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Abstract Opioid analgesic misuse has risen significantly
over the past two decades, and these drugs now represent
the most commonly abused class of prescription medica-
tions. They are a major cause of poisoning deaths in the
USA exceeding heroin and cocaine. Laboratory testing
plays a role in the detection of opioid misuse and the
evaluation of patients with opioid intoxication. Laboratories
use both immunoassay and chromatographic methods (e.g.,
liquid chromatography with mass spectrometry detection),
often in combination, to yield high detection sensitivity and
drug specificity. Testing methods for opioids originated in
the workplace-testing arena and focused on detection of
illicit heroin use. Analysis for a wide range of opioids is
now required in the context of the prescription opioid epi-
demic. Testing methods have also been primarily based
upon urine screening; however, methods for analyzing al-
ternative samples such as saliva, sweat, and hair are avail-
able. Application of testing to monitor prescription opioid
drug therapy is an increasingly important use of drug test-
ing, and this area of testing introduces new interpretative
challenges. In particular, drug metabolism may transform
one clinically available opioid into another. The sensitivity
of testing methods also varies considerably across the spec-
trum of opioid drugs. An understanding of opioid metabo-
lism and method sensitivity towards different opioid drugs is
therefore essential to effective use of these tests. Improved
testing algorithms and more research into the effective use

of drug testing in the clinical setting, particularly in pain
medicine and substance abuse, are needed.
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Introduction

Chronic noncancer pain represents a major health problem
worldwide [1]. Although the long-term consequences of
treating chronic noncancer pain with opioid drugs are un-
clear, prescription opioid use has risen over the past decade
in an effort to enhance the treatment of chronic pain [2, 3].
Over the past decade, misuse of prescription opioid drugs
has also skyrocketed [4]. The desire to provide adequate
control of pain while avoiding opioid misuse leads to a
significant dilemma for the health care provider. Methods
for detecting misuse are therefore critical adjuncts to pre-
scribing these drugs. Several tools have been developed to
aid in the detection opioid misuse and abuse including
question-based screening tools [5–9], prescription drug
monitoring programs [10], and drug testing. Urine drug
testing (UDT) has been widely advocated as a method for
identifying the misuse and abuse of opioid drugs during
chronic pain and substance abuse treatment [11], and it is
also frequently used in other clinical settings to screen for
aberrant drug use such as in patients with behavioral disor-
ders and other clinical signs and symptoms that suggest drug
intoxication. The correct interpretation of testing is also
critical as it may be the foundation to treatment decisions,
criminal prosecution (e.g., impaired driver), or organ trans-
plant eligibility. This review will focus on opioid drug
testing, which continues to evolve alongside the growth in
opioid drug use. In particular, the importance of testing
approaches and their impact on the interpretation of results
in the clinical settings will be discussed.
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Urine Screening for Opioids

Traditional approaches to drug screening in clinical medi-
cine have relied upon the approaches originally developed
for the workplace. Although this review will focus on
opioids, similar testing can be performed for a diversity of
substances. In the traditional testing scheme, two tiers of
testing are employed. The first tier aims to rapidly screen
large numbers of specimens for opioids. The second tier of
testing is generally performed using highly specific methods
such as gas chromatography or liquid chromatography with
mass spectrometry that serve to confirm the screening result.
Confirmatory testing is mandated in the forensic and work-
place setting, with the latter following the Substance Abuse
and Mental Health Services Administration (SAMHSA)
testing guidelines [12]. Since confirmatory results are not
generally available the same day, and therefore less likely to
influence clinical decision making, hospital laboratories
performing urine drug testing solely for clinical purposes
may not routinely perform this second tier of testing [13].

