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Introduction

T
he coronavirus disease 2019 (COVID-19) pan-
demic has had a substantial impact on global
public health, economy, and travel (1). This has
spawned an investigation into medications to

treat and prevent complications resulting from
infection by the causative viral pathogen SARS-
CoV-2 (2). Extensive research has been undertaken
to evaluate the efficacy of existing antiviral and
immunomodulatory medications against COVID-
19, pending development of novel therapies includ-
ing vaccines. Examples of antiviral medications
being evaluated for effectiveness against SARS-
CoV-2 include remdesivir (currently a first-tier
medication for the treatment of moderate to severe
infections) and ribavirin. Dexamethasone, a gluco-
corticoid, has shown promise in a clinical trial in
hospitalized COVID-19 patients and is hypothe-
sized to provide benefit by modulating inflamma-
tion-mediated lung injury from SARS-CoV-2 (3).
Two other drugs, hydroxychloroquine (HCQ) and
chloroquine (CQ), have also gained substantial
media and healthcare attention following reports of
their efficacy against SARS-CoV-2 in early in vitro
and small, uncontrolled clinical trials (4, 5).
Subsequent larger studies, including randomized
control trials, have shown mixed efficacy against
COVID-19 infection, and the actual effectiveness
of these medications for SARS-CoV-2 is still con-
troversial (2, 5-8). Two of the larger trials have
evaluated HCQ with or without azithromycin (5, 6).

The media and medical attention on CQ and
HCQ as therapies for COVID-19 led to dramatically
increased demand for both medications, resulting in
the United States Food and Drug Administration
adding both medications to drug shortage lists by
the end of March 2020 (9). Multiple states reported

inappropriate prescribing and hoarding of CQ and
HCQ, including healthcare providers prescribing
for themselves and family members (10). Short sup-
plies of the medications created issues with patients
taking these drugs for established indications such
as rheumatoid arthritis or systemic lupus erythema-
tosus. In addition, reports of toxicity from non-pre-
scription sources of HCQ and CQ have emerged,
including an Arizona man who died on March 23,
2020, after ingesting chloroquine phosphate that
was formulated as an aquarium cleaner (11).

This report will discuss what is known about
the pharmacology and toxicity of HCQ and CQ.
These medications have many decades of clinical
use, and there is substantial literature on the acute
and chronic toxicity of these drugs. The use of these
drugs for COVID-19 presents some unique chal-
lenges, as will be discussed.

History and Clinical Use of Chloroquine and
Hydroxychloroquine

CQ and HCQ are synthetic quinine derivatives
developed from compounds found in the bark of the
cinchona (Family: Rubiaceae), a tree that contains
quinine and some other alkaloids with antimalarial
activity. Both drugs were first used therapeutically
as antimalarials and represented a major medical
advance in the treatment of malaria (12). CQ was
discovered in 1934 and, along with some other qui-
nine derivatives, has a long history of use for the
treatment of malaria and amebiasis. CQ is very
inexpensive and is used throughout the world. CQ
is on the World Health Organization (WHO) List of
Essential Medications for the treatment of malaria
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and amebiasis (13). Unfortunately, in recent years
the rate of resistance of malaria parasites to CQ has
increased, prompting a shift to other medications
for malaria (12).

HCQ was initially synthesized from CQ in
1946 as an alternative antimalarial with lower toxic-
ity, as the toxic adverse effects of CQ were already
well described by the 1940s (14, 15). The two drugs
are structurally very close to one another and differ
by only a single hydroxyl group (see Figure 1 for
chemical structures). While HCQ has also been
used historically for malaria treatment and prophy-
laxis, the more common current clinical use is to
treat autoimmune conditions such as systemic lupus
erythematosus and rheumatoid arthritis (16, 17). In
general, HCQ demonstrates less toxicity and more
anti-inflammatory effects than CQ. On the WHO
List of Essential Medications, CQ is listed as an
essential disease-modifying medication for rheu-
matic diseases, with HCQ listed as complementary
for this indication (13). For this type of indication,
CQ is much lower in cost, but does have more risk
of adverse effects compared to HCQ. Thus, HCQ is
the more common treatment compared to CQ for
autoimmune diseases such as rheumatoid arthritis

in developed countries, while CQ would be more
common in resource-limited settings.

