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Introduction. The worsening problem of drug abuse in Russia and the growing number of hidden users of narcotic drugs (ND) require the list 
of screening examinations for ND identification to be extended by including more economical approaches that reduce costs at the stages of 
collection, transportation, storage, and analytical examination of biological samples.
Objective. Development of a multiplex immunoassay method based on the PHOSPHAN technology for detecting the main groups of narcotic 
and psychotropic substances in pools of paper-dried urine samples, followed by an assessment of its potential for identifying drug addicts as 
part of an extended drug control program.
Materials and methods. Dry urine samples (n = 31) were prepared on paper test strips from liquid samples containing (n = 30) or non-con-
taining (n = 1) cocaine, cannabinoids, amphetamines, opiates, benzodiazepines, barbiturates, methamphetamine, or methadone, according 
to toxicology screening (TS). The samples were studied as pools containing 1–40 fragments (0.45×0.45 cm) of test strips. The luminescent 
signal was recorded on a microplate immunochip using an IFI-05 photoluminescence pulsed indicator. The ND presence in the samples was 
assessed by the inhibition rate of antibody binding in the related microplate test zone (B/B

0
 ratio). Statistical processing of the results was 

carried out using the standard Microsoft Office package.
Results. The inclusion of dry urine samples in the pools (up to 10), where only one contained the target ND, had no significant effect on the 
capability of the method to detect NDs with sensitivity levels that meet the TS requirements. The following substances were detected: cocaine 
(2 samples), cannabinoids (11 samples), amphetamines (6 samples), opiates (9 samples), benzodiazepines (7 samples), barbiturates (10 sam-
ples), methamphetamine (7 samples), and methadone (6 samples), including samples with high concentrations of opiates and amphetamines.
Conclusions. A method of multiplex phosphorescence microplate immunoassay has been developed for the detection of eight main groups 
of NDs and psychotropic substances in pools of paper-dried urine samples (dried urine spot, DUS). The detection limits of the studied NDs in 
extracts from DUS test-strips were 2–8 ng/mL, which is significantly lower than the detection limits recommended for screening examination. 
The proposed approach can form the basis of a new screening methodology that includes collection of urine samples, their application onto 
filter paper test-strips, and transportation to a laboratory for the examination of individuals at industrial facilities of critical importance. The use 
of the developed multiplex phosphorescence immunoassay and pooled urine samples will significantly reduce the test cost (by more 10-fold) 
compared to conventional immunochromatographic assays.
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ПЕРСПЕКТИВЫ ИНТЕГРАЦИИ МУЛЬТИПЛЕКСНОГО ФОСФОРЕСЦЕНТНОГО 
ИММУНОАНАЛИЗА ПУЛИРОВАННЫХ СУХИХ ОБРАЗЦОВ МОЧИ В СКРИНИНГОВОЕ 
ОБСЛЕДОВАНИЕ ПРИ ДИСПАНСЕРНОМ НАРКОКОНТРОЛЕ 
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Введение. С учетом сложной наркоситуации в России, роста числа скрытых потребителей наркотических средств (НС) представ-
ляется целесообразным расширение рамок скрининговых обследований для выявления НС с использованием новых методических 
подходов, позволяющих сократить стоимость тестирования за счет снижения затрат на этапах сбора, транспортировки, хранения 
и аналитического исследования биологических образцов.
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Цель. Разработка на основе технологии ФОСФАН метода мультиплексного иммуноанализа для обнаружения основных групп нар-
котических, психотропных средств в пулах образцов мочи, высушенных на бумаге, с последующей оценкой перспектив его при-
менения для выявления наркозависимых лиц в рамках расширенного диспансерного наркоконтроля.
Материалы и методы. Сухие образцы мочи (n = 31) приготовлены на бумажных тест-полосках из жидких образцов, содержа-
щих (n = 30) или не содержащих (n = 1) кокаин, каннабиноиды, амфетамин, опиаты, бензодиазепины, барбитураты, метамфета-
мин или метадон по данным химико-токсикологического исследования  (ХТИ). Образцы исследованы в виде пулов, содержащих 
1–40 фрагментов (0,45×0,45 см) тест-полосок. Люминесцентный сигнал регистрировали на микропланшетном иммуночипе с помо-
щью индикатора фотолюминесценции импульсного ИФИ-05. Наличие НС в образцах оценивали по степени ингибирования связы-
вания антител в соответствующей тестовой зоне иммуночипа (отношение В/В

