
Treatment of tuberculosis

lecture 7

Rama Shdefat 



Sofian Al Shboul ©

Lecture 7: Treatment of tuberculosis (TB)
Respiratory system

Second year

Medical school

Hashemite University

2nd semester 22/23

Sofian Al Shboul, MD, PhD.

1

ÿÿþ ÿþþÿþ 'F treatment  N 'F drugs  'ÿĀþ ÿþþþþþÿÿþ 
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'N 'ÿþ ÿþþþ. ÿþÿĀþF 'ÿÿþþ ÿÿþ ÿþG 'ÿþÿþþ7 
'N 'ÿþ ÿÿþ/ 'ÿĀþF ÿÿþ ÿþ/ ÿþ ÿþþN ÿĀþþÿÿþ 

'N 'ÿþ ÿþþ/ ÿÿþÿþÿþ         ÿÿþ ÿþþG 'ÿþÿþþ7 
'N 'ÿþ ÿþþ/ ÿÿþÿþÿþ        ÿþþÿþ 'ÿþ 'ÿþÿþþ7 

7ÿþ ÿĀÿû N ÿÿþ E
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Overview

" Caused by Mycobacterium tuberculosis (MTB) bacteria (infectious).

" Generally, affects the lungs, but it can also affect other parts of the body.

" Most infections show no symptoms= latent tuberculosis (LTB).

" Typical symptoms of active TB: chronic cough with blood-containing mucus, fever, night 
sweats, and weight loss.

" Air-borne (active NOT latent).

" Historically known as consumption due to the weight loss associated with the disease.
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TB is curable and preventable.
ÿþþþ ÿþ 'ÿþ 'ÿþþÿþ ÿþ77 'ÿþþ. ÿþÿþ ÿþþ ÿþÿþ 'ÿþþÿþ 
ÿþþÿþO N ÿþÿþ ÿþþ normal 'ÿ ÿþþþ ÿþ ÿþÿþ 7ÿþþ ÿþþþ 

'ÿþþþÿþÿþ infection  ÿþG ÿþÿÿû 

We can prevent it by a vaccine 

ÿþWþ 'ÿþ ÿþþþG ÿþ7 ÿÿû ÿþþÿþÿû ÿþþ N N ÿþÿ7/F ÿþþ 'ÿþþ'G ÿþ7þþF 
ÿþþþ ÿþÿþ  

N ÿÿþN 'ÿþþÿû ÿþþÿþ ÿþþÿÿþ miliary symptoms N 'ÿþþ 
ÿþÿþþ¾þ ¾ÿþ ÿÿþ 'F TB ÿþþÿþ ÿþþþþ 6N ÿþþ 'ÿþþþ. ÿþÿþþþ 

ÿþþþ ÿþ ÿþþ 'ÿþþ. ÿÿû ÿNF ÿþG ÿþ ÿþþþþ ÿþÿû 'N 'ÿþ'6 ÿþÿþþ'ÿû ) ÿþþþ ÿþþþ ÿþÿû flu like symptoms ( ÿÿþ ÿþþF ÿþþ ÿÿþ ÿþþ 
latent  ÿþN ÿþþG ÿÿþþþþ ÿþ'ÿþ g 'ÿþÿÿþ ÿÿþ ÿþþF ÿþþ ÿþ ÿþþÿþ ÿþþÿû ÿþF inactivated macrophages  'ÿþþ ÿþF lung  

¾þ' 'ÿÿþ'6 ÿþþþþ ÿþþþ ÿþþ ÿþ ÿþþþþ 'F TB N ¾þ/ 'ÿþþþ ÿþÿþÿþþ 'ÿþþþ7 ÿþÿþþþG 'ÿþþ ÿþÿþ ÿþþþÿþ ÿÿÿþ N ÿþþþ ÿþþþ 
ÿþÿþ ÿþF lung ÿÿþF ÿþþþþ ÿþþþ 'ÿþ'ÿû 

ÿþÿþþþþ ÿþÿþ'6 G 7/ ÿþþþÿþ ÿþþ ÿþþ triad  7þþþO ¾þNF 'F main ÿþþþ 
ÿþ 'ÿþþþþ ÿþþþ N'ÿþ 

'ÿþþþF ÿþÿþ 'ÿþ TB
chronic cough with blood-containing mucus

Night sweat Weight loss
ÿþþþþ person to person  ÿþÿþ6'6 'ÿþþ ÿþþþ ÿþ 'ÿÿþ 'N 'ÿþþ 

ÿþþ ÿþþþû 'ÿþ 'ÿþþ ÿÿþþþþ ÿ6G ÿþþF 'F TB 

ÿþ7ÿþ activation  'ÿþ ÿþ ÿþþ ÿþF ÿþþÿþþ 
'F latent  ¾þF ÿþ ÿþþ7 ÿþþN ÿþ' 

ÿþ. : 
'ÿþ ÿþþ ÿþ ÿþþþÿþ N ÿþþþ 'ÿþ'6 'F inactivated macrophages  ÿþþþþ 
ÿÿþ6 'ÿþþþÿû ÿÿþþþ 'ÿþÿþ N ¾þF ÿÿþ6 'ÿþþþÿû ÿþÿWþ 'F TB ÿþ latent ÿþ 

7þÿþ 'ÿþ7û . caseous necrosis 

ÿþÿþ ÿþþþ 'F TB 6ÿþF ÿÿþ/ 'ÿÿþ ÿÿþ ÿþF ÿþþÿþþ 'ÿþþþ ÿþÿþ 'ÿþ ÿþþþ ÿþþ'F 'ÿþ6F  

ÿþ untreatable   6N 'F chronic 

'ÿþþ ÿÿþþþ 'ÿÿþ'6 'ÿþþ ÿþ 'F lung
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Signs & Symptoms

" Pulmonary

" Chest pain, prolonged cough producing sputum

" About 25% of people may not have any symptoms

" Upper lung lobes are more frequently affected by 
tuberculosis than the lower ones

" Extrapulmonary

" In 15320% of active cases, the infection spreads outside 
the lungs

" Extrapulmonary TB occurs more commonly in people 
with a weakened immune system and young children. 

