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Review common urine drug testing technologies and 
classification of opiates/opioids

Recognize the chemical relationships between common 
opiates and semi-synthetic opioids

Identify four factors that may complicate urine drug 
testing interpretation
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People who are using drugs People who are not using drugs

https://transparint.com/blog/2016/04/01/false-negatives-a-serious-danger-in-your-aml-program/
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 Immunoassay to detect common street drugs of abuse or 
their metabolites in urine

Drug

Detection
(“assay”)

Antibody
(“immune”)

https://en.wikipedia.org/wiki/Immunoassay

Developed by the Department of Transportation (DOT) in 
1991 to drug test truck drivers

https://www.ebiinc.com/resources/blog/non-dot-drug-testing

Synthetic cathinones (“bath salts”)
Synthetic cannabinoids (“spice” or “K2”)
Synthetic opioids (fentanyls, U-47700, 

isotonitazene)
Rx medications (gabapentin, “Z-drugs”)
OTC medications (DXM, diphenhydramine)
Hydrocarbons (“poppers” or “whippets”)
Herbals: kratom, Salvia

Reisfield, G.M., Goldberger, B.A. and Bertholf, R.L. (2009). Bioanalysis, 1(5): 937-952.
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https://en.wikipedia.org/wiki/Liquid_chromatography%E2%80%93mass_spectrometry#/media/File:Liquid_Chromatography_Mass_Spectrometer.png

https://svcp.gnomio.com/mod/glossary/view.php?id=140&mode&hook=ALL&sortkey&sortorder&fullsearch=0&page=-1

ADVANTAGES DISADVANTAGES

Urine Drug Screens (UDS/Immunoassays)

Lower cost Can’t identify specific drugs in a class

Rapid turnaround time Can’t detect many compounds

Readily available (POC testing) Cutoffs vary from test to test

Adequate sensitivity High false-positivity rate

Confirmatory Testing (Chromatography/Mass Spec, Confirmatory Test)

Can identify the drug of interest Expensive

Highly sensitive and specific Slower turnaround time

No cross-reactivity High expertise level required

Arthur, J. A. (2020). The oncologist, 25(2), 99-104.
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In a patient prescribed Tylenol #3 (codeine + acetaminophen), one 
would reasonably expect the following to be detected in the urine?

A. Codeine
B. Oxycodone
C. Morphine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.

In a patient prescribed MS Contin (morphine), one would 
reasonably expect the following to be detected in the urine?

A. Morphine
B. Oxycodone
C. Codeine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.
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A patient on Oxycontin (oxycodone) is administered a UDS.  He 
states he ate a poppy seed danish for breakfast.  What 
substances might reasonably be detected in the urine?

A. Morphine
B. Oxycodone
C. Codeine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.

Attendings 
of multiple 
specialties 
who treat 
pain and 
addiction 

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.

Family 
medicine 

attendings 
at a review 

course

Reisfield, Gary M., et al. (2007) Journal of Opioid Management, 3(6): 333-337.
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Starrels, Joanna L., et al. (2012) Journal of general internal medicine 27(11): 1521-1527.

Internal 
medicine 
residents

Suzuki, Joji, et al. (2018) Substance abuse 39(4): 518-521.

Psychiatry 
residents

Retrospective chart review of 160 comp tox interpretations 
(half aberrant, half compliant) by institution clinical chemists

Chua I, et al. (2020) Journal of general internal medicine. 35(1):283-90.
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https://a360-wp-uploads.s3.amazonaws.com/wp-content/uploads/clpmag/2019/07/Siemens-Levy-Buprenorphine-monitoring_MS09Figure-1.01png-copy.png

50 y/o female w/ PMH chronic pain s/p multiple vertebral 
fractures

Medications
Methadone 20 mg TID
 IR Morphine 30 mg 5x/day
Gabapentin 1200 mg BID
Duloxetine 60 mg qday
Celecoxib 200 mg BID

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.
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Test 
Performed

Qualitative 
Result

Quantitative 
Result (ng/mL)

Assay Cutoff 
(ng/mL)

Opiates Positive >800 50
Methadone Positive >500 130

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.

