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Background: Ethyl glucuronide (EtG) is a minor ethanol
metabolite used as a specific marker to document recent
alcohol consumption; confirm abstinence in treatment
programs, workplaces, and schools; and provide legal
proof of drinking. This study examined if bacterial
pathogens in urine may enable postsampling synthesis
of EtG and ethyl sulfate (EtS) from ethanol, leading to
clinical false-positive results.

Methods: Urine specimens with confirmed growth of
Escherichia coli, Klebsiella pneumoniae, or Enterobacter
cloacae were stored at room temperature in the presence
of ethanol. Ethanol was either added to the samples or
generated by inoculation with the fermenting yeast
species Candida albicans and glucose as substrate. EtG
and EtS were measured by LC-MS.

Results: High concentrations of EtG (24-h range 0.5-17.6
mg/L) were produced during storage in 35% of E. coli-
infected urines containing ethanol. In some specimens
that were initially EtG positive because of recent alcohol
consumption, EtG was also sensitive to degradation by
bacterial hydrolysis. In contrast, EtS was completely
stable under these conditions.

Conclusions: The presence of EtG in urine is not a
unique indicator of recent drinking, but might originate
from postcollection synthesis if specimens are infected
with E. coli and contain ethanol. Given the associated
risks for false identification of alcohol consumption and
false-negative EtG results due to bacterial degradation,
we recommend that measurement of EtG be combined
with EtS, or in the future possibly replaced by EtS.
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Early recognition of problem drinking or relapse is im-
portant to ensure adequate alcohol treatment strategies
(1). This goal has been hampered by a lack of sufficiently
sensitive and specific diagnostic methods. The reliability
of self-reporting is limited by denial and underreporting
(2). The time frame for identifying alcohol use by ethanol
testing is usually limited to <12 h, because of rapid
metabolism and excretion (3). Research has therefore
focused on developing alcohol biomarkers with a longer
detection window (4).

A new laboratory marker for detecting recent alcohol
consumption is ethyl glucuronide (EtG) (5). EtG and ethyl
sulfate (EtS) (6) are minor ethanol metabolites formed by
uridine diphosphate—glucuronosyltransferase (UGT) and
sulfotransferase (SULT), respectively, and excreted in

urine for a longer time than ethanol (7-10). Positive EtG
and/or EtS test results thus provide a strong indication
that the person has recently consumed alcohol, even when
ethanol is no longer detectable (9). LC-MS methods are
available for EtG and EtS detection (6,10), as is an
enzyme immunoassay for EtG (DRI® EtG, Microgenics).

EtG has been recommended for forensic application
(11-13) and is used for documentation of abstinence in
treatment programs, for alcohol testing in the workplace
and schools, and as legal proof of drinking (known as “the
80-h alcohol test”). However, the high diagnostic sensitiv-
ity of the EtG test has also produced adverse publicity
(14), because unintentional ethanol intake from ethanol-
based mouthwash (15) and hand sanitizers (16) may also
generate positive results. The United States Substance
Abuse and Mental Health Services Administration re-
cently warned against using a positive EtG as primary or
sole evidence of drinking for disciplinary and legal action
(17).

Bacterial contamination of urine may cause false-nega-
tive EtG test results (18). Many strains of Escherichia coli,
the main source of urinary tract infections, contain the
enzyme f(-glucuronidase, which hydrolyzes EtG. Given
that UGT and SULT activity also occur with some bacteria
(19,20), we examined whether human pathogens may
enable postcollection synthesis of EtG and EtS from
ethanol in urine.

Fresh human urine specimens (anonymous surplus
volumes) with confirmed growth of common pathogenic
bacteria (E. coli, n = 36; Klebsiella pneumoniae, n = 6;
Enterobacter cloacae, n = 6), as identified by culture on
standard solid media, were used (study approved by the
local ethics committee). The samples had been submitted
for routine diagnostic testing in the Department of Clini-
cal Microbiology, Karolinska University Hospital, and
were stored refrigerated until use.

