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Abstract Increasing driving under the influence of can-
nabis cases is an important short-term consequence of
cannabis legalization. On-site oral fluid (OF) testing devi-
ces provide advantages for roadside drug screening,
because OF Ag—tetrahydrocannabinol (THC) indicates more
recent cannabis intake than urine, and it can be collected
non-invasively by law enforcement personnel. THC pres-
ence in OF primarily results from oromucosal contamina-
tion during cannabis inhalation. To date, on-site OF
devices were not investigated following edible cannabis.
We evaluated sensitivity, specificity, and efficiency of the
Driger DrugTest® 5000 [DT5000] and Alere™ DDS®2
[DDS2] at various OF THC confirmatory cutoffs following
controlled smoked, vaporized, and edible cannabis in fre-
quent and occasional smokers. Times of last positive (f,s)
were evaluated for each device, cutoff, and smoking group.
At a 5 pg/L OF THC confirmation cutoff, overall perfor-
mance criteria exceeded the recommended 80% for both
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devices. At lower THC confirmation cutoffs (1-2 pg/L),
true positive results were maximized but sensitivity was
<80%. When confirmation cutoffs were below manufac-
turers’ screening cutoffs (5 pg/L DT5000, 25 ng/L DDS2),
false negative results increased. No differences in #;,, were
observed for DT5000 between the three administration
routes, but later f;,, times were observed after smoking
compared to vaporization with DDS2. Frequent smokers
had significantly later median f,; (5 h) compared to
occasional smokers (1.5-3.5 h) for all conditions. There
were no true positive results at 44 and 50 h with the
DT5000 and DDS2, respectively. OF screening followed
by confirmatory OF analysis is an important strategy for
investigations of driving under the influence of drugs, with
these data improving interpretation of cannabinoid OF
results.

Keywords Cannabinoids - Oral fluid - On-site testing -
Driger DrugTest® 5000 - Alere™ DDS®2 -
Driving under the influence of drugs (DUID)

Introduction

With increasing medicinal and legalized cannabis legisla-
tion in the US, driving under the influence of cannabis is a
prominent public health and safety concern, as cannabis is
associated with increased crash risk [1-4]. A recent
2013-2014 US survey revealed 12.6% of nighttime dri-
vers’ blood and/or oral fluid (OF) specimens were positive
for A°-tetrahydrocannabinol (THC) compared to 8.6% in
2007 [5], a 48% increase in prevalence in 6 years.

OF, once considered an alternative matrix, is increas-
ingly popular for workplace, drug treatment, clinical, and
forensic drug testing. In addition to advantages in specimen
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collection over urine and blood, OF drug detection may
indicate recent intake and, therefore, is a desirable bio-
logical matrix for driving under the influence of drugs
(DUID) testing. Cannabinoid OF pharmacokinetics were
thoroughly studied after controlled smoked [6-14] and
vaporized administration [15]. Observed high (<8503 pg/L)
OF THC concentrations are primarily due to oromucosal
contamination, with peak concentrations occurring during or
immediately after inhalation [16]. The Substance Abuse and
Mental Health Services Administration (SAMHSA) imple-
mented a THC >2 pg/L. confirmatory cutoff for detecting
cannabis intake in workplace drug testing programs [17],
while the European Union’s Driving Under the Influences of
Drugs, Alcohol, and Medicines (DRUID) project used a
THC >1 pg/L OF confirmatory cutoff for DUID testing
[18].

One of the strongest advantages of OF testing for DUID is
the ability to screen specimens rapidly and sensitively at the
roadside with on-site devices. DRUID suggested minimum
performance of 80% for sensitivity, specificity, and effi-
ciency for on-site devices [19]. The Driger DrugTest® 5000
(DT5000, 5 pg/L THC cutoff; Liibeck, Germany) demon-
strated 53.0-80.8 and 95.5-99.0% sensitivity, specificity,
and accuracy with chromatographic OF THC 1 or 10 pg/L
cutoffs, respectively, in OF collected from patients at drug
addiction centers [20, 21]. Performance criteria of this device
were 84.0-92.0% with a confirmatory OF THC 2 pg/L cutoff
for drivers arrested for DUID [22]. A cohort of drivers
stopped during roadside patrols showed improved parame-
ters of 92.3-96.7% with a confirmatory OF THC 1 pg/L
cutoff and confirmatory analysis performed with residual OF
from the screening device swab [23]. Performance of the
DT5000 also was evaluated in controlled research settings
following smoked [24-26] and vaporized [15] cannabis; at
least one performance criterion was <80% in these studies.
Another available on-site screening device is the Alere™
DDS®2 (DDS2; Abingdon, UK), but fewer published per-
formance data are available. A study of 38 OF samples from
randomly stopped drivers demonstrated 100% agreement
between its 25 pg/L THC cutoff screening resultsand a2 pg/L
THC confirmatory cutoff, but THC prevalence was low (only
five drivers) [27].

Alternate cannabis administration routes, including
inhalation via vaporization and consumption of edibles, are
increasingly popular [28]. THC OF pharmacokinetic data
following vaporized [15] or edible cannabis consumption
[6, 29] are limited. Neither the DT5000 nor DDS2 were
evaluated following oral cannabis administration. Previ-
ously, we described OF pharmacokinetics of THC, its
metabolites, and minor cannabinoids following smoked,
vaporized, and oral administration in frequent and occa-
sional smokers [16]. Here, we characterize DT5000 and
DDS2 performance in the same participant cohort.
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Materials and methods
Participants

Healthy cannabis users (18-50 years) provided written
informed consent to participate in this previously described
National Institute on Drug Abuse (NIDA) Intramural
Research Program Institutional Review Board-, FDA-, and
DEA-approved study [16, 30]. All participants underwent
extensive medical and psychological evaluations. Inclusion
criteria were based on self-reported cannabis intake
(>2x/month, but <3x/week for occasional smokers or
>5x/week for frequent smokers). Pregnant and nursing
women were excluded and pregnancy tests were adminis-
tered at screening and admission for each session to women
with reproductive potential.

Study design

The study was randomized, double blind, and placebo-
controlled with a crossover and double-dummy design.
Participants entered the secure research unit ~ 19 h before
dosing to preclude acute intoxication. Cannabis cigarettes
were obtained through the NIDA Drug Supply Program.
Active cigarettes (0.734 4+ 0.05 g) contained 6.9 + 0.95%
(~50.6 mg) THC. Placebo cigarettes (0.713 & 0.05 g)
contained 0.001 £ 0.000% THC. Throughout four dosing
sessions, participants were administered one active or
placebo brownie followed by one active or placebo cigar-
ette or one active or placebo vaporized ground cannabis
dose (210 °C, Volcano® Medic, Storz & Bickel, Tuttlin-
gen, Germany). No more than one active dose was
administered per session. Brownies were prepared with
Duncan Hines® Double Fudge brownie mix according to
the manufacturer’s instructions with addition of ground
cannabis to wet batter [16, 30]. Oral and inhaled doses
were each consumed ad libitum within 10 min. Frequent
smokers remained on the unit 72 h post-dose and were
discharged for >72 h between dosing sessions to reduce
the incidence of cannabis withdrawal. Occasional smokers
remained on the unit 54 h post-dose but had the option of
remaining on the unit for multiple sessions depending on
self-reported smoking frequency.

