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BACKGROUND: Substance use during pregnancy is com
mon, as is biological testing that is intended to help 
identify prenatal exposures. However, there is no stan
dardized requirement for biological testing with either 
maternal or newborn specimens, nor is there standard
ization related to when testing occurs, how frequently 
testing occurs, what specimen(s) to test, what substances 
to test for, or how to perform testing.

CONTENT: We review common specimen types tested 
to detect maternal and newborn substance exposure 
with a focus on urine, meconium, and umbilical cord 
tissue. We also review common analytical methods 
used to perform testing, including immunoassay, and 
mass spectrometry platforms. Considerations regarding 
the utilization of testing relative to the purpose of test
ing, the drug analyte(s) of interest, the specific testing 
employed, and the interpretation of results are empha
sized to help guide decisions about clinical utilization 
of testing. We also highlight specific examples of unex
pected results that can be used to guide interpretation 
and appropriate next steps.

SUMMARY: There are strengths and limitations asso
ciated with all approaches to detecting substance expos
ure in pregnant persons as well as biological testing to 
evaluate a newborn with possible substance exposure. 
Standardization is needed to better inform decisions sur
rounding evaluation of substance exposures in pregnant 
people and newborns. If biological sampling is pursued, 
testing options and results must be reviewed in clinical 

context, acknowledging that false-positive and -negative 
results can and do occur.
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Background

Substance use, whether therapeutic (prescribed or non
prescribed) or recreational (legal or illicit), is common 
among pregnant people. At least 70% of pregnant indi
viduals take one or more prescription medications and 
more than 20% admit to use of recreational drugs in
cluding alcohol and marijuana. Illicit drug use and sub
stance use disorder (SUD) are estimated to occur in 5%– 
10% of pregnant people (1–3). Detection of substance 
use or exposure may involve biological testing, although 
the appropriateness of testing specimens collected from 
pregnant people and newborns is a hotly debated topic 
without clear consensus. Universal testing of biological 
specimens is not currently recommended by any organ
ization. Risk-based testing due to history of SUD, age, 
socioeconomic status, race and ethnicity, or late prenatal 
care is also not recommended (4). Results from studies 
evaluating the diagnostic yield of biological testing vs 
screening tools are conflicting and point out that there 
exist numerous pitfalls when interpreting a toxicology 
test (5–8).

It is well documented that underreporting substance 
use in pregnancy is common, largely because pregnant 
people feel stigmatized or fear the potential legal and social 
ramifications associated with disclosure of substance use 
(9). A pregnant person may not think it is important to 
disclose use of therapeutic or recreational substances and 
may be unaware of the potential for increased risk of 
harm to the newborn, including withdrawal symptoms. 
If a pregnant person reports illicit substance use, it is un
likely that the purity of the illicit substances and overall 
amount used is known. Illicit substances may contain un
expected compounds and often contain pharmacologically 
active components or adulterants such as levamisole with 
cocaine, and xylazine with fentanyl. Polysubstance use 
is also important to recognize because combinations of 
substances may lead to more significant hazards than 
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expected. Sometimes biological testing is the only way to 
identify the specific substance(s) involved in an exposure.

In the context of public health, the United States 
Child Abuse Prevention and Treatment Act was estab
lished in 1974 to provide funding to mitigate child mal
treatment, including substance exposures. There are 
stipulations for individual states to qualify for this fund
ing. A 2016 amendment requires states to develop a sys
tem to notify child welfare services when a newborn is 
“affected” by substance use or withdrawal symptoms. 
However, the term “affected” is ambiguous, leading to 
varying interpretations and continued debate among 
healthcare providers (10). The Guttmacher Institute 
has reported that 3 states have a requirement for prenatal 
drug exposure testing and that 12 states consider sub
stance use during pregnancy to be child abuse or neglect, 
providing grounds to potentially remove a newborn 
from the mothers custody. Twenty-five states prioritize 
and provide support for pregnant persons to receive 
SUD treatment (11).

Identification of substance exposure in pregnancy 
provides opportunity for education and intervention 
that could minimize risks to the newborn. Most profes
sional organizations concur that best practice is to univer
sally screen all pregnant individuals with validated written 
or verbal substance use screening tools (e.g., National 
Institute on Drug Abuse Quick Screen, 4/5Ps risk assess
ment, CRAFFT) at presentations to medical care such as 
entry to obstetric care, during prenatal care, and on ad
mission to a hospital (5, 6, 12, 13). Informed consent 
is a critical component of screening, but does not fully 
mitigate concerns about biases inherent to racial and eth
nic disparities. Informed consent should disclose the test
ing under consideration, the reasons for testing and the 
specific substances that can be detected by the testing. 
Unfortunately, informed consent is not universally 
adopted when biological testing of either maternal or 
newborn specimens is requested (14–16).

