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- To know how M. tuberculosis infection is contracted and its
initial encounter with the immune system.

- To understand delayed type of hypersensitivity reaction
against M. tuberculosis

- To be familiar with the possible outcomes of the infection
with M. tuberculosis in immuno-competent and immuno-
compromised hosts.

- To understand the basis of tuberculin test and its
importance in gauging immunity against M. tuberculosis



Infroduction

Mycolic acid cell wall:
* acid-fast staining
* renders cell resistant to
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phagosome from fusing to
lysosome

M.tuberculosis

The important mycobacteria in TB affectin

Clinical case:

A homeless man enters the hospital with wasting and fever. He has had a chronic
cough for several months producing bloody sputum as well as night sweats. CXR
reveals cavitation with air-fluid levels in the apex of his left lung.
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TB and mode of
franssmission

- Mycobacterium tuberculosis is the
second most common infectious cause
of death in adults worldwide.

- The human host serves is the natural
reservoir for M. tuberculosis.

-TB is an infection in which protective || Infection is acqui
immunity and pathologic !nholo’rlon of M. 1
hypersensitivity coexist, and the lesions in aerosols and ¢

are caused mainly by the host response (airborne trans
(immune system)

- The disease incidence is magnified by
the concurrent epidemic of human
immunodeficiency virus (HIV) infection.
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Virulence factor

1) Waxy coat blocks phagocyte enzymes
e gl e aiad (Acid Fast bacilli) 2 osaal) (e 48 daida 3 ga 5 s
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2) Catalase-peroxidase
which resists the host cell oxidative response

I —

3) Lipoarabinomannan (LAM) a glycolipid.
- Can induce cytokines and resist host
oxidative stress
- Interfere with antigen presentation by MHC

class Il molecules for priming CD4 T cells.

individuals in the general
become infected with M.
develop clinical disease

the innate and
1se of the host
=ffective.
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The tubercle bacillus ultimately gets taken up by
macrophages and has evolved several strategies to
evade early intracellular killing mechanisms.

Escape from the
Inhibition of phagosomal
compartment into the
cytoplasmic space

Resistance to reactive Inhibition of
oxygen intermediates phagosome-lysosome phagosome
(ROIs) fusion acidification

Natural History of Infection

As if someone said “l was close to my grandpa who had TB and
inhaled the M.tuberclosis what will happen to me?

Inhalation of M. tuberculosis and deposition in
lungs leads to one of the four possible
outcomes

Immediate clearance
of the organism Latent Infection Immediate onset of Onset of active disease
Jheall U utsul) 3 68 cuilS Lagea LA the disease (Primary after many years
oaliill 4a DUl 3 gl e Lial) Disease) (Reactivation)
lga




The tubercle bacilli
establish infection in the
lungs after they are carried
in droplets to reach the
alveolar space.

Primary disease

L (Approximately 10% of infected individuals) _]

If the innate defense
system of the host fails to
eliminate the infection, the
bacilli proliferate inside
alveolar macrophages and
eventually Kill the cells.

The infected macrophages

produce cytokines and
chemokines that attract

other phagocytic cells, which
eventually form a nodular

granulomatous structure
called the tubercle.

If the bacterial replication is
not controlled, the tubercle
enlarges and the bacilli

enter local draining lymph
nodes.

This leads to
lymphadenopathy, a
characteristic manifestation
of primary TB.

The lesion produced by the
expansion of the tubercle
into the lung parenchyma

and lymph node
involvement is called the

Ghon complex.

The bacilli continue to
proliferate until an effective
cell-mediated immune

(CMI) response develops,
usually two to six weeks
after infection.

Failure by the host to mount
an effective CMI response
and tissue repair leads to
progressive destruction of

the lung by:

1- Tumor necrosis factor
(TNF)-alpha,

2- Reactive oxygen
3-Nitrogen intermediates
4- Contents of cytotoxic
cells (granzymes, perforin)

All of the above may
contribute to the
development of caseating
necrosis that characterizes
a tuberculous lesion

Ghon’s and Ranke complex:
1- The lung lesions (tubercles —small granulomas (Ghon’s focus) and the
enlarged lymph nodes constitutes Ghon’s complex
2- Tubercles may heal become fibrotic or calcified and persist as such for a
lifetime (Ranke Complex)




Weeks after infection

M. Tuberculosis peptides presented to Th1 (CD4) lymphocytes
releasing

Factor (TNF) Makes macrophages stronger
Induces local inflammation Enhances the ability of
and further activation of Furtll:gcargtlxgggn of macrophage to kill
macrophages P phagocytosed bacilli

Outcomes:

Bacilli can spread mechanically by
erosion of the caseating lesions into
the lung airways; at this point the
host becomes infectious to others



Summary of primary and
secondary tuberculosis

1° and 2° tuberculosis Primary TB transmifted in aerosol droplets then
deposits in lower lobes of lung —>

