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ABSTRACT: A comprehensive validity assessment study was performed on eight commercial 
urine assays for detection of cocaine use. Sensitivity, specificity, and accuracy of each assay were 
evaluated by analyzing, in random order and under blind conditions, specimens spiked with 
known drug concentrations and clinical specimens obtained from human subjects after intrave- 
nous cocaine use. Commercial assay results were compared with gas chromatography/mass spec- 
trometry (GC/MS) assay of the same specimens for benzoylecgonine. All of the assays examined 
were determined to have utility in screening for cocaine use, with the exception of the KDI Quik 
Test | which was not a reliable test for detection of cocaine use. Major differences in sensitivity, 
specificity, and confirmation rate by GC/MS were noted among the assays, differences which 
should be taken into consideration when implementing a urine screening test for cocaine use or 
interpreting test results involving use of these assays. 
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Urine test ing of personnel  for drugs of abuse is now well establ ished in the military services 
and  in industry.  Recent  est imates of For tune  500 companies  indicate tha t  30 to 50% practice 
pre-employment  screening [1,2]. Many governmental  agencies also are implement ing  drug- 
testing programs [1]. The  reliability of urine test ing has  been quest ioned in an early study 
conducted in 1981 of laboratories engaged in test ing for me thadone  centers  [3]. Clearly, the 
technology and  practices involved in drug test ing have improved since this study [4]. Recent 
technical  guidelines publ ished in the  Federal Register [5] for cert if ication of laboratories 
engaged in urine test ing for Federal  agencies indicate a requ i rement  of _< 10% false negative 
rate ( that  is, >-90% of all specified drugs must  be detected) and  a 0 %  false positive rate 
( tha t  is, no incorrect  drug identif icat ions are acceptable)  on proficiency test  specimens. It is 
probable  tha t  in the future  these s t andards  will also apply to or be adopted  by most laborato- 
ries providing drug-test ing services to the private sector as well. 
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A substantial number of commercial tests can be implemented by drug-testing laborato- 
ries in meeting the certification requirements outlined in the guidelines for urine testing of 
Federal employees [5]. For example, there are at least six commercial immunoassay tests 
presently available for detection of cocaine use. Validity studies on these and other tests 
being used for drug screening are needed for assessment of the effects of pharmacologic 
variables (for example, dose, route of administration, inter-subject variability in metabo- 
lism, and excretion rates) on test outcome. Impartial evaluations of the sensitivity, specific- 
ity, accuracy, and potential for confirmation by gas chromatography/mass spectrometry 
(GC/MS) also are needed. This type of commercial test assessment provides the health pro- 
fessional with guideline data for selection of reliable testing methods and also for use in 
interpretation of test results. 

In an earlier study (in this issue), we reported the effects of selected pharmacologic vari- 
ables upon the performance of eight commercial urine tests for detection of cocaine use [6]. 
The present study documents the performance of these tests by the additional validity crite- 
ria of sensitivity, specificity, accuracy, and confirmation rate by GC/MS. Clinical specimens 
obtained from five human subjects after intravenous administration of cocaine together with 
control urines containing known amounts of cocaine metabolites and derivatives were ana- 
lyzed under blind conditions in randomized order for the presence of cocaine metabolite. 
Together, these two reports comprise a complete validity-assessment study of most existing 
commercial urine tests for detection of cocaine use and present comparisons of results with 
those obtained by a reference GC/MS method. 

Materials and Methods  

Subjects. Dosing, and Specimen Collection 

Five healthy male volunteers with a history of intravenous cocaine abuse participated in 
the study. The subjects were cocaine-free at the time of the study as indicated by urinalysis of 
their pre-drug specimens by EMIq ~ dau assay (300-ng/mL cutoff) for cocaine metabolite. 
Each subject received a single intravenous dose of 20 mg of/-cocaine hydrochloride on the 
test day. One subject received a second dose of 40 nag of/-cocaine hydrochloride on the 
second day. Detailed subject characteristics, specimen collection, and handling procedures 
have been described earlier [6]. Following collection and freezing, freshly thawed clinical 
specimens and standardized urines containing known amounts of cocaine, metabolites, co- 
caine isomers and derivatives, and other drugs were coded and organized in random order 
for analysis. 

