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Keywords: Background: Xylazine is a sedative found increasingly in the illicit fentanyl supply that can cause hypotension,
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(XTS) in drug residue samples.

Methods: This study was nested within a drug checking service in Rhode Island. We tested unmeasured drug
residue dissolved in 5 mL of distilled water using XTS and Liquid Chromatography Quadrupole Time-of-Flight
Mass Spectrometry (LC-QTOF-MS). Analyses compared XTS and LC-QTOF-MS results to calculate XTS detec-
tion of xylazine in residue.

Results: Among 41 residue samples, xylazine was detected in 11% by the XTS and 44 % by the laboratory. The LC-
QTOF-MS detected xylazine in 18 samples: 4 major, 9 minor, 5 trace by volume relative to the whole sample. The
XTS disagreed with the LC-QTOF-MS by indicating a negative result in 77.8 % (N=14) of the samples but never
indicated a positive when the LC-QTOF-MS reported xylazine’s absence. The XTS correctly detected xylazine
22 % of the time, however, this increased to 100 % of the time if xylazine was a major active component.
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Conclusions: In this study, the BTNX XTS often disagreed with LC-QTOF-MS by indicating a negative result, likely
due to the dilution levels used and sample composition. The XTS may not be accurate in detecting residual
amounts of xylazine, especially if xylazine is not a dominant component of the tested sample. Given the novelty
of BTNX’s XTS products, we recommend XTS only be used in conjunction with other advanced drug checking

modalities for residue testing.

1. Introduction

People who use drugs (PWUD) rely on an unregulated, ever-changing
illicit market, resulting in uncertainty of what they are using (Bhuiyan
et al., 2023). The desired substance, if present, is often only a fraction of
the total, with filler or undesired substances comprising the rest (Cruz
et al., 2023; Zubryckaet al., 2022). Without knowing a substance’s
psychoactive components, PWUD are at increased risk for adverse health
effects, including overdose.

Drug checking services (DCS) have existed since the 1960s, since
becoming a key harm reduction strategy in many American and Euro-
pean countries (Renfroe, 1986; Barratt and Measham, 2022). Pro-
ponents believe understanding a substance’s contents empowers
individuals to make informed decisions about when and how they use.
Several technologies of varying complexity have been used in DCS
including Fourier Transform Infrared Spectrometry, Quadruple Time of
Flight Spectroscopy (LC-QTOF-MS), gas-chromatography, Raman spec-
troscopy, immunoassay test strips and reagents (Gozdzialski et al.,
2023). While countless organizations distribute take-home tools such as
fentanyl test strips (FTS), access to more advanced services is limited
(Park et al., 2022). In 2022, only sixteen programs responded to a survey
aiming to monitor advanced DCS implementation across the Americas
(Park et al., 2023).

DCS and drug surveillance have confirmed the ever-changing nature
of an unregulated drug market (Bhuiyan et al., 2023). Drug supply
trends have transitioned several times in the past 20 years. Opioid
overprescribing, illegal marketing practices, and reformulation of Oxy-
contin contributed to a substantial increase in opioid use, addiction, and
heroin availability in the 2000s (Evans et al., 2018). By 2016, fentanyl
overtook heroin as the predominantly available opioid, which stands to
this day (Althoff et al., 2020; United Nations Office on Drugs and Crime
& Division for Treaty Affairs, 2022). Xylazine, an alpha-2 adrenergic
substance, was detected in the US drug supply intermittently from 2006
to 2018. Since 2018, xylazine has become regularly present, having
increased by 1238 % as of 2021 (Alexander et al., 2022; Gupta et al.,
2023; Quijano et al., 2023). Despite its prevalence, research suggests
xylazine is not desired by PWUD (Spadaro et al., 2023) and is linked to
severe health implications (Ball et al., 2022; Ruiz-Colon et al., 2014).

In the 1960s, xylazine was evaluated for treatment of hypertension,
but never received FDA approval due to excessive sedation including
reduced blood pressure and pulse (Greene and Thurmon, 1988). Today,
xylazine is only approved as a large animal tranquilizer in Europe and
the Americas. In 2013, Ruiz-Coldn et al. reviewed 43 cases of human
xylazine ingestion. They identified xylazine’s toxidrome: sedation,
bradycardia, hypotension, hyperglycemia, miosis, and respiratory
depression (Ruiz-Colon et al., 2014). PWUD report deep sedation lasting
between 8 and 72 h after using xylazine (Ball et al., 2022; Ruiz-Colon
et al., 2014). Beyond the symptoms of acute poisoning, PWUD report
withdrawal, skin ulcerations, soft tissue necrosis, and infection (Bishnoi,
2023; Haymann, 2022). Lesions associated with xylazine consumption
often occur on extremities regardless of administration route. The
wounds may resist healing which can result in amputation (Bishnoi,
2023; Haymann, 2022). The mechanism of action and toxic threshold for
health complications are unclear.