OF was collected with Quantisal™ collection device
(Immunalysis, Pomona, CA, USA) followed by the
DT5000 or DDS2 on-site OF screening devices (randomly
assigned per participant). Paired OF samples were col-
lected on admission (—19 h), before initiation of smok-
ing/vaporization (baseline, —1.5 h), and at 0.17, 1.5, 3.5, 5,
8, 10, 12, 14, 20, 26, 32, 38, 44, and 50 h after smoking or
vaporization initiation for all participants; at 54 h for
occasional smokers only; and 56, 62, 68, and 72 h for
frequent smokers only.
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The Quantisal device has a volume adequacy indicator
for collection of 1.0 & 0.1 mL OF. The pad was stored
upright in the elution/stabilizing buffer at 4 °C for >12 h
prior to pad removal; the buffer/OF mixture was trans-
ferred to polypropylene cryotubes and stored at 4 °C until
analysis. The DT5000 cassette was swiped throughout the
mouth to collect 270 & 40 uL. OF; the DDS2 device col-
lected ~600 pL. OF. Both devices have volume adequacy
indicators, with OF collected until the indicators turned
blue or 5 min elapsed, whichever occurred first. Nothing
was placed in the mouth for 10 min prior to any OF
collection.

Oral fluid analysis

DT5000 and DDS2 OF specimens were analyzed imme-
diately after collection on their respective analyzers with
qualitative positive or negative results based on the man-
ufacturer’s assigned 5 or 25 pg/LL THC screening cutoff,
respectively. Quantisal OF specimens were quantified
within 1 month (based on previous OF cannabinoid sta-
bility studies [31, 32]) for THC by a previously published
liquid chromatography—tandem mass spectrometry (LC-
MS/MS) method with 0.2 pg/LL limit of quantification
(LOQ) [33]. Inter-assay accuracy and precision were
88.1-106 and 5.8-8.2% coefficient of variation (CV),
respectively (n = 92).

Data analysis

Qualitative DT5000 and DDS2 results were compared to
concurrently collected quantitative Quantisal OF results. A
true positive (TP) sample screened positive and confirmed
positive for THC; a true negative (TN) sample screened
and confirmed negative for THC. A false positive (FP)
sample screened positive but THC was not detected above
the designated cutoff in the confirmation test, and a false
negative (FN) screened negative, but THC was confirmed
above the specified cutoff in the confirmation test. Per-
formance parameters (%) were calculated by the following
formulae: sensitivity = [TP/(TP + FN)] x 100; speci-
ficity = [TN/(TN + FP)] x 100; and efficiency = [(TP +
TN)/total] x 100. These parameters were determined at
THC LOQ (0.2 pg/L), 1, 2, and 5 pg/L (both devices), and
25 pg/L (DDS2 only). Suggested optimal device perfor-
mance criteria are >80% sensitivity, specificity, and effi-
ciency [19]. Results were analyzed overall (all participants,
all routes) and stratified by smoking group (all routes
together) and by route (all participants together). Times of
last detection (#,5;) were compared between devices and
between smoking groups at various cutoffs; results were
stratified by route and analyzed via Mann—Whitney U tests.
Finally, #,5 between administration routes (within a single

device) were evaluated via Friedman one-way ANOVA
with Dunn’s multiple comparison adjustment; p < 0.05
was considered significant.

Results
Participants

Demographics for 11 frequent and nine occasional canna-
bis smokers are summarized in Supplemental Table 1.
Participants were 19—46 years old, 75% male, and 75%
African Americans. Participant K was originally admitted
as an occasional smoker, but later reclassified as a frequent
smoker based on baseline and post-dose blood cannabinoid
pharmacokinetics [16, 30]. Participant H smoking fre-
quency at admission to session 1 was inconsistent with
self-reported frequency at screening, but frequencies
reported on admission to subsequent sessions were con-
sistent with self-reported frequency at screening; his
demographic data were not included in summary statistics.
Frequent smokers were all African Americans, began
smoking at a significantly younger age, smoked signifi-
cantly more frequently over the previous 14 days, and
smoked significantly more per smoking occasion.

Five frequent and five occasional smokers produced 551
paired DT5000-Quantisal results, and six frequent and four
occasional smokers produced 545 paired DDS2-Quantisal
results.

On-site device performance

A summary of device performance (sensitivity, specificity,
efficiency) evaluated at different confirmatory cutoffs for
DT5000 and DDS2 are described in Table 1.

Overall device performance

At the THC method’s LOQ (0.2 pg/L), DT5000 and DDS2
demonstrated high specificity (each 99.3%), but low sen-
sitivities (36.9 and 36.5%) and efficiencies (53.9 and
53.6%), respectively. Sensitivity and efficiency were <80%
at a THC >1 pg/L cutoff; however, with a THC >2 ng/L
cutoff, 37 and 50 previous FN results from the DT5000 and
DDS2, respectively, became TN, improving efficiencies to
>80%, but sensitivities remained low due to confirmation
cutoffs below the screening cutoffs. When evaluated at a
THC >5 pg/L cutoff, all performance criteria were >80%.
Additionally, performance criteria for the DDS2 were
>80% when evaluated with a THC >25 pg/L. cutoff.
Although optimal performances were observed with a THC
>5 pg/L cutoff, more TP results were observed with THC
>1 and 2 pg/L cutoffs.
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Table 1 Performance characteristics for Driger DrugTest 5000
(DT5000, 5 pg/L cutoff) and Alere DDS2 (DDS2, 25 pg/L cutoff)
screening devices with different A°-tetrahydrocannabinol (THC) oral
fluid confirmation cutoffs overall (all participants and all routes), by

smoking group (all routes), and by route (following controlled
smoked, vaporized, or oral administration of 6.9% THC cannabis) up
to 72 and 54 h post-dose for 11 frequent and nine occasional smokers,
respectively