Antiviral properties of CQ and HCQ have
also been described (18). The presumed mecha-
nism of antiviral action for CQ and HCQ is by
conversion to aminoquinolones that raise the intra-
cellular pH in lysosomes and other intracellular
acidic compartments and organelles. Viral replica-
tion depends on a stable acidic pH in endosomes,
Golgi complex, and lysosomes. CQ and HCQ may
additionally help in the treatment of COVID-19 by
reducing inflammatory processes in the produc-
tion of pro-inflammatory mediators such as
cytokines.

Pharmacokinetic Properties of Chloroquine and
Hydroxychloroquine

CQ and HCQ are absorbed rapidly and com-
pletely following oral administration, with peak
whole blood levels achieved 1 to 3 h after ingestion
(16, 17). When ingested in overdose, the peak drug
concentrations correlate most closely with the onset
of symptoms and the risk of mortality. Both drugs
are metabolized by the cytochrome P450 (CYP)
enzymes, leading to potential drug-drug interac-
tions with drugs that inhibit CYP2C8 and/or
CYP3A4/5 such as clopidogrel, gemfibrozil, anti-
fungal azoles, ciprofloxacin, diltiazem, erythromy-
cin, and verapamil (19). Concomitant use of CQ or
HCQ with CYP inhibitors can lead to elevated
blood concentrations and a higher risk of toxicity.
CQ and HCQ both have large apparent volumes of
distribution due to extensive binding to tissues. The
terminal half-life of CQ is 5�12 days and 30�60
days for HCQ. In acute overdose, severe symptoms
typically appear within the first several hours, but
patients may exhibit toxicity for days or weeks
(14, 20). Both drugs are transported across the pla-
centa and also distribute into breast milk; however,
both drugs are considered safe in pregnancy and for
breastfeeding as long-term studies have not demon-
strated adverse effects on fetuses or breastfeeding
infants.

Acute Toxicity of Chloroquine and
Hydroxychloroquine

The risk of acute toxicity from typically
prescribed doses of HCQ and CQ is low (14, 20).
Doses used for malaria prophylaxis in adults are
usually between 300 and 400 mg/day. Maintenance
dosing in adults for HCQ for autoimmune diseases
is approximately 400 mg/day. For acute treatment
of malaria, initial doses of CQ or HCG may be as
high as 800 to 1000 mg/day, but then tapering to
lower maintenance doses (5, 6). Protocols for treat-
ing COVID-19 may start with doses as high as 800
mg orally and then transition to doses between 400
and 600 mg (2, 5-7). This type of dosing strategy is
therefore similar to those used for acute malaria

Figure 1. Chemical structures of chloroquine and
hydroxychloroquine.

Hydroxychloroquine and
Chloroquine: Old Drugs
Repurposed as Treatments
for COVID-19
Continued from page 1

2 CLINICAL & FORENSIC TOXICOLOGY NEWS September 2020



treatment. Consequently, there is a higher risk for
acute toxicity at the onset of treatment regimens
using these higher doses. There is also the possibil-
ity that people using this drug outside of prescribed
medical regimens may ingest significantly higher
doses.

Much of the literature on the acute toxicity of
CQ and HCQ resides in case reports or case series
of inadvertent or intentional overdoses of these
drugs (14, 15, 20-22). Similar to other structural
derivatives of quinine, CQ and HCQ exhibit cardio-
vascular toxicity through blockade of voltage-de-
pendent potassium and sodium channels. These
effects on cardiac ion channels underlie prolonga-
tion of the QRS and QT intervals on the electrocar-
diogram (ECG) that can be seen with CQ or HCQ
therapy. This places patients at higher risk for
Torsades de Pointes or other serious arrhythmias.
Both drugs can also produce hypotension and cardi-
ogenic shock by direct cardio-depressant effects.
Hypokalemia is also common in acute CQ overdo-
ses and likely due to intracellular shifts in potas-
sium (21). Literature reports of HCQ overdoses are
less common than for the more toxic CQ, although
published case reports of HCQ toxicity can be
found as early as 1960 (23). Seizures have been
well-documented following acute CQ overdose; in
contrast, there have been no reports of seizures fol-
lowing an overdose of HCQ (22). There have been
reports of neurologic symptoms such as blurred
vision, generalized weakness, and vertigo as a result
of acute CQ or HCQ overdose (14, 15, 20-22).
Table 1 summarizes symptoms of acute toxicity and
risk factors.

