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ABSTRACT: The objective of this study was to establish the opti- 
mum irnmunoassay cutoff concentrations for screening postmortem 
blood from coroner's cases for drugs of abuse with a coated tube 
radioimmunoassay (RIA) to ensure that the results with the coated 
tube RIA would be equal to or better than those with the previously 
used double antibody RIA. Immunoassay results (positive or nega- 
tive) blood were compared to confirmed results on those cases by 
GCIMS alone or in combination with GLC using either a NPD or 
FID detector. Four to seven potential cutoff concentrations were 
evaluated for the drug classes opiates, amphetamines, cocaine and 
metabolites, and barbiturates. Specimens were 350 postmortem 
blood specimens and liver homogenates. 

The cutoffs chosen for the coated tube RIA using this approach 
were 5 ng/mL morphine, 25 nglmL methamphetamine, 500 ng/mL 
benzoylecgonine, and 500 ng/mL secobarbital. These cutoffs corre- 
sponded to a sensitivity and specificity of 94% and 96% for opiates, 
93% and 86% for amphetamines, 91% and 96% for cocaine and 
metabolites and 91% and 87% for barbiturates. The double antibody 
RIAs were run on the same specimens with cutoffs of 20 ng1mL 
morphine, 50 ng1mL methamphetamine, 50 ng/mL benzoylecgon- 
ine and 1000 ng/mL phenobarbital. The sensitivity and specificity's 
for the double antibody immunoassay were: >99% and 96% for 
opiates, 83% and 89% for amphetamines, 98% and 97% for cocaine, 
79% and 95% for barbiturates. 
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The choice of a threshold or cutoff concentration for screening 
of postmortem blood and tissue homogenate specimens for drugs 
affects both the sensitivity and specificity of the screening tests 
(1). Cutoffs which minimize the possibility of false positives are 
often chosen for screening urine from employees or employee 
applicants, or specimens from living persons accused of a crime. 
In investigation of death the possibility of false negatives is also 
of concern. In this study Receiver Operating Characteristic (ROC) 
analysis (2-4) was used to choose a cutoff concentration for 
the coated tube radioirnmunoassays (RIA) which optimized diag- 
nostic sensitivity, specificity and predictive value. Gas 
chromatographylmass spectrometry (GCIMS) analysis was used 
as the measure of presence of the drug (5). In this study GCIMS, gas 
chromatography with a nitrogen phosphorus detector (GC-NPD) or 
Toxilab B thin layer chromatography were used as the measure of 

'Orange County Sheriff-Coroner, Forensic Science Services, Santa h a ,  
CA. 

'Spiehler and Associates, Newport Beach, CA. 
Received 22 May 1997; and in revised form 9 July 1997; accepted 10 

July 1997. 

the absence of drugs or metabolites in the drug class. Specimens 
were screened for opiates, amphetamines, cocaine and metabolites 
and barbiturates by a coated-tube RIA and a double antibody RIA. 
A positive radioimmunoassay result which was confirmed by a 
second chromatographic test was considered a true positive. A 
positive irnmunoassay result which was not confirmed was consid- 
ered a false positive. A negative immunoassay result on a case for 
which an acid or a base screen by GC-NPD was also negative was 
considered a true negative. A negative immunoassay result for 
which the chromatography screening revealed a drug present was 
defined as a false negative. The sensitivity and specificity obtained 
with the optimal cutoff concentrations for the coated tube radioim- 
munoassay were compared to those previously used in this labora- 
tory with the double antibody radioimmunoassay on post mortem 
specimens to ensure that the results with the coated tube RIA would 
be equal to or better than those with the previously used double 
antibody RIA. 

Methods 

Radioimrnunoassays-The coated tube radioimmunoassays 
were obtained from Diagnostic Products Corporation, Los Angeles, 
CA. They were performed according to manufacturers insb-uctions 
but 100 p L  of whole blood or liver homogenate was analyzed m 
place of urine and the incubation time was increased to two hours 
(6). 