Drugs 

Cocaine hydrochloride (/-isomer) was purchased from Mallinckrodt Inc., St. Louis, MO. 
d-Cocaine, l-pseudococaine, d-pseudococaine, l-benzoylecgonine, l-ecgonine methyl ester, 
l-ecgonine,/-benzoylnorecgonine, l-pseudoecgonine methyl ester, d-pseudoecgonine methyl 
ester, and/-norcocaine were provided by the Research Technology Branch, National Insti- 
tute on Drug Abuse. 

Assays 

All assays were performed on freshly thawed, identical sets of clinical specimens. The 
specimens were assayed in random order under blind conditions. Results were decoded only 
after completion of the assay. Specimen sets were assayed with the following commercial 
drug testing kits: TDx | Cocaine Metabolite assay (Abbott Laboratories, Irving, TX); Toxi- 
Lab ~ Drug Detection Systems (Analytical Systems, Division of Marion Laboratories, Inc., 
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Irvine, CA); Coat-A-Count | Cocaine Metabolite radioimmunoassay and Cocaine Metabolite 
Double Antibody radioimmunoassay (Diagnostic Products Corp., Los Angeles, CA); KDI 
Quik Test@ Drug Screen (I(eystone Diagnostics, Inc., Columbia, MD); Abuscreen | RIA for 
Cocaine Metabolite (Roche Diagnostics Systems, Nutley, NJ); and EMIT ~ dau~ Cocaine 
Metabolite Assay and EMIT | st~ Urine Cocaine Metabolite Assay (Syva Co., Palo Alto, 
CA). The TDx, Coat-A-Count, Double Antibody, and Abuscreen assays were evaluated in 
the quantitative mode by means of a benzoylecgonine standard curve; the Toxi-Lab, EMIT 
dau, and EMIT st assays were evaluated in the qualitative mode employing a 300-ng/mL 
benzoylecgonine calibrator when appropriate. Manufacturer's procedures were followed for 
all assays with the exception of a modification of the Toxi-Lab system. Standard Toxi-Lab A 
procedures were employed for detection, but only Stage IV dip in Dragendorff reagent was 
used for visualization of cocaine. Benzoylecgonine was detected by the Toxi-Lab Benzo- 
ylecgonine Special Procedure. All quantitative assay data are reported as nanogram/millili- 
tre equivalents of benzoylecgonine. 

The measurement of benzoylecgonine in urine by GC/MS was performed according to the 
procedure for confirmation of benzoylecgonine employed by the Navy Drug Screening Lab, 
Norfolk, VA, as described earlier [7]. The presence of benzoylecgonine was determined on 
the basis of three criteria: comparison of the relative retention times of specimens to stan- 
dardized urine containing benzoylecgonine; occurrence of appropriate selected ions; and 
comparison of ion ratios of processed standards with those obtained for the clinical speci- 
mens. A specimen was assayed for benzoylecgonine only if all three criteria were within es- 
tablished ranges. Quantitation was performed by means of internal standardization with 
deuterated standard. Under the conditions employed, the sensitivity for benzoylecgonine 
was l0 ng/mL. The lower limit for quantitation of benzoylecgonine by this method was 20 
ng/mL. 

