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A more challenging class of drugs are the immunosuppressants, administered in cases of 

organ transplantation. For tacrolimus, for instance, due to its distribution within red blood cells 

and its very low concentration, an assay can become laborious in terms of sample preparation 

and implementation into microstructures. Here, several fluorescent derivatives of tacrolimus at 

different wavelengths were synthesized. Their affinity for various biorecognition molecules 

were tested allowing the choice of a ligand-receptor pair for the development of a FPIA for 

tacrolimus quantification in buffer. Next, attempts were undertaken to adapt the immunoassay 

for analysis in whole blood samples. Considerable challenges due to the complexity of the 

matrix were revealed and initiated efforts to improve the whole blood preparation techniques 

with the aim of quantifying tacrolimus within its therapeutic range. 

With the aim of paving the way towards personalized therapies, this thesis makes the 

realisation of a POC for TDM a realistic goal. 
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List of abbreviations:  
 
TDM Therapeutic Drug Monitoring  
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PK/PD Pharmacokinetics/Pharmacodynamics  

IVD In Vitro Diagnostics  

POC Point-Of-Care  

RBC Red Blood Cells  

FPIA Fluorescence Polarization Immunoassays  

EMIT Enzyme Multiplied Immunoassay Technique 

MEIA Microparticle Enzyme Immunoassay 

ATTO655-Tob Fluorescent derivative of Tobramycin   

TAC Tacrolimus  

TOB Tobramycin  

FK BP Binding Protein 

ISDs Immunosuppressants  

CV Coefficient of Variations  

LOD Limit of detection  

LOQ Limit of quantification  

UV   Ultraviolet  

NIR Near Infra-Red 

PDMS Polydimethylsiloxane 

DBS Dried Blood Spots 

PBS phosphate buffered saline solution 

TBS Tris-buffered saline  

SEM Scanning Electron Microscope  
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describing the principles of competitive immunoassays, their analytical features and the 

principle of FPIA.   

 

Chapter 2 introduces a novel approach for a quantitative test for in vitro Diagnostics (IVD) 

based on a competitive optical fluorescence polarization immunoassay (FPIA), taking 

advantage of the features of paper and paper-based microstructures. Based on several 

developments to perform blood separation and drug quantification, the feasibility to measure 

small drugs within micro-chambers made of paper-like materials such as glass fiber 

microstructures was demonstrated. The choice of the fluorophore seemed to be an important 

factor in order to allow for measurements in whole blood and further implementation into 

microstructures.  

 

Chapter 3 will describe the analytical performance of a compact FP analytical device designed 

by the group of Prof. Martial Geiser at the HES-SO Valais-Wallis. Here, an important aspect 

consists in the fact that the immunoassay is incorporated within squared glass capillaries in 

replacement of the standard well-plates, and thereby requires a minimal volume of reagents 

and sample (up to 1 µL), allowing for a minimally invasive approach for blood collection. The 

performance achieved with the demonstrator will be described and discussed by comparison 

with a commercial reader. Finally, the results will be presented of the same immunoassay 

carried out using serum separated from whole blood using a passive microfluidic PDMS device 

designed by David Forchelet from the laboratory or Prof. Phillipe Renaud, at EPFL.  

 

Chapter 4 will focus on immunosupressants, a particular class of drugs used in organ 

transplantation. Here, the goal is to design a sensitive FPIA for tacrolimus (TAC) with simplified 

sample preparation and rapid quantification. For this reason, different fluorescent derivatives 

of TAC were synthesized and tested with regards to different biorecognition molecules. 

Moreover, different sample preparation procedures were explored and applied to whole blood 

samples. The current format of the assay requires further optimization for the quantification of 

tacrolimus within the therapeutic range in real samples.  

 

Chapter 5 concludes the thesis with an overview on the achievements of this thesis. Future 

perspectives such as integration of additional sample preparation steps, multiplexing, and 

validation of the demonstrator in clinical settings, will also be discussed.
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by Pseudomonas aeruginosa, its mechanism of action relies on binding to a site on the 

bacterial 30S and 50S ribosome, preventing formation of the 70S complex. As a result, mRNA 

cannot be translated into protein leading to bacterial death. This drug may be prescribed to 

neonates and children so that it requires special attention to control variations of its 

concentration in the body[13], [14]. At concentrations above the therapeutic range (>10 µg/ml), 

it might cause nephrotoxicity and ototoxicity [15]. Although various methods of monitoring and 

dose adjustment have been proposed for Tobramycin, the most common is to measure a 24-

hour trough concentration and to adjust the dose to maintain the trough concentration below 

a value of 2, 1 or 0.5 mg/L while the requirements for peak levels are between 2-12 µg/mL (1 

mg/mL of tobramycin represents 2.14 mM) [16]. Currently Tobramycin is quantified using 

immunoassays (FPIA and EMIT) [17] but also using chromatography methods like HPLC [18]. 

