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SUMMARY

SETTING: The currently recommended dosages of ri-
fampicin (RMP), isoniazid (INH), pyrazinamide (PZA)
and ethambutol in children are extrapolated from adult
pharmacokinetic studies, and have not been adequately
evaluated in children.

OBJECTIVE: To describe the pharmacokinetics of RMP,
INH and PZA given thrice weekly in children with tu-
berculosis (TB), and to relate pharmacokinetics to treat-
ment outcomes.

METHODS: Eighty-four human immunodeficiency vi-
rus negative children with TB aged 1-12 years in Chen-
nai and Madurai, India, were recruited. Phenotypic INH
acetylator status was determined. Nutritional status was
assessed using Z scores. During the intensive phase of
anti-tuberculosis treatment, a complete pharmacokinetic
study was performed after directly observed administra-
tion of drugs. At 2 and 6 months, drug levels were mea-

sured 2 h post-dose. Drug concentrations were mea-
sured using high performance liquid chromatography
and pharmacokinetic variables were calculated. Multi-
variable regression analysis was performed to explore
factors impacting drug levels and treatment outcomes.
RESULTS AND CONCLUSIONS: Children aged <3 years
had significantly lower RMP, INH and PZA concentra-
tions than older children, and 90% of all children had
sub-therapeutic RMP C,,., (<8 pg/ml). Age, nutritional
status and INH acetylator status influenced drug levels.
Peak RMP and INH concentrations were important de-
terminants of treatment outcome. Recommendations
for anti-tuberculosis treatment in children should take
these factors into consideration.
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TUBERCULOSIS (TB) in children is an important
but neglected public health problem, with a global
estimate of about 0.5 million new cases and about
65000 deaths per year.! While outcomes are good in
most children, younger children face morbidity, and
there are increasing concerns about rising drug resis-
tance rates.?

In India’s Revised National TB Control Programme
(RNTCP), anti-tuberculosis treatment is given thrice
weekly and drug dosages are based on body weight.3
Recent reports suggest that the currently recommended
dosages of rifampicin (RMP), isoniazid (INH), pyra-
zinamide (PZA) and ethambutol (EMB) are inadequate
in children.*1° Young children experience significant
changes in the relative sizes of body compartments
and their pharmacokinetic profile.!.12 Genetic poly-
morphisms are reported to influence RMP (SLCO1B1)
and INH (NAT2) pharmacokinetics.13-17

For anti-tuberculosis treatment to be efficacious,
adequate plasma drug levels should be achieved; ther-

apeutic ranges have previously been determined in
adult pharmacokinetic and pharmacodynamic stud-
ies.18 We evaluated the pharmacokinetics of RMP,
INH and PZA in non-human immunodeficiency virus
(HIV) infected children with TB who were receiving
anti-tuberculosis treatment according to the RNTCP
guidelines in India, and related the drug pharmaco-
kinetic parameters to treatment outcomes.

METHODS

Patients

HIV-negative children aged 1-12 years attending
the out-patient TB treatment centres at the Institute
of Child Health, Chennai, the Government Hospital
of Thoracic Medicine, Chennai, and the Government
Rajaji Hospital, Madurai, were recruited. A diag-
nosis of TB (pulmonary and extra-pulmonary) was
made using standard RNTCP definitions, and patients
had received anti-tuberculosis treatment according
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to RNTCP guidelines for at least 2 weeks (six doses).
Individual drugs were made available in blister packs
for the entire 6 months as a ‘patient-wise box’ in four
different weight bands.

Parents/guardians gave informed written consent,
and children aged >7 years gave assent. The study
was approved by the Institutional Ethics Committees
of all the study sites.

Clinical assessment

Clinical examination and documentation of base-
line demographic data were performed for all the el-
igible children. Clinical history was collected from
the children’s RNTCP records. Adherence to anti-
tuberculosis treatment was assessed by questioning the
parent/guardian and reviewing the treatment card.
Anthropometric measurements (body weight, height,
head circumference and mid-arm circumference) were
taken on the day of the pharmacokinetic study. Clini-
cal management of patients was performed by site
physicians.