As of November 2022, xylazine was detected in confiscated drugs in
48 US states (Drug Enforcement Administration, 2022). It was increas-
ingly seen in overdose deaths from Connecticut, Vermont, and Maryland
between January 2021 to June 2022, ultimately reaching over 20 %

prevalence (Kariisa et al., 2023). One surveillance project found that,
despite xylazine being detected in 41.6 % of samples tested, it was never
expected by the sample submitter (Collins et al., 2023). Xylazine is
almost exclusively found in drug samples also containing fentanyl,
suggesting that countries where fentanyl is present may be at risk of
xylazine in the future (Friedman et al., 2022; Collins et al., 2023).

PWUD have expressed interest in xylazine test strips (XTS) to identify
its presence (Reed et al., 2022). Early in 2023, the first XTS became
available to the public market. While manufacturing companies typi-
cally report specificity and detection limits from laboratory-based
testing, there are no regulatory standards to guide them. Additionally,
some manufacturers only include instructions for testing urine samples
or omit reporting interferent substances. Two studies recently examined
the detection limit of the BTNX XTS, which the manufacturer reported as
1000 pg/mL (Sisco et al., 2023; Krotulski et al., 2023). Lack of regula-
tion and a volatile illicit drug market indicate the importance of eval-
uating XTS’ accuracy and effectiveness in real-world settings.
Accordingly, our aim was to explore the performance of BTNX XTS for
testing drug refuse residue at a community-based DCS.

2. Materials and methods

A pilot DCS was hosted by a community drop-in center serving
PWUD in Rhode Island. The research and drop-in center teams collab-
orated closely during protocol development and result dissemination.
This study was approved by the Institutional Review Board (IRB) of
Rhode Island Hospital. Further details about the methodology are pro-
vided elsewhere (Cepeda et al., 2023).

A peer outreach specialist employed by the research team known to
the center’s community was vital to building trust between the com-
munity and research team. They promoted DCS utilization by informing
clients about submission criteria and $5 compensation per sample be-
tween operating hours.

During the pilot, we explored the performance of XTS (BTNX Inc.,
Ontario, Canada, lot DOA2212085, expiration 12/12/2024), the same
brand of FTS commonly distributed to PWUD (Park et al., 2021).
Availability of the XTS was limited due to their recent development and
high demand in communities where xylazine was present. The team was
able to obtain and use 41 BTNX XTS from April-May 2023.

An AB Sciex X500R SCIEX LC-QTOF-MS (Framingham, MA) housed
at Rhode Island Hospital’s toxicology laboratory was used for untar-
geted qualitative confirmatory testing which served as the gold standard
when calculating XTS agreement rates. The laboratory established its
concentration detection limits for xylazine to be between 1 and 10 ng/
mL, depending on solvents and sample composition. Limits were
established by adapting the dilute-and-shoot method (Thoren et al.,
2016; Collins et al., 2023). While the laboratory could not provide a
complete picture of sample contents (i.e., absolute volumes, inactive
components), they were able to derive relative amounts of the psycho-
active drug component. The strongest signal psychoactive component
and anything >30 % of its strength were considered major, anything
10 %-29 % of the strongest component was minor and anything <10 %
was considered trace.

All parties participating in the studies design agreed that these cut-
offs appropriately reflected what is considered significant in harm
reduction messaging. Additionally, they aligned with reporting methods
previously used in a state-wide drug surveillance project (Collins et al.,
2023).
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2.1. Testing procedures

Center clients submitted dry drug refuse with visible drug residue (i.
e. empty bags, intact pipes, and once-used cookers) procured from
Providence County. Sharps (i.e. needles, broken glass) were excluded for
technician safety. Due to existing drug criminalization laws in the state
of Rhode Island, larger quantities of drugs were not accepted.

After initial confirmation that a sample was eligible, the research
assistant collected details about the sample’s origin, suspected contents,
visual appearance, and physical characteristics. These details were
recorded in the StreetCheck Web Application, a tool developed to
standardize data collection and results communication for DCS.

No manufacturer-recommended procedures for testing drug residue
with XTS existed at the time so we diluted one portion of each residue
sample in 5 mL of water to align with a similar FTS residue testing
protocol (Green et al., 2022). The XTS was dipped 1 cm into the
resulting solution for 10-15 s then placed horizontally for 5-min before
reading.

One line at the control point indicated a positive test, two indicated a
negative test, and any other result would have been deemed invalid.
Each result was interpreted by the research assistant and photographed
for verification by a second team member to ensure accurate interpre-
tation. XTS results were not shared with participants as this testing
protocol was not yet validated.