" Tuberculous pleurisy: the pleura

" Tuberculous meningitis: CNS

" Urogenital tuberculosis: the genitourinary system

3

General signs and symptoms: fever, chills, night 

sweats, loss of appetite, weight loss, and fatigue. 

Significant nail clubbing may also occur.

In lung

 ÿþþ ÿþþþ N ÿþþþþ ÿþ 'F LNs N ÿþþþ ÿþþ ÿþÿþ 
'ÿþþ' 'ÿþþþOutside the lung 

Even with the 

activated TB there 

will be no symptoms 

 N ¾þNF ÿþÿþþ/G ÿþþû ÿþÿþû 
N 'ÿÿþ ÿþþÿþ. N test 

ÿþÿû 

ÿþÿþ bacteremia  N ÿþþÿþ ÿþÿþ ….

ÿÿþ ÿþþ ÿþþF 'ÿþþþÿû ÿþÿþû 'F TB ÿÿþÿþ 7'ÿþû N ÿþÿþ ÿþþþþ  

ÿþþþ ÿþN/ ÿþ pleura  N ÿþþþ 'ÿþÿþ. ÿÿÿþ ) 'ÿþþþ' 'ÿþþÿþ ÿþÿþÿû( 

ÿþN/ ÿþþ 'ÿþÿþ6 'ÿþþÿþ  'ÿþþþÿþþ 

'ÿþÿþþ7 ÿÿþþ ÿþþÿþ 'F pulmonary ÿþþþ 'ÿþÿþ 

-> haemoptysis
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Overview

" Diagnosis: 
active TB: chest X-rays, 
microscopic examination 
and culture of body 
fluids.

Latent TB: tuberculin 
skin test (TST) or blood 
tests.

4

" Prevention: vaccination with the bacillus 
Calmette-Guérin (BCG) vaccine. 

 ¾þF ÿþþ ÿþ ÿþW7û 
ÿÿþ6 'ÿþþþÿû . 'F 

caseous necrosis  N 
ÿþ7 inactive  'N 

dormant  ÿþþþ ÿþÿþ 
ÿþþþ latent

'ÿþþ ¾þ ÿþþ ÿþþ 'ÿþÿÿþ 
ÿþ ÿþþ ÿþþ ÿþþþÿþ  

 ¾þN ÿþþF ÿþþ ÿþ 
ÿþþþþ N ÿþ7 ÿþF 

inactive 

macrophages 

ÿþþþÿþ N ÿþÿþ ÿþ/G  

ÿþ'' ÿÿþþ /G 'N sputum  'N ÿÿþN 

ÿþþÿÿþO 'F tuberculin  ÿþþ7G ÿþ ÿþNÿÿþ ÿþ 'F mycobacterium 

TB  ÿþÿþ ÿþÿþû N ÿþþþû ÿþþ 'ÿþĀþ 7/ ÿþĀþ ÿþþF 'ÿþþþ 6N 
reactions  'N ÿþû N ÿþþ 'F diameters  ÿþÿÿþ ÿþþ7 'ÿþ/ ÿþÿþþ 

'ÿþþþ ÿþ'' -ve 'N +ve 

¾þ/ 'F figure  ÿþÿþ ÿþþþ6 ÿþÿþþþÿþ 
ÿþþF ÿþþG ÿþÿþÿþ 'Fpatient  ÿÿþ 

Nÿþþ N ÿþþÿþû 

ÿþþþ 'ÿþÿþ 'F latent as prevention 
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" Generally, includes four first-line drugs 

" Second-line drugs are typically less effective, more 
toxic, and less extensively studied. 

" Second-line used for patients who cannot tolerate 
the first-line drugs or who are infected with resistant 
TB.

" M. tuberculosis grows slowly and requires treatment 
for months to years. 

5

Treatment

 ÿþþN '7ÿþ '/Nÿû ÿþþÿÿþ ÿþ ÿþþ N¾þþ first line for TB 

'ÿÿþ ÿÿþ 'F first line  ¾þþ 'F 
more effective  ÿþ 'F TB 'ÿþ7'ÿþ. 'ÿþþþþÿû ÿþÿÿþ ÿþ ÿþþÿû

'ÿþ 'F First line ÿþÿû 'ÿþþ /7'ÿþ. N ÿþþ7. 

ÿþþþ ÿÿþ ÿþþ¾þ server hypersensitive reaction 

against 'F first line  N ¾þ/ ÿþÿþþ/G very rare  
'N 'ÿþ ÿþþ¾þ resistant  ÿþ first line

ÿÿþ ÿþÿþþ 'NF ÿþ ÿþÿþ ÿþþF ÿþþ latent  N ÿþþ¾þ ÿþþþþÿþ N ÿþþÿþ 
active N ÿþþ g  'ÿþÿÿþ ÿÿþþ ÿÿþ6 'ÿþþþÿû N ÿþþW7ÿþ N ÿþÿþ  latent N 

ÿþû ÿþþþ 

!