Outcomes such as preterm birth, low birth weight, 
overall small-for-gestational age, neonatal abstinence syn
drome (NAS), and neonatal opioid withdrawal syndrome 
are associated with substance use during pregnancy and 
may be triggers for ordering biological testing. However, 
these adverse perinatal outcomes are multifactorial and 
substance testing should not occur solely based on these 
outcomes. Neonatal withdrawal syndromes are managed 
clinically in the acute setting, based on specific signs and 
symptoms. The American Academy of Pediatrics states 
that newborn toxicology testing should be considered 
only if it will help to inform clinical decision-making (12).

In practical terms, testing newborn specimens may 
not provide medically important information. If a preg
nant person has received consistent prenatal care, there is 
no obvious need for testing a newborn specimen. A 
healthy newborn is likely to be discharged after birth 

in a hospital before biological test results are available, 
such that results could not be used to make medical de
cisions. If results are available during the birth hospital
ization, the hospital care model may change. For 
example, the length of observation may be extended, 
and care plans for treatment of withdrawal symptoms 
may take substance exposure results into consideration. 
Substance exposure data may also be used to discuss risks 
associated with breast feeding.

Given this often-confusing landscape, the primary 
objective of this review is to describe specimen and ana
lytical testing options related to biological testing, and 
highlight challenges associated with interpreting unex
pected results. Considerations and cautions related to 
key aspects of the testing process are also discussed.

Biological Specimens

The most common specimen for detection of recent sub
stance use or exposure in adults is urine, due to ease of col
lection and widely available testing options. Substances 
and associated metabolites are often present in high con
centrations for hours to days after the last exposure. One 
concern about collecting urine is the risk of dilution, adul
teration, or substitution. The best way to mitigate this risk 
is to observe collections, but doing so may not be practical 
in a clinical setting. Practice guidelines recommend speci
men validity checks for temperature, appearance, and pH 
at the point of collection (17). In addition, measuring cre
atinine concentration or specific gravity in the laboratory is 
recommended to evaluate specimen dilution. The most 
common alternative to urine is venous blood, for which 
collections are observed. Blood is a better specimen than 
urine for correlating signs and symptoms of intoxication 
with substance exposure. Regardless of results, testing ma
ternal blood or urine can only infer risk of exposure to the 
fetus; testing newborn specimens is required to detect pos
sible fetal exposure. For newborns, urine, meconium, and 
umbilical cord (UC) tissue are commonly collected and 
tested specimens.

Collection of newborn urine is challenging. The first 
void after birth is likely to be of highest diagnostic yield 
but is easy to miss. Common collection strategies include 
pedibags, squeezing urine from diapers, and collecting 
with cotton balls, which all run the risk of contamination 
(18) or insufficient volume to test. Specimen validity test
ing, including determination of creatinine concentration, 
is not recommended for newborn urine that is commonly 
dilute in comparison with adult urine. Newborn urine will 
reflect only recent (hours to days) exposures and may in
clude substances administered to the mother during the 
birth hospitalization. Finally, because newborns may ex
hibit differences in substance metabolism compared with 
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adults, assays developed for adult urine may not perform 
well for newborn urine (19).

Meconium and UC can reflect substance exposures 
over approximately the last trimester of a full-term preg
nancy. This may seem confusing because UC begins to 
form in the first trimester and meconium begins to form 
in the second trimester. The accumulation of both meco
nium and UC is a nonlinear process that mirrors the growth 
of the fetus. As such, substance exposure in the first or se
cond trimesters is extensively diluted by the accumulation 
that occurs in the third trimester. This greatly limits the 
ability to detect substance exposure in the first or second tri
mesters. Studies comparing longitudinal history of mater
nal substance use that document cessation in the first or 
second trimester were associated with negative substance 
testing results in newborn specimens. These data support 
an estimated detection window limited primarily to the 
third trimester (20–22). The detection window may also 
be analyte specific because it also depends on analyte stabil
ity over time, at physiological temperatures. Insufficient or 
inadequate sampling of meconium and inappropriate 
handling of UC can also affect the detection window.

Meconium is the combination of initial stool pas
sages of the newborn that occur before the transition 
to milk stool. Meconium begins forming when the fetus 
starts swallowing, typically in the second trimester, and 
reflects substances introduced through both the placen
tal vasculature and amniotic fluid. The sample itself is 
usually a green-brown or blackish color and heterogen
ous, with an uneven deposition of substances and other 
components. Meconium typically begins to pass 24– 
48 hours after birth, and may be passed for several 
days, making time of collection and the actual collection 
process challenging. Concerns with the collection pro
cess include involvement of multiple collectors, storage 
during collection, contamination of the specimen from 
components of diapers, contamination with newborn 
urine and transitional stool, collection of insufficient 
quantity for testing, and inadequate mixing before test
ing. In approximately 10% of cases, meconium is passed 
into amniotic fluid during birth and cannot be used for 
testing. Positive detection in meconium may be represen
tative of maternal substance use, but substance exposure 
during the birth hospitalization, or substance administra
tion directly to the newborn after delivery but before 
meconium collection, can also be detected (23, 24).

