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ABSTRACT

Objective: To determine the diagnostic accuracy of immunoassays in drug screening as required in emergency for
the rapid diagnosis of drug intoxication in travel related crimes.

Study Design: Diagnostic accuracy study.

Place and Duration of Study: department of Chemical Pathology and Endocrinology, Armed Forces Institute of
Pathology, Rawalpindi Pakistan, from Jul 2017 to Jun 2018.

Methodology: Sealed urine specimens of 77 patients with history of suspected intoxication in drugs facilitated
street crimes, received for toxicology screening were included in the study. All the specimens were analysed,
initially on immunoassay (index test) and then on Triple Quadrupole Liquid chromatography-Mass spectrometry
(reference standard). Benzodiazepine being the main class of drugs involved in travel related crimes, diagnostic
accuracy of immunoassay technique was assessed for these by calculating its sensitivity, specificity, positive
predictive value and negative predictive value.

Results: Victims were predominantly males and public transportation was the most common mode of transport.
The most commonly used drug was Lorazepam. Immunoassay failed to detect few cases who were shown to be
intoxicated with benzodiazepines by liquid-chromatography tandem mass spectrometry. The false negative rate
was 4.9%. Only one false positive case was observed. The accuracy was calculated to be 94.8% with sensitivity of
95.08% and specificity of 93.7%.

Conclusion: Immunoassay was found reliable for rapid testing in drug facilitated intoxication cases. However
critical decision making should be done cautiously keeping in mind the limitations associated with these
screening procedures.
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INTRODUCTION pliance, misuse, and abuse. Immunoassay (IA)

Use of drugs to incapacitate a person with br:}s?d drgg testir.lg methods are Widel}’ .used in
the intention of criminal gain has occurred over clinical d1agno§t1cs due‘ to t.helr simplicity, low
the centuries, however reports of drug facilitated COSt‘?’.A and rapid de‘tectlon .tlme as Fompared to
crimes have increased to greater extent during confirmatory techniques like Liquid-chromato-
the past few decades!. Poisoning during travel graPhY .tandem mass spectrometry (LC'MS/ MS).
has emerged as a new social and public health Soph{stlcated analytical tgchmques like LC-MS/
issue especially in the developing countries?. The MS involve Igng extraction process and comp-
challenge for physicians in treating such cases in ~ licated operation requiring technical expertise
the first place is to confirm the presence of any  usually not feasible for emergency testing?.
drug so as to be clear about the line of treatment. Significant controversy surrounds the diag-
Urine drug testing (UDT) has shown to be a  nostic accuracy of UDT performed utilizing im-
useful approach in identifying patterns of com-  munoassays vis-a-vis laboratory confirmation

) with LC-MS/MS. Previous researches have ques-
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negative results®. Different immunoassay tech-
niques differ in their sensitivity and specificity
which then also vary with the type of drug being
analysed’. Knowing the specific shortcomings
is essential for the accurate interpretation of the
results of drug screening in emergency situa-
tions!l. Moreover it may have a medicolegal imp-
lication as well. Manchikanti et al calculated the
sensitivity and specificity of drug screening imm-
unoassays for benzodiazepines analysis as 74.7%
and 98.0% respectively?2.

With increase in incidence of travel related
crimes arises the need for rapid recognition of
symptoms and rapid detection/identification
of the offending drug/class of drugs in order to
exclude other conditions with similar symptoms
and timely initiation of appropriate treatment.
This testing assumes further significance in the
setting of non-availability of clinical history. No
local study is available that has assessed diag-
nostic accuracy of rapid drug screening immuno-
assays in such situations. So this study is plan-
ned to determine the diagnostic accuracy of im-
munoassays in drug screening as required in
emergency for the rapid diagnosis of drug into-
xication.

METHODOLOGY

This diagnostic accuracy study was carried
out in the Department of Toxicology, Chemical
Pathology, Armed Forces Institute of Pathology
(AFIP) , Rawalpindi, from July 2017 to June 2018,
utilizing non-probability, consecutive sampling.