 

Tacrolimus (TAC), (Figure 1.6 B), known as FK506, is a macrolide immunosuppressant that is 

used for primary immunosuppression after organ transplantation [19]. With a molecular weight 

of 804.031 g/mol, 1mg/mL of tacrolimus represents 1.243 mM. Therapeutic drug monitoring in 

case of Tacrolimus is essential in order to avoid toxicity while maintaining its efficacy. As it has 

a large inter and intra-variability (20-80 %), Therapeutic Drug Monitoring should be performed 

frequently, every day until 14 postoperative days, which requires to monitor with confidence 

the administered dose [20], [21]. This task is particularly challenging due to its narrow 

therapeutic range: levels above 20 ng/mL can cause serious side effects like nephrotoxicity 

and neurotoxicity while levels below 5 ng/mL induce a real risk of organ rejection [22]. 

Moreover, Tacrolimus is strongly bound to erythrocytes and therefore whole blood must be 

used for quantification measurements [23]. A table summarizing the drug characteristics, the 

monitoring requirements and the methods employed in the analysis of immunosuppressants 

will be reported in Chapter 4.  

 

                 Figure 1.6: Chemical structure of A) Tobramycin and B) Tacrolimus 

https://en.wikipedia.org/wiki/30S
https://en.wikipedia.org/wiki/50S
https://en.wikipedia.org/wiki/Ribosome
https://en.wikipedia.org/wiki/MRNA
https://en.wikipedia.org/wiki/Translation_(biology)
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The turn-around time (TAT) it is one of the most important benefit of POCT. For several 

therapies, the time of collection is critical for correct dosage interpretation. For instance, in the 

case of some immunosuppressants, where blood samples should be drawn within a 15-min 

time frame at 2 h post-dose, [28], a POC would offer flexibility in terms of timing for sample 

collection and no anticoagulants would need to be used [29], [30], [31].  

 

Another reason for which a POC is preferred are the pre-analytical factors. It has been 

estimated that pre-analytical errors account for more than two-thirds of all laboratory errors, 

while errors in the analytical phase and post-analytical phase account for only one-third , and 

range from mistakes of filling tubes with an incorrect blood to anticoagulant ratio for 

coagulation tests to the use of empty or inadequately filled tubes [32]. Unfortunately, this 

critical area is often neglected in laboratory investigations and overlooked in quality control 

procedures and troubleshooting investigations [33].  

 

The traditional limitations of POCT are related to the technologies used for performing the 

assay. Adequate accuracy and precision are sometimes difficult to achieve on these devices. 

Moreover, the methodologies employed in POCT differ from those employed in the central 

laboratory. Therefore, standardization across POCT sites or comparison of the results with 

those obtained at a reference laboratory are important measures to ensure quality. Moreover, 

proper training is key to make sure the test is used correctly and delivers the greatest benefit. 

The lack of POCT device for TDM practice might be predominantly due to the high challenges 

linked with the implementation of a technology for small-molecule quantification in a compact 

and reliable miniaturized analytical system.   

 

1.2.1 State-of-the art of existing POCT solutions 

 
In the last 20 years or so, the rise of large-capacity automated systems for analytical 

(bio)chemistry has stimulated the emergence of centralized laboratories performing a wide 

spectrum of diagnostic and genetic analyses. In parallel, many of new POC diagnostic tests 

have been introduced each year [34]. The success of glucose meters, used nowadays for 

measuring glycemia in diabetic patients and which are representing over 50 % of the POC 

worldwide, has motivated people to opt for self-testing. The number of assays available on 

POC platforms continues to grow and nowadays tests cover a broad spectrum of categories 

including thyroid, fertility, cardiac, anemia, tumor markers, drugs of abuse, toxicology, 

adrenal/pituitary, reproductive, allergy, infectious disease, transplant, bone metabolism, 

cytokines, and other special proteins[35].  
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C. Handheld Minicare I-20 from Philips launched in May 2016; troponin I quantification at 

sub-picomole/L concentrations in few minutes. The immunoassay is based on actuated 

magnetic nanoparticles; the quantification is performed optically through frustrated total  

internal reflection (f-TIR); The device performs whole blood separation on a single-use 

disposable cartridge;  

D. Digital microfluidic cartridge based on a magnetic beads immunoassay performing 

multiplexed tests for quantitative troponin. 