Determinat ion o f  Specificity 

The cross-reactivities of cocaine isomers and a variety of metabolites and derivatives (Fig. 
1) were determined for seven commercial cocaine metabolite assays and the GC/MS assay 
for benzoylecgonine (Table 1) by measuring apparent benzoylecgonine concentrations of 

R 1 - - N ' ~  R2 

H H 

L-ISOMER D-ISOMER 

R1 R2 R3 R4 COMPOUND 

CH 3 COOCH 3 H OCOC 6 H 5 COCAINE 

CH 3 COOH H OCOC 6 H 5 BENZOYLECGONINE 

CH 3 COOCH 3 H OH ECGONINE METHYL ESTER 

CH 3 COOH H OH ECGONINE 

H COOCH 3 H OCOC 6H 5 NORCOCAINE 

H COOH H OCOC 6H 5 BENZOYLNORECGONINE 

CH 3 H COOCH 3 OCOC 6H 5 PSEUDOCOCAINE 

CH 3 H COOCH 3 OH PSEUDOECGONINE 
METHYL ESTER 

FIG. 1--Structure of optical isomers of cocaine, cocaine metabolites, and cocaine derivatives tested 
for cross-reactivity in commercial assays. 
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analytes in varying concentrations in control urine. The cross-reactivities of these com- 
pounds in the Toxi-Lab assay for cocaine also were determined in the same manner. For 
those assays evaluated in the quantitative mode, percent cross-reactivity was defined as: (ap- 
parent benzoylecgonine concentration/concentration of the added standard) • 100. For the 
assays evaluated in the qualitative mode, cross-reactivity was recorded as positive (identified 
as benzoylecgonine) or negative based on detection at the specified concentration. In the 
Toxi-Lab assay for cocaine, cross-reactivity was recorded as positive or negative for detection 
of cocaine. Generally, the cross-reactivities of the analytes were determined at 5000-ng/mL 
concentration in control urine unless the apparent benzoylecgonine concentration measured 
in excess of the highest standard on the standard curve. If this occurred, the concentration of 
the analyte was reduced to a level which appeared on the standard curve constructed for that 
assay. 

Results 

Assessment of Sensitivity and Accuracy of Commercial Assays with Spiked Specimens 

Assay responses by TDx, Coat-A-Count, Double Antibody, and Abuscreen were linear 
across a wide range of standard benzoylecgonine concentrations (50 to 5000 ng/mL) added 
to control urine (Fig. 2). At the lowest concentration tested (50 ng/mL), quantitative mea- 
sures ranged from a mean of 45.5 ng/mL for the Double Antibody assay to 66.6 ng/mL by 
the Coat-A-Count assay (Table 2). The precision of the measures at this concentration, as 
measured by the coefficient of variation (CV), varied among the four commercial assays 
from 3.9% for Coat-A-Count to 13.2% for Abuscreen. Also, the magnitude of responses by 
the four assays with the 50-ng/mL standard was welt removed from equivalent responses 
with drug-free control urine indicating that sensitivity was < 50 ng/mL for benzoylecgonine. 
The mean GC/MS determination for benzoylecgonine with the 50-ng/mL standard was 73.7 
ng/mL with a CV of 33%. Accuracy and precision were generally high for GC/M5 and the 
four commercial assays in measuring benzoylecgonine concentrations ranging from 150 to 
2500 ng/mL. At the highest concentration tested, 5000 ng/mL, accuracy and precision were 
high for TDx and Abuscreen, but were somewhat variable for the other assays (Table 2). 

Detection by EMIT dau and EMIT st (300-ng/mL cutoff) of benzoylecgonine added to 
control urine was 67% accurate (two of three were positive) at 300-ng/mL concentration and 
was 100% accurate at all higher concentrations. Below 300-ng/mL concentration, no posi- 
tives were recorded. 

Toxi-Lab detection of benzoylecgonine was 100% accurate at a standard concentration of 
1000 ng/mL and higher and was consistently negative below 1000 ng/mL. Toxi-Lab detec- 
tion of standard cocaine in control urine was 100% accurate at concentrations > 150 
ng/mL. 

KDI Quik Test detection of standard benzoylecgonine in control urine was not accurate 
due to color interference from control urine. This high background interference resulted in 
production of a high rate of false positives in all specimens. 