Treatment of CQ and HCQ overdose focuses
on supportive care including mechanical ventilation
and vasopressor support (14, 15, 20, 22). Other

treatment options include potassium replacement,
lipid emulsion, sodium bicarbonate, and diltiazem.
Potassium repletion should be done cautiously,
given the risk of rebound hyperkalemia as toxicity
resolves and potassium redistributes. There is
currently no antidote for overdoses of HCQ or
CQ.

Measurement of blood or other body fluid con-
centrations of HCQ and CQ is not commonly per-
formed clinically (14, 15, 20, 22). This type of
testing is only offered by a small number of special-
ized toxicology reference laboratories (24).
However, it is worth noting that an acute overdose
of either drug can lead to very high concentrations
in urine. There are reports of interference with
various types of urine testing following an acute
overdose of HCQ and CQ, including assays for
microalbumin, drug abuse screening, and total pro-
tein (24, 25). These interferences could potentially
produce diagnostic confusion if the healthcare pro-
vider is not aware of the specific overdose and the
potential for assay interference.

Chronic Toxicity of Chloroquine and
Hydroxychloroquine

The major chronic toxic effects of CQ and
HCQ are retinopathy, neuromyopathy, and cardio-
myopathy (16, 18, 26). As will be discussed, these
generally relate to long-term use and substantial
lifetime exposure to CQ and HCQ, as may occur
with chronic therapy of autoimmune diseases.
However, patients with certain pre-existing
conditions may be more vulnerable to toxic effects
at an earlier stage of therapy (7). An example
would be patients who already have cardiomyopa-
thy or who have a genetic syndrome associated

Table 1. Toxic Effects of Chloroquine (CQ) and Hydroxychloroquine (HCQ)

Target Acute toxicity
symptoms

Acute toxicity risk
factors (1)

Chronic toxicity
symptoms

Chronic toxicity risk
factors

Eye Uncommon, symptoms
such as blurred vision
related to the nervous
system

Other drugs affecting
vision

Retinal injury Lifetime exposure to CQ
and HCQ (especially
>7 years)

Heart/cardiovascular Arrhythmias,
hypotension,
hypokalemia

Genetic arrhythmia
syndromes (e.g., long
QTsyndrome), heart
failure

Cardiomyopathy Prior history of cardiomy
opathy, congestive heart
failure, lifetime exposure
to CQ and HCQ

Nervous system Generalized weakness,
vertigo, seizures (CQ
only)

Other central nervous
system acting drugs,
especially depressants

Neuromyopathy Lifetime exposure to CQ
and HCQ

1Common risks for acute toxicity include high peak drug levels of CQ or HCQ and drug-drug interactions involving cytochrome P450 inhibitors
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with cardiac arrhythmias such as long QT
syndrome.

Two recent systematic reviews examined
chronic toxic effects by CQ and HCQ (27, 28), with
one being a meta-analysis of over 16 600 patients
with rheumatic disease (28). Both noted that cardiac
disorders were rare (assuming no acute overdoses)
and typically seen in patients on long-term therapy
with CQ or HCQ. Of the chronic toxicities, ocular
effects have been the most extensively studied and
are better understood than toxicities affecting the
heart, nervous system, or muscle. Chronic toxicities
are likely associated with bioaccumulation of the
drugs and metabolites in tissues over months and
years (27, 28). Table 1 summarizes symptoms of
chronic toxicity and risk factors.

Chronic use of CQ and HCQ has been associ-
ated with ophthalmologic complications, specifi-
cally irreversible retinal injury due to the affinity of
CQ and HCQ for melanin in the retinal pigment epi-
thelium (26). Regular ophthalmologic examination
is the standard of care for patients who are on these
drugs long-term, as would be common for HCQ
treatment of autoimmune diseases such as rheuma-
toid arthritis and systemic lupus erythematosus.
Interestingly, ophthalmologic complications have
not been reported from acute overdoses of CQ and
HCQ, even near-fatal massive overdoses (14, 15,
20, 22); rather, the risk of eye injury correlates with
the duration and overall total dosing of these
medications.

