Whatis TB



Topics

* The organism
* Transmission

* The disease spectrum in humans



Q1. Mtb complex is:

a) The set of mycobacteria that are pathogenic to humans.
b) The subset of mycobacteria that are slow growers.
c) The belief that mycobacteria are following you at night.
d T

T

e)

ne set of organisms that cause clinical tuberculosis in humans.

ne set of seven different Mycobacteria tuberculosis lineages that
occur in humans.



Infection with Mtb occurs via:

a) Multiple routes including water, aerosol, food and fomites.
b) Inhalation of aerosols

c) Exposure to Mtb living in the soil.

d) Handling infectious body fluids (sputum, blood, urine).

e) Sexual contact



TB infection is followed by:

a) A brief non-specific iliness which resolves within weeks.
b) A cell-mediated immune response within 2-8 weeks.

c) Active TB disease in 5% of TST converters.

d) Long lasting immunity to future TB infection.

e) Lifetime persistence of viable TB bacilli in host tissue/cells.



Extra-pulmonary TB

a) Is more common in children than adults.

b) Is more common among women than men.

c) Is more common among people living with HIV.
d) Is due to M. bovis infection rather than M. tb.
e) Most frequently involves lymph nodes.

f) Is the cause of Pott’s disease.

g) Can coincide with pulmonary TB.



Reactivation TB

a) Occurs only in people who are immunosuppressed.
b) Is more common in the elderly.

c) Can be differentiated from primary TB on the basis of clinical
appearance.

d) Is more likely to be drug resistant than primary TB.



Strains from different TB lineages

a) Vary in their ability to be transmitted.
b) Vary in their ability to cause disease.
c) Have different mutation rates.

d) Evoke different immune responses in humans.
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Mycobacteria

170 species, mostly environmental
Slow and fast growers

Rough and smooth colonies
Pathogenic and non-pathogenic
Human restricted, animals and human
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Blue: fast growers
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Non-tuberculosis mycobacteria

~2.5 million years ago? ~67,000 years ago?

~70,000 years ago?

M. marinum (water)

M. avium silvaticum (birds)
M. avium avium (birds)

M. avium hominissuis (environment)

M. avium paratuberculosis
(sheep and cattle)

M. sp. MCS (soil)

M. sp. KMS (soil)

M. vanbaalenii (soil)

Rhodococcus spp. (soil)

M. canettii in East Africa and STBs

Lineage 1:
The Philippines and Indian Ocean

Lineage 2:
East Asia

3:
ia and East Africa

M. tubelrculosis

Lineage 4:
Europe and Americas

Lineage 7:

Lineage 5:
M. africanum 1 in West Africa

Chimpanzee bacillus

Lineage 6:
M. africanum 2 in West Africa

## Large-scale genome duplication events
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Table s
Major clinical syndromes associated with nontuberculous mycobacterial infectionsa.

Clinical disease Etiologic species?
Commonc Unusualc
Chronic bronchopulmonary M. avium complex M. malmoense M. simiae M. asiaticum
disease M. kansasii M. xenopi M. szulgai M. shimodii
M. abscessus M. fortuitum M. smegmatis
M. celatum M. haemophilum
M. gordonae
Lymphadenitis M. avium complex M. fortuitum M. lentiflavum
M. scrofulaceum M. chelonae M. interjectum
M. malmoense M. kansasii M. heidelbergense
M. abscessus M. bohemicum
M. haemophilum
Skin and soft tissue M. ulcerans M. chelonae M. kansasii M. smegmatis
disease M. marinum M. abscessus M. haemophilum
M. fortuitum M. malmoense
Otitis media M. abscessus M. chelonae
Skeletal infection
® Tenosynovitis M. marinum M. fortuitum M. smegmatis
M. avium complex M. abscessus M. nonchromogenicum
M. chelonae M. malmoense
M. kansasii M. xenopi
M. haemophilum M. szulgai
M. scrofulaceum
® Osteomyelitis M. fortuitum M. abscessus M. xenopi M. kansasii
M. marinum
Foreign body-related
infections
o Catheter-related M. fortuitum M. mucogenicum M. avium
infections M. abscessus M. neoaurum M. smegmatis
M. chelonae M. aurum
® Prosthetic valves M. fortuitum M. chelonae M. gordonae
Surgical site infections M. fortuitum M. chelonae M. abscessus M. simiae

a Adapted from references [20, 74]; b The growing number of species associated with specific diseases precludes completeness of this list;
¢ Classification as common or uncommon is adopted from references [20, 74] modified by more recent literature. It represents the judg-
ment of the authors



Some important points

* M. bovis and other Mtb complex members probably “evolved” from
Mtb, rather than vice versa.

* Evolution in mycobacteria proceeds by genomic deletions.
* Evidence for differences in lineages sparse.
* Generalist versus Specialist paradigm.



Mtb transmission via aerosol
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Natural history of TB infection
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Evidence of latent TB: Autopsy studies

In 126 people dying from causes
other than TB, Opie recovered
viable TB bacilli in 26%.

