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Diagnosing Tuberculosis



Sites of TB Disease 

• Lungs

Extrapulmonary:

• Larynx
• Pleural effusion
• Kidneys
• Lymphatics
• Bones & joints
• Miliary (disseminated)



Signs & Symptoms Pulmonary TB

Pulmonary Symptoms:

• Productive prolonged cough of over 3 
weeks duration

• Chest pain

• Hemoptysis

Systemic Symptoms:

• Fever
• Chills
• Night sweats
• Appetite loss
• Weight loss
• Easy fatigability



Evaluation for TB Disease

• Medical history

• Physical examination

• Testing for TB infection

• Chest radiograph

• Bacteriologic or histologic exam



No CXR study shows findings specific for TB

• Cavitary process are more likely to be TB
•  

• Common mimics of TB =

• Non-tuberculous mycobacteria (NTM)
• fungal infection 
• bacterial abscesses
• necrotic neoplasm  (especially lung neoplasm)
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Primary Tuberculosis

• Hilar or paratracheal lymphadenopathy with or without a 
infiltrates is characteristic.

• Bilateral lymphadenopathy in up to 15%

• Lymphadenopathy may result in lobar atelectasis due to 
bronchial compression.



Primary Tuberculosis



Primary Tuberculosis



Primary Tuberculosis



Post primary or reactivation tuberculosis

• Cavitation is the hallmark, hematogenous dissemination 
(miliary), and bronchogenic spread (tree-in-bud)

• Fibrosis and calcification are seen after healing

• Characterized by upper lobes predilection, cavitation and 
absence of lymphadenopathy 

• Manifestations are: parenchymal disease, airway involvement, 
and pleural extension



Post primary or reactivation tuberculosis
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Post primary or reactivation tuberculosis



Tree in Bud……

http://www.jellosalad.com/pic/favorites/index.html



Post primary or reactivation tuberculosis



CXR – old healed TB

• Nodules & fibrotic lesions may 
      contain slowly multiplying bacilli =
      potential for progression 
   
• CXR consistent with old TB and 
      + TST/IGRA = high priority for LTBI
      treatment 

  
Calcified nodular lesions (calcified granuloma) 

pose a very low risk for future progression



CXR - special situations

• Pregnant women who are highly suspected of having TB and are 
being evaluated for active disease should undergo a CXR 
without delay, even during the first trimester 

• Patients suspected of extrapulmonary TB should have a CXR to 
R/O pulmonary TB



Yes!  You can X-ray a pregnant patient!



Bacteriologic and Histologic Examinations

When lung or larynx is site of disease:

• 3 sputum specimens for
     AFB smear and culture

• Collected 8-24 hours apart
      with at least one observed specimen    
    



Culture Yield

Brown et al Clin Iinfect Dis 2007(44):1415



Bacteriologic and Histologic Examinations

Extrapulmonary Specimens

• Urine
• Cerebrospinal fluid 
• Pleural fluid 
• Pus
• Biopsy specimens

    recovery poor

Do NOT collect 
specimens in Formalin 
or bacteriostatic saline!



Laboratory Examination

• AFB smear

• AFB culture

• Nucleic acid amplification test (NAAT)
• GeneXpert 
• Molecular Detection of Drug Resistance (MDDR)



Treatment of Tuberculosis



TB Infection Treatment Options

• CDC Recommended Treatment regimens:
• INH/Rifapentine x 3 months (3HP)

• Once weekly DOT x 12 weeks
• Average of 10 pills at once

• Rifampin x 4 months
• Daily (10 mg/kg: 600 mg max)

• INH +rifampin x 3 months
• INH daily (5 mg/kg: 300 mg max) + rifampin daily (10 mg/kg: 600 mg max)

• INH x 6-9 months
• Daily (5 mg/kg: 300 mg max) or BIW (15 mg/kg: 900 mg max)

ATS/IDSA/NTCA. November 2018.



