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Abstract: An infectious disease, COVID-19, caused by a new type of coronavirus, has been 
discovered recently. This disease can cause respiratory distress, fever, and fatigue. It still has 
no drug and vaccine for treatment and prevention. Therefore, WHO recommends that people 
should stay at home to reduce disease transmission. Due to the quarantine, FDA stated that 
this could hamper drug development clinical trial protocols. Hence, an alternative sampling 
method that can be applied at home is needed. Currently, volumetric absorptive microsam-
pling (VAMS) has become attention in its use in clinical and bioanalytical fields. This paper 
discusses the advantages and challenges that might be found in the use of VAMS as an 
alternative sampling tool in clinical trials and therapeutic drug monitoring (TDM) during the 
COVID-19 pandemic. VAMS allows easy sampling, can be done at home, storage and 
delivery at room temperature, and the volume taken is small and minimally invasive. 
VAMS is also able to absorb a fixed volume that can increase the accuracy and precision 
of analytical methods, and reduce the hematocrit effects (HCT). The use of VAMS is 
expected to be implemented immediately in clinical trials and TDM during this pandemic 
considering the benefits it has. 
Keywords: clinical trials, COVID-19, drug development, therapeutic drug monitoring, 
TDM, volumetric absorptive microsampling, VAMS

Introduction
Recently, infectious disease has been found that is caused by a new type of coronavirus. 
This virus is called severe acute respiratory syndrome coronavirus 2 or SARS-CoV-2 
and the disease it causes is called coronavirus disease 2019 or COVID-19.1 Most 
people infected with the SARS-CoV-2 virus will experience mild to moderate respira-
tory disease, fever, and fatigue. It can severely impact older people and people with 
congenital diseases.2 Experts believe that the primary disease transmission of this virus 
is from person to person.3 People can be infected if they make close contact (around 
1–2 meters) with respiratory droplets of someone who has been infected.4 Based on the 
ongoing global transmission of COVID-19, WHO announced the disease as 
a pandemic on March 11, 2020, because there was no place that was completely safe 
from its effects.2 It was reported that this virus could stay alive for several hours in the 
air and several days on the surface of objects.5
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According to the data collected by Johns Hopkins 
University in the United States, as of July 28, 2020, 
more than 16.489.485 total COVID-19 cases have been 
confirmed from 188 countries and regions, resulting in 
approximately 654,159 people died, and around 
9,581,047 people recovered. While in Indonesia, there 
were 100,303 confirmed cases of COVID-19, which until 
now are still increasing, around 4,838 people died, and 
around 58,173 people recovered.6 Clinical trials are 
ongoing to evaluate potential treatments for COVID-19 
due to the absence of vaccines or specific treatment for 
this disease.2 Remdesivir is one of the antiviral drugs that 
are currently on clinical trials for COVID-19. This drug 
shows activity against MERS-CoV (Middle East 
Respiratory Syndrome Coronavirus) and SARS-CoV-1 
(Severe Acute Respiratory Syndrome coronavirus 1) 
in vitro and animal models.7 A study shows that remdesi-
vir and chloroquine can inhibit viral infections, but further 
studies are needed.8 A study involving 100 COVID-19 
patients with treatment containing chloroquine reported 
the decrease of pneumonia exacerbation and the reduction 
of viral load levels.9

However, recently, the FDA stated that chloroquine 
and hydroxychloroquine could cause serious heart rhythm 
problems in COVID-19 patients who receive this regimen. 
Chloroquine and hydroxychloroquine are often combined 
with azithromycin and other drugs that prolong the QT 
interval in the heart and this can lead to ventricular tachy-
cardia. The FDA recommends that chloroquine and hydro-
xychloroquine, either alone or in combination with 
azithromycin, when used for COVID-19 patients, should 
be limited to clinical trial settings or for treatment in 
certain hospitals.10 Other drugs currently in clinical trials 
for the treatment of COVID-19 include remdesivir, lopi-
navir/ritonavir, tocilizumab, and favipiravir.4

The best way to prevent and slow the transmission of 
the SARS-CoV-2 virus is by frequent hand washing and 
maintaining social distancing between individuals by stay-
ing at home and avoiding crowds.2 The occurrence of this 
health emergency will naturally lead to challenges such as 
quarantine, closure of locations, travel limitations, disrup-
tion of the supply chain of medical products, and others.1 

These challenges can cause difficulties in fulfilling proto-
cols for clinical trial sampling procedures for drug devel-
opment and therapeutic drug monitoring (TDM), which 
involve researchers’ direct contact with volunteers in the 
laboratory. It might cause protocol deviations that cannot 
be avoided because of the COVID-19 pandemic.

