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ABSTRACT ARTICLE HISTORY
Introduction: To the best of our knowledge, clinically significant endogenous ethylene glycol production Received 14 May 2024
has never been reported in humans, very seldom reported in other animals or microorganisms, and then Revised 23 August 2024
only under rare and specific conditions. We describe the detailed investigations we undertook in two  Accepted 30 August 2024
adult monozygotic twin sisters to ascertain whether they were producing endogenous ethylene glycol. KEYWORDS

Methods: Two previously healthy monozygotic adult twin sisters presented with recurrent episodes of Endogenous production;
apparent ethylene glycol poisoning beginning at age 35, requiring chronic hemodialysis to remove ethylene glycol; glycine;
ethylene glycol and its metabolites as well as to restore metabolic homeostasis. The sisters denied glycolate; hemodialysis;
ingestion or exposure to ethylene glycol. At their request, they were admitted to hospital under strict oxalate

supervision to exclude surreptitious ingestion of ethylene glycol and to evaluate the need for treatment.

Hemodialysis was withheld during this prospective study. Twin A was admitted for 14days and twin B

for 11days. Serial biochemical analyses were performed in blood and urine. Clinical exome sequencing

and mitochondrial deoxyribonucleic acid sequencing were also completed.

Results: In both twins, ethylene glycol was detected in urine, along with intermittent increases in

concentrations of lactate, glycolate, and glycine in blood and/or urine. Blood ethylene glycol

concentrations, however, remained <62mg/L (<1 mmol/L) but became positive soon after discharge. The

oxalate concentration remained normal in blood and urine. Plasma and urine amino acid profiles

showed intermittent small increases in glycine, serine, taurine, proline, and/or alanine concentrations.

Exome sequencing and mitochondrial deoxyribonucleic acid sequencing were non-diagnostic. Neither

twin has been admitted with metabolic acidosis nor ethylene glycol poisoning since chronic hemodialysis

was started. Twin A developed a calcium oxalate dihydrate lithiasis.

Discussion: Mitochondrial disease, methylmalonic/propionic/isovaleric aciduria, primary hyperoxaluria,

and analyte error were all excluded in these twins, as were obvious common environmental exposures.

Conclusion: Detailed investigations were performed in adult monozygotic twin sisters to ascertain

whether they were producing endogenous ethylene glycol. Alternative explanations were excluded to

the very best of our efforts and knowledge. Global metabolomics, gut microbiome analyses, and whole

genome sequencing are pending.

Introduction other animals [2] or microorganisms [3], and then only under

o . rare and specific conditions. These include:
Poisoning from ethylene glycol exposure, typically from

ingestion of an ethylene glycol-containing solution, is a 1. Caldicellulosiruptor saccharolyticus can ferment d-arabinose
life-threatening condition. The metabolites of ethylene glycol, to glycolaldehyde, which is then reduced to ethylene gly-
principally glycolate, glyoxylate, and oxalate, contribute to col through the L-fucose pathway [4];

metabolic acidosis and acute kidney injury [1]. To the best of 2. Genetically modified microorganism hosts (e.g., Escherichia
our knowledge, endogenous ethylene glycol production has coli, Kluyveromyces lactis, Corynebacterium glutamicum,
never been reported in humans, very seldom reported in and Saccharomyces cerevisiae) using substrates such as
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d-glucose, ethanol, or d-xylose can produce ethylene
glycol [2,3, 5,6];

3. Caterpillars of the wax moth (Galleria mellonella) can
produce ethylene glycol from polyethylene plastics [7].

Two patients with recurrent ethylene glycol poisoning
were referred to us. Self-ingestion of ethylene glycol was con-
sidered the likely explanation. However, the patients denied
any such ingestion and asked to be investigated by relevant
experts. Both were prepared to be admitted for extended
admission in isolation and under strict observation to exclude
self-administration of ethylene glycol. We agreed to these
requests by admitting both patients to measure and quantify
their production of ethylene glycol (if any), as well as to bet-
ter understand the pathophysiology of any such endogenous
production and the need for treatment.

