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Therapeutic Drug Monitoring in Pediatric Patients
Treated with Anti-Tuberculosis Medications by High
Performance Liquid Chromatography
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ABSTRACT: The aim of this study is to perform therapeutic drug monitoring for isoniazid (INH), rifampicin (RIF), and
pyrazinamide (PZA) in pediatric tuberculosis patients. The study was carried out in 3 different training-research
hospitals in Istanbul, Tiirkiye between 2011 and 2012. The pediatric patients (aged <14 years) who initiated the standard
primary anti-tuberculosis therapy were included in this study. The serum samples were collected 3 hours after the first
medication doses were given on the 5th day of treatment. Chromatographic experiments were performed on an Agilent
1100 High-Performance Liquid Chromatography (HPLC) system, and the separation was carried out on a Nova-Pak Cis
(3.9x150 mm, 5 pm, Merck) analytical column. In this HPLC method, the gradient elusion delivered 3% to 40% (v/v)
acetonitrile in phosphate buffer was used, and diode array detector. Twenty-three children (60.9% male) patients were
included with a mean age of 111.70 + 59.94 months. Plasma levels were measured sub-therapeutically for INH in 14, RIF
in 10, and PZA in 5 patients, according to the normal range of adult patients. Maximum plasma concentrations after
three hours were found between 0.53-14.02 mg/L for INH, 11.17-60.39 mg/L for PZA, 2.15-16.75 mg/L for RIF. In
conclusion, this method has been successfully applied to simultaneously determine RIF, INH, and PZA plasma levels in
pediatric tuberculosis patients. RIF and INH plasma levels were found to be lower in pediatric patients with tuberculosis
compared to target range of adult patients.
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1. INTRODUCTION

Tuberculosis (TB) is one of the most causes of death globally [1, 2]. Tuberculosis has been declared a
global emergency by the World Health Organization (WHO) since 1993 [3]. It was estimated that there were
nearly 10 million new cases and 1.2 million deaths in 2019 [4]. Tuberculosis was a much more severe
problem in the past; today, there are many alternatives for treatment [5]. Medications such as isoniazid
(INH), pyrazinamide (PZA), ethambutol (EMB), and rifampicin (RIF) are recommended for the first-line
treatment of tuberculosis [6, 7]. The therapy regimen for TB patients is recommended with these first-line
antituberculosis medications for the first two months; then, the regimen is continued for the next four
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months with isoniazid and rifampicin [8]. Although these regimens are quite efficient for most medication-
susceptible TB patients, some patients experience some difficulties such as poor response, drug-drug
interactions, adverse effects, and bacterial resistance [9, 10].

Therapeutic drug monitoring (TDM) is the measurement of serum/plasma concentrations of
medications to determine each patient’s therapeutic dosage [11, 12]. TDM is used primarily in patients at
high risk of treatment failure or delayed response to improve treatment response in individual TB patients
[13].

The use of TDM in TB patients has many benefits, such as evaluating potential drug-drug
interactions, determining concordance to therapy, preventing antimicrobial resistance, and avoiding toxicity
[14]. By monitoring medication levels, the aim is to provide maximum therapeutic benefit and minimum
toxic effect in treatment [15]. Although it is widely recognized that children's pharmacokinetics differ
significantly from adults', pharmacokinetic studies in children are often not performed. Therefore, there is a
need for TDM of anti-TB medications in children [16]. The most common advantages of TDM in pediatric
patients were: evaluation of treatment effectiveness, avoiding potential adverse events, and providing
medication adherence [17].

To analyze medications in different biological samples are required an efficient separation technique
and a sensitive detection method. High-performance liquid chromatography (HPLC) is one of the most
efficient and robust separation techniques due to its convenience, simple operation, strong separation ability,
and wide sample application [18]. The main goal of this study was to develop a method for determining the
plasma concentration of INH, RIF, and PZA in pediatric patients with tuberculosis by using the RP-HPLC
method developed previously by Unsalan et al [19]. The secondary aim of the study was to classify the
plasma concentration of the anti-tuberculosis medications according to the normal range.

2. RESULTS

Twenty-three pediatric patients receiving primary tuberculosis treatment were included in this
study. The mean age of the children was 111.70 £ 59.94 months (min-max: 6-192 months), and the mean body
weight was 32.00 + 13.65 kg Fourteen (60.9%) were male. Of them, 30.4% had any Bacille Calmette-Guérin
(BCG) vaccination scar. While 18 patients were diagnosed with pulmonary tuberculosis, 5 patients were
treated for extra-pulmonary tuberculosis.

