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ABSTRACT

For treatment of multi drug resistant tuberculosis (MDR-TB) there is a scarcity of antituberculosis 
drugs. Co-trimoxazole is one of the available drug candidates, and already frequently co-prescribed 
in TB-HIV co-infected patients. However, only limited data are available on pharmacokinetic (PK) 
and pharmacodynamic (PD) parameters of co-trimoxazole in TB patients. The objective of this 
study was to evaluate PK parameters and in vitro PD data of the effective part of co-trimoxazole; 
sulfamethoxazole. In a prospective PK study in patients with drug-susceptible TB (age >18), 
SXT was administered orally in a dose of 960 mg once daily. One-compartment population 
pharmacokinetic modelling was performed using Mw\Pharm 3.81 (Mediware, Groningen, The 
Netherlands). The ƒAUC/MIC ratio and the time period in which the free concentration exceeded 
the MIC (T>MIC) were calculated. Twelve patients received 960 mg co-trimoxazole on top of first 
line drugs. The pharmacokinetic parameters of the population model were as follows (geometric 
mean ± SD): metabolic clearance(CLm) 1.57 ± 3.71 L/h, volume of distribution (Vd) 0.30 ± 
0.05 L*kg-1 lean body mass, drug clearance – creatinine clearance ratio (fr) 0.02 ± 0.13, gamma 
distribution rate constant (Ktr_po) 2.18 ± 1.14, gamma distribution shape factor (n_po) 2.15 ± 0.39. 
Free fraction of sulfamethoxazole was 0.3, but ranged between 0.2-0.4. The median value of the 
MICs was 9.5 mg/L (IQR, 4.75-9.5) and of ƒ AUC/MIC ratio was 14.3 (IQR, 13.0-17.5). The percentage 
of ƒ T>MIC ranged between 43 and 100 % of the dosing interval. The PK and PD data from this 
study are useful to explore a future dosing regimen of co-trimoxazole for MDR-TB treatment.

INTRODUCTION

Tuberculosis (TB) annually still accounts for millions of cases of active disease and a significant 
number of deaths worldwide. Among patients who were reported to have TB in 2013, there were 
1.1 million new cases of TB among HIV-positive patients and 480,000 cases of multidrug-resistant 
(MDR) TB.1 The prevalence of MDR-TB has reached epidemic levels and is increasing in Africa, Asia, 
and Eastern Europe, while the majority is not treated according to the WHO recommendations.2

Standard MDR-TB treatment includes first line drugs, for which the causative strain appeared 
susceptible, plus an aminoglycoside and a fluoroquinolone, with additionally drugs from group 4 
and 5 to complete the regimen.3 Unfortunately, the use of second line drugs including injectables 
such as aminoglycosides4 is inconvenient in high prevalence areas; requiring parenteral 
administration.5 In addition, there are other disadvantages of second line drugs compared to the 
two first line drugs isoniazid and rifampin such as their costs and toxicity.

Co-trimoxazole; an antimicrobial drug that has been on the market since the late 1960ties, 
is cheap and relatively safe, is not registered for treatment of TB, but it could be active against 
MDR-TB.6 Co-trimoxazole, a combination of trimethoprim and sulfamethoxazole is widely used 
for the prophylaxis and treatment of a range of other infectious diseases.7  Also, in TB patients co-
infected with the human immunodeficiency virus (HIV), 41% reduction in mortality was reported 
among patients receiving 960 mg co-trimoxazole in a randomized controlled trial in South Africa.8  

Another study in Switzerland confirmed that co-trimoxazole decreased the risk for development 
of TB in HIV-TB co-infected patients that did not receive combined Anti-Retroviral therapy (cART) 
and to a lesser extent in cART treated patients.9 The occurrence of side effects after receiving 960 
mg was similar in a placebo- and co-trimoxazole group in HIV-TB patients.10,11

Recently, in vitro studies and observational clinical data showed promising antimicrobial 
activity of sulfamethoxazole against Mycobacterium tuberculosis strains, revealing a MIC range 
4.75-≤38mg/L and inactivity of trimethoprim against this bacteria.12–16 
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The renal excretion of unchanged sulfamethoxazole is limited to about 20%. 
Sulfamethoxazole is also acetylated by N-acetyltransferase into sulfamethoxazole-N-acetyl, which 
increases its solubility. The renal excretion of sulfamethoxazole-N-acetyl is the major pathway of 
sulfamethoxazole removal.17,18