Specificity of Commercial Assays for Benzoylecgonine 

Cross-reactivity of the cocaine metabolites, l-ecgonine methyl ester, l-ecgonine, and 1-ben- 
zoylnorecgonine generally was < 10% of that of benzoylecgonine in all quantitative assays 
and was not detectable in the qualitative assays (Table 1). Cross-reactivity was extremely low 
( < 1%) for the geometric isomer of/-cocaine, l-pseudococaine, and for the geometric isomer 
of l-ecgonine methyl ester, l-pseudoecgonine methyl ester, as well as their respective optical 
isomers, d-pseudococaine and d-pseudoecgonine methyl ester. Cross-reactivity also was low 
(<  10%) or was not detectable for/-cocaine, d-cocaine, and l-norcocaine in all assays except 
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FIG. 2--Benzoylecgonine standard curves by G C / M S  assay and by commercial cocaine metabolite 
assays. Benzoyleegonine standard solutions were prepared in control urine and analyzed together with 
clinical specimens in randomized order under blind conditions. 

Coat-A-Count, Double Antibody, and Abuscreen. The pattern of cross-reactivity of the 
Coat-A-Count and Double Antibody assay with cocaine was similar in that both exhibited 
very high cross-reactivity (>5000% at 50-ng/mL concentration), high cross-reactivity to 
/-norcocaine ( > 60% at 500-ng/mL concentration), and low-to-moderate cross-reactivity to 
d-cocaine (7.4-19.3% at 5000-ng/mL concentration). Abuscreen displayed high cross-reac- 
tivity to /-cocaine (215% at 300-ng/mL), low cross-reactivity with /-norcocaine (5.1% at 
5000-ng/mL concentration), and very low cross-reactivity with d-cocaine (< 1%). 

Cross-reactivity in the GC/MS assay was recorded only for /-cocaine, d-cocaine, and 
l-benzoylnorecgonine. These responses were likely due to slight hydrolysis of cocaine to ben- 
zoylecgonine and to a slight impurity of benzoylecgonine in the l-benzoylnorecgonine 
standard. 

Assessment of cross-reactivities of analytes (Fig. 1) in the Toxi-Lab assay for detection of 
cocaine also was made. Both/-cocaine and d-cocaine were equally responsive in producing 
positive results, whereas other analytes tested did not interfere in the detection of cocaine. 
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Other standard analytes which were tested for cross-reactivity but are not listed in Table 1 
included morphine, lidocaine, and fencamfamine. Clinical specimens collected from human 
subjects within 24 h after lidocaine administration, ibuprofen administration, and mari- 
juana use also were tested for cross-reactivity. Cross-reactivity was negligible (<  1%) for 
each of the analytes or specimens in all assays. 

Concordance o f  Resul ts  o f  Commercial  Assay  o f  Clinical Spec imens  with G C / M S  Assay  

The results of commercial assay of clinical specimens for cocaine metabolite by TDx, 
Coat-A-Count, Double Antibody, and Abuscreen are shown in Fig. 3 versus GC/MS assay 
for benzoylecgonine. Data points were not included for specimens with metabolite concen- 
trations exceeding those of the standard curve. The solid line represents the best fit of the 
data by least squares linear regression analysis. Regression parameters for each of the quan- 
titative assays are shown in Table 3 along with a similar regression analysis of the GC/MS 
assay of benzoylecgonine standards. Deviation from a slope of 1.0 and an intercept of 0.0 
was considered an indication of possible relative bias and fixed bias, respectively, in refer- 
ence to the GC/MS assay for benzoylecgonine. Comparison of the regression lines (solid 
lines, Fig. 3) for the commercial assays of clinical specimens to regression lines (dotted lines, 
Fig. 3) for commercial assay of benzoylecgonine standards in control urine indicated the 
potential for relative bias in each of the assays. The degree of relative bias increased in the 
four assays in the following order: 
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FIG. 3--Methods comparison of commercial cocaine metabolite assays of clinical specimens versus 
GC/MS assay for benzoylecgonine. Solid line shows least-squares linear regression.fit of data points. 
Dotted line shows least-squares linear regression f i t  for benzoylecgonine standard curve from Fig. 2. 
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TDx < Abuscreen < Coat-A-Count < Double Antibody 