Acetonitrile in phosphate buffer was used as the mobile phase. All medications (INH, PZA and, RIF)
and internal standard (acetanilide) resolved satisfactorily in the mobile phase, and their signals were
determined separately without any masking interfering peaks from medication-free plasma. The analytical
run was completed with gradient elusion at 20 min because of this good separation. The retention time of
INH, PZA, and RIF were detected at 3.8, 4.6 and, 10.2 minutes, respectively. All signals were recorded by a
diode array detector at the different wavelengths: 215, 248, 261 and, 475 nm. However, the optimum
wavelength was found, especially 261 nm, to determine PZA, RIF, and INH. It was given the chromatograms
of blank plasma and plasma samples of the patient receiving PZA, RIF, and INH in Figure 1.
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Figure 1. Chromatograms of blank plasma (A, C) and plasma samples of the patient receiving INH (B) and
PZA, RIF (D).

Isoniazid, pyrazinamide, and rifampicin blood levels of 23 pediatric patients receiving primary
tuberculosis treatment are given in Table 1. The percentage of patients outside the therapeutic range based
on the adult reference range is shown in Table 2. Comparative analyzes according to sociodemographic
characteristics such as age and gender and tuberculosis type are presented in Table 3.

Table 1. Therapeutic concentration of INH, RIF, and PZA in pediatric patients (n=23)

Medications Median Cmax (IQR) at Range (Min-Max) for Adults’ normal range
3h Cmax, mg/dL mg/dL[20]
mg/dL
INH 2.41 (1.88-7.42) 0.53-14.02 3-6
RIF* 4.60 (2.61-9.44) 2.15-16.75 8-14
PZA* 32.12 (14.70-49.74) 11.17-60.39 20-50

Cmax: The maximum plasma concentration, IQR: Inter quartile ratio
*Values <LOQ (Limit of Quantitation) were not included in the analysis.

Table 2. The classification of pediatric patients” plasma concentrations of anti-tuberculosis medications according
to the adults'normal range (n=23)

Medications = Number of patients with sub- Number of patients with supra-
therapeutic plasma levels therapeutic plasma levels
n (%) n (%)
INH 14 (60.9) 4 (174)
RIF 10 (43.5) 2(8.7)
PZA 5(21.7) 2(8.7)
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Table 3. Comparison of plasma concentrations of anti-tuberculosis medications according to the patients’

sociodemographic characteristics (n=23)

Characteristics Median Cmax (IQR) at 3h
mg/dL
INH RIF PZA
Gender Female 3.98 (1.83-10.86) 3.59 (2.28-13.71) 35.85 (16.14-49.59)
Male 2.38 (1.62-6.30) 6.19 (3.19-9.44) 31.22 (14.38-51.26)
p NS NS NS
Age 12 years and over 3.43 (2.29-10.37) 5.39 (2.91-10.34) 33.98 (14.38-56.69)
<12 years 1.60 (0.60-5.05) 2.63 (1.98-9.42) 22.28 (13.421-39.83)
p 0.048* NS NS
Type of Tuberculosis ~ Pulmonary 2.38 (1.50-7.75) 4.60 (2.64-11.25) 24.43 (13.45-44.97)

Extra-pulmonary

p

3.98 (2.41-7.57)
NS

4.90 (1.88-14.47)
NS

47.32 (36.58-59.25)
NS

*p<0.05, statistical significance, NS: Non-significant

The validation parameters of linearity, system appropriateness, accuracy, and recovery were tested
by using the previous method. The correlation coefficients have been calculated in a concentration range of
0.9-15 mg/L for INH (r=0.9975), 8-80 mg/L for PZA (r=0.9984), 4.5-45 mg/L for RIF (r=0.9983). The
percentages of relative recovery were in the range of 91.5-111.2 of nominal values of INH, PZA, and RIF. The
relative standard deviations (RSD%) for three different concentrations of INH, PZA, and RIF in plasma in
the same-day study varied 1.6-3.93 mg/dL, 2.85-3.37 mg/dL, and 2.86-11.07 mg/dL, respectively, whereas
those in the day-to-day study varied 1.67-3.34 mg/dL, 2.71-10.22 mg/dL, and 2.24-7.13 mg/dL respectively.
The lower limits of quantification were 0.6 mg/L for INH, 1.5 mg/L for PZA, and 0.7 mg/L for RIF [19]. In
conclusion, the method we applied in pediatric patients was sensitive and reliable for routine TDM of INH,
PZA, and RIF.