The initial screening step plays a pivotal role in any
testing scheme. In workplace opioid testing, detection of
illicit drug use is sought in a population with a generally
low prevalence of opioid use [14]. In the clinical setting, the
prevalence of drug exposure is much higher due to the
preselection of patients for screening based upon clinical
suspicion of drug exposure or prescription of the opioid
drug [15]. The purpose of testing may also be different in
the clinical setting where the goal is often to detect nonuse
of a prescribed opioid drug that may indicate drug diversion,
which is an important contributor to the ongoing prescrip-
tion opioid drug epidemic. These differences in prevalence
and testing goal have an important impact on the utility of
testing [16]. The effectiveness of the test can theoretically be
improved in the clinical setting through changes to the
concentration cutoff used to define a positive or negative
test. Most clinical laboratories still use the 300 ng/mL of
morphine as the cutoff concentration for a positive opioid
screen; however, the effectiveness of this cutoff concentra-
tion in the detection of intoxication or aberrant opioid use
has not been rigorously evaluated in many clinical settings
in which it is generally used. This threshold was also devel-
oped in adult populations and may not be appropriate for
children who produce less concentrated urine [17]. Lower
thresholds have been advocated in the pain medicine setting
[18]. The federally mandated 2,000 ng/mL threshold used in
workplace testing (discussed below) is probably not appro-
priate in most clinical settings.

The cutoff concentration has been given significantly
more attention in the workplace setting. The medico-legal
consequences of testing in the workplace encourage great
attention towards control of false positive results. Common-
ly prescribed drugs such as fluoroquinolone antibiotics have

been reported to produce false positive results in some
opiate immunoassays [19]. While confirmatory testing can
correct for these false positive immunoassay results, this
comes at significant cost since the confirmatory testing is a
highly labor-intensive process unlike automated immunoas-
say testing. It is therefore highly desirable to minimize false
positive results. Prior to 1998, the federally mandated
SAMHSA cutoff concentration for confirmatory testing
was a morphine concentration of 300 ng/mL [12]. In order
to address the problem of natural morphine and codeine in
poppy seed containing products leading to a “false” positive
test for illicit drug use, the federal workplace testing guide-
lines raised the confirmatory morphine concentration thresh-
old to 2,000 ng/mL [12]. In the context of heroin as the most
significantly abused opioid drug in the 1980s and 1990s,
this change in cutoff concentration was predicted to signif-
icantly improve the positive predictive value (i.e., reduce the
number of false positive tests) without impacting the nega-
tive predictive value of screening [20]. However, the epide-
miology of opioid abuse has changed, and testing guidelines
will likely have to change as well to enhance detection of
prescription opioids that now exceed heroin in abuse [21].

Although often misunderstood, screening tests for opioid
drugs also do not detect all opioid drugs equally. Opiate
immunoassays, which use an antigen (drug)/antibody inter-
action for detection [22], typically use morphine as a single
calibrator drug to set the threshold for distinguishing a
“positive” or “negative” test result. Due to the limited
cross-reactivity of antibodies with the diversity of opioid
drugs, urine specimens containing many drugs may escape
detection by opiate immunoassays. Table 1 shows the
reported degree of cross-reactivity between commonly pre-
scribed opioid drugs in a few of the opiate immunoassays
used in clinical laboratories. The widely prescribed and
abused opioid, oxycodone, illustrates this analytical pitfall
well. Due to the structural differences between oxycodone
and morphine shown in Fig. 1, oxycodone exhibits reduced
affinity for the antibodies used in most commercial opiate
screening assays. A greater than 6-fold higher concentration
of oxycodone is therefore required to achieve a positive
screening result in many opiate immunoassays compared
with morphine. Several studies have confirmed the low
detection efficiency of morphine-specific opiate immuno-
assays for oxycodone [23–25]. Immunoassays that show
higher specificity for oxycodone are available, and many
labs (including the author’s) utilize an oxycodone-specific
(and also oxymorphone-specific) immunoassay in conjunc-
tion with a morphine-specific opiate immunoassay to max-
imize detection of prescription opioids [26]. Other
prescription opioid drugs such as fentanyl and buprenorphine
are sufficiently distinct in structure compared to morphine that
these drugs show essentially no reactivity in commonly mar-
keted morphine-specific opiate immunoassays (Fig. 1).
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Detection of these opioid drugs therefore requires entirely
separate immunoassays that are specific for these compounds
[27–30] or methods capable of their detection and specific
identification such as liquid chromatography–tandem mass
spectrometry (LC-MS/MS) [20, 31–33].