Determination of phenotypic isoniazid

acetylator status

Two ml of saliva was collected at 5 h after adminis-
tration of INH syrup at a dose of 2.5 mg/kg body
weight. Salivary INH was determined using high-
performance liquid chromatography (HPLC) and an
INH concentration of <0.3 wg/ml was indicative of
rapid acetylator status,!9:20

Pharmacokinetic study

The pharmacokinetic study was conducted in the in-
patient wards in the hospitals. On the day of the
study, serial blood samples (2 ml) at pre-dosing, 2, 4,
6 and 8 h were collected. The drugs were adminis-
tered by the clinic nurses under direct observation.
Children were asked to swallow the tablets with
water. For children who could not swallow, the tab-
lets were powdered, taken in a small quantity of
water and the entire contents were given to the chil-
dren. Plasma RMP and INH were measured at 2 h
post-dose at 2 and 6 months.

Drug estimations

Plasma INH, PZA and RMP concentrations were de-
termined by HPLC using validated methods.202! The
between- and within-run variations for all the drugs
were below 10%. The lower limits of quantification
(LLOQ) and lower limits of detection for RMP, INH
and PZA were respectively 0.25 pg/ml, 0.25 pg/ml and
1.25 pg/ml and 0.1 pg/ml, 0.1 pg/ml and 0.5 pg/ml.
Respectively 19%, 23% and 15% of samples were
below the LLOQ for RMP, INH and PZA. The actual
value was taken for analysis.

Calculation of pharmacokinetic variables

Peak concentration (Cp.) and time to attain Cpay
(Timax) were determined by visual inspection of data.

The linear trapezoidal rule was used to compute ex-
posure or area under the time concentration curve

(AUCyg).

Assessment of nutritional status

The Z scores for weight and height were computed
based on the child’s age and sex using the EPI-NUT
component of the Epi-Info 2002 software package,
version 3.4.3 (Centers for Disease Control and Pre-
vention [CDC], Atlanta, GA, USA) based on reference
median values of the National Center for Health Sta-
tistics, CDC.22

Treatment and follow-up

Children continued anti-tuberculosis treatment per
programme guidelines. Treatment outcomes were
noted; cured/treatment completion was considered as
favourable outcome, while failure, death and default
were taken as unfavourable outcomes.

Sample size

Based on the pharmocokinetic data from the study
by Schaaf et al. among children with TB,8 and using a
precision of 20% and o = 5%, the sample size was
estimated at 70. Considering a loss of 15% during
follow-up, the required sample size was 81 children.

Statistical analysis

Data analysis was performed using SPSS, version
14.0 (Statistical Product and Service Solutions, Chi-
cago, IL, USA). Shapiro-Wilks test showed that the
pharmocokinetic data were not normally distributed.
The Mann-Whitney U test was used to compare two
groups, while the Kruskal-Wallis test with Bonferroni
correction was used for multiple group comparisons.
The analysis was stratified by age groups: 1-3, 3.1-6,
6.1-9 and 9.1-12 years. Sub-therapeutic Cy,,x values
(RMP <8 pg/ml, INH <3 pg/ml, PZA <35 pg/ml)
were defined as per the National Jewish Medical Re-
search Centre study.23 The x2 test was used to test the
association between the proportion of children with
sub-therapeutic C,., of drugs and age (<3 years vs.
>3 years). Univariate and multivariable regression
analysis by stepwise method were performed to iden-
tify factors that influenced treatment outcome. Mul-
tiple regression analysis by backward elimination
method was used to determine factors that influenced
the Cn.x and AUCy_s of RMP, INH and PZA. P <
0.05 was considered statistically significant.