Urine specimens of 77 suspected cases of
drug intoxication in travel related crimes received
at Toxicology department, Chemical Pathology,
AFIP were recruited in the study, after approval
from institutional review board (MP-CHP16-6/
READ-IRB/17/391). We excluded cases (n=14)
with incomplete clinical details, those for whom
results of analytes BSR, ALT and Creatinine were
not available, patients with un-conscious state
secondary to causes other than drug intoxication
and samples from known cases of chronic drug
addiction. A well informed consent was obtained
from the participants or their attendants in case
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of unconscious patients. History of the partici-
pants including, demographic data (age, gender
etc), symptoms at presentation, mode of travel,
mode of drug delivery was recorded in detail
using a questionnaire. Results of the serum ALT,
Creatinine and BSR were also obtained to exclude
metabolic causes in an unconscious patient.

Sealed urine samples collected in sterile
urine bottles were received with chain of custody
form. All the urine specimens were also checked
for the integrity of the specimen. Urine samples
were analysed on Triage® TOX Drug Screen
(Alere Diagnostics), a competitive fluorescence
immunoassay designed for the qualitative deter-
mination of the presence of drug and/or the
major metabolites above the threshold concen-
trations of up to 10 distinct drug classes, without
any requirement of sample preparation. The QC
device was run before running each batch.

Same samples were then hydrolysed and ext-
racted prior to analysis on Triple quadrupole LC-
MS/MS (QQQ/LCMS/MS). Analysis was perfor-
med on Agilent 6460 Triple Quadrupole LC-MS/
MS (Agilent Technologies, USA), coupled to an
electrospray ion source (ESI). The column used
for the chromatographic separation was Poro
shell 120 EC-C18 column (2.1 x 7.5mm. 7 micron,
Agilent Technologies), heated at 55°C. Analysis
was performed under multiple reaction mode
(MRM), with a dwell of 50. Data acquisition and
elaboration were performed by the Agilent Mass
Hunter Workstation Software. A set of 9 calibra-
tors plus 2 QC samples were run with each batch
from 0.00lmg/ml by diluting every standard
with methanol. From the results of a pilot study
conducted at our Institute it was found that ben-
zodiazepine (BZD) was the main class of drugs
involved in travel related DFCs. Previous resea-
rches were in concordance with this finding?3. So
current study focused on the diagnostic accuracy
testing primarily for this major group of drugs.
The prevalence of rest of the drugs in the imm-
unoassay panel was too low to be the part of the
present study. Cutoff in urine for BZD was 50
ng/ml. Calibrators were cerriliant certified and
traceable to SI units. External quality control was
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assured by Randox International Quality Assess-
ment Scheme (RIQAS).

Analysis of data was done on statistical
package for social sciences (SPSS 24). Diagnostic
accuracy was assessed by calculating its sesiti-
vity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and likelihood
ratio. Qualitative data like age, mode of travel,
and mode of drug delivery was analysed in terms
of frequencies and percentages.

RESULTS

The study included 73 (95%) males and 4
(5%) females. Age of the study participants ran-
ged from 16 to 65 years with mean age of 35 + 12
years. Majority of the cases (90.9%) had been
intoxicated while travelling on public transport
as passengers, 7.8% were travelling on their pri-
vate vehicles and 1.3% were pedestrian. All these
cases had been offered food items usually drinks
with the exception of two cases who couldn’t
recall any ingestion. A total of 57 (74%) patients
were brought in an unconscious state whereas
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Figure-1: Percentage distribution of Signs/ Symptoms
of patients on presentation.

remaining 20 (26%) were drowsy at the time of
presentation. The signs and symptoms on pre-
sentation are described in the fig-1.