In the 1st experiment we added ethanol (final concen-
tration 1.0 g/L) to urine samples and split them into tubes
that were capped and stored at 4 °C and 22 °C. The same
samples without addition of ethanol, or supplemented
with ethanol and 10 g/L sodium fluoride as preservative,
and uninfected urines served as controls. In the 2nd
experiment ethanol was generated in the urine samples by
inoculation with the fermenting yeast species Candida
albicans (1000 000 colony-forming units/L) and 20 g/L
glucose as substrate. At the start of the experiment, and
after different storage times at 4 °C and 22 °C, aliquots
were stored at —20 °C before analysis of EtG, EtS, and
ethanol.

EtG and EtS were quantified by an LC-MS method
(6,9,10). Analysis was performed in the negative-ion
mode using selected ion monitoring of the deprotonated
ions at m/z 125 for EtS and m/z 130 for EtS-D5, and at m/z
221 and m/z 226 for EtG and EtG-D5. We purchased EtS
from TCI and EtG and EtG-D5 from Medichem Diagnos-
tics. EtS-D5 was synthesized (9). The previously deter-
mined detection limit was 0.1 mg/L; the routine clinical
cutoff used in our laboratory is 0.5 mg/L. All positive EtG
results by LC-MS were confirmed by LC-tandem MS
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(Perkin—-Elmer 200 LC and Sciex API 2000 MS) by the
presence of the correct relative abundance of the major
product ions of EtG (m/z 75, 85, and 113). No interference
by ion suppression was noted.

The ethanol concentration was determined enzymati-
cally using alcohol dehydrogenase on a Hitachi 917
analyzer.

Of the 36 urine specimens infected by E. coli, 10 were
positive for EtG (range 2.6-135.9 mg/L, mean 25.7 mg/L,
median 10.4 mg/L) and EtS (range 1.3-20.0 mg/L, mean
5.0 mg/L, median 3.5 mg/L) at the start of the experi-
ment, indicating that these patients had recently con-
sumed alcohol. After these 10 samples were stored for 5
days at 22 °C, EtG was no longer detectable in 5 (50%),
whereas the EtS concentrations remained unchanged. A
disappearance of EtG, but not of EtS, was also observed
after the samples had been supplemented with ethanol
(Table 1). In 3 samples that initially contained 11.7-46.6

Table 1. Stability of the minor ethanol metabolites EtG and
EtS during storage of infected urine specimens.

Test conditions Uropathogen identified

E. coli, K. pneumoniae, E. cloacae,
n n n
Infected urine specimens 36 6 6
incubated with 1.0
g/L ethanol for 5
days?
Specimens initially 10 1 4
positive for EtG and
EtS?
EtG unchanged after 5 5 6 6
days
EtG negative or 5 (0] 0
decreased after 5
days
EtS unchanged after 5 10 6 6
days
EtS negative or (0] 0 0
decreased after 5
days
Specimens initially 26 5 2
negative for EtG and
EtS
EtG negative after 5 17 5 2
days
EtG positive after 5 9 0 0
days®
EtS negative after 5 26 5 2
days
EtS positive after 5 0 0 0
days

@ Ethanol was added to fresh urine specimens with confirmed growth of E. coli,
K. pneumoniae, or E. cloacae and stored in sealed plastic vials without
preservative at 22 °C for 5 days.

b Samples initially positive for EtG and EtS indicated that these patients had
recently consumed alcohol. EtG and EtS were measured by LC-MS and the
detection limit was approximately 0.1 mg/L for both compounds.

¢ All positive LC-MS results were confirmed positive by liquid chromatography-
tandem mass spectrometry.

9n, Number of specimens.

mg/L EtG, the concentrations were below the routine
clinical cutoff (<0.5 mg/L) after 24 h storage at 22 °C.
These samples also showed a gradual disappearance of
EtG at 4 °C, albeit at a much slower rate, whereas sodium
fluoride was effective in preventing EtG degradation both
at 4 °C and 22 °C (data not shown).