An important aspect of clinical trials of drug develop-
ment and TDM is the accurate quantification of drugs in 
a given matrix. These aspects include the study of phar-
macokinetics, pharmacodynamics, and toxicokinetics to 
interpret dosages, frequency, and duration of treatment.11 

The matrices used for sampling are blood, plasma, serum, 
cerebrospinal fluid, breast milk, urine, saliva, and hair.12 

Among all alternative sampling, plasma and serum are the 
most widely used samples for determining the concentra-
tion of analytes. Although considered a gold standard, 
plasma and serum sampling with the venipuncture techni-
que is more invasive and has disadvantages. This sampling 
requires medical personnel’s assistance, storage conditions 
must be appropriate, and large sample volumes.11

Today, efforts to reduce the volume taken in blood 
sampling have developed by applying microsampling tech-
niques in quantitative bioanalysis. Microsampling technol-
ogy has been widely used in non-clinical and clinical drug 
development studies and TDM. Because of the reduction 
in the sampling volume, patients will be more comfortable, 
easier to handle, have low shipping costs, and can be 
stored at room temperature.13,14 The majority of micro-
sampling applications for the quantitative determination of 
analytes have been developed using blood in the form of 
dried blood samples, namely in Dried Blood Spots (DBS) 
and Volumetric Absorptive Microsampling (VAMS). 
Furthermore, to obtain high-quality quantitative bioanaly-
sis data from dried blood samples for the development of 
this drug has facilitated several high sensitivity and selec-
tivity analysis instrumentation, specifically LC – MS/ 
MS.13

Dried Blood Spots (DBS) have been widely used as an 
alternative sampling for small and large molecules in 
various fields such as drug discovery and development, 
TDM, doping analysis, drug toxicology, and others. 
However, DBS has disadvantages in the influence of 
hematocrit (HCT) or volume fraction of red blood cells 
in blood samples in quantitative tests. HCT plays a vital 
role in determining blood viscosity so that it can affect the 
spread of blood samples on DBS paper, which allows the 
results of biased analysis.15

In 2014, the Neoteryx® company launched a new, fixed 
volume sampling method called Volumetric Absorptive 
Microsampling (VAMS).15 VAMS is used to obtain dried 
blood specimens and other biological matrices for bioana-
lysis applications.16 The porous hydrophilic tip of VAMS 
has been designed to absorb fixed sample volume.17 

Compared to venous sampling, VAMS has several 
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advantages, namely, reduction in sampling volume, simple 
sampling techniques, secure handling, low shipping costs, 
and can be stored at room temperature.18 When compared 
with DBS, VAMS allows accurate sample volume collec-
tion without the influence of HCT which can affect the 
performance of quantitative methods because it affects 
sample homogeneity, drying time, analytic recovery, and 
reproducibility of analysis.19 The use of VAMS also does 
not require medical personnel’s assistance so that sampling 
can be done alone by patients at home. This certainly can 
slow down the chain of transmission of COVID-19, which 
requires individuals to maintain social distancing and 
remain at home.

At present, dry blood microsampling techniques with 
VAMS are widely used in drug development research and 
TDM because of easy and self-administered sampling 
techniques at home. Apart from all the advantages of 
VAMS compared to another blood sampling, VAMS is 
still a sampling technique that has not been widely studied 
because this sampling tool is quite expensive and can only 
be used for one-time sampling.11

Based on the explanation above, the authors did this 
review to explore the benefits and challenges of using 
VAMS in drug development studies and TDM during the 
COVID-19 pandemic. The author will focus on clinical 
and bioanalytical aspects and potential challenges when 
applying them and how these challenges can be overcome. 
This review is expected to make VAMS an alternative 
consideration for clinical trial sampling in drug develop-
ment and TDM during the COVID-19 pandemic so that it 
can be implemented immediately for the sake of ongoing 
clinical trial protocols for drug development and TDM.

Drug Discovery and Development in 
General
Currently, COVID-19 is a new disease that does not yet 
have a particular drug or vaccine that can cure and prevent 
the disease. Therefore, a series of suitable drug discovery 
and development processes are needed to target the 
disease.20 Drug discovery is a process intended to identify 
small synthetic molecules or large biomolecules for com-
prehensive evaluation as potential drug candidates. In 
short, the drug discovery process includes identification 
of the disease, selection of molecular targets, development 
of in vitro testing followed by a screening of compounds 
against targets, and obtaining optimal results for com-
pounds that show potential for biological targets in vitro 

and in animal model. Furthermore, these compounds are 
further optimized to improve the efficacy and pharmaco-
kinetic studies before heading for drug development.21

The process of drug development can be separated into 
preclinical and clinical development. In preclinical devel-
opment, pharmacological, toxicological, and safety studies 
of candidate drugs are carried out to determine the max-
imum safe concentration in animals, determine potential 
side effects, and determine the best formulation. If the 
candidate shows sufficient efficacy and safety, the drug is 
permitted by the drug regulatory agencies to begin its 
clinical development.21

In general, the clinical trial process of drug develop-
ment is divided into several phases. Phase I clinical trials 
are conducted to assess the drug’s safety and tolerability 
and are usually carried out on 10–100 healthy volunteers. 
Pharmacokinetic aspects, including ADME (absorption, 
distribution, metabolism, and elimination) and pharmaco-
dynamics, are also monitored. The maximum tolerated 
dose is also determined.21