Interpreting Drug Testing Results

The interpretation of opioid testing results is far less
straightforward than many health care providers who
utilize this testing appreciate [34, 35]. Detecting a wide
array of opioid drugs with adequate sensitivity is a
significant analytical challenge as already discussed.
Metabolism that leads to conversion of one opioid drug
to another clinically used drug further complicates the
interpretation (Fig. 2). Understanding the nature of opioid
metabolism and the strengths and limitations of opioid test-
ing assays in the context of this metabolism is therefore
essential to the effective use of these results, especially given
the potential ramifications of the results.

Morphine

A prototype drug of the phenanthrene class of structurally
related opioids, morphine is used clinically in a variety of
immediate and extended release products. It undergoes ex-
tensive phase II metabolism via glucuronidation as its major
pathway of elimination [36]. Alternative modes of metabo-
lism via cytochrome P450 (CYP) enzymes have also been
described. While these alternative elimination pathways are
minor compared with glucuronidation, one of these path-
ways leads to conversion of small amounts of morphine into
hydromorphone, an opioid drug that is used in clinical
medicine as well as frequently sold illegally on the street
[37–39]. The quantities of hydromorphone produced from
morphine are small and ∼1 % of the concentration of mor-
phine. In the context of high-dose morphine treatment, these
concentrations might exceed 1,000 ng/mL, putting them into
the range that one might find in an individual taking 1–2 mg
dose of hydromorphone, which has significantly higher
potency compared with morphine [23]. Morphine is also a
product of codeine and heroin metabolism [36]. Distinguish-
ing morphine use versus metabolic conversion is sometimes
difficult. Detection of the heroin-specific metabolite, 6-
monoacetyl-morphine, while not always present especially
at remote times relative to drug use, confirms the use of
heroin [40]. The presence of morphine may also occur
simply due to eating baked goods containing poppy seeds,
which naturally contain small amounts of morphine and
codeine [41]. Quantitative analysis may aid in the interpre-
tation of urine drug screening results involving morphine
and other drugs. Poppy seeds rarely yield urine morphine
concentrations >2,000 ng/mL [42]. Morphine or heroin
abuse generally yields concentrations much higher [40].
The ratio of morphine to codeine can also be helpful in
cases where both drugs are detected [43–46]. A ratio of
morphine to codeine that is >2:1 is consistent with heroin
or poppy seed ingestion. Hydromorphone concentrations
from metabolism of morphine rarely exceed ∼2 % of the
morphine concentration in urine [37]. Thus, higher concen-
trations relative to morphine would suggest use of hydro-
morphone rather than metabolic conversion from morphine.

Codeine

Codeine, another widely available prescription opioid drug,
derives its primary analgesic effect through metabolic con-
version to morphine via the action of the CYP450 enzyme,
CYP2D6 [47, 48]. It is therefore expected that most patients
taking codeine will have significant quantities of morphine
in their urine; however, poor metabolizers may have signif-
icantly less or no detectable morphine. Although the major-
ity of codeine is metabolized to morphine, a small quantity

Table 1 Detection of commonly prescribed opioids in three different
commercially available opiate immunoassays using a 300 ng/mL cutoff
concentration for morphine

Drug Siemens (Syva)
EMITa

Microgenics
CEDIAb

Abbott
FPIAc

Buprenorphine >1,000,000 >100,000

Codeine 102-306 300 237

Dihydrocodeine 291 300 626

Fentanyl > 1,000,000 >100,000

Hydrocodone 247 300 643

Hydromorphone 498 300

Levorphanol 1,048 100,000 926

Meperidine >15,000 150,000

6-Acetylmorphine 435 300 746

Morphine-3-Glucuronide 626 300 643

Nalorphine 5,540 100,000

Naloxone 36,000 6,000

Oxycodone 1,500 10,000 2,857

Oxymorphone 9,300 20,000 5,000

a The concentration of opioid drug required to yield a positive test
equivalent to 300 ng/mL of morphine based upon data available in
the product insert for the test
b The concentration of opioid drug that was tested and produced a
positive test result using an assay calibrated to 300 ng/mL of morphine
based upon data available in the product insert for the test
c The estimated concentration of opioid drug required to produce a
positive test result equivalent to 300 ng/mL of morphine based upon
reported assay cross-reactivity of the immunoassay; however, these
estimates assume linearity of the analytical assay within the concen-
tration range tested [8]
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of codeine is also converted to hydrocodone with concen-
trations that can exceed 100 ng/mL with high doses [49].
The presence of codeine in the urine also does not always
indicate the use of codeine-containing medications. A small
quantity of codeine is present in poppy seeds along with
morphine, and it may appear in the urine following con-
sumption of poppy seeds [41, 42]. It has also been observed
in small quantities (∼0.03 % of the morphine concentration)

