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ABSTRACT

INTRODUCTION: Immunoassay screening of urine samples play a central role in the monitoring and fight
against ever-increasing drug abuse. Thus, the aim of the present work was to clarify the reasons for deliber-
ately or unintentionally causing of false-negative screening results.

MATERIALS AND METHODS: For the purpose of the study, an analysis of Google Scholar, PubMed, and
Science Direct databases was conducted.

RESULTS: The exact number of false-negative results in the analytical practice cannot be precisely deter-
mined because of the impossible confirmation of each screening test. In this regard, the screening of drug
abuse appears to be a huge challenge these days due to multiple reasons. On the one hand, it is necessary to
take into account the physicochemical properties of sometimes an unknown analyte, as well as the physio-
logical characteristics of each individual. On the other hand, the test antibodies available to date do not have
the necessary specificity for absolutely all drugs, especially designer ones. At the same time, there is an un-
limited access to information and products supporting the manipulation of urine samples, respectively the
achievement of false-negative results. In response, analytical chemistry offers a variety of methods to ad-
dress the problem of filtering out abusers.

CONCLUSION: Because of their high throughput and low cost, immunoassay techniques continue to be a
cornerstone of drug screening, whether for clinical or criminological purposes. However, the risk of false-
negative results requires efforts to improve their specificity in parallel with the implementation of counter-
measures against the manipulation of the biological samples.
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itoring of drug abuse becomes a difficult task with
high and socially significant priority.

The detection of illicit substances in biological
samples is an important tool for the implementation
of adequate diagnostic and therapeutic measures, as
well as for the enforcement of the legal framework
related to their use and distribution. Their analysis
could be applied by various jurisdictions to ensure
the achievement of a drug-free work environment
(e.g., in the military sector); in the transport indus-
try; industries where heavy machineries are used; to
detect doping in sports and others (3). In addition,
drug testing is used in criminology; toxicology clin-
ics; in order to minimize abuse among adolescents,
as well as in persons involved in rehabilitation pro-
grams (4,5).

The methods for analysis of psychoactive illic-
it substances are divided into screening and eviden-
tiary (confirmatory) ones (6). Although they have no
evidentiary and judicial value, the former have a cen-
tral role in all presented areas of drug screening (3).
The reason is that in practice it is not physically and
financially possible to directly test all biological sam-
ples with the more limited evidentiary analysis—
most often gas chromatography with mass detection
(GC-MS) or liquid chromatography with mass or
tandem mass detection (LC-MS or LC-MS/MS) (7,8).
Typically, screening methods are based on immuno-
assay in which antigen-antibody reactions are used
to detect the presence of specific drugs and/or their
metabolites (9). Urine is considered the most popu-
lar test matrix because its collection is non-invasive
and allows the detection of a relatively wide window
of narcotics (4).

Screening methods are characterized by insuf-
ficient specificity, but their easy use, together with
their high productivity and low cost, make them
perfect for filtering suspected positive samples (10).
However, recently, the public attention has been fo-
cused on problems related to the possibility of spuri-
ous results (11). In this regard, the increasing strate-
gies used by drug abusers to circumvent drug moni-
toring should not be overlooked. The motives for this
are many—for example, fear of imposing legal sanc-
tions, restriction of freedom, undertaking different
therapeutic interventions, temporary or permanent
suspension from work, exclusion from sports qual-

ifications or rehabilitation programs (11-13). Thus,
the present work aims to clarify the currently known
causes of false-negative screening tests, options for
their manipulation, as well as strategies to deal with
malicious assay interference.

MATERIALS AND METHODS

The present review was done using the data-
bases of Google Scholar, PubMed, and Science Di-
rect. Materials were screened for the presence of the
following terms: “drug screening”, “immunoassay”,
“false-negative results”, “adulteration”, and “urine
analysis”. The sources were not chronologically lim-
ited. Irrelevance to the topics and lack of full-text ar-
ticles were set as exclusion criteria. In the process of
searching for information, 56 reports fell within the
scope of the study. They were prepared by author
teams from the United States of America, Australia,
Switzerland, Korea, Italy, Sweden, Turkey, Canada,

Australia, Germany, and Iran.

RESULTS AND DISCUSSION

A false-negative result is one in which the test
incorrectly indicates the absence of the target ana-
lyte when it is actually present in the biological sam-
ple (11). Because of several circumstances, the exact
number of false-negative results cannot be accurately
identified. On the one hand, it is practically impos-
sible for every screening test to be validated by an ev-
identiary method. Also, guided by the presumption
of innocence until the establishment of guilt, usually
only the positive tests are subjected to a confirmatory
analysis (14). On the other hand, many designer nar-
cotics do not show cross-reactivity with the test anti-
bodies produced to date (15-17). On top of that, the
access to unlimited information helps drug abusers
educate themselves on the most up-to-date methods
to compromise drug screening devices (3).