Treatment of Culture-Positive Drug Susceptible 
Pulmonary TB

• General conclusions from the literature for HRZE regimen

• 6 mo (26 wk) is the MINIMUM duration of Rx
• 6 mo regimens require rifampin throughout and PZA for the first 2 

months
• 6 mo regimens are effective without INH 

• Treat with rifampin/PZA/ethambutol + a fluoroquinolone
• Intermittent regimens (2-3x/wk): 

• GIVEN by DOT ONLY
• Drug susceptible isolate
• Regimen contains INH and rifampin



Antituberculosis Drugs
(ATS/CDC/IDSA)

• First-Line drugs (RIPE)
• Isoniazid
• Rifampin
• Rifapentine
• Rifabutin*
• Ethambutol 
• Pyrazinamide  
*Not FDA approved for TB

• Second-Line Drugs
• Cylcoserine      
• Ethionamide      
• Levofloxacin*
• Moxifloxacin*
• PAS  
• Streptomycin
• Amikacin/Kanamycin 
• Capreomycin
• Bedaquiline   
• Delamanid 
• Pretomanid  



Treatment of Culture-Positive Drug Susceptible 
Pulmonary TB

• General conclusions from the literature:
• Without PZA - minimum duration is 9 months
• Without rifampin – basically, treat like MDR
• Streptomycin and ethambutol (EMB) are approximately equivalent in 

effect (BUT concern about increasing Streptomycin resistance among 
foreign born leads to preference of EMB for initial therapy)



ATS recommendations for treatment of 
tuberculosis

*
*



Treatment shortening regimen – 
Drug Sensitive TB

N Engl J Med 2021;384:1705-18. 

2234 participants (194 PLHIV, 1703 with cavity on CXR)
Randomized 1:1:1 to 3 arms

Noninferiority study 



Notes:
• HRZE dosed at standard doses
• Dosed daily, 7 days/week, observed 5 days/week
• Rifapentine 1200 mg (8 tablets)
• Moxifloxacin 400 mg 

Isoniazid (H)
Rifapentine (P)
Ethambutol (E)

Pyrazinamide (Z)

Isoniazid (H)
Rifampin (R)

Ethambutol (E)
Pyrazinamide (Z)

Isoniazid (H)
Rifapentine (P)

Moxifloxacin (M)
Pyrazinamide (Z)

Control
(2HRZE/4HR)

RPT
(2HPZE/2HP)

RPT/Moxi
(2HPZM/4HPM)

Study 31/A5349



N Engl J Med 2021;384:1705-18. 

6.6 %

Study 31 - Results



Safety and Efficacy Study 31/A5349

https://www.treatmentactiongroup.org/publication/an-activists-guide-to-shorter-treatment-for-drug-sensitive-tuberculosis/



Challenges associated with shorter 
treatment regimens

• Pill burden

• Tolerability (versus safety, efficacy)

• Familiarity with the regimen

• Drug shortages (first rifapentine, now INH)



TB Meningitis



Drug Penetration of CSF

Expert Review of Clinical Pharmacology, 12:3, 267-288



Drug Penetration of CSF

Expert Review of Clinical Pharmacology, 12:3, 267-288



Drug Penetration of CSF

Expert Review of Clinical Pharmacology, 12:3, 267-288



Intensified Regimen for TBM
(Adults)

N Engl J Med 2016;374:124-34.

15 mg/kg rifampin
20 mg/kg levofloxacin

10 mg/kg rifampin

Lancet Infect Dis 2013; 13: 27–35

Rifampin 600 mg IV vs 450 mg PO





Treatment of Drug Resistant TB



Standard of Care for Treatment of 
MDR TB pre-2019

• 20-24 months of treatment

• 6-8 months of an injectable

• 4-6 less effective second line drugs

• 50% cure, 10% mortality



BPaL Regimen
(Nix Trial)
Bedaquiline-Pretomanid-Linezolid

• Open label, single group study
• All oral regimen
• 109 patients with MDR or XDR TB unresponsive to 

treatment or intolerant of other second line 
treatment

• Primary end point: unfavorable outcome



N Engl J Med 2020;382:893-902.