Ingested by alveolar macrophages , mycolic
acid cell wall allows intacellular survival and
proliferation —— T cell and uninfected

macrophages wall off and destroy infected

r Infection with Mycobacterium tuberculosis

Partially immune hypersensitized host
{usually adult)

Nonimmune host
(usually child)

Remfectlon

‘ Secondary tuberculosls

Ghon focus Ghon
(usually in lower | complex
to mid zones

of lung)

Fibrocaseous
cavitary lesion
(usually upper
lobes)
Reactivation
tuberculosis
of the lungs

v Y

Progressive Severe bacteremia
lung disease
(HIV, malnutrition) Miliary
l tuberculosis
¥

Death (rare) Death

Heals by fibrosis

Immunity and
hypersensitivity

Tuberculin @

Extrapulmonary tuberculosis
+ CNS (parenchymal tuberculoma or meningitis)

Preallergic lymphatic or
hematogenous dissemination

Dormant tubercle bacilli
in several organs

‘

Reactivation in
adult life

+ Vertebral body (Pott disease)
« lymphadenitis +Renal «Gl «Adrenals

macrophages and form caseous granuloma
—— |eave fibrotic, calcified scar (tubercles)
with few dormant organisms — May
spread to other sites by lymphatics and blood
forming extrapulmonary tubercle

Secondary TB, weakend T-cell response will
reactivates of pulmonary tubercle in apex
(high oxygen favors aerobic growth)

— Macrophages respond and form large
caseous granuloma which creates
cavitation in lung —— May disseminate o
other sites




Miliary and Chronic TB

ystemic miliary TB

®» How disseminated TB produced?

Unchecked bacterial growth may lead
to hematogenous spread (bacteremiaq).
It may follow from 1% or 2 TB.

® What will happen if the patient with
active TB didn’t take his medication?

In the 80% of cases, Death occurs due to the
absence of freatment.

The remaining 20% develop chronic disease
or recover.

You have to know that complete
spontaneous eradication of the bacilliis rare.




Latent TB

* Anfigen presentation in the lymph nodes
* (Delayed type of hypersensitivity)

» Activation of CD4+ (Th1) lymphocytes
* (a phase coinciding with high rate of replication of bacilli)

* Low induction of CD8+ lymphocytes capable recognizing antigen
and activating macrophages by production of IFN-y

* Later induction of high number of CD8+ with increased production
of IFN-y and cytotoxic activity (a phase coinciding with stabilization
of bacterial growth)

* Bacterial load remains constant and infection is in latency (Latent
TB)

- Latent TB = Non-replicated bacilli

Here the immune system works on the
lymphocyte CD8+ more than CD4+( T
cytotoxic ) and that leads to more
IFN-y
which is good because the IFN-y will
be all the time against the bacteria
(we don't get rid of bacteriq, it's there
but with low load)

Then the immune system will stop in
this stage and become inactive
(latent)

So, here the immune system fry to
deal with the bacteria as a virus

Most drugs acti
of the foreign ¢
there is no rep
bacteria (late
drugs are no

- Immune response is mainly directed towards Ag secreted by growing bacilli

Therefore

- Non-replicating bacilli will be less obvious to the protective cellular response.
- This correlates directly with an innate resistance to anti-MTB drugs




Reactivation disease ( 2'Y TB)

B results from = proliferation of previousl
acteria that seeded at the time of primary infectic

ation in healthy individuals without underlying medical
s occurs ~ 5-10%

ease process in reactivation TB tends to be:

Occurs typically in the

o apex of lung
Localize in

contfrast fo 1V

. disease o . )
Process in Because it is localized, Little

reactivation of TB regional lymph node

tends to be , : involvement early in
D|sCIs§gz]|rswg’irsed disease and less caseation

vunusual




Factors associated with
reactivation of TB

pressions.

What is the role
of TNF-a?

Recruitment of monocyte,
which in turn undergo
action and differentiation
into the epithelioid
histocyte.




Test for immunity
against TB

ity skin test
(Mantoux)

Infradermal injection of PPD
“purified protein derivative "

Correct interpretation of the
result is unreliable in immuno-
compromised states affecting
CMle.g. HIV

Test result is interpreted by
measuring the diameter of
the induration after 48 hours

The role of the granuloma as a host
protective factor needs a revision in
thinking as it may also play a role in
protecting the tubercle bacilli for its long-
term survival in the host
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A. The DTH response does
not correlate with
protection against TB, since
numerous BCG vaccination
trials have demonstrated
that disease can occurin
those who mount a DTH
response.

B. As aresult, the protective
T cell response must be
distinguished from the T cell
response associated with
DTH.

C. Anin vitro interferon-
gamma release assay has
been developed. (This tests
helps us differentiate
between DTH and latent)

IFN-y RELEASE ASSAY

The assay is an alternative to the
tuberculin skin test (TST) for
detection of latent M.
tuberculosis infection in human
hosts.