Quantitative THC confirmation cutoff (pg/L) TP TN FP FN Sensitivity (%) Specificity (%) Efficiency (%)
Overall (all participants, all routes)
DT5000 (n = 551)
THC >5 116 373 33 29 80.0 91.9 88.7
THC >2 (SAMHSA) 138 332 11 70 66.3 96.8 85.3
THC >1 (DRUID) 145 295 4 107 57.5 98.7 79.9
THC >0.2 (LOQ) 148 149 1 253 36.9 99.3 53.9
DDS2 (n = 545)
THC >25 70 398 76 1 98.5 84.0 85.9
THC >5 124 376 22 23 84.4 94.5 91.7
THC >2 (SAMHSA) 138 325 8 74 65.1 97.6 85.0
THC >1 (DRUID) 141 275 5 124 53.2 98.2 76.3
THC >0.2 (LOQ) 145 147 1 252 36.5 99.3 53.6
Frequent smokers (all routes)
DT5000 (n = 300)
THC >5 87 170 20 23 79.1 89.5 85.7
THC >2 (SAMHSA) 104 137 3 56 65.0 97.9 80.3
THC >1 (DRUID) 107 111 0 82 56.6 100 72.7
THC >0.2 (LOQ) 107 29 0 164 39.5 100 453
DDS2 (n = 345)
THC >25 49 244 51 1 98.0 82.7 84.9
THC >5 83 231 17 14 85.6 93.1 91.0
THC >2 (SAMHSA) 96 191 4 54 64.0 97.9 83.2
THC >1 (DRUID) 98 153 2 92 51.6 98.7 72.8
THC >0.2 (LOQ) 100 75 0 170 37.0 100 50.7
Occasional smokers (all routes)
DT5000 (n = 251)
THC >5 29 203 13 6 82.9 94.0 92.4
THC >2 (SAMHSA) 34 195 8 14 70.8 96.1 91.2
THC >1 (DRUID) 38 184 4 25 60.3 97.9 88.4
THC >0.2 (LOQ) 41 120 1 89 31.5 99.2 64.1
DDS2 (n = 200)
THC >25 21 154 25 0 100 86.0 87.5
THC >5 41 145 5 9 82.0 96.7 93.0
THC >2 (SAMHSA) 42 134 4 20 67.7 97.1 88.0
THC >1 (DRUID) 43 122 3 32 57.3 97.6 82.5
THC >0.2 (LOQ) 45 72 1 82 354 98.6 58.5
Smoked (all participants)
DT5000 (n = 184)
THC >5 45 114 11 14 76.3 91.2 86.4
THC >2 (SAMHSA) 51 95 5 33 60.7 95.0 79.3
THC >1 (DRUID) 55 87 1 41 57.3 98.9 77.2
THC >0.2 (LOQ) 56 41 0 87 39.2 100 52.7
DDS2 (n = 183)
THC >25 27 118 37 96.4 76.1 79.2
THC >5 56 112 8 7 88.9 93.3 91.8
THC >2 (SAMHSA) 62 96 2 23 72.9 98.0 86.3
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Table 1 continued

Quantitative THC confirmation cutoff (pg/L) TP TN FP FN Sensitivity (%) Specificity (%) Efficiency (%)
THC >1 (DRUID) 63 81 1 38 62.4 98.8 78.7
THC >0.2 (LOQ) 63 42 1 77 45.0 97.7 574

Vaporized (all participants)

DT5000 (n = 182)

THC =5 31 131 8 12 72.1 94.2 89.0
THC >2 (SAMHSA) 35 117 4 26 574 96.7 83.5
THC >1 (DRUID) 36 103 3 40 47.4 97.2 76.4
THC >0.2 (LOQ) 38 60 1 83 314 98.4 53.8
DDS2 (n = 182)
THC >25 20 147 15 0 100 90.7 91.8
THC >5 34 138 1 9 79.1 99.3 94.5
THC >2 (SAMHSA) 35 118 0 29 54.7 100 84.1
THC >1 (DRUID) 35 101 0 46 432 100 74.7
THC >0.2 (LOQ) 35 55 0 92 27.6 100 49.5
Oral (all participants)
DT5000 (n = 185)
THC >5 40 128 14 3 93.0 90.1 90.8
THC >2 (SAMHSA) 52 120 2 11 82.5 98.4 93.0
THC >1 (DRUID) 54 105 0 26 67.5 100 85.9
THC >0.2 (LOQ) 54 48 0 83 394 100 55.1
DDS2 (n = 180)
THC >25 23 133 24 100 84.7 86.7
THC >5 34 126 13 7 82.9 90.6 88.9
THC >2 (SAMHSA) 41 111 6 22 65.1 94.9 84.4
THC >1 (DRUID) 43 93 4 40 51.8 95.9 75.6
THC >0.2 (LOQ) 47 50 0 83 36.2 100 53.9

TP true positive, TN true negative, FP false positive, FN false negative, THC Ag-tetrahydrocannabinol, SAMHSA Substance Abuse and Mental
Health Services Administration, DRUID Driving Under the Influence of Drugs, Alcohol, and Medicines, LOQ limit of quantification

Device performance by smoking group

Because of differences in the time courses for frequent
(72 h post-dose) and occasional (54 h) smokers, data for
the groups are described separately. For frequent smokers,
specificity for both devices was >80% with all cutoffs
while efficiencies were >80% only for THC >2-25 pg/L
cutoffs. DT5000 sensitivity in frequent smokers approa-
ched but never exceeded 80% (79.1% with THC =5 pg/L
cutoff); sensitivities for DDS2 at THC >5 and >25 ng/L
cutoffs were 85.6 and 98.0%, respectively.

Specificities and efficiencies for both devices with
occasional smokers were >80% at all cutoffs, except effi-
ciencies at the analytical LOQ. Sensitivities exceeded 80%
for DT5000 only with a THC >5 pg/L. cutoff, and for
DDS2 with THC >5 and >25 pg/L cutoffs. As above,
greater TP results were observed with confirmation cutoffs
below the screening cutoffs.

Device performance by administration route

Following smoking, DT5000 efficiency was >80% with
only a THC >5 pg/L cutoff; for DDS2, efficiencies were
acceptable only at THC >2 and 5 pg/L cutoffs, while
acceptable sensitivities were observed with THC >5 and
25 pg/L cutoffs. DT5000 performance following vapor-
ization was similar to that following smoking: efficiency
was >80% at THC >2 and 5 pg/L cutoffs, and sensi-
tivity approached but never exceeded 80%. DDS2
specificity and efficiency were >80% with more cutoffs
than after smoking; however, sensitivities were generally
<80%. Finally, following oral administration, all
DT5000 performance criteria were acceptable with the
THC >2 and >5 pg/L cutoffs. For DDS2, all perfor-
mance criteria were >80% only with the THC >5 and
>25 ng/L cutoffs.
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Detection rates and times

A comparison of DT5000 and DDS2 screening f.q
alone and with different OF THC confirmation cutoffs is
presented in Table 2. One occasional smoker never
screened positive by DTS5000 after the vaporized dose.
DT5000 and DDS2 £, were not significantly different
with any cutoff when analyzed overall or by route.

