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Abstract  

 

Introduction 
Moxifloxacin (MFX) is an important 2nd line anti-tuberculosis drug. Patients with low exposure 

or less susceptible M. tuberculosis strains are at risk for treatment failure and may therefore 

benefit from concentration monitoring. However, advanced bio-analytical techniques are 

often not feasible in resource-limited settings. We here described a thin layer 

chromatography (TLC) method, a simple low tech procedure. 

 

Methods 
For technical validation, six MFX oral fluid concentrations were determined by TLC and 

independently classified by five lab technicians into the following categories (0; 0.5], (0.5; 

1.0], (1.0; 2.5], and (2.5; ∞) mg/L, using fluorescent detection. Weighted kappa values and 

an intraclass correlation coefficient (ICC) were calculated to determine extent of correct 

classification and overall level of agreement. For clinical evaluation, paired concentration-

time curves in plasma and oral fluid were obtained from tuberculosis (TB) patients and 

analysed by liquid chromatography-tandem mass spectrometry (plasma) and TLC (oral fluid). 

Patients’ plasma AUC0-24h was calculated and oral fluid spots were categorized.  

 
Results 
The average weighted kappa was at least 0.84. An ICC of 0.968 (95% confidence interval, 

0.714 – 0.997) suggested a moderate to strong agreement. Geometric mean MFX plasma 

AUC0-24h in seven patients was 25 (range, 21 – 40) mg*h/L. The oral fluid maximum 

concentration was > 0.5 mg/L in all patients. 

 
Conclusions 
Our validated TLC method may enable clinicians to quickly personalize MFX dose in 

resource-limited settings. This simple, non-invasive test may contribute to global TB 

management.  
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Introduction 
 
The extent of rifampicin (RIF) resistance among new and retreatment TB cases, and the 

evolvement of these RIF-resistant cases to programmatically untreatable forms of drug-

resistant TB, is daunting (1-4). A later-generation fluoroquinolone (FQ) is recommended as 

cornerstone of RIF-resistant TB treatment (5). Moxifloxacin (MFX) is one of the FQs with the 

highest in vitro and in vivo bactericidal activity and may salvage TB patients infected with 

isolates resistant to early-generation FQs (6). The area under the concentration-time curve 

up to 24h post dosage (AUC0-24h) in relation to minimal inhibitory concentration (MIC) best 

predicts in vivo efficacy of MFX against M. tuberculosis (7-9). A protein-unbound MFX AUC0-

24h/MIC of 53 is considered to be optimal for kill of the M. tuberculosis population in log-phase 

growth, including suppression of drug-resistant mutant selection (10).   

 

Although very promising, MFX treatment in a dose of 400mg once daily may not be as 

optimal for TB as expected earlier. Acquired FQ resistance, during multidrug-resistant (MDR) 

TB treatment, in about  10% of the patients may be the result of several factors influencing 

MFX exposure (11,12). Drug-drug interactions due to induction of drug metabolising 

enzymes by for example RIF may result in reduced MFX exposure in individual TB patients 

(13). In addition, using Monte Carlo simulations and an in vitro infection model, it has been 

suggested that a daily dose of 800mg is needed to attain the proposed AUC0-24h/MIC target 

of 53 in most of the patients (10,14). Combined with an observed 9-fold inter-patient MFX 

pharmacokinetic variability (15), therapeutic drug monitoring (TDM) may be an appropriate 

tool to detect too low exposure and therefore may help to prevent treatment failure. 

Advanced analytical procedures with simple sample collection procedures like dried blood 

spot analysis have been developed and validated for MFX (16). Although the collection of a 

sample is easy, it still requires a sophisticated centralized lab with high-end analytical 

equipment. For resource-limited settings a simple low tech procedure would be ideal to 

enable an individualized approach to optimize TB treatment (17). 