0
). Статистическую обработку результатов проводили 

с помощью стандартных программ Microsoft Office.
Результаты. Включение в состав пулов до 10 сухих образцов мочи, только один из которых содержит искомое НС, не оказало 
значимого влияния на способность разрабатываемого метода выявлять НС с показателями чувствительности, соответствующими 
требованиям ХТИ. В исследованных пулах обнаружены: кокаин — в 2 образцах, каннабиноиды — в 11 пробах, амфетамин — в 6, 
опиаты — в 9, бензодиазепины — в 7, барбитураты — в 10, метамфетамин — в 7, метадон — в 6 пробах, в том числе на фоне высо-
ких концентраций опиатов и амфетаминов.
Выводы. Разработан метод мультиплексного фосфоресцентного микропланшетного иммуноанализа для выявления восьми ос-
новных групп наркотических, психотропных средств в пулах из высушенных на бумаге образцов мочи. Пределы детекции иссле-
дуемых НС в экстрактах из высушенных на тест-полосках образцов мочи составили 2–8 нг/мл, что существенно ниже рекомендо-
ванных для скринингового обследования пределов детекции. Предложенный подход может составить основу новой методологии 
скрининга, включающей отбор проб мочи, нанесение их на бумажные тест-бланки и транспортировку в лабораторию для проведе-
ния обследования групп лиц на критически важных объектах. Использование мультиплексного фосфоресцентного иммуноанализа 
и пулированных образцов мочи позволит кардинально (более чем в 10 раз) снизить стоимость тестирования по сравнению с тра-
диционными технологиями иммунохроматографического анализа.

Ключевые слова: наркотические средства; скрининг; фосфоресцентный иммуноанализ с временным разрешением; 
микропланшетные иммуночипы; сухие образцы мочи; пулирование; химико-токсикологические исследования
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INTRODUCTION

Illicit use of narcotic drugs (ND) or their chemical ana-
logues continues to be a global problem affecting ap-
proximately 292 million people (more than 5% of the 
world’s adult population)1. In Russia, approximately 2% 
of the population aged 15–64 use narcotic drugs2. This 
is due not only to the large-scale import of opium ND 
from abroad, but also to the appearance of new groups 
of narcotic and psychotropic substances (such as syn-
thetic cannabinoids and spice drugs) and the continued 
involvement of young people in drug consumption [1]. 
The current drug situation in Russia is associated with 
an increasing number of hidden drug users. This group 
includes people aged 30–40 with a high level of educa-
tion and social status, who intentionally consume “light-
er” drugs. This contributes to the development of drug 
addiction with delayed acute periods, escaping the at-
tention of law enforcement agencies or medical profes-
sionals [2].

Currently, medical examinations for potentially dan-
gerous substances are conducted in cases specified 
by Russian legislation as part of a two-stage procedure 
for toxicology screening3. However, the worsening drug 
situation and the growing number of hidden drug users 
requires stricter screening examinations for drug detec-
tion through the organization of dispensary drug con-
trol. In addition, even a single drug use can affect the 
person’s ability to assess their surroundings and take 
appropriate actions in cases of emergency. Identification 
of drug addicts is particularly important considering the 
number of critically important and potentially dangerous 
infrastructure facilities in Russia, being directly related to 
ensuring the national security [3]. 

The organization of extended dispensary drug con-
trol requires significant financial expenditures. Thus, 
the cost of the most popular and affordable immuno-
chromatographic test strips for detecting 6–8 main ND 
groups is at least 300 rubles, which practically excludes 
the possibility of introducing drug control at industrial 

1	 United Nations Office on Drugs and Crime (UNODC). World Drug Report; 2024.
2	 Roberts L. Drug addiction in Russia: statistics, therapy, prevention. Modern-info.com. 2025.
3	 Federal Law 61-FZ On Medicine Circulation. Moscow.: Federation Council; 12.04.2010.