?'he double antibody radioimmunoassays were obtained from 
Roche Diagnostics, Nutley, NJ. They were performed according 
to manufacturer's instructions except that 100 p L  of whole blood 
or liver homogenate was analyzed in place of urine, 1 mL of labeled 
antigen was used and the incubation time was increased to one 
hour (7): 

GC-NPD-Basic drugs screen: Promazine (1000 izg/mL) or N- 
propyl amphetamine (1000 ng1mL) were added to the samples as 
internal standards. The samples were adjusted to basic pH with 
NaOH and extracted with butyl chloride. The extracts were dried 
and then reconstituted in methanol and injected into a gas chroma- 
tograph equipped with a nitrogen phosphorus detector (NPD) or 
into the GC/MS. 

GC/MS-An H P  5890 gas chromatograph coupled with and HP 
5970 or HB 5972 mass spectrometer was used. 

Opiates-A modification of a previously published method (8) 
was used. The extracts were derivatized with TFA. Deuterated 
morphine and codeine were used as internal standards. Calibration 
standards were 1000, 100, and 2,O ng/rnL (cutoff) morphine and 
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codeine. The ions monitored were 367 amp and 477 amp for Barbiturates-A previously published method (1 1) was used. 
morphine and 395 amp and 282 amp for codeine. After solid phase extraction the extracts were injected into a gas 

chromatona~h with a flame ionization detector or a GClMS for - A 

cocaine-~ modifcation of a previously published method (9) full ion scan. Various internal standards were used depending on 

was used. me extracts were derivatized with DMF~~PA. D ~ ~ ~ ~ ~ -  the identity of the barbiturates in the sample. Calibration concentra- 

ated cocaine, benzoylecgonine and cocaethylene were used as the tions were barbiturate and a full calibration curve was 

internal standards. Calibration standards were 500, 200, and 20 run for quantitation. 

ng/mL (cutoff) cocaine, benzoylecgonine and cocaethylene. The 
ions monitored were 182 amp, 303 amp and 272 amp for cocaine; 
210 amp, 331 amp and 272 amp, for benzoylecgonine and 196 
amp, 317 amp and 272 amp for cocaethylene. 

Amphetamines-A modification of a previously published 
method (10) was used. The extracts were derivatized with TFA. 
Deuterated amphetamine and methamphetamine were used as the 
internal standards. Calibration standards were 1000, 500, and 25 
ng/mL (cutoff) amphetamine and methamphetamine. The ions 
monitored were 140 amp and 118 amp, for amphetamine and 154 
amp and 118 amp for methamphetamine. 

ROC Analysis-The number of true positives TP, false negatives 
FN, false positives FP and true negatives TN, was determined for 
four to seven possible cutoff concentrations (for example at 50, 
100, 500, 1000, 2000, 3000, and 4000 nglmL benzoylecgonine 
equivalents) by comparison of the radioimmunoassay result to 
the result by GUMS or GC-NPD for opiates, amphetamines and 
cocaine. For the barbiturates the confirmation methods were GCI 
FID, GCMS full scan or Toxilab B. A sample was considered a 
true positive (TP) if both the radioimmunoassay and the chromato- 
graphic results were in concordance, i.e., both positive for cocaine 
(cocaine present above the putative cutoff concentration by GC/ 

CT RIA Cutoff, BE nglmL CT RIA Cutoff. Morphine nglmL 

I a. ( ' m i n t  and mdahnlitm t c. O p h m  
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CT RIA Cutoff, methamphetamine 
nglrnL CT RIA Cutoff. secobarbita! nglmL 

FIG. 1-TP, FN. FP. TN Analysis for Dzfferent Cutoffs for CT RIA. The percent true positives (positive by both the coated tube RIA and by GCIMS), 
true negatives, false positives and false negatives are shown for a.) cocaine, benzoylecgonine and cocaethylene are shown for 57 positive blood and 
liver specimens and 110 negative specimens at cutoffs of 50, 100, 0.500, 1000,2000, or 3000 nglmL; b.) methamphetamine for cutoffs at 12.5,25, 50, 
and 100 nglml, methamphetamine (n = 141); c.)  opiates for cutoffs at 1, 2 ,  5 ,  7 ,  10 (n = 170) and d . )  barbiturates, for cutoffs at 100, 200, 0.500, 
1000,2000, and 4000 nglmL secobarbital (n = 73). 
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TABLE 1-Sensitivity and specificity for the two immunoassays. 