 

As oral fluid MFX concentrations seem to be closely related to corresponding levels in 

plasma (18) this may be an alternative easy-to-obtain sample (19). A combination of a simple 

analytical method, like for example thin-layer chromatography (TLC), and oral fluid sampling 

is therefore a promising option for TDM-guided dosing in resource-limited settings. Together 

with simplified sustainable techniques to early diagnose TB and identify drug-resistance, this 

test may contribute to personalized treatment in decentralized TB health-care settings (17). 

The objective of this study is to validate and clinically evaluate the feasibility of TLC for TDM-

guided dosing.  
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Methods  
 
Patients 
TB patients receiving 400mg of MFX once daily for at least five days (steady state) as part of 

directly observed treatment at Tuberculosis Centre Beatrixoord (Haren, the Netherlands) 

were eligible for clinical evaluation when TDM was performed as part of standard care. The 

Medical Ethical Committee of the University Medical Center Groningen waived the need for 

written informed consent (METc 2013-492) as the Law on Medical Scientific Research 

involving Human Beings (in Dutch: WMO) does not apply to studies analysing anonymous 

retrospective data collections. 

 

Thin Layer Chromatography 
Reference samples 
Reference samples of 0.47, 0.99 and 2.48 mg MFX/L were visually selected based on 

fluorescent intensity at a wavelength of 366 nm (20) along with size and shape of the spots 

and the therapeutic range of MFX in TB (15). These references form the natural four 

categories (0; 0.5], (0.5; 1.0], (1.0; 2.5], and (2.5; ∞), coded by 1, 2, 3 and 4, respectively, 

and displayed in mg/L. References were prepared by spiking pooled stimulated human oral 

fluid with the appropriate amount of stock solution (i.e. MFX, 200 and 10 mg/L, in ultra pure 

water). Samples were stored at -20˚C. 

 

Oral fluid sample preparation 
Centrifuged patient and reference samples were in succession thawed and mixed for one 

minute. A volume of 0.5 ml of each sample along with 2.0 ml dichloromethane (DCM) was 

subsequently transferred into a glass tube, mixed for 30 seconds and centrifuged at 3000 g 

for 5 minutes. The DCM layer was transferred into another glass tube and nitrogen-dried for 

approximately 30 minutes. After addition of 30 µL of methanol to the residue, tubes were 

closed and mixed for 30 seconds. Thereafter, 10 µL was applied on a 10 x 20 cm Merck TLC 

sheet (0.2 mm thickness) pre-coated with 60F254 silica gel, using a capillary of 5 µL. All 

chemicals used were obtained from VWR International (Amsterdam, the Netherlands).  

 
TLC conditions 
TLC sheets were placed in a saturated chamber for 15 minutes, using a mobile phase, 

containing 25% ammonia - ethylacetate - methanol - acetonitrile, ratio 1:2:1:1 v/v (20). The 

sheet was air-dried for 20 minutes.  
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Technical validation 
Six test samples (0.32, 0.89, 1.49, 1.99, 2.98 and 4.96 mg MFX/L), encompassing the 

therapeutic range (15) of MFX in TB, were prepared likewise the references and 

simultaneously with the references analyzed on two different batches of TLC sheets. Five lab 

technicians independently judged the spots at 366 nm and classified each sample into one of 

the four categories. 

 

Descriptive statistics 
The percentage of correct classifications per sheet was computed. Pair-wise weighted kappa 

values for the extent of correctly classifying test samples were calculated per technician per 

sheet, using quadratic weights (21). The average weighted kappa for all technicians per 

sheet was provided.   

 

Latent variable approach 
Agreement among technicians, irrespective of their correct or incorrect classification, was 

obtained with a continuous latent variable model and an intraclass correlation coefficient 

(ICC). The latent variable would represent the true (logarithmically transformed) 

concentration of the sample, which is indirectly observed by classifying the samples into 

categories. The samples were therefore modelled as a random effect, assuming a log normal 

distribution with mean zero and variance component 2
S . A residual error was calculated to 

describe differences between technicians as random. Its variance component was denoted 

by 2
E . The latent variable may be affected by the different sheets, which implied intercepts 

µ1 and µ2 for sheet 1 and 2, respectively, in the model. Since the same batch of test samples 

was used, the random variable for the test samples will be assumed equal for both sheets. 