RESULTS

Eighty-four children were included in the study; their
demographic and clinical characteristics are shown
in Table 1. Extra-pulmonary sites included lymph
node TB, TB of the abdomen, spinal TB and brain tu-
berculoma. Respectively 22, 31 and 16 children had
stunting, underweight and wasting (Z scores < —2
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Table 1 Demographic and clinical features of study participants (N = 84)
Age 1-3 years Age 3.1-6 years Age 6.1-9 years Age 9.1-12 years Total
(n=17) (n=22) (n = 23) (n=23) (N = 84)
n (%) or n (%) or n (%) or n (%) or n (%) or
Details median [IQR] median [IQR] median [IQR] median [IQR] median [IQR]
Males 8 (50) 10 (45) 11 (48) 11 (48) 40 (48)
Body weight, kg 12 [10to 12] 15[13 10 17] 2117 to 22] 26 [23 to 30] 18 [13 to 23]
Rapid acetylators 7 (44) 3(14) 8 (35) 9(39) 27 (32)
Nutritional status
Height for age Z-score —1.4[-2.5t00.3] —-1.2[-20to -0.5] -06[-1.6t0 —0.3] —1.3[-2.11t0 —0.96] —1.2[-2.11t0 —0.3]
Weight for age Z-score —2.0[-2.6t00.3] —-1.8[-2.1t0 -0.6] —-14[-231t0—-0.8] —1.9[-25t0-1.1] —-18[-2.41t0—1.1]
Weight for height Z-score —1.4[-161t0 —0.003] —1.2[-1.8t0 —04] —1.7[-29to—-0.7] —0.2[—-1.8100.3] —1.2[-1.91t0 —0.3]
Mid-arm circumference, cm 14 [13 to 14] 15[14 to 16] 15[14 to 16] 16 [15 to 19] 15[14 to 16]
Head circumference, cm 47 [42 to 48] 49 [47 to 49] 50 [50 to 51] 51 [49 to 53] 49 [48 to 51]
Serum albumin, g/dl 3.8[3.6t04.2] 4.2 [3.6t04.4] 4.1[3.9t04.4] 4.1[3.5t04.5] 4.1[3.6t04.4]
Drug dose, mg/kg
RMP 9.4[6.9 to 12.5] 10.1[8.6t0 11.4] 10[8.8 to 10.7] 9.1[8.2t0 10.0] 9.9[8.3t0 11.2]
INH 9.4[6.9to 12.5] 10.1[8.6 to 11.4] 10[8.8 to 10.7] 9.1[8.2t0 10.0] 9.9[8.3t0 11.2]
PZA 31.0[23.1t0 40.7] 33.6[28.5 10 39.3] 33.3[29.4 t0 35.7] 30.4[27.4 t0 33.3] 32.9[27.8t0 37.2]

Duration of anti-tuberculosis

treatment, months 0.5[0.5t0 1] 0.75[0.5t0 1]

Regimen

Category | 10 (63) 12 (55)

Category I 0 1(5)

Category Il 6 (37) 9 (40)
Type of TB

Pulmonary 7 (44) 6 (27)

Extra-pulmonary 9 (56) 15 (68)

Both 0 1(5)

0.5[0.5t0 1] 1[0.5t0 1] 1[0.5t0 1]
11 (48) 15 (65) 48 (57)
0 2(9) 3(4)
12 (52) 6 (26) 33 (39)
3(13) 3(13) 19 (23)
19 (83) 20 (87 63 (75)
1(4) 0 2(2)

IQR = interquartile range; RMP = rifampicin; INH = isoniazid; PZA = pyrazinamide; TB = tuberculosis.

standard deviation). The drug doses received by these
children did not significantly differ from those for nor-
mally nourished children. The Cy (7.0 *= 2.9 pg/ml
vs. 4.6 = 2.2 pg/ml, P < 0.001) and AUCy_; (28.8 =
12.0 pg/mlLh vs. 15.6 = 7.9 pg/ml.h, P < 0.001)
were significantly higher in slow acetylators of INH.

