CAPACITACAO
REFERENCIAS SECUNDARIAS
TB | SES-RJ

ESTADO

saode - JANEIRO



Tuberculose

Bases Fisiopatologicas

Fernanda Mello
MD, PhD

fcqmello@idt.ufrj.br



mailto:fcqmello@hucff.ufrj.br

Tuberculose — 0s mecanismos fisiopatologicos
e suas expressoes clinicas

Goticulas
de Fliigge Nucleo de Wells

Tosse, espirro, fala, canto




Tuberculose — 0s mecanismos fisiopatologicos
e suas expressoes clinicas

ApOs a exposicao — 0 que ocorrera depende de varios fatores:

v" Carga bacilar do caso indice (fonte)

v" Caracteristicas do ambiente - ventilacao e iluminacao
v Duracao da exposicao

v' Caracteristicas do bacilo — viruléncia

v" Comorbidades e estado nutricional do hospedeiro

v' Fatores imunogenéticos do hospedeiro

Coelho Filho et al. Braz J Infect Dis 2013;17:234-8
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v 10% a 30% das pessoas expostas
irao se infectar

v" 10% das pessoas infectadas* irao
adoecer em algum momento da sua
vida
5% apos a infeccao (em 1 a 2 anos) e

5% no decorrer da vida

Pai et al. Nat Rev Dis Primers. 2016; 2:16076.




Tuberculose — 0s mecanismos fisiopatoléogicos
e suas expressoes clinicas

Clearance Inicial

Células epiteliais

Doenca ativa / \\' Clearance inicial 0 Tecido linfoide

@ Macroéfagos alveolares

L
m

Alves e al. Arg Asma Alerg Imunol. 2022;6(2):239-50




RESPOSTA IMUNE INATA E
ADAPTATIVA

\
( |

4 — 6 SEMANAS

PRIMOINFECCAO

TB LATENTE

EXPOSICAO




Tuberculose — 0s mecanismos fisiopatoléogicos
e suas expressoes clinicas

 Latent nfection R - Y oo N B v | Lipg = oo i
; ' ! space parenchyma

P Interstitial '

' ’E : “H macrophage Tcell -

Geey i . et

Mycobacterium —% . ,’! I =08 '
tuberculosis ! K . - - i

' ! ]’ : ' l '

E Dendritic

I \ Granuloma '

Alveolar Migrationtothe |}, ! _/ ;

; macrophage lymph nodes for |, " | Epithelial :

' Monocyte T cell priming E i cell :

" T bt} R, -4

Pai et al. Nat Rev Dis Primers. 2016; 2:16076.




Tuberculose — 0s mecanismos fisiopatoléogicos
e suas expressoes clinicas

Resposta Inflamatoria Cronica Granulomatosa

> Macrofagos e seus receptores tol/-like (TLR)
Os TLRs ativam macréfagos e células dendriticas, além de vias de sinalizagoes de

citocinas e mediadores inflamatorios.

Ocorre a fagocitose e a formagao de lisossomos.

Mas ha bacilos que sobrevivem as defesas fagociticas primarias induzindo a formacao
de outras quimiocinas e citocinas.

> IL-1beta, TNF alfa, IL-12, IL-23, IL-17, IL-2, IFN gama, células T CD4 helper 1 (Th1), IL-6,
células T CD4 17 (Th17), células NK, células T invariantes de mucosa (MAIT), linfécitos gama
sigma, NK invariantes (iNKT) e linfécitos T CD1.

NETs — redes extracelulares complexas formadas por neutrdfilos ativados,

Alves e al. Arqg Asma Alerg Imunol. 2022;6(2):239-50
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Resposta Inflamatoria Cronica Granulomatosa

> O IFN gama ¢ a citocina chave no controle da infeccao.

Ativa macrdfagos: estimula fagocitose, maturacao do fagossomo e producao
de intermediarios reativos de oxigénio e nitrogénio.