¾þ' ¾þNF 6 '/Nÿû First line ÿþ ÿþÿþ 3  ÿþÿþÿþ ÿþþþ /'ÿþþO 
ÿþþÿÿþ ÿþ TB 'ÿþ 'ÿþ'ÿþ ÿÿþ 'ÿþþþÿþ ÿÿþ 'ÿþ 3 '/Nÿû   

'F rifabutin  N 'F rifapentine  ¾þþ ÿþ'ÿþ ÿþ 'F 

rifampin  ÿÿþ ¾þ 'ÿþþ drug ÿþÿþÿþ resistant 

To avoid resistant 

ÿþÿþ 6ÿþF 'NF ÿþ 'ÿþþþþ 
'ÿþþ6 ÿþþþ mono 

therapy  ÿþþ7 ÿþþNÿû 
ÿþ/Nÿû ÿþþÿþ ÿþþþ ÿþþþ 

'ÿþþ ÿþ /N' ÿþ ÿþþ 

ÿ6G ÿþþF 'F patient  ÿþÿþþþþþþ ÿÿþ7 'F compliance 

I
1

ssi The most
common

³ j' ->
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↳ more adverse effects G
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7Two main regimens for pulmonary TB:

1) Traditional regimen (g6 months): isoniazid, 
rifampin, pyrazinamide, and ethambutol

2) Shortened, four-month regimen: isoniazid, 
rifapentine, pyrazinamide and moxifloxacin (NOT 
levofloxacin).

Nonpregnant, age g12 years, body weight g40 
kg, drug-susceptible pulmonary TB, in absence of 
extrapulmonary involvement

7Both regimens have two treatment phases: 2 months 
then 4. and 8 weeks then 9 weeks 

6

Treatment

must be treated with several drugs. 

 ÿþ ÿþÿþ 'ÿþþ ÿþ /N' N'ÿþ ÿ6G 'ÿþþ 
'ÿþþ ÿþ /N' ÿþ ÿþþ 

ÿþþN 2 regimens ÿþ active Tb ÿþÿû 

'ÿþ 'ÿþ ÿþþÿÿþ F 6 'ÿÿþ 

¾þ' ¾þ/ ÿþ7 ÿþ ÿþ7 ÿþþþþÿþ N almost approved 

 'ÿþþF ÿÿþ 'F regimen  'ÿNF N 'ÿþþÿþ : 
'NF 'ÿþ 'ÿþþG ÿþÿþ N'ÿþ ÿþ '7ÿþ 'ÿÿþ  ÿþþþ high 

compliance N N'ÿþ 'ÿþ 'ÿþ ÿþ 'ÿÿþ N ÿþ? 'ÿ7ÿþ 'ÿÿþ ÿþþþþ 
cheaper  ÿþþ7ÿþ ÿþ ¾þ'G N 'ÿþ ÿþF ¾þþ 'ÿ/Nÿû 'ÿþþ ÿþÿÿþþ 

ÿþþþþþ ÿþþ N'ÿþ 

ÿþþ ¾þ/ 'F regimen ÿþ? 'ÿ7ÿþ 'ÿÿþ ÿþ ÿþN7 ÿÿþþþ'ÿû N ÿ6G ÿþÿþ ÿþþF 
ÿþþ'ÿþ ÿþ 'ÿþþÿþ N'ÿ ÿþþÿû N ÿþÿþ ÿþ regimen  ÿþ? 'ÿþþ 'ÿÿþ :

ÿþþþ ÿþ 'ÿþþÿþ ÿþþN cNs involvement 

ÿþ ÿþþ. ÿþþ ¾þ/ 'F regimen

ÿþÿþþÿþ ÿþ 'ÿþþÿþ ÿþÿþ ÿþ ÿþ 'ÿþþN7 ÿþ? 'F 
regimen  'ÿ7ÿþ 'ÿÿþ G ÿþþ ÿþþÿû ÿþþþ 

ÿþÿû ÿÿþ 'ÿþþ ÿþ'ÿþþÿû 'ÿþþ  

↳
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-
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Start for first line treatment



ÿþþ 'ÿþÿþÿþ ÿþÿþ . phase ÿþÿþ 'ÿþþ 'F 
continuation phase  N 'ÿþþ ¾þ ¾þÿÿþ 'ÿþþ 'ÿþþþ' 

ÿþþ 'N persistent or resistant organisms  ÿþþ 
ÿþ ÿþþ 'F intensive phase  ÿþÿþ ÿþ ÿþÿþ ÿþþN 

relapse  N ÿþÿû 4 'ÿÿþ N ÿþþþ ÿþ 2 drugs 

¾þ' 'ÿþþ ÿþþ'ÿþ 'ÿþþ. ÿþþþþ . 'F 4 '/Nÿû N ¾þ/ 'ÿþþþ ¾þ 
'NF 2 month ÿþ 'ÿþþ.  N ÿþþþþ 'ÿþþÿþû ¾þN . 

intensive phase  Nÿþþþ ÿÿÿþ 'ÿþþ ÿþ /N' ÿÿþ ¾þN 'ÿþþ 
ÿþÿþû ÿþþF ÿÿÿþ 'F organism ÿþÿþ N 'ÿþ'6 N'ÿþû N 

ÿþÿþû ÿþÿþ 'ÿþþÿþû ¾þN ÿþ 'ÿþþ. ÿþÿþG  

7ÿþ ÿþ ÿþþ 'ÿþþ 'ÿÿþ ÿþ 'ÿþþ. 'ÿþ 'ÿþþÿþ N ÿþþþþG N 7þþþ ÿþÿþþû +ve

¾þF ÿþþG 'ÿþ ÿþþN multi drug resistant TB ÿþþþþ ÿþþ 7þF ÿþ second line  ÿþþÿþ 10   

ÿ6G 'ÿþG Nÿþ 7'/ 'F infection 

-

I
am

in

Isoniazid +Rifampin ypyrazinamide
+Ethambutof

Isoniazid +Rifampin
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Strategies for addressing drug resistance

" Under selective pressure from inadequate treatment, (monotherapy), 
small number of organisms (naturally resistant to a particular drug) can 
emerge as the dominant population. 

