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MYCOBACTERIUM TUBERCULOSIS (MTB)

Acid-fast, rod-shaped
bacillus
Unique wax-rich cell wall

composed of long chain
fatty acids and glycolipids

M. tuberculosis

H37Rv
250 genes dedicated to 4,411,529 bp

fatty-acid metabolism

Slow, 20 hour replication
time




MTB INFECTION WORLDWIDE

Estimated incidence rates
per 100,000, all forms of
tuberculosis
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MTB IMPACT

2.2 million deaths/year

Burden of diseases in DALY (disability-adjusted life
years)

Total Disability Adjusted Life Years: 45 million (3.1%).
2 billion individuals infected with M. tuberculosis

10% risk of developing disease following infection
Untreated, disease mortality is 50%

8 million new tuberculosis cases per year (1 new case
every 4 seconds)

10—15 individuals infected annually by a single
untreated patient



MTB LIFE CYCLE

MTb replicates in and
accumulatesin
macrophages, mostly in
the lung (though other
tissue sites are possible)

The accumulation of
infected macrophages,
surrounded by other
leukocytes forms a unique
structure called the
granuloma, the
characteristic feature of
MTb-associated lung
damage

Blood vessel

N f\
o O P

mac ropha ges L/

Infected alveolar

Airway (o \
o H
g, WP Alveolar o x 7 },
" O | mac rophage — \“-»--\ ) B o) | |
y O—My cobacterium \ ’7 'd,
N >
X (&) Mononuclear
; < E, i
V cells

1

Infected macrophage Foamy macrophages

— p
\ )

P e Vet

Foamy macrcphages

Lymphocytes ’Q O:, @
N )

- oq'°f()’\ N2
'O/\\k\ 7‘5/0\ 0 \_g: - /I
= \" \ ™ e d

NS 0 Lo =
._\\\\-:__ --_.\ __,/:: 2 ﬂo'
Macrophages — 7“ = 7T\

O T Fibrous cuff

: ’ [ \f’ s :,:.'( / )
Blood | 1 '@ @

0 00 é’o 00— Free mycobacteria
0L 0p 00
o s
0 D Necrotic, caseating
Airway %‘%’?{ 7 granuloma centre P
O L A > ~ = A \

—

N4 "\ A J /| N
@ s
- /4 0 -\ ;.. // \; «fl
\ 4)
(

Nature Reviews | Microbiology



MTB LIFE CYCLE PART 2
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in primary lymph node
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lymph nodes
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INNATE RECOGNITION OF MTB

Mycobacterlal ligands ]
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ENDOSOMAL/LYSOSOMAL DYSREGULATION

After uptake by scavenger
receptors, MTb arrests the .
maturation and fusion of 7246 -

the phagosome with the J-L\_______.
endosome Y 5

Phagocytosis l Endocylosis

Cholesterol
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Highly activated
macrophages (IFN-g
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maturation and destroy the )&/ Sl 445
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bacteria remain latent or
can grow -
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INITIATION OF THE ADAPTIVE RESPONSE

© The cytokine storm initaited
by the innate response
determines the character of
the ensuing adaptive
response

© Non-classical T cells
(gamma-delta, CD1
restricted) play an
important role in MTb
control, but are not
conserved between humans
and mice, making their
study difficult (one reason
why guinea pigs are often
used in MTb studies)

© Both CD4 and CD8 functions
(cytokine regulation and
direct cell clearance) are
associated with protection etre Reviewe | Immunoiony

from disease '
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GENERATION OF ANTIGEN-SPECIFIC REGULATORY T
CELLS

Periphery




T CELL REGULATION OF I\/IACROPHAGE EFFECTOR

FUNCTION
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IL-10 REGULATION OF LUNG PATHOLOGY

IL-10 has been shown in
multiple infections to be
a key regulatory of
pathology

In influenza, IL-10
produced by multiple cell
types is required for
survival in certain models
of infection

The pleiotropic effects of
this cytokine are still
poorly understood at a
mechanistic level
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SUMMARY OF CONTROL MECHANISMS

