


Principles of treatment in 

children 

 Cure the patient of TB 

 Prevent death from TB disease or its late effects 

 Prevent relapse of TB 

 Prevent the development and transmission of drug-
resistant TB 

 Reduce transmission of TB to others 

 Achieve all this with minimal toxicity 



 



 



 



The pharmacologic basis 

of therapeutics 

 FIRST LINE MEDICINES FOR TB (Group 1) in 

children 

 Isoniazid 

 Rifampicin 

 Pyrazinamide 

 Ethambutol 



Isoniazid (H) 

 MOA: Synthetic agent, pro-drug, activated within M. tuberculosis 
by the enzyme katG; INH-derived reactive intermediates form 
adducts with NAD+ and NADP+ block mycolic acid synthesis; 
katG gene encodes for mycobacterial catalase peroxidase and 
organisms lacking this gene do not synthesize catalase or 
peroxidase and show INH resistance 

 Resistance occurs at a rate of about 1 in 107 organisms 

 MIC = 0.01-0.25 ug/mL; bactericidal with MBC ~ MIC 

 With prolonged exposure, H produced a prolonged PAE (~ 5 days) 

 Lacks clinically significant cross-resistance with other TB drugs, 
except ethionamide  



Isoniazid (H) 

 PK(1): 

 Good absorption form GIT and IM; Food, including high-fat 
food, reduces oral absorption (Best on a empty stomach); H 
reacts with reducing sugars, limiting the choices for 
sweeteners for oral solutions to non-reducing sugars (sorbitol) 

 Tmax~ 0.5 – 2 hr after oral doses; Cmax ~ 3-5 ug/mL after 300 
mg doses and 9-15 ug/mL after 900 mg doses; Cmax MAY be 
lower in fast acetylators (due to greater first pass metabolism) 

 Widely distributed into most body tissues and fluids; Vd ~ 
0.7L/kg; low protein binding (~10%) and penetrates into CSF 
even in absence of inflammation (20-100% of plasma conc); 
crosses placenta and excreted in breast milk; enters 
macrophages and displays intracellular activity vs M. 
tuberculosis 



Isoniazid (H) 

 PK(2): 

 Extensively metabolized (esp. liver) to inactive compounds by 
acetylation and dehydrazination 

 NAT2 forms acetyl-INH, which is further metabolized to mono- 
and diacetylhydrazine 

 Slow acetylation is due a deficiency of NAT2 (autosomal 
recessive); Rapid acetylation can be heterozygous or 
homozygous 

 50% of white & black are slow acetylators; 80-90% of asians 
& alaskan indigenous are rapid acetylators 

 t1/2 of INH ~ 1-1.8 hrs in rapid acetylators and 3-4 hrs in slow 
acetylators; over 80% is excreted in urine in 24 hrs as 
unchanged drug or metabolites 



Isoniazid (H) 

 Outcomes in rapid vs slow acetylators: 

 Historically, acetylator status has not been correlated with 
treatment efficacy when H is given at least 2x/week 
(challenged recently) 

• Pasipanodya JG, Srivastava S, and Gumbo T. Meta-analysis of 
clinical studies supports the pharmacokinetic variability hypothesis 
for acquired drug resistance and failure of antituberculosis therapy. 
Clin Infect Dis 2012;55(2):169-77 

 Rapid acetylators receiving once weekly INH therapy had 
poorer outcomes 

• Iwainsky H. Mode of action, biotransformation and 
pharmacokinetics of antituberculosis drugs in animals and 
man. In: Bartman K (ed). Antituberculosis drugs. Berlin: 
Springer Verlag, 1988, 399-553. 

• Ellard GA and Gammon PT. Acetylator phenotyping of 
tuberculosis patients using matric isoniazid or 
sulphadimidine and its prognostic significance for treatment 
with several intermitted isoniazid-containing regimens. Br J 
Clin Pharmcol 1977; 4(1): 5-14 



Isoniazid (H) 

 Adverse effects & Drug interactions: 

 Subclinical hepatitis or hepatitis is independent of INH plasma levels 

 In combination with other anti-TB meds can produce additive effect (Z, R) 

 Rheumatologic complications (arthralgias) 

 Drug-induced lupus syndrome 

 Neuropathies due to formation of hydrazones preventing the conversion of 

pyridoxine to pyridoxal phosphate (slow acetylators & those receiving >8 

mg/kg/day at greater risk) 

 Overdose: CNS effects (psychosis, delirium, euphoria, somnolence), coma, 

seizures and possible death 

 Antidote: pyridoxine in doses equal to ingested isoniazid 

 Paracetamol toxicity; Histaminase inhibition in patients ingesting tuna and 

other fish; may affect anticonvulsants (phenytoin, carbamazepine, 

phenobarbital) 



Rifampicin (R) 

 KEY anti tuberculosis drug, allowing for ‘short-
course’ regiments of 6-9 months, due to excellent 
sterilizing activity. 