UC is an attractive complementary or alternative 
specimen to meconium. Substances are deposited evenly 
along the UC, in the Wharton jelly, a gelatinous sub
stance that envelops the UC vessels. Substance analytes 
may also be present in the cells lining the vasculature 
and in UC blood. UC has significant logistical advan
tages over meconium as it is available for collection at 
birth and is plentiful. It is common practice to rinse 
the cord in saline to remove exterior blood as part of 

the specimen collection process. Squeezing the cord to 
expel blood from the UC vasculature, or storing the 
UC in liquid, is not recommended due to the potential 
risk of expelling the Wharton jelly, which could lead to 
false-negative results. Theoretically, very small UC spe
cimens, such as might be collected from a stillborn or ex
tremely premature newborn, may not have developed 
adequate tissue and Wharton jelly to support UC test
ing, but this hypothesis has not specifically been evalu
ated. Positive detection in UC may be representative 
of maternal substance use, but substances administered 
to the mother during labor and delivery may be present 
in the circulating blood supply at the time of UC collec
tion and can also be detected (25, 26). Substances admi
nistered directly to the newborn after birth will not be 
detected in UC. Owing to ease of collection, some hos
pitals have developed processes by which a segment of 
UC is retained for all newborns in the event that testing 
is needed.

Both meconium and UC have been used to measure 
similar analytes, although the concentrations measured 
in UC are often lower than those in meconium. There 
are several hypotheses as to why this is, including the 
comparatively higher hydrophilicity of Wharton jelly 
preventing hydrophobic analytes from depositing, and 
loss of analyte due to cells sloughing off the UC. 
Laboratory practice could also contribute to this differ
ence because the results and cutoff concentrations used 
to determine positivity of each analyte are normalized 
to sample weight. For UC samples, results are normal
ized to a specimen weight that includes structural mater
ial that has lower amounts of substance deposition than 
Wharton jelly. These differences in substance detection 
have been a hurdle for acceptance of UC as a specimen 
type. Urine, meconium, and UC are compared in 
Table 1 to summarize key differences. In addition, the 
agreement between these specimen types when collected 
and compared in published studies is summarized in 
Table 2, and detailed in Supplemental Table 1 (in the 
online Data Supplement).

As might be expected based on the chronology re
flected by the specimen types, results from urine testing 
do not agree very well with meconium and UC whereas, 
in general, good agreement is observed when comparing 
meconium and UC. There are nuances in substance and 
metabolite patterns that can influence substance detec
tion. For example, meta-OH-benzoylecgonine is an im
portant cocaine metabolite seen in meconium but not 
commonly observed in other specimen types. Some 
studies found UC to be less sensitive for certain sub
stances and metabolites compared with meconium, 
while other studies have found the opposite (30–32). 
More recently, it was demonstrated that adopting simi
lar analytical approaches and cutoff concentrations is 
critical to increasing comparability between the 2 
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specimen types (27, 35). However, this information is 
often lacking in publications, making it challenging to 
compare studies.

There are many other specimens that could be use
ful for detecting substance exposure in the newborn. For 

example, collecting blood from a newborn heel prick 
with specialized collection cards is routinely performed 
to support detection of metabolic diseases shortly after 
birth. Once dried, the blood spots offer long-term ana
lyte stability at ambient temperature and the cards can 

Table 1. Comparison of specimens used to detect substance exposure.

Specimen Estimated detection period

Considerations

Collection Analytical

Urine Hours to days prior to collection Adults: observed collection 

minimizes risk of adulteration, 

substitution, or dilution. 

Newborn: first void is often 

missed. Contamination possible 

if collection is indirect (e.g., 

from diaper or cotton balls)

Adults: many commercially 

available tests and formats. 

Creatinine measurement is 

commonly used to detect 

dilution. 

Newborn: tests designed for adults 

may not be appropriate. 

Substances administered during 

labor and delivery may be 

detected

Meconium Starts to form in 2nd trimester 

but detection generally 

reflects exposure in 3rd 

trimester due to nonlinear 

accumulation and analyte 

stability

Typically passed 24–48 h 

postbirth but may take several 

movements to pass full 

specimen. Avoid milk stool. 

May be passed and lost during 

delivery 

May contain newborn urine

Commercial immunoassays have 

been adapted for meconium but 

performance of mass 

spectrometric testing is generally 

superior. 

Substances administered during 

labor and delivery may be 

detected 

May detect substances 

administered directly to the 

newborn, based on timing of 

substance administration relative 

to specimen collection

UC tissue Starts to form in 1st trimester 

but detection generally 

reflects exposure in 3rd 

trimester due to nonlinear 

accumulation and analyte 

stability.

Available immediately after birth 

Substances are deposited evenly 

across the length of the UC 

May not be appropriate for 

stillbirth or premature infants if 

the UC is not well developed 

May contain maternal blood

Commercial immunoassays have 

been adapted for UC but 

performance of mass 

spectrometric testing is generally 

superior. 

Concentrations of substance 

analytes are often lower in UC 

than in meconium; requires lower 

cutoff concentrations to obtain 

similar detection rates 

Substances administered during 

labor and delivery may be 

detected
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be transported by mail. Dried blood spots have been 
evaluated as a specimen type for detection of phosphati
dylethanol, a biomarker of chronic exposure to ethanol 
(36). Newborn oral fluid has also demonstrated promise 
as a specimen for detecting in utero substance 
exposure (37).