Remember: she is 
prescribed IR morphine 
and methadone

Remember: she is 
positive on COMP TOX 
for morphine, codeine, 
and hydromorphone

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.
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https://www.researchgat
e.net/figure/Metabolic-
pathways-for-morphine-
codeine-hydrocodone-
and-oxycodone-adapted-
from_fig1_308907050

Remember: she is 
prescribed IR morphine 
and methadone

Remember: she is 
positive on COMP TOX 
for morphine, codeine, 
and hydromorphone

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.
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https://www.researchgat
e.net/figure/Metabolic-
pathways-for-morphine-
codeine-hydrocodone-
and-oxycodone-adapted-
from_fig1_308907050

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.

https://www.researchgat
e.net/figure/Metabolic-
pathways-for-morphine-
codeine-hydrocodone-
and-oxycodone-adapted-
from_fig1_308907050

?
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West, Robert, et al. (2009) Therapeutic drug monitoring 31(6): 776-778.

Hydromorphone concentrations >10% of morphine or codeine concentrations >0.5% 
morphine would be consistent with the patient also taking hydromorphone or codeine

~0.5%

~10%

Nagpal, G., Heiman, H., & Haymond, S. (2017). Jama: 318(17) 1704-1705.

In a patient prescribed Tylenol #3 (codeine + acetaminophen), one 
would reasonably expect the following to be detected in the urine?

A. Codeine
B. Oxycodone
C. Morphine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.
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In a patient prescribed MS Contin (morphine), one would 
reasonably expect the following to be detected in the urine?

A. Morphine
B. Oxycodone
C. Codeine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.

Note that Reisfield’s work 
was published in 2007, two 
years before West’s codeine 
contamination of morphine 
study was published!

A patient on Oxycontin (oxycodone) is administered a UDS.  He 
states he ate a poppy seed danish for breakfast.  What 
substances might reasonably be detected in the urine?

A. Morphine
B. Oxycodone
C. Codeine
D. All of the above
E. A and C only

Reisfield, G.M., et al., (2007) Journal of opioid management, 3(2): 80-86.

You may have already been aware:
Hydromorphone is a metabolite of hydrocodone
Analogously, oxymorphone is a metabolite of oxycodone

Hydromorphone is also a minor metabolite of morphine
 Typically seen when morphine concentration >10,000 ng/mL
 Should be ≤10% of the morphine concentration in urine

Cone, E. J. et al (2006). Journal of analytical toxicology, 30(1): 1-5.
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Codeine is NOT a metabolite of morphine 
However, it can be a minor impurity in morphine production
May be found at 0.04%-0.5% the concentration of morphine

Hydrocodone is a contaminant of oxycodone production and 
may be present at <0.1% of the oxycodone concentration!

West, Robert, et al. (2009) Therapeutic drug monitoring 31(6): 776-778.
West, Robert, et al. (2011) Clinica Chimica Acta 412(1-2): 29-32.

40 y/o female methadone clinic patient 

Past Medical History
 Polysubstance use (cocaine and 2-3 g IV fentanyl/day)
Chronic pain
Depression
Housing instability (homeless upon presentation to the clinic the 

previous month)

Weiss, S.T., Chinn, M. and Veach, L., (2021) JAMA internal medicine, 181(12): 1637-1638.
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Clinical Course:
 Started on methadone 20 mg/day and increased over a period of four 

weeks to 45 mg/day
Attending intensive outpatient treatment 3x/week
 Living in clinic-associated recovery housing with a zero-tolerance drug 

use policy

Weiss, S.T., Chinn, M. and Veach, L., (2021) JAMA internal medicine, 181(12): 1637-1638.

Clinical Course:
 Pt appeared to be doing well with no clinical evidence of intoxication 

or drug use….BUT
Routine UDS on day 23 positive for fentanyls
Confirmatory LC/MS testing sent and also positive
 Pt discharged from her recovery housing d/t suspected relapse 

despite her denial

Weiss, S.T., Chinn, M. and Veach, L., (2021) JAMA internal medicine, 181(12): 1637-1638.