" Multidrug therapy is employed to suppress these resistant organisms 
(Active disease always requires treatment with multidrug regimens)

" Therapy should continue for longer time even if clinical improvement 
occurred, Why?

7

to eradicate persistent organisms and to prevent relapse.

ÿþþþ 'ÿþþ. 'ÿþþ7þ' 'N 'ÿþÿþ ÿþÿþ ÿþÿþ ÿþþ6 'ÿþÿþ ÿþÿþ ÿþþ TB 7ÿþ 'ÿþÿþÿþ 
monotherapy  N 'ÿþþ ÿþÿþþ must be treated with several drugs  ÿþþ ÿþþO ¾þ/ 'F 

monotherapy  'ÿþþ 'ÿþÿþþ ÿþþ ÿþþ ÿþ 'F TB ÿþþ ÿþ ÿþ ÿþ NÿþG ÿþÿþ ÿþþ¾þ ÿþþþ 
natural ÿþþNÿû ÿþ ¾þ/ 'F monotherapy ÿþÿþþÿþ 7/ ÿþN/ ÿþþþÿþ N ÿþþþÿþ ÿÿÿþ Nÿ ÿþÿþ 

'ÿþþþ. ÿþ ¾þ/ 'ÿþN'' 'ÿþ 

ÿþþþF ¾ÿþ ÿ6G 'ÿþþ 'ÿþþ ÿþ /N' ÿþ ÿþþ ÿþþþÿþ ÿþÿþ 'ÿþþ 100% 'ÿþ ÿþ ÿþ ÿþ TB ÿþÿþ ÿþ  ÿþþ¾þ 
resistant ÿþ 'ÿNF ÿþþþ ÿþÿÿþ 'ÿþþÿþ N ÿþ ÿþþ¾þ ÿþþNÿû ÿþþþÿþ ÿþÿþ 'ÿþþÿþ N ¾þþ'…

ÿþþÿþO 'F active TB  'ÿþ 'F latent ÿþþ/N ÿþ 'ÿþÿþ monotherapy

ÿ6G 'ÿþþ ÿþ77 'ÿþþ. ÿþÿþ ÿþþ ÿþ ÿþþþþ N 'ÿÿþ'6 ÿþþþ ÿþþþþ ÿþþF ÿþ ÿþþ ÿþ ÿþÿû ÿþ 'F organism ÿþÿþ ÿþþþF ÿþþN/ 'N ÿþþNÿû ÿþN ÿþÿþ ÿþ 'F long time 

therapy ÿþþ7 'ÿþ 'ÿþþþ ÿþÿþ ÿÿþÿÿþO N ÿþ ÿþ ÿþþNÿû 'ÿþþþ ÿþÿÿþ� ÿþÿþ  ÿþ ÿþÿþÿþ N ÿþ ÿþþþ ÿþ. ÿþþþ ÿþþþ ÿþþNÿû ÿþÿÿû N ÿþÿþ ÿþþþ relapse  N ÿþþÿþ 'ÿÿþ'6 N 
ÿþÿþ 'ÿþÿþ 'ÿþ' ÿþþ ÿþ ÿþþ ) ÿþÿþ''O ÿþ ÿ ÿþþ ÿ 'ÿþþþþ ÿþÿþN ÿþþ/ ÿÿþN 'ÿþþ ÿþþþÿþ ÿþþ77 'F antibiotics ÿþÿþ  ÿþÿþþÿû ÿÿþ ÿþ ÿþÿþþþ 

!
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Treatment

" Treatment should be for at least 18-20 months

" Second-line regimens for MDR-TB (TB resistant to at least isoniazid and 

rifampin): 

1) Fluoroquinolone (levofloxacin or moxifloxacin) 

2) Bedaquiline + Linezolid

3) Clofazimine + Cycloserine

4) Pyrazinamide + Ethambutol

Capreomycin, kanamycin, macrolides: no longer recommended for inclusion in MDR-TB regimens

ÿĀþþ ÿþþĀþ ÿþþþÿþ 'N 'ÿþþ ÿþþ 

 ÿþÿþþ ÿþþþþ ÿþ second line ÿþ ÿþF 'F first line  ÿþþ ÿþÿþþ. 'ÿþþ 'ÿþÿþû F 6 'ÿÿþ 

ÿþÿþþ 'ÿþ 'ÿþþ 
N'ÿþ ÿþÿþ 
ÿþþ6 'ÿþ 

ÿþÿþÿþ 
resistant  N 

ÿþþÿû 'F 
isoniazid  ÿþÿþþ 'ÿþ 'ÿÿþ 'ÿþF ÿþÿ/Nÿû N 'ÿþþ another combinations

7þ ¾þNF ÿþ 'F first line  ÿÿû ÿĀþþ 'ÿþþþÿÿþ � 
ÿÿþ 'ÿþ 'ÿþÿþ 'NF ÿÿþÿþ ¾þNF 'ÿþþÿþ ÿþ 'F isoniazid  N 'F rifampin  N ÿþþÿþ 'ÿþÿþ ÿ7ÿþ 'ÿÿþ ÿþ 'F isoniazid  N 'F rifampin ÿþþ ÿþÿþþ ÿþþ 

ÿþþ. ÿĀĀþþ 'ÿþ 'ÿĀþþNÿû ÿþ7. ÿÿþ /N'ÿÿþ ÿþÿþþÿþ ÿþþ7 '7ÿþ 'ÿþÿÿþ combination ÿþ ÿþ 'F pyrainamide N 'F ethambutol 

ÿÿþþ ÿþ ÿþþ ÿþÿþ 'ÿÿþ ÿþĀþþ ÿþþÿþ N 'ÿÿþ spectrum  

ÿþÿþ  N ÿþ 'ÿþ 6'ÿþ ….