When comparing routes for each device separately (data
table not shown), no statistical differences in median
DT5000 #,5 were observed between any routes at any
cutoff, whereas significant differences were observed with
cutoffs for DDS2. When screening with the DDS2 alone
and in combination with a THC >0.2 or >1 pg/L confir-
mation cutoff, multiple comparisons revealed significant
differences between smoked and vaporized (p = 0.022)

cannabis only. Multiple comparisons for THC >2 ng/L
were similar, with a significant difference in #,5 between
smoked and vaporized (p = 0.022) observed. Finally,
smoked and vaporized fy,, times at THC >5 pg/L were
significantly different, and a significant difference between
smoked and oral (p = 0.008) also was observed.

When examining differences between occasional and
frequent cannabis smokers, f,, data were analyzed by
group regardless of screening device, as no significant
differences were observed between devices (Table 2), and
because sample sizes for frequent and occasional smokers
were too small if stratified by devices. Comparisons of
frequent and occasional smokers’ OF THC #, overall and
by route are summarized in Table 3. Overall, frequent
smokers had significantly later median #,; (5 h for all
cutoffs) compared to occasional smokers (1.5-3.5 h) for all

Table 2 Median (range) time
of last detection for Dréger
DrugTest 5000 (DT5000, 5 pg/

Quantitative confirmation cutoff (ng/L)

Median (range) f, (h) p value (DT5000

L THC cutoff) and Alere DDS2
(DDS2, 25 pg/LL THC cutoff)
oral fluid screening devices
alone and with different THC
oral fluid confirmation cutoffs
overall (all participants and all

routes) and by route (following
controlled smoked, vaporized,
or oral administration of 6.9%
THC cannabis) for 11 frequent
and nine occasional smokers

vs. DDS2)*
DT5000 DDS2

Overall (all participants, all routes)

n 29° 30
Screen positive only 5.0 (0.25-26) 4.3 (0.25-20) 0.9787
THC >5 3.5 (0.25-20) 3.5 (0.25-20) 0.6893
THC >2 (SAMHSA) 3.5 (0.25-26) 3.5 (0.25-20) 0.9729
THC >1 (DRUID) 5.0 (0.25-26) 4.3 (0.25-20) 0.9666
THC >0.2 (LOQ) 5.0 (0.25-26) 4.3 (0.25-20) 0.9787

Smoked (all participants)

n 10 10
Screen positive only 6.5 (0.25-20) 9.0 (1.5-20) 0.3783
THC >5 5.0 (0.25-20) 7.5 (1.5-20) 0.2580
THC >2 (SAMHSA) 5.0 (0.25-20) 7.5 (1.5-20) 0.3390
THC >1 (DRUID) 6.5 (0.25-20) 9.0 (1.5-20) 0.3573
THC >0.2 (LOQ) 6.5 (0.25-20) 9.0 (1.5-20) 0.3783

Vaporized (all participants)

n 9P 10
Screen positive only 1.5 (1.5-26) 1.5 (0.25-10) 0.9200
THC >5 1.5 (0.25-12) 1.5 (0.25-10) 0.6999
THC >2 (SAMHSA) 1.5 (1.5-26) 1.5 (0.25-10) 0.9200
THC >1 (DRUID) 1.5 (1.5-26) 1.5 (0.25-10) 0.9200
THC >0.2 (LOQ) 1.5 (1.5-26) 1.5 (0.25-10) 0.9200

Oral (all participants)

n 10 10
Screen positive only 5.0 (1.5-20) 4.3 (1.5-5) 0.3188
THC =5 4.3 (1.5-14) 1.5 (1.5-5) 0.1721
THC >2 (SAMHSA) 5.0 (1.5-20) 3.5 (1.5-5) 0.1732
THC >1 (DRUID) 5.0 (1.5-20) 4.3 (1.5-5) 0.3188
THC >0.2 (LOQ) 5.0 (1.5-20) 4.3 (1.5-5) 0.3188

Hase time of last detection

# Mann-Whitney U test was used to compare DT5000 vs. DDS2 results for each condition

® One occasional smoker never had a positive DT5000 screening result after the vaporized dose
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confirmatory cutoffs. After smoking, frequent smokers’
median f,5 (10 h) were significantly later than occasional
smokers (3.5 h) only when confirming at THC >2 and
5 pg/L. No significant differences in THC OF #,,, were
observed between groups after vaporized or oral cannabis
administration.

Detection rates of positive screening tests alone
(DT5000, 5 pg/l. THC cutoff and DDS2, 25 pg/LL THC
cutoff) and in combination with different confirmatory
cutoffs (TP) are presented overall, by device, and by
smoking group in Figs. 1, 2, and 3, respectively. Overall,
positive results by screening only tests lasted until 44 and
50 h for DT5000 and DDS2, respectively. There were no

Table 3 Median (range) time of last detection for frequent and
occasional smokers for screening results alone and with different
THC oral fluid confirmation cutoffs overall (both screening devices

TP results with THC >0.2, 1, and 2 pg/L cutoffs at 44, 44,
and 32 h, respectively, for DT5000 and at 50, 26, and 26 h,
respectively, for DDS2 (Fig. 1); all tests from both devices
were negative at 26 h with a THC >5 pg/L cutoff. When
comparing the two screening devices by administration
route, no TP occurred for DT5000 after any route at 44 and
32 h with THC >1 and 2 pg/L cutoffs, respectively
(Fig. 2). For DDS2, no TP were observed after smoking or
oral dosing at 26 h, and after vaporization at 12 h with THC
>1 and 2 pg/L cutoffs. Sporadic positive tests (0.5-4.1 pg/
L THC) occurred with the DDS2 device for two participants
12-20 h following the oral dose. A THC >5 ng/L cutoff did
not shorten detection windows after smoking or oral dosing

and all routes) and by route (following controlled smoked, vaporized,
or oral administration of 6.9% THC cannabis) for 11 frequent and
nine occasional smokers

p value (frequent
vs. occasional)®

Quantitative confirmation cutoff (pug/L) Median (range) fi,5 (h)

Frequent Occasional

Overall (both devices, all routes)

n 33 26
Screen positive only 5.0 (0.25-26) 3.5 (0.25-20) 0.0311"
THC >5 5.0 (0.25-20) 1.5 (0.25-20) 0.0154
THC >2 (SAMHSA) 5.0 (0.25-26) 3.5 (0.25-20) 0.0116
THC >1 (DRUID) 5.0 (0.25-26) 3.5 (0.25-20) 0.0281
THC >0.2 (LOQ) 5.0 (0.25-26) 3.5 (0.25-20) 0.0311

