()r YYY

7" Wicking pad

Sample pad Capillary flow
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Add blood sample to sample

N

Negative

.

Place 2-3 drops of buffer in

well sample well
C
N/ N7 Ne—/
IgM lgG IgM/1gG
Positive Positive Positive

https://www.alphabiolabs.co.uk/workplace-testing-services/coronavirus-testing-kit/

Read results after 15

minutes

https://youtu.be/HvXCISbrK9Q
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Neutralizing antibodies

« Essential defense against many virus infections

A Light-chain hypervariable regions
Light chain

« Neutralize virus particles in the blood, prevent B
virus spread Heavy chain
Binfis Fab
. antigen _
lgA at mucosal surfaces (secretory antibody) Heavy-chain
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- Some neutralizing antibodies are important for ™ anan Lo ®

H

. i signal disulfide \ A . _
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C, and Cy: constant regions

N

= Not all anti-viral antibodies neutralize infection!
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Neutralizing antibodies
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Passive antibody protects against poliomyelitis

100 —
80 —
60 —

40 —

Percent paralyzed

20 —
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Control 3 6 11 22
Passive antibody titer (1/x)
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Convalescent sera and monoclonal antibodies for COVID-19
treatment or prevention
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Serum is the liquid that remains after the blood has clotted
Plasma is the liquid that remains when clotting is prevented with the addition of an anticoagulant.
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Neutralization antigenic sites

Some antibodies bind but do not neutralize!

CR8020

Poliovirus Influenza virus HA
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Virology Lectures 2021 = Prof. Vincent Racaniello - Columbia University
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State 2 (3 “up” RBDs) State 2 (3 “up” RBDs)
- VH_ &

RBD/S1®  Jie JH

Viral Membrane
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Neutralizing antibodies

Human rhinovirus 14 @ .
+ antibodies Aggregation

)

% %@
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@ Blocked Neutralization after
attachment replication starts?

@ Blocked
endocytosis
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Antibody-dependent cellular cytotoxicity

% Antit§es %
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Apoptosis
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Disease protection by non-neutralizing antibodies

Fc Receptors
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IgA-stimulated NETosis

Neutrophil

« Stimulated by IgA-virus
complexes

= Non-neutralizing Ab

= Involves Fc receptors on
neutrophils
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Rhinovirus
>100 serotypes

Influenza HA
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Which statement about anti-viral antibodies is incorrect:

They are important for protection against viral infections
They only neutralize virus infectivity

They may block virus attachment to cells

They can be found at mucosal surfaces

lgM is the first to appear, then IgG

mo oW
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Cell mediated immunity

® |FNs

« Essential for clearing most viral infections

« CTLand target cells form an
immunological synapse

N ‘(.\;jv,?
/. Peptide s X

% MHC |

« Lysis of target cell perforin and

granzyme B

Virus-infected cell

Apoptosis l
O 0

=0

« Countermeasures
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TAP = transporter
associated with
antigen processing
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Endogenous antigen presentation
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Countering MHC |

MHC | pathway Viral protein

MHC | synthesis Lentivirus Vpu
TAP synthesis EBVvIL-10, HCMV UL111A
TAP function HCMV US6, HSV ICP47

MHC | transport
Retainin ER HCMV US3, Ad E3-19K

Dislocate to cytoplasm HCMV US11, US2
Increase MHC | endocytosis HIV nef, HHV-7 K3, K4
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Cytotoxic T lymphocyte (CTL) lysis

A Intracellular
contents
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« Lysis of target cell by two
mechanisms

- Release of cytoplasmic
content

- Apoptosis

Virology Live 2021 - Vincent Racaniello

0000

Cytoplasm
ﬁ Pro-
caspases
Active
caspases

|

Apoptosis

C Q |FNs

¥

Perforin and

Virus-infected cell
granzyme B

Apoptosis l

O 0

=90

Principles of Virology, ASM Press



Antibody vs cellular immunity in protecting against
monkeypox virus disease

Day of Immune Neutralizing Ab  Monkeypox

.- : . . ! Fatality
vaccination manipulation day 22 infection
0 None 800-6400 Day 28 0/4
0] B cell depletion 42-59 Day 28 3/4
CD8 cell
0 _ 268-2963 Day 28 O/4
depletion

Virology Live 2021 - Vincent Racaniello



For some infections, CTL response is more important than
the antibody response

How is the correct response made?