For patient with multi drug resistant  

ÿþÿþþ/G ÿþû N ÿþ N '7þþ N ÿþþÿþ 'ÿþ 'F tb patient  ÿþ ÿþÿþ ÿþþþÿþþ ÿþÿþÿþ ÿ6G 
ÿþÿĀþþþþþ  

 Compliance ÿþþF ÿþþÿþ ÿþ 'F  Must be admitted to the hospital 

N ÿþþ ÿþþþÿþ ÿþ7ÿû 'ÿþ ÿ6G 2 people  ÿþþÿþ 'ÿĀþÿþ ÿĀþ ÿþþ Nÿþ 'ÿþN'' 'ÿþ 'ÿþN 
ÿþþþ ÿÿþN 'ÿþ7ÿû ÿĀþþ ÿþ ÿþ 'ÿþ 'ÿþN'' ÿþþÿû ÿþÿþ resistant  N ÿþÿþ ÿþN'ÿû ÿþÿÿû 

'ÿĀþÿþ  ÿþ? 'F MDR tb ÿ6G ÿþÿþ 'ÿþþþ '/Nÿû ¾þN ÿþÿþÿþ ÿþ ÿþþþ ÿþÿþ 

 ¾þNF 'ÿþN'ÿÿþ 'ÿþÿÿþ. ÿþÿþþ. ÿþþ 'ÿĀþÿþ ÿþ7 
ÿþþN resistant  ÿþ'ÿþ ÿþÿþ ÿþ ÿþþ7 'ÿþþþ 

'ÿĀþÿþ MDR tb

---

-
>

2)Seg:s

&

g multi drug resistant
TB

I

8 combination,5+ 11A

0

0 -> very specific
combination For TB

-

3)Add one or two: Clofazimine OR Cycloserine OR Pyrazinamide OR Ethambutol
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Isoniazid (INH) 1/4

MOA: 

Isoniazid (pro-drug) >> activated by a 

mycobacterial catalase3peroxidase (KatG) 

>> enzymes acyl carrier protein reductase 

(InhA) & ³-ketoacyl-ACP synthase (KasA) 

>> Inhibits mycolic acid >> disruption in the 

bacterial cell wall.

InhA & KasA are essential for the synthesis of mycolic acid

InhA (acyl carrier protein 

reductase 
InhA

¾þNF 'ÿþÿþþ.  ÿþþÿþN ÿþþþÿþ 'F mycolic acid  'ÿĀþ 
N>ÿþþû 'ÿþ ÿþþÿþ ÿþþþ' 'F cell wall  ÿþ? 'F 

Mycobacterium tb 

ÿþþþ ÿþÿþ 'F isoniazid ÿþþ 'ÿþþþ N ÿþþF inactive  ÿþÿþþ Nÿþ/ chemical 

group ÿþF structure ÿþÿþ ÿþÿþû 'ÿþ ÿþÿþÿþ activation  ÿþÿþþ 'F katG 

ÿþÿþ ¾þN 'F chemical group ÿþþ N ÿþþÿû ÿþÿþ active  
¾þ/ 'F KatG ÿþÿþ/ ÿþF mycobacterium tb ÿþF isoniazid  ÿþþþþ specific   

ÿÿþN 'ÿþþþÿþÿþ ÿþÿþ 'ÿþ ÿþ ÿÿþþþþ 'ÿ ÿþþ ÿþþF ¾þN 'ÿþþþÿþÿþ ÿþþO ÿþÿþ/G  
'ÿþÿþ ÿþ ÿþþþþ 'ÿþN'' 7/ ÿþN/ N ÿþþ. 'F InhA and KasA ÿþÿþþÿþ ÿþÿþ 

mycolic acid  N¾ÿþ 7'/ 'F cell wall  

'ÿþÿþ 'ÿÿþÿþþ. ÿÿþû N ÿþþþ ÿþþ ÿĀÿÿþ ÿþ'F 

I -

-

(pro-drug)

-

O

**by disruptionin thebacterial
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Isoniazid (INH) 2/4

Antibacterial spectrum

wSpecific for treatment of M. tuberculosis

wEffective against: 1- rapidly growing bacilli 2- intracellular organisms.

Resistance (follows chromosomal mutations):

1) mutation or deletion of KatG (producing mutants incapable of prodrug 

activation)

2) varying mutations of the acyl carrier proteins

3) overexpression of the target enzyme InhA. 

InhA (acyl carrier protein 

reductase 
InhA

ÿÿþ ÿþ ÿþÿÿþ ÿþ 'F M.tb  ÿþ extracellular Nÿþ intracellular  ÿÿþ/ 
'ÿþN'' 'ÿþþ effectiveness ÿþþG 'F intra  

ÿþþ 'ÿþ 'ÿþN'' ¾þ/ ÿþþþþ 'N ÿþþþ target ÿþþ 'ÿþÿþþ. ÿþþþþÿþ 
'ÿþþþÿþÿþ ÿþÿþþÿþ ÿþþþ 'ÿþþþÿþÿþ ÿþÿþ ÿÿÿþ 'N ÿþþþ 

chromosomal mutation ÿÿþþÿþ ÿþþN 'F genetics 

properties of the enzymes  'ÿþþ ¾þþ 'F inhA and 

KasA ÿþÿþþÿþ ÿþþ 'ÿþN'' ÿþÿþ¾þ N ¾ÿþ ÿþ ÿþ7 'ÿÿþ ÿþþÿþ N 
ÿþþÿþ ¾þN 'ÿþþþÿþÿþ ÿþþNÿû ÿþ isoniazid  