As previously mentioned, daily doses of HCQ
and CQ are approximately 400 mg in adults for the
management of autoimmune diseases. This dosing
will lead to exposure of approximately 1 kg of the
drug during 7 years of therapy (7). Most investiga-
tions that have looked at patients on HCQ or CQ for
<5 years have found the incidence of retinopathy to
be lower than 2%. However, the incidence may be
as high as 7.5% in those who have been on HCQ or
CQ for >7 years (26). The risk of retinopathy is
higher in Asians.

Measures to Promote Safe Use of Chloroquine and
Hydroxychloroquine

There are multiple practical concerns with the
use of HCQ and CQ in the treatment of COVID-19
(7). First, potentially millions of patients could
receive treatment if HCQ is used as prophylaxis
for COVID-19 or in non-hospitalized patients with
less severe clinical course (29, 30). Even risks of
low probability can lead to adverse effects if a
wide group receives the medication. Second, the
initial doses for treatment of COVID-19 are rela-
tively high and may lead to toxicity in vulnerable
patients. Third, the use of HCQ or CQ for treat-
ment of COVID-19 may involve prescribers who
are not very familiar with the adverse effect pro-
file of these drugs. This would contrast with the

use of HCQ by specialists treating autoimmune
diseases (e.g., rheumatologists, dermatologists) or
providers who have experience with CQ or HCQ
for treatment of malaria and amebiasis. This risk
illustrates the importance that the experimental
use of CQ or HCQ for COVID-19 should occur in
the context of clinical trials that can carefully
monitor and document efficacy and safety. Last,
the wide media attention to HCQ and CQ can lead
to self-use of the drugs obtained from a variety of
sources. People may ingest higher doses in a mis-
guided attempt to achieve higher protection from
infection or inadvertently due to confusion with
dosing.

A primary goal in safe prescribing of CQ and
HCQ is to consider clinical and epidemiological
factors that may predispose patients to a higher risk
of toxicity (7). The first important question is
whether a patient has previously been treated with
CQ or HCQ, and if so, the extent of that treatment,
as lifetime exposure to the drug will influence the
risk assessment for chronic toxicity. Pertinent previ-
ous medical history for the patient would be a his-
tory of ocular disorders, cardiac arrhythmias,
cardiomyopathy, or neuromyopathy. Asian patients
would have a higher baseline risk for the develop-
ment of retinopathy (26). Patients should be peri-
odically monitored, particularly for ophthalmologic
and cardiac examination. There are proposed algo-
rithms for assessment and monitoring of cardiovas-
cular risk in patients who may receive HCQ or CQ.
This routine monitoring may be challenging due to
the shortage of healthcare providers and staff
related to COVID-19. Patients should be instructed
that new onset of symptoms such as vision diffi-
culty, ocular pruritus (itching), and cardiovascular
problems need to be reported quickly to the health-
care provider.

As described above, the metabolism of CQ and
HCQ involves multiple CYP enzymes, leading to
the possibility of drug-drug interactions (19). There
is a particular risk with concomitant use of other
medications that are CYP inhibitors, as these may
lead to higher blood and tissue concentrations of
CQ and HCQ. On the other hand, CQ and HCQ can
reduce the activity of certain antibiotics and immu-
nosuppressants (e.g., tacrolimus). CQ and HCQ
therapy should be avoided in patients treated with
mefloquine due to an increased risk of seizures.
Drug-drug interactions become especially tricky in
critically ill or transplant patients with COVID-19
who may have medication regimens that include
antibiotics, immunosuppressants, and cardioactive
drugs (19). The other risks for drug-drug interac-
tions are those that increase the risk of specific
organ toxicity. An example of this is the potential
increased risk of cardiotoxicity posed by the combi-
nation of HCQ and azithromycin; in this case,
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increased efficacy against COVID-19 needs to be
weighed against the risk of adverse cardiac effects
(31).

The medical complications associated with
COVID-19 may themselves lead to a higher risk
of therapy with HCQ and CQ (7). Up to one-third
of hospitalized patients with COVID-19 have
a concurrent cardiovascular injury resulting from
direct viral injury, hypoxia, or thrombi. Patients
infected with SARS-CoV-2 who have pre-existing
cardiomyopathy or congestive heart failure are at an
even higher risk of drug-related cardiac arrhyth-
mias. Therefore, careful monitoring and follow-up
of patients are important.