Finally, the reference concentrations 0.47, 0.99 and 2.48 mg/L were used to translate the log 

normally distributed latent variable into the four naturally formed categories. Maximum 

likelihood estimation was used to estimate µ1, µ2, 2
S  and  2

E  (NLMIXED, SAS/STAT 9.2). 

The ICC is defined by the formula   222
ESSICC    with a Fisher-z transformation to 

obtain a 95% confidence interval (95% CI). An ICC close to one indicates that the 

technicians strongly agree with each other. It was estimated by substitution of the maximum 

likelihood estimates. Furthermore, mean and variance of the predicted concentrations (based 

on the empirical Bayes estimator) of the samples from the latent variable model were 

compared to the mean and variance of the theoretical concentrations. A likelihood ratio test 

was performed to investigate an effect of sheet on the mean log concentration and to 

investigate if the residual error for technicians should be sheet depended.  
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Selectivity and specificity 
The following  anti-TB drugs were simultaneously determined with MFX to evaluate 

specificity and selectivity of our TLC method: isoniazid (0.5 mg/L), ethambutol (1.0 mg/L), 

RIF (2.0 mg/L), pyrazinamide (1.0 mg/L), kanamycin (3.0 mg/L), clarithromycin (1.0 mg/L), 

linezolid (5.0 mg/L) and ofloxacin (3 mg/L) . 

 

Clinical evaluation 
Sample collection 
Paired blood and oral fluid samples were collected 0, 1, 2, 3, 4 and 8 hours post MFX 

dosage. Stimulated oral fluid samples were collected with a Salivette® (Starstedt, 

Nümbrecht, Germany). Patients were asked to chew on the non impregnated cotton roll for 

~1.5 minutes. After centrifuging at 3000 g for 5 minutes, oral fluid and plasma samples were 

stored at -20˚C until analysis. MFX concentration in oral fluid and plasma was determined by 

TLC or liquid chromatography-tandem mass spectrometry (LC-MS/MS) (22), respectively. 
 

Pharmacokinetics 
Plasma AUC0-24h was determined with a standard non-compartmental method, according to 

the log-linear trapezoidal rule (KINFIT, MW/Pharm 3.60, Mediware, the Netherlands) and 

evaluated using a one compartmental population pharmacokinetic model (23). Plasma AUC0-

24h was compared with the categorical oral fluid concentrations.  

 

Stability 
Fluorescent intensity along with size and shape of the patients’ spots was evaluated and 

compared to the references directly after drying and at least 24 hours after sample extract 

application by one technician.  
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Results  
 

Patients 
TDM of MFX was performed for 7 patients with a median age of 30 (inter quartile range 

(IQR), 26 – 35) years. Pulmonary TB was the most common diagnosis (5 patients).    

 
Technical validation 
At a wavelength of 366 nm a bright blue emission was observed. Median (range) retention 

time factors (Rf) of 0.25 (0.24 – 0.27) and 0.26 (0.25 – 0.27) were observed for sheet 1 and 

2, respectively. Technicians correctly classified 63% (sheet 1) and 80% (sheet 2) of the test 

samples (Table 1). Weighted kappa values were higher for sheet 2 compared with sheet 1, 

except for technician 4 (Table 2). Probably due to a small sample size not all kappa values 

were significantly (α = 0.05) different from zero. Average weighted kappa values were 0.84 

(sheet 1) and 0.92 (sheet 2). This indicates that technicians often classify the samples in the 

correct categories.  
 

Table 1. Ordinal data of classification of test samples by five technicians. 