We believe it would be helpful to other toxicological col-
leagues if we described the detailed investigations we under-
took in these adult monozygotic twin sisters to ascertain
whether they were producing endogenous ethylene glycol.

Methods
Clinical presentations

Two 39-year-old monozygotic twin sisters are presented (twin
A and twin B). Twin A has a history of anxiety, tachycardia,
and a seizure disorder requiring treatment with mirtazapine
15mg daily, lacosamide 200mg twice daily, and levetiracetam
1,500 mg twice daily. She has no known allergies. Starting at
35years of age, twin A presented to the emergency depart-
ment with symptoms of malaise, dizziness, diplopia, and
altered consciousness (Supplementary Table 1). During the
next 24months, she presented a total of 45 times with the
same clinical picture and occasional seizures, accompanied
by high anion gap metabolic acidosis (median serum bicar-
bonate concentration 15mmol/L, median anion gap
19mmol/L) and a median lactate concentration measured
with a point-of-care spectrophotometry analyzer of 14 mmol/L.
No etiology was uncovered until she was found to have a
blood ethylene glycol concentration of 168 mg/L (2.7 mmol/L)
in December 2019. The median blood ethylene glycol con-
centration during subsequent admissions was 168mg/L
(2.7mmol/L) (Table 1).

Twin B has no relevant prior medical history aside from
gastroesophageal reflux. She has no allergies and takes no
medications. She first presented at age 36, 9 months after
twin A, for a total of 33 times during the following 16 months,
with the same clinical picture but without seizures. She also
had similar biochemical derangements, namely high anion
gap metabolic acidosis (median serum bicarbonate concen-
tration of 20mmol/L, median anion gap of 17mmol/L) and
median lactate concentration of 7mmol/L. The median blood
ethylene glycol concentration during subsequent admissions
was 217mg/L (3.5mmol/L) (Table 1).

On at least one occasion, the ethylene glycol concentra-
tion in twin A was undetectable at presentation but became
positive during the admission. Ethanol, methanol, isopropa-
nol, and acetone concentrations always remained undetectable

in both twins (except for a blood methanol concentration of
38mg/L (1.2mmol/L) in twin B in May 2021, which did not
recur). Intermittent elevations in the concentrations of oxa-
late, lactate, glycolate, glyoxylate, and glycine were detected
in blood and urine. Calcium oxalate crystals were detected in
the urine of both patients. Urine organic acid profiles were
otherwise unremarkable. Kidney function remained normal,
and no calcinosis was found on abdominal ultrasound. Both
twins had normal plasma concentrations of thiamine,
D-lactate, ammonia, B-hydroxybutyrate, acetoacetate, methyl-
malonate, total carnitine, free carnitine, and pyruvate, and
intraerythrocytic pyruvate kinase activity. Plasma and urine
amino acid profiles showed intermittent small increases in
glycine, serine, taurine, proline, or alanine concentrations.

There was no significant family history. They have two
brothers from the same parents, one half-sister, and one
half-brother. Both twins have two healthy children, aside
from autism in one. They are both married. No one else in
either household has developed similar symptoms, and no
one else in the extended family has been hospitalized
since 2019.

The twins live 50km from each other and reported seeing
each other in person about four times per year prior to the
COVID pandemic, and had no in-person contact at all during
the COVID pandemic due to local lockdown. Twin A works in
a well-ventilated auto dealership, and twin B works at home.
Their diet consists mainly of meat, vegetables, and more than
2L per day of Pepsi’. Neither twin uses cosmetics regularly.
Neither twin smokes tobacco nor uses electronic cigarettes.
Twin A uses marijuana recreationally weekly, and twin B
drinks ethanol occasionally. Both twins deny the use of other
recreational drugs or natural products. They do not use
cleaning products containing ethylene glycol and deny inges-
tion of any product containing ethylene glycol. Both twins
and their families denied any possibility of self-harm.