Discussion
HCQ and CQ have emerged as potential

treatments for COVID-19. This is an example of
repurposing drugs already in clinical use for other
indications. The appeal of using these medications
is their low cost and decades of clinical experience.
The main downsides are the potential for adverse
effects, including those arising from drug-drug
interactions. The extensive coverage of these medi-
cations by the media has generated a lot of patient
and healthcare interest. It is important to keep in
mind their toxic effects and factors that may predis-
pose to a higher risk of toxicity. Treatment of acute
toxicity is supportive, and laboratory testing specif-
ically for HCQ and CQ drug levels does not cur-
rently play a clinical role in acute toxicity
management. Chronic toxicity is typically associ-
ated with years of medication exposure, although
baseline risk factors such as cardiomyopathy
increase risk.

Learning Objectives
After reading this article, the reader will be

able to describe signs and symptoms associated
with acute toxicity from chloroquine and hydrox-
ychloroquine and factors that may increase the
risk of toxicity. The reader will be able to
identify adverse effects associated with
long-term (chronic) use of chloroquine and
hydroxychloroquine.
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FDA Alerts Consumers to Toxic
Hand Sanitizers
By Bridgit O. Crews, PhD, DABCC

To help prevent the spread of COVID-19, the
Centers for Disease Control and Prevention (CDC)
recommends using hand sanitizers that contain at

least 60% ethanol, or 70% isopropanol, when soap
and water are not available (1). Both ethanol and
isopropanol (2-propanol) have been shown to be
effective against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), as they inactivate the
enveloped virus (2). Benzalkonium chloride, which
is also present in some hand sanitizers, may be less
effective. Early in the SARS-CoV-2 pandemic, high
demand for ethanol-containing hand sanitizer led to
shortages and in response, new formulations and
manufacturers appeared on the market. Hand sani-
tizers are considered over-the-counter drugs, but
given the unique situation, the FDA issued emer-
gency guidance on their preparation, as well as
guidance on the manufacture of the alcohols used in
them. Some distilleries shifted manufacturing to fill
the need, and imports also increased.

Between May and June 2020, the CDC
reported 15 cases of methanol poisonings due to the
ingestion of hand sanitizers in Arizona and New
Mexico. Four of the individuals died and three were
discharged with visual impairments (3). On June
19, 2020, the FDA issued an alert to warn consum-
ers to the presence of methanol in some hand sani-
tizers. Tested sanitizers contained as much as 81%
methanol (v/v) (4). Since then the FDA has issued
additional alerts and is constantly expanding the list
of potentially contaminated hand sanitizers. Most
recently, the FDA reported findings of 1-propanol
in other hand sanitizers on August 12, 2020, as
well.

The primary risk of toxicity from contaminated
hand sanitizers is by accidental or intentional inges-
tions. Younger children are especially at risk of ac-
cidental ingestion, but poisonings due to intentional
ingestion also occur when adolescents or adults
ingest hand sanitizer as a substitute for alcohol (5).
In March 2020, calls to poison control centers
related to hand sanitizers increased by 79%
compared to 2019, with most calls concerning
unintentional ingestion by children under age five
(4). To deter both accidental ingestion as well as
substitutional ingestion, hand sanitizers should
contain denaturants to make the scent and flavor
less appealing. Colorful packaging is also
discouraged.

Depending on the dose, methanol exposure
may cause nausea, headache, blurred vision or per-
manent blindness, seizure, coma, and death. The
toxicity of methanol occurs primarily through the
accumulation of toxic metabolites rather than meth-
anol itself (6). Methanol toxicity may initially pres-
ent as drowsiness with some nausea, with severe
toxicological symptoms such as metabolic acidosis
and visual impairment being delayed by up to 30 h,
after the accumulation of toxic metabolites. Mixed
alcohol ingestion may also delay more severe
symptoms, as ethanol is a competitive substrate for
alcohol dehydrogenase, and its presence inhibits
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the metabolism of methanol. An ingestion as small
as 10 mL of methanol may result in permanent
blindness and the ingestion of 100 to 200 mL is
expected to be fatal in most adults (7). Early identi-
fication of exposure and treatment with fomepizole
(4-methylpyrazole) to prevent metabolism to formic
acid through competitive inhibition of alcohol
dehydrogenase is crucial for the prevention of
irreversible sequela. Depending on the dose and
clinical symptoms hemodialysis may also be
required.