There are few independent studies on false-neg-
ative rates in the literature. According to the psychia-
trist Dwight Smith, about 1 in 10 drug screening re-
sults is wrong and needs to be confirmed (18). Espe-
cially for false-negative results, it is claimed that this
number can reach up to 15% (14). In another study,
confirmatory LC-MS analysis of urine samples from
patients admitted to a trauma unit was initiated. It
has shown that 56 out of 100 of the samples tested
were false-negative for the presence of psychoactive
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substances. The authors emphasize that attempts to
deliberately falsify the results are at a higher frequen-
cy among people using cocaine and cannabinoids
(19). Usually, these are citizens who have been tested
in the context of lawsuits, those who are about to be
hired in a new job, those whose occupations require
routine monitoring, in athletes, for pain manage-
ment (with prescribed opioid analgesia), or minors
(3,7). Of course, false-negative results can occur un-
intentionally too. These may be due to human errors,
the limitations of screening test devices, properties
of the drug substance, and the tested subjects. The
possible causes are summarized and systematized as
follows:

1. Impossibility of exceeding the cut-off
concentration

Specific limit concentrations of narcotic sub-
stances and/or their metabolites in biological sam-
ples are introduced by the health authorities and im-
plemented by the accredited laboratories, respective-
ly (Table 1). Their excess indicates the use of psycho-
active substances (7). Such values are available for
each drug, as they are determined on the basis of
many years of clinical experience and taking into ac-
count the analytical method used, as well as the type
of biological material (urine, blood, saliva, hair) (20).
They can differ depending on whether the analysis is
done for clinical or criminological purposes (15). In
some cases, they are also tailored to the patient pop-
ulation, given the fact that in children urine is more
diluted and lower cut-off values should be used (21).

Limit concentration levels serve not only as a
reference in issuing final decisions, but also to elim-
inate false results (9). Achieving lower values turns
the test negative. However, this may be due to non-
compliance with good laboratory practice or be in-
tentional, as summarized below:

1.1. Exceeding the time between drug intake
and urine analysis

The metabolizing and excretory organs of the
human body make it a dynamic and open system.
This should be taken into account when choosing a
sampling time. It turns out that the choice of a bi-
ological material is also a key factor in the success-
ful drug detection (3,22). For example, amphetamine
can be detected in urine up to 72 h after intake and
up to 9 days with chronic use. The same substance,
however, can be found in the blood for up to 48 h,
and in saliva for up to 24 h (23). The physicochemi-
cal properties of the drug itself, as well as its toxico-
kinetics, also determine how long after use they can
be detected in the sample (3). If chronic Cannabis use
can be detected by urine screening up to a month af-
ter use, a number of substances can be difficult to de-
tect even after 24-48 h (24).

1.2. Dilution of the sample

Determining the screening result based on lim-
it concentrations is a motive for the purposeful pre-
vention of exceeding them. One of the methods for
tampering with samples is the so-called dilution (3).
Because of its simplicity, this has emerged as one of
the most widely applied approaches to masking posi-
tive test results. Usually, this is done by consuming a
large amount of fluids (> 2.5 L) in a short time. The
aim is to increase the volume of excreted urine, re-
spectively to reduce the concentration of the excreted
drugs and/or their metabolites in the excretory sys-
tem (22,25,26). Another possible method to achieve
this is to take diuretic drugs leading to strong or mod-
erate natriuresis (27). Herbal preparations (green or
black tea, Hydrastis root) or substances advertised
as detox products (Urine Luck’, The Cleaner’) can be
used with the same intention (27). Dilution by add-
ing water from the toilet of the laboratory facility is
rare because of the common requirement to have col-

Table 1. Urine drug test cut-off concentrations for some commonly abused drugs.

‘ Screening Drug Test Level Confirmatory Drug Test Level

Cannabinoids/Cannabinoid metabolites
Amphetamines*

Cocaine/ Benzoylecgonine

Opiates

Phencyclidine

50 ng/mL 15 ng/mL
1000 ng/mL 500 ng/mL
300 ng/mL 150 ng/mL
2000 ng/mL 2000 ng/mL

25 ng/mL 25 ng/mL
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oring tablets in the toilet tank (28). Therefore, the in-
crease in urine volume in vivo is much easier as it is
done outside the sample collection site.

In order to detect the intake of urine-diluting
substances in the laboratories, the physicochemical
properties of the entire sample are examined. It is
explained by the fact that when a diluent is added,
not only the concentration of the narcotic substance
is lowered, but also the excretory products normally
present in the urine (28).

1.3. Patient characteristics

The physiological characteristics of the organ-
ism also have an effect on the absorption, distribu-
tion, metabolism and excretion of xenobiotics and
their metabolites (9). DeFazio et al. reported an in-
dividual whose urine screened false-negative for
methadone because of a genetic polymorphism. The
patient was found to be heterozygous for the CY-
P3A5(*)1 allele responsible for high levels of CYP3A4
(one of the opioid metabolizing enzymes) (29). Like-
wise, intake of foods and drugs that are enzyme in-
ducers can accelerate the biotransformation of in-
gested substances. For example, abuse of oxycodone
(also a CYP3A4 substrate) may not be identified even
by confirmatory methods in individuals taking the
CYP3A4 inducer rifampin (30).