Dr. Eugene Opie
TB pioneer in 1920s
DM “hero”




Persistence of DNA from Mycobacterium tuberculosis in
superficially normal lung tissue during latent infection

5/13 Ethiopians and 10/34 Mexicans who died from
causes other than TB were PCR +. All positive controls +,
all negative controls -.

A

Hernandez-Pando R, Jeyanathan M, Mengistu G, Aguilar D, Orozco H,
Harboe M,Rook GA, Bjune G. Lancet. 2000 Dec 23-30;356(9248):2133-



Stead proposed “unified concept of TB
pathogenesis” in 1967.

AMERICAN REVIEW
OF RESPIRATORY DISEASE

nica d /..”"u’. ry dudies of 1 uberculosts and Kespiratory 1Disease

Pathogenesis of the Sporadic Case of Tuberculosis

PATHOGENESIS OF A FIRST EPISODE OF CHRONIC PLLEMONALY
This article has no abstract; the first 100 words appear below. IUBERCULOSIS IN MAN: RECRIDESCENCE OF RESIDUALS
OF THE PRIMARY INFECTION OR EXOGENOLS
REINFECTION?



Decline in persistent TB risk over time since TB
infection.

“Relative risk”
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ldentical DNA RFLP patterns of Mtb isolates from a
father in 1961 and his son in 1994. Son was 7 at
the time the father had TB.

B

Lillebaek T, Dirksen A, Baess |, Strunge B, Thomsen V@, Andersen AB. Molecular
evidence of endogenous reactivation of Mycobacterium tuberculosis after 33 years
of latent infection. J Infect Dis. 2002 Feb 1;185(3):401-4.



The incubation period distribution of tuberculosis
estimated with a molecular epidemiological approach
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Borgdorff MW, Sebek M, Geskus RB, Kremer K, Kalisvaart N, van Soolingen D. Int J Epidemiol. 2011 Aug;40(4):964-70.



PET scans of latent or “subclinical” TB
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American Thoracic Society

Targeted Tuberculin Testing and Treatment of Latent
Tuberculosis Infection

Tris OFFICIAL STATEMENT of THE AMERICAN THORACIC SOCIETY WAS ADOPTED gy THE ATS BOARD of DIRECTORS,
JUILY 1999, Trzs sa JOINT STATEMENT OF THEE AMERICAN THORACIC SOCIETY (ATS) AND THE CENTERS FOR DISEASE
ConTrOL AND PrREVENTION (CDC). THIS STATEMENT WAS ENDORSED BY THE COUNCIL OF THE INFECTIOUS IDISEASLES
SocIETY oF AMERICA (IDSA). SEPTEMBER 1999, AND THE SECTIONS of THIS STATEMENT AS IT RELATIES To INFANTS
AND CHILDREN WERE ENDORSED sy THE AMERICAN ACADEMY OF PEDIATRICS (AAP), AUGUST 1999.

TABLE 2

INCIDENCE OF ACTIVE TUBERCULOSIS (TB) IN PERSONS WITH A
POSITIVE TUBERCULIN TEST, BY SELECTED RISK FACTORS

Risk Factor TB Cases/| ,000 Person-vears
Recent TB infection

infection < 1 yr past 12.9 (6)*

Infection I-7 yr past 1.6
Human immunodeficiency virus

(HIV) infection 35.0-1 62 (28)
Injection drug use

HIV seropositive 76.0 (31)

HIV seronegative or unknown 10.0 (31)
Silicosis 68 (36)
Radiographic findings consistent with prior TB 2.0-1 3.6 (32-34)
Weight deviation from standard

Underweight by = 15% 2.6 (35)

Underweight by 1 0-14% 2.0

Underweight by 5-9% 2.2

Weight within 5% of standard 1.1

Overweight by == 5% 0.7

* Numbers in parentheses are reference numbers.




Primary infection Active TB

Tuberculous reactivity—Indirect evidence of present or past infection with Mycobacterium tuberculosis as
inferred by a detectable adaptive immune response to M tuberculosis antigens (on tuberculin skin test or
interferon gamma release assay) in an asymptomatic person

Primary infection—Evidence of new tuberculous infection, obtained with a tuberculin skin test conversion or a

Cumulative (%)

new positive interferon gamma release assay, which may be asymptomatic or accompanied by transient fever,
erythema nodosum, elevated erythrocyte sedimentation rate or characteristic roentgenographic
abnormalities

Active tuberculosis—Evidence of progressive disease of the lung and/or other organs generally accompanied

by a positive culture for M tuberculosis and/or roentgenographic findings and/or histopathology consistent
with TB
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Cited in Behr, 2018.
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Following infection, there may be a critical period where fate of
infection is determined with predisposing factors.
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A spectrum of responses to tuberculosis infection
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Incipient and subclinical disease
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*Rising TB burden implies an increase in abundance of TB and pathogen biomarkers, compartment-specific change:
in immunological responses, and a decrease in the probability of disease resolution in the absence of treatment.




Disease progression
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