In 9 (35%) of the 26 urine specimens with confirmed
growth of E. coli that were initially negative for EtG and
EtS, formation of EtG but not of EtS was observed with
time at 22 °C after addition of 1 g/L ethanol. In 7 samples
(Fig. 1A), EtG concentrations above the clinical cutoff
were observed after 24-h storage (range 0.5-17.6 mg/L,
mean 5.2 mg/L, median 3.3 mg/L), and after 5 days the
concentrations ranged from 0.3 to 35.2 mg/L (mean 8.9
mg/L, median 2.4 mg/L, n = 9). Slow formation of EtG
was also observed in 3 samples in the presence of added
sodium fluoride and in 2 samples stored at 4 °C. After
addition of ethanol to 1 urine specimen that initially
contained 8.9 mg/L EtG and 2.0 mg/L EtS, the EtG
concentration first increased to 17.6 mg/L after 24-h
storage but then decreased to 5.6 mg/L after 48 h and then
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Fig. 1. Formation of the ethanol metabolite EtG in E. coli infected urine
samples after addition of ethanol.

(A), urine specimens with confirmed growth of E. coliwere supplemented with 1.0
g/L ethanol and stored at 22 °C. Individual EtG results for 7 urine samples are
indicated by different symbols (the data for 3 samples that produced low
concentrations of EtG partly overlap). (B), results for 1 urine specimen with
confirmed growth of E. coli that showed both synthesis and degradation of EtG.
The sample was initially positive for EtG (CJ) and EtS (@) and showed variable EtG
but unchanged EtS concentrations with time after addition of ethanol and
storage at 22 °C.
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to <0.5 mg/L after 5 days (Fig. 1B). The corresponding
EtS concentrations were stable at all times.

After 7 urine specimens containing E. coli and 5 unin-
fected control urines were supplemented with C. albicans
and glucose to generate ethanol (all samples were initially
negative for ethanol), the ethanol concentrations after
7-day storage at 22 °C ranged from 0.73 to 1.47 g/L
(median 1.17 g/L). Formation of EtG (range 1.8-71.4
mg/L) was observed in 3 specimens containing E. coli, but
in none of the uninfected controls. No formation of EtS
was detected in these experiments.

No disappearance or formation of EtG or EtS was
observed in the 12 urine specimens with confirmed
growth of K. pneumoniae or E. cloacae after addition of
ethanol or C. albicans and glucose and storage at 22 °C for
5 days (Table 1).

EtG has been considered specific for alcohol consump-
tion and detectable only after in vivo ethanol metabolism,
and hence EtG testing is used as a basis for disciplinary
and legal action (17) and in forensic autopsy cases (13). A
recent debate relates to the excellent analytical sensitivity
of this test that, in combination with a low clinical cutoff
concentration, may cause positive results attributable to
unintentional ethanol exposure (14-16). To the best of our
knowledge, no true false-positive EtG result has been
reported without such exposure. Nonetheless, the present
study demonstrated that EtG could be formed in a bio-
logical specimen after collection, if the specimen is in-
fected with E. coli and ethanol is present or produced
during storage. In our tested samples the formation of EtG
was rapid and was not always prevented by addition of
sodium fluoride or storage at refrigerator temperature.

Bacterial and fungal infections are common in clinical
practice, with E. coli being the primary pathogen respon-
sible for urinary tract infections. Ethanol may be formed
in unpreserved biological specimens because of microbial
contamination and fermentation, and this risk is espe-
cially high in diabetic patients as a result of glycosuria.
Accordingly, considering the potential serious disciplin-
ary and legal consequences if an individual is falsely
accused of alcohol consumption on the basis of an incor-
rect EtG result, caution is advised when interpreting EtG
test results, and the risk for postcollection ethanol forma-
tion must be considered.

The results of our study also confirm previous obser-
vations that EtG is sensitive to bacterial hydrolysis, but
EtS is not (18). Accordingly, in situations in which EtG-
positive urine is infected from the start, or becomes
contaminated during handling, there is a risk for false-
negative results and alcohol use will remain undetected.

The lack of EtS formation or degradation detected
under test conditions and the similar detection windows
and sensitivities for recent alcohol consumption observed
for the unique ethanol metabolites EtG and EtS (9)
indicate that EtS testing should accompany, be used to
verify, or in the future possibly replace EtG testing. The
results further indicate that EtS is a more suitable test than
EtG to distinguish antemortem ingestion of ethanol from
postmortem synthesis in forensic toxicological analysis

(13). Mass spectrometric methods can easily be modified
to also quantify EtS (6, 9). If the analysis initially focuses
solely on EtG, EtS may be introduced as a verification
assay. However, a negative EtG screening result will
usually not be followed up with confirmatory analysis,
and drinking will thereby remain undetected.
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