in patients on chronic morphine therapy [50]. Although
difficult to confirm, the authors postulate that the source of
codeine in these cases may derive from contamination of
morphine with codeine sulfate derived during the manufac-
turing process as an impurity.

Hydromorphone

Hydromorphone is a high potency semisynthetic opioid
drug with widespread use and abuse. Detection of hydro-
morphone varies across different opiate immunoassays with
a reported range of 20–50 % cross-reactivity at the typical
300 ng/mL cutoff concentration for morphine used by most
clinical laboratories (see Table 1). This somewhat reduced
cross-reactivity may lead to a shortened detection window
following use of this drug. Metabolism of hydromorphone
occurs almost exclusively via phase II glucuronidation to
produce hydromorphone-3-glucuronide, an active metabo-
lite [36]. No conversion to other opioid drugs has been
reported. As described above, hydromorphone is a product
of CYP450-mediated metabolism of morphine [37–39]. It is
also a product of hydrocodone metabolism via CYP2D6
[51]. The concentrations of hydromorphone are generally
less than hydrocodone (hydrocodone to hydromorphone
ratio of ∼6–7), but vary widely due to factors such as
CYP2D6 genetics [52, 53].

O

N

HO

HO

CH3

Morphine

O

N

HO

O

CH3

Codeine

O

N

HO

CH3

Hydromorphone

O

N

O

CH3

Hydrocodone

O

N

O

CH3

Oxycodone

O

HO

Buprenorphine

H3C CH2

C C CH2

CH NO

Methadone

N

CH2

H3C

O

N

Fentanyl

O

N

HO

CH3

Oxymorphone

S
em

i-S
yn

th
et

ic
 O

pi
oi

ds
N

at
ur

al
 O

pi
oi

ds

S
ynthetic O

pioids
Fig. 1 Chemical structures of
some commonly prescribed
opioid drugs. Illustration of the
structural differences between
some of the commonly
prescribed natural,
semisynthetic, and synthetic
opioid drugs. Gray boxes
indicate the differences in
structure compared with
morphine that may affect
detection by opiate
immunoassays that are
primarily directed towards
natural opioids, morphine, and
codeine, derived from poppy
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Fig. 2 Metabolic pathways for some commonly prescribed and illicit
opioid drugs that affect the interpretation of drug testing. Illustration of
known pathways for metabolic conversion of some commonly pre-
scribed opioid drugs and heroin
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Hydrocodone

Currently, the most widely abused prescription opioid
drug in the USA, hydrocodone, is a semisynthetic opioid
drugs exhibits variable detection using currently available
opiate immunoassay screening tests. Some assays (e.g.,
Syva EMIT opiate assay) show almost equivalent detec-
tion to morphine, whereas others (e.g., Roche OnLine
DAT opiate II assay) requiring 2–3-fold higher hydro-
codone concentrations to yield a similar signal intensity
to morphine at the 300 ng/mL cutoff concentration (see
Table 1). The presence of hydrocodone in urine is also
difficult to interpret. Hydrocodone undergoes CYP450-
mediated metabolism to produce both hydromorphone
via CYP2D6 and norhydrocodone via CYP3A4 [36].
Additional minor metabolites that are detectable include
6-α-hydrocodol (also known as dihydrocodeine) and 6-β-
hydrocodol [54]. Dihydrocodeine is an opioid drug mar-
keted in a variety of pain and antitussive medications.
Hydrocodone is also a minor metabolite of codeine as
discussed above [49]. Quantitative analysis for hydroco-
done, codeine, and norhydrocodone may help in deter-
mining the origin of hydrocodone [52, 55]. Since
norhydrocodone is a major metabolite of hydrocodone
only, the detection of this specific metabolite may be
helpful in confirming hydrocodone use.