Begins in lymph tissues where sentinels tell naive B and T cells nature of invader

Virus binds to Replication and local Spread to lymphatics Adaptive immunity
epithelial cells spread of infection takes over
/\( CTL
N, O

}\ Antibodies

Circulatory system

Cytokines=——."

A
Immature /

dendritic cell

Lymph node

dendritic cell
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This decision is made in part by special T helper
cells (Th cells)

= Th cells make contact in the lymph nodes with sentinel DCs and macrophages

= Information exchanged (peptides, cytokines) causes differentiation to Th1 or Th2

CTL help
Anti-intracellular pathogens
Organ-specific autoimmunity

Thi

IFN-y
IL-2
Lymphotoxin

Tumor immunity

Anti-extracellular pathogens

Autoimmunity

To17

IL-17
IL-21
IL-22

CD4* T cell

IL-4
IL-5
IL-13

Th2
Antibody production help

Anti-extracellular pathogens
Systemic autoimmunity
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TGF-B
IL-10

Treg

Anti-autoimmunity
Immunosuppression

Activated
CD4* T cells

“Ti1 response”
Favors killing
intracellular pathogens
(viruses) and tumors

Professional
antigen-presenting
cell (macrophage,
dendritic cell)

Activated
CD4* T cells

“Th2 response”
Favors antibody production
(extracellular pathogens such as
parasites and virus particles)
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For some infections, CTLs are more important for protection than
antibody. How is the CTL-antibody balance determined?

By B lymphocytes

By intrinsic defenses

By autophagy of infected cells

By the mix of peptides and cytokines presented by DCs

moOow?>

It depends on whether the capsid is icosahedral or helical
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Adaptive responses also provide memory

« Ifthe host is subsequently infected by the same virus, the response will
be rapid and specific

- Innate responses don’t have memory

« Memory: the basis for vaccination
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« 1781: outbreak of measles on Faroe Islands

« Next 65 years, islands free of measles

Infection provides immune memory

.
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« 1846: another outbreak of measles; none of those who survived the 1781
epidemic were infected

« Immune memory may last a long time, maintained without re-exposure to

Virus
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Immunological memory

Initial immune Protective Immunological
o response immunity memory
c
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©
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7 14 21 28 35 42 1 2 3 4
Time (days) (years)
First _ _ Mild or
infection Contraction not waning! inapparent

reinfection
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Immunological memory

« Memory B cells
- Inspleen, lymph nodes

- Do not produce antibodies unless
stimulated by Ag

« Long lived plasma cells
- Bone marrow

« MemoryT cells
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Disease

Systemic infections

Persistence of antibody

Chikungunya 30 yr
Rift Valley fever 12 yr
Dengue 32yr
Yellow fever 75yr
Measles 65 yr
Mumps 12yr
Poliomyelitis 40 yr
Hepatitis A 25yr
Smallpox 40yr
Vaccinia 75yr
Rubella 14 yr
Mucosal Infections
Coronavirus disease 12 mo
Influenza 30 mo
RSV disease 3 mo
Rotavirus gastroenteritis 12 mo




Generation of memory T cell diversity

Effector T cells Memory T cells

i

Q Effector memory (Tgy)
| Circulating (Circulatory system)

_ Terminal ——— Central memory (Tcy)
effector (Lymphoid organs)
_ T cells

Non-circulating Q Resident memory (Tgwm)
(Once infected organs)

Memory T cells

|

Population size

| | | | |

1 5 8 15 30 60
Days post infection

, , , , Contraction not waning! o ,
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Inflammation provides integration and synergy
within the immune system

Infection : Inflammation

Chemokihes°-

Adhesion
molecules
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WITH VINGENT RACANIELLO

Next time: Mechanisms of pathogenesis



