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ABSTRACTS

PEth and other biochemical markers of alcohol use and
their role in prevention of drink driving

Zorec Karlovsek M
Association Fortox, Ljubljana, Slovenia

Impaired driving (DUI) remains a significant safety and public health problem. The alcohol-
related fatalities represent about 30% of all traffic related accidents. The percentage
remains stable for years and suggests efforts to reduce the level of drink and driving (by
lowering the legal blood alcohol limit, license suspensions, treatment, fines, imprisonment,
seizure of a vehicle, and or alcohol ignition interlocks) are not as impactful as anticipated.
Research estimates, that individuals arrested for DUl have a large history of drink and
driving on regular basis and a high percentage of them have already developed signs of
alcohol use disorder (AUD). Rehabilitation programs for apprehended drivers can be

considered more successful if they achieve both the effect of separating drink and driving,




as well as reducing alcohol consumption. The need to study the pattern of alcohol usage in
addition to the effect of alcohol intoxication on driving-related skills is becoming increasingly
imperative.

The symposium provides an overview of direct biomarkers of harmful alcohol use, introduced
in clinical and forensic environment. The symposium addresses in more detail the challenges
of standardizing procedures for measuring phosphatidylethanol (PEth 16:0/18:1). PEth
shows properties of a promising biomarker (a) with a high specificity and selectivity, (b) which
reacts to abstinence and relapse, (c) which provides information about the amount of alcohol
consumed, (d) is suitable for routine examinations and (d) cost-effective. The strengths of
using PEth as a biomarker of alcohol intake will be discussed based on the use of PEth in
upon detoxification, in clinical settings and in driver’s license regranting processes, along
with its comparison to other established biomarkers of alcohol intake or their combined use.

Introduction to PEth as a direct alcohol biomarker

Weinmann W
Institute of Forensic Medicine, University of Bern, Bern, Switzerland

Phosphatidylethanols (PEth) are a family of direct biomarkers for alcohol consumption
detectable in whole blood, since they are located in the erythrocytes. This species has been
detected already approx. 40 years ago, however, modern LC-MS/MS technology was
necessary to apply PEth diagnostics in many forensic and clinical fields of application,
whenever time periods (middle to long-term / days to weeks) need to be monitored. Since
2009, we have used LC-MS/MS in several clinical studies for the analysis of PEth in
comparison to other alcohol markers and self-reports. PEth has proven very high specificity,
and due to accumulation by repeated drinking and with a half-life of up to 15 days, PEth has
a high potential for the determination of alcohol consumption habits and also for abstinence
monitoring. This lecture will include the following topics:

e PEth analogues detectable in human blood

e Bioformation of PEth after single drinking events — what is the minimum amount of

alcohol needed for the detection of PEth

¢ Elimination of PEth after multiple excessive and long-term excessive alcohol
consumption
Cut-off concentrations for "abstinence" and for "excessive alcohol consumption"
Comparison of PEth in blood and EtG in hair for abstinence monitoring
Specificity of PEth as a direct marker of alcohol consumption
Stability of PEth (venous blood, capillary blood, dried blood spots DBS)
Application of PEth in different forensic and clinical fields

Acute (EtG) and chronic (PEth) alcohol biomarkers for
evaluation of risky drinking

Bottcher M
MVZ Medizinische Labore Dessau Kassel GmbH, Dessau, Germany

In many countries there are “per se” regulations defining that individuals who lose their
driving licence due to driving under the influence of alcohol (eg. BAC > 1.6g/kg) need a
psycho-medical exploration or have to pass a driving aptitude assessment before the driving



licence can be regranted. Persons with alcohol dependency, riskful drinking behavior or the
inability to stay abstinent over a time period (eg. 6 month) are regarded unfit to drive.
Abstinence periods very often are documented with the help of indirect alcohol biomarkers in
serum or whole blood like gamma-glutamyltransferase (y-GT), mean corpuscular volume of
erythrocytes (MCV) and/or carbohydrate deficient transferrin (CDT). The diagnostic
sensitivity of CDT is low but the diagnostic specificity is high with regard to daily drinking. The
diagnostic sensitivity and specificity of y-GT and MCV is low. The specificity is improved if
regarded in combination.

Ethylglucuronide (EtG) is a direct alcohol biomarker which can be detected in an alcohol
dose and consume frequency dependent manner for several days (urine, blood) or even
months (head hair). EtG testing in abstinence monitoring today is well established in different
clinical and forensic settings eg. traffic medicine, addiction medicine, occupational health,
liver transplantation etc.. EtG has a high diagnostic specificity with regard to recent drinking.
The diagnostic sensitivity however strongly depends on the testing frequency. Recently the
direct alcohol biomarker phosphatidylethanol (PEth) in whole blood was established in many
labs. PEth can be used as an abstinence marker like EtG and shows a much longer
detection time window. In addition the PEth value possibly allows to differentiate between
social (<0.05 umol/L) and riskful (>0.30 umol/L) drinking and may help to monitor alcohol
dose reduction.

In this workshop 3 studies will be presented:

Study 1, EtG and PEth detection times: paired urine and venous EDTA whole blood samples
serially collected from 46 heavy drinkers during 2 weeks of alcohol detoxification at the
hospital were analysed for EtG and PEth. Blood alcohol concentration based on breath
alcohol ranged from 0 to 5.6 g/L (md 1.9) at the day of admission to the hospital. Elimination
half life for PEth was 4 to 10 days while the median detection time window for EtG was only
111 h (whole blood, cutoff 1 ng/mL) and 98 h (urine, cutoff 100 ng/mL).