402

Оригинальная статья | Клиническая лабораторная диагностика

МЕДИЦИНА ЭКСТРЕМАЛЬНЫХ СИТУАЦИЙ | 2025, ТОМ 27, № 3

enterprises through budget funding. The cost of testing 
one sample for 8–13 main ND groups should be sig-
nificantly lower for screening purposes. New method-
ological approaches that have emerged in recent years, 
including the pooling of test samples, the use of clini-
cal samples dried on special paper, the centralization of 
laboratory tests, and the introduction of multiplex assay 
technologies, could significantly (by more than 10–20 
times) reduce the test cost by optimizing costs at the 
stages of collection, transportation, storage, and sample 
assay [4–10].

The pooling technique, i.e., the combination of sam-
ples from different people is a promising approach to 
dispensary drug control [4–10]. An obvious advantage of 
group testing consists in the reduction of test costs in pro-
portion to the sample number in the pool, the total num-
ber of tests, and the minimization of dosing errors [7]. The 
effectiveness of this approach was demonstrated during 
the COVID-19 pandemic, when the number of required 
examinations increased progressively [8–10]. However, 
there are still doubts about the possibility of widespread 
use of group testing in laboratory practice due to the in-
creased risk of missing infected patients and the possibil-
ity of sample confusion during additional manipulations 
associated with sample pooling procedures [7].

Taking the above into account, the following crite-
ria [11] were proposed to assess the applicability of the 
pooling technique for detecting the analyte in question:

1)  the analyte concentration in the test patients 
should be at least 10 times higher than in healthy indi-
viduals;

2)  the sample dilution should not significantly reduce 
clinical sensitivity;

3)  the prevalence of the test pathology should be 
low, within 1–10%;

4)  the absence of requirements for test speed; 
5)  the need for resource rationing in order to achieve 

maximum efficiency in the measures taken based on the 
test results. 

In our opinion, the methodology for detecting ND 
in pooled samples meets almost all of the above-men-
tioned criteria, which justifies its further development in 
combination with the use of highly sensitive multiplex 
tests. 

Laboratory tests centralization also significantly re-
duces costs by collecting samples of biological material 
(urine, blood, and other body fluids) as a spot dried on fil-
ter paper, which are then transported to a central labora-
tory for assay [12, 13]. Postal delivery of test forms does 
not require a cold chain and can be used to accumulate 
samples in a single (or regional) diagnostic examination 
center, similarly to the procedures for screening heredi-
tary metabolic diseases in newborns. The reliability of 
testing for biologically active compounds, including ND, 
in paper-dried samples has served as the basis for the 

introduction of this technology into the global system of 
the World Anti-Doping Agency (WADA)4 doping control 
of athletes.

Highly sensitive and cost-effective tools of detecting 
ND are required for the assay of pooled dry urine (or 
blood) samples. Conventional immunochromatographic 
assays are not suitable for this approach due to their 
low sensitivity and low accuracy. Gas chromatography–
mass spectrometry shows higher sensitivity [14]; how-
ever, its potential for screening is limited by its high test 
cost and complexity.

A highly cost-effective solution is the development of 
a domestic technological platform for multiplex immu-
noassay based on microplate immunochips with time-
resolved luminescent signal detection (PHOSPHAN™ 
technology) [15, 16]. Immunochips made using this 
technology are microarrays (microzones) at the bottom 
of 96-well microplates, each of which is designed to de-
tect a specific type of neurotransmitter. The consump-
tion of key reagents for creating such tests is reduced 
by many times compared to conventional immunochro-
matographic assays, while the microplate format of im-
munochips allows for parallel high-performance screen-
ing of multiple samples. 

In this study, we aim to develop a multiplex immuno-
assay method based on the PHOSPHAN™ technology 
for detecting the main groups of narcotic and psycho-
tropic substances in pools of paper-dried urine samples, 
followed by an assessment of its potential for identifying 
drug-addicted persons as part of extended drug control 
programs.

MATERIALS AND METHODS

The following immunobiologicals were used to cre-
ate a test for detecting NDs: mouse monoclonal an-
tibodies (MAb) to morphine (MOR), benzoylecgo-
nine (BZE), amphetamine (AMP), methamphetamine 
(mAMP), methadone (MTD), benzodiazepine (BZD), 
barbiturates (BAR) and Δ9-tetra-hydrocannabinol (THC) 
(CALBIOREAGENTS Inc., USA), biotin-labeled according 
to the standard procedure (SIGMA, USA); conjugates of 
MOR, BZE, AMP, mAMP, MTD, BZD, BAR and THC with 
bovine serum albumin (CALBIOREAGENTS, USA). 