The research assistant packaged the remaining undissolved sample
after onsite testing was complete in a labeled disposable centrifuge tube
and ziplock bag for confirmatory testing via LC-QTOF-MS. Refuse
remaining after extracting the sample was properly disposed of. Samples
were transported to the Rhode Island Hospital Toxicology Lab weekly
and results were reported within 30 days via a shared spreadsheet. The
lab was blinded to the research team’s results. The technicians inter-
pretation of LC-QTOF-MS results were verified by the director (AB)
before being reported to donors using the Streetcheck application.

2.2. Analysis

The data were merged using a common sample ID and cleaned for
analysis. Specifically, agreement rates between XTS and LC-QTOF-MS
results were calculated using Stata/MP Version 16 (StataCorp, TX).
We first ran the calculations using the full dataset. Given that lidocaine is
a known confounder (Krotulski et al., 2023) and trace xylazine may be
below the reported detection limit, the calculations were repeated
excluding samples with each compound. We explored the potential
contribution of the relative amount of xylazine detected on the XTS’
performance.

3. Results

Of the 41 samples included, most contained fentanyl (84 %) and/or
cocaine (74 %) per LC-QTOF-MS results. Only 2 % (n=1) of submitters
reported suspecting their drugs contained xylazine. The LC-QTOF-MS
detected xylazine in 43.9 % of tested drug samples (n=18) of which 5
had trace amounts, 9 had minor, and the remaining 4 had major. After
excluding trace amounts of xylazine, its presence fell to 31.7 % (n=13).

When comparing BTNX XTS to the LC-QTOF-MS, the XTS correctly
identified xylazine in 22.2 % of the samples and correctly indicated its
absence in 100 %. After removing samples that contained lidocaine, a
known confounding substance, and samples with trace amounts of
xylazine, the agreement between the instruments rose slightly to 25.0 %
for xylazine-positive samples and fell to 75.0 % for xylazine-negative
ones. However, if xylazine was a major component of the sample, the
agreement rose to 100 % (Table 1).

4. Discussion

This study examined the performance of BTNX XTS for testing drug
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Table 1
Performance of BTNX xylazine test strips compared to laboratory testing using
LC-QTOF-MS.

BTNX XTS Positive XTS Negative XTS
and LC-QTOF- and Positive LC-
MS QTOF-MS
(agreement)” (disagreement)
n % n %

Any xylazine i.e., major, minor, trace (n:41)h 4 22.2 14 77.8
Major xylazine only (n=4) 4 100.0 0 0.0
Minor xylazine only (n=9) 0 0.0 9 100.0
Major or minor xylazine 3 25.0 9 75.0

(excluding trace xylazine and lidocaine)

2 ability to correctly identify xylazine.

b 33 of the samples were submitted as fentanyl or fentanyl with another substance, 4 were reported to
contain methamphetamines, 2 were reported to be adderall, 2 were reported to be cocaine, 2 were
reported to be benzodiazepines, 1 was reported to be xylazine, and 1 was unknown at the time of

submission.

residue. The detection of xylazine’s presence was lower than expected
although increased if xylazine was the sample major psychoactive
component. Our findings suggest further research and field testing are
needed to develop rapid XTS and procedures for residue testing in point-
of-care DCS.

Few studies have evaluated the performance of XTS in the commu-
nity. One small laboratory study on samples from Philadelphia found no
false-negatives compared to confirmatory results (i.e., a sensitivity of
100 %). Notably, the Philadelphia study tested samples rather than
residue using a 1 mg:1 mL dilution factor (Krotulski et al., 2023),
compared to our procedure of dissolving an unquantified amount of
residue in 5 mL of water. A second study using 100 residue samples from
Maryland and Nevada assessed crossreactivity of 77 different com-
pounds found only lidocaine produced false-positives (Sisco et al.,
2023). Each study tested different XTS batch lots which may have
contributed to result discrepancies; quality and accuracy of lateral flow
strips can vary between lots (Hayden et al., 2014).

This study’s limitations include its small sample size, limited
collection radius and timeframe, and non-random collection procedure.
Tested samples primarily contained fentanyl or other opioids; further
research should explore the performance of testing non-opioids. Addi-
tionally, no validated procedure existed for testing drug residue at the
time of the study. While collecting larger amounts of drugs to test would
likely increase generalizability and confidence in findings, non-
laboratory DCS fall into a legal gray area due to the Controlled Sub-
stances Act and resultantly often rely on drug refuse residue. Finally,
while quantification was outside the scope of this study, it would pro-
vide stronger evidence of whether XTS perform in accordance with their
stated detection limit in a community setting and should be considered
for future studies. Given these uncertainties, our findings, while initial,
caution against reliance upon the XTS alone for xylazine detection in
drug residue and, if used, should be accompanied by a thorough dis-
cussion of the test’s limitations when interpreting the results or coupled
with laboratory testing.

Given the low community awareness of xylazine and its severe health
effects, XTS may be a useful preliminary indicator for further testing
using more advanced, comprehensive technologies. Future research is
needed to examine and replicate these findings using other, real-world
drug and residue samples.
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