Analytical Approaches

The 2 primary analytical technologies used for drug testing 
are immunoassays and chromatography coupled to mass 
spectrometry (38, 39). See Table 3 for a comparative over
view of immunoassays, chromatography, and common 
mass spectrometry analyzers. The traditional approach to 
urine drug testing, which became widespread in the 
United States after Executive Order 12564 in 1986, is a 
two-step approach in which the initial test is based on a pa
nel of immunoassays. Any positive result generated by the 
initial test is confirmed by a second, more specific method, 
typically gas or liquid chromatography coupled to a single 
stage or tandem mass analyzer. This “screen with reflex to 
confirmation” testing approach is very effective at minimiz
ing the risk of false-positive results. However, false-negative 
results can occur as well, with any technology, when an ex
pected analyte is not detected (17).

The major advantages of immunoassays are wide 
availability, low cost, and rapid time to result. There 
are many commercially available configurations for ur
ine testing that can be performed at the point of collec
tion and are “waived” of regulatory oversight, making 
them easy to implement in nearly any setting. A major 
concern with immunoassays is poor specificity. The rea
son for poor specificity is that immunoassays are de
signed to detect substances based on antibody-antigen 

reactions. As part of assay design, monoclonal or poly
clonal antibodies are characterized for cross-reactivity 
to a specific substance (calibrator). Based on chemical 
similarity to the calibrator, substances in a biological 
specimen will bind to the testing antibodies with vari
able affinity, thus yielding cross-reactivity profiles for a 
range of chemically similar substances. Consequently, 
an immunoassay may detect a single substance or a com
bination of substances. Immunoassay-based results, 
whether positive or negative, are considered presumptive 
because the specific analytes detected or missed cannot 
be discriminated (38).

Mass spectrometry methods that are coupled to gas 
or liquid chromatography are referred to as hyphenated 
techniques. Common examples are gas chromatog
raphy–mass spectrometry (GC–MS) and liquid 
chromatography–tandem mass spectrometry (LC– 
MS/MS). These methods generally require hours to 
days to perform, in part due to preanalytical handling 
and processing of a biological specimen required to pre
pare a sample for testing. Typical steps associated with 
sample preparation are shown in Fig. 1. Dilution and 
hydrolysis are commonly employed for urine tests. 
Derivatization is common for tests that involve gas chro
matography or for which chiral separations are required; 
digestions and homogenization may be required to 
convert a solid specimen (e.g., meconium and UC) to 
a liquid specimen. Extraction methods are designed 
to isolate and concentrate the analyte(s) of interest to 
maximize detection. Detection technologies are aligned 
with the chemistry of the targeted analytes and desirable 
range of concentrations measured (38, 40–42).

A specimen that is prepared for analysis may under
go chromatography to separate components in the sam
ple by size and chemistry. A chromatogram is used to 

Table 2. Agreement between specimens collected from the same birth scenario.

Study Maternal and newborn urine Urine and meconium Urine and UC Meconium and UC

Haizler-Cohen, 2023 (23) 42%

Gersch, 2023 (14) 13%–100%

Pandya, 2023 (27) 96%

Villarreal, 2023 (28) 66%

Simpson, 2022 (4) 49% Maternal urine: 72% 

Newborn urine: 40%

Mark, 2021 (29) 44%

Colby, 2019 (30) 80%–100%

Colby, 2017 (31) 76%–100%

Larabee, 2017 (32) 40%–90%

Gray, 2010 (33) 65%–98%

Montgomery, 2008 (34) 91%–100%

Review

938 Clinical Chemistry 70:7 (2024)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/70/7/934/7637205 by Vanderbilt U
niversity Library user on 11 February 2026



evaluate the retention of the analytes over time. 
Retention occurs through interactions between a mobile 
phase (gas or liquid), the flow rate of the mobile phase, 

and the solid phase (an analytical column). Each analyte 
exhibits a unique retention time that is compared to 
traceable standards, and quality of response is monitored 

Table 3. Overview of analytical methods used for drug testing.

Characteristics Immunoassay Chromatography
Single stage mass 

analyzer
Tandem mass 

analyzers
Accurate mass 

analyzers

Principle Antibodies bind the 

drug analytes of 

interest in 

traditional 

antibody-antigen 

reaction; 

competitive 

assay design 

common 

between labeled 

and unlabeled 

analytes

Liquid or gas flows 

through a solid 

phase to which 

analytes can be 

retained, based 

on chemical and 

physical 

characteristics, 

before traveling 

to a detector

Analytes are 

ionized, sorted, 

and detected 

based on 

mass-to-charge 

(m/z); variable 

electric and 

magnetic fields 

in a single 

quadrupole (Q)

Analytes are 

ionized, sorted, 

and detected 

based on m/z; 

variable electric 

and magnetic 

fields in a triple 

quadrupole 

configuration 

wherein Q1 

measures 

precursor ions; 