A conjugate of streptavidin with Pt-coproporphyrin 
(Immunoscreen, Russia) was used as a detection re-
agent.

Dry samples for the study were prepared from 50 
liquid human urine samples containing various narcotic 
and non-narcotic compounds in various combinations 
and concentrations (the samples were provided by the 
Sechenov First Moscow State Medical University). The 
liquid samples were certified based on the results of tox-
icology screening (TS)5, and were also previously char-
acterized in the NARK-PHOSPHAN multiplex test [15].

4	 WADA. Technical Document Dried Blood Spots (DBS) for Doping Control. 2023.
5	 Methodical Guidelines “Rules for conducting chemical and toxicological tests for narcotic drugs, psychotropic substances, and other toxic substances (their 

metabolites) in the human body during medical examinations and medical assessments of certain citizens categories”. Moscow.: Ministry of Health of the Russian 
Federation; 2015.
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To prepare dry samples, test strips (blanks) of filter 
paper (WHATMAN 903, USA) 0.45 cm wide and at least 
3–4 cm long were used; the strips were soaked in urine 
by immersing them in a container with a liquid sample for 
1 min, followed by air drying. The blanks were stored at 
a temperature of +4°C with a desiccant in a foil bag. The 
assay was performed using 0.45×0.45 cm fragments of 
a paper test strip containing dry material equivalent to 
8 ± 0.4 μL of liquid urine. WHATMAN 903 paper ensured 
a standard sample volume per unit area and good pres-
ervation of the biomaterial. 

Dry urine samples (31 samples in total) were 
prepared from 50 liquid samples as follows: 30 dry 
samples were prepared from 30 liquid samples con-
tained ND in different combinations and concentra-
tions; one sample (a negative dry sample) was pre-
pared from a mixture of 20 liquid urine samples that 
contained various common medications but no drug 
compounds [15].

To study the stability of ND in dry samples during stor-
age, the prepared samples were kept at temperatures of 
25 ± 5°C, 4–8°C, or –20°C for 14 days, 6 months, or 12 
months, respectively. The effect of biosample storage 
temperature was considered insignificant provided that 
the difference in the ND level before and after sample 
storage was less than 15%.

A modified version of the NARK-PHOSPHAN test 
system developed by us earlier [15] was used to ana-
lyze dry urine samples. Immunochips were eight test 
microarrays printed on the well bottom of a 96-well poly-
styrene plate (NUNC, Denmark) to detect the studied 
ND (BZE (cocaine); THC (cannabinoids); AMP (amphet-
amine); MOR (opiates); BZD (benzodiazepines); BAR 
(barbiturates); mAMP (methamphetamine); MTD (metha-
done), and one control zone C. The test zones sorbed 
the related ND-protein (serum albumin) conjugates, and 
the control zone sorbed the biotin-protein (serum albu-
min) conjugate (Fig. 1). The immunochips were printed 
using the technique of non-contact printing, which re-
duced the microarray variability and reduced the sorb-
able immunoreagent volume to 2.5 nL compared to the 
previous test system [15].

The created immunoassay chip allows eight ND 
(MOR, BZE, THC, MTD, BZD, BAR, AMP and mAMP) 
to be detected in one plate’s well. This assay is based 
on a competitive reaction between test sample ND and 
ND conjugates in the immunochip test zones for bind-
ing with biotinylated ND antibodies. In the absence of 
ND in the sample, specific biotin-labeled MAbs bind to 
the related microarrays in the plate wells, which are then 
detected using streptavidin labeled with the long-lived 
luminescent marker Pt-coproporphyrin. In the presence 
of ND in the sample, a portion of the specific biotinylated 
antibodies binds to ND and is removed during washing 
of the plate wells. The higher the ND concentration in 
the sample, the lower the residual signal level in the test 
microarray.

The layout of immunoassay drug test using paper 
test strips and pooled samples is presented in Fig. 2.