2. Low specificity of the screening test

The low specificity of immunological tests is
most often commented on in the context of false-
positive results. It is associated with the possibility
of a non-narcotic substance participating in cross-
reactivity reactions and thus deceiving the presence
of a drug in the sample (31). This limitation can also
cause the occurrence of false-negative results, and
the following factors can be the basis of this:

2.1. Specificity of theimmunoassay antibodies

Antibodies in immunoassay tests for A9-
tetrahydrocannabinol (THC) screening are often
unable to detect newer synthetic cannabinoids (32).
Such problem can also be observed with some pre-
scription psychoactive substances. For instance, most
immunoassay methods for opiate screening target
morphine, norcodeine, codeine, and heroin (11). On
the other hand, agents that are linked to the so-called
opioid crisis, such as oxycodone and fentanyl, do not
biotransform to morphine or its derivatives and can-
not be detected by these tests. For the same reason,

the screening for buprenorphine and tramadol can
give false-negative results for the presence of opioid
drugs (3). The example with the group of benzodi-
azepines is analogous. The majority of enzyme im-
munoassays are designed to detect diazepam and/or
its metabolites, nordiazepam, oxazepam, chlordiaz-
epoxide and clorazepate. Therefore, other commonly
prescribed representatives of this class such as loraze-
pam and clonazepam are not reliably detected by im-
munoanalytical screening, but only by a confirma-
tory method (GC-MS or LC-MS) (11). According to
Gerberich (2021), in order to minimize the need for
confirmatory testing, treating physicians may con-
sider the use of detectable drugs in higher-risk pa-
tients (23).

2.2. Adulteration of the sample

A sample that contains a substance not inher-
ent to the human organism, or containing an endog-
enous substance whose concentration does not cor-
respond to normal physiological levels, is considered
adulterated (27). This approach is often used by in-
dividuals who attempt to hide positive screening re-
sults by adding foreign substances to the test sample.
Moreover, some additives are so effective that they
can even compromise confirmatory analytical meth-
ods by reducing analyte extraction efficiency in sam-
ple preparation, or oxidizing and destroying target
analytes (sometimes along with internal standards)
(26). Significant loss or disappearance of the latter is
perceived as a signal of possible sample manipulation
).

Due to the relatively small molecular size of
narcotic substances, immunoanalytical screening
tests for their detection are usually of the competi-
tive type. Thus, the narcotic substance in the sam-
ple competes with a factory-set labeled reagent for
binding sites with the test kit antibodies (33). Some
screening tests use the enzyme activity of an en-
zyme-labeled reagent, and others—fluorescence or
microparticle binding. Compromise of the sample
may inhibit the reaction required to report a positive
result. Not infrequently, the coloration of the control
line may also suffer, rendering the test invalid and
the result unreported (3).

To mask the presence of the drug in their urine,
addicts very often add substances found in the house-
hold to the sample:
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¢ Vinegar: Vinegar intended for cooking is a di-
lute solution of acetic acid. For this reason, its
addition to urine specimen lowers its pH. This
can disrupt the antigen-antibody bond, and
is often used by amphetamines and cannabis
abusers (34,35). Absurdly, another falsification
approach is the direct consumption of large
amounts of vinegar under the delusion that
this will speed up the excretion of xenobiotics.
In fact, this does not affect the screening test,
and if it does have any effect, it would be due to
the minimal dilution of the urine in the urinary
system. On top of that, it can damage the tooth
enamel, as well as acidify the body (36).

& Table salt: Another culinary product that can
be used to produce false-negative results is sodi-
um chloride. It has the property of altering the
protein structures involved in the test reaction,
but tellingly increases the weight of the urine
sample significantly (37).

@ Detergents: Many products for personal use,
laundry, dishwashing, and household cleaning
contain surfactants as well as alkaline substanc-
es. All these affects the pH of the sample and
the binding of the analytes to the factory-load-
ed antibodies (38).

4 Sodium hydroxide: It is a strong base, often in-
cluded in the composition of preparations for
cleaning of sink drains. Like detergents, it has
a highly alkaline pH that affects drug binding
and solubility and gives false-negative urine re-
sults (39).

Bleach: Sodium hypochlorite, commonly
known as bleach, is one of the most affordable
and effective methods of disguising the pres-
ence of a drug in urine. A number of reports
indicate that, due to its oxidizing properties, it
can lead to concentration-dependent degrada-
tion of the target substance (amphetamine, can-
nabis, opioids, etc.), compromising subsequent
chromatographic analysis (4,40,41).

& Visine eye drops: Visine eye drops contain
benzalkonium chloride. According to Pear-
son et al. (1989), when added to a urine sam-
ple, it can directly reduce the concentration of
9A-carboxy-THC (THC-COOH), causing false-
negative results for cannabinoids (42).

The ever-increasing drug consumption has led
to the creation of a niche market for the sale of spe-
cially developed products designed to falsify urine
samples during screening. Usually these are oxidiz-
ing agents, such as:

@ Nitrites: In clinical practice, the presence of ni-
trites in the urine suggests a urinary tract infec-
tion with nitrate-reducing pathogens. However,
products containing potassium (Klear’) or so-
dium salts (Whizzies) of nitrous acid are avail-
able on the market to alter the pH of the sam-
ple. They are often preferred by people abusing
cannabis (43). Probably the reason to rely on
this reagent is the fact that it does not change
the color of the urine and can compromise even
GC-MS, especially if a long time has passed be-
tween the sample preparation and the analysis
(>4 h) (37). In relation to the latter, EISohly et
al. (1997) recommended the addition of sodium
bisulfite to the sample prior to GC-MS so as to
neutralize the acid additive (44).

¢ Peroxide-containing additives: It turns out
that these oxidizers are very effective in mask-
ing the use of cocaine, opiates, cannabis, and
LSD. An example of such a product is Stealth.
It is a kit of hydrogen peroxide and the enzyme
peroxidase, divided into two vials, which are
added together to the sample for analysis (45).

