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feasible, regardless of the technique 
used for either screening or confir-
mation. Screening cutoffs tend to 
be established by the manufactur-
er and are set at a higher concen-
tration. Because confirmation test-
ing involves a method of greater 
analytical sensitivity, its concentra-
tion cutoffs are typically lower than 
those for screening methods. 

Metabolites, rather than par-
ent compounds, are often select-
ed to determine the use of a given 
drug. In cases of large drug class-
es, such as the opiates or the ben-
zodiazepines, often a single metab-
olite or parent compound is used 
to represent the entire class. This 
means the antibody developed for 
the immunoassay will target this 
compound and structurally relat-
ed compounds. In addition, calibra-
tion and quality control are typical-
ly based upon this compound. The 
compound chosen may represent 
the most commonly encountered 
agent of the class or may afford the 
longest window of detection. 

Because most screening is per-
formed using immunoassays, an-
tibody specificity or cross-reactiv-
ity is important, especially for the 
assays that are used for large drug 
classes, and again the opiates and 
benzodiazepines best illustrate this 
issue. The immunoassays available 
for each of these two groups are 
quite different from each other in 
terms of what is, or is not, detect-
ed. Opiate screening assays, for ex-
ample, were originally developed 
to detect the use of heroin, a drug 
that is rapidly metabolized to mor-
phine. For this reason, morphine 
was the logical antigen to be detect-
ed. These assays also readily detect 
codeine because of its structural 
similarity, but they may fall short in 
their ability to detect other opioids 
that are clinically important today, 
such as hydrocodone, hydromor-
phone, and oxycodone. This is like-
ly even when using the 300 ng/mL 
cutoff, as revealed in an analysis of 
the College of American Patholo-
gists Urine Drug Screen (UDS) pro-
ficiency testing survey results from 
2003 to 2004.13 This review found 
most opiate immunoassays unable 
to detect oxycodone at concentra-
tions of 1500 and 7500 ng/mL on 
the basis of only 2.5% and 17%, re-
spectively, of laboratories report-
ing opiate present at the two con-
centrations. Although almost all of 
the participants using enzyme im-
munoassays (EIAs) with a cutoff of 
300 ng/mL detected the opiate hy-
dromorphone at 1000 ng/mL, the 
vast number of participants using 
fluorescent immunoassays (FIAs) 
and microparticle immunoassays 
(MIAs, such as kinetic interaction of 
microparticles in solution [KIMS]) 
did not (Table 3-4).13 One should 
also bear in mind that cross-reactiv-

ity will change across lots or gener-
ations of a specific assay. Currently, 
for example, the cross-reactivity re-
ported for the Vitros opiate immu-
noassay toward oxycodone is 22%; 
previous generations of the immu-
noassay were less likely to detect 
oxycodone because of cross-reactiv-
ities of approximately 14%.14 A sim-
ilar statement regarding cross-reac-
tivity can be made for hydrocodone 
and hydromorphone. 

Opiate immunoassays typical-
ly do not detect fentanyl or metha-
done, which are nonopiate opioids, 
and while this may make sense to 
the laboratory professional, it often 
does not to the health care provider. 
A similar story is seen for the het-
erogeneous benzodiazepine class, 
where there is often the misconcep-
tion that benzodiazepine immuno-
assays detect all drugs of this class 
or their primary metabolites. This 
type of information is important 
for laboratories to have at hand. 
The laboratory professional should 
provide information to the medical 
staff regarding the methods used, 
including the cutoff concentrations 
and cross-reactivity to structurally 
similar compounds. This informa-
tion may be shared either electron-
ically through hospital web-based 
programs or via hard-copy labora-
tory testing handbooks. As assays 
or platforms are changed, it is im-
portant to review and update the 
information for the medical staff, 
as well as for laboratory personnel 
who provide customer service or 
technical advice. It is also important 
to remember that health care pro-
viders will often turn to the Inter-
net for information, which may be 
outdated or unrelated, before call-
ing the laboratory.15 

Although most laboratories re-
port urine drug screening results as 
positive when at or above the cut-
off or negative when below the cut-
off, some clinical laboratories report 
results as “≥” or “<” the respective 
cutoff. A laboratory may choose to 
do this if they find that the med-
ical staff consider “negative” to 
mean the drug of interest was not 
present. For a tetrahydrocannabi-
nol (THC) method with a cutoff of 
20 ng/mL, negative results are re-
ported as <20 ng/mL, whereas pos-
itive results are reported as ≥20 ng/
mL. Reports should also include a 
statement indicating that the results 
are for screening purposes and that 
more definitive testing (ie, confir-
mation testing) may be necessary. 

A screening result less than the 
cutoff has the following three po-
tential interpretations: 

1.	 The drug is not present (true 
negative).

2.	 The drug is present but at 
a concentration below the cutoff 
(false negative). 

3.	 The assay does not detect the 

drug. In this case, the drug is present 
but not recognized by the antibody. 