Square fragments measuring 0.45×0.45  cm were 
cut off test strips impregnated with urine samples along 
the perforation line and placed in the wells of an aux-
iliary non-absorbing flat-bottomed plate. An extract-
ing solution (the solution volume varied 25–500  μL) 
containing a mixture of mouse biotinylated MAbs was 
added to each well, and the samples were incubated 
for 30 min. Then, 25 μL of the resulting reaction mixture 
was transferred into the plate wells with printed immu-
nochips and incubated for 1 h. After washing, 25 μL of 
streptavidin-Pt-coproporphyrin conjugate was added 
to the wells and incubated for 15 min. The MAb and 
conjugate dilutions were prepared in a buffer (pH 7.75) 
solution containing 12.1 mg/mL of tris-(hydroxymethyl)-
aminomethane, 0.1 mL/L of Tween 20, 0.5 mg/mL of 
BSA (bovine serum albumin), 8.7  mg/mL of sodium 
chloride, 0.5 mg/mL of sodium azide (all reagents from 
SIGMA, USA). All incubations were carried out upon 
shaking at 700  rpm at room temperature. The plate 
was then washed and dried. 

The ND presence in the sample was assessed by the 
inhibition rate of antibody binding in the related test zone 
using the B/B

0
 ratio (B is the level of the phosphorescent 

signal at a given ND concentration, and B
0
 is the level 

Figure prepared by the authors

Fig. 1. Layout of immunochip microarrays at the well 
bottom of 96-well microplates: BZE (cocaine); THC 
(cannabinoids); AMP (amphetamine); MOR (opiates); 
BZD (benzodiazepines); BAR (barbiturates); mAMP 
(methamphetamine); MTD (methadone); C (control)
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of the phosphorescent signal at zero ND concentration), 
which characterizes the inhibition rate of the phospho-
rescence signal in the related test zone of the immu-
noassay. The performance of the procedure was moni-
tored by the signal level detected in the control zone of 
the immunochip, where the streptavidin conjugate binds 
to the Pt-coproporphyrin luminescent label. 

The phosphorescent signal was recorded using an IFI-
05 photoluminescence pulse indicator (Immunoscreen, 
Russia) by scanning the bottom of the plate well with 
light pulses with an excitation wavelength of 365 nm in 
stroboscopic mode with a pulse repetition frequency of 
10 kHz and the selection of the long-lived luminescence 
signal of Pt-coproporphyrin with a maximum of 645 nm 
and a decay time constant of 40 μs. The results were 
processed and presented using the indicator software. 
For each test sample and detected ND, the ratio (B/B

0
) 

of the phosphorescence signal intensities recorded in 
the related immunochip test zone in the wells with the 
test sample (B) and without the addition of the B

0
 sample 

was automatically calculated. 
Measurements were carried out in triplicate with cal-

culation of the mean value (M) of the measurement re-
sults and the standard error of mean (SE). For statistical 
processing of the results, the standard Microsoft Office 
Professional Plus Excel  2013 (version 15.0.4727.1000, 
USA) software was used. 

RESULTS 

When developing a multiplex immunoassay technology 
using pooled dried samples, the first step was to evalu-
ate the detection sensitivity of each target protein. To 
that end, test strips were analyzed using urine samples 
with known levels of the target proteins. To prepare the 
model extracts, test strip fragments were placed in an 
extracting solution of varying volumes, ensuring that the 
target proteins concentration in the resulting reaction 
mixtures ranged 5–300 ng/mL. Based on the inhibition 
curves of the recorded signal for each of the eight ND 
(Fig. 3), the probable detection limits of the PHOSPHAN 
assay (as the ND levels corresponding to the recorded 
signal intensity value in the assay of a sample not con-
taining this ND, minus two standard deviations) were 
calculated, which turned out to be 3–150 times lower for 
different NDs than the values recommended for toxicol-
ogy screening tests (see Table).