Phase II clinical trials investigate the clinical effective-
ness of drugs carried out in patients with certain diseases. 
In this phase, around 50–500 patients receive new drugs 
that are studied primarily to assess the efficacy of the drug 
in patients (Sinha & Vohora, 2017). Drug safety studies 
have also continued through this phase. In the first part of 
Phase II, called phase IIA, is to determine the dose needed 
to provide the desired therapeutic effect. After the exact 
dosage level is determined, the drug candidate will go 
through phase IIB where the drug candidate will be deter-
mined for its efficacy in a larger population.22

Phase III clinical trials confirm the efficacy of the drug 
being studied in a larger population, usually several hun-
dred to several thousand volunteers/patients. Randomized 
and multicentric trials (conducted in several places) com-
pare the drugs studied with the best treatment or standard 
of care for certain diseases. Adverse side effects in patients 
are also monitored. After obtaining the results, all data to 
date has been compiled into the drug application file and 
submitted for approval of drug licensing regulations. After 
the drug is marketed, post-marketing surveillance or Phase 
IV clinical trials begin as additional follow-up studies to 
detect rare or long-term side effects in much larger popu-
lations or effects in certain specific populations, drug-drug 
interactions, and drug-drug interactions disease. Phase IV 
clinical trials have significant implications, including 
changing drug labels, contraindications, interactions, and 
even withdrawal of drugs that are already marketed.21,22
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Please note that clinical trials of drugs are not only 
applied to new drugs but can be applied to drugs that 
already exist for specific diseases, and these drugs want 
to be used for different diseases. Drug clinical trials can 
also be applied to compare several different treatments for 
a disease, evaluate biomarkers for a disease, and can be 
used to determine the cause of a disease or develop knowl-
edge about the mechanism of disease.

Therapeutic Drug Monitoring 
(TDM) in General
Therapeutic drug monitoring (TDM) interprets the results 
of examinations of certain drug levels due to the narrow 
therapeutic index.23 TDM involves measuring the patient’s 
blood or plasma drug levels at the specified time to guide 
the dosage regimen needed to maintain levels of therapeu-
tic ranges.24 By combining pharmaceutical, pharmacoki-
netics, and pharmacodynamic knowledge, TDM enables 
the assessment of certain drugs’ efficacy and safety.25 In 
particular, TDM provides rational support for the transla-
tion of doses to patient individual characteristics and con-
tributes to optimizing the design of a critical phase III 
clinical trials, where the success of this phase represents 
the main conditions for drug marketing approval.24

The proper use of TDM requires more than just mea-
suring drug concentrations in blood or other matrices and 
comparing it with the target range. On the contrary, TDM 
plays a vital role in developing safe and effective thera-
peutic drugs and the individualization of these drugs. 
When interpreting drug concentration measurements, fac-
tors that need to be considered include the sampling time 
to the dose, dosage history, patient response, and desired 
clinical target. This information can be used to identify the 
most appropriate dosage regimen to achieve an optimal 
response with minimal toxicity.25

Indications for TDM include efficacy, compliance, 
drug interactions, avoidance of toxicity, and monitoring 
after therapy discontinuation. The contribution of pharma-
cokinetic variability to differences in dose requirements 
can be identified by measuring drug concentrations in 
blood or other matrices under steady-state conditions and 
modifying doses to achieve desired concentrations related 
to effectiveness.24

Pharmacological characteristics of drugs that must 
undergo TDM include, drugs that have a narrow therapeu-
tic index, when there are significant variations in pharma-
cokinetic parameters between patients, the absence of 

pharmacodynamic markers of therapeutic response and/or 
toxicity that is easily assessed for changes in dose, and 
criticality of the patient’s condition for dose adjustment 
efforts.24

Volumetric Absorptive 
Microsampling (VAMS) at Glance
VAMS is a sampling method used to obtain dried blood 
specimens and other biological matrices for bioanalysis.16 

Compared to venous sampling, the VAMS technique 
reduces the volume of sampling, the sampling technique 
is simpler, more comfortable to handle, has low shipping 
costs, and can be stored at room temperature. The use of 
VAMS also does not require medical personnel’s assis-
tance so that sampling can be done alone at home.18

When compared with DBS, the use of the VAMS 
sampling method enables accurate collection of sample 
volumes. It reduces the effect of HCT in DBS which can 
affect the performance of quantitative methods that affect 
sample bottle formation, homogeneity, drying time, analy-
tic recovery, and durability and reproductive ability of the 
test.19

The VAMS device consists of an absorbent white tip 
that is attached to a plastic handle. The porous hydrophilic 
white tip containing cellulose has been designed to absorb 
a fixed sample volume. VAMS devices are available to 
collect 10, 20, and 30 µL samples and are stored in 
cartridges (2 samplers), clamshells (2–4 samplers), or 96- 
well plates17 (depicted in Figure 1).