The Cpax and AUC_g of all of the drugs were sig-
nificantly lower in children aged 1-3 years than in
the other age groups (P < 0.01); the drug pharmaco-
kinetics were similar in the three older age groups
(Table 2). The distribution of the C,,,x of RMP, INH
and PZA among the different age groups is shown in
Figure 1. Of the 84 children, 76 (90%) had subthera-
peutic RMP C,., (<8 pg/ml) across all age groups
(all children aged <3 years had subtherapeutic RMP
Cmax)- In the case of INH and PZA, respectively 10/84
(12%) and 31/84 (37%) had subtherapeutic C.«
(INH <3 pg/ml, PZA <35 pg/ml). A significantly

higher number of children aged <3 years had sub-
therapeutic concentrations than those aged >3 years
(INH 6/10 vs. 10/74, P = 0.003; PZA 14/31 vs. 2/53,
P < 0.001). The distribution of slow and rapid acety-
lators of INH and proportions of stunted/underweight/
wasted children in the 1-3 and 3.1-12 years age
groups were not significantly different. The mean
doses (mg/kg) of RMP and INH in these two age
groups were respectively 9.7 mg and 9.6 mg, while
the corresponding values for PZA were 31.5 mg and
32.7 mg; however, these differences were not statisti-
cally significant.

The Cp.x and AUC(_g of RMP, INH and PZA were
lower in children with stunting and underweight
compared to normal children; the differences were
statistically significant for RMP, INH and PZA for
stunting and RMP and PZA for underweight (P <
0.05). No significant difference in the C,,,x and AUCy_g

Table 2 Peak concentration and exposure of RMP, INH and PZA among different age groups

Age 1-3 years

Age 3.1-6 years

Age 6.1-9 years Age 9.1-12 years

Pharmakinetic (n=17) (n=22) (n=22) (n =23)
Drug variable median [IQR] median [IQR] median [IQR] median [IQR]
RMP Cnaxs HG/mI 3.1[2.4 to 4.0]* 5.5[4.4 t0 6.6] 7.0[4.2t07.7] 5.9[4.1t07.1]
AUCqg, pg/ml.h 15.0[9.6 to 19.2]* 25.9[18.4 to 32.5] 30.0[19.5t0 37.1] 31.8[18.8 to 38.1]
INH Cmax, Hg/ml 3.3[2.4t04.6]* 6.1[3.1t0 8.4] 6.3[4.4t09.0] 7.2 [5.6 t0 8.5]
AUCq_g, pg/ml.h 14.9 (7.2 to 19.5] 26.7 [12.5 10 40.7] 21.9[15.0 to 28.8] 28.7 [18.6 t0 40.6]
PZA Cinaxs HG/ml 30.4[26.2 to 33.4]* 38.5[31.41t044.2] 40.9 [38.3 t0 47.4] 38.0[30.1 t0 45.1]
AUCqg, pg/ml.h 175.9[131.5t0 193.9]* 226.5[132.2 to 265.3] 234.2 [207.4 to0 269.7] 221.8[194.7 to 256.6]

*Significant compared to other age groups based on the Kruskall-Wallis test followed by Bonferroni multiple comparison test, at a significance level of P < 0.01.
RMP = rifampicin; INH = isoniazid; PZA = pyrazinamide; Cyn.x = peak concentration; AUCq g = area under the time concentration curve.
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Figure 1 Distribution (dot-plot) of peak drug concentrations

among the various age groups, showing lowest levels in the
youngest age group. Dotted horizontal lines denote presumed
lower limit of therapeutic margin (RMP 8 pg/ml, INH 3 pg/ml,
PZA 35 pg/ml).20 Peak concentration of drugs are in pg/ml.
RMP = rifampicin; INH = isoniazid; PZA = pyrazinamide.

of RMP, INH and PZA was observed in children with
wasting compared to normal children (Figure 2).

Among factors such as age, body mass index
(BMI), serum albumin, INH acetylator status, weight
for age Z-score (WAZ), height for age Z-score (HAZ)
and weight for height Z-score (WHZ), multiple re-
gression analysis showed that age significantly influ-
enced the C,,, and AUCy_g of RMP, INH and PZA.
In addition, WAZ (underweight) had a significant in-
fluence on the C,, and AUCy_g of RMP and acetyl-
ator status on the C,,,, and AUC,_g of INH (P < 0.05;
Table 3).