Prior to examination of pooled samples, it was 
necessary to take into account that an increase in the 
number of simultaneously analyzed test strip fragments 
leads to an increase in the volume of the extracting so-
lution required to fully saturate all the studied ND frag-
ments, followed by the selection of 25 μL of the result-
ing reaction mixture for assay using immunochips. Our 
studies have shown that 50  μL of extracting solution 

Figure was prepared by the authors

Fig. 2. Layout of urine drug test using paper test strips and the pooling procedure
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is sufficient for analyzing a single fragment; for pools 
of 5, 10, 20, and 40 samples, the minimum volume of 
solution was 100, 160, 240, and 400 μL, respectively. 
Therefore, the urine sample dilution increased by a 
factor of 2, 3, 5, and 8, respectively, compared to the 
single sample assay.

Figure 4 shows an immunochip using results of test-
ing of four dried human urine samples containing eight 
NDs in different combinations and concentrations; these 
samples were analyzed individually and as part of pools 
of 5, 10, 20, and 40 samples. Each pool contained one 
positive sample and a different number of strips of nega-
tive dried sample.

For all the samples studied, the B/B
0
 ratios in the test 

zones for the specific binding of drug compounds pre-
sented in the sample increased linearly from extremely 
low values to 75% along with an increase in the pooling 
frequency. The B/B

0
 ratios calculated in the test zones 

for the detection of drug compounds absent in the sam-
ple varied 70–110% (Fig. 4). 

The conducted experiments (Fig.  4) allowed us to 
conclude that, in terms of analytical and economic pa-
rameters, pools of no more than 10 samples should be 
used. In this case, the B/B

0
 ratio recorded in the specific 

test zones of the immunochip in the presence of ND did 
not exceed 40% for all the samples studied. The ranges 
of the B/B

0
 parameter values in the test zones in the 

presence of ND did not overlap with the ranges of values 
recorded in the absence of ND in the sample. Based on 
the results obtained, the B/B

0
 value of 50% was selected 

as the threshold level for detecting ND. 
Using the selected assay procedure based on 10-fold 

pooling (1 sample with ND + 9 samples without ND), we 
examined 30 dry samples containing initial liquid urine 
samples in various combinations of ND with the con-
centration ranges of 168–230 ng/mL BZE, 81–206 ng/

mL THC, 405–1250 ng/mL AMP, 35–2500 ng/mL MOR, 
251–800 ng/mL BZD, 75–350 ng/mL BAR, 115–471 ng/
mL mAMP and 84–375 ng/mL MTD. The results are pre-
sented in Fig. 5, where the analysis data for samples 
containing and not containing the corresponding ND are 
shown separately for each test zone.

According to the data obtained (Fig. 5), the follow-
ing substances were detected in the studied pools: 
cocaine (2 samples), cannabinoids (11 samples), 

Figure prepared by the authors

Fig. 3. Inhibition curves of luminescent signals when 
eight NDs are detected in model extracts from urine 
samples dried on test strips: the data are presented 
in the form of the mean value (M) of the measurement 
results (n = 3); the standard error of the mean (SE ) did 
not exceed 15%
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Table. ND detection sensitivity in model extracts from urine samples dried on test strips using the PHOSPHAN 
technique

Narcotic drugs, 
psychotropic 
substances

Analyte

Proposed drug detection limits  
for toxicology screen, ng/mL Estimated drug detection 

limit according to 
PHOSPHAN, ng/mL

Screening Confirmation

Opiates MOR 300 10 2

Cocaine BZE 25 50 8

Cannabinoids THC 15 15 6

Amphetamine AMP 25 20 8

Methamphetamine MAMP 25 20 6

Methadone MTD 25 50 2

Benzodiazepines BZD 20 50 4

Barbiturates BAR 50 100 2

Table prepared by the authors based on their own data
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amphetamines (6 samples), opiates (9 samples), ben-
zodiazepines (7  samples), barbiturates (10 samples), 
methamphetamine (7 samples), and methadone (6 
samples). Some samples contained both cocaine 
and methadone, benzodiazepines and barbiturates, 
as well as other ND mixtures in the presence of very 
high concentrations of opiates (>  2500  ng/mL) and 
amphetamines (> 1250 ng/mL).

For all positive dry samples containing ND, the B/B
0
 

values in the related specific test zones were significantly 
lower than 50%. For the remaining samples containing 
other ND, the values were significantly higher than 50% 
(Fig. 5). Therefore, the developed multiplex phosphores-
cence immunoassay technique correctly detected the 

target ND in pools of 10 dry urine samples without any 
false-positive results with other ND.