ÿþþþ ÿþ7 ÿþþN ÿþþ '/O 'ÿþ ¾þN 'ÿþþþÿþÿþ ÿþÿþ ÿþÿþ ÿþ ÿþþÿþ. ÿþþÿþ ¾þ/ 'ÿÿþÿþ )6'/. ÿþþÿþ. 'Ftranscription and translation  ÿÿþ (  ÿþÿþþÿþ 
ÿþ ÿþÿþþ 'ÿþÿþ ÿþÿû ÿþ 'ÿþN'' ÿþþþ ÿþþÿþ F 5 ÿþ ¾þ/ 'ÿÿþÿþ ÿþþ ÿþ ÿþþF 5 ÿþþ7 ÿþN ÿþþF ÿþÿþ /N'' N 7ÿþ 'ÿþþ ÿþÿþ 'ÿþ ÿþ7 ÿþ/ 

'ÿÿþÿþþ. 20 ÿÿÿþ ÿþÿþ ÿþþÿþû ÿþ 6/. ÿþÿþ. ÿþÿþ ÿþþÿþþ 'F toxicity  ÿþÿþþÿþ  ÿþ7 ÿþ resistance against isoniazid 

Any mutation in one 

of these enzymes will 

lead to resistant 

ÿþþF ¾ÿþ ÿþÿþ ÿþþþþG ÿþF active tb 

0

·

0

C

is
-2

-
activation,I? 2)mutatisadl

isoniazidI
InhA

-

- KasA

G
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Isoniazid (INH) 3/4

Pharmacokinetics

wreadily absorbed after oral administration (impaired if isoniazid is 

taken with food (fat)

wDiffuses into all body fluids, cells, and caseous material (necrotic tissue 

resembling cheese that is produced in tuberculous lesions). 

wUndergoes N-acetylation and hydrolysis

ÿþþ ÿĀþþû 'ÿþ 'F absorption  ÿÿþ ÿÿþþ N ÿþÿþ ÿÿû ÿþþÿþ ÿþþ 'ÿþG ÿþ 'ÿÿþ ÿþþÿþO ÿþ 'F 
fat ÿþĀþ ÿþþþ ÿþ ÿþÿþ ÿþþ7 ÿþ ÿþþG N ¾þN 'ÿÿÿþ' ÿþ ÿþÿþ � ÿþ6G ÿþþÿû ÿþþ ÿþþG ÿþÿÿû 

ÿþþ6? ÿþÿþþþNN ÿþþ ÿþ'ÿþ 'ÿþþþ N ÿþÿþ ÿþþ 'F caseous material  N 'ÿþþ ÿþÿþþ 'ÿþ ÿþþ ÿþ ÿþÿþ ÿþþN 'F active tb ÿÿþ6 
'ÿþþþÿû ÿþþþþ N ÿþþN7 'ÿþþþÿþÿþ N ÿþþþ 'F caseous necrosis  ÿþÿþþþÿþÿþ ÿþþÿþ ÿþþþÿû ÿþW' N ÿþþÿþ latent ÿþÿþþþG 'ÿþ 'F 

isoniazid  ÿþþN 'ÿþþ7G 'ÿþ ÿþþþF ¾þN 'F caseous material  N ÿþþþ ÿþþ 'F tb 'ÿþþ ÿþW'¾þ  

'NF ÿþ 'ÿþþ ¾þNF 'ÿþþþþÿþ ÿþþG 'ÿþ 'F metabolism ÿþF liver 

Administrated orally 

->
including CSS(CNS)

-

caseous
2

-

&.
..

-
-

You could see it in the x-ray
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Isoniazid (INH) 4/4

Adverse effects
§Hepatitis (most serious adverse effect), If hepatitis goes 

unrecognized, and if isoniazid is continued >> fatal. 
§Risk factors for hepatitis: > 35 years old, patients who also take 

rifampin, or among those who drink alcohol daily. 

§Peripheral neuropathy (paresthesia of the hands and feet) >> 
relative pyridoxine deficiency caused by isoniazid (can be avoided by 
daily supplementation of pyridoxine (vitamin B6). 

§CNS adverse effects: convulsions in patients prone to seizures. 

§Hypersensitivity reactions: rashes and fever. 

§ It inhibits the metabolism of carbamazepine and phenytoin >> 
potentiate the adverse effects of these drugs (nystagmus and ataxia).

ÿÿþ ÿþÿþÿþ metabolization ÿþF liver ÿĀþþ ÿþ 'ÿþþþ ÿþ ÿþ 'ÿþ ÿþ7 
hepatitis  N ÿĀþ 'ÿþN'' ÿþ/N 

ÿþþF fatal

ÿÿþ ¾þ ÿĀþF ÿþĀþ hepatitis  

'F chronic alcoholism uptake  

ÿþĀþ liver cirrhosis N ÿþþþ ÿþÿþþþ 

'F pyridoxine ¾þ component ÿþÿþ/ ÿþF vit B6 ÿþÿþ ÿþþF 'ÿþ6 'ÿþþþ ÿÿû ÿþþþ supplement  ÿþ 'F B6 ÿþÿÿþO 

Works on cNS
 ÿĀþþ? N antiarrhythmic drug   

ÿþÿþ ÿþ 'ÿþÿÿþ ÿþ 'F isoniazid  7/ ÿþN/ ÿþĀþ ÿþþÿþ ÿþ metabolism  ÿþÿÿþ ÿþÿþþÿþ ÿþþÿþ 
ÿĀÿþÿþ ÿþÿþþþ ÿÿþ ÿþ ÿþ ÿþĀþþÿþ ¾þG N ¾ÿþ ÿĀþþ ÿþĀþþ adverse effects  N toxicity 