Chronic hemodialysis was offered and initiated in June
2021. Both twins were initially dialyzed thrice/week, then
twice/week, then once/week, and eventually every 10days. At
present, both are doing well and have not been hospitalized
for metabolic acidosis since hemodialysis was initiated. Of
note is that their hemodialysis treatment is scheduled at the
same time, and a detectable ethylene glycol concentration
only occurred three times in both twins on the same day
(2.4% of samples). Twin A developed a calcium oxalate dihy-
drate lithiasis in December 2022.

Prospective study

At the twins’ request, we performed a prospective study during
which they were admitted to hospital. They were under strict
supervision to eliminate surreptitious ingestion of ethylene
glycol. At their request, they were denied visitors and outside
food and did not leave their private room during their admis-
sions. Their belongings were searched on admission for evi-
dence of exogenous alcohols or other products. They were
both put on a low oxalate diet and restricted soda intake (less
than 300mL per day). Written consent was obtained from both
twins. Both twins were also enrolled in the Care4Rare Canada
research project due to the absence of a molecular diagnosis.
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Approval of the study design was obtained from the institu-
tional research ethics board (Children’s Hospital of Eastern
Ontario), and informed consent was obtained.

Biochemical analyses (additional information available
in supplementary methods)

Glycolate and oxalate were both assayed in urine and plasma
by gas chromatography-mass spectrometry in selective ion
monitoring mode as an integral part of an extensive organic
acid profile analysis at the University of Sherbrooke Hospital
Centre (see Supplementary Methods). Urine organic acid pro-
filing was also conducted according to standard protocols at
the Children’s Hospital of Eastern Ontario. Quantitative mea-
surement of oxalic acid was performed at the Oslo University
Hospital using liquid chromatography-tandem mass spec-
trometry in plasma and urine [8]. Blood ethylene glycol was
measured by standard gas chromatography-flame ionization
detection and/or high-performance liquid chromatography.
Serum and urine ethylene glycol and glycolate were mea-
sured at Oslo University Hospital by gas chromatography-mass
spectrometry in full scan mode, and a scan for diethylene
glycol and glyoxylate was performed.

Genetic testing

Clinical exome sequencing (PGxome, Prevention Genetics,
Marshfield, WI) on deoxyribonucleic acid (DNA) extracted
from white blood cells was completed on a singleton basis
due to the sisters being monozygotic twins. Mitochondrial
DNA sequencing (London Health Sciences Centre, London,
ON) was performed on DNA derived from white blood cells
and urinary epithelial cells.

Results

Overall, measurements performed in parallel in different labs
(ethylene glycol, glycolate, oxalate) correlated well. Table 2
shows a summary of relevant tests during the study period
for twin A. After a hemodialysis treatment four days prior to
admission, twin A was admitted for 14days in July 2022,
during which hemodialysis was withheld. Blood ethylene gly-
col concentrations remained below 62 mg/L (1 mmol/L) during
the length of admission but became detectable on day 17 (3
days after her discharge) with a concentration of 236 mg/L
(3.8mmol/L). Her plasma and urine oxalate concentrations
were always within normal range. However, there were direct
and indirect signs of ethylene glycol presence during admis-
sion, including:

1. ethylene glycol detection in urine on days 11
(174mg/L [2.8mmol/L]), 12 (149mg/L [2.4mmol/L]),
and 13 (112mg/L [1.8 mmol/L]);

2. a moderately increased plasma glycolate concentra-
tion on day 11 (13mg/L [169 umol/L]), and on day 12,
it increased further to 74mg/L (1.0 mmol/L);

3. high urine glycolate excretion on days 2 (69 pg/mg
creatinine [102 pmol/mmol creatinine]), 11 (387 pg/mg

creatinine [576 pmol/mmol creatinine]), 12 (160 ug/mg
creatinine [238 pmol/mmol creatinine]), and 13 (406
pg/mg creatinine [603 pmol/mmol creatininel);

4. a consistently high concentration of glycine in plasma
(glycine is an end product of ethylene glycol
metabolism);

5. an anion gap that fluctuated by up to 5 mEq/L during
a 24-h period during which lactate concentration
remained normal, and ketones were undetectable in
urine; and

6. calcium oxalate crystals were found in urine on sev-
eral days.