Oxycodone and Oxymorphone

Similar to hydrocodone, oxycodone, and oxymorphone,
both semisynthetic 6-keto opioid drugs are poorly detected
using commercially available opiate immunoassays. The
Syva EMIT method requires approximately 5-fold higher
concentrations of oxycodone to yield a similar signal inten-
sity to morphine. The Roche OnLine DATA opiate assay
shows extremely poor reactivity with oxycodone as well
with no detection at concentrations more than 50-fold higher
than morphine. As discussed previously, many cases of
oxycodone use may be missed if testing is restricted to only
a morphine-specific opiate assay. Most assay manufacturers
now offer more specific oxycodone immunoassays to
enhance the detection of this important opioid drug,
and inclusion of an oxycodone-specific immunoassay
is recommended to enhance the detection this prescrip-
tion opioid. No metabolic conversion of illicit or pre-
scription opioid drugs to oxycodone has been reported
[36]; however, oxycodone does undergo phase I metab-
olism to oxymorphone, another opioid drug that was
relatively recently introduced into the US market [56].
Fortunately, oxymorphone is well detected using the
oxycodone-specific immunoassays, with almost 100 %
cross-reactivity reported in these assays [57].

Fentanyl

Fully synthetic opioids, fentanyl and related compounds, are
not detected by commercial morphine- or oxycodone-specific
opiate immunoassays [58]. Misuse and abuse of fentanyl with
fatal consequences has increased in the past decade. Sources of
fentanyl include diversion of pharmaceutical grade material,
clandestine laboratories, and sustained-release, transdermal
patches [59]. Cases of toxicity following ingestion of whole
trans-dermal patches have even been reported [60]. Since
fentanyl is an important prescription opioid with documented
abuse potential, detection of this drug in urine screening is
highly desirable. Although not routinely applied in many stan-
dard urine drug-testing panels, fentanyl-specific immunoas-
says have been developed [27, 61, 62]. A number of other
analytical methods including gas chromatography–mass spec-
troscopy (GC-MS) [63–66] and LC-MS have also been de-
scribed [67–70]. Some of these methods also include detection
of fentanyl-like compounds in addition to fentanyl [32].

Methadone

Similar to fentanyl, methadone is a fully synthetic opioid
without structural similarity to morphine or other semisyn-
thetic opioid drugs. Frequently used in the treatment of
opioid dependence and as a therapy for patients with chronic
pain [71, 72], neither methadone or its primary metabolite,
2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine(EDDP)
is detected by morphine-specific opiate immunoassay
screening tests. Methadone-specific analysis techniques are
therefore required for its detection, and immunoassays such
as the DRI methadone assay (Microgenics Corp, Freemont,
CA, USA) are commercially available for this opioid drug.
Recently, tapentadol, a newer prescription analgesic, has
been shown to react with the DRI methadone assay produc-
ing false positive results [73]. Although the cross-reactivity
in the assay is low, it illustrates the need for confirmatory
testing especially when the result does not fit with the
clinical situation.

Buprenorphine

A synthetic opioid with partial agonist activity towards μ-
receptors, buprenorphine, like methadone, is used as both a
treatment for opioid-dependent individuals as well as in
chronic pain management [71, 74]. It is also not detected
by morphine-specific opiate immunoassay screening tests
(see Table 1). Immunoassay [30], GC-MS [75–77], and
LC-MS [78–82] methods that are specific for buprenorphine
are available and should be used when detection of this drug
is required.
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Sample Adulteration and Alternative Matrix Testing