Sampling is done by dipping the tip surface into the 
patient’s blood from a finger or heel prick at a 45° angle. 
The tip of the sampler will absorb blood in a few seconds. 
The tip of the sampler should not be submerged in the 
blood until it passes over the shoulder of the tip, because it 
can lead to trapping excess blood on the plastic handle. 
After sampling, VAMS is dried for 2 hours at room tem-
perature before it is sent or stored before analysis. When 
preparing sample analysis, the tip of the sampler contain-
ing the sample is used for the extraction process.17

When extracting analytes, the tip of the VAMS is 
usually (not always) removed from the plastic handle and 
inserted into a microtube or microtiter plate. The extrac-
tion process can be divided into two different stages, 
namely, desorption and analyte extraction. These steps 
can be carried out simultaneously with a single solvent 
or sequentially using additional extraction procedures. The 
solvent commonly used in the extraction of VAMS is 
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methanol or water (Protti et al, 2019). In addition, the 
preparation of VAMS samples is also easy because it 
only needs to separate the VAMS tip with the handle 
without having to cut out like a sub-punch method that 
must be applied to DBS samples.11

Thus, VAMS has the advantage in sample preparation, 
where sample preparation becomes simpler and does not 
need to go through the centrifugation stage before extract-
ing it. However, VAMS has a disadvantage that the sample 
can only be processed once, so a lot of sampling must be 
done if the analysis is done more than once, and this 
sampling tool is also quite expensive compared to DBS.17

Clinical Considerations for 
Implementation of VAMS
This section will focus on the considerations in the imple-
mentation of VAMS technology in clinical programs. 
Simultaneously, the discussion for the use of VAMS in 
bioanalysis will be detailed later in this manuscript. 
Several published studies have discussed recommenda-
tions for DBS implementation in clinical programs.26–28 

The authors consider that the use of VAMS has more 
advantages when used in clinical programs compared to 
DBS, and the analysis will be explained in this section. 
Therefore, workflows using VAMS are recommended and 
should be considered by those who apply this technology 
in clinical trials and TDM during the COVID-19 
pandemic.

Clinical Considerations for 
Implementation of VAMS to Clinical Trials 
and TDM During the COVID-19 
Pandemic
VAMS technology has many advantages when applied as 
a sampling tool in clinical trials. In particular, invasive 
nature is minimal when sampling and the volume of blood 
taken is small. This makes the VAMS technique an attrac-
tive approach for vulnerable populations, such as neonates 
or pediatrics and the elderly. In addition, blood sampling 
only from the fingertips allows this technique to be done 
alone at home without medical personnel’s help. This 
advantage can be applied to drugs that target acute episo-
dic disease. In this condition, researchers are required to 
collect samples that cannot be obtained through conven-
tional sampling, for example, in children with epilepsy and 
patients with migraines.29 Numerous publications have 
supported the use of VAMS in clinical trials. A list is 
provided in Table 1.

For analytes that have optimum stability in dry samples 
at room temperature, the use of VAMS is very advanta-
geous for clinical trials conducted in remote areas with 
limited access to centrifugation devices, freezers, and fro-
zen sample transfers. This is because VAMS does not have 
to use a centrifuge to separate analytes, and sample ship-
ments and sample storage do not require a freezer like 
intact blood samples. Also, when compared to DBS, the 
VAMS sample enables easy sample preparation because it 
only needs to separate the VAMS tip from the handle 
without having to cut like a sub-punch method (cutting 
DBS samples with a consistent diameter) which must be 
applied to DBS samples.11

In some cases of blood sampling through venipuncture, 
which is also followed by the addition of anticoagulants in 
clinical trials, it is necessary to collect large numbers of 
samples at several time points to determine the absorption, 
distribution, metabolism, and elimination parameters in phar-
macokinetic studies. Therefore, blood sampling via finger 
prick is preferred because it does not require anticoagulants, 

Figure 1 The VAMS Mitra® cartridge (2 samplers).
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centrifugation devices, and blood samples taken are also 
small.13 This can increase the comfort of volunteers/patients 
if sampling for pharmacokinetic studies in clinical trials and 
TDM requires large samples from several time points of 
collection.

In addition to the benefits of patient comfort, the 
VAMS approach can also save on the costs of storing 
and sending samples. This is reviewed from the use of 
sample storage at room temperature and dry sample deliv-
ery. Patients’ ability to samples at home can also save high 
costs of travel costs and time associated with patients not 
having to go to a central clinic. When connected with the 
current pandemic situation which requires people to stay at 
home and maintain social distancing, VAMS can be 
applied immediately for the sampling of volunteers/clin-
ical trial patients at home for the continuation of clinical 
trials on drug development and TDM.

Unfortunately, the cost-effectiveness of this VAMS can 
only be applied to the cost of storage, sample delivery, and 
patient travel costs. One of the disadvantages of VAMS in 
terms of cost is that this sampling tool is quite expensive 
and can only be used once. Thus, the handling and pre-
paration of samples required specialized expertise from the 
analyst in processing the sample to get maximum results 
and save costs. In addition, because VAMS samples can 
only be used and processed once, sampling is needed more 
than once so that if there are errors in testing, there are still 
backup samples that can be processed.