3. DISCUSSION

A previous study in tuberculosis patients showed that the method for monitoring INH, PZA, and
RIF using HPLC is valid and reliable. It was demonstrated that this method could be applied in the daily
practice of TDM in the poor response of tuberculosis patients. In our previous study, blood samples taken
from 25 adult patients were studied, and plasma concentrations of INH, PZA, and RIF were measured using
the developed and validated method. Therefore the INH, RIF, and PZA peaks showed no interference from
the endogenous components. As a result of the previous study, plasma concentration ranges were
determined as 0.98-6.27 mg/L for INH, 11.05-47.26 mg/L for PZA, and 5.09-33.20 mg/L for RIF [19]. We
applied the same method to blood samples taken for pediatric patients in this study. This method, which our
research group developed, was successfully applied in this study.

Antituberculosis medications in children have a wide pharmacokinetic variability and may have
serum concentrations below the therapeutic level because of their continuous growth and development. A
study in Africa found that the new WHO-recommended doses of rifampicin and pyrazinamide did not reach
adequate serum concentrations in children under 12 kg. In particular, serum rifampicin levels were lower in
children than adults, regardless of weight [21, 22]. Another study carried out in India assessed the serum
concentrations achieved with isoniazid (10 mg/kg) and pyrazinamide (35 mg/kg) and compared them to
nutritional status and age. The Cmax of INH in children <3 years was 3.18 ng/mL, and for children,>3 years
was 3.05 pg/mL. The Cmax of PZA for children <3 years was 29.22 pg/mlL, and for >3 years was 37.12
pg/mL. While the pyrazinamide concentration was lower in children under the age of three, isoniazid did
not show a significant difference when theis variable was evaluated. In addition to, higher doses of INH in
the revised WHO protocols have demonstrated adequate medication levels, particularly in younger children.
However, increasing the dose of PZA did not significantly increase the Cmax values in children <3 years
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[23]. In our study, no difference was observed between the plasma levels of drugs in terms of gender and
tuberculosis type. Consistent with the literature, although plasma drug levels were lower in patients
younger than 12 years of age compared to children aged 12 years and older, this difference was only
significant in terms of INH levels.

Kumar et al. found pyrazinamide concentrations in 22 children, 45% below the therapeutic range,
32% within the therapeutic range, and 23% above the therapeutic range. The range values of pyrazinamide
were found variations [24]. In our study, PZA levels in 23 pediatric patients were below the therapeutic
range in approximately 22%, within the therapeutic range in about 70%, and above the therapeutic range in
around 9%. Although PZA levels in our study were different from those in the Kumar study, the number of
patients with subtherapeutic levels of RIF and INH was high.

WHO revised dosing guidelines for children under 12 years of age in 2010 after studies showed
lower medication exposure in children than adults treated with the same mg/kg doses, Doses of rifampin
were increased by 50% to 15 (10-20) mg/kg, for isoniazid to 10 (7-15) mg/kg by 100%, and 35 (30-40) mg/kg
for pyrazinamide. Recent studies evaluating these doses show that although higher pediatric weight bands
achieve similar mean rifampin and pyrazinamide exposure to adults, children under 12 kg remain below
that in adults [22, 25, 26]. According to the results of these studies and our results demonstrated that the
maximum plasma concentrations of INH and RIF in children have been reported to be low and variable.
Based on the results of our study in line with the studies in the literature and the recommendations of the
WHO, we think that drug doses should be reconsidered in pediatric tuberculosis patients.

There are some barriers to TDM in children with tuberculosis, and therefore it has not become
widely applicable. Some of these obstacles are; the lack of a definite blood level in children and the fact that
it is usually compared with adult levels, parents' reluctance to collect blood from children, laboratory
conditions, and high cost [27]. However, since we are faced with the fact that drug levels may be low in
children with tuberculosis despite dose revisions, we think that TDM will be beneficial, at least in children
who do not respond adequately to treatment.