Compared to ethanol, 1-propanol is rapidly
absorbed and is a more potent central nervous sys-
tem depressant. Signs and symptoms of toxicity
appear rapidly following the ingestion of 1-propa-
nol and include confusion, decreased conscious-
ness, and slowed pulse and breathing (8). 1-
Propanol has a linear structure and is metabolized
by alcohol dehydrogenase to propionic acid.
Toxicity can, therefore, result in metabolic acidosis
with an elevated anion gap. Propionic acid may be
further metabolized to lactate. Reported fatalities
from 1-propanol are rare, and a lethal dose is not
known but is likely lower than the estimated lethal
dose for 2-propanol (isopropanol), which is esti-
mated at 240 mL for an adult. Unlike 1-propanol,
isopropanol does not result in acidosis, but may
present with ketosis and ketonuria resulting from its
metabolism to acetone (4).

Minimal amounts of nontoxic concentrations
of alcohol from hand rubs may be absorbed
dermally, or by inhalation of vapors after a single
use (9). There is less data on toxicity resulting from
frequent repeated use, but there are reports of
systemic neurotoxicity due to repeated dermal
exposures (10). Children may also be at higher
risk due to higher skin surface area to body mass
ratio.

No consumer hand sanitizers are approved by
the FDA, and the labeling of a hand sanitizer with
any fraudulent claim such as “FDA approved,”
“prevents COVID-19,” or “works for up to 24
hours” is considered a sign of a potentially hazard-
ous product. Although recipes for homemade hand
sanitizers can be found online, this is not recom-
mended, as homemade hand sanitizers may be inef-
fective and have reportedly resulted in skin burns
and irritation. The FDA also recently updated guid-
ance to clarify the requirement that companies that
produce hand sanitizers test each lot of ethanol or
isopropanol active ingredient that is used if the
active ingredient is obtained from an outside
source.

At the time of this writing, there were over 165
products listed on the FDAwebsite, from over 59
different listed manufacturers. Sources of manufac-
tures included Mexico, China, and five US states.
Some of these products have been sold in major
retail stores. A list of hand sanitizers with known or

suspected contamination can be accessed on the
FDAwebsite (11).

Learning Objectives
After reading this article, the reader will be

able to describe the signs and symptoms of a
toxic methanol or 1-propanol ingestion. The
reader will be able to explain the risk of toxic ex-
posure resulting from hand sanitizers contami-
nated with methanol or 1-propanol.
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Phosphatidylethanol: A Long-Term
Biomarker for Ethanol Exposure
By Kamisha L. Johnson-Davis, PhD

Alcohol use disorders are a major health con-
cern across the globe. Data from the 2018 National
Survey on Drug Use and Health estimated that
139.8 million Americans 12 years or older were cur-
rent alcohol users (about 51% of the population),
which was defined as any use of alcohol in the past
30 days (1). The survey also identified 67.1 million
(or 48% of alcohol users) as binge drinkers, which
was defined as drinking 5 or more drinks for males
and 4 or more drinks for females on the same day,
within the past 30 days (1). Heavy alcohol users
were defined as individuals that binge drank for 5
or more days, in the past 30 days. It was estimated
that 16.6 million Americans were classified in this
category (1). Testing for ethanol exposure is impor-
tant for patient care to identify individuals with
alcohol use disorders.

Direct biomarkers for alcohol exposure, such
as ethyl glucuronide and ethyl sulfate have high
specificity, but the window of detection is <1 week
in urine, and ethanol in blood and urine has a win-
dow of detection of <24 h (2). Indirect biomarkers
for alcohol exposures, such as liver enzymes,
gamma glutamyltransferase, aspartate aminotrans-
ferase, and alanine aminotransferase can increase as
a result of heavy alcohol use; however, these liver
enzymes can also increase due to liver injury or dis-
ease unrelated to alcohol use disorders; therefore,
these enzymes are not specific for alcohol consump-
tion (2). Carbohydrate-deficient transferrin (CDT)
is a specific and indirect biomarker for heavy drink-
ing, defined as daily consumption of 50 to 80 g/day
of alcohol (approximately 4 standard drinks per
day) over several weeks. Heavy alcohol consump-
tion will decrease the glycosylation of transferrin to
produce, disialotransferrin, monosialotranferrin,
and asialotransferrin (free of sialic-acid) forms (3).
CDTwill reduce to normal concentrations after
about 14 days of alcohol cessation. However, CDT
is not a sensitive marker to detect light to moderate
alcohol users and false-positive CDT results can
occur in physiological conditions such as liver dis-
ease, congenital disorders of glycosylation, genetic
variants of transferrin (B, C, and D), high total
transferrin concentrations, pregnancy, iron-defi-
ciency anemia, and pancreas and liver transplanta-
tion (2-4). False-negative CDT results can occur

due to low transferrin concentrations and transferrin
B variants (3).