TB treatment outcomes were available for 70 chil-
dren; 14 had migrated and could not be followed up.
Among the 70 children, 15 had unfavourable out-
comes: death (n = 1), relapse (n = 1) failure (n = 13).
The Cax, AUCyg, 2- and 6-month RMP and INH

10 , RMP

Peak concentration, pg/ml

12 | INH

10

Peak concentration, ug/ml
o

60 | PZA
50

w0 ]
30
20
10
0

[J Normal [l Stunted [J Underweight [ Wasted
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Figure 2 Stunted and underweight children have significantly
lower peak levels of anti-tuberculosis drugs (values are mean; ver-
tical bars denote standard deviation). * P < 0.05 vs. normal group.
RMP = rifampicin; INH = isoniazid; PZA = pyrazinamide.

concentrations were significantly lower in children with
unfavourable outcomes than in those with favour-
able outcomes (Table 4). There was a delay in the time
to attain C,, of RMP among unfavourable respond-
ers compared to favourable responders (P = 0.03).
The pharmacokinetics of PZA did not significantly dif-
fer between favourable and unfavourable responders.
A favourable outcome was achieved in 75% of the
children when RMP, INH and PZA C,,.x were within
the therapeutic range. This dropped to 56% when all
the drugs were below the therapeutic range; this dif-
ference was not significant, however. A higher propor-
tion of children aged =3 years had a favourable out-
come compared to those aged <3 years (84% vs. 54%,
P = 0.016). There was also a significantly higher
proportion of slow INH acetylators among children
with favourable outcome (89% vs. 60%, P = 0.005).
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Table 3 Multiple regression analysis showing factors
significantly influencing peak concentration and exposure
of RMP, INH and PZA

Factor* B (non-standardised)  95%Cl P value
RMP
Cmax: Hg/ml
Age 0.417 0.25t0 0.59 <0.001
WAZ 0.555 0.08 to 1.03 <0.05
AUCqg, ug/ml.h
Age 2.04 1.14t0 2.95 <0.001
WAZ 2.81 0.31t0 5.30 <0.05
INH
Cmax: Hg/ml
Acetylator status 2.719 1.45 to 3.99 <0.001
Age 0.403 0.19t0 0.62 <0.001

AUCqg, ug/ml.h

Acetylator status 13.670 8.49t0 18.85 <0.001
Age 1.292 043t02.15 <0.01
PZA
Crnax, Hg/ml
Age 1.201 0.23t02.18  <0.05
AUCQ,g, ug/mlh
Age 7.456 1.97t012.94 <0.01

*Age, acetylator status (for INH), BMI, serum albumin, HAZ, WAZ and WHZ
(all were significant at < 0.1 level on univariate analysis). Multiple regression
analysis by stepwise method was used.

RMP = rifampicin; INH = isoniazid; PZA = pyrazinamide; C| = confidence in-
terval; Crnax = peak concentration; WAZ = weight-for-age Z-score denoting
underweight; AUC, g = area under the time concentration curve; BMI = body
mass index; HAZ = height for age Z-score; WHZ = weight for height Z-score.

However, the proportion of children with stunting,
underweight and wasting did not significantly differ
between favourable and unfavourable responders
(P values respectively 0.11, 0.063 and 0.073).

In univariate analysis, age, BMI, serum albumin,
INH acetylator status, WAZ, HAZ, WHZ and C,.y
of RMP, INH and PZA, were tested for association
with treatment outcome. Those variables with P <
0.10 (Cpax of RMP and INH, WAZ, INH acetylator

status and serum albumin) were fed into the multiple
logistic regression model using the stepwise method.
Among these, the C,,, of RMP (adjusted odds ratio
[aOR] 1.5, 95% confidence interval [CI] 1.1 to 2.1,
P = 0.014) and INH acetylator status (aOR 4.2,
95%CI 1.1 to 15.4, P = 0.033) were found to signifi-
cantly impact treatment outcome.