Acute kidney injury did not occur. The patient remained
asymptomatic throughout admission except for three epi-
sodes of pseudo-seizures, attributed to accumulated stress
related to the admission. Urine and plasma amino acids and
organic acids showed only minor changes, which were
non-specific and not significant. Methanol, formate, and gly-
oxylate concentrations were always undetectable in both
blood and urine.

Table 3 shows a summary of relevant tests and their
ranges during the study period for twin B. After hemodialysis
four days prior to admission, twin B volunteered to be admit-
ted for 11days in February 2022, during which hemodialysis
was withheld. Blood ethylene glycol concentrations remained
below 62mg/L (1mmol/L) during the length of admission
but became detectable on day 12 (143mg/L [2.3mmol/L]),
two days after her discharge. Her plasma and urine oxalate
concentrations were always within normal range. However,
there were direct and indirect signs of ethylene glycol pres-
ence, including:

1. ethylene glycol detection in wurine (93mg/L
[1.5mmol/L]) on day 8 (two days prior to hospital
discharge);

2. mild/moderate elevations of plasma glycolate concen-
tration on days four (6mg/L [79 pmol/L]) and seven
(14mg/L [186 pmol/L]);

3. high urine glycolate excretion on day eight (65 pg/mg
creatinine [96 umol/mmol creatinine]);

4. consistently high glycine concentrations in plasma;

5. the presence of calcium oxalate crystals in urine on
days eight and nine; and

6. increased blood lactate concentration (1.4mmol/L)
with white blood cell count of 13.5 x 10°/L on day 10.

Acute kidney injury did not occur, and the patient
remained asymptomatic. Methanol, formate, and glyoxylate
concentrations were always undetectable in both blood
and urine.

Genetic testing

The clinical exome was non-diagnostic. A single heterozy-
gous variant of uncertain significance was found in each of
the TWNK (c.1217G > A, p.Arg406GIn) and PNPTT (c.1907G > A,
p.Gly636Asp) genes. These findings were thought unlikely
to be the primary cause of the ethylene glycol elevations
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due to poor phenotypic correlation and lack of biochemical
mechanism. Mitochondrial DNA sequencing was likewise
non-diagnostic.

The exome sequencing data were reanalyzed on a research
basis, and no potential novel disease genes were identified
(see Supplementary Methods for details on HPO terms used
to generate a list of genes of interest). The genes for glyco-
late oxidase (HAOT1), the primary hyperoxalurias types 1-3
(AGXT1/2, GRHPR, and HOGAT), and lactate dehydrogenase
(LDHA) were specifically reanalyzed, including intronic regions
(see Supplementary Table 2 for exonic and intronic coverage
of these genes) and no variants were identified. Due to some
ethylene glycol metabolites being potential markers of diabe-
tes mellitus [9], genes associated with maturity-onset diabe-
tes of the young were assessed, and no variants were
detected in those genes (see gene list in Supplementary
Table 2). Genes associated with hyperglycinemias (e.g., meth-
ylmalonic, propionic, and isovaleric acidurias, and non-ketotic
hyperglycinemia) were also examined in detail, and no vari-
ants were identified.