Test sample Sheet 1 Sheet 2 

Concentration 

(mg/L) 

Category T-1 T-2 T-3 T-4 T-5 T-1 T-2 T-3 T-4 T-5 

0.32 1 1 1 1 1 1 1 1 1 1 1 

0.89 2 2 2 2 2 2 3 2 2 3 2 

1.49 3 2 2 2 3 2 3 3 3 3 3 

1.99 3 2 3 2 2 2 3 3 2 2 3 

2.98 4 3 4 3 4 3 4 4 3 4 4 

4.96 4 4 4 4 4 4 4 4 4 4 4 

T, technician; Category 1, (0; 0.5]; 2, (0.5; 1]; 3, (1; 2.5]; 4, (2.5; ∞). 

 
 
Table 2. Weighted kappa values per technician per sheet. 

Sheet Technician 1 Technician 2  Technician 3 Technician 4 Technician 5 

1 0.78 0.93* 0.78 0.93* 0.78 

2 0.92* 1.00* 0.85* 0.85 1.00* 

* kappa ≠ 0 (α = 0.05). 
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Latent variable approach 

The ICC, estimated from 2
S  and 2

E , was 0.968 (95% CI: 0.714 - 0.997) (Table 3). This 

95% CI suggests a moderate to strong agreement among technicians. The intercepts (μ1 and 

μ2) and standard deviation for the samples S  (Table 3) are the average log concentration of 

all samples with sheet 1 (μ1) and sheet 2 (μ2) and the standard deviation in log concentration 

for the test samples. The difference in intercepts indicates a shift in mean log concentration 

between sheets. Mean log concentration and standard deviation, determined directly from 

the theoretical concentrations, were equal to 0.42 and 0.96, respectively. The standard 

deviation, using the latent variable approach (1.16), closely approximates the true standard 

deviation (0.96). Although both CI’s of the average log concentration includes the true 

average, the average log concentration of 0.32 with sheet 2 is closer to the true log 

concentration (0.42) than the average log concentration of -0.004 with sheet 1.  

 
Table 3. Latent variable approach: parameter estimates and intraclass correlation coefficient. 

µ1 µ2 σS σE ICC (ρ) 

-0.004 [-1.27; 1.27] 0.32 [-0.95; 1.59] 1.16 [0.41; 3.28] 0.21 [0.05; 0.37] 0.968 [0.714; 0.997] 

Data are presented as mean (µ), standard deviation (σ) or intraclass correlation coefficient (ICC) with 

95% confidence interval between brackets. 

 

In Table 4 predicted individual concentrations for the test samples are shown, using the 

parameter estimates (Table 3) and empirical Bayes predictions for random effects in the 

latent variable model. The predicted individual concentrations of sheet 2 are more closely 

related to the true concentration than the predicted values of sheet 1, which is in line with the 

latent variable approach.  

 
Table 4. Predictions of concentrations for individual test samples per sheet. 

Correct concentration of test sample (mg/L) 0.32 0.89 1.49 1.99 2.98 4.96 

Predicted sheet 1 (mg/L) 0.22 0.68 0.91 0.79 2.25 3.89 

Predicted sheet 2 (mg/L) 0.30 0.94 1.26 1.09 3.10 5.36 

Data are presented as geometric average concentration for each test sample (n = 5). 
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A likelihood ratio of 11.5 (p < 0.001) with chi-square distribution with one degrees of freedom 

showed that the null hypothesis of the sheet to have no effect on the mean log concentration 

within the latent variable approach should be rejected. This outcome is in agreement with the 

difference in predicted individual concentrations observed for sheet 1 and 2 (Table 4). Also, a 

likelihood ratio test statistic < 0.1 implied no differences in variances and therefore no sheet 

dependency for the residual error. This direction of improved model complexity seems 

therefore not relevant. Variance equality along with predicted individual concentrations 

(Table 4) showed the latent variable approach to be an adequate statistical tool to describe 

the observations in this specific situation.  