The pharmacodynamic properties of SXT are not completely clarified but scarce literature 
favors the ratio of the area under the free concentration time curve (ƒ AUC) from 0 to 24 h to 
MIC, and the duration of time a free drug concentration remains above the minimum inhibitory 
concentration (T>MIC) as potentially predictive PK-PD indices for determining the efficacy of 
sulfamethoxazole.11,19

In a previous retrospective study evaluating 8 MDR-TB patients receiving sulfamethoxazole 
in a dose of 400-800 mg once daily, the pharmacokinetic parameters showed little variability.15

Based on a target ratio of ƒAUC0-24/MIC of 25 derived from other bacterial infections,20 
and the safety data from studies in HIV-TB patients8,11,21 supplemented with earlier data on 
pharmacokinetics from MDR-TB patients15 and MIC values19, we postulated that a dose of 960 mg 
once daily may serve as a suitable starting point for dose selection for MDR-TB treatment. 

To explore if the PK/PD target was met, a prospective open label study, evaluating co-
trimoxazole 960 mg once daily in drug sensitive TB patients, was performed.

METHODS

Study design

This study was a prospective, open-label single-arm study and was performed at the TB-unit 
of the University Medical Center Groningen, location Beatrixoord in Haren, The Netherlands. It 
was estimated that a sample size of 12 patients was sufficient to explore PK/PD target attainment 
after administration of SXT 960mg once daily. The study was approved by the medical ethical 
committee (METc 2013/195) and registered at clinical trials.gov (NCT01832987). The patients in 
this study received co-trimoxazole on top of their standard TB treatment (rifampicin, isoniazide, 
pyrazinamide, ethambutol) in a dose 960 mg orally for four to six days ( in order to prevent blood 
sampling within the weekends) to reach steady state, since the half time is approximately 10 
hours.22

Patients

Subjects eligible for inclusion were culture confirmed TB patients aged 18 years and older.  
Patients were enrolled in this study after they provided written informed consent. The patients 
were excluded if they had shown hypersensitivity to sulfonamides or trimethoprim, were pregnant 
or providing breast -feeding, had preexisting renal dysfunction (serum creatinine clearance ≤15 
ml/min) or gastrointestinal complaints like diarrhea and vomiting. Patients receiving angiotensin 
converting enzyme inhibitors, potassium–sparing diuretics, methotrexate, dofetilide, phenytoin, 
sulfonylureas (glibenclamide, gliclazide, glimepiride and tolbutamide) or procainamide 
hydrochloride were also excluded from study participation. TB patients, concomitantly receiving 
treatment with vitamin K antagonist (acenocoumarol) were also excluded from participation in 
this study.

Additionally, the patients that had experienced an adverse effect to co-trimoxazole or similar 
antimicrobial drugs, patients with HIV or AIDS, severe damage to liver parenchyma, characterized 
by elevation of alanine-amino-transferase (ALAT; normal value <  45  U/l) and/or aspartate-
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amino-transferase (ASAT; normal value <40 U/l) three times the normal values or hematological 
disorders mainly anemia (hemoglobin level < 5.5 mmol/L), thrombocytopenia (leukocyte count 
>6 × 109/L) and agranulocytosis (granulocyte count <210*9/L) were also excluded.

Study procedures

Evaluation of medical chart of TB patients including demographic characteristics, underlying 
disease, localization of TB was done at day one of the study (baseline). 

Co-trimoxazole 960 mg (Sandoz®; Salutas Pharma GmbH, Barleben, Germany) was 
given orally in a single daily dose after a light breakfast. Blood samples were collected before 
administration and at 1h, 2h, 3h, 4h, 5h, 6h, 8h and 24 hrs after co-trimoxazole administration 
after at least 4 days of treatment (I.e. at steady state).22,23

The concentrations of sulfamethoxazole in human plasma samples were analyzed by a 
validated liquid chromatography-tandem mass spectrometry (LS-MS/MS) as described in detail 
earlier.15 Measurement of sodium, potassium and creatinine levels and platelet count of the 
participants were done at baseline.