A significant (decreasing) trend (P < 0.001) in the
2-h concentration of RMP (P < 0.001) and INH
(P < 0.01) was seen over time (baseline, 2 months
and 6 months).

DISCUSSION

Our findings of low anti-tuberculosis drug levels in
children receiving standard short-course chemotherapy
according to RNTCP guidelines in India, and their
impact on treatment outcome, highlight the impor-
tance of considering children’s dosage requirements
separately. Data on anti-tuberculosis drug pharmaco-
kinetics in children globally are limited, and there are
none in Indian children treated under the RNTCP
with intermittent regimens.

Differences in absorption, distribution, metabolism
and excretion due to growth and development in chil-
dren are known to have a profound effect on serum
drug concentrations.2* In addition, drug levels are in-
fluenced by other factors such as sex, ethnicity, ge-
netic and nutritional status, HIV infection, drug-drug
interactions and drug-food interactions.46,16,17,25-32

Children aged <3 years had markedly lower drug
levels, despite receiving similar drug doses on mg/kg
basis to older children. This is probably due to faster
elimination of drugs by infants and younger chil-
dren due to the relatively greater mass of the liver in
proportion to total body weight. Several studies have

Table 4 Comparison of drug levels between children with favourable and unfavourable TB treatment outcomes

Unfavourable outcome

Favourable outcome

n median [IQR] n median [IQR] P value*
RMP
Crnax, /Ml 15 3.4[2.51t04.2] 55 5.9 [4.41t07.1] 0.002
AUCqg, pg/ml.h 15 14.0[9.2 to 22.4] 55 29.4[18.0 to 34.4] 0.003
Trmax, N 15 4 (2 to 4] 55 2 [2 to 4] 0.007
Occasion 1 (2-h) 15 2.2[0.6t03.9] 55 5.7[3.4t07.1] 0.003
2 month (2-h) 14 3[1.0t04.7] 48 4.3[2.9106.6] 0.024
6 month (2-h) 14 0.6[0.2 t0 1.9] 47 3.7[2.1t04.8] <0.001
INH
Crnaxs Hg/ml 15 4.3[2.51t06.3] 55 6.3 [4.2 t0 8.4] 0.031
AUCqg, pg/ml.h 15 15.7 [9.6 to 21.4] 55 25.4[15.3 t0 35.2] 0.017
Traxs 15 2 [2 to 4] 54 2 [2 to 4] NS
Occasion 1 (2-h) 15 3.8[1.6t05.4] 55 6.2 [3.5t0 8.4] 0.010
2 month (2-h) 14 2.3[1.0t03.8] 48 6.3[4.2t08.7] <0.001
6 month (2-h) 14 1.4[0.6 t0 2.1] 47 5.1[2.6t0 6.4] <0.001
PZA
Crnaxs HQ/ml 15 30.7 [25.9 t0 42.5] 55 39.4[32.6 to 44.1] NS
AUCqg, pg/ml.h 15 190.4 [159.1 to 223.2] 55 221.8[185.5to 257.7] NS
Traxs 15 2 [2 to 4] 55 2 [2 to 4] NS

*Mann-Whitney U test.

IQR = interquartile range; RMP = rifampicin; Cy. = peak concentration; AUC, g = area under the time concentration curve; Tr.x = time to attain peak concen-

tration; INH = isoniazid; NS = non-significant at 5% level; PZA = pyrazinamide.
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reported low RMP, INH and PZA concentrations in
younger children.67:1032 Qur findings of subtherapeu-
tic RMP C,,., in the majority of children across all
age groups and that of INH and PZA in younger
children are a matter of concern. Neither INH acetyl-
ator status nor nutritional status confounded this ob-
servation. Sustained suboptimal drug levels could
predispose to development of drug resistance and
poor treatment outcomes. This suggests the need to
increase paediatric doses of RMP, INH and PZA; it
would be preferable to calculate drug doses based on
body surface area rather than body weight.+”

Drug disposition and nutritional status have close
interaction. The pathophysiological changes associ-
ated with malnutrition can alter pharmacokinetic
processes, drug responses and toxicity.33 Our finding
of lower drug levels in stunted and underweight chil-
dren than in normally nourished children is similar to
that reported by Graham et al., who showed PZA,
but not EMB levels, to be lower in malnourished chil-
dren.1® The observation of age and malnutrition be-
ing significant predictors of anti-tuberculosis drug
levels has been reported previously in children on daily
treatment.68:10 These variables therefore appear to be
important, regardless of the rhythm of administra-
tion of drugs.