Q2 is a collision 

cell; Q3 

measures 

product ions

Analytes are 

ionized, sorted, 

and detected 

based on m/z; 

multiple 

instrument 

designs 

differentiate 

ions with mass 

accuracy to 

several decimal 

places; often 

includes isotope 

analyses

Data 

elements 

captured

Signal generated 

by chemical 

reaction and 

measured by 

detector

Signal measured 

by detector, 

retention time, 

and relative 

retention time; 

peak shapes

Ion abundance 

per m/z

Ion abundance 

per m/z and 

unique 

transitions to 

product ions

Ion abundance per 

m/z, may be 

summed with 

isotopes

Common 

types

Lateral flow, 

enzyme 

immunoassay

Liquid, gas Mass 

spectrometry

MS/MS Orbitrap, TOF

Data 

generated

Absorbance units Chromatogram; 

requires a 

detector such as 

a mass analyzer

Mass spectra; 

total ion, 

extracted 

chromatogram; 

for select or 

multiple ions; 

nominal 

resolution

Mass spectra; 

total ion, 

extracted 

chromatogram; 

for select or 

multiple ion 

transitions; 

nominal 

resolution

Mass spectra and 

related 

chromatograms 

for select or 

multiple ions 

and isotopes; 

high resolution

Results 

generated

Presumptive 

positive or 

negative

Assay design dictates analytical measurement range, quality of results, and 

whether quantitative values are reported. Assay parameters vary widely 

between laboratories and specific test designs

Time to result Minutes Hours to days
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throughout analysis. Retention times of internal stan
dards are also measured relative to the analyte(s) of inter
est. Visualizing a chromatogram requires a detector, 
which is often a mass analyzer.

The initial step for mass spectrometric analysis is to 
produce ions from a neutral atom or molecule in an ion 
source. The most common ion sources add one or more 
protons to basic sites on the molecule, and thereby func
tion in positive ion mode; some substances are better de
tected based on generating negatively charged ions (e.g., 
loss of a proton). Ions formed in the ion source are 
sorted and filtered based on mass-to-charge ratio values 
(m/z). Depending on the ionization technique and con
figuration of the mass analyzer, substances may undergo 
fragmentation. The fragments produced are characteris
tic of the precursor molecule and corresponding m/z 
measured. Traditionally confirmation testing of sub
stances was based on GC–MS, which is a nominal 
mass analyzer that generates mono-isotopic m/z data, 
generally with a resolution of 1 Da.

Today, the most common configuration for confirm
ation testing is LC–MS/MS. In this configuration an intact 
precursor molecule is measured in the first quadrupole 
(Q1), fragmented in the second quadrupole (Q2), and the 
fragments are measured in the third quadrupole (Q3). 

As such, the instrument is often referred to as a triple quad
rupole analyzer. The monitoring of precursor and character
istic product ions, typically called multiple reaction 
monitoring adds specificity to monitoring the precursor 
ion alone. Performance criteria such as retention time of 
the substance of interest, relative retention time of the asso
ciated internal standard, ion abundances of both the precur
sor and product ions, and ratios of ion abundances 
representing the transitions from precursor to product 
ions are routinely monitored to identify and discriminate 
analytes. Like GC–MS, the typical LC–MS/MS generates 
nominal mass, mono-isotopic m/z data, with a resolution 
of 1 Da. One concern about nominal mass analysis is that 
some substances have very similar m/z values (isobars), 
and cannot be discriminated. For example, the nominal 
m/z for the unique heroin metabolite 6-acetylmorphine can
not be distinguished from the m/z for the opioid antagonist 
naloxone by a nominal mass analyzer. Chromatographic 
separation of analytes that share the same m/z is a common 
way to manage isobaric interferences.

High-resolution mass spectrometry (HRMS) can 
resolve isobaric interferences without chromatographic 
separation, by detecting substances based on the sum 
of the natural isotopes for a m/z. Examples of common 
HRMS platforms include the Orbitrap and time of 

Fig. 1. Common variables of laboratory methods that could affect detection of substances in biological 
specimens, organized based on major steps in the testing process.
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flight (TOF) mass analyzers. These instruments may be 
coupled to chromatographic separation to increase the 
number of analytes that can be detected. An interesting 
approach is to apply HRMS in an untargeted test design 
in which a method can detect a wide range of candidate 
analytes that are not known before testing, such as fen
tanyl analogs or other novel psychoactive substances 
(NPS). Detection is typically based on identification of 
physical and chemical characteristics that are subse
quently compared to a library or database of characteris
tics and patterns established previously with known 
analytes. Because untargeted methods are not optimized 
for detection of specific analytes, detection limits and 
performance are often not known and may not compare 
well with targeted methods (1, 27, 43–45). However, 
when a candidate analyte is identified, the sample could 
be confirmed by another method and/or search for me
tabolites (44). A similar approach has also been used to 
search for and identify adulterating substances and NPS 
in newborn specimens (45, 46).