ÿþþÿþO 'ÿÿþ 'ÿþO narrow therapeutic index 

The liver function test should be 

done on a weekly basis for 

patients with tb  

'/Nÿþ seizures

ÿþÿþþÿþ ÿþÿþ 'ÿþþ? ÿþ 
ÿþþþÿû 'F isoniazid  'N ÿĀþþ 

ÿþÿþ. ÿþÿþû ÿÿþ 'ÿþ 'ÿþ'6 
ÿþÿþÿû ÿþÿû ÿþþþþ severe 

ÿþÿĀþþ7ÿû ÿþ ÿþÿþ 'ÿ/Nÿû 'ÿþþ 
ÿþþþÿÿþ  

- I

-
·

-

G ↳
CPNS) $5

G

-Yes
-

14:

-S ±
·

- &

↳ condition ↳ lack of voluntary

of involuntary
coordination of

eye
movement muscle

movement
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Rifampin 1/4

whas broader antimicrobial activity than isoniazid and can be used as part 
of treatment for several different bacterial infections. 

wNever given as a single agent in the treatment of active tuberculosis, 
why?

wUsed prophylactically for individuals exposed to meningitis caused by 
meningococci or H. influenzae. 

MOA: blocks RNA transcription by interacting with the ³ subunit of 
mycobacterial DNA-dependent RNA polymerase.

Because resistant strains rapidly emerge during monotherapy

ÿþÿþþÿþ not specific against M.tb  ÿþþþ ÿĀþþ ÿĀþF ÿÿþÿþ 'ÿþ'? 
ÿþþÿþÿþ ÿþÿÿû N ¾þ/ 'ÿÿþ ÿþþÿû 'ÿþþ ÿþÿû 'ÿþ ÿþÿþÿû resistant 

¾þ 'ÿþO ¾ÿþ ¾ÿþ ÿþF active ÿþ ÿþþþþ 
monotherapy ÿþ ÿþþÿþO 'F rifampin ÿÿþ  

ÿþÿþþÿþ ÿþ ÿþ transcription N ÿ translation N ÿþÿþþÿþ no protein synthesis N¾ÿþ ÿþþþ ÿþÿÿþ  

ÿþ 'ÿþ 'ÿĀþÿþ ÿþ active tb N 'ÿþ'6 vertigo N dizziness  

ÿþþþÿÿþ 'F rifampin   G prophylactic 
ÿþþ ÿþ ÿþ ÿþþ¾þ tb  ÿĀþþ 'ÿþÿÿþ ¾þ/ 'ÿþN'' ÿÿþ active 'ÿÿþ 

-

resistantIss

I

-

&

vertigo/dizziness

E
against

&

Regardless, what is the drug We 

never use monotherapy for TB
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Rifampin 2/4

Resistance: caused by mutations in the affinity of the bacterial DNA-

dependent RNA polymerase gene for the drug.

Pharmacokinetics (oral)

§Distribution to all body fluids and organs. 

§Taken up by the liver and undergoes enterohepatic recycling. 

§Urine, feces, and other secretions have an orange-red color, so patients 

should be forewarned. Tears may even stain soft contact lenses orange-

red.

ÿÿþ ÿþ ÿþ7 ÿÿû mutation  ÿþ ÿÿþþþG ÿþÿû 'ÿþN' ÿþÿþþÿþ ÿþ ÿÿþÿþ block  ÿþ RNA transcription 

ÿþ ÿþ ÿþÿþ ÿþÿþ ÿþ CNS 6N 'F isoniazid 

ÿþÿþÿû metabolism  

N secretion ÿþF liver 

ÿþ6G 'ÿþ7 'ÿþþÿþ ÿþþ 
'ÿþÿû 'ÿþG 'ÿþ ÿÿþÿþ ÿþþþ 

ÿþ secretion  ÿþF 'ÿþþ 

ÿþþþ ÿþþ ÿþþ ÿþÿþ. N /ÿþþ ÿþN ÿþþÿþ ÿþþ ÿþÿÿþ 'ÿþþ 

ÿþÿþ 

-

->Ijd1

<

Br
01

&

Hi.IAlso an  adverse effect
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Rifampin 3/4

Adverse effects

§Nausea, vomiting, and rash. 

§Hepatitis and death due to liver failure are rare. 

§a modest increase in the incidence of hepatic dysfunction when rifampin 

is co-administered with isoniazid and pyrazinamide. 

§When rifampin is dosed intermittently, especially with higher doses, a 

flu-like syndrome can occur, with fever, chills, and myalgia, sometimes 

extending to acute renal failure, hemolytic anemia, and shock.

 ÿþþþ 'ÿþ ÿþþ7G ÿþ 'ÿĀþ ÿþF ÿþþĀÿþ 'F isoniazid 

ÿÿþ ÿĀÿþ ÿþþĀþ ÿþþF hepatitis  ÿĀþ 'ÿþÿþÿþ ÿþ 
rifampin  7/ '6ÿþ 'F risk  'ÿþ ÿþÿþ hepatitis  

ÿþþ ÿþþG ÿþ 'ÿþþ' 'F rifampin N ÿþ ÿþ 'ÿþG ÿþþþ ÿþþþþ N ÿÿþ ÿþþþþ N ÿþþÿþ. ÿþÿÿû ÿþþþ ÿþÿþ ÿþþG 'ÿþ'6 flu like N ÿþþþ ÿþþþ7 N ÿþÿþ   

ÿþþF ÿþĀû 'ÿþ ÿ6G 'ÿþþÿþ ÿþþF ÿþÿþþþþþþ ÿÿþ ÿþþN ÿþ 'ÿþþ? blood workout 
(5.x45)Glupset

-

=

S1.