Most previous pharmacokinetic studies did not cor-
relate drug concentrations with treatment outcomes;
hence, the significance of subtherapeutic plasma con-
centrations in relation to therapeutic efficacy was un-
clear. This study demonstrated that unfavourable re-
sponders had lower C,,., and exposure of RMP and
INH at different time points of treatment than fa-
vourable responders. Although RMP concentrations
were low in most children, adequate INH and PZA
concentrations could have helped in achieving satis-
factory treatment outcomes. There were significantly
higher proportions of children aged <3 years and
rapid acetylators among unfavourable responders. Us-
ing Monte Carlo simulations, Jeena et al. concluded
that individualising INH doses should be considered
based on disease process, age and acetylator status
in children.3! Slow and rapid acetylators have been
shown to differ in the speed of sputum smear and
culture conversion.3*

The cut-off values used to define subtherapeutic
drug levels were those validated by the National Jew-
ish Medical Research Centre.2> While these values
are commonly used, there is no evidence that they are
optimal in terms of efficacy.

In 2010, the World Health Organization (WHO)
issued revised anti-tuberculosis drug dosage rec-
ommendations for children, with daily doses being
increased from 10 to 15 mg/kg for RMP, from 5 to
10 mg/kg for INH and from 25 to 35 mg/kg for PZA.
Thee et al. compared the pharmacokinetics of RMP,
INH and PZA between previous and revised WHO
doses in children aged <2 years, and provided sup-
portive evidence for the implementation of the re-

vised WHO guidelines in younger children, showing
that higher doses produced therapeutic drug levels.!8
However, treatment outcomes and occurrence of tox-
icity were not noted in this study. A recent study from
Venezuela has provided supportive evidence for the
implementation of the revised WHO paediatric TB
drug dose recommendations.3s This study also ob-
served that younger children had significantly lower
drug levels than older children, a finding similar to
the present study.

In the RNTCP, new paediatric patients diagnosed
with TB are initiated on treatment, with doses of
10 mg/kg for INH and RMP, 30-35 mg/kg for PZA
and 30 mg/kg for EMB given thrice weekly. Children
are divided into four weight bands: 6-10 kg, 11—
17 kg, 18-25 kg and 26-30 kg. Patients receive the
patient-wise box appropriate for their body weight;
the same doses are given to all children within a par-
ticular weight band. Apart from overall underdosing,
drug levels are likely to vary between children at the
extremities of each weight band. Concerns have been
raised about the current dosing strategy used in the
RNTCP.36 While daily regimens are used globally to
treat TB in adults and children, the Indian Govern-
ment’s programme uses an intermittent regimen. Com-
parison of the data in this study with those from our
adult studies showed that peak concentrations and
AUCs of INH and RMP were lower in children.3”

This is the first study to report on the pharmaco-
kinetics of RMP, INH and PZA in children with TB
treated with intermittent regimens, and to relate drug
levels to treatment outcomes. This study has demon-
strated that age (<3 years), acetylator status (rapid)
and nutritional status (stunting and underweight)
could influence drug pharmacokinetics, which could
in turn influence treatment outcome. Drug doses may
have to be increased, particularly for the youngest
and lightest children. Future recommendations for
anti-tuberculosis treatment in children should con-
sider age, acetylator status and nutritional status to
achieve optimal treatment outcomes.
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RESUME

CONTEXTE : Les dosages actuellement recommandés
pour la rifampicine (RMP), I'isoniazide (INH), le pyra-
zinamide (PZA) et ’éthambutol chez les enfants sont
extrapolés a partir des études pharmacocinétiques chez
I’adulte et n’ont pas été évalués de maniére appropriée
chez les enfants.

