
 
 

 

Opi-Aid: Building a Better Opioid Screen 
ISAM 
2018 

Poster No.: 
36 

Sophia T. Liang1,3 and Alexander Kot2,3 
1Sophia T. Liang; Dept. of Bioengineering, University of California, Berkeley; sophia_liang@berkeley.edu 

2Alexander Kot; Dept. of Bioengineering, University of California, Berkeley; akot@berkeley.edu 
3Dept. of Bioengineering and Therapeutic Sciences, University of California, San Francisco 

 
 

Introduction 
America’s opioid epidemic is “the deadliest drug crisis” in         
the nation’s history [1]. From 2007 to 2012, opioid         
prescriptions per capita increased 7.3% and, in 2011,        
narcotic pain relievers caused more than 420,000 emergency        
department visits [2]. In 2016, 12.5 million people misused         
prescription opioids [2], and the 66,972 overdose-related       
deaths that year represented a mortality rate that was double          
that of guns or motor vehicle accidents [3], [4]. With over           
289 million prescriptions for opioids written each year and         
the public’s eye on this “silent epidemic,” there is a growing           
need for drug testing to better control the misuse and abuse           
of opioids [1], [2]. 

Overview of Opioid Diagnostics 
Opioid diagnostics are critical for proper pain management.        
In its most recent guidelines, the CDC recommends urine         
drug tests (UDTs) to screen for both prescribed medications         
as well as substance abuse. UDTs have been demonstrated to          
improve patient adherence to prescription drug programs [5]        
and a retrospective study of patient records showed that         
UDTs detected illicit drug use at a 17% higher rate than that            
of aberrant behavior monitoring [6]. More importantly, the        
American Society of Addiction Medicine highlights UDTs       
as a method by which physicians can begin often difficult          
conversations about substance abuse or addiction with their        
patients. Urinalysis by mass spectroscopy, however, is costly        
and time-intensive, and the analytical power provided by        
these methods can be unnecessary for the majority of routine          
opioid screens. Thus, opioid testing currently occurs in two         
steps: first, an immunoassay is used to screen for opioids,          
and if necessary, the sample undergoes further confirmatory        
testing. Table 1 details two common use cases of UDTs. 

Need for Improved Testing 
The current testing process is designed to screen out samples          
that do not need confirmation. Current immunoassays,       
however, have false positive and negative rates of 27% and          
24%, respectively [7]. In addition, the Centers for Medicare         
& Medicaid Services (CMS) reports that the number of  

Table 1 Description of how different specialties use UDTs. The procedure 
for a UDT involves an initial immunoassay screen followed by an optional 
confirmatory test [6], [7]. 

Type of Test Pain Medicine Addiction 
Rehabilitation 

Screen -Determine if patient 
is a candidate for 
opioid therapy 

-Monitor compliance 
-Liability protection 

- Identify recent 
opioid use 

-Begin conversation 
-Encourage 
adherence  

Confirmation -Confirm unexpected 
result 

-Support complex 
drug regimen 

- Identify drug 

-Confirm disputed 
screen 

- Insurance 
documentation or 
court order 

 
claims for drug screens and confirmations in 2016 were 3.7          
million and 3.3 million, respectively, suggesting that the        
majority of screened samples undergo confirmation. Finally,       
our interviews with clinical lab professionals revealed that        
many providers do not use or do not interpret these screens           
appropriately. Thus, there is an need for sensitive and         
reliable opioid screening to both decrease unnecessary       
spending and facilitate safe opioid usage. 

Existing Solutions 
Urine drug screens are currently conducted through       
immunoassays mounted on physical strips. In an       
immunoassay, an antibody is used to bind specific molecular         
targets. If the target molecule is present, the antibodies bind          
and give a visual confirmation to the user. If the target is            
absent, no positive signal is produced.  