 

Another field where POC devices are of high interest is illicit substance screening. Examples 

of commercial POCT for drugs of abuse (DOA) with molecular weight lower than 1000 Da 

(small molecules) are highlighted in Table 1. However, these devices are mainly qualitative 

and/or semi-quantitative. 

Table 1: Commercially available Point-of-Care devices for small-molecule quantification  

 
 

 

1.2.2 Towards point-of-care devices for small-drug quantification  

 

The growing need for quantitative POC devices for small therapeutic drugs has been 

emphasized in the literature [48]. Nowadays, in the research community, efforts are being 

made to design novel strategies for small-drug quantification (Table 2). These efforts are either 

Type of 
POC 

POCT device Manufacturer Application Product features References 

Unit-use 
(hand-held) 

Point-of-Care Diagnostic 
System 

GenPrime Multiplex- 
DOA 

*High-resolution 
flatbed scanner 
*Lateral flow tests 
*Colour charged 
Coupled Device 

[38] 

 Xprecia Stride Coagulation 
Analyzer 

Siemens 
Healthineers 

Coagulation 
Monitoring 
(Warfarin) 

*Tests PT/INR with lab 
accuracy 
*Fresh capillary whole 
blood  

[39] 

Bench-top 
(sensor-
based) 

Evidence, Evidence Evolution 
and Evidence Investigator 

Randox 
Laboratories 

Multiplex- 
DOA 

*Up to 2000 tests/h  
- 2640 tests/h  
- 702 tests/75min 

[40][41][42] 

 RX daytona, daytona+, 
monaco, Benchtop Clinical 
Chemistry Analyzer 

Randox 
Laboratories 

Multiplex- 
DOA 

*180 photometric 
tests/h 
- 270 photometric 
tests/h 
- 170 photometric 
tests/h 
 

[43][44][45] 

 RX monza Semi-Automated 
Clinical Chemistry Analyzer 

Randox 
Laboratories 

Multiplex- 
DOA 

*128 programmable 
tests  
*192 programmable 
channels 
 

[46] 

 AltairTM 240 Automated 
Chemical Analyzer 

EKF 
Diagnostics 

Chemical 
Analyzer 

*Dual reagent probes 
*240 tests/h 

[47] 
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The cost saving advantages of POCT are a key benefit to help promote drug monitoring so 

that it can reach an important position in the medical device market [37]. There are  

expectations that accelerating patient diagnosis and treatment could improve outcomes, which 

could result in substantial savings [64], [65], [66]. However, even if many studies have tried to 

assess the costs of POC devices versus central laboratories for different applications, there is 

no standardized manner to calculate costs for POCT and their estimation uses traditional 

approaches (fixed vs variable; direct and indirect) [67], [65]. Most of the analyses do not take 

into account, for instance, the financial impact of the reduced volume of blood required for 

POCT versus central laboratory testing [68]. The perspectives on cost of POCT may vary 

depending on whether you are a patient, insurance company, employee, laboratory employee, 

or hospital employee. The billed amount the patient or insurance company sees for POCT will 

usually be less than for central laboratory testing. Billing for POCT is less complete, and 

payment rates for a glucose meter test are less than for a central laboratory test. Therefore, 

the savings for patients and payers for health care are probably many millions of dollars 

annually, while this represents a decrease in revenue for the providers [68]. By choosing the 

proper sample type and reducing the size, the costs and the blood volume loss can be reduced 

as was shown in a study on new-borns with the introduction of a multiplexed POC-blood 

analysis [69]. Finally, yet importantly, the benefit of a POC device for small molecules would 

bring comfort to the patient. In some situations, such as organ transplantation, the drugs are 

administered for life-time and the patient needs to be periodically monitored. This includes 

traveling to the clinical laboratory and invasive sample collection.  

 

Expanding TDM to broader populations of patients by making it available via a POC device 

would improve the outcome of drug therapies with less adverse effects and play a very 

important role in improving treatment efficacy, increasing survival and quality of life. Despite 

all these obvious advantages, currently, there is no robust, sample-to-result device on the 

market enabling quantification of small molecules for therapeutic drug monitoring. This is 

predominantly due to challenges in the implementation of an appropriate technology in a 

compact and reliable miniaturized analytical system. These challenges will be described in the 

following sub-chapter.  

 

1.2.4 Challenges and opportunities 

 

As shown in previous paragraphs, drug monitoring in combination with a POC device can have 

significant benefits. However, for the design of such a device, several challenging aspects 

have to be taken into account.  
























































































































