OBJECTIF : Décrire la pharmacocinétique de la RMP,
de 'INH et du PZA administrés trois fois par semaine
chez les enfants atteints de tuberculose (TB) et mettre
la pharmacocinétique en relation avec les résultats du
traitement.

METHODES : On arecruté 84 enfants, agés de 1 a 12 ans,
séronégatifs pour le virus de 'immunodéficience hu-
maine et atteints de TB a Chennai et Madurai, Inde. Le
statut phénotypique d’acétylateur de 'INH a été déter-
miné. L’état nutritionnel a été évalué par des scores Z.
Au cours de la phase intensive du traitement TB, on a
mené une étude pharmacocinétique compléte apres ad-
ministration directement observée des médicaments. On

a mesuré les niveaux de médicaments 2 h apres leur ad-
ministration a 2 mois et a 6 mois. Les concentrations
médicamenteuses ont été mesurées par chromatographie
liquide a haute performance et ’on a calculé les variables
pharmacocinétiques. On a mené une analyse de régression
multivariée pour explorer les facteurs influencant les
niveaux de médicaments et les résultats du traitement.
RESULTATS ET CONCLUSIONS : Les concentrations de
RMP, INH et PZA sont significativement plus faibles
chez les enfants 4gés de <3 ans que chez les enfants plus
agés. De plus, la C,,,, est inférieure aux valeurs thérapeu-
tiques pour la RMP chez 90% des enfants (<8 wg/ml).
Les niveaux de médicament sont influencés par I’age, le
statut nutritionnel et le statut d’acétylateur de 'INH.
Les pics de concentration de RMP et d’'INH sont d’im-
portants déterminants du résultat du traitement. Ces
facteurs devraient étre pris en considération pour les re-
commandations concernant le traitement antitubercu-
leux chez les enfants.

RESUMEN

MARCO DE REFERENCIA: Las posologias de rifampicina
(RMP), isoniazida (INH), pirazinamida (PZA) y etam-
butol que se recomiendan en la actualidad a los nifios
provienen de extrapolaciones de los estudios de farmaco-
cinética realizados en adultos y no se han evaluado ade-
cuadamente en la poblacion infantil.

OBJETIVO: Describir la farmacocinética de la RMP, la
INH y la PZA, cuando se administran tres veces por se-
mana a los nifios con tuberculosis (TB) y correlacionar
la farmacocinética con los desenlaces terapéuticos.
METODOS: Participaron en el estudio 84 nifios de Chen-
nai y Madurai, en la India, con TB y examen seroldgico
negativo frente al virus de la inmunodeficiencia humana,
cuya edad oscil6 entre 1 afio y 12 afios. Se determino el
fenotipo de acetilacion de la INH. El estado nutricional
se evalué mediante las puntuaciones Z. Durante la fase
intensiva del tratamiento antituberculoso se llev a cabo
un estudio farmacocinético completo, después de una
observacion directa de la administracién de los medica-

mentos. A los 2 y los 6 meses de tratamiento se midieron
las concentraciones de medicamentos 2 horas después
de la administracion mediante cromatografia liquida de
alta eficiencia y se calcularon las variables farmacociné-
ticas. Un analisis de regresion multifactorial permitio
analizar los factores que influian sobre las concentracio-
nes de medicamentos y los desenlaces terapéuticos.
RESULTADOS Y CONCLUSIONES: Los nifios <3 afos
de edad presentaron concentraciones de RMP, INH y
PZA significativamente inferiores que los nifios >3 afios.
Ademas, se observo en el 90% de todos los nifios una con-
centracion maxima de RMP inferior a la Cp,y (<8 pg/ml).
La edad, el estado nutricional y el fenotipo de acetila-
cion de la INH influyeron sobre las concentraciones maxi-
mas de RMP e INH y fueron factores determinantes im-
portantes del desenlace terapéutico. Las recomendaciones
de tratamiento antituberculoso en los nifios deben tomar
en consideracion estos factores.
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