Smoked (both devices)

n 11 9
Screen positive only 10 (0.25-20) 5.0 (0.25-20) 0.1170
THC >5 10 (0.25-20) 3.5 (0.25-20) 0.0295"
THC >2 (SAMHSA) 10 (0.25-20) 3.5 (0.25-20) 0.0318
THC >1 (DRUID) 10 (0.25-20) 5.0 (0.25-20) 0.0928
THC >0.2 (LOQ) 10 (0.25-20) 5.0 (0.25-20) 0.1170

Vaporized (both devices)

n 11 8¢
Screen positive only 1.5 (1.5-26) 1.5 (0.25-8) 0.1207
THC >5 1.5 (1.5-12) 1.5 (0.25-8) 0.0694
THC >2 (SAMHSA) 1.5 (1.5-26) 1.5 (0.25-8) 0.1207
THC >1 (DRUID) 1.5 (1.5-26) 1.5 (0.25-8) 0.1207
THC >0.2 (LOQ) 1.5 (1.5-26) 1.5 (0.25-8) 0.1207

Oral (both devices)

n 11 9
Screen positive only 5.0 (1.5-20) 3.5 (3.5-5) 0.2439
THC >5 3.5 (1.5-14) 3.5 (1.5-5) 0.9100
THC >2 (SAMHSA) 5.0 (1.5-20) 3.5 (1.5-5) 0.3158
THC >1 (DRUID) 5.0 (1.5-20) 3.5 (3.5-5) 0.2439
THC >0.2 (LOQ) 5.0 (1.5-20) 3.5 (3.5-5) 0.2439

4 Mann—Whitney U test was used to compare frequent vs. occasional smokers’ results for each condition
° The p values less than 0.05 are shown in boldface letters

¢ One occasional smoker never had a positive DT5000 screening result after the vaporized dose

@ Springer



140

Forensic Toxicol (2017) 35:133-145

Fig. 1 Overall oral fluid (OF)
detection rates after controlled
smoked, vaporized, and oral
cannabis [50.6 mg A°-
tetrahydrocannabinol (THC)] in
11 frequent and nine occasional
smokers in samples collected
with Driger DrugTest 5000
(DT5000) or Alere DDS2
(DDS2) on-site screening test
and Quantisal confirmation
devices up to 72 h post-dose.
Detection rates are shown for
positive screening tests and true
positive results at European
Union’s Driving Under the
Influences of Drugs, Alcohol,
and Medicines (DRUID, 1 pg/
L), Substance Abuse and Mental
Health Services Association
(SAMHSA, 2 pg/L), and 5 pg/L
confirmatory OF THC cutoffs

Detection rate (%)

for DT5000, but no TP was observed at 14 h after vapor-
ization; detection windows after smoking and vaporization
with the DDS2 were similar with a THC >5 pg/L cutoff,
but no TP after oral dosing was observed at 8 h. When
examining detection windows by smoking group, no TP
were observed for frequent smokers at 44 and 32 h after any
administration with THC >1 and 2 pg/L cutoffs, respec-
tively (Fig. 3); detection windows were shortened to 26 h
when frequent smokers’ OF samples were confirmed with
THC =5 pg/L. For occasional smokers, no TP were
observed 26 h after smoked cannabis administration when
confirming with THC >1, 2, and 5 pg/L; detection windows
were 10 and 8 h for vaporized and oral administration,
respectively, regardless of confirmatory cutoffs.

Discussion

Few data are available for examining DT5000 on-site OF
screening device performance following controlled vapor-
ized or oral cannabis administration, while no data are
available for the DDS2 screening device following any
controlled cannabis administration. We previously pub-
lished cannabinoid OF pharmacokinetics for this cohort
[16]. Here, we describe paired on-site screening results
with confirmatory Quantisal OF results in frequent and
occasional smokers following controlled smoked, vapor-
ized, and oral cannabis administration.
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Overall, the OF on-site screening devices performed
similarly in terms of sensitivity, specificity, and efficiency.
Suggested performance criteria (>80%) were generally
met, regardless of smoking group, device or administration
route, when confirming at OF THC >5 pg/L. However,
sensitivity always decreased when confirming THC at the
lower THC >1 and 2 pg/L cutoffs (Table 1). DT5000
sensitivity with a THC >5 pg/L cutoff was <80% in sev-
eral other roadside and controlled administration studies
[15, 20, 22, 26]. Reports of high sensitivity were often only
examining a few hours after drug intake [34, 35], while we
report up to 54 and 72 h for occasional and frequent
smokers, respectively. The longer performance studies are
conducted post-dose, the greater the opportunity for
obtaining FN results when confirming below the manu-
facturers’ screening cutoffs; however, TP results were
maximized at these lower cutoffs (Table 1). It is important
to understand device performance over short and long time
frames, as times after cannabis intake and doses are gen-
erally not known in DUID cases.

Despite differences in screening cutoffs (5 vs. 25 pg/L
THC for DT5000 vs. DDS2), the two devices exhibited
similar performance criteria. Additionally, no significant
differences for 1, were observed between devices
(Table 2). There were no significant differences in f,
between routes for the DT5000. However, shortened f,4
were observed after vaporization compared to smoking with
the DDS2 for all evaluated cutoffs; a significant difference
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Fig. 2 OF detection rates by collection devices after controlled
smoked, vaporized, and oral cannabis (50.6 mg THC) in 11 frequent
and nine occasional smokers in samples collected with Driger

was observed between smoked and oral doses when con-
firming at THC >5 pg/L (Fig. 2). It was noted previously
that mean OF THC concentrations following vaporization
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DrugTest 5000 (DT5000, left) or Alere DDS2 (DDS2, right) on-site
screening test and Quantisal confirmation devices up to 72 h post-
dose

trended lower (although not significantly) than those pro-

duced after smoking, but THC concentrations were signifi-
cantly higher after inhaled (smoked and vaporized doses)
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Fig. 3 OF detection rates by the frequent and occasional groups after
controlled smoked, vaporized, and oral cannabis (50.6 mg THC) in 11
frequent (left) and nine occasional (right) smokers in samples

compared to the oral dose [16]. These differences in #;,, were
observed with DDS2, but not with DT5000 (Fig. 2), likely
due to the higher DDS2 screening cutoff.