CT RIA D A  RIA 

Screen Cutoff Sensitivity Specificity Cutoff Sensitivity Specificity 

Opiates 5 nglmL 94% 96% 20 nglmL 100% 96% 
Amphetamines 25 93% 86% 50 83% 89% 
Cocaine 500 93% 96% 50 98% 97% 
Barbs 500 91% 87% 1000 79% 95 % 

-o- CT RIA 
t DA RIA 

FIG. 2-ROC Graph for Two RIAs for Different Cutoffs. The percent sensitivity (percent true positives) was plotted vs I-specificity (the false positives 
rate) for the two radioimmunoassays. a,) cocaine the ROC curve for cutoffs of 50, 100, 500, 1000, 2000, and 3000 nglmL benzoylecgonine for the 
coated tube assay and 50 nglmL benzoylecgonine for the double antibody assay calculatedfrom comparison to GCIMS (n  = 167); b.) methamphetamine, 
the ROC curve for cutoffs at 12.5, 25, 50, and 100 nglmL methamphetamine for the coated tube assay and for 50 nglmL methamphetamine for the 
double antibody assay calculated from comparison to GCIMS ( n  = 141); c.) opiates, the ROC curve for cutoffs at 1.2.5, 7 ,10,  and 20 nglmL morphine 
for the coated tube assay and for 20 nglmL morphine for the double antibody assay calculated from comparison to GCIMS (n  = 170) and d.) barbiturates, 
the ROC curve for cutoffs at 100,200,500, IOOC1,2000, and 4000 nglmL secobarbital for the coated tube assay and 1000 nglmL phenobarbital for the 
double antibody assay (n = 73). 
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MS), or a true negative (TN) if both were negative for cocaine 
(no drugs found by GCIMS or GC-NPD). Samples for which the 
radioimmunoassay was positive (cpm below the mean of the cutoff 
calibrator cpm) but the GCIMS result revealed cocaine concentra- 
tions negative or below the LOQ were defined as false positives 
(FP). Samples for which the radioimmunoassay result was negative 
(cpm above the me* of the cutoff calibrator) but the GCIMS result 
showed cocaine concentrations above the LOQ of the assay were 
defined as false negatives (W). Sensitivity and Specificity were 
calculated according to the following formulas (3): 

Sensitivity = TP/(TP + FN) 

Specificity = TN/(TN + FP) 

Sensitivity was plotted vs 1-specificity for the six possible cutoff 
concentrations to obtain ROC curves (4). 

Results 

The optimum cutoff for the immunoassay was judged to be the 
analyte concentration for the cutoff calibrator which minimized 
the false positive and false negative results. Figure 1 shows the 
relative true positive, false positive, false negative and m e  nega- 
tive results for cocaine, opiates, barbiturates and methamphetamine 
for different cutoff concentrations. The optimum cutoff values for 
the coated tube radioimmunoassay were: cocaine 500 ngImL BE; 
opiates 5 ngImL morphine; barbiturates 500 ngImL secobarbital; 
and methamphetamine 25 ngImL methamphetamine. 

Sensitivity was calculated as the true positive rate or the confir- 
mation rate by chromatographic methods. Specificity was calcu- 
lated as the true negative rate. The cutoffs, sensitivity and 
specificity for the two immunoassays for all four screens at their 
optimum cutoff concentrations are shown in Table 1. 

The Relative Operating Characteristic curves (sensitivity vs 1- 
specificity) were plotted for the immunoassays to determine the 
relative accuracy. The ROC plot for the immunoassays for cocaine 
and metabolites, opiates, barbiturates and methamphetamine are 
shown in Fig. 2. 

The agreement between the coated tube and the double antibody 
radioimmunoassays is shown in Table 2. Overall, in four screens 
on 350 specimens the two radioimmunoassays agreed in 1305 and 
disagreed in 89 results. In general at these cutoffs the coated tube 
RJA had greater specificity and the double antibody RJA had 
greater sensitivity. This is shown for each screen in Fig. 3. 