Patient lied about relapsing

Patient took fentanyl unknowingly in something else she 
was taking

Patient was administered fentanyl by clinical personnel

Or….???
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https://www.acsh.org/sites/default/files/Screen%20Shot%202018-03-26%20at%206.12.14%20PM.jpg

Day Fentanyls 
Present on 

UDS

Fentanyl LC-
MS/MS
(ng/mL)

Norfentanyl 
LC-MS/MS 

(ng/mL)

Other Substances Present 
on UDS

0 Positive 20.0 337.0 ̶

19 ̶ ̶ ̶ Methadone, EDDP

23 Positive ND 0.7 Methadone, EDDP

30 ND ̶ ̶ Methadone, EDDP

45 ND ̶ ̶ Methadone, EDDP

51 Positive ̶ ̶ Cocaine, Methadone, EDDP

58 ND ̶ ̶ Cocaine, Methadone, EDDP, 
Opiates

EDDP: 2-Ethylidene-1,5-Dimethyl-3,3-Diphenylpyrrolidine, ND = Not Detected

Huhn AS, et al. (2020). Drug and alcohol dependence; 214: 108147.
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Lowe, Ross H., et al. (2009) Drug and alcohol dependence 105(1-2): 24-32.

Schleimer, Robert, et al. (1978) Clinical Pharmacology & Therapeutics 23(2): 188-194.

Log P = 4.05

Log P of dronabinol = 5.65

https://image.slidesharecdn.com/morphinetoxicityedited-150809220731-lva1-app6891/95/morphine-toxicity-edited-19-638.jpg?cb=1439158105
https://pubchem.ncbi.nlm.nih.gov/
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Day Fentanyls 
Present on 

UDS

Fentanyl LC-
MS/MS
(ng/mL)

Norfentanyl 
LC-MS/MS 

(ng/mL)

Other Substances 
Present 
on UDS

0 Positive 20.0 337.0 ̶

19 ̶ ̶ ̶ Methadone, EDDP

23 Positive ND 0.7 Methadone, EDDP

30 ND ̶ ̶ Methadone, EDDP

45 ND ̶ ̶ Methadone, EDDP

51 Positive ̶ ̶ Cocaine, Methadone, EDDP

58 ND ̶ ̶ Cocaine, Methadone, EDDP, 
Opiates

Discharge 
from 
housing

Relapse

EDDP: 2-Ethylidene-1,5-Dimethyl-3,3-Diphenylpyrrolidine, ND = Not Detected

UDS Results

We all recognize that UDS interpretation is fraught with traps 
for the unwary, but so is comp tox interpretation!

Multiple factors can complicate interpretation of urine drug 
testing by chromatography-mass spectrometry:
Minor metabolic pathways (ex. morphine => hydromorphone)
Manufacturing process contaminants (ex. codeine in morphine)
Redistribution of lipophilic opioids (ex. fentanyl in chronic use)
Analogs that cross-react on UDS but haven’t been added to the 

LC/MS library (ex. para-fluorofentanyl)
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 Appropriate Use of Drug Testing in Clinical Addiction Medicine Consensus Document
 https://www.asam.org/quality-care/clinical-guidelines/drug-testing

 Moeller KE, Lee KC, Kissack JC. Urine drug screening: practical guide for clinicians. Mayo Clin Proc. 
2008 Jan;83(1):66-76. doi: 10.4065/83.1.66. Erratum in: Mayo Clin Proc. 2008 Jul;83(7):851. PMID: 
18174009.

 Kapur, Bhushan M., and Katarina Aleksa. "What the lab can and cannot do: clinical 
interpretation of drug testing results." Critical Reviews in Clinical Laboratory Sciences 57.8 
(2020): 548-585.

 Saitman, Alec, Hyung-Doo Park, and Robert L. Fitzgerald. "False-positive interferences of 
common urine drug screen immunoassays: a review." Journal of analytical toxicology 38.7 
(2014): 387-396.

 Chua, Isaac, et al. "Provider misinterpretation, documentation, and follow-up of definitive 
urine drug testing results." Journal of general internal medicine 35.1 (2020): 283-290.

UNODC Early Warning Advisory (EWA) on New Psychoactive 
Substances (NPS)
 https://www.unodc.org/LSS/Home/NPS

 European Monitoring Centre For Drugs and Drug Addiction
 https://www.emcdda.europa.eu/

 Pubchem
 https://pubchem.ncbi.nlm.nih.gov/

 The Center for Forensic Science Research and Education 
(CFSRE) : Novel Psychoactive Substance Discovery
 https://www.npsdiscovery.org/

 Toxicology Investigators Consortium (ToxIC) Fentalog Study
 https://www.toxicregistry.org/Fentanyl_Analogs.html
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