The specific drugs included in a test is not standardized 
for newborn specimens, and varies widely. Some 
laboratories use the workplace drug testing scheme as a 
guide, and others focus on controlled substances only. 
Standardization in analyte content for testing newborn spe
cimens would help improve consistency of testing between 
laboratories, but may not meet clinical needs. With the ex
ception of commercial immunoassays waived or approved 
by the Food and Drug Administration, most clinical testing 
that is performed to detect substance use or exposure occurs 
with laboratory-developed tests as defined by the Clinical 
Laboratory Improvement Amendments or forensic stan
dards. As such, the design and performance characteristics 
of an analytical approach is determined and verified by 
the laboratory that designed and performs the test. 
Testing between laboratories is monitored over time by par
ticipation in external proficiency testing program, but nuan
ces in assay design and associated detection limits are to be 
expected. Unfortunately, proficiency testing is not currently 
available for substance testing of newborn specimens.

Challenges with Interpretation of Meconium 
and UC Test Results

A common question regarding interpretation of meconium 
and UC results relates to timing and extent of substance ex
posure(s). As discussed before, the specific time window re
flected by each specimen is approximately the last trimester 
of a full-term pregnancy, but may vary relative to each sub
stance involved in an exposure, specimen quality and hand
ling, and analytical variables. The fact that substance 
exposure during the birth hospitalization can be detected 
is also problematic. In addition, detection of multiple ana
lytes may imply polysubstance exposure, but meconium 

and UC test results cannot determine whether multiple 
substances were used simultaneously or at asynchronous 
time points. Matrix-specific analyte targets, fetal metabolic 
pathways, mechanisms for analyte deposition, and elimin
ation kinetics represent substrate-specific challenges and 
can contribute to discrepancies in results between speci
mens. The discussion in this section, along with Table 4, 
summarizes some of the common interpretive concerns 
and likely explanations.

Unexpected results, disputed results, and results that 
do not correlate with clinical presentation require investi
gation of the case details, including input from the labora
tory that performed the testing (50, 67). Unexpected or 
false negatives can occur when analysis is negative for sub
stances and/or substance metabolites despite known or 
suspected exposure. This can theoretically happen with 
any substance, especially if maternal exposure is limited, 
or if the test performed is not designed to detect the sub
stance analytes of interest. For example, NPS are not de
tected by most toxicology tests. There is also a growing 
literature on the potential effects of antidepressants and 
other prescription medications during pregnancy that 
may contribute to clinical symptoms consistent with 
NAS, yet will not be detected by most laboratory tests 
(68). Nonmedical use during pregnancy of prescription 
substances such as gabapentin (65, 69) or over-the-counter 
compounds such as kratom (43, 70) may affect the neo
nate, and may not be included in routine meconium 
and UC testing. Unexpected or disputed positives can 
also occur with meconium and UC testing. The common 
use of mass spectrometry-based techniques for analysis of 
meconium and UC reduces the potential for false positives 
compared with immunoassay-based techniques that are 
limited by cross-reactivity of analytes with assay antibodies 
(34, 47, 71, 72). A thorough review of maternal inpatient 
and outpatient prescriptions along with history of other 
therapeutic and recreational substances is critical for inter
pretation of toxicology testing.

Newborn substance testing using meconium or UC 
may be performed in multiples (e.g., twins, triplets) (61– 
63). Discordance in results between multiples can poten
tially create confusion for the clinical team. Fortunately, re
sults between multiples are frequently concordant or with 
minor differences that do not impact overall interpretation 
of results (e.g., oxycodone found in UC of both twins but a 
metabolite such as noroxycodone or oxymorphone not de
tected in one twin). Occasionally, analysis may result in 
more discordant findings, including even for identical 
twins, although discrepancies are overall more common 
in dizygotic twins (64). In both UC and meconium, the 
most common reason for discrepancies is when one or 
more analytes are not detected in one of the newborns 
due to insufficient analytical quality or a concentration 
slightly below the cutoff for positive reporting. In meco
nium samples, there is the additional variable that 

Biological Testing to Detect Substance Exposure Review

Clinical Chemistry 70:7 (2024) 941

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/70/7/934/7637205 by Vanderbilt U
niversity Library user on 11 February 2026



medications prescribed to the newborn prior to meconium 
passage may be detected. This type of discrepancy would in
volve medications commonly prescribed to newborns in the 
hospital setting (e.g., lorazepam, morphine, phenobarbital) 
that are administered in one twin or triplet and not the others 
(61–63, 73). This phenomenon is more common in 

premature newborns that have delayed passage of meconium, 
providing a greater time window for newborn medications to 
distribute into meconium before specimen collection.

Although existing data cannot definitively guide inter
pretation of unexpected results, specific issues related to 
amphetamines, opioids, and cannabinoids are common. 

Table 4. Examples of interpretive challenges with meconium and UC results.