The test measures interferon-
gamma released into blood from
T cells when they are activated
by M. tuberculosis antigens in
vitro.

The tests use antigens specific to
M. tuberculosis including the
early secretory antigenic target 6
(ESAT-6) and culture filtrate
protein (CFP-10).

These proteins are absent in
vaccine strain BCG, or M. bovis.

This enables the test to
differentiate those
latently infected with M.
tuberculosis from those
vaccinated with BCG.




(cmlase-poroxidau

Lipoarabinomannan
(LAM)

Tuberculin
test or (Mantoux)

[IFN-g release assay

Helper T Cell

- Tuberculosis (TB) :

Immunology

Immediate clearance of
the organism

nt Infection

Immediate onset of the
disease (Primary
Disease)

~

Onset of active
disease after many year

(Reactivation)
“




Tuberculosis (TB)

protective immunity & pathologic hypersensitivity
The human host serves as the natural reservoir for M. tuberculosis.
The disease incidence is magnified by the concurrent epidemic of human immunodeficiency virus (HIV) infection.
Infection is acquired by inhalation of M. tuberculosis in aerosols and dust (airborne transmission)
Infected people cough up large numbers of mycobacteria

Virulence factors of tubercle
strategies to evade early intracellular killing

mechanisms
Waxy coat: Catalase-peroxidase: Lipoarabinomannan (LAM):
- withstand drying and survive for long - Resistance to reactive oxygen - Can induce cytokines and resi;t host
periods in air and house dust intermediates (ROIs)

oxidative stress

- Interfere with antigen presentation by
MHC class Il molecules for priming
CDA4 T cells.

- Inhibition of phagosome-lysosome fusion
- Inhibition of phagosome acidification

- Escape from the phagosomal
compartment into the cytoplasmic space

Helper T Cell




Immediate clearance of
the organism

v

The majority of individuals
in the general population
who become infected with
M. tuberculosis never
develop clinical disease
This demonstrates that the
innate and adaptive
immune response of the
host in controlling TB
infection is effective.

- hematogenous spread

- TB meningitis

Natural History of Infection

After exposure to M. tuberculosis, immune handling of
the infection determines the final outcome.

Latent Infection

'

1. Delayed type of
hypersensitivity

2. Activation of CD4+ (Th1l)
lymphocytes

3. Later induction of high
number of CD8+ with
increased production of
IFN-y and cytotoxic activity
4. Bacterial load remains
constant but non-
replicating and infection is
in latency

5. innate resistance to anti-
Mtb drugs

- In absence of treatment, death

occurs in 80% of cases

- healing by fibrotic changes

Immediate onset of the
disease (Primary Disease)
(10%)

- Tubercle bacillia carried to
alveolar sacs

- proliferation in macrophage
- Cytokines and chemokines

- Attraction of phagocytic cells
- Granuloma formed (tubercle)
- Lymphadenopathy

- Granuloma + lymph node =
ghon system

- Fibrosis + Calcification =
Ranke Complex

After 2-6 weeks of infection
Cell mediated

-IFN & TNF

- More macrophages

- More inflammation

- More lung destruction

- Caseating necrosis

- host becomes infectious to
others

Onset of active disease
after many years
(Reactivatio?)

Reactivation TB results from
proliferation of a previously
dormant bacteria seeded at
the time of the primary
infection.

occurs in approximately 5 to
10 percent of cases with
latent infection

- Localized (in contrast to
primary disease)

- Little regional lymph node
involvement and less
caseation.

- The lesion typically occurs
at the lung apices

- Disseminated disease is
unusual

- Immuno-suppression is
clearly associated with
reactivation TB.




Test for immunity against TB

Tuberculin test or (Mantoux)

Delayed hypersensitivity skin test

- Intradermal injection of PPD (protein)

- Tuberculin test should be interpreted with
caution as it may be difficult to differentiate
between DTH against M. tuberculosis and latent
disease.

IFN-y release assay

- The test measures interferon-gamma
released into blood from T cells.

- The test can differentiate those latently
infected with M. tuberculosis from those
vaccinated with BCG.




—
DESTRUCTIVE LESIONS
(organisms dormant;

HEALED LES'ONS pulmonary or extyapu[mona[y) (pulmonary or extrapulmonary)

(orgamsms not viable)
. Reacuvat\lo‘n
Caseation SECONDARY
TUBERCULQOSIS
Caseation
in lymph node
Reinfection

PRIMARY COMPLEX — PROGRESSIVE PRIMARY TB PROGRESSIVE SECONDARY TB

(localized caseatlon)
/ Massive hematogenous dissemination Massive hematogenous

dissemination
Primary infection ‘ Spleen l
MILIARY TB MILIARY TB I

TIME
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