Study 2, PEth compared with indirect biomarkers: 519 venous serum and EDTA whole blood
samples from 509 patients (80% men) presenting at occupational health units for the
evaluation of risky drinking were analysed for CDT, y-GT, MCV and for PEth and EtG. For the
comparison y-GT and MCV were combined. PEth was the single most positive marker (64%,
cutoff 0.05umol/L) and the only positive chronic biomarker in 86 cases (>0.3 pmol/L). The
highest PEth and EtG concentrations were seen in samples positive for all biomarkers (n =
50), followed by those also being CDT positive (cutoff 2%). All CDT positive samples (n =
126) or y-GT+MCYV positive samples (n = 91) were also positive for PEth.

Study 3, PEth compared with EtG and ethanol: 1149 venous EDTA whole blood samples
from 931 individuals (700 m) from occupational health units, addiction clinics and forensic
hospitals were received for routine PEth and EtG analysis and also analysed for ethanol. 95
samples were positive for ethanol (>0.1 g/L), 454 for EtG (>1 ng/mL), 534 for PEth at 0.05
pmol/L cutoff and 315 at 0.30 ymol/L cutoff. With increasing PEth values the number of
samples with EtG values above 100 ng/mL was also increasing indicating the possible use of
EtG to give complementary information regarding ongoing drinking of the individual.

The Instrumental Analysis of Phosphatidylethanol: From
the Sample to the Result

Luginbiihl M
CAMAG Chemie-Erzeugnisse & Adsorptionstechnik AG, Muttenz, Switzerland

Phosphatidylethanol (PEth) has become a very popular alcohol biomarker for the analysis of



drinking behavior. Each laboratory that performs PEth analysis has the responsibility to
ensure that the applied measurement procedure is well validated and fit for purpose. In the
case of PEth analysis, several practical aspects need special attention:

* Proper knowledge and prevention of possible pre-analytical issues, such as the post-
sampling formation of PEth and the impact of hematocrit on the measurement.

* A protocol that ensures reliable and reproducible sample collection, transport, and PEth
analysis.

* Reliable cutoff concentrations to differentiate between abstinence or light drinking,
significant consumption, and heavy consumption.

Various sample collection devices for the collection of blood samples for PEth analysis will
be presented and discussed. A special focus will be put on the use of microsampling in
combination with drying of the blood, commonly known as dried blood spot (DBS) sampling.
PEth concentrations of samples collected using this technique were shown to be comparable
between liquid whole blood samples, venous DBS, and capillary DBS. Using DBS sampling,
the overall sample stability was improved when compared to measuring PEth in liquid blood.
This is owed to the removal of liquid (ethanol) during the DBS drying process and the
inactivation of further enzymatic activity.

The audience will learn how the sample workup and instrumental analysis of PEth samples
take place in the laboratory. Available protocols for the manual and automated analysis of
PEth in DBS will be presented and compared. Furthermore, it will be demonstrated, how the
recent introduction of DBS autosamplers permits the fully automated analysis of PEth without
any manual sample processing.

The application of PEth cutoff concentrations will be discussed. These cutoff concentrations
to differentiate between abstinence or light drinking, significant consumption, and heavy
consumption are a key factor in PEth analysis and interpretation. Generally, a high cutoff
value will yield a high specificity, while a lower cutoff will reduce specificity in favor of
sensitivity. The central question when establishing cutoff concentrations for PEth is always
how much alcohol is needed to create a positive PEth value. This already starts with making
clear what a ‘unit’ of alcohol refers to. Indeed, the exact amount of such a unit varies from
country to country (in grams of pure alcohol: Switzerland & Germany 10-12 g, Austria 20 g,
USA & Canada 14 g, Australia, Slovenia, Belgium, India, and Ireland 10 g, UK 8 g).

The use of phosphatidylethanol in the driver’s license
regranting process

Van Uytfanghe K, Stove C
Laboratory of Toxicology, Department of Bioanalysis, Faculty of Pharmaceutical Sciences,
Ghent University, Ghent, Belgium

Phosphatidylethanol (PEth) is a biomarker for alcohol intake which is only formed in the
presence of ethanol, with a half-life of 7 to 8 days. Upon chronic alcohol consumption, it can
take weeks before PEth values drop below the decision limit compatible with abstinence or
minimal alcohol consumption during the weeks prior to sampling. This can be problematic
when PEth is used in driver’s license regranting cases, both in retrospective assessment and
prospective assessment.
At Ghent University, testing strategies were developed that should allow a more nuanced
assessment of someone’s (current) drinking and encourage people to stay abstinent.
Two testing strategies have been implemented:
e For confirmation of compatibility with abstinence or minimal alcohol consumption in a
prospective way, a 5-weekly PEth-measurement is performed. Interpretation is done
against an arbitrary decision limit (20 ng/mL) and by implementing a prediction model



that allows to compare the decrease in PEth values with what is expected based on a
large-scale population study.

e For retrospective assessment, PEth results are combined with the determination of
ethylglucuronide in hair. Because of the different detection windows, these tests are
considered complementary. A negative result for EtG in hair in combination with a
positive PEth result can uncover drinking in the past 2-4 weeks, as hair testing is
blind for this testing window. Vice versa, a hair EtG suggestive of chronic excessive
drinking combined with a PEth concentration compatible with social drinking may
indicate a history of excessive alcohol use, but a reduced alcohol use in the weeks to
month prior to sampling.

During this workshop session, the development of the prediction model will be discussed in
more detail, together with the set-up of the two testing strategies. lllustrations will be made
based on field cases we have worked on.