 

Selectivity and specificity 
Only ofloxacin revealed fluorescent emission. The Rf of ofloxacin (0.23) approaches the Rf of 

MFX (0.27) on the same sheet. 

 
 
Clinical evaluation 
Seven paired concentration-time curves in oral fluid and plasma were available. In figure 1 a 

typical oral fluid patient curve by fluorescent detection is shown. The mean plasma 

concentration-time curve is shown in figure 2. Geometric mean (range) AUC0-24h in plasma 

was equal to 25.3 (20.6 – 39.9) mg*h/L. Our population pharmacokinetic model 

underestimated the AUC0-24h with a median percentage of 0.6% (IQR, -1.1 – 0.1%). In Table 

5 plasma and oral fluid pharmacokinetic data are shown. Oral fluid maximum concentration 

(Cmax) was ≥ category 2 in all patients.  
 
Table 5. Clinical evaluation. 

Patient Plasma AUC (mg*h/L) Oral fluid Cmax (categorical) 

1 22 3 

2 21 3* 

3 28 2 

4 21 2* 

5 22 4 

6 27 2* 

7 40 2 

AUC, area under the concentration-time curve; Cmax, maximum concentration;  

Category 1, (0; 0.5]; 2, (0.5; 1]; 3, (1; 2.5]; 4, (2.5; ∞).  

*Because of missing data, Cmax is at least categorized in the presented category.  
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Latent variable approach 
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S  and 2
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95% confidence interval between brackets. 
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Figure 1. A typical patient curve in oral fluid by fluorescent detection.  
Reference samples R1, 0.47 mg/L; R2, 0.99 mg/L; R3, 2.48 mg/L and patients samples 1, 2, 3, 4, 5, 6 

obtained 0, 1, 2, 3, 4 and 8 hours post 400 mg MFX dosage.  

 

 
 
Figure 2. Mean MFX concentration-time curve in plasma (n=7) 
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Stability 
For 5/6 patients no change in categorisation was observed for at least 24 hours after sample 

extract application. In one patient one sample was classified in category 1 after 24 hours 

instead of category 2 directly after sample extract application. Categorisation of Cmax 

remained unchanged. In another patient stability testing was not performed. 

 
Discussion  
 
This is the first report of a technically validated and clinically evaluated TLC method that can 

be used for routine TDM of MFX in TB patients in resource-limited settings. Our method for 

determination of MFX in oral fluid, which was sensitive, specific and robust, using non-

invasive sampling, provided easy-to-obtain clinically relevant information.   

 
As TLC is semi-quantitative in nature and fluorescent detection is used, visual read-out with 

potential inter-observer error is a potential flaw. We found no published data of statistical 

methods to sustain semi-quantitative analytical methods. We therefore conducted a latent 

variable approach. This statistical tool appeared adequate, with an outcome suggesting a 

moderate to strong agreement in visual classification among technicians (ICC 0.968, 95%CI 

0.714 - 0.997). The likelihood ratio test showed that there is an influence of TLC sheet on 

classification. Based on weighted kappa values, confirmed by the latent variable approach, 

the newer sheet (sheet 2) seems to perform better than the older sheet (sheet 1) with the 

latter consequently exposed longer to air. As the average weighed kappa value for the older 

sheet is still high (0.84) and the influence of this biological phenomenon will be equal to both 

references and patient samples, no problem for clinical application was expected.  