↳
&bg

----
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Rifabutin & Rifapentine

Rifabutin
wderivative of rifampin: preferred for TB patients co-infected with HIV who are 

receiving protease inhibitors OR several of the nonnucleoside reverse transcriptase 
inhibitors. 

wless potent inducer of cytochrome P450 enzymes >> lessening drug interactions. 
wAdverse effects similar to those of rifampin but can also cause uveitis, skin 

hyperpigmentation, and neutropenia.

Rifapentine
7longer half-life than that of rifampin. 
7In combination with isoniazid, rifapentine may be used once weekly in patients with 

LTBI and in select HIV-negative patients with minimal pulmonary TB.

ÿþ'ÿþ 'F rifampin

7þþþO ÿþ ÿþþÿþ 
ÿ ÿþþÿû ÿþ ÿþÿþ 'ÿ/Nÿû 
ÿþ ÿþF 'F rifampin  

ÿþþþþþþ ¾þ 

'ÿþ ÿþ 'F rifampin 

 'ÿþþÿþ 'ÿþþ  ÿþþ¾þ latent tb. ÿþÿþþ ÿþþþ 
ÿþþÿÿþ mono therapy  G 'ÿþ ÿþþþÿÿþ 'F 

isoniazid  F 9 'ÿÿþ 'N ÿþþþþ ÿþþ 'F 
rifapentine  ÿþ ÿþþ/ 12 ÿÿþ ÿþG ÿþ 'ÿþþ? 

ÿþþþÿþ. 'F 
rifabutin 

->
have Aids & TB -

Rifabutin

-5-g

&

↳
nausea/vomiting rash..... ↳ form ofeye

↳ 515-5 ³neutrophil inflammation

Good for patents compliance.

S ↳
-

884.50 ↳y notsevere
we should give Rifabutin



Sofian Al Shboul ©

Pyrazinamide

" Orally. short-course agent used in combination with isoniazid, rifampin, 
and ethambutol. 

" MOA: unclear! 

" pyrazinoic acid is the active form (enzymatically hydrolyzed by 
pyrazinamidase)

" Active against tuberculosis bacilli 

" Penetrating the CSF. 

" May contribute to liver toxicity. 

" Uric acid retention is common.

" Most of the clinical benefit from pyrazinamide occurs early in treatment. 
Therefore, this drug is usually discontinued after 2 months of a 6-month 
regimen.

18

One of the first line drugs 

Good absorption ÿþþ7ÿû ÿþ 'ÿĀþ ÿþĀþ ÿþF duration 

of action ÿþÿþþ ÿĀÿĀû 

'ÿþþ ÿĀþþ ÿþþþ ÿþþþþþ 

!

 ¾þ 'ÿþþ' 
'ÿĀþ ÿþþþþ 

ÿþ 'ÿþN''
ÿþþþ ÿþþþ ÿþþþ 'ÿþþþÿþÿþ resistant  ÿÿþ ÿþ 7þÿþ ÿþĀWþ 'ÿþÿþ 
'ÿþþ pyrazinamidase ÿþþWþ ¾þ/ 'F pyrazinamidase acid   

ÿþþþ hepatitis  ÿþþ ÿþþþ 'ÿþ ÿþ 'ÿþþÿÿþ

ÿþþþ ÿþþþ gout  N 'ÿĀþ ¾þ '7ÿþþ? 'F uric acid in the blood  'N hyperuricaemia    ÿþþþ 'ÿþN'' ÿþĀþ 'F 
execrations  ÿþ? 'F uric acid  ÿþþþ retention  ÿþÿþû ? 'ÿĀþþ ÿþF ÿþ ÿþĀþû 

'F action ÿþÿþ ÿþĀþ ÿþþÿû N ÿþþÿþ ÿþþÿû ÿþ ÿþþþÿþN 'ÿþþ ÿþþþ/ 'ÿþþ. ÿþÿþ 'ÿ7ÿþ 'ÿÿþ ) ÿþþ 'NF ÿÿþÿþ ( 'ÿþþþÿþþ 'F 
ethambutol  N 'F pyrazinamide  N ÿþĀþþ ÿþ . 'F isoniazid and 

rifampin  ÿþÿþ 'ÿþþ. 'ÿþþþþ' 'F pyrazinamide  ¾þ 'ÿþ ÿþ ÿþþþþÿþ ÿþþ 
ÿþþ'ÿþ 'ÿþþ. ÿþÿþ 'ÿþ short course agent 
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Because it is metabolized by 

the liver
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Which of the following antimycobacterial drugs is 

inactivated by hepatic acetylation, the rate of which 

depends on genetic background? 

A. Streptomycin 

B. Ethambutol 

C. Rifampin 

D. Isoniazid 

E. Pyrazinamide

~



• A 56-year-old man reports tingling sensation in his limbs 

and that his arms sometimes feel heavy. He was recently 

diagnosed with pulmonary tuberculosis and has been 

receiving isoniazid, rifampin, pyrazinamide and ethambutol 

for two months. Which of the following drugs would be most 

appropriate to treat his current symptoms? 

A. Vitamin A 

B. Vitamin C 

C. Folic acid 

D. Pyridoxine 

E.Vitamin E

ÿþ ÿþþþ 'F isoniazid  N ÿþÿþþ  

'F PAS ÿþÿþ 'ÿþþ'. c 

ÿÿþ ÿþþN PNS ÿþþþÿû B6
L
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