The immunoassay specificity was also evaluated 
based on the study results of three pools composed of 
10 test strip fragments from a negative urine sample. 
This sample was prepared from a mixture of liquid sam-
ples from patients whose urine contained various non-
narcotic medications, including those that can cause 
false-positive reactions in the immunoassay (e.g., carba-
mazepine, amitriptyline, dextromethorphan, verapamil, 
etc.) [17]. During testing, the target NDs were not de-
tected in any of the pools studied, which confirmed the 
specificity of the developed multiplex phosphorescence 
immunoassay technique.
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Figure prepared by the authors 

Fig. 4. Phosphorescence signal inhibition rate when detecting eight NDs in dry urine samples (No. 1–4) using 
the PHOSPHAN technique, based on pooling frequency: ND baseline level in liquid urine samples (before drying on 
a paper test strip): sample No. 1 — 405 ng/mL AMP, 2500 ng/mL MOR, 506 ng/mL BZD and 75 ng/mL BAR; sample 
No. 2 — 115 ng/mL THC, 1250 ng/mL AMP and 471 ng/mL mAMP; sample No. 3 — 230 ng/mL BZE, 36 ng/mL MOR and 
375 ng/mL MTD; sample No. 4 — 206 ng/mL THC, 1250 ng/mL AMP and 2500 ng/mL MOR; the data are presented in 
the form of the mean value (M) of the measurement results (n = 3); the standard error of the mean (SE) did not exceed 15%
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DISCUSSION 

When developing a technological platform for multi-
plex immunoassay using pooled dry urine samples, we 
aimed to ensure its sensitivity and specificity compa-
rable to those of highly sensitive reference methods of 
gas chromatography–mass spectrometry [12–14]. The 
development was based on the technology of multiplex 
phosphorescent immunoassay on microplate immu-
nochips, which had previously demonstrated the pos-
sibility of achieving low detection limits for ND in liquid 
urine samples (sensitivity was 1 ng/mL for morphine and 
methadone, 0.5 ng/mL — for barbiturates, 2 ng/mL — 
for benzoylecgonine, methamphetamine, cannabinoids 
and benzodiazepines, 8 ng/mL — for amphetamine) in 
the absence of significant cross-reactions [15].

The study objective was to modify the PHOSPHAN 
technology for the assay of pooled dry samples. It is 
known that the assay of such samples is accompanied 
by an inevitable decrease in sensitivity due to incomplete 
desorption and additional dilution during the extraction 
of analytes from the paper. To address this issue, we 
employed a series of technological approaches to en-
hance the sensitivity of the modified PHOSPHAN tests 
while maintaining their specificity. 

The immunochip formation was carried out using a 
non-contact printing method with a microarray volume 
of 2.5  nL (instead of 20–25  nL in the previously used 
contact printing method) [15]. This reduction in the 
amount of conjugated ND antigen in the test microzone 
of the immunochip resulted in a 2–3-fold decrease in the 
ND detection limit in competitive immunoassay.

The method includes a step of ND pre-extraction from 
paper test strips (examined as fragments of 4.5×4.5 mm 
in size) in the presence of specific biotinylated antibod-
ies. The pre-interaction of the ND sample with antibodies 
in the absence of competition with the BSA conjugate 
for the ND provided a greater inhibition rate and, accord-
ingly, an additional reduction in the detection threshold.

The method of preparing dry samples by immersing 
the test strip in a container with a human urine sample en-
sures soaking of a sufficiently large area, which allows for 
up to five repeated measurements of the sample (Fig. 2), 
including for confirmation testing in the event of ND detec-
tion in the pool examined. The dimensions of the analyzed 
test strip fragments (4.5 x 4.5 mm) allow for the pooling of 
up to 10 samples in a single microplate well.

The proposed method for ND assay from a pool of 
dry urine samples can form the basis for a new screen-
ing technique that involves collecting urine samples, their 
application onto paper test forms, and transportation to 
a laboratory, including by mail, for ND testing. 