Issue examples Comments References

Unexpected or false negatives

Buprenorphine • May be difficult to detect due to variable dosing and pharmacokinetics 

during pregnancy, poor placental transfer of buprenorphine, and 

analytical limitations of testing

(47–49)

Heroin • Difficult to detect due to rapid metabolism of heroin and thermal 

instability of 6-acetylmorphine

• Morphine may be primary metabolite detected

(24, 50– 

52)

Unexpected or disputed positives

Fentanyl • Perinatal administration (e.g., epidural) may explain detection in any 

specimen type, including UC tissue or meconium

(25, 26)

Methamphetamine • Result based on immunoassay only is limited by assay cross-reactivity 

and potential for false positives

• Regular use of over-the-counter formulation that contains 

l-methamphetamine, or use of a prescription substance such as 

selegiline that metabolizes to l-methamphetamine may be interpreted 

as positive

(53–56)

Morphine • May be difficult to interpret source due to multiple possibilities including 

poppy seeds, administration of morphine, heroin, and codeine

• Common medication to newborn in hospital setting

(24, 52)

Cannabis • Use of CBD or hemp products that contain small amounts of delta-9 THC 

may be detected in UC tissue or meconium

• Delta-8 and delta-10 THC may be analytically confused with delta-9 THC 

in many assays, including mass spectrometry-based

• Passive exposure could explain unexpected positives (theoretically 

possible with some other substances as well)

(57–60),

Discrepant results

Multiples (e.g., twins, triplets) • Often explained by analyte concentrations slightly below reporting 

cutoff for one newborn specimen but not the other or different 

medication(s) administered after, birth but before specimen collection 

(urine, meconium)

(61–64)

Newborn symptoms despite 

negative toxicology testing

• Maternal use of substances not detected by analysis (e.g., designer 

stimulants, fentanyl analogs, xylazine, synthetic cannabinoids, 

gabapentin, antidepressants, mitragynine)

• Concentrations of analyte(s) of suspected substance below reporting 

cutoff

(50, 65, 

66)
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Amphetamines remain common substances of use in the 
United States, with amphetamine and methamphetamine 
being the most common (74). The main metabolite of 
methamphetamine is amphetamine; consequently, mater
nal exposure to methamphetamine often results in the de
tection of both methamphetamine and amphetamine in 
meconium or UC. False-positive amphetamine or meth
amphetamine screening results generated by immunoassay 
are known to occur because of use or exposure to many 
other substances or substance metabolites (53, 54, 75). 
This may affect urine drug screening of mother or newborn. 
For example, the antihypertensive substance labetalol is 
used frequently in pregnancy and has been associated 
with false-positive immunoassay results that are resolved 
by mass spectrometric methods (55). The detection of am
phetamine in isolation (i.e., without methamphetamine) in 
UC and meconium would likely imply exposure to amphet
amine alone, including prescription medications used for 
treatment of attention-deficit/hyperactivity disorder.

The detection of methamphetamine by mass spec
trometric assays in meconium or UC typically implies 
nonmedical use. However, for the last few decades, cer
tain over-the-counter products have contained l-meth
amphetamine, an isomer exempt from Controlled 
Substance Scheduling in the United States. Although 
manufacturers have since reformulated some of these 
products without l-methamphetamine (76), use of these 
over-the-counter products can potentially result in posi
tive results for methamphetamine. Many MS-based 
methods do not distinguish between the 2 metham
phetamine stereoisomers, with specialized chiral analysis 
required for this differentiation (77, 78).

Opioids and their metabolites are substances com
monly detected in newborns. Several factors can affect in
terpretation of opioid testing in meconium and UC. For 
example, possible maternal sources of morphine include 
dietary poppy seeds, administration of morphine to the 
mother (including perinatally), and as a metabolite of 
other substances (codeine, heroin). Heroin has traditional
ly been difficult to detect in meconium and UC due to the 
rapid metabolism of the parent substance and thermal in
stability of the diagnostic metabolite 6-acetylmorphine, 
which degrades significantly at body temperature and add
itionally after specimen collection (51). Targeting analytes 
that are suggestive of heroin use such as meconin (a metab
olite of the heroin contaminant noscapine) and the com
mon impurity codeine may help improve detection of 
heroin exposure (52). However, heroin use by the preg
nant person may be only evident by the presence of mor
phine, and perhaps further downstream metabolites such 
as hydromorphone (24, 52). Administration of morphine, 
fentanyl and other opioids during the birth hospitalization 
further complicates interpretation. The potential for fen
tanyl administration as part of neuraxial anesthesia (e.g., 
epidural injection) to be detectable in UC has been 

illustrated by a series of published reports (25, 26, 79). 
Although cutoff concentrations and use of HRMS can 
help discriminate the likelihood of false-positive detection 
of recreational opioids, interpretation of meconium and 
UC results should consider the perinatal administration 
of opioids during the birth hospitalization.

Buprenorphine has increasingly been used for medica
tion for opioid use disorder (MOUD) in pregnant people 
and thus buprenorphine and/or metabolites may be ex
pected in meconium and UC. However, buprenorphine 
pharmacokinetics change during pregnancy, and placental 
transfer of buprenorphine is relatively low (48, 49). 
Analytical challenges in relation to the detection of bupre
norphine and its metabolites in meconium and UC may 
lead to analyte concentrations below limits of reporting 
(47). This can potentially result in a false negative for bupre
norphine and its metabolites in UC that may be interpreted 
by the clinical team as maternal nonadherence to MOUD 
treatment. Assessing maternal adherence to testing, if de
sired, should be achieved by testing of maternal specimens 
such as urine.