Urine is the traditional fluid used for drug testing due in part
to the relatively simple collection. It is a fluid that is gener-
ally collected in private, and this fact offers the potential for
specimen adulteration by dilution or addition of substances
with the intent of interfering with testing to produce false
negative results. Clinical settings often do not have the
special restroom accommodations commonly available for
workplace testing to minimize specimen manipulation. De-
spite these limitations, there are several tools available to aid
in the detection of specimen adulteration (reviewed in [83]).
Common methods of tampering such as specimen dilution
with water can generally be detected by measurement of
specific gravity and creatinine concentration to ensure that
they are within a range that is physiologically possible.
Testing for other adulterants such as oxidizers such as chro-
mium and glutaraldehyde are also available. While some
methods of adulteration are detectable, substitution of drug-
free urine can be quite difficult to detect. Temperature meas-
urements immediately following collection can be used to
identify possible substitution; however, the determined in-
dividual can overcome this check. Even direct observation
of collection can be circumvented by instillation of drug free
urine into the bladder before testing. In addition, elaborate,
anatomically correct prosthetic devices are available that can
sometimes fool a naive collector during witnessed collec-
tions. Use of random testing can limit some of these adul-
teration methods, but the ability to test without the concern
of specimen adulteration is highly desirable.

Significant effort has been expended to develop testing
methods for alternative specimen types that permit simple,
observed collection. One of the most promising specimens
to potentially meet these requirements is saliva. Drug con-
centrations in oral fluid often parallel the free drug concen-
tration in serum [84]. Due to the mildly acidic pH of saliva,
basic drugs such as opioids may even show higher concen-
trations for longer periods of time following use compared
to blood due to an “ion trapping” effect of weakly basic
drugs like morphine within mildly acidic saliva [84, 86].
This advantage is suggested by the high frequency of detect-
ing 6-monoacetyl-morphine with morphine in oral fluid
compared with typical frequencies in urine of patients using
heroin [87, 88]. One of the major challenges for oral fluid
analysis is the generally small specimen size and consistent
collection [89], which limits the ability to perform multidrug
testing and especially limits the definitive identification of
drugs following positive screening tests. This is often com-
pounded by the mouth dryness that accompanies use of
many drugs including opioids [90].

Beyond oral fluid, other sample matrices may be used in
drug analysis including sweat and hair. Both methods are
noninvasive and offer the potential to detect opioid drugs

[91, 92]. Patch devices for sweat collection are com-
mercially available and permit collection of sweat over
a 1-week period, which potentially extends the detection
window for drug detection beyond the relatively short
period possible with oral fluid or urine [83]. While an
attractive alternative, application of sweat testing in
clinical treatment settings suggest that patch collection
of sweat is poorly accepted and less sensitive than
frequent urine testing for opioid detection [93, 94].
The reduced sensitivity may in part be due to differ-
ences in drug distribution to sweat, which seems to be
good for some opioids such as heroin and codeine but
poorer for morphine [92, 95]. Hair analysis has the
potential advantage of permitting detection of drug use
over much longer periods that are on the order of weeks
to months translating into greater detection of aberrant
drug use compared with urine testing [96, 97]. In order
to test hair, extraction of drug from the matrix is required
prior to analysis. The possibility of contamination from envi-
ronmental exposure is a greater possibility compared with
urine [98].

Conclusion

Drug testing for opioid drugs is an important tool that
health care providers can use to assess opioid treatment
compliance and opioid misuse; however, no diagnostic
test is perfect. UDT is certainly not capable of identi-
fying all cases of opioid use or misuse. Determining the
accuracy of UDT is difficult as it is often used as a
gold standard by which other methods of risk assess-
ment or misuse detection are gauged. In a study of
chronic pain patients, 88 % of patients who reported
use were positive for an opioid on UDT; however, this
study also demonstrated that many patients fail to report
their drug use, especially illicit drugs [99].

The ideal approach to testing will likely depend
greatly upon the scenario in which the testing is used.
In the clinical setting, particularly where urgent deci-
sions must often be made, clinicians will generally only
have unconfirmed immunoassay screening results since
it can take 24 h or more to complete confirmatory
testing depending upon the laboratory’s testing work
flow. In the pain medicine realm, which is a rapidly
expanding area of drug testing, the ideal approach to
testing is also largely unknown. Some have advocated
random, sporadic testing of high risk patients while
others advocate universal testing of patients every visit
[11, 99]. Neither approach has been evaluated in pro-
spective clinical trials. This area of testing is an impor-
tant area in need of much more outcome-based research.
It is quite possible that UDT may show its best
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efficiency when combined with other screening tools
such as behavioral assessment tools.
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