Discussion 

In the Orange County Sheriff-Coroner's Forensic Science Ser- 
vice toxicology laboratory the Quble antibody Abuscreen radioim- 
munoassay was used for screening postmortem specimens and the 

TABLE 2-Agreement between the CT RIA and the DA RIA. 

Screen R + / D +  R + / D ( - )  R(- )ID+ R ( - ) I D ( - )  n 

Amphetamines 55 6 10 278 349 
Opiates 90 23 0 237 350 
Cocaine* 6 1 0 12 126 199 
Cocaine? 17 2 2 130 151 
Barbs$ 31 31 3 134 199 
Barbs5 7 0 0 139 146 

*vs CT RIA using 2000 nglmL cutoff. tvs CT RIA using 500 ng1mL 
cutoff. 

$VS. CT RIA using 1000 ngImL phenobarbital cutoff. 
Ovs CT RIA using 500 ng/mL secobarbital cutoff. 

Percent Sensitivity, Percent Specificity 

FIG. 3-Sensitivity and Specificity for the Two Radioimmunoassays. 
Sensitivity or true positive rate (light gray bars for double antibody RIA, 
white bar for coated tube RIA) and Spec6city or true negative rate (black 
bars for double antibody and dark gray bars for coated tube RIA) are 
shown for the four drug classes. These values are for the following cutoffs: 
cocaine 50 and 500 nglmL BE; opiates 20 and5 nglmL morphine; barbitu- 
rates 1000 nglmL phenobarbital and500 nglmL secobarbital; and metham- 
phetamine 50 and 25 nglmL methamphetamine for the double antibody 
and coated tube radioimmunoassays respectively. n = 167 cocaine, 170 
opiates, 73  barbiturates and 141 methamphetamine. 

coated tube radioimmunoassay was used for screening blood from 
living persons accused of crimes (driving under the influence of 
alcohol or drugs, being under the influence of a controlled sub- 
stance, felonies, etc.). Because the Abuscreen double antibody 
radioimmunoassay has been discontinued, the laboratory evaluated 
the possibility of using the coated tube radioimmunoassay for 
screening postmortem specimens. The cutoff concentrations estab- 
lished fomcreening blood from living persons were set to reduce 
the possibility of false positive results. The cutoff concentrations 
in use for screening blood of living persons with the coated tube 
RJA were: 5 ngImL morphine for opiates, 50 ngImL methampheta- 
mine for amphetamines, and 2000 ngImL benzoylecgonine for 
cocaine and metabolites. The objective of screening in postmortem 
cases was to minimize both false positive and false negative results. 
From the analysis camed out in this study, the cutoff concentration 
for cocaine was found to be too high and were reduced to 500 
ngImL benzoylecgonine in analysis of postmortem specimens to 
reduce the possibility of false negative results. The values for 
opiates and for methamphetamine used in living persons were 
found to perform acceptably for postmortem cases and were not 
changed. The cutoff concentration for barbiturates was set to 500 
ngImL secobarbital. 

In addition to the different objectives in postmortem and ante- 
mortem screening which require setting different cutoff concentra- 
tions, different cutoffs are required for the radioimmunoassays 
from different manufacturers because the two different radioirnmu- 
noassays have a different range of cross-reactivities with drugs, 
drug metabolites and related chemical compounds. This is a result 
of different sources for the antibodies, different procedures for 
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preparing the drug-protein carriers which were used for production 
of the antibodies and changes to the antibodies which occur in 
bonding to the tube wall in the coated tube radioimmunoassays. 

The sensitivity and specificity values obtained in this study are 
conservative in that we included a large number of selected cases 
which had discrepancies between the two immunoassays and cases 
which were expected to prove difficult for screening tests such as 
those involving multiple opiates other than morphine and codeine. 
Therefore, the positive predictive value or confirmation rate was 
not calculated since the specimens analyzed in the study were not 
random or sequential sampling of cases. 

Conclusion 

By choice of appropriate cutoff concentrations for the coated 
tube radioimmunoassay, a sensitivity and specificity on postmor- 
tem specimens comparable to the those of the previously used 
double antibody radioimmunoassay was obtained. This ensures 
that the results with the coated tube RIA on postmortem specimens 
will be equivalent to those with the previously used double anti- 
body RIA. 
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