Drug susceptibility testing (DST) was performed at the National Mycobacterial Reference 
Laboratory (National Institute for Public Health and the Environment [RIVM], Bilthoven the 
Netherlands) by the Middlebrook 7H10 agar dilution method.24 As recommended by the European 
Committee on Antimicrobial Susceptibility Testing guidelines, the MIC of co-trimoxazole is 
expressed as trimethoprim:sulfamethoxazole in the ratio 1:19.

The unbound concentration of sulfamethoxazole in plasma ultra-filtrate was measured in 
the sample at 3 time points (2h, 4h and 24 hours). Individual pharmacokinetic parameters were 
calculated using MW\Pharm 3.81 KinFit module with a one-compartment model with lag time 
and a fixed estimated bioavailability of 1.

Population pharmacokinetics and model validation

The pharmacokinetic parameters were calculated using one compartmental analysis (MW\
Pharm 3.81;Mediware, Groningen, The Netherlands), utilizing an iterative two-stage Bayesian 
approach.25 Based on these calculated parameters; a one compartmental population model was 
developed based on 800 mg sulfamethoxazole. The creatinine clearance was estimated using 
the Cockcroft-Gold formula.26 The volume of distribution was normalized to the lean body mass 
(LBM). This model was optimized to fit the curves and to minimize the calculated AIC value.

A two-compartment model showed no significant improvement in fitting the 
sulfamethoxazole concentration over time curves. The clearance was calculated with CL = CLm 

(metabolic clearance (L/h)) * BSA (body surface area (m2)) /1.85 + fr (drug clearance – creatinine 
clearance ratio) * CLcr (creatinine clearance (L/h)).

Other descriptors in the formulas, such as the body weight, lean body mass and free fat 
mass did not improve the model fit based on the calculated Akaike information criterion (AIC) 
value. Also, the use of an allometric component b (standardized on 0.75) did not improve the 
model fit. The model was build using transit absorption rate with initial gamma distribution 
rate constant (ktr_po) and the gamma distribution shape factor (n_po) values of 2 ± 0.5.27,28 The 
bioavailability (F) was fixed to 1. The parameters of population model were assumed to be log-
normally distributed and the variability in the pharmacokinetic parameters was calculated using 
Bootstrap analysis (n = 1000). The assay error was assumed to be normally distributed and was 
estimated at 0.1 + 0.1*C.
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Co-variate analysis was performed by MW\Pharm, assessing the influence of the age, weight, 
height, BSA, lean body mass and CLcr with the CLm, fr, Vd and Ka.

This population pharmacokinetic model was cross-validated using the n-1 method , where a 
model with one omitted patient was repeatedly used to calculate the AUC0-24h of this one omitted 
patient.29 Furthermore, the model was externally validated using the PK data of an cohort of MDR-
TB patients (n=8) using SXT 480 – 960 mg once daily (sulfamethoxazole dose: 400 – 800 mg).15

Unbound concentrations of sulfamethoxazole were measured and were divided by the total 
concentration to find the free fraction of sulfamethoxazole, which was assumed to be comparable 
regardless of the concentration. Consequently, the unbound AUC0-24h was calculated by 
multiplying the total AUC0-24h by the average free fraction. In turn, free AUC0-24h/MIC ratio was also 
determined based on the individual observations of the AUC0-24h multiplied by the average free 
fraction measured in 3 different samples of that particular patient. The time period in which the 
free concentration exceeded the MIC (T>MIC) of sulfamethoxazole was calculated. The maximum 
plasma concentration (Cmax) and minimum plasma concentration (Cmin) were assessed directly 
from the plasma concentration data. 

Statistical analysis

The difference of the population pharmacokinetic data and the observed data were tested 
by calculating the Root Mean Square Error (RMSE) and by constructing a Bland-Altman plot. 
Furthermore, the n-1 model was also compared with the observed data using both techniques. 
Predictive value of this model for the earlier population was evaluated using the RMSE. 
Pharmacokinetic parameters were compared using Wilcoxon Signed Rank Tests using SPSS 20 
(SPSS, Virginia, IL).