¢ Pyridinium chlorochromate: Pyridinium
chlorochromate has been found to effectively
give false-negative results in cocaine and am-
phetamine abuse, both in screening and chro-
matographic analysis. In the commercial net-
work, it can be found in the composition of

Urine Luck’, Sweet Pea’s Spoiler’, and Klear IT'

(3). The mechanism of interference is a reduc-

tion in standard pH levels (37).

@ Gluteraldehyde: This is one of the earliest com-
mercial additives, but today it is being replaced
by other products because does not affect GC-
MS results (46). These products (Clean X,
Urine aid’, and others) cause interference with
immunoassay methods by reducing the absorp-
tion rate, especially in tests with cannabis (37).
3. Urine substitution
In some cases, the collection of urine can take

place under strict control, only after all personal be-
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longings have been handed over and/or a thorough
search has been conducted (27). Anyway, this is not
always possible due to privacy concerns of the per-
son being tested. Using this justification, some in-
dividuals may try to substitute their urine with that
of another person who does not use illegal substanc-
es. Since this is often associated with a delay in the
transmission of the freshly separated sample, of-
ten the temperature of the sample betrays attempts
at adulteration (20). Other individuals resort to sub-
stitution with drinks or preparations that mimic the
color of urine, which very often is identified before
the actual screening analysis (47,48).

The so-called synthetic urines are products de-
signed to replace real urine. They are liquids with an
identical appearance and the same physicochemical
properties (correct pH, specific gravity and creati-
nine level) as human urine (49). An example of such a
product is the Incognito Belt, which allows synthet-
ic urine to be carried in a discreet belt hidden under
clothing. The product is equipped with heating plates
so that it reaches the temperature of normal urine. It
has a long shelf life and can be used by both men and
women (50). The Urinator is another popular syn-
thetic urine kit that claims to provide samples clos-
est to human urine. The product comes with a pow-
dered form of urine that must be dissolved prior to
the drug test. Used together with an electric device,
it can maintain the fake urine at the desired temper-
ature for at least 4 hours (50). The Whizzinator is a
device suitable for concealing the administration of
substitute urine in facilities with stricter controls. It
is inserted into the underwear and can heat the sam-
ple to body temperature. In addition, the kit includes
fake genitalia in case the sample giving needs to be
observed (51).

4. Strategies for detecting intentional falsifi-
cation of urine samples

Due to its high cost and significant labor-inten-
siveness, conducting an evidentiary analysis when
screening tests are negative is not a practice. In addi-
tion, like screening methods, confirmatory test meth-
ods may be also susceptible to false-negative results
(4). For this reason, significantly easier and cheaper
approaches to fight against falsification of test results
have been introduced in toxicological practice:

4.1. General urine examination
Urine replacement can be identified by inspect-
ing its properties:

¢ Temperature: The temperature of the urine
sample may reveal the transmission of spec-
imens that are not separated at the time. The
temperature of freshly passed urine should be
32°C to 38°C (up to 15 minutes). Normally,
the detection of this parameter is done with-
in 4 minutes after sampling (52). Temperatures
outside this range may indicate a substitution
of the urine sample, although it has already be-
come clear that adulteration products with spe-
cial heaters are available on the market. There-
fore, several manufacturers provide collection
cups with thermal strips that indicate the tem-
perature of the sample through the container
A3).

4 pH: Normally, urine pH varies throughout the
day, but is usually from 4.5 to 8.0. Values out-
side this range (especially <3 and >11) signal an
attempt to tamper with the sample (53).

@ Urine specific gravity is another indicator for
false-negative result. Such are the cases in which
its values are less than 1.002 or more than 1.020
(53). It is usually determined with test strips or
refractometrically (54).

4 The concentration of creatinine in normal hu-
man urine should be higher than 20 mg/dL.
Therefore, samples with creatinine <20 mg/dL
are considered diluted, while those with <5 mg/
dL are defined as non-human urine (55). Creat-
inine is one of the most frequently investigated
parameters to determine if a sample has been
manipulated, which is why some authors are
trying to implement new technologies to mea-
sure it. Musile et al. (2023) report on the con-
struction of an on-site device for assessment of
urine tampering, based on picric acid, 3,5-di-
nitrobenzoic acid, and Nessler’s reagent, with
color detection by a built-in smartphone cam-
era (56).

& Some reports claim that creatine ingestion
may increase urinary creatinine levels, there-
by masking possible dilution of the sample. In
such cases, the paler color of the urine against
the background of normal creatinine concen-
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trations should be viewed with suspicion by ex-
aminers (57).

@ Urinary nitrites should not exceed 500 ug/mL.
Higher levels of nitrous acid salts indicate sam-
ple adulteration, necessitating repeated urine
collection under direct supervision (53).

Urine samples that do not meet all these criteria
are reported as invalid.