No tecido, a interacao célula a célula ajuda a conter a infecgao.

> O TNF alfa possui papel preponderante na manutencao da integridade estrutural do
granuloma.

> A contencao do bacilo demanda rede complexa de subpopulacoes de linfocitos, citocinas e
mediadores inflamatdrios para manutencao do granuloma, sendo primordiais os linfocitos T
CD4 e o TNF alfa.

Alves e al. Arqg Asma Alerg Imunol. 2022;6(2):239-50
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Resposta Inflamatoria Cronica Granulomatosa

» Com o passar dos anos, o granuloma torna-se estavel, com areas de fibrose
ou até calcificacoes.

Mas bacilos podem permanecer viaveis dentro desta estrutura!

> O TGF beta tem papel ativo no processo de fibrose.

> Nas imagens do tdrax, podem ser visualizados o foco/nddulo de Ghon (lobos médio ou inferior
dos pulmoes) e o Complexo de Ranke (que inclui o ganglio linfatico).

Alves e al. Arqg Asma Alerg Imunol. 2022;6(2):239-50
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b Active disease

> Ocorre um desequilibrio da rede de interacao bacilo-
hospedeiro, que determina um processo necrotico na
area central do granuloma.

> Necrose caseosa!

> Reativacao de foco primario. Mas a doenca pode surgir
apos a reinfeccao exdgena também!

Pai et al. Nat Rev Dis Primers. 2016; 2:16076.
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Infection eliminated Latent TB
Vo - . ' infection
With innate or With acquired
immune response” IMMUNEe response

Mycobacterium
tuberculosis

Fo
Ay
f— —
Cranuloma
Lung
Heart
TST Negative Positive Positive
IGRA Negative Positive Positive
Culture Negative MNegative MNegative
Sputum smear Negative MNegative MNegative
Infectious No No No
Symptoms None None None
Preferred treatment None None Preventive therapy

Pai et al. Nat Rev Dis Primers. 2016; 2:16076.
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Pai et al. Nat Rev Dis Primers. 2016; 2:16076
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Figure 1. Pathophysiology of the bacilli at extrapulmonary sites after a primary lung infection. The bacilli reach
extrapulmonary sites through hematogenous spread and infected macrophages.

Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37
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Figure 11. Urinary tuberculosis. Axial
contrast-enhanced collimated CT image

Figure 10. Pathophysiologic changes due to tubercu- dUI‘Ir‘IQ the ex CI'ET.'EI'I'}" F'hEIE'E shows irrequ-
lous bacilli in the renal nephron. The bacilli reach the lar EE!I|_';.I"EEE!| outlines with a moth-eaten
glomerular capillaries through hematogenous spread. >

The bacilli lodge in the glomerular capillaries and form dppearance II:EII‘I'"DW:I- due to necrosis and
cortical granulomas (7). After an immune breakdown, erosion of the cal}rces_

the granulomas rupture and the bacdilli travel to the
proximal tubule (2), where they become trapped in the
loop of Henle (3). The bacilli then rupture into the med-
ullary cavity (4) and form medullary granulomas, small
abscesses, and subsequent papillary ulcers (5). Last, dis-
semination throughout the collecting system occurs (6),

P pyareading the Infection o the bladder and Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37




Tuberculose — 0s mecanismos fisiopatologicos
e suas expressoes clinicas

C. d.

Figure 14. Genital TB in a 41-year-old woman. (a) Axial contrast-enhanced CT image shows changes in the kidneys due to

renal TB. Chronic right kidney changes, compensatory enlargement of the left kidney with thickening, and enhancement of

the urothelial wall of the ureter can also be seen. (b, ) Axial contrast-enhanced CT images demonstrate bilateral distended . . . . oA,

fallopian tubes filled with hypoattenuating material due to pyosalpinx (arrows). {d) Axial contrast-enhanced CT image reveals Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37
a distended endometrial cavity filled with hypoattenuating fluid (arrow) after endometritis. (Case courtesy of José Fernando

Garcia-Goez, MD, Fundacién Valle del Lili, Cali, Colombia.)
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Figure 18. Tuberculous spondylitis. Sagittal T1-

weighted image shows a paraspinal collection in-

volving multiple vertebral levels (arrow). Despite

the extensive paraspinal involvernent, destruction

of vertebral and intervertebral spaces is evident at

orily one vertelral level. Rodriguez -Takeuchi et al. Radiographics 2019;39: 2023-37
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d.