@ Springer

50 60 70

100 Occasional
80 * Smoked
8 Vaporized
60 & Oral

0
80 0 10 20 30 40 50 60 70 80

100
80
60+
40+

204

80 0 10 20 30 40 50 60 70 80

100

80,

60

40

204

04
80 0 10 20 30 40 50 60 70 80

100
80,
601
40+

20+

30 40 50 60

04
80 0 10 20 70 80

Time (h)

collected with Driger DrugTest 5000 or Alere DDS2 on-site
screening test and Quantisal confirmation devices up to 72 h post-
dose

Interpreting cannabinoid concentrations is difficult as
different smoking histories produce different pharmacoki-
netic profiles. In this study, we examined differences
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between frequent and occasional cannabis users. Because
no differences between devices were observed (Table 2),
we analyzed each group’s samples from both on-site
devices together. There was insufficient sample size to
execute proper statistical evaluations between groups for
each device separately. Overall 7,y times were signifi-
cantly later for frequent smokers for all evaluated condi-
tions. After smoking, frequent smokers’ f,, times were
later compared to occasional smokers’ when confirming at
higher THC cutoffs (2 and 5 pg/L) (Table 3). Mean (range)
OF THC C,,.x following smoking [2789 (141-8503) png/L]
and vaporization [1874 (68.6-7373) pg/L] were generally
higher in frequent smokers (not significantly) compared to
occasional smokers [837 (81.4-5914) and 845 (7.6-3279)
ng/L, respectively] [16]. Higher observed THC concen-
trations in frequent smokers correspond to the observed
higher detection rates and longer detection times (Fig. 3).
According to our analytical assays with low LOQ, 6/11,
3/11, and 2/11 frequent and 0/9, 1/9, and 1/9 occasional
smokers’ Quantisal samples were still THC positive 72 and
54 h after smoked, vaporized, and oral cannabis, respec-
tively, making it difficult to statistically assess differences
in f,5, between groups at lower THC cutoffs [16].

It is critically important to compare OF THC detection
windows to windows of performance impairment. If these
windows are nearly the same, then OF THC could be a
good marker for DUID. If the OF THC detection win-
dows are shorter than windows of performance impair-
ment, OF THC will miss impairment cases; if they are
longer than impairment windows, they may reliably
identify past cannabis intake, but necessitate another
method to identify cannabis impairment (e.g., standard-
ized field sobriety tests performed by trained police
officers).

The primary purpose of an on-site screening test is to
identify as many TP cases as possible, and secondarily to
avoid identification of FP tests (those that do not confirm).
The performance of an OF THC on-site screening test to
accomplish this goal is dependent on the quality of the on-
site testing system, confirmation cutoff, time since canna-
bis intake, cannabis administration route, and use history.
While TP were observed for the DT5000 device up to 44 h
post-dose, detection rates fell below 20% within 20 h,
regardless of route or confirmation cutoff (Fig. 1). The
detection window for the DDS?2 after smoking was similar
to the DT5000, but shorter following vaporized and oral
cannabis (Fig. 2). Positive results following previous con-
secutive negatives observed at 44 h post-dose (Figs. 2, 3)
coincided with the first collection of the day (6 a.m.) and
could be the result of previous THC deposits releasing into
oral fluid as stimulated by the collection device. This
phenomenon requires additional research to determine if
this is a consistent result and elucidate why this might

occur. A combination of higher DDS2 screening cutoff and
lower THC concentrations produced by vaporized and oral
cannabis can account for the shortened detection windows.
When considering smoking group and route regardless of
screening device, detection windows could be shortened to
14-20 h for frequent smokers when confirming with a THC
>5 pg/L. cutoff. Occasional smokers exhibited overall
shorter detection windows as expected due to lower OF
THC concentrations compared to frequent smokers
(Fig. 3). However, when investigating DUID, smoking
frequency, time since last use, and dosage will not be
available, and investigators will be tasked with interpreting
a single OF specimen. In order to use OF THC concen-
trations for DUID, higher confirmatory cutoffs (5 pg/L)
appear preferable, but also must be considered alongside
standardized field sobriety test results and observed poor
driving behavior. For purposes of workplace testing,
emergency room, drug treatment, and drug court testing,
longer detection windows are desired and require lower OF
THC confirmatory cutoffs (1-2 pg/L). As OF cannabinoid
concentrations generally reflect recent (within 1 day) use,
confirmatory cutoffs should be selected to best serve the
purpose of the OF drug testing.

Conclusions

We have presented performance of two on-site devices
for screening OF THC in frequent and occasional can-
nabis smokers following controlled smoked, vaporized,
and oral cannabis administrations. These data fill a nec-
essary knowledge gap in on-site (or roadside) OF
screening performance and aid interpretation of OF THC
data. Overall, devices did not differ in their performance;
at a THC =5 pg/L. confirmation cutoff, overall perfor-
mance criteria were >80% for both devices. At lower
THC >1-2 pg/L cutoffs, TP results were maximized, but
sensitivity was <80% from increased FN results due to a
confirmation cutoff lower than the screening cutoff.
Therefore, the confirmatory cutoff relative to the screen-
ing cutoff must be considered when interpreting OF THC
results. Additionally, differences in screening cutoffs
between devices must be considered; for example, sig-
nificantly later f,, times were observed after smoking
compared to vaporization at all cutoffs for DDS2 due to
its higher screening cutoff (25 pg/L) compared to
DT5000 (5 pg/L). Given that OF cannabinoid concentra-
tions result from oromucosal contamination, care must be
taken in interpreting results because concentrations may
not be directly correlated with blood concentrations or
impairment. The confirmatory OF THC cutoff should be
selected to best support the needs of the OF drug testing
program, as our data demonstrated in this study.

@ Springer



144

Forensic Toxicol (2017) 35:133-145

Acknowledgements The authors would like to thank Dr. Sandrine
Pirard for her contribution to study design and the contributions of the
clinical staffs of the Intramural Research Program, National Institute
on Drug Abuse, and the Clinical Research Unit, Johns Hopkins
Bayview Medical Center. This study was registered on clinicaltri-
als.gov (NCTO02177513). Quantisal devices, Driger DrugTest 5000,
and Alere DDS2 were provided by the manufacturers to NIH via
Materials Transfer Agreements. This research was funded by the
Intramural Research Program, National Institute on Drug Abuse,
National Institutes of Health. MNN acknowledges the Graduate
Partnership Program, NIH.

Compliance with ethical standards

Conflict of interest The authors have no personal or financial con-
flicts of interest to disclose.

Ethical approval All procedures performed in this study were in
accordance with the ethical standards of the Intramural Research
Program, National Institute on Drug Abuse, National Institutes of
Health and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent was
obtained from all individual participants included in the study.