Clinical Considerations for 
Implementation of VAMS to Clinical Trials 
and TDM for COVID-19
The FDA issued guidance focusing on implementing drug 
development for COVID-19 during this pandemic. The 
FDA states that in clinical trials the development of 
drugs for the treatment and prevention of COVID-19 
must involve high-risk patients such as elderly people 
who have complications, pediatrics or children, people 
with cardiovascular or respiratory diseases, diabetes, 
chronic kidney disease, and other comorbidities.30 These 
patients are vulnerable, and their blood may have been 
taken several times for routine checking by doctors. 
Therefore, if the researcher involves these patients for 
clinical trials developing drugs and TDM for COVID-19 
disease, they should be treated as minimally as possible. 
As previously explained, VAMS allows for the sampling 
of vulnerable patients because of the small sampling and Ev
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minimally invasive nature that can improve patient 
comfort.

So far, there are still no drugs or vaccines that have 
been declared effective in curing and preventing COVID- 
19. However, as previously explained that several antiviral 
drugs are in the process of research by researchers to get 
FDA approval. Drugs currently in clinical trials for the 
treatment of COVID-19 include remdesivir, lopinavir/rito-
navir, tocilizumab, favipiravir, and chloroquine.4 These 
drugs have previously been indicated for certain diseases, 
such as remdesivir, which is effective compared to lopina-
vir/ritonavir in the urine model of patients with MERS- 
CoV infection.31 However, for the use of remdesivir and 
other drugs as COVID-19 treatment regimens, they must 
first go through clinical trials to test safety, see the drug’s 
pharmacokinetics, and the effectiveness of the drug to 
make it a COVID-19 treatment.

Chloroquine, a recommended drug that is often used to 
cure COVID-19 patients, is reported to cause heart side 
effects at concentrations above the maximum plasma con-
centration. Chloroquine plasma concentration after the first 
dose is given ranges 65–226ng/mL. Chloroquine TDM is 
recommended to determine the dosage regimen required 
for each patient receiving chloroquine and ensure plasma 
concentrations remain in the therapeutic range to maxi-
mize effectiveness and minimize toxic effects.32 

Therefore, drug monitoring is a rate-limiting step for 
drug development and could speed up drug development 
in order to have an effective COVID-19 treatment know-
ing that every day the number of COVID-19 patients 
continues to grow.

In carrying out clinical trials of drug development and 
TDM for the treatment of COVID-19, careful consideration 
is needed regarding the cost-effectiveness and ease of hand-
ling samples because this test may last for several years. To 
accomplish this, alternative VAMS sampling tools can be 
used to reduce research costs because vials, sample cups, 
and other sample preparation tools are used less because the 
sample volume is small, does not require anticoagulants, 
does not require centrifugation tools for analytic extraction, 
does not require a freezer for storage and samples can be 
sent in dry samples at room temperature.

At present, the NIH (National Institute of Health) in the 
United States is conducting studies to measure asympto-
matic COVID-19 infection cases using the VAMS 
approach. The NIH attempted to study adults in the 
United States who had no history of infection with SARS- 
CoV-2 but had antibodies to the virus. This study analyzes 

blood samples from 10,000 volunteers to provide essential 
data for the epidemiological study model. The volunteers 
who participated in this study will conduct sampling at 
home using VAMS. The researchers stated that the use of 
VAMS in this study could facilitate sampling and conti-
nuity of research because participants can take their sam-
ples at home. The researchers also stated that they have 
experience using VAMS to track the spread of other infec-
tious diseases such as influenza. This method is safe, 
effective, and easy to use. This study, which only involves 
finger prick sampling from participants, is expected to help 
researchers fight COVID-19 from home.33

Factors to be Considered in the Use of 
VAMS for Clinical Trials and TDM During 
the COVID-19 Pandemic
The quality of samples collected by microsampling, 
including VAMS, is crucial for the study’s success. 
Therefore, it is also important to conduct training on 
sampling using VAMS, especially if the sample collection 
is done by volunteers/patients at home without medical 
personnel’s help. Self-sampling without medical staff or 
experts help allows results with more significant data 
variability.34

Although the use of VAMS is fast, easy, and possible to 
absorb a fixed volume, its application still has factors that 
can affect variations in sample volume if it does not follow 
the established procedures. In VAMS sampling, the tip of 
the sampler should not be immersed in blood until it 
passes over the tip of the shoulder, because it can result 
in trapping excessive blood on the plastic handle.17 This 
must be confirmed and conveyed to volunteers/patients 
who will take their own sample at home to avoid varia-
bility in results.