Figure 15. Abdominal TB with active pulmonary TB in a 45-year-old woman. Axial contrast-enhanced CT images
show necrotic right mesenteric lymph nodes (arrow in a) and concentric wall thickening at the distal ileum and
cecum (arrow in b).

Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37




Tuberculose — 0s mecanismos fisiopatologicos
e suas expressoes clinicas

Figure 6. Parenchymal brain tuberculomas in a 19-year-old man with immunosuppression after bone marrow transplant and a
history of disseminated pulmonary tuberculosis. Axial T2-weighted image (a), axial contrast-enhanced T1-weighted image (b), and
axial ADC map (c) demonstrate multiple tuberculous granulomas at different stages. A subcortical noncaseating tuberculoma (ar-
rowhead) in the right temporal lobe shows homogeneous enhancement with peripheral vasogenic edema. In the left occipital lobe,
there is a lesion with central liquefaction (arrow) that is compatible with a tuberculoma. The lesion has an irregular, thick, enhancing
capsule and intralesional necrotic areas with restricted diffusion.

Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37



Tuberculose — 0s mecanismos fisiopatoléogicos
e suas expressoes clinicas

Figure 4. Tuberculous meningitis with secondary hydrocephalus in a 44-year-old woman with pulmo-
nary TB and a history of systemic lupus erythematosus treated with immunotherapy. (a) Axial contrast-
enhanced T1-weighted image shows thick meningeal enhancement obstructing the fourth ventricle (ar-
row). (b) Axial FLAIR image shows dilatation of the lateral ventricles and subependymal periventricular
edema due to obstructing hydrocephalus.

Rodriguez —Takeuchi et al. Radiographics 2019;39: 2023-37
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Genetics modulate
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FIGURE 3 Conceptual model of factors that potentially contribute to lung impairment after tuberculosis [TB).
MTE: Mycobacterium tuberculosis.

Ravimohan et al. Eur Respir Ver 2018;27:170077
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Pos Tuberculose

Excessive inflammation Excessive fibrosis

Stiffening of lung
parenchyma

Airway narrowing

Obstruction Restriction

Pulmonary cavitation
Distortion of airways

Reduced capacity
to inhale to full
potential

Reduced capacity
to expel air out of

the lungs

Fibrotic bands

Bronchogenic spread and
endobronchial disease
Caseous necrosis leads
to break down of cavitary
lesions, which pass through
bronchial walls

Decrease in FVC
and/or increase in
FEV1/FVC ratio

Decrease in FEV1
Bronchovascular

distartion

Bronchiectasis Pleural thickening

Destruction of elastic and
muscular components of
bronchial walls

FIGURE 1 Mechanisms and radiographic features associated with airflow obstruction and restrictive
ventilatory defects in patients with a history of tuberculosis. FEV1: forced expiratory volume in 1s; FVC: forced

vital capacity.

Ravimohan et al. Eur Respir Ver 2018;27:170077
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Consideracoes Finais

% A resposta imune diante do contato com o M (tuberculosis
determina as suas expressoes clinicas.

% A medida que avancarmos no conhecimento da imunologia da
Tuberculose e suas consequentes repercussoes fisiopatologicas,
poderemos desenvolver correlatos de infeccao e doenca, que serao
uteis na construcao de novos meétodos diagnosticos e estratégias
terapéuticas, no cenario do uso dos imunobioldgicos.
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