BPaL Adverse Events



BPaL Adverse Events



ZeNix Trial

N Engl J Med 2022;387:810-23



ZeNix - Efficacy

\\



ZeNix – Safety Analysis



TB PRACTECAL

• Regimen 1: 
• bedaquiline + pretomanid + linezolid + moxifloxacin for 24 

weeks

• Regimen 2: 
• bedaquiline + pretomanid + linezolid + clofazimine for 24 

weeks

• Regimen 3: 
• bedaquiline + pretomanid + linezolid for 24 weeks



TB PRACTECAL



• 8041 patients starting bedaquiline-based treatment had samples collected at baseline, month 2, 
month 6

• Baseline BDQ resistance was 3.8% 
• BDQ naïve 72/2023, 3.6%
• Prior BDQ or clofazimine, 4/19, 21.1%

• BDQ resistance was associated with previous exposure to bedaquiline or clofazimine (OR 7.1)

• Rv0678 mutations were associated with resistance

• Resistance emerged in 12/695 (2.3%) of patients on treatment with median time to emergence of 90 
days (range 21-654 days)

• Successful treatment outcomes were lower in patients with bedaquiline resistance



TB Treatment Regimens

• TB Infection (LTBI)
 3HP, 4R, 3HR, 6H/9H
 1HP, 1.5P

• Drug susceptible TB
 RIPE, HPMZ

• Drug resistant TB
 Bedaquline, linezolid, FQ, pretomanid regimens



TB Drugs Cleared by the Kidneys

• Ethambutol (EMB)
• Pyrazinamide (PZA)

• Levofloxacin
• Cycloserine
• Anything that is injected

• Streptomycin
• Amikacin
• Capreomycin
• Kanamycin



Treatment Regimen:  
Active TB with renal insufficiency

• Renal insufficiency counted at CrCl <30

• Initial Phase (first two months):
• INH 300mg po daily 
• Rifampin 600mg po daily 
• Ethambutol 15-25mg/kg po thrice weekly 
• PZA 25-35mg/kg po thrice weekly
• Vitamin B6 50mg daily

• Continuation 
• INH and Rifampin x 4 – 7 months



Smear Negative Pulmonary TB

• Sputum has been collected and has resulted smear and 
culture negative

• Treatment recommendations are for RIPE x 2 months, then 
rifampin/isoniazid for 2 more months

• Consider leaving all 4 drugs or at least INH/rifampin/EMB



M. bovis

• Unpasteurized milk products
• Travel, food gifts from places where M. bovis rates are high

• Bladder instillation with BCG
• Fever, sterile pyuria!

• Resistant to PZA, susceptible to INH, rifampin and EMB
• Note: PZA monoresistance likely M. bovis or M. kansasii

• Treatment requires at least 9 months of therapy without PZA



Management of Treatment Interruptions

• Initial phase of therapy
– <14 days –complete standard # of doses
– >14 days – restart from the beginning

• Continuation phase
– >80% doses by DOT – if initial smear negative, may stop
– Repeat culture

• >3 month interruption restart from beginning
• <3 month interruption, culture positive, restart
• <3 month interruption, culture negative, give an additional 4 

months



Relapsed Tuberculosis

• Most relapses occur within the first 6 – 12 months after 
stopping therapy but some occur 5 or more years later

• Nearly all drug susceptible patients who were treated with a 
rifamycin and received DOT will relapse with drug susceptible 
organisms

• Treat with standard HRZE regimen

• Patients with a history of poor adherence, self administration 
or self administration should have additional sputum collected 
and careful selection of a treatment regimen



Medical Factors Associated With 
Relapse of Tuberculosis

• Cavitary TB
• Extensive disease on CXR; bilateral infiltrates
• Positive 2 month culture
• Associated medical conditions

• Diabetes
• HIV
• Malabsorption of TB drugs

• Tuberculous lymphadenitis
• Underweight at diagnosis and failure to gain
• Drug resistant disease
• Prior treatment for tuberculosis



Criteria to Be Considered Noninfectious….. 
For now

Patients no longer considered infectious if:

• 3 consecutive negative sputum smears 
• collected at least 8 hours apart 
• one early morning specimen

• TB symptoms have improved, AND

• Adhering to adequate treatment regimen ≥ 2 weeks (one 
week if smear negative to start)
• DOT – YES!
• Do you know drug susceptibilities?



Questions?
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