Results of serum ALT, creatinine and ran-
dom blood glucose (BSR) were reviewed to rule
out metabolic causes in unconscious patients.
Mean serum creatinine, ALT and BSR were 87.3 +
9.9 umol/1, 32.8 +12.6 U/L and 4.9 + 1.5 mmol/1
respectively. Urine specimens from these 77 cases
were tested by IA as well as on LC-MS/MS.
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The false positive rate was 6.25% whereas
the false negative rate was 4.9%. The IA gave
results in the form of positive or negative for the
entire class of benzodiazepines though each drug
in the class react differently. Included in the three
BZDs missed by IA were Lorezepam (n=1), a
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Figure-2: Percentages of types of benzodiazepines
identified.

com-bination of Lorazepam and CDP (n=1) and a
combination of Midazolam, Diazepam and CDP
(n=1). In the specimen containing Lorazepam,
drug concentration was lower than the IA cutoff.
In remaining two of these three false negative
cases, drug concentration calculated by mass spe-
ctrometry was much above the IA cutoff. So these
false negative observations were due to poor
cross reactivity of the IA and not due to the diff-
erence between the IA and LC-MS/MS cutoffs.
Types of BZD identified on LCMS/MS in the
positive cases are shown in fig-2. Diagnostic
accuracy testing of IA in DFCs is shown in a flow
diagram in table-I.

Overall diagnostic accuracy of BZD scree-
ning IA was assessed by the parameters given in

Table-I: Flow diagram of accuracy of
Benzodiazepines testing

Statistic Value
Sensitivity 95.08%
Specificity 93.7%
Positive Likelihood Ratio 15.21
Negative Likelihood Ratio 0.05
Positive predictive Value 98.31%
Negative Predictive Value 83.33%
Accuracy 94.81%
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the table-II. There was no statistically significant
association between the false IA results and the
patient’s demographic characteristics.

Enrolled Patients
N=91

Excluded Patients
N=14

Final Index Test and
Reference Test (N=77)

Index Test Positive
9T =766%

Reference Test Positive
6177 =792%

Index Test Negative
18/77=233%

Reference Test Negative
16/77=207%

False Positive Kate=1/16=6.25%
False Negative Rate=3/61 =49%

Test Efficiency / Accuracy
94.8%

Table-II: Diagnostic accuracy of drug screening
immunoassays for benzodiazepenes.

DISCUSSION

Rapid drug screen serves an important role
in the diagnosis and management of critically ill
poisoned patients. However clinical utility can
only be attained if it is done as a part of stat/
urgent testing. Cases from drug facilitated travel
related poisoning comprises major bulk of the
emergency toxicology testing performed in our
laboratory. We aimed to test the accuracy of these
rapid drug screening immunoassays in emer-
gency situations as no local study was available
that could assess the accuracy of rapid testing
screens used for such cases.

Two significant limitations of BZDs IA des-
cribed in medical literature are poor cross reac-
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tivity with the conjugated metabolites and the
higher cutoffs'41¢. In the present study we obser-
ved three false negative results. In one of these
Lorazepam was detected where the concentration
of the drug was much lower than the cutoff.
However it's not appropriate to comment on
finding very low concentration in the scenario of
heavy intoxication as urine is not suitable type of
specimen to provide correct estimation of the
amount of drug taken. In rest two cases negative
results were attributed to poor cross reactivity
with the drug. One of these two specimens con-
tained a combination of Lorazepam and CDP and
the other contained combination of Midazolam,
Diazepam and CDP. It was found that CDP was
never detected by immunoassay even when its
concentration was above 600 ng/ml. The mini-
mum threshold concentration of CDP required to
give positive result is very high, i.e. 13,000 ng/ml
(as mentioned by the manufacturer in the pac-
kage inserts). This poor sensitivity for CDP was
responsible for some of the false negative results.
In one of the three false negative cases, concen-
tration of Lorazepam was much higher above the
cutoff. It showed that Lorazepam was sometimes
not detected by IA. Poor cross reactivity of lora-
zepam has previously been described in many
studies. Amadeo Pesce described 22% false nega-
tive rate for benzodiazepines; all of which were
due to poor cross reactivity with Lorazepams.
Most IA could not detect the newer drugs (e.g
Lorazepam, Alprazolam etc) which are excreted
as their glucoronide conjugates. However this
was contrary to our findings where most of the
cases (91%) of Lorazepam were detected by IA.
Another limitation of POC devices is that the
cross reactivity data provided by the manufac-
turer does not include that of excreted metabolite
of all the drugs. Manufacturer insert of Alere
Triage® TOX Drug Screen, utilized as IA screen
in current study provides published data regar-
ding the cross reactivity of Alprazolam glucoro-
nide, Lorazepam glucoronide, Temazepam gluco-
ronide and Oxazepam glucoronide etc, however
the complete data regarding cross reactivity with
the metabolite of all the drugs is lacking.
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Sensitivities of immunoassays vary in var-
ious immunoassay techniques. Bertol et al when
compared the main immunoassay methods used
for forensic purposes with LC-MS/MS, observed
highest number of false negative for FPIA where
as the rest of the techniques provided good sensi-
tivity and accuracy?s.