This study has some limitations: Although the study was multicenter, the number of patients was
relatively low. Therefore, the relationship between low plasma drug concentrations and some clinical
conditions could not be analyzed. It is not possible for these results to reflect all children with tuberculosis.

4. CONCLUSION

This study highlights the appropriateness of the HPLC method for monitoring antituberculosis
medications in pediatric patients with tuberculosis. In addition, therapeutic plasma levels of anti-
tuberculosis medications were lower and more variable in pediatric patients than in adult patients. The
findings of this study contributed to the crucial role of TDM in pediatric patients receiving anti-tuberculosis
treatment for individual management of tuberculosis.

5. MATERIALS AND METHODS

5.1. Chemicals

Active ingredients INH, PZA, and RIF were obtained from KOCAK FARMA (Istanbul, Turkey).
Acetanilide, potassium dihydrogen phosphate and trichloroacetic acid (TCA) were obtained from Sigma-
Aldrich (St. Louis, MO). Acetonitrile and methanol were HPLC grade and supplied from Merck (Darmstadt,
Germany). HPLC grade water was prepared from a Milli-Q RG system (Molsheim, France).

5.2. Apparatus and Chromatographic Condition

HPLC analysis was carried out using the Agilent 1100 Series (Waldbronn, Germany). The
parameters of the study were determined as 3.9x150 mm Nova-Pak C18 column with 5 pm particle size,
diodearray detector at four different wavelengths (215, 248, 261, and 475 nm), mobile phase as potassium
dihydrogen phosphate, and acetonitrile, and flow rate of 0.8 ml/min at 25 °C. Gradient elution was
accomplished using 10 mmol potassium dihydrogen phosphate (pH 6.24) as solvent A and acetonitrile as
solvent B for better separation. The gradient elution system of 0-1 min, 0-3% B; 1-5.5 min, 3-40% B; 5.5-12
min, 40-3% B; 12-20 min, 3-3% B was designated. The latter composition, at least 8 min, was maintained.
Chromatographic data were recorded using Agilent Chemstation software.
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5.3. Preparation of Standard Solutions

INH, PZA, and RIF stock solutions were prepared for 1 g medication/1L water concentration. The
calibration concentration ranges for INH, PZA, and RIF were chosen considering the expected steady-state
concentration levels in plasma. Standard solutions were prepared for calibration by diluting the stock
solutions with blank plasma to final concentrations of 4.5-45 mg/L for RIF, 8-80 mg/L for PZA, and 0.9-15
mg/L for INH. Acetanilide (1g) was dissolved in acetonitrile (1 L) as an internal standard. Then the stock
solution of acetanilide was diluted with acetonitrile to a concentration of 6.25 mg/L and diluted with 10%
TCA to a concentration of 25 mg/L. The calibration graphs were obtained by plotting the peak area of
medications to the internal standard against the known concentrations of INH, PZA, and RIF added to the
medication-free plasma.

5.4. Sample Collection

The study was carried out in 3 different training-research hospitals in Istanbul, Tiirkiye between
April 2011 and April 2012. The pediatric patient (aged <14 years) with tuberculosis (including pulmonary
and/or extrapulmonary tuberculosis), who initiated the standard primary anti-tuberculosis therapy (10-15
mg/kg of RIF, 10-15 mg/kg of INH, 20-40 mg/kg of PZA and 15-25 mg/kg of EMB) were included to this
study. Patients who were Human Immunodeficiency Virus (HIV) positive had known immunodeficiency
and chronic disease had a history of gastrointestinal disease or diarrhea, had kidney and liver failure, and
had malnutrition were excluded from the study. Written informed consent was taken from their parents.
Demographic data (including age and sex) was collected. The serum samples were collected 3 hours after the
first medication doses were given on the 5th day of treatment and kept at -20°C.

5.5. Sample Preparation

For PZA and RIF, a 100 pL plasma sample was mixed using a Vortex mixer and ultrasound with 200
uL of a solution of acetanilide 6.25 mg/L in acetonitrile. Then, the mixture was centrifuged. The supernatant
(150 pL) was evaporated at room temperature for two days. The residue was reconstituted in 30 L water
and injected into the column. For INH, a 100 pL plasma sample was mixed with 50 pL 10% TCA containing
25 mg/L acetanilide in acetonitrile. Then, the mixture was centrifuged. The supernatant (50 pL) was
neutralized with ammonium acetate (0.5 M, pH 8.4) and directly injected into the column.
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