4.2. Deviations in the urine color

Urine samples collected early in the morning
are the most concentrated and often provide more
reliable information. They have a saturated straw yel-
low color. Some additives may give deviations from
this color. At low concentrations, Stealth” can give a
slightly darker urine color, while pyridinium chloro-
chromate can give a deeper yellow (4). On the oth-
er hand, the presence of an abnormal urine color is
not necessarily due to attempts to tamper with the
sample. It is known that the use of metamizole can
stain the urine in a red color due to one of its metab-
olites (rubazonic acid) (58). Likewise, rifampicin can
stain urine in a reddish-orange color (59). Amitripty-
line, indomethacin, and propofol may lead to a blue-
green coloration. Deviations in the normal color can
be due to food consumption (beetroot and blackber-
ries—pink-red; green beans—brown; confectionery
dyes—blue-green) or diseases (presence of blood or
darkening—a sign of urinary tract infection, kid-
ney stones or cancer of the urinary tract; dark orange
urine signals a problem with the liver; green urine
may be a sign of a bacterial infection in the urinary
tract) (60). Therefore, it is sometimes required that
the consumption of drugs, foods, or diseases be not-
ed in the documentation that accompanies the eval-
uation sample (9).

4.3. Deviations in the urine odor

The smell of urine can also give away previous
manipulation of the sample. Typically, samples are
inspected for unusual odor of bleach, lemon, or oth-
er flavorings commonly added to detergents (20,61).

4.4. Other strategies

Some tests are equipped with reagents designed
to detect the presence of oxidizing impurities (halo-
gen from bleach, iodine or fluoride; glutaraldehyde;
pyridine; surfactants, or other impurities) (20). In
this regard, special devices have been developed to
indicate the presence of additives. One such product

is the Intect 7 adulteration test strip (Branan Med-
ical Corp., Irvine, CA), which, in addition to basic
urine parameters (pH, specific gravity, nitrites, cre-
atinine), reports the presence of bleach, pyridinium
chlorochromate, and glutaraldehyde (62). Typically,
the patient’s sample is divided into several fractions,
one of which is analyzed with this or similar devices
from other manufacturers.

This review is not exhaustive of all oxidants at-
tempted to adulterate the sample. As can be seen,
however, they can all degrade the narcotic analyte,
rendering it undetectable for evidentiary analysis. In
this regard, Fu et al. (2016) proposed the search for
the oxidized forms of the target analytes (4). Other
approaches to testing when urine samples are sus-
pected to have been tampered with have been report-
ed in the literature:

@ Vigorous shaking of the sample should not
form an excessive amount of bubbles that per-
sist for a long time. This usually refers to the ad-
dition of detergents (liquid soap, bathroom or
drain cleaner, laundry detergents) (9,47).

@ Nitrites can be detected using potassium per-
manganate, because they decolorize the pink
colored reagent. This reaction is not applica-
ble to individuals suffering from diabetes due
to the presence of glycosuria (63).

@ Adulteration of the sample with peroxide-con-
taining additives (such as Stealth’) can be de-
tected by the addition of 10 pL of urine to 50
uL of tetramethylbenzidine, followed by the ad-
dition of 500 pL of 0.1 M phosphate buffer so-
lution, which produces a dark brown color-
ation (64). Another way is to monitor the per-
oxidase activity using a spectrophotometer (45).
According to Dasgupta (2015), a few drops of
urine adulterated with Stealth added to potas-
sium dichromate followed by a few drops of 2N
hydrochloric acid would turn the solution deep
blue (64).

¢ Cr® in Urine Luck (containing pyridinium
chlorochromate) can be detected by adding two
drops of a 1% methanolic solution of 1,5-diphe-
nylcarbazide to 1 mL of urine, resulting in a
reddish-purple color (65).

& Although less readily available and less com-
monly used, an alternative method for identi-
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fying urine substitution is urine DNA sequenc-
ing, which is, however, more widely used in
doping testing (66).

@ The intake of diuretics to dilute the sample can
be determined by chromatographic analysis
(67).

@ Despite the production of increasingly mislead-
ing synthetic urines, specific tests are available
for their detection. For example, compounds
that are unique to human urine, such as the ste-
roid hormone cortisol, can be sought (64).

CONCLUSION

Screening for drug abuse is routine in clinical
and forensic practice. In this regard, immunoassays
are the basis of drug monitoring because of their ease
of use, higher productivity, and low cost. However,
the number of findings on possible sources of false-
negative results in urine drug screening continues to
grow. Among the reasons for this are systematic er-
rors of the analysts, insufficient specificity of the an-
alytical toolkit, as well as the application of various
strategies to compromise the analysis by the investi-
gated individuals. This jeopardizes the adequate in-
terpretation of the analysis data and necessitates the
introduction of reliable methods for the prevention
and/or exposure of false results.

REFERENCES

1. UNODC, World Drug Report 2022 (United Na-
tions publication). Booklet 2 - Global overview of
drug demand and drug supply. 2022; [cited: 2023
Aug 11]. Available from: https://www.unodc.org/
res/wdr2022/MS/WDR22_Booklet_2.pdf

2. Roberts A, Rogers J, Mason R, Siriwardena AN,
Hogue T, Whitley GA, et al. Alcohol and other sub-
stance use during the COVID-19 pandemic: A sys-
tematic review. DAD 2021;229(Pt A): 109150. doi:
10.1016/j.drugalcdep.2021.109150.

3. Wiencek ], Colby J, Nichols J. Rapid assessment of
drugs of abuse. Adv Clin Chem 2017;80:193-225.
doi: 10.1016/bs.acc.2016.11.003.

4.  FuS. Adulterants in urine drug testing. Adv
Clin Chem 2016;76:123-63. doi: 10.1016/
bs.acc.2016.05.003.

5.  Basiri MR, Behshid M, Najafi A, Alilou S, Mo-
hebbi-Kamali H, Hosseindoust F, et al. Evalua-
tion of abuse drugs and clinical laboratory tests
variations in whole blood & urine samples of

10.