The analysis of variance of results from each commercial assay (dependent variable) ver- 
sus GC/MS (independent variable) indicated that > 95% of the variance could be ascribed 
to regression (Table 3, percent regression sums of squares) for the TDx and Abuscreen as- 
says and <5% was due to random variation (Table 3, percent residual sums of squares), 
whereas regression accounted for 49.9 and 67.5% of the variance in the Coat-A-Count and 
Double Antibody assays, respectively, with the remainder representing random variance. 
The linear regression analysis of GC/MS assay of benzoylecgonine standards, also shown in 
Table 3, indicated that the amount of variance contributed by this assay to the methods 
comparison analysis was relatively low (< 4% random variation). 

A complete tabulation of the concordance of positive/negative results for each of the com- 
mercial assays with GC/MS by concentration range is given in Table 4. Commercial tests 
were determined to be positive if the concentration of benzoylecgonine equivalents was _> 300 
ng/mL or alternatively, for the qualitative tests, if the test result displayed characteristics 
specified by the manufacturer for a positive result. Generally, all specimens which contained 
_>300 ng/mL of benzoylecgonine by GC/MS tested positive by commercial assay, with the 
exception of the Toxi-Lab assay, which displayed a 14.8% false negative rate, and the KDI 
Quik Test, which displayed a 4.7% false negative rate. Specimens which contained < 20 
ng/mL of benzoylecgonine by GC/MS generally were negative by commercial assay with the 
exceptions of Coat-A-Count, which displayed a 3.4% false positive rate, Double Antibody, 
which displayed a 4.1% false positive rate, and the KDI Quik Test, which displayed a 23.6% 
false positive rate. 

Discussion 

Although forensic drug testing for cocaine abuse is widespread and the analytical methods 
employed are varied, there is a paucity of data on comparison of commercial methods. In 
1977, Wallace et al. [8] reported the evaluation of early versions of the EMIT dau and 
Abuscreen assays for detection of cocaine and benzoylecgonine added to control urine. On 
the basis of that evaluation, the authors concluded that the Abuscreen assay was more sensi- 
tive than EMIT dau and displayed more cross-reactivity with cocaine. Also in 1977, Hamil- 
ton et al. [9] reported comparison of methods for the detection of cocaine and benzo- 
ylecgonine in the urine of human subjects who had received 1.5 mg/kg of cocaine 
hydrochioride. This study included a comparison of EMIT dau, Abuscreen, GC, and thin- 
layer chromatography (TLC) for detection of benzoylecgonine and cocaine, where applica- 
ble. Detection times for benzoylecgonine were longest by Abuscreen, substantially exceeding 
detection times by the other methods examined. Since these early reports, there has been 
relatively little evaluation of commercial methods for detection of cocaine metabolite in 
urine. Recently, Clark and Hajar [10] compared the use of EMIT dau for detection of co- 
caine metabolite with TLC and GC methods for detection of cocaine and ecgonine methyl 
ester, a metabolite of cocaine [11], and concluded that detection of ecgonine methyl ester 
and cocaine was as sensitive a test for cocaine use as was EMIT dau. Also, Poklis [12] re- 
cently reported an evaluation of the TDx and EMIT dau assay for detection of cocaine me- 
tabolite in 120 clinic urines found positive for benzoylecgonine by high-performance, liquid 
chromatography (HPLC). It was found that 116 specimens were positive by both methods 
and 2 negatives were produced by each commercial method. 