RESULTS

Patient characteristics

A total of 12 patients (10 males and 2 females) with a median age of 30 (Inter Quartile Range 
(IQR), 25-50) years were enrolled in this study. They had a median body mass index of 20.2 kg/m2 
(IQR, 18.7-21.9 kg/m2). All patients received 960 mg of co-trimoxazole once daily, which was equal 
to a median dose of 13 (IQR 11.8- 14.2) mg/kg. Diagnosis of TB was confirmed by culture and/or 
molecular tests, ten patients were diagnosed with pulmonary TB and one patient was diagnosed 
with spinal (extra pulmonary) TB and one with both pulmonary and pleural and spinal (extra 
pulmonary) TB. Baseline characteristics of TB patients are shown in table 1.

Observed kinetic parameters

The observed pharmacokinetic parameters, as calculated using a one-compartment model 
with lag-time and a fixed bioavailability of 1, are shown in table 2. A large interindividual deviation 
in the rate and onset of the absorption is observed, which explains the large absorption coefficient 
(Ka) variation. The elimination phase (kel), however, was consistent and showed only little variation 
(median 0.09, IQR; 0.08 – 0.14 h-1). The median distribution volume per lean body mass varied 
was calculated at 0.025 (IQR; 0.020 – 0.028) L/kg.
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Pharmacokinetics, Model validation and pharmacodynamics

The pharmacokinetic parameters of this population model are displayed in table 3. 
Curves fitted to the population pharmacokinetic model resulted in a median AUC0-24h of 

458.35 mg/L*h (IQR 380.65 – 553.9 mg/L*h). The fitted curve with the 5% and 95% percentiles and 
the observations are displayed in figure 1. The observed and model calculated sulfamethoxazole 
concentrations are displayed in figure 2a and a Bland Altman plot of the concentrations is shown 
in figure 2b.

Table 1. Baseline characteristics of TB patients receiving SXT (n=12) 

Parameter                                      Value (median± IQR)
Age (yr)                                  30 ( 25 - 50) yr
Gender (Male/female) 10/2
Body mass index (kg/m2)                                                                                     20.2 (18.7 - 22)
Ethnicity
Europe 6
Africa     3
America 1
Middle east      1
Western pacific region                                                                                                                                     1
Co-morbidity
Smoking 6
Alcohol abuse 4
Illicit drug 1
Diabetes mellitus 1
Anemia 1
Anorexia 1
Localization of  TB
Pulmonary 11*
Extra pulmonary TB  
(pleural and spinal TB)                                                                  1

Other anti-TB drugs  Isoniazid, rifampicin, pyrazinamide, ethambutol, moxifloxacin
Sodium level (mmol/L)                                                                              140 (139 - 141.2)
Potassium level (mmol/L)                                                                                  4 (3.7 - 4.2)
Creatinine clearance (ml/min/1.73 m2)                                                                              103.2 (106.0 – 112.0)
Platelet  count (×10*9/L)                                                                           292 (235.5 - 394.7)

* One of 12 patients was diagnosed with both pulmonary- and extra pulmonary TB.

Table 2. Observed pharmacokinetic parameters of sulfamethoxazole (800 mg) 

                                 Median (interquartile range)
AUC(mg/L*h) *1 566.6 (360.8 – 658.1)
CL (L/h) 1.34 (1.19 – 2.04)
Vd (L) 14.53 (11.82 – 16.82)
Vd/BW (L/kg) 0.23 (0.19 – 0.30)
Kel (h-1) 0.09 (0.08 – 0.14)
Ka (h-1) 1.34 (0.72 – 4.49)
Lag time (h) 0.46 (0.17 – 0.63)
F 1 (fixed)
CL: clearance, Vd: volume of distribution, Vd/BW: volume of distribution divided by the body weight,  
T1/2: half time, k: elimination constant, Ka: absorption constant, F: bioavailability, *1 calculated using  
the trapezium rule
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Table 3. Pharmacokinetic parameters of the population model (95% confidence intervals obtained by bootstrap analysis) 