Interpretation of testing for cannabis use and expos
ure is quite complex (57). Some of the factors impacting 
interpretation include varying laws between states re
lated to recreational and medical use of cannabis pro
ducts, increased sales of cannabidiol (CBD) products, 
and provisions of the 2018 United States Agricultural 
Improvement Act (Farm Bill) regarding hemp-derived 
compounds. In states that have legalized recreational 
cannabis, healthcare providers and clinical laboratories 
may decide to discontinue or test less often for tetra
hydrocannabinol (THC) and its metabolites (80, 81).

The increasing popularity of CBD and hemp pro
ducts complicates interpretation of results. While feder
ally regulated CBD and hemp formulations are intended 
to contain <0.3% delta-9-THC by dry weight, many 
over-the-counter CBD products exceed this threshold 
(58, 59). Further, THC metabolites may accumulate 
and be detected for several days to weeks after last use. 
Therefore, pregnant people may be using CBD products 
without realizing that there could be sufficient THC to 
cause positivity in newborn specimens such as meco
nium and UC, especially given the wide time window 
for detection. Another complicating factor is the fact 
that many assays for delta-9 THC, including mass spec
trometric tests, cannot distinguish between delta-9 
THC and isomers such as delta-8 THC, delta-10 THC, 
and their metabolites (60). Passive exposure to cannabis 
theoretically has the potential to lead to positive maternal 
and/or neonate substance testing results as well.

Future Needs and Directions

Biological testing is a frequently used tool for detecting 
and documenting substance exposure among pregnant 
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people and their newborns. The results of testing can be 
difficult to interpret and may not be consistent when 
multiple specimens are collected and compared, or 
when specimens are tested by >1 laboratory method. 
There may also be inconsistency between results of test
ing on or during maternal admissions and pretest expec
tations. These differences can often be explained with 

investigation and education but the need for better un
derstanding of test and specimen strengths and limita
tions, standardization of testing content and cutoff 
concentrations, as well as a reduced time to result would 
improve the value of biological testing toward informing 
both medical and social support decisions. These 
and other important knowledge gaps for the field of 

Table 5. Summary of considerations and cautions relative to biological testing for detection of drug use 
or exposure.

Practice topics Considerations Cautions

Choice to pursue 

biological testing

Decide how results will be used before 

testing

Harm and disparities can occur; consenting is 

critical

Specimen to test Align specimen(s) with clinical workflow, 

purpose of testing, timing of possible 

exposure

Detection window is dependent on the 

substance, the timing of substance use or 

exposure relative specimen collection, 

laboratory method, and many other factors

Preferred maternal 

specimens to test

Urine or blood collected at clinical 

presentation represent recent substance 

use or exposure

Results between specimens may not agree

Preferred newborn 

specimens to test

UC tissue is preferred due to ease of 

collection; positivity rate may be higher in 

meconium

Drugs administered in the hospital prior to 

specimen collection may be detected

Testing in multiples 

(e.g., twins or triplets)

Each newborn is unique and should be 

treated as such

Results may not agree

Analytical method Assay design and analytical approach defines 

sensitivity and specificity of results

Avoid immunoassays for newborn specimens

Cutoff concentrations Lack of standardization among laboratories 

contributes to variation in detection

Lower cutoffs may detect passive exposures; 

higher cutoffs may yield false-negative 

results

Proficiency testing Interlaboratory comparisons of results not 

available

Intralaboratory comparisons demonstrate 

consistency rather than appropriateness of 

testing

Specific analytes to 

detect

Panels often focus on controlled substances, 

similar to established urine panels

No test can detect all possible analytes or 

exposures; detection of multiple 

metabolites and/or adulterants may add 

value

Interpretation of 

unexpected results

Investigate relative to possible sources of 

exposure, timing of exposure, specimen 

quality, limitations of testing performed

Testing alternate specimen types or analytical 

approaches may add value

Interpretation of 

quantitative results

Reserve interpretation of quantitative results 

for evaluating metabolite and unusual 

result patterns

Correlation between exposure patterns with 

concentrations of analytes is not well 

established for most analytes

Assessment of maternal 

compliance with 

MOUD

Apply tools for evaluating maternal behavior 

and test maternal specimens

Testing newborn specimens is not 

appropriate for evaluating maternal 

compliance
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biological testing for substance-exposed newborns are 
summarized in Table 5, along with considerations and 
cautions, with the hope that related stakeholders will 
commit to better understand and guide development 
of common approaches, and ultimately draft clinical 
practice guidelines. In the meantime, we suggest the fol
lowing specific clinical practice recommendations that 
should occur prior to ordering any biological testing: 
(a) laboratories and clinicians should discuss testing op
tions prior to biological testing to ensure that strengths 
and limitations of available options are understood; (b) 
develop protocols for standardized collection and hand
ling of biological specimens; (c) obtain informed con
sent; and (d ) define and communicate actions that will 
be taken based on biological testing results.
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