 Bactericidal vs M. tuberculosis and several other 
mycobacterial spp. (bovis and kansasii) 

 In vitro bactericidal activity is concentration 
dependent 

 Excellent sterilizing activity in vivo vs. semi-dormant 
M. tb, due to its rapid onset of action 



Rifampicin (R) 

 MOA: inhibits DNA-dependent RNA polymerase, blocking 
transcription  

 Resistance results from single AA substitutions in the βsubunit of 
RNA polymerase, altering the binding of RIF (degree of resistance 
depending on the location and nature of AA substitution) 

 Mutations leading to this resistance occur at a rate of 1 in 108 

 Higher doses as monotherapy does not prevent emergence of 
resistance 

 Subinhibitory concentrations enhance selection of resistant 
organisms 

 



Rifampicin (R) 

 PK (1) 

 At 600 mg, Cmax = 8-24 μg/mL, 2 hrs post dose 

 Food decreases Cmax by 36% and AUC by a lesser degree; 
concentration-dependent – give on empty stomach 

 Absorption of H and Z in FDC is not affected by combined 
formulations but R’s absorption is reduced by Z 

 Widely distributed in the body, Vd ~ 0.7 L/kg 

 Variable CNS penetration and better with inflamed meninges 

 Protein binding ~ 85% 

 Extensively metabolized by intestinal & hepatic esterases 
(deacetylated); t1/2 ~ 3-4 hrs (single dose) and ~ 2 hrs (steady state) 

 Main metabolite (desacetyl-RIF) are largely excreted in bile and 
eliminated in feces; 10% excreted in urine as unchanged drug 

 

 



Rifampicin (R) 

 PK (2) 

 Unlike other TB drugs, the dose is not increased to 

accommodate 2 or 3x weekly dosing regimens 

 Predominantly cleared by the liver, no dosage 

adjustment in renal impairment 

 Used safely in pregnant women 

 Crosses human placenta, and on rare occasions, 

fetal malformations have occurred 

 



Rifampicin (R) 

 AEs and DIs 
 Risk of hepatotoxicity with other anti-TB meds 

 Risk factors (advanced age, alcohol, DM, other 
hepatotoxic agents) 

 Other AEs: 

 ‘flu-like’ syndrome in the first 3 months of treatment (dose 
related & in intermittent dosing); thrombocytopenia, 
hemolytic anemia, ARF 

Profound inducer of CYP3A4, other hepatic & intestinal P450 
and other transporters – RULE OF THUMB: MOST 
HEPATICALLY METABOLIZED DRUGS WILL HAVE 
SHORTER HALF LIVES IN THE PRESENCE OF RIF 

 



Pyrazinamide (Z) 

 Contributes important sterilizing activity to the 

treatment regimens during the first two months of 

therapy 

 Used for longer duration in MDR-TB and synergistic 

with newer drugs for MDR-TB 

 



Pyrazinamide (Z) 

 MOA: pro-drug activated by the pyrazinamidase enzyme 
in mycobacteria 

 Useful activity only vs M. tb and M. africanum 

 Pyrazinoic acid appears to be the active moiety, although 
it is only the pyrazinoic acid created within tubercle bacilli 
that appears to be active because the organisms do not 
appear to take up significant amounts of the acid from 
their surroundings 

 Mutations in the pncA gene that encodes the 
pyrazinamidase enzyme are associated with PZA 
resistance 



Pyrazinamide (Z) 

 PK: 

 Most reliably absorbed TB drug 

 Tmax ~ 1-2hrs, concentrations generally increase linearly with 
dose 

 Most Cmax = 20-60 ug/mL, and as high as 90 ug/mL with larger 
twice weekly doses 

 Vd ~ 0.6 L/kg, and protein binding data unavailable 

 CSF penetration is good (50-100% plasma concentrations) 

 Metabolized to pyrazinoic acid and 5-OH-pyrazinoic acid, 
which do not appear to contribute to the activity 

 t1/2 ~ 9 hrs 

 While well absorbed in adults, may not be the same in 
children with HIV 

 



Pyrazinamide (Z) 

 AEs and DIs: 

 GI upset and arthralgias 

 Routinely increases plasma uric acid concentrations 
but not true gout (normal UA during PZA generally 
indicate non compliance) 

 Hepatotoxicity is the most important PZA associated 
toxicity 

 Not associated with significant drug interactions. And 
when co-formulated with RIF and INH, the absorption 
of RIF is decreased by ~ 13% 



Ethambutol (E) 

 Only the dextro-isomer of the chiral compound is used 
clinically, and it is active against only mycobacteria  