Parameter Mean (95% CI) ± st. dev. (95% CI) Shrinkage
CLm (L/h/1.85m2) 1.57 (1.01 – 2.04) 3.71 (0.26 – 3.46) -0.8
Vd (L*kg-1 lean body mass) 0.30 (0.25 – 0.39) 0.05 (0.02 – 0.11) 0.20
fr 0.02 (0.00 – 0.10) 0.13 (0.00 – 0.33) 0.08
Ktr_po (h-1) 2.26 (1.21 – 6.36) 1.05 (0.28 – 2.57) -0.02
N_po 2.12 (1.00 – 5.84) 0.73 (0.17 – 3.44) 0.51
CLm: clearance, Vd: volume of distribution, fr: drug clearance - creatinine clearance ratio, Ktr_po: gamma distribution 
rate constant, N_po: gamma distribution shape factor.

Figure 1. Sulfamethoxazole concentrations predicted by the model (line) and observations (crosses).

Figure 2a. Passing and Bablok regression of the observed and model calculated sulfamethoxazole concentrations (dotted 
lines: 95% confidence interval)

The mean value of free fraction of sulfamethoxazole that is responsible for antimicrobial activity 
was 0.3 (range; 0.2-0.4). Covariate analysis indicated that none of the tested parameters (CLm, fr, 
Vd, ktr_po and n_po) was significantly correlated with age, weight, height, gender, BSA, lean body 
mass and CLcr  (P > 0.05). 

Thereafter, the model was cross-validated using the n-1 validation procedure. The RMSE 
in the AUC was calculated at 7.6 h*mg/L with a coefficient of variation (CV) of the RMSE of 1.7%.           
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Figure 2b. Bland Altman plot of the measured concentrations vs the predicted concentrations. The coordinates of each point 
(x, y) are ((measured concentration + predicted concentration)/2, (measured concentration – predicted concentration)).

Pharmacokinetic parameters resulting from the model and the n-1 validation were statistically 
equal (P < 0.05), except for the fr  (P = 0.038). However, the difference between the fr from all 
individuals fitted to the model and fr resulting from the n-1 validation was relatively small (median 
fr 0.00 v.s. 0.17). A Bland-Altman plot assessing the difference in AUC0-24h between the model and 
cross validation calculations is displayed in figure 3.

An additional model validation, in order to validate the model structure, was carried out by 
using the curves of eight patients as published earlier.15 The clearance and volume of distribution 
were calculated based on these eight curves and compared to the pharmacokinetic parameters 
in the model of the earlier retrospective study.15

Figure 3. Bland-Altman plot cross-validation population pharmacokinetic model. Each dot represents a patient, where the 
coordinates of each point (x, y) are ((modeled AUC + n-1 AUC)/2, (model AUC – n-1 AUC)).
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 The calculated values and their corresponding reported values are shown in table 4. 
Drug susceptibility testing revealed that all of M. tuberculosis isolates from 11 patients were 

susceptible to sulfamethoxazole with median value of MICs of 9.5 (IQR, 4.75 - 9.5) mg/L. The 
median values of AUC/MIC and ƒAUC0-24h/MIC ratios after receiving 800 mg  sulfamethoxazole 
were 51.2 h.mg/L (IQR, 35.7 - 66.6) and 14.3 h.mg/L (IQR, 13.0-17.5 h.mg/L) respectively. Thus, 
none of the patients had ƒAUC0-24h/MIC ratio of sulfamethoxazole greater than 25. The percentage 
of free T>MIC ranged between 43%-100% of the dosing interval.

DISCUSSION

In our study, we investigated the PK-PD parameters of sulfamethoxazole in patients with drug-
susceptible TB receiving SXT on top of first line drugs. This is relevant, as it can be considered 
to be one of the first steps in exploring SXT as a potential alternative drug in the treatment for 
MDR-TB.6,15

The observed pharmacokinetic parameters are calculated using a one-compartment 
model with lag time and a fixed bioavailability of 1.15,20 The absorption constant Ka showed to 
be variable with a large deviation, which might indicate that the absorption could be influenced 
by food intake. For this reason we added a Bayesian simulated lag time to the population 
pharmacokinetic model to reduce Ka variability. Nevertheless there was a high variability in the 
observed pharmacokinetic absorption constant. Therefore, we can conclude that the time to the 
maximum blood concentration is not homogeneous in our population.