Efforts that can be made are using some media to 
socialize and train volunteers/patients to take samples 
with VAMS correctly. This can be considered, given the 
quarantine and social distancing situation during the 
COVID-19 pandemic, which requires people to remain at 
home and cannot be monitored and controlled directly by 
the responsible medical personnel/researcher. Medias that 
can be used include online training forums, video tutorials, 
and instruction brochures. These efforts have been proven 
to increase the acquisition of high-quality samples.35 

Training efforts with the media must ensure that study 
volunteers/patients fully understand the sampling techni-
que and produce reliable results.
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Another factor that can influence the success of the 
analysis with the VAMS sampling tool is volunteers/ 
patients’ compliance in taking samples, especially if done 
alone at home without strict control. Before volunteers/ 
patients participate in clinical trials, volunteers/patients are 
required to read and sign an informed consent that con-
tains the purpose of the study and why the volunteers/ 
patients are asked to participate, research procedures and 
what actions will be carried out, research benefits, risks 
and possible side effects, contact information, statements 
that participation in research is voluntary, and participants 
may withdraw if they wish, and consent sheets for parti-
cipation in research.36 By signing the informed consent, 
the volunteers/patients are considered to have understood 
the objectives, risks, and procedures of the study and 
agreed to participate voluntarily in the study and can 
comply with the rules to get the maximum research results 
set by the sponsor/researcher.

Despite having signed the informed consent, the disci-
pline of volunteers/patients in sampling with VAMS at 
home without direct control remains a significant concern. 
Mainly if VAMS is applied for use in Indonesian people 
who have low discipline during the COVID-19 pandemic. 
Commitment to discipline in involvement in clinical stu-
dies comes from each person, and it must be balanced with 
regulations and policies that have been made by the spon-
sor/researcher. Efforts that might be implemented to 
reduce voluntary/patient indiscipline in-home sampling 
with VAMS are to carry out periodic control via telephone 
contact or online forums and send reminders with short 
messages about sampling schedules and sample delivery.

Bioanalytical Considerations for 
Implementation of VAMS
Bioanalysis has an important role in the process of drug 
development. At present, bioanalysis is an essential part of 
evaluating drug toxicity and pharmacokinetics and phar-
macodynamics of drugs. Bioanalysis involves identifying 
and quantifying analytes in biological samples such as 
blood, plasma, serum, saliva, urine, feces, skin, hair, and 
organ tissues. Bioanalysis is also carried out in clinical, 
preclinical, and forensic toxicology laboratories. Thus, 
bioanalysis is essential in many fields of research, such 
as the development of new drugs, forensic analysis, doping 
control, and identification of biomarkers for the diagnosis 
of many diseases. Liquid chromatography instruments 
combined with mass spectrometry (MS/MS) tandem have 

been used in drug bioanalysis. Bioanalysis procedures 
include sampling, sample preparation, analysis, calibra-
tion, evaluation, and data reporting.37

In studies using microsampling, method validations are 
needed to ensure the sensitivity and selectivity of the 
analysis and provide reliable quantitative data results 
because the sample volume used is small. Therefore, 
method validations for workflows using microsampling 
must also include accuracy, precision, selectivity, sensitiv-
ity, recovery, stability, carryover, and matrix effects.38,39 

This validation must overcome, at a minimum, the effects 
of storage and handling temperatures, homogeneity of 
sampling, HCT, and stability. In this section, the authors 
discuss the analysis considerations when using VAMS and 
the challenges that might be discovered.

Bioanalytical Considerations for 
Implementation of VAMS in Clinical Trials 
and TDM
Fixed Volume Uptake
A fixed sample volume is key to the accuracy of analysis in 
quantitative bioanalytic research. For conventional sampling, 
blood collection requires high accuracy. After the samples are 
collected, the samples will be processed, frozen, and then sent 
to a bioanalysis laboratory. All is done by analytical chemists 
who are trained using calibrated equipment, either manual 
pipettes or automated liquid handlers in the bioanalysis 
laboratory.40 In the use of DBS, each blood spot’s diameter 
is a more bigger concern than the volume of blood. Different 
types of DBS papers require different amounts of blood to 
produce identical blood spot diameters.11

To overcome the problem of consistent sample 
volume, the use of VAMS allows the collection of 
fixed sample volumes starting from 10, 20, and 30μL.16 

Sampling can be carried out by personnel in health 
facilities, clinics, or even patients at home because of 
the ease of use. However, VAMS sampling must be 
monitored because errors can occur if the collection 
method is not appropriate. As explained earlier, VAMS 
sampling should not exceed the device handle’s shoulder 
as this can cause excess sampling volume. Therefore, it 
is crucial to monitor the correct use of VAMS in sam-
pling even though the device itself allows it to be used 
by personnel who are not experts in analytical or clinical 
fields. Training through adequate media can educate 
operators or users about the use and handling of appro-
priate devices to reduce errors.41 Also, if direct training 
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is not possible in this pandemic situation, the operator or 
user can watch video instructions or brochures on the 
appropriate usage methods that are already available.