 MIC for TB is 0.5-2.0 ug/mL, and effects are not apparent 
for about 24 hours 

 EMB is bacteriostatic in clinical conditions  

 MOA: Inhibits arabinotransferases involved in the 
synthetic pathway of the mycobacterial cell wall 

 Mutations in the embB region, specifically codon 306, 
appear to be the most common source of EMB 
resistance 



 



Ethambutol in children 

 



 Serum concentrations of EMB maximal at ~2 hrs after dosing with peak 
concentrations following daily doses of 50 mg/kg & 23 mg/kg at 10 and 5 
μg/mL, respectively (serum concentrations were proportional to dose) 

 Approximately 80% of the drug is excreted unchanged in urine 

 Tmax is delayed (between 2-4hrs); Cmax lower after a meal than in fasting 
conditions (4.5 μg/mL vs 3.8 μg/L after 25 mg/kg EMB) 

 Tissue distribution is good with tissue concentrations higher than serum 
or plasma levels, except CNS 

 Serum concentrations lower in children vs adults following similar doses; 
even much lower concentration in younger vs older children 

 



 Age-related variations  

 Ratio of extracellular to intracellular and TBW falls 

throughout childhood (most rapid in the first 3 months of 

life) 

 Liver is the most important organ for biotransformation & 

ratio of liver volume to unit body weight declines throughout 

childhood & is 2x as great at 1 year old vs 14 years old 

 Glomerular excretion increase fairly rapidly following birth 

and reach adult values between 2.5 – 5 months 

 Somewhat delayed absorption due to binding in the GIT 



 



 



Ethambutol in children 

 In summary: Toxicity has not been encountered in children because of 

insufficient exposure to the drug – the serum EMB concentrations 

reached in children at the doses used are considerably lower than 

those reached in adults 





Recommended dosages 

 The following dosages of anti-TB medicines should 

be used daily for the treatment of TB in children: 

 Isoniazid (H)    10 mg/kg (R: 7-15 mg/kg); max: 300 mg/day 

 Rifampicin (R) 15 mg/kg (R: 10-20 mg/kg); max: 600 mg/day 

 Pyrazinamide (Z)  35 mg/kg (R: 30-40 mg/kg) 

 Ethambutol (E) 20 mg/kg (R: 15-25 mg/kg) 

 
• Rapid advice: treatment of tuberculosis in 

children. Geneva, World Health Organization, 

2010 (WHO/HTM/TB/2010.13) 



Fixed dose combination vs. liquid 

preparations 

 



 



Drug instability in 

formulations 

 Seifart et al. conducted a study on the suspensions of R, 
H and Z, in which the suspensions of the drugs alone and 
their combinations were stored at 4oC, 24oC, and 40oC 
for 28 days. 

 Suspensions had a pH range between 4.05 – 6.10 

 Different extents of decomposition were observed 
between suspensions of single drugs and mixtures of two 
and three drugs 

• Seifart HI, Parkin DP, Donald PR:  Stability 
of isoniazid, rifampin, and pyrazinamide in 
suspensions used for the treatment of 
tuberculosis in children. Pediatr Infect Dis J, 
1991 Nov; 10(11):827-31  



Stability of R, H and Z in suspension 

formulations 

Drugs 

present 

pH Conc 

(mg/mL) 

4oC 24oC 40oC 

R 4.05 5.88 91 96 91 

H 5.65 5.88 69 56 54 

Z 6.10 11.76 89 80 56 

R+H 5.45 5.88/5.88 14/54 - - 

R+Z 4.22 5.88/11.76 99 - - 

R+H+Z 5.23 5.88/5.88/

11.76 

3/54/95 - 2/29/95 



“Newer” drugs 

 



“Newer” drugs 

 



“Newer” drugs 

 



“Newer” drugs 

 



“Newer” drugs 

 



Bedaquiline (Sirturo™) 

 Diarylquinoline antimycobacterial drug 

 Recommended dosage is 400 mg orally once daily 

for the first 2 weeks, followed by 200 mg orally 3 x 

per week (with at least 48 hours between doses) for 

22 weeks (total duration of 24 weeks) 

 Most common side effects: QT Prolongation, 

hepatotoxicity and multiple drug interactions 

 



Delamanid (Deltyba™) 

 First in a new class of TB drugs called dihydro-
nitroimidazoles (inhibits the synthesis of 
mycobacterial cell wall components, methoxy 
mycolilc acid and ketomycolic acid) 

 Take on empty stomach.  Cmax~ 4-5 h.  T1/2 ~ 38 
hrs. Css ~ 10-14 days 

 Dose: 100 mg twice a day, for a period of six months 
(higher dose, higher cardiac adverse events QTc 
prolongation) 