11.

12.

13.

14.

15.

16.

abusers. ] Pharm Pharmacol 2018;6:69-76. doi:
10.17265/2328-2150/2018.01.008.

Atanasov V. Screening methods. Quantitative anal-
ysis In: Atanasov V, Ed.. Forensic toxicology - prin-
ciples and practice. Sofia: Military Medical Acade-
my; 2020. p. 51-69.

McCarberg BH, Kirsh KL, Passik SD. Clini-
cians’ perspective on the use of immunoassay ver-
sus definitive laboratory quantitation method-
ologies for medication monitoring. J Pain Pal-

liat Care Pharmacother 2014;28(3):255-8. doi:
10.3109/15360288.2014.938887.

Graziano S, Anzillotti L, Mannocchi G, Pichini S,
Busardo FP. Screening methods for rapid determi-
nation of new psychoactive substances (NPS) in
conventional and non-conventional biological ma-
trices. ] Pharm Biomed Anal. 2019;163:170-9. doi:
10.1016/j.jpba.2018.10.011.

Moeller KE, Lee KC, Kissack JC. Urine drug
screening: practical guide for clinicians. Mayo Clin
Proc. 2008;83(1):66-76. doi: 10.4065/83.1.66.

Grafinger KE, Liechti ME, Liakoni E. Clinical val-
ue of analytical testing in patients presenting with
new psychoactive substances intoxication. Br ]
Clin Pharmacol. 2020;86(3):429-36. doi: 10.1111/
bep.14115.

Reisfield GM, Goldberger BA, Bertholf RL. ‘False-
positive’ and ‘false-negative’ test results in clinical
urine drug testing. Bioanalysis. 2009;1(5):937-52.
doi: 10.4155/bi0.09.81.

Cherwinski K, Petti TA, Jekelis A. False metha-
done-positive urine drug screens in patients treat-
ed with quetiapine. JAACAP. 2007;46(4):435-6. doi:
10.1097/CHI.0b013e31802f5f1b.

Callaghan K, Rappaport DI. False-positive urine
drug screen for benzodiazepines in a child taking
fluoxetine. Pediatr Emerg Care. 2021;37(5):e283.
doi: 10.1097/PEC.0000000000002434.

Anderson LA, Can a Drug Test Lead to a False Pos-
itive? 2021; [cited: 2023 Aug 11]. Available from:
https://www.drugs.com/article/false-positive-drug-
tests.html

Schwarz DA, George MP, Bluth MH. Toxicology in
Addiction Medicine. Clin Lab Med 2016;36(4):685-
92. doi: 10.1016/j.c11.2016.07.009.

Luethi D, Liechti ME. Designer drugs: mech-
anism of action and adverse effects. Arch
Toxicol. 2020;94:1085-133. doi: 10.1007/
$00204-020-02693-7.

20

Scripta Scientifica Pharmaceutica, 2023;10(1):13-23
Medical University of Varna



Stanila Stoeva

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Levine M, Lovecchio F. New designer drugs.
Emerg. Med Clin North Am. 2021;39(3):677-687.
doi: 10.1016/j.emc.2021.04.013.

Bates B. Drug screens fail accuracy tests 10% of
time. Clin Psychiatry News. 2010; [cited: 2023 Aug
11]. Available from: https://cdn.mdedge.com/files/
s3fs-public/issues/articles/70348_main_10.pdf

Weiss ST, Veach L], McGill W, Brent J. Rates
and types of urine drug screen false nega-
tive results compared with confirmatory toxi-
cology testing in major trauma patients. Clin
Toxicol (Phila). 2022;60(10):1122-9. doi:
10.1080/15563650.2022.2117052.

Smith MP, Bluth MH. Common Interferences in
Drug Testing. Clin Lab Med. 2016;36(4):663-71. doi:
10.1016/j.c11.2016.07.006.

Luzzi VI, Saunders AN, Koenig JW, Turk ], Lo SF,
Garg UC, et al. Analytic performance of immuno-
assays for drugs of abuse below established cutoff
values. Clin Chem 2004; 50(4): 717-722. https://doi.
org/10.1373/clinchem.2003.028878

Schwebach A, Ball J. Urine drug screening: mini-
mizing false-positives and false-negatives to opti-
mize patient care. US Pharm. 2016;41(8):26-30.

Gerberich A. What drugs are likely to interfere
with urine drug screens? 2021; [cited: 2023 Aug
11]. Available from: https://dig.pharmacy.uic.edu/
faqs/2021-2/may-2021-faqs/what-drugs-are-likely-
to-interfere-with-urine-drug-screens/

Saitman A, Park HD, Fitzgerald RL. False-positive
interferences of common urine drug screen immu-
noassays: a review. ] Anal Toxicol. 2014;38(7):387-
96. doi: 10.1093/jat/bku075.

Cone EJ, Lange R, Darwin WD. In vivo adulter-
ation: excess fluid ingestion causes false-nega-
tive marijuana and cocaine urine test results. ]
Anal Toxicol. 1998; 22(6):460-73. doi: 10.1093/
jat/22.6.460.

Jaffee WB, Trucco E, Levy S, Weiss RD. Is this
urine really negative? A systematic review of tam-
pering methods in urine drug screening and test-
ing. J Subst Abuse Treat. 2007;33(1):33-42. doi:
10.1016/j.jsat.2006.11.008.