Stability of Analytes and Metabolites
A critical parameter for microsampling evaluation is sta-
bility. This is to ensure sample integrity and data consis-
tency during long-term studies in a series of bioanalytic 
studies. The analyte concentration at the time of analysis 
after delivery must represent the concentration collected at 
the time of sampling.42 Storage and sample delivery con-
tribute significantly to analytes degradation. Temperature, 
humidity, and sunlight can also cause degradation of ana-
lytes in dried blood samples.11

The instability of analytes and metabolites can also be 
caused by chemical reactions or degradation catalyzed by 
enzymes. When sampling with conventional methods, 
degradation can be minimized by adding enzyme inhibi-
tors, controlling the sample’s pH, and antioxidants to the 
collection tubes before sampling.43 Whereas in the use of 
microsampling, such as VAMS and DBS, the addition of 
these components is more often added during extraction. 
This can allow the degradation of analytes that are less 
stable when drying samples that take several hours.

Several studies have been conducted to test the stability 
of various analytes in VAMS samples. Stability is exam-
ined under different storage conditions, ranging from −80° 
C to 50°C at the specified time. In several studies, the 
stability of analytes in VAMS samples produced different 
results depending on the analytes studied.17

One study examining the drug miltefosine found that 
the drug was stable in VAMS samples for at least one 
month at room temperature (22 ± 3°C), whereas in DBS, 
it could last for five months at room temperature in an 
aluminum bag. This can be a worrying issue in the use of 
VAMS. However, it should also be noted that the storage 
conditions of the two samples are slightly different 
because the VAMS samples are stored in the dark in 
a clamshell storage container and the DBS samples are 
stored in a closed aluminum bag with three desiccant bags 
which allows different results in the stability of the analyte 
in different samples.18

Testing the stability of analytes can also be seen in 
studies with emixustat drugs for eye diseases. Samples 
spiked by emixustat are absorbed with VAMS and left at 
room temperature (25°C), refrigerators (4°C), and freezer 
(−20°C) for up to three months before extraction. Samples 
were kept at stable room temperature for about one week 

with a maximum bias of 12%. Samples were then pro-
cessed after three months of storage at room temperature 
and showed a reduction in recovery of up to 35%. 
Emixustat stability in VAMS increases at lower storage 
temperatures where the sample is stable for one month in 
the refrigerator and stable for three months in the freezer.44

In general, the stability of analytes in VAMS samples 
depends on the type of the studied analyte. If the analyte is 
stable at room temperature, shipping and storage costs can 
be significantly reduced because there is no need to freeze 
it. However, the stability of other analytes cannot be 
ensured for a long time at room temperature. The analyte’s 
stability can be improved by storing the sample at lower 
temperatures before or after the extraction of the analyte.

Homogeneity of Sample and Hematocrit Effects 
(HCT)
Several research papers on the problem of blood HCT levels 
and the homogeneity of sample dispersion in the use of DBS 
that have led to biased results have been widely documented. In 
short, blood with different HCT values will affect the blood 
viscosity, which leads to variations in the size of the sample 
distribution on DBS paper, which can make the analysis results 
biased. To overcome this problem, VAMS technology is 
designed to ensure proper blood volume collection at all 
times of sampling with minimal HCT effects.45 This is evi-
denced by protein studies using VAMS, where the observed 
results have no visible relationship between signal intensity 
with different HCT concentrations in proteins.15 Also, high 
HCT can reduce recovery from analytes. When HCT concen-
trations are high, high red blood cell counts can be trapped on 
DBS paper substrates, which can inhibit the analytic desorption 
process.46 This was proven in the study of the drug miltefosine, 
which had a higher recovery value using VAMS compared to 
DBS.18

In addition, studies have also been documented using 
human blood and mice with different HCT absorbed by 
VAMS. The average volume of human and rat blood collected 
was in the estimated range of HCT 20–65%. The results of the 
blood volume slope to the HCT plot are close to zero, and this 
shows that the volume of blood collected by VAMS has a slight 
variation with different blood HCT values.47

Carryover and Cross-Contamination
Carryover and cross-contamination during sample collection 
can cause significant experimental errors in the analysis pro-
cess because they can influence the selectivity of the analysis.13 

Therefore, collection and handling procedures and storage 
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technology must be designed to eliminate or minimize accu-
mulation and contamination. DBS’s use allows for contamina-
tion due to the design of DBS, which has no protection for long 
periods of drying. To deal with this, VAMS technology is 
equipped with a cartridge protector that allows drying of 
samples in closed conditions. This can minimize contamina-
tion from the environment, which can affect the results of the 
analysis.

Logistics
As explained earlier, VAMS can provide practical benefits. For 
example, dry sampling with VAMS lowers costs, and the 
sampling process is more manageable by allowing samples 
to be stored and sent at room temperature. VAMS is designed 
to collect samples at home and be equipped with collection 
devices and shipping containers into one cartridge. This 
approach makes it easy for users to use it, and sending samples 
to the bioanalysis laboratory becomes cheaper because it can 
be done at room temperature.

Bioanalytical Considerations for 
Implementation of VAMS in Sample 
Analysis
Accuracy and Precision
In the series of bioanalytic studies, the analytical method 
used must be specific to the analyte to be measured and 
must demonstrate pre-determined accuracy and precision. 
Testing the accuracy and precision during the development 
of a method is essential to determine whether this method 
is suitable for analyzing research samples. The acceptance 
criteria for accuracy and precision are at an average con-
centration of %CV not more than ±15% for QC samples 
and no more than ±20% for the LLOQ area.