Phagolysosomal destruction
is the most important
mechanism for removing
bacteria

IFNg stimulates the

afTCR™

Class II"

maturation of the Class I
phagolysosome, overcoming

the inhibitory signals used by

MTb WT + y8™

The most effective form of
this killing involves ROl and
RNI

Adaptive immunity is .
important for requlating the 3 WEEKS — TIME — 52 WEEKS
cytokine environment and, to

a smaller extent, for cytolytic

killing
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HUMAN GENETIC DEFICIENCIES

The primary phenotype

of individuals with ~ Mycobacterium and IFN-y Virus and IFN-/p
genetics deficiencies i 54 54 g
IFN-g signaling or IFNGR1 TLR3

activation is IFNGR2 UNC9381

susceptibility to IL12B

Mycobacterial disease IL12RET

In contrast, deficiencie
in Type | IFNs result in
viral susceptibilities



SUMMARY AND PERSPECTIVES

MTb is never completely cleared following initial
infection

The primary effector mechanisms are macrophage
bactericidal functions, but their success is determined
by the cytokine and cellular regulatory environment

Small subtle shifts over time or dramatic short-term
changes lead to reactivation and disease
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STREPTOCOCCUS PNEUMONIAE
® (PnEUMOCOCCUS)




STREPTOCOCCUS PNEUMONIAE

« Gram-positive,
extracellular, opportunistic
pathogen

« Varying degrees of
carriage among
population—up to 65% of
children, <10% of adults
(higher in schools and
hospitals)
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LIFE CYCLE OF STREP PNEUMONIAE

Colonization/carriageis a
prerequisite to disease, but s
not itself a disease state

Colonized individuals can
transmit to others, and suffer
invasive infection and
subsequent disease within
themselves
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CONVERSION FROM CARRIAGE TO INVASION

Carriage
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INVASION OF THE BACTERIA

a Respiratory tract
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CD4 CELLS CAN DIFFERENTIATE INTO MULTIPLE TYPES OF “"HELPERS”
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COMBINED INNATE AND ADAPTIVE RESPONSES
PROVIDE PROTECTION

Innate
responses
can be
enforced
and
amplified
by the
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ion of
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PNEUMOCOCCAL VACCINES RELY ON SPECIFIC
POLYSACCHARIDES

PPSV
S. pneumoniae
Sugar Y g
== =—Protein
Capsule Polysaccharides Glycocon,ugate

_. D §eemessnesp Protein
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MULTIPLE PNEUMOCOCCAL VACCINE PLATFORMS

PCVs

e Prevnar 13® [ : Doctors give this vaccine to children at 2, 4, 6, and 12 through 15 months old
and to older children who need it. The vaccine helps protect against 13 types of pneumococcal
bacteria that can cause serious infections in children and adults.

e Vaxneuvance® [/ : Doctors give this vaccine to adults 65 years or older and other adults who
need it. This vaccine helps protect against 15 types of pneumococcal bacteria that commonly
cause serious infections in adults.

e Prevnar 20® [ : Doctors give this vaccine to adults 65 years or older and other adults who need
it. The vaccine helps protect against 20 types of pneumococcal bacteria that commonly cause
serious infections in adults.

PPSV23

e Pneumovax23® [/ : Doctors give this vaccine to children 2 through 18 years old who need it.
Doctors also give it to adults who receive PCV15 or who have received PCV13. This vaccine helps
protect against serious infections caused by 23 types of pneumococcal bacteria.




OVERALL DISEASE BURDEN REDUCED, WITH FOCUS
ON INCLUDED STRAINS

Trends in invasive pneumococcal disease among children aged <5 years old, 1998-2016
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SECRETORY IGA MOLECULES PROVIDE PROTECTION
AGAINST INVASION

Pneumococci
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@ STAPHYLOCOCCUS AUREUS




STAGES OF STAPH AUREUS INFECTION
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MRSA-METHICILLIN RESISTANT STAPH AUREUS

Cell wall

S. aureus cell
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INNATE SIGNALING IS CRITICAL FOR STAPH

RECOGNITION
S.aureus
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ANTI-STAPH IMMUNITY IN THE SKIN

O Innate responses at

mucosal surfaces are! * = &

critical to limit
bacterial invasion—
high rates of Staph
colonization!