Dasgupta A. Synthetic urine, flushing, detoxi-
tying, and related agents for beating urine drug
tests: are they effective? In: Dasgupta A, edi-

tor. Beating drug tests and defending positive re-
sults. Totowa: Humana Press; 2010. p. 45-60. doi:
10.1007/978-1-60761-527-9_4.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Dasgupta A. The effects of adulterants and selected
ingested compounds on drugs-of-abuse testing in
urine. Am J Clin Pathol. 2007;128(3):491-503. doi:
10.1309/FQY06F8XKTQPM149.

De Fazio S, Gallelli L, De Siena A, De Sar-

ro G, Scordo MG. Role of CYP3A5 in abnor-

mal clearance of methadone. Ann Pharmacother.
2008;42(6):893-7. doi: 10.1345/aph.1K539.

Lee HK, Lewis LD, Tsongalis GJ, McMullin M,
Schur BC, Wong SH, et al. Negative urine opi-
oid screening caused by rifampin-mediated in-
duction of oxycodone hepatic metabolism. Clin
Chim Acta. 2006;367(1-2):196-200. doi: 10.1016/.
cca.2005.11.030.

Brahm NC, Yeager LL, Fox MD, Farmer KC, Palm-
er TA. Commonly prescribed medications and
potential false-positive urine drug screens. Am

J Health Syst Pharm. 2010;67(16):1344-50. doi:
10.2146/2jhp090477.

Semeniuk U, Potocka-Bana$ B, Jasionowicz E,
Borowiak K, Janus T. CEDIA method in amphet-
amine and cannabinoid analysis — potential ap-
plications in forensic toxicology blood tests. Po-
meranian J Life Sci. 2020;66(2):61-4. doi: 10.21164/
pomjlifesci.699.

Cox KL, Devanarayan V, Kriauciunas A, Manetta J,
Montrose C, Sittampalam S. Immunoassay Meth-
ods. 2012; [cited: 2023 Aug 11]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 92434/

Moyer TP, Palmen MA, Johnson P, Charlson JR,
Ellefson PJ. Marijuana testing--how good is it?
Mayo Clin Proc. 1987;62(5):413-7. doi: 10.1016/
$0025-6196(12)65447-0.

Mikkelsen SL, Ash KO. Adulterants caus-
ing false negatives in illicit drug testing.
Clin Chem. 1988;34(11):2333-6. doi: 10.1093/
clinchem/34.11.2333.

Weatherspoon D. Trying to ‘Clean’ Your Sys-
tem Before a Drug Test? Skip the Vinegar. 2021;
[cited: 2023 Aug 11]. Available from: https://
www.healthline.com/health/substance-use/
does-vinegar-clean-your-system-in-24-hours
Mizrak S. Fraudulent methods causing false
negatives in urine drug testing. Biomed J Sci

Tech Res. 2019; 14(1): 10335-7. doi: 10.26717/
BJSTR.2019.14.002481.

Schwarzhoff R, Cody JT. The effects of adulterat-
ing agents on FPIA analysis of urine for drugs of

Scripta Scientifica Pharmaceutica, 2023;10(1):13-23
Medical University of Varna

21



Possible Reasons for the Occurrence of False-Negative Results in Urine Drug Screening

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

abuse. ] Anal Toxicol. 1993;17(1):14-7. doi: 10.1093/
jat/17.1.14.

Wu A. Urine adulteration and substitution prior to
drugs of abuse testing. J Clin Ligand Assay. 2003;
26(1):11-8.

Paul BD, Jacobs A. Effects of oxidizing adulterants
on detection of 11-nor-delta9-THC-9-carboxylic
acid in urine. ] Anal Toxicol. 2002;26(7):460-3. doi:
10.1093/jat/26.7.460.

Pham AQN, Kelly T, Fu S. Urine adulteration: can
bleach be used to mask MDMA use? Anal Meth-
ods. 2013;5:3948-55. doi: 10.1039/C3AY40543E.

Pearson SD, Ash KO, Urry FM. Mechanism
of false-negative urine cannabinoid immuno-
assay screens by Visine eyedrops. Clin Chem.
1989;35(4):636-8.

Tsai LS, EISohly MA, Tsai SF, Murphy TP,
Twarowska B, Salamone SJ. Investigation of ni-
trite adulteration on the immunoassay and GC-
MS analysis of cannabinoids in urine specimens.
J Anal Toxicol. 2000;24(8):708-14. doi: 10.1093/
jat/24.8.708.

ElSohly MA, Feng S, Kopycki W], Murphy TP,
Jones AB, Davis A, et al. A procedure to overcome
interferences caused by the adulterant “Klear”

in the GC-MS analysis of 11-nor-delta9-THC-
9-COOH. J Anal Toxicol. 1997;21(3):240-2. doi:
10.1093/jat/21.3.240.

Valtier S, Cody JT. A procedure for the detection of
Stealth adulterant in urine samples. Clin Lab Sci.
2002;15(2):111-5.

Goldberger BA, Caplan YH. Effect of glutar-
aldehyde (UrinAid) on detection of abused
drugs in urine by immunoassay. Clin Chem.
1994;40(8):1605-6.

Gmeiner G, Geisendorfer T. Urine manipulation
with liquid soap: A case report. Drug Test Anal.
2020;12(5):575-8. doi: 10.1002/dta.2780.