A screening result greater than or 
equal to the cutoff has the following 
two interpretations:

1.	 A drug or metabolite belong-
ing to the class has been detected 
and is present (true positive).

2.	 Another structurally similar 
compound has been detected (false 
positive).

If the results are inconsistent 
(either positive or negative) with 
the clinical findings or medication 
history, then confirmation testing 

should be obtained if clinically nec-
essary. Unexpected positive results, 
particularly in class assays or those 
assays with considerable cross-re-
activity for other drugs and chemi-
cals, should have confirmation test-
ing to validate the presence of the 
compounds. In many cases, it is 
important to confirm the absence 
of a drug or drugs because this is 
used as an indicator of prescription 
diversion. 

Confirmation testing should be 
performed using an analytical prin-
ciple of better specificity and sen-
sitivity than the method used for 
screening. Gas chromatography/
mass spectrometry is considered 
the “gold standard” in forensic tox-
icology and is an excellent choice 
in the clinical setting. Liquid chro-
matography/tandem mass spec-
trometry is gaining use, although 
the libraries for drug identification 
are currently not as well developed 
as for gas chromatography/mass 
spectrometry. Many clinical labo-
ratories do not have the equipment 
or staff to perform this testing in 
house, but nevertheless the testing 
should be available through their 
reference laboratory. 

Results from confirmation test-
ing may also need clarification, 
as some of the previously men-
tioned issues of analytical speci-

ficity and sensitivity apply. The re-
ports should clearly note the com-
pounds detected and the cutoff for 
each compound, according to the 
method used. Compounds present 
below the cutoff should be report-
ed as such, and those present at or 
above the cutoff may be quantified. 

Again, the laboratory profession-
al should be cognizant that the treat-
ing health care provider may not be 
familiar with the analytical charac-
teristics of the method or a drug’s 
metabolic pathway. For example, 
some health care providers have as-

sumed that because methadone or 
fentanyl was not listed, these drugs 
were not present, when in fact the 
drugs were not part of the analy-
sis. It should be clear that most opi-
ate immunoassays do not detect all 
opioids. In another situation, co-
caine confirmation in response to 
an unexpected screening result re-
veals the presence of benzoylecgo-
nine without parent cocaine. This is 
a fairly common occurrence in the 
pain clinic setting, given the short 
half-life of cocaine. Unfortunately, 
some health care providers have in-
terpreted this incorrectly, namely, 
that cocaine was not used. � n

Dr. Hammett-Stabler, a contributing 
author, is professor of pathology and 
laboratory medicine and director of 
the core laboratory, McLendon Clini-
cal Laboratories, University of North 
Carolina School of Medicine, Chapel 
Hill. Dr. Magnani, advisor to the Tox-
icology Resource Committee, is chair 
and pathologist-in-chief, Department 
of Pathology and Laboratory Medicine, 
Tufts Medical Center, Boston.	  
	 Drs. Hammett-Stabler and Magnani 
refer the reader of this chapter to other 
chapters and to appendices for additional 
information. Those references to other sec-
tions of the book have been removed.	 
	 To order the book (Pub 220, $80 for 
CAP members, $95 for others), call the 
CAP at 800-323-4040, option 1.

December 2011	 CAP TODAY / 59 

Table 3-4. Percentage of Laboratories Reporting Positive Results on 
Immunoassay Screening  when Challenged with Various Drugs

Immunoassay 
Technique

MDMA  
2500 ng/mLa

Lorazepam  
750 ng/mLb 

Oxycodone 
7500 ng/mLc

Hydromorphone 
1000 ng/mLd

CEDIA n/a 100 29 100

CMI (Triage) 98 100 10 99

EIA (DRI) 35 99 n/a n/a

EIA (EMIT) 13 76 54 88

FIA 48 100 0 13

FPIA 57 n/a 2 97

MIA (KIMS) 2 95 7 19

Review of the College of American Pathologists Urine Drug Screen 
(UDS) Surveys for 6 years (2003-2008) for a total of 18 surveys.  
Abbreviations: CEDIA, cloned enzyme donor immunoassay; 
CMI, colloidal metal immunoassay; DRI, Diagnostic Reagents 
Inc. (Sunnyvale, CA); EIA, enzyme immunoassay; EMIT, enzyme 
multiplied immunoassay technique; FIA, fluorescence im-
munoassay; FPIA, fluorescence polarization immunoassay; 
KIMS, kinetic interaction of microparticles in solution; MDMA, 
methylenedioxymethamphetamine; MIA, microparticle im-
munoassay; n/a, information not available.

	 a Immunoassay category: amphetamine; cutoff: 1000 ng/mL; 
no. of surveys included: 2.
	 b Immunoassay category: benzodiazepine; cutoff: 300 ng/mL; 
no. of surveys included: 1.
	 c Immunoassay category: opiate; cutoff: 300 ng/mL; no. of 
surveys included: 1.
	 d Immunoassay category: opiate; cutoff: 300 ng/mL; no. 
of surveys included: 1.
From Melanson et al.13 Copyright 2010 College of American 
Pathologists. Modified with permission.
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