In studies examining proteins with VAMS, it is evident that 
the results of the accuracy and precision of the analysis 
obtained met the requirements of accuracy and precision 
criteria.15 Compared to DBS, the research of miltefosine with 
VAMS sampling method has an accuracy bias that meets the 
requirements of accuracy and precision criteria. At the same 
time, the accuracy and precision of DBS samples do not meet 
the requirements. These results prove that the VAMS sample 
can improve the accuracy and precision of the analysis com-
pared to the DBS sample.18

Recovery and Matrix Effects
The recovery of the sample and the ability to extract must 
be optimized for the microsampling approach to ensure 
test performance and maximize test sensitivity. As 

previously explained, VAMS technology makes it possible 
to increase recovery from analytes because it can minimize 
the effects of HCT, especially on higher HCT. In all cases, 
recovery from analytes must be optimized. One way to 
optimize recovery values is to choose the appropriate 
extraction solution and optimize the sonication time in 
sample preparation.

The use of microsampling, such as VAMS and DBS, 
tends to have fewer matrix effects than conventional sam-
pling. This is because the lower sample volume and sam-
ple processing for attracting analytes from the matrix has 
more steps than conventional sampling.13

Future Prospective
Based on the literature research and analysis, the authors 
consider that developments in the use of VAMS for clin-
ical trials of drug development and TDM during the 
COVID-19 pandemic will be very useful because of the 
many practical benefits which include easy delivery and 
storage of samples, and also the ability to collect samples 
with minimally invasive treatment compared to the con-
ventional venipuncture techniques. A few publications 
have supported the concordance between the data obtained 
by two different techniques, VAMS vs wet samples in 
human. A list is provided in Table 2.

VAMS will also facilitate the collection of samples in 
locations far from the clinic or can be done at home. This will 
be more convenient for volunteers/patients, result in simpler 
clinical trial design, and increase subject recruitment and 
retention. However, in practice, the use of VAMS has con-
cerns about the discipline of volunteers/patients in collecting 
samples at home that are not strictly controlled by the spon-
sor/researcher during the COVID-19 pandemic. To reduce 
the indiscipline, several media can be used, such as training 
videos or instruction brochures to socialize and train volun-
teers/patients on how to take samples with VAMS correctly. 
Remote monitoring through telephone contacts, online for-
ums, or reminders can also be applied for periodic monitor-
ing. This effort is expected to be implemented if VAMS is 
applied to Indonesian people who have low discipline.

When viewed from the aspect of bioanalysis, VAMS 
proves to increase accuracy, precision, and recovery ana-
lysis. Despite concerns about the stability of analytes in 
VAMS samples, this technology is still considered a smart 
and modern breakthrough in clinical and bioanalysis fields. 
Therefore, the authors suggest that if an outbreak occurs 
that requires the holding of quarantine again or an event 
that does not allow researchers to meet with the subject, 
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this VAMS technology can be applied to continue clinical 
trial protocol for drug development and TDM.

Conclusions
Based on the analysis above, the author can conclude the 
following things:

● The use of VAMS as an alternative sampling allows 
the collection of samples in locations far from the 
central clinic and can be done by the patient at home. 
This can be applied to the implementation of clinical 
trials on drug development and TDM during the 
COVID-19 pandemic, which required quarantine. 
However, remote monitoring to monitor voluntary/ 
patient discipline in sampling must be carried out for 
the success of the study.

● In the aspect of bioanalysis, VAMS has the advantage of 
minimally invasive treatment and a small sampling 
volume compared to conventional sampling methods. 
In addition, VAMS can improve the accuracy, precision, 
and recovery of the analysis by minimizing the effects of 
HCT resulting from DBS’s use. However, despite its 
advantages, VAMS has concerns about the stability of 
analytes that are not stable in dry samples. So special 
attention is needed on the stability of these analytes in 
VAMS samples.

Abbreviations
%CV, coefficient of variation (%); ADME, absorption, 
distribution, metabolism, and elimination; COVID-19, cor-
onavirus disease 2019; DBS, dried blood spots; FDA, U.S 
Food and Drug Administration; HCT, hematocrit; LC-MS 
/MS, liquid chromatography with tandem mass spectro-
metry; LLOQ, lower limit of quantification; MERS-COV, 
Middle East respiratory syndrome coronavirus; NIH, 
National Institute of Health; SARS-COV-1, severe acute 
respiratory syndrome coronavirus 1; SARS-COV-2, severe 
acute respiratory syndrome coronavirus 2; TDM, therapeu-
tic drug monitoring; VAMS, volumetric absorptive micro-
sampling; WHO, World Health Organization.
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● Challenges to solve and advantages in the use of VAMS 
as a sampling alternative in clinical trials and TDM 
during the COVID-19 pandemic
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