The present studies were designed to provide a comprehensive validity assessment of most 
existing commercial urine assays for detection of cocaine abuse. Based on the assumption 
that each of these assays could be used as the initial "screening" test and would be followed 
by a confirmation test by GC/MS, the factors considered most important to evaluate in- 
cluded sensitivity, specificity, and accuracy of each method as well as the concordance of 
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results with G C / M S  assay. A summary of the conclusions of this validity assessment of t h e  
commercial assays is shown in Table 5. Generally, sensitivity did not appear to be a factor in 
the performance of the assays with the exception of Toxi-Lab, in which lower sensitivity for 
benzoylecgonine resulted in production of a substantial number of false negatives. This oc- 
curred primarily for specimens containing benzoylecgonine in the concentration range of 
300 to 1000 ng /mL.  

The specificity of the immunoassays examined varied considerably, particularly for co- 
caine. The TDx, EMIT dau, and EMIT st assays demonstrated very low cross-reactivi- 
ties with cocaine, resulting in high concordance of results with GC/MS assay for benzo- 
ylecgonine. The low cross-reactivity of EMIT dau for cocaine was noted earlier by Wallace et 
al. [8]. The results for TDx cross-reactivity with cocaine are in agreement with the manufac- 
turer's reported cross-reactivity of 1.1 to 1.4% and the report by Poklis [12] on the evalua- 
tion of the TDx Cocaine Metabolite Assay, but  are in contrast to those reported by Baselt 
and Baselt [13], of 19.9%. The high specificity of the TDx assay in our studies also resulted 
in accurate quantitative determinations (low bias) of benzoylecgonine in reference to the 
G C / M C  assay. In contrast, the accuracy of the Abuscreen was somewhat reduced (moderate 
bias), and there was evidence of substantial bias in the Coat-A-Count and Double Antibody 
assays, most likely as a result of their cross-reactivities with cocaine and cocaine-related me- 
tabolites. Although the introduction of this type of bias in the quantitative determination of 
cocaine metabolite by the immunoassays will occasionally result in the production of an ini- 
tial false positive, as indicated in "Fable 5 for the Coat-A-Count and Double Antibody assays, 
it is likely that these specimens are "true positives" in that they presumably contained co- 
caine-related constituents not detected by G C / M S .  It may be that the enhanced sensitivity of 
these assays as a result of their cross-reactivity with cocaine would be an advantage in certain 
testing situations, such as saliva and hair testing. 

With the exception of cocaine and norcocaine, a minor cocaine metabolite, the cross-reac- 
tivities of the assays of Table 5 toward other cocaine metabolites was generally less than 
10%. A summary by Baselt [14] of existing cross-reactivity data for cocaine metabolites in 
the Abuscreen and EM1T dau assay is consistent with the present findings, with the excep- 
tion of reporting 47% cross-reactivity for benzoylnorecgonine in contrast to the present find- 
ings of 1.3 %. Norcocaine also was reported to have a higher cross-reactivity (33 versus 5 .1%)  
than in the present study. 

Cross-reactivities toward the optical isomer of cocaine, d-cocaine, were low for all assays, 
including those assays which displayed substantial cross-reactivity with cocaine (/-cocaine). 
Geometric isomers (pseudo-isomers) of cocaine and ecgonine methyl ester also failed to show 
any substantial cross-reactivity in the assays examined in the present study. 

Overall, the potential usefulness of each of the assays of Table 5 for screening for cocaine 
metabolite was considered to be high, with the exception of the KDI Quik Test assay. This 
latter assay was not a reliable indicator for the presence of cocaine-related metabolites in 
urine. Also, use of Toxi-Lab in screening for benzoylecgonine would result in a substantial 
number of false negatives. The significance of these findings is that most of the existing 
commercial cocaine metabolite assays examined can be used in a reliable manner for detec- 
tion of cocaine use in human specimens, but that individual assay performance characteris- 
tics (cocaine metabolite detection times, sensitivity, specificity, accuracy, and confirmation 
rate by G C / M S )  vary considerably and should be considered when implementing cocaine 
testing procedures or interpreting test results. 
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