It is important to note that there are no special require-
ments for the “cold chain” when shipping dry samples, 
as the ND level in paper-dried urine samples remains 
relatively stable. According to our research, the levels of 
eight analytes under study decreased by no more than 
15% during storage for five days at room temperature, 

one month at 4°C, and up to six months in frozen form. 
This is consistent with the findings of other researchers 
regarding a wide range of analytes detected in paper-
dried clinical urine and blood samples [14]. 

In the laboratory, the collected samples can be com-
bined into pools of 10 samples and subjected to a pre-
liminary assay, where each pool is tested in a single well 
of a microplate immunoassay. In cases where the pool 
produces a positive result for one of the target ND, a 
confirmation test is performed, which involves testing 
each of the 10 samples in the pool and determining the 
exact concentration of the ND in the sample using the 
corresponding calibration curves provided in the biochip 
analyzer software. 

On the basis of the results obtained, we set the 
threshold level for recognizing a test result as positive to 
B/B

0
 = 50%. This criterion should be defined more pre-

cisely by conducting research using a wider sampling. It 
may be necessary to select different evaluation criteria 
for each analyzed ND in order to reduce the likelihood of 
obtaining false-positive or false-negative results.

Due to its high sensitivity, the developed method of 
multiplex phosphorescence immunoassay allowed the 
detection of eight main NDs in a pool of 10 samples. 
The specificity of the method was confirmed by the 
correctness of ND identification in all the studied sam-
ples, including those containing other NDs, and the 
absence of non-specific reactions when analyzing a 

Figure prepared by the authors 

Fig. 5. Results of detecting eight NDs in 30 dry urine 
samples examined as pools of 10 samples using 
the multiplex PHOSPHAN technique on microplate 
immunochips: BZE (cocaine); THC (cannabinoids); AMP 
(amphetamine); MOR (opiates); BZD (benzodiazepines); 
BAR (barbiturates); mAMP (methamphetamine); MTD 
(methadone); rhomb  — samples contained ND, circle  — 
samples non-contained ND, corresponding to this test 
area; the ordinate axis shows the average values for three 
repeated measurements
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pool of negative urine samples containing various non-
narcotic medications.

The proposed technological platform has no fun-
damental limitations for extending the panel of NDs 
detected in a single immunoassay. Our preliminary ex-
periments have shown that it is possible to additionally 
include synthetic cannabinoids (K2) and cathinones 
(MDPV), phencyclidine, fentanyl, and ecstasy (MDMA) in 
the detected ND list, since their sensitivity and specificity 
meet the requirements for test development using the 
sample pooling technique. Thus, the number of simul-
taneously detectable substances can be extended to at 
least 13, covering all groups of substances that must be 
monitored during chemical and toxicological examina-
tions of drug-dependent individuals.

CONCLUSIONS

1.  A multiplex phosphorescence microplate immunoas-
say has been developed for detecting eight main groups 
of narcotic and psychotropic substances in pools of pa-
per-dried urine samples.

2.  The detection limits of the target ND in ex-
tracts from urine samples dried on test strips ranged 
2–8 ng/mL, which is significantly lower than the detec-
tion limits recommended for screening examinations.

3.  The proposed approach to multiplex immunoas-
say of NDs in pools of dry urine samples can form the 
basis of a new screening technique that includes urine 
sampling, application to paper test forms, and transpor-
tation to a laboratory for ND testing.

4.  According to our estimates, the use of multiplex 
phosphorescence immunoassay and pooled urine sam-
ples will significantly (by more than 10 times) reduce the 
cost of testing compared to conventional immunochro-
matographic assay technologies. A centralized labora-
tory equipped with a high-performance domestic photo-
luminescence indicator of the IFI-05 series, can process 
at least 10,000 samples per work shift, divided into pools 
of 10 samples. During mass examinations of groups of 
people at critically important industrial facilities, the cost 
of one examination for 8–13 NDs will not exceed 20–30 
rubles, or 2–3 rubles per one type of ND detected. 

5.  The work conducted by specialists of the State 
Scientific Research Institute of Biological Engineering 
and the Immunoscreen company is aimed at further 
development of highly cost-effective domestic technolo-
gies for ND screening using pooled urine samples and 
conducting pilot surveys, thus contributing to organiza-
tion of improved dispensary drug control in the entitled 
territories of the Federal Medical and Biological Agency 
(FMBA) of Russia.
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