References

1. Asbridge M, Mann R, Cusimano MD, Trayling C, Roerecke M,
Tallon JM, Whipp A, Rehm J (2014) Cannabis and traffic colli-
sion risk: findings from a case-crossover study of injured drivers
presenting to emergency departments. Int J Public Health
59:395-404. doi:10.1007/s00038-013-0512-z

2. Li M-C, Brady JE, DiMaggio CJ, Lusardi AR, Tzong KY, Li G
(2012) Marijuana use and motor vehicle crashes. Epidemiol Rev
32:65-72. doi:10.1093/epirev/mxr017

3. Ramaekers JG, Berghaus G, van Laar M, Drummer OH (2004)
Dose related risk of motor vehicle crashes after cannabis use.
Drug Alcohol Depend 73:109-119. doi:10.1016/j.drugalcdep.
2003.10.008

4. Gjerde H, Normann PT, Christophersen AS, Samuelsen SO,
Mgrland J (2011) Alcohol, psychoactive drugs and fatal road
traffic accidents in Norway: a case-control study. Accid Anal
Prev 43:1197-1203. doi:10.1016/j.aap.2010.12.034

5. Berning A, Compton R, Wochinger K (2015) Results of the
2013-2014 national roadside survey of alcohol and drug use by
drivers. Traffic Safety Facts: Research Note, DOT HS 812 118
Washington, DC

6. Niedbala RS, Kardos KW, Fritch DF, Kardos S, Fries T, Waga J,
Robb J, Cone EJ (2001) Detection of marijuana use by oral fluid
and urine analysis following single-dose administration of
smoked and oral marijuana. J Anal Toxicol 25:289-303. doi:10.
1093/jat/25.5.289

7. Huestis MA, Cone EJ (2004) Relationship of Ag—tetrahydro—
cannabinol concentrations in oral fluid and plasma after con-
trolled administration of smoked cannabis. J Anal Toxicol
28:394-399. doi:10.1093/jat/28.6.394

8. Kauert GF, Ramaekers JG, Schneider E, Moeller MR, Toennes
SW (2007) Pharmacokinetic properties of A’-tetrahydrocannabi-
nol in serum and oral fluid. J Anal Toxicol 31:288-293. doi:10.
1093/jat/31.5.288

9. Toennes S, Ramaekers J, Theunissen E, Moeller M, Kauert G
(2010) Pharmacokinetic properties of A°-tetrahydrocannabinol in
oral fluid of occasional and chronic users. J Anal Toxicol
34:216-221. doi:10.1093/jat/34.4.216

@ Springer

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

Lee D, Schwope DM, Milman G, Barnes AlJ, Gorelick DA,
Huestis MA (2012) Cannabinoid disposition in oral fluid after
controlled smoked cannabis. Clin Chem 58:748-756. doi:10.
1373/clinchem.2011.177881

Milman G, Schwope DM, Gorelick DA, Huestis MA (2012)
Cannabinoids and metabolites in expectorated oral fluid follow-
ing controlled smoked cannabis. Clin Chim Acta 413:765-770.
doi:10.1016/j.cca.2012.01.011

Anizan S, Milman G, Desrosiers N, Barnes AJ, Gorelick DA,
Huestis MA (2013) Oral fluid cannabinoid concentrations fol-
lowing controlled smoked cannabis in chronic frequent and
occasional smokers. Anal Bioanal Chem 405:8451-8461. doi:10.
1007/s00216-013-7291-5

Fabritius M, Chtioui H, Battistella G, Annoni JM, Dao K, Favrat
B, Fornari E, Lauer E, Maeder P, Giroud C (2013) Comparison of
cannabinoid concentrations in oral fluid and whole blood between
occasional and regular cannabis smokers prior to and after
smoking a cannabis joint. Anal Bioanal Chem 405:9791-9803.
doi:10.1007/s00216-013-7412-1

Newmeyer MN, Desrosiers NA, Lee D, Mendu DR, Barnes AJ,
Gorelick DA, Huestis MA (2014) Cannabinoid disposition in oral
fluid after controlled cannabis smoking in frequent and occasional
smokers. Drug Test Anal 6:1002-1010. doi:10.1002/dta.1632
Hartman RL, Anizan S, Jang M, Brown TL, Yun K, Gorelick DA,
Milavetz G, Spurgin A, Gaffney G, Huestis MA (2015)
Cannabinoid disposition in oral fluid after controlled vaporizer
administration with and without alcohol. Forensic Toxicol
33:260-278. doi:10.1007/s11419-015-0269-6

Swortwood MJ, Newmeyer MN, Abulseoud OA, Scheidweiler
KB, Huestis MA (2016) Cannabinoid disposition in oral fluid
after controlled smoked, vaporized, and oral cannabis adminis-
tration. Drug Test Anal. doi:10.1002/dta.2092

. SAMHSA (2015) Mandatory guidelines for federal workplace

drug testing programs. Fed Reg 80:28054-28101

. Verstraete A, Knoche A, Jantos R, Skopp G, Gjerde H, Vindenes

V, Mgrland J, Langel K, Lillsunde P (2011) Per se limits—
methods of defining cut-off values for zero tolerance. Driv Under
Influ Drugs Alcohol Med Deliv 1.4.2:1-58

. Blencowe T, Pehrsson A, Lillsunde P (2010) Analytical evalua-

tion of oral fluid screening devices and preceding selection pro-
cedures. Driv Under Influ Drugs Alcohol Med Deliv 3.2.2
Revision 2.0:1-113

Blencowe T, Pehrsson A, Lillsunde P, Vimpari K, Houwing S,
Smink B, Mathijssen R, Van der Linden T, Legrand S-A, Pil K,
Verstraete A (2011) An analytical evaluation of eight on-site oral
fluid drug screening devices using laboratory confirmation results
from oral fluid. Forensic Sci Int 208:173-179. doi:10.1016/j.for
sciint.2010.11.026

Vanstechelman S, Isalberti C, Van der Linden T, Pil K, Legrand
SA, Verstraete AG (2012) Analytical evaluation of four on-site
oral fluid drug testing devices. J Anal Toxicol 36:136-140.
doi:10.1093/jat/bkr016

Logan BK, Mohr AL, Talpins SK (2014) Detection and preva-
lence of drug use in arrested drivers using the Drdger DrugTest
5000 and Affiniton DrugWipe oral fluid drug screening devices.
J Anal Toxicol 38:444-450. doi:10.1093/jat/bku050
Strano-Rossi S, Castrignano E, Anzillotti L, Serpelloni G, Mollica
R, Tagliaro F, Pascali JP, di Stefano D, Sgalla R, Chiarotti M (2012)
Evaluation of four oral fluid devices (DDS®, Drugtest 5000%,
Drugwipe 5 + ® and RapidSTAT®) for on-site monitoring drug-
ged driving in comparison with UHPLC-MS/MS analysis. Forensic
Sci Int 221:70-76. doi:10.1016/j.forsciint.2012.04.003