Kurisaki et al evaluated the Triage benzod-
iazepine assay and reported that it has low sen-
sitivity in detecting Estazolam, Brotizolam, and
Clotiazepam?.

Current study demonstrated one false posi-
tive observation. The findings were similar to
Machintaki who described the false positive rate
of 2% for BZD. He was of the opinion that though
confirmational may be required in few cases, im-
munoassay still provides an effective, reliable and
rapid means for drug screening!2. Previous resea-
rches have revealed the role of potential interfe-
rents including certain drugs such as Efavirenz,
Sertraline, Oxaprozin and Tolmetin in causing
false positive interference with BZD assay2-2. We
obtained 16 negative results on LC-MS/ MS. One
of these patients presented late for the toxicology
screening and probably time had passed beyond
the detection window for the drug. Another pati-
ent among the negative cases was negative pro-
bably because not enough time had passed for
the drug to appear in urine as his gastric fluid,
though not the part of the study was positive for
benzodiazepines.

One interesting finding of the study was that
Lorazepam was the most frequently used drug.
Similarly in a study conducted by Basher A and
his colleagues, Lorazepam was found in all the 22
specimen analysed?®. Lorazepam is considered as
a weapon of offence. Any one in the illegal poss-
ession of Lorazepam faces penalty under Massa-
chusetts law. However in a country like ours,
these drugs are easily available over the counter,
for medical purposes. Diazepam, Temazepam,
Midazolam, CDP and Alprazolam were the other
types of BZD identified in few cases. However
the type of BZD ingested has no effect on the
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management which remains the same in every
case.

Even though the present study demonstrated
that IAs have fairly good sensitivity and speci-
ficity but there were few false negative observa-
tions which can have serious consequences. These
false observations can be attributed to higher cut-
offs of IA, poor cross reactivity or patient meta-
bolizing the drug in an unusual way etc. Manu-
facturers should overcome these limitations by
lowering the cutoffs and addressing the problems
of poor cross reactivities and the problems of
false positivity by adapting newer methods in
order to increase the efficiency of these drug
screening platforms.

Clinician may not be aware of the limitations
of IA and the variations in the sensitivities of
various types of IA used by the laboratories. In
the present scenario the negative result may be
interpreted as the absence of drug which again
can have grave consequences. We believe that in-
dividual laboratories should also guide the clini-
cian about the limitation of these tests. According
to the National Academy of Clinical Biochemistry
while using IA if a positive result is reported, the
laboratory should list the major cross reacting
substances and in negative report it should be
mentioned in the notes that negative result does
not mean absence of all drugs of abuse24.

The study was limited by the fact that only
one IA diagnostic product was used and single
laboratory was used. The results show the vali-
dity of drug testing in emergency settings in a
particular setup and are not generalized to all
health care settings.
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CONCLUSION

Urine drug screens utilizing IAs are rapid,
convenient and effective means of evaluating
drug intoxication in emergency situations. How-
ever there are certain shortcomings associated
with the interpretation of urine drug screens. It is
important for the health care professionals to
have knowledge of all the factors that influence
the test results and the limitations of these scree-
ning platforms. When used in adjunct with the
clinical assessment, they provide valid and reli-
able means for critical decision making.
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