Consequently, there is a clinical need for a
direct alcohol biomarker that is highly specific and
with a longer window of detection for acute and
chronic exposure. Phosphatidylethanol (PEth) is a
direct ethanol marker that detects acute and chronic
heavy drinking in blood with high specificity.
Phosphatidylethanol is a phospholipid formed in
the red blood cell (RBC) membrane in the presence
of ethanol and the enzyme phospholipase D (PLD)
(5). PLD has approximately 1000-fold greater affin-
ity for ethanol than water; therefore, in the presence
of ethanol, PLD catalyzes a transphosphatidylation
reaction of phosphatidylcholine to form PEth
homologs. In the absence of ethanol in the blood,
PLD hydrolyzes phosphatidylcholine to produce
phosphatidic acid and choline. PEth is formed in tis-
sues such as the brain, liver, platelets, lymphocytes,
and RBCs. RBCs do not have the enzyme phospha-
tidylcholine phospholipase C, which degrades
PEth, therefore, the half-life of PEth in the blood is
prolonged in comparison to other tissues. There are
48 homologs of PEth that have been identified and
are distinguished by the number of carbons and
double bonds in the fatty acid chains (6). PEth
homologs have a common nonpolar phosphoethanol
head group with 2 fatty acid moieties. 1-Palmitoyl-
2-oleoyl-phosphatidylethanol (PEth 16:0/18:1), and
1-palmitoyl-2-linoleoyl-phosphatidylethanol (PEth
16:0/18:2) are the predominant PEth homologs in
whole blood and makeup about 60% of the total
PEth species (Figure 1). PEth is detectable after
drinking 1 to 2 alcoholic beverages and experiments
have shown that PEth was detected in blood after 30
min and peaked after 90 to 120 min (7). The half-life is
estimated to be 3 to 5 days; however, the half-life is
variable among patients due to inter-individual variation
in the formation and elimination of the PEth homologs

Figure 1. Phosphatidylethanol homologue structures.
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(8). The window of detection can span up to approxi-
mately 28 days or more for individuals who are heavy,
chronic alcohol drinkers (5, 9, 10). The formation of
PEth is proportional to the concentration of ethanol at
the site of PLD, PLD activity (11), and the rate of intes-
tinal absorption of ethanol (7).

Studies have shown that PEth has improved
sensitivity and specificity to detected alcohol expo-
sure in comparison to CDT, ethyl glucuromide/ethyl
sulfate, and liver enzyme biomarkers (12). Clinical
testing for PEth may be used to support patient care
to prequalify individuals for organ transplantation,
to assess drinking during pregnancy or detect neo-
natal drug exposure, and to monitor compliance for
alcohol abstinence programs. Commercial kits for
the detection of PEth homologs are currently not
available; therefore analysis is primarily performed
by laboratory-developed mass spectrometry meth-
ods. The concentration of PEth in whole blood may
be utilized to distinguish chronic or heavy drinkers
from social/light drinkers. Cutoffs to interpret light,
moderate, and heavy drinkers are not well estab-
lished; however, the consensus cutoffs used are
based on clinical studies that demonstrate patients
identified as heavy drinkers tend to have whole
blood PEth concentrations >200 ng/mL (13)
(Table 1). Therefore, more clinical studies are
needed to establish interpretive cutoffs for absti-
nence, moderate drinking, and to assess PEth con-
centrations in patients with liver disease.

Learning Objectives
After reading this article, the reader will be

able to describe biomarkers commonly used to
detect alcohol exposure and the benefit of a long-
term marker to monitor alcohol abstinence.
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Table 1. Phosphatidylethanol result interpretation

PEth (16:0/18:1) whole blood concentration Result interpretation (14)

<20 ng/mL Abstinence or light drinking (<2 drinks per day for several days a week)

20–200 ng/mL Moderate drinking (up to 4 drinks per day for several days a week)

>200 ng/mL Heavy drinking (at least 4 drinks per day several days a week)
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