A. Antibodies 
Because antibodies are designed to bind to particular        
molecular shapes, they are ill-suited to detect opioids. Fig. 1          
demonstrates that the structures of various opioids vary        
greatly according to their classification. Antibodies typically       
do not bind to multiple classes. An antibody designed to          
bind morphine, for example, can bind a similar opiate such          
as codeine [8], but would be unable to detect synthetic          
opioids such as fentanyl or tramadol [9], [10].  



 
 

 
Fig.1  Classes of opioids. Examples of three opioid classes including 

molecular structures [11]. Opioid antibodies typically do not bind across 
multiple classes. 

 
The observed false negative rates for opioid antibodies stem         
from this variation in opioid structure [7]; in other words,          
even if an opioid is present in a sample, the antibodies may            
not detect the correct opioid class and the test may give a            
false negative result. Opioid antibodies are also known to         
cross react with various non-opioid compounds, including       
antidepressants, antibiotics, and over-the-counter    
medications [12], which leads to false positive results. 

B. False Positives 
As shown in Table 2, false positive results not only          
contribute to suboptimal opioid management but also elicit        
unnecessary confirmatory testing, thus sapping both time       
and money from our healthcare system. Under CMS’s        
billing system, for instance, confirmation tests cost an        
average of $145.88 versus the $58.59 of screening assays,         
while in private insurance, confirmatory tests can be billed         
upwards of $4000 [13]. In addition, confirmatory testing        
imposes a waiting period of 3 to 7 business days [14], as            
urine samples generated in non-hospital- or lab-affiliated       
settings must be transported and processed prior to analysis.  

C. False Negatives 
False negative results are equally costly to the healthcare         
system, as undetected opioid use can manifest as undetected         
addiction, workplace accidents, and drug overdoses. For       
instance, in 2015, prescription opioids were found in 7.2%         
of fatally-injured drivers, and prescription opioids have been        
reported to be involved in 26% of lost-time claims [15],          
[16]. Given these statistics, both patients and providers are         
underserved by the current opioid testing system. 

Table 2 Consequences of inaccurate UDTs. 

Error Scenario Potential 
Consequence 

False 
positive 

-Provider believes patient is 
on an opioid when they are 
not, so does not prescribe an 
opioid to treat pain 

-Provider believes patient is 
taking their prescription 
when they are not 

-Untreated pain, 
decreased 
quality of life 

-Compromised 
patient trust 

-Undetected 
drug diversion  

False 
negative 

-Provider believes patient is 
not taking an opioid, patient 
obtains additional opioids 
and has an overdose event 

-Employee passes workplace 
UDT and continues to 
operate heavy machinery  

-Workplace or 
motor vehicle 
accident 

-Preventable 
hospitalization 

-Overdose 

 

Our Solution 
We propose a diagnostic test, called Opi-Aid, to improve         
upon the current screening paradigm. While all       
commercially-available screening tests utilize antibodies as a       
detection modality, Opi-Aid leverages the human opioid       
receptor to specifically detect all opioids [17]. Based on this          
design, Opi-Aid will have a competitive advantage in        
analyte specificity, cost of goods, and clinical utility, and is          
thus transformative in two ways: first, we expect that our          
approach will improve on opioid testing reliability and        
accuracy, which will reduce unnecessary spending for       
confirmatory testing; second, we will be able to manufacture         
Opi-Aid at low cost, which removes financial barriers to use          
in low-resource settings and allows providers to facilitate        
safe and compliant opioid usage. Table 3 summarizes        
Opi-Aid’s advantages. 
 
Table 3 Opi-Aid’s Advantages. 

Advantages Benefits 
Fewer false 
positives 

-Easier to interpret & fewer cross reactivities 
-Fewer resources wasted on confirmation 
- Increased patient-provider trust  

Fewer false 
negatives 

- Improved synthetic opioid detection 
-Better-informed provider leading to 
improved quality of care 

-Less drug diversion and opioid-related 
adverse events  

Low-cost - Increased access in low-resource settings 
-Cost-effective screening method 

Sensitive to 
all opioids 

-Respond to new opioids  
-Simpler test that providers understand 
-Easy to interpret [18] 
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