Desrosiers NA, Lee D, Schwope DM, Milman G, Barnes AJ,
Gorelick DA, Huestis MA (2012) On-site test for cannabinoids in
oral fluid. Clin Chem 58:1418-1425. doi:10.1373/clinchem.2012.
189001


http://dx.doi.org/10.1007/s00038-013-0512-z
http://dx.doi.org/10.1093/epirev/mxr017
http://dx.doi.org/10.1016/j.drugalcdep.2003.10.008
http://dx.doi.org/10.1016/j.drugalcdep.2003.10.008
http://dx.doi.org/10.1016/j.aap.2010.12.034
http://dx.doi.org/10.1093/jat/25.5.289
http://dx.doi.org/10.1093/jat/25.5.289
http://dx.doi.org/10.1093/jat/28.6.394
http://dx.doi.org/10.1093/jat/31.5.288
http://dx.doi.org/10.1093/jat/31.5.288
http://dx.doi.org/10.1093/jat/34.4.216
http://dx.doi.org/10.1373/clinchem.2011.177881
http://dx.doi.org/10.1373/clinchem.2011.177881
http://dx.doi.org/10.1016/j.cca.2012.01.011
http://dx.doi.org/10.1007/s00216-013-7291-5
http://dx.doi.org/10.1007/s00216-013-7291-5
http://dx.doi.org/10.1007/s00216-013-7412-1
http://dx.doi.org/10.1002/dta.1632
http://dx.doi.org/10.1007/s11419-015-0269-6
http://dx.doi.org/10.1002/dta.2092
http://dx.doi.org/10.1016/j.forsciint.2010.11.026
http://dx.doi.org/10.1016/j.forsciint.2010.11.026
http://dx.doi.org/10.1093/jat/bkr016
http://dx.doi.org/10.1093/jat/bku050
http://dx.doi.org/10.1016/j.forsciint.2012.04.003
http://dx.doi.org/10.1373/clinchem.2012.189001
http://dx.doi.org/10.1373/clinchem.2012.189001

Forensic Toxicol (2017) 35:133-145

145

25.

26.

27.

28.

29.

30.

Toennes SW, Schneider K, Wunder C, Kauert GF, Moeller MR,
Theunissen EL, Ramaekers JG (2013) Influence of ethanol on the
pharmacokinetic properties of A’-tetrahydrocannabinol in oral
fluid. J Anal Toxicol 37:152-158. doi:10.1093/jat/bkt002
Desrosiers NA, Milman G, Mendu DR, Lee D, Barnes Al,
Gorelick DA, Huestis MA (2014) Cannabinoids in oral fluid by
on-site immunoassay and by GC-MS using two different oral
fluid collection devices. Anal Bioanal Chem 406:4117-4128.
doi:10.1007/s00216-014-7813-9

Moore C, Kelly-Baker T, Lacey J (2013) Field testing of the
Alere DDS2 mobile test system for drugs in oral fluid. J Anal
Toxicol 37:305-307. doi:10.1093/jat/bkt022

Schauer GL, King BA, Bunnell RE, Promoff G, McAfee TA
(2016) Toking, vaping, and eating for health or fun: marijuana
use patterns in adults, U.S., 2014. Am J Prev Med 50:1-8. doi: 10.
1016/j.amepre.2015.05.027

Mitchell JM, Cone EJ, Flegel R, LoDico C, Herrman ES, Bige-
low G, Vandrey R (2015) Oral administration of cannabis in
brownies. Paper presented at the Society of Forensic Toxicolo-
gists Annual Meeting, Atlanta, GA, USA, 23 Oct 2015
Newmeyer MN, Swortwood MJ, Barnes AJ, Abulseoud OA,
Scheidweiler KB, Huestis MA (2016) Free and glucuronide
cannabinoids’ pharmacokinetics after controlled smoked, vapor-
ized and oral cannabis administration in frequent and occasional
cannabis users: identification of recent cannabis intake. Clin
Chem. doi:10.1373/clinchem.2016.263475

31.

32.

33.

34.

35.

Lee D, Milman G, Schwope DM, Barnes AlJ, Gorelick DA,
Huestis MA (2012) Cannabinoid stability in authentic oral fluid
after controlled cannabis smoking. Clin Chem 58:1101-1109.
doi:10.1373/clinchem.2012.184929

Anizan S, Bergamaschi MM, Barnes AJ, Milman G, Desrosiers
N, Lee D, Gorelick DA, Huestis MA (2014) Impact of oral
fluid collection device on cannabinoid stability following
smoked cannabis. Drug Test Anal 7:114-120. doi:10.1002/dta.
1688

Desrosiers NA, Scheidweiler KB, Huestis MA (2015) Quantifi-
cation of six cannabinoids and metabolites in oral fluid by liquid
chromatography-tandem mass spectrometry. Drug Test Anal
7:684-694. doi:10.1002/dta.1753

Bosker WM, Theunissen EL, Conen S, Kuypers KP, Jeffery
WK, Walls HC, Kauert GF, Toennes SW, Moeller MR,
Ramaekers JG (2012) A placebo-controlled study to assess
standardized field sobriety tests performance during alcohol
and cannabis intoxication in heavy cannabis users and accuracy
of point of collection testing devices for detecting THC in oral
fluid. Psychopharmacology 223:439—446. doi:10.1007/s00213-
012-2732-y

Toennes SW, Steinmeyer S, Maurer H-J, Moeller MR, Kauert GF
(2005) Screening for drugs of abuse in oral fluid—correlation of
analysis results with serum in forensic cases. J Anal Toxicol
29:22-27. doi:10.1093/jat/29.1.22

@ Springer


http://dx.doi.org/10.1093/jat/bkt002
http://dx.doi.org/10.1007/s00216-014-7813-9
http://dx.doi.org/10.1093/jat/bkt022
http://dx.doi.org/10.1016/j.amepre.2015.05.027
http://dx.doi.org/10.1016/j.amepre.2015.05.027
http://dx.doi.org/10.1373/clinchem.2016.263475
http://dx.doi.org/10.1373/clinchem.2012.184929
http://dx.doi.org/10.1002/dta.1688
http://dx.doi.org/10.1002/dta.1688
http://dx.doi.org/10.1002/dta.1753
http://dx.doi.org/10.1007/s00213-012-2732-y
http://dx.doi.org/10.1007/s00213-012-2732-y
http://dx.doi.org/10.1093/jat/29.1.22

	On-site oral fluid Delta 9-tetrahydrocannabinol (THC) screening after controlled smoked, vaporized, and oral cannabis administration
	Abstract
	Introduction
	Materials and methods
	Participants
	Study design
	Oral fluid analysis
	Data analysis

	Results
	Participants
	On-site device performance
	Overall device performance
	Device performance by smoking group
	Device performance by administration route

	Detection rates and times

	Discussion
	Conclusions
	Acknowledgements
	References




