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To the Editor:
Tuberculosis (TB) once considered as a disease of the past  generally 
afflicting poor people, still claims 1.5 million deaths annually (1). Al-
though 86 % of patients with drug susceptible TB are cured with estab-
lished first line drugs, treatment is often longer than six months due to 
slow response, compliance problems or adverse drug reactions. Besides, 
emergence of drug-resistant M. tuberculosis strains with an unaccept-
ably low treatment success rate of 50 % and TB-HIV co-infection have 
challenged the goals of global TB control and elimination (1). 

Pharmacokinetic variability is a major driver of acquired drug resis-
tance due to co-morbidities, co-medications and intra-individual dif-
ferences (2). Therefore, monitoring the exposure-response relationship 
by incorporating PK and minimum inhibitory concentration (MIC) of 
the anti-TB drugs would conceivably help combat current challenges of 
drug resistance, toxicity, relapse and non-response (3). Drug exposure 
over time (AUC0–24 ), peak serum concentration (Cmax) and are the two 
parameters in combination with MIC predict development of acquired 
drug resistance and expressed as a ratio of AUC0–24/MIC or Cmax/
MIC (4). For instance, a patient with serum concentrations below the 
suggested therapeutic threshold may still achieve successful treatment 
outcome because of a low MIC of the offending organism (5). How-
ever, patients with altered pharmacokinetic parameters (e.g. because 
of co-morbidities), abnormal low body mass index, low AUC0–24 and 
high MIC values are at the peril of treatment failure (6). 

For the measurement of drug concentrations, in areas with limited 
resources, (DBS) sampling can be introduced as an easy sampling pro-
cedure. In DBS, whole blood is obtained via finger prick and dropped 
onto a sampling paper which is dried, extracted and then analyzed by 
validated methods such as liquid chromatography-tandem mass spec-
trometry (LC-MS/MS). DBS overcomes the costs and logistic problems 
related to venous blood sampling such as larger sample volume, inva-
sion with needles, storage conditions, transportation, biohazards risks; 
and finally, this technology is highly appropriate for children affected 
with TB. Obtaining a full time concentration profile for AUC0–24/MIC 
ratio is not feasible at the rural clinics. Therefore, limited sampling 
strategies could be applied to estimate the total exposure (7). 
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To optimize drug therapy, therapeutic drug monitoring (TDM) has 
become a standard clinical technique, as agreed among researchers 
and health care policy makers (8). Despite broad acceptance, TDM 
has not yet been implemented in resource constrained countries highly 
burdened by TB (9). This might be due to the limited budget the health 
sector receives and the lack of advanced bio-analytical infrastructure for 
performing TDM. To overcome this problem we propose to organize 
the logistics for TDM in a similar way as for TB diagnostics. Here we 
describe the tools and strategy for implementing TDM at three levels 
(see Figure 1).

i) Peripheral (community level)
At peripheral level, DBS can be used to collect the blood samples. DBS 
samples will be collected in the second week of treatment and both 
health care workers and patients can perform the finger prick them-
selves, after appropriate training and with easy-to-follow instructions. 
Afterwards it can be dispatched to the laboratory at central level, where 
the analysis take place by LC-MS/MS. 

To implement the proposed TDM intervention at this level funds are 
needed for the salaries of health care personnel and DBS kits, and for 
training, continued education and supervision. Furthermore, for si-
multaneous analysis of multiple anti-TB drugs in a DBS samples, a new 
LC-MS/MS method can be developed and validated similar to the one 
published by Kim et al. on human plasma by LC-MS/MS method (10,11).

ii) Intermediate level
This level consists of a decentralized laboratory service, which can 
use semi-quantitative analytical methods using thin layer chroma-
tography (TLC) to detect the concentration of cornerstone drugs like 
rifampicin and fluoroquinolones in saliva of TB patients (12,13). This 
simple, affordable and non-invasive point-of-care test will be able to 
detect patients with low drug exposure of key anti TB drugs fast, while 
waiting for the results of DBS samples also collected at this level. The 
benefit of this level is the ability of TDM-guided dosing for patients 
with low drug exposure. 

Thus, availability of both TLC and DBS results will make laboratories 
self-sufficient to perform TDM, in contrast to the laboratories at the 
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peripheral level that will solely depend on the central level for DBS 
results from the central laboratory. It is also possible that the costs 
(medical and laboratory) will be relatively higher compared to the pe-
ripheral level. For instance, additional laboratory costs would include 
purchasing TLC plates, solvents and UV lights, and costs for training 
and salaries. The return of investment may be high if treatment is timely 
adjusted for the patients with a complicated course, severe disease, and 
disease progression during treatment. 

iii) Central level
To support a clinical TDM service, the central level laboratory will 
analyze DBS samples collected from intermediate and peripheral 
laboratories using advanced techniques such as LC-MS/MS. The lab-
oratories at the central level in most of the low and middle income 
countries are generally well-equipped, and would be able to handle 
a high sample throughput demanding limited extra resources. Extra 
resources might comprise installment of LC-MS/MS and better staffing 

Figure 1: TDM implementation in the three tiers WHO’s pyramid of TB diagnostics. 
 Please refer to WHO’s document for detailed information on diagnostic techniques in 
a tiered laboratory network (Implementing tuberculosis diagnostics: policy framework 
2015). DBS: dried blood spot, LED: light-emitting diode, LPA: line probe assay, DST: 
drug susceptibility testing. 
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to efficiently handle increased sample load. Test results from central 
to intermediate and peripheral laboratories can be communicated 
utilizing the existing framework. Furthermore, TB supranational ref-
erence laboratories can support the strengthening of central/national 
reference laboratories by establishing a working relationship, providing 
technical assistance, assisting in infrastructure and equipment’s setup 
and validation, and facilitating human resources development. Quality 
control procedures will increase laboratory credibility and also boost 
up the confidence of clinicians, researchers, accrediting bodies and 
regulatory agencies (14). 

TDM, though potentially highly valuable is one of the least acknowl-
edged tools in international TB treatment guidelines. Currently, TDM 
is merely recommended as an option mainly based on perceived cost 
constraints, lack of infrastructure and trained personnel (15). However, 
ineffective or incomplete treatment, slow drug response leading to 
prolonged infectiousness, acquired drug resistance, treatment failure 
and early relapse, as well as the emergence of multi drug resistant TB 
that all thrive in the absence of TDM, call for a change to bring TDM 
to the forefront (15). TDM could be cost-effective even in high inci-
dence, low resource settings (3). With the novel tools and procedures 
in place, TDM should no longer be a remote possibility but rather be 
adapted as an integral component of National TB programs similar as 
TB diagnostics and 1st and 2nd line TB drug supply. 
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