 

Inter-individual differences in the way of categorization may occur. In our case we assumed 

technicians judge a sample first with the lowest category and continue this process until the 

intensity is not larger than one of the references. This way of judging implies that the 

comparison stops when the intensity of the sample is smaller or equal to the intensity of the 

reference. Reversing read-out by starting from the highest category (i.e. intensity of the 

sample is larger or equal to the intensity of the reference), would change some of the 

classifications and as a consequence affects statistical outcome. The numbers of correct 

classifications along with average weighted kappa values are then equal to 90% and 0.95, 

and 80% and 0.92 for sheet 1 and 2, respectively. An ICC of 0.941 (95%CI: 0.609 - 0.993) 

showed a little bit more uncertainty in the estimate of agreement among technicians 

compared with the main analysis. This alternative way of judging leads to similar or even 

better results. Technicians classify test samples in different ways, which indicate an 
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interaction between test samples and technicians. A more complicated latent variable model, 

including more terms explaining possibly more complex structures in data, require a 

substantial higher number of parameters and thereby will ‘overfit’ in relation to the number of 

observations. This explains our choice for the relatively simple description of sources of 

variation in the latent variable approach. An alternative to the latent variable approach is the 

average of all pair-wise weighted kappa values between the technicians per sheet, resulting 

in an average weighted kappa of 0.90 and 0.88 for sheet 1 and sheet 2, respectively. These 

estimates are quite close to the estimate for the latent variable approach.   

 

The aromatic core of FQs provides this method of unique selection properties (20). This is 

confirmed by the fact that except for ofloxacin, no interfering spots were observed by 

simultaneous determination of commonly used anti-TB agents.  

 

This low-tech tool seems to be adequate to provide clinically relevant information on MFX 

exposure. If oral fluid Cmax is categorized ≥ 2, the estimated plasma AUC0-24h is at least 21 

mg*h/L in our patients using a standard dose of 400mg once daily (Table 5). Based on 

clinically accepted AUC/MIC ratios for adequate TB treatment with MFX as part of a multiple 

drug regimen (10,14) and observed and earlier published pharmacokinetic data (15), a 

possible decision-supporting table is designed for clinicians to personalize MFX treatment 

(Table 6). If no MIC is available clinical decisions should be pursued based on the clinical 

breakpoint of MFX. To enable TDM, it is recommended to obtain two oral fluid samples 

around the expected peak level, e.g. 2 and 4 hours post dosage. Despite a possible 

influence of TB disease (24) on antibiotic target site distribution, comparison of oral fluid with 

plasma data seems to be justified due to the favourable pharmacokinetic relationship (18) 

combined with the stepwise magnitude (i.e. 50% or 100%) of dose escalation. Dose-

escalation of MFX appears to be well tolerated in several studies (25-26). A dosage increase 

based on low drug exposure can be advocated in patients not responding to treatment. 

 

TLC has already proven to be feasible in resource-limited settings to perform TDM of 

nevirapine in HIV patients (27). Salivettes® are convenient and can easily be used in the 

field (19,27). This method requires limited training to staff members of TB clinics in order to 

support a clinical decision successfully and now has to proof its benefit in decentralized 

clinics added to the arsenal of simplified tools contributing to global TB management (17).  
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Table 6. Clinical decision-supporting table based on oral fluid data. 

Oral fluid Cmax 
(categorical) 

Predicted plasma 
AUC400 (mg*h/L) 

MIC 
0.125 
mg/L 

MIC 
0.25 
mg/L 

MIC 
0.5 
mg/L 

MIC 
1 
mg/L 

≥ 2 >20 - - 600 800 

< 2 ≤20 - 600 800 ↔ 

Category 2, (0.5; 1]; -, maintain dose; 600, increase once daily dosage to 600mg;  

800, increase once daily dosage to 800mg; ↔, consider another anti-tuberculosis  

agent or revise co medication influencing plasma AUC (e.g. rifampicin).  

Cmax, maximum concentration; AUC400, area under the concentration-time curve  

of 400 mg MFX once daily; MIC, minimal inhibitory concentration. 

 

Conclusions 
Our technically validated TLC method is capable to provide information on MFX exposure, 

which enables personalized treatment in resource-limited settings. After on-site clinical 

evaluation and training of local health care professionals, implementing this tool in local TB 

programs could contribute to global TB control.  
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