o Innate responses can
be boosted by well-
formed adaptive
Immunity
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INNATE CONTROL OF STAPH

Epidermis

" Comeal,
Granular
Spinous

Basal

S. aureus
cutaneous
infection @@  |[ IL-1R1

IL-1a autocrine Production of i _
signalling loop antimicrobial |—» g.""""n:L
peptides leara

: Macrophage,
: =2 DC or other cell

Pro-IL-1f} production
and inflammasome
et

%% formation
Production of cytokines, gon 9 | oo
e i B;!f% “§ ?é%

Nature Reviews | Immunology




INNATE-ADAPTIVE COLLABORATION
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IMMUNOLOGICAL DEFICIENCIES PROMOTE
SUSCEPTIBILITY TO STAPH

Immune defect

Diseases

Neutrophils
Neutropenia

Defective oxidative burst
Defective chemotaxis
Granule disorders

Combined defects in oxidative burst, chemotaxis and
phagocytosis

Signalling
Defects in IL-1R or TLR signalling
T cells

Decreased Ty17 cell numbers

IL-17F and IL-17RA deficiency (or patients with
autoantibodies specific for IL-17A, IL-17F and 1L-22)

Severe congenital neutropenia and neutropenic patients (such as patients undergoing chemotherapy)
Chronic granulomatous disease, myeloperoxidase deficiency and G6PD deficiency

Leukocyte adhesion deficiency type |, Wiskott-Aldrich syndrome and RAC2 deficiency
Neutrophil-specific granule deficiency and Chediak-Higashi syndrome

Diabetes mellitus and renal insufficiency (in particular, patients on haemodialysis)

MYD88 deficiency and IRAK4 deficiency

Hyper-IgE syndrome (caused by STAT3 and DOCKS8 mutations that render patients deficient of Ty17 cells)

Atopic dermatitis (caused by skin barrier defects, including filaggrin mutations, that lead to decreased levels of
antimicrobial peptides, increased T2 cell responses and decreased Ty17 cell responses)

HIV/AIDS (which results in decreased numbers of CD4* T cells, including Ty17 cells)

Chronic mucocutaneous candidiasis (in which patients have increased susceptibility mainly to mucocutaneous
Candida infections, but also to S. aureus skin infections)

DOCKSE, dedicator of cytokinesis 8; G6PD, glucose-6-phosphate dehydrogenase; IL, interleukin; IL-1R, IL-1 receptor; IL-17RA, IL-17 receptor A; IRAK4, IL-1R-associated kinase 4;
MYD88, myeloid differentiation primary response protein 88; STAT3, signal transducer and activator of transcription 3; Ty, T helper; TLR, Toll-like receptor.



MECHANISMS OF IMMUNE

EVASION FROM STAPH AUREUS

Staph has multiple virulence
factors to limit anti bacterial
Immunity
Enzymes to restrict effects of
ROI/RNI

Metabolic disruptors to limit
functionality of responding
neutrophils

Direct mechanisms to kill
host cells

Subtle disruptors of cell
trafficking

Complement disruptors

a Inhibition of neutrophil extravasation and chemotaxis
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MANIPULATION OF HOST IMMUNE RESPONSES

a S. aureus manipulation of B cells

SpA crosslinking of
B cell receptors (IgM)

> Inabili.ty to deve!op
adaptive immunity

V,;3* B1, MZ and B2 cells B cell expansion Apoptotic deletion

b S. aureus manipulation of plasmablasts

Inability to develop
adaptive immunity

V,,3* plasmablast Somatic hypermutation and Non-specific activation
class-switch recombination and antibody secretion

C S. aureus manipulation of T cells

Staphylococcal
antigen J:.

TiL-2
T IFNy Inability to develop
TIL-1B adaptive immunity
TTNF

Antigen- T, cells ) .

presenting cell Tcell expansion and anergy Cytokine storm
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STAPH CAN COAGULATE BLOOD
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BACTERIAL INFECTIONS ARE POTENTIATED BY VIRUS

Viral infections
provide ideal
environments for
bacterial colonization
to convert to invasive
infection

Compromised
immune function,
barrier degradation,
and
immunoregulatory
environments all
contribute to
decreased bacterial
surveillance
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