Kluge J, Rentzsch L, Remane D, Peters FT, Wissen-
bach DK. Systematic investigations of novel validity
parameters in urine drug testing and prevalence of
urine adulteration in a two-year cohort. Drug Test
Anal. 2018;10(10):1536-42. doi: 10.1002/dta.2447.

Wissenbach DK, Steuer AE. Advances in testing for
sample manipulation in clinical and forensic toxi-
cology - Part A: urine samples. Anal Bioanal Chem.
2023;415:5101-5. doi: 10.1007/s00216-023-04711-w.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Nazaria K. Best Synthetic Urine Kits: Top 5 Fake
Pee Brands To Pass a Drug Test. 2023; [cited: 2023
Aug 11]. Available from: https://www.newsdirect.
com/guest-content/best-synthetic-urine

Embers DM, Ravishankar DA, Din A, Sethi R. Syn-
thetic Urines in a Buprenorphine Clinic. Kans |
Med. 2019;12(4):146-7.

USNRC. 26.111 Checking the acceptability of the
urine specimen. 2022; [cited: 2023 Aug 11]. Avail-
able from: https://www.nrc.gov/reading-rm/doc-
collections/cfr/part026/part026-0111.html

Casavant MJ. Urine drug screening in adolescents.
Pediatr Clin North Am. 2002;49(2):317-27. doi:
10.1016/s0031-3955(01)00006-2.

Wyness SP, Hunsaker JJH, Snow TM, Genzen JR.
Evaluation and analytical validation of a hand-
held digital refractometer for urine specific gravi-
ty measurement. Pract Lab Med. 2016; 5:65-74. doi:
10.1016/j.plabm.2016.06.001.

Heit HA, Gourlay DL. Urine drug testing in pain
medicine. ] Pain Symptom Manage. 2004;27(3):260-
7. doi: 10.1016/j.jpainsymman.2003.07.008.

Musile G, Agard Y, Pesavento S, De Palo EF,
Dorizzi RM, Bortolotti F. An origami microflu-
idic paper device for on-site assessment of urine
tampering. First use of Nessler’s reagent for the
colorimetric determination of creatinine. Anal
Chim Acta. 2023;1237:340610. doi: 10.1016/j.
aca.2022.340610.

Franz S, Skopp G, Musshoff F. The effect of cre-
atine ingestion on urinary creatinine concentra-
tion: Does supplementation mask a heavy dilution?
Drug Test Anal. 2022;14(1):162-8. doi: 10.1002/
dta.3165.

Committee for Medicinal Products for Human Use
(EMA). Assessment report; Referral under Arti-

cle 31 of Directive 2001/83/EC, metamizole-con-
taining medicinal products. 2019; [cited: 2023 Aug
11]. Available from: https://www.ema.europa.eu/en/
documents/referral/metamizole-article-31-referral-
chmp-assessment-report_en.pdf

Rifampin (Oral Route). Mayo Clinic. 2023; [cited:
2023 Aug 11]. Available from: https://www.mayo-
clinic.org/drugs-supplements/rifampin-oral-route/
precautions/drg-20065839

The Meaning Behind the Color of Urine. Urol-
ogy Care Foundation. 2018; [cited: 2023 Aug
11]. Available from: https://www.urology-

22

Scripta Scientifica Pharmaceutica, 2023;10(1):13-23
Medical University of Varna



Stanila Stoeva

61.

62.

63.

64.

health.org/healthy-living/care-blog/2018/
the-meaning-behind-the-color-of-urine

Riahi-Zanjani B. False positive and false nega-
tive results in urine drug screening tests: tamper-
ing methods and specimen integrity tests. PhOL.
2014;103:102-8.

Aydogdu M, Akgiir SA. Urine drug-testing tamper-
ing approaches: Turkish probationers. Med Sci Law.
2021;61(1):6-13. doi: 10.1177/0025802420956453.

Dasgupta A. Adulteration of Drugs-of-Abuse
Specimens. In: Wong RC, Tse HY, editors.

Drugs of Abuse. Forensic Science and Medi-

cine. Totowa: Humana Press; 2005. p. 217-32. doi:
10.1007/978-1-59259-951-6_13.

Dasgupta A. How People Try to Beat Drug Testing.
Issues with Urinary Adulterants and their Detec-
tion. Clinical Laboratory News. 2015; [cited: 2023
Aug 11]. Available from: https://www.aacc.org/cln/
articles/2015/february/drug-testing

65.

66.

67.

Wu AH, Bristol B, Sexton K, Cassella-McLane G,
Holtman V, Hill DW. Adulteration of urine by
“Urine Luck”. Clin Chem. 1999;45(7):1051-7.

Thevis M, Geyer H, Sigmund G, Schinzer W.
Sports drug testing: Analytical aspects of select-
ed cases of suspected, purported, and proven urine
manipulation. ] Pharm Biomed Anal. 2012;57:26-
32. doi: 10.1016/j.jpba.2011.09.002.

Deventer K, Delbeke FT, Roels K, Van Eenoo
P. Screening for 18 diuretics and probenecid in
doping analysis by liquid chromatography-tan-
dem mass spectrometry. Biomed Chromatogr.
2002;16(8):529-35. doi: 10.1002/bmc.201.

Scripta Scientifica Pharmaceutica, 2023;10(1):13-23
Medical University of Varna

23