The model was also validated by refitting new population model using  the curves collected 
during a retrospective study. The difference in CL and Vd of both models was statistically not 
significant (P= or > 0.05, table 4). However, the Ka found in our report was higher than the 
retrospective study of Alsaad et al.15 This can be explained by the fact that a one-compartment 
model without lag time was used, which may have caused the difference in the absorption 
constant.

Our results show that the median values of the exposure (AUC0-24) in drug-susceptible 
TB patients are lower than earlier reported data obtained from eight MDR-TB patients.15 The 
lower AUC0-24 might be explained by drug-drug interaction with rifampicin, as this drug reduced 
the AUC0-24 of  sulfamethoxazole with 23% in an earlier study30,31 when co-administered in HIV 
patients. Interestingly, this percentage is comparable to the difference (22.2 %) in AUC between 
drug susceptible TB patients in this study and MDR-TB patients from our retrospective study.15

Moreover, the free (non-bound) fraction of sulfamethoxazole is responsible for the 
antimicrobial activity.32 The unbound fraction of sulfamethoxazole in TB patients was comparable 
to that in healthy human subjects in an earlier study.32 The similarity in free fraction between TB 
patients and healthy subjects can therefore not explain the difference in AUC between healthy 
subjects and our patients. In our study we measured the concentrations of the drug only in 

Table 4. Retrospective validation 

Mean (± st. dev.)

Model Alsaad et al. (15) p*

CL (L/h) 1.18 ± 0.52 1.21 ± 0.43 0.674
Vd (L*kg-1 lean body mass) 0.30 ± 0.07 0.25 ± 0.04 0.050

CL: clearance, Vd: volume of distribution, Ka: absorption constant, F: bioavailability.
* Wilcoxon Signed Rank Test (two-tailed)
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serum rather than in epithelial lining fluid. For pulmonary infections, the concentration of drug 
in epithelial lining fluid (ELF) and alveolar macrophage cells may represent the antibiotic activity 
in the infection site. Unfortunately, sampling by bronchoscopic broncho-alveolar lavage without 
a clinical indication to collect ELF was not feasible. Therefore, the free concentration of drug in 
serum is the most reliable for the time being, as it is correlated with patient outcome.33

The MIC values of sulfamethoxazole against clinical isolates of M. tuberculosis were similar 
to the MICs in previous studies.12–16 We have previously shown that the MIC of sulfamethoxazole 
is not significantly different in MDR-TB patients versus drug susceptible TB patients.16 The MICs 
reported in this study are therefore representative for the sensitivity of multidrug resistant  
M. tuberculosis.

The percentage of ƒ T>MIC in our study is more than 43% of the dosing interval. This is 
comparable with other drugs with anti-TB activity, like pyrazinamide in TB patients.34 Because 
of lack of data on the clinically validated values of ƒ AUC/MIC and percentage of free T>MIC in 
TB patients, these parameters in our patients could be used as a starting point to evaluate the 
efficacy of sulfamethoxazole.

This study has several limitations. The PK parameters of sulfamethoxazole were determined 
while sulfamethoxazole was administered in combination with rifampicin, which likely resulted 
in a 23% lower exposure.23,24 Another limitation is that absolute bioavailability could not be 
calculated as the sulfamethoxazole exposure after oral administration was not compared with 
the administration of an intravenous dose.  Additionally the study was not designed to assess 
efficacy/outcome of sulfamethoxazole and therefore the PK-PD target index could not be 
evaluated in this study.

One of the possibilities to get more knowledge about the PK-PD index including f AUC/MIC 
and T>MIC in relation to efficacy is to test sulfamethoxazole in a hollow-fiber infection model. 
Based on that target, the dose selection for an explorative phase II study in MDR-TB patients can 
be performed.  

In summary, this is the first report evaluating the PK-PD parameters of sulfamethoxazole 
in drug-susceptible TB patients. The established PK, encouraging antimicrobial activity of 
sulfamethoxazole against Mycobacterium tuberculosis strains in vitro and safety profiles in 
humans make this drug a suitable therapeutic option for treatment of MDR-TB in the near future.
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