Discussion

There are reports of misdiagnosed ethylene glycol overdose
in the medical literature. One patient with recurrent episodes
of metabolic acidosis with elevated lactate concentrations
and a measurable glycolate concentration (but undetectable
blood ethylene glycol) was later diagnosed with a mitochon-
drial complex 1 deficiency [10]. In another case, ethylene gly-
col was erroneously detected in a child who was subsequently
found to have methylmalonic aciduria [11]. In the patients
presented here, such laboratory error — in which another ana-
lyte is misidentified as ethylene glycol or glycolate - was
excluded. Urine organic acid profiles analyzed on several
occasions never suggested methylmalonic, propionic, or iso-
valeric aciduria (the “ketotic hyperglycinemias”). Primary
hyperoxalurias are autosomal recessive diseases manifested
by impaired oxalate handling, and recurrent urolithiasis and
progressive kidney function decline were also excluded.
These conditions present with hyperoxaluria and hyperoxale-
mia along with specific biochemical derangements. Primary
hyperoxaluria 1 classically results in increased plasma glyco-
late, primary hyperoxaluria 2 in increased plasma glycerate,
and primary hyperoxaluria 3 in increased plasma
4-hydroxy-2-oxoglutarate and high 2,4-dihydroxyglutarate
(Supplementary Figure 1). Extensive genetic testing by way
of exome sequencing and mitochondrial DNA sequencing
did not identify a genetic cause for their issues. Transient
hyperglycinemia, which may be accompanied by small eleva-
tions of glycolate and glyoxylate [12], is reported in patients
taking valproic acid, receiving intravenous immunoglobulin,
after certain surgeries. Further, a slightly elevated glyoxylate
concentration can be a metabolic marker of diabetes mellitus
[9, 13]. None of these factors were present in the described
cases. Supplementary Figure 1 illustrates ethylene glycol, gly-
colate, and oxalate metabolism and potential pathways cur-
rently investigated, although none are known to allow back
production of ethylene glycol.
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Ingestion of ethylene glycol, inadvertently or intentionally,
was considered unlikely as both twins were admitted under
strict surveillance at the hospital for at least 11days. Although
ethylene glycol was never detected in blood during the study
periods, there was the presence of ethylene glycol in urine
and indirect evidence of ethylene glycol metabolism in both
twins (primarily elevated glycolate in urine and serum). These
findings suggest an ongoing process of endogenous eth-
ylene glycol production during admission, which was clearly
more present after discharge (perhaps due to unaccounted
factors such as diet). The diet logs of both twins following
discharge were reviewed; no specific dietary culprit was iden-
tified, aside from a large intake of non-diet Pepsi’ cola.
Environmental exposure to ethylene glycol fumes is unlikely
as they do not live close to one another, and no one else in
their respective families became sick. The twins also had no
contact just prior to their many hospitalizations.

Ethylene glycol is not usually reported to occur sponta-
neously in living mammals. Using highly sensitive whole
blood by isotope dilution gas chromatography-mass spec-
trometry, healthy subjects were found to have very low con-
centrations of ethylene glycol in whole blood (in ranges
about = 0.06mg/L [0.001mmol/L]) and urine (=0.6mg/L
[0.01 mmol/L]) [14,15]. The same group found ethylene glycol
concentrations in tap water and bottled water similar to
those found in whole blood [14]. They also found ethylene
glycol in post-mortem blood and tissue samples [16].

Other alcohols are found in greater concentrations in body
fluids. For example, ethanol is constantly formed from acetal-
dehyde in the human body through various metabolic pro-
cesses and produced from carbohydrate fermentation by
intestinal microbiota [17-25] and Escherichia coli [26,27].
Similarly, endogenous methanol can be found in small quan-
tities in humans [18, 28] from S-adenosyl methionine in the
pituitary [29], ingestion of natural pectin [30,31], metabolism
of ethanol by gut flora, and C1 metabolism in the liver
[32,33], or due to pathogenic variants in the ADH1C gene [34].

Genetic variants that would alter the expression of alcohol
dehydrogenase were not found on exome sequencing and
likely would have resulted in higher concentrations of meth-
anol or ethanol [18]. However, genetic variants introducing
new properties in an enzyme allowing for some production
of ethylene glycol cannot be excluded; novel variants in the
PCCB gene have recently been shown to be responsible for
late-onset propionic acidemia [35], in which the first symp-
toms uncharacteristically occurred at 22years of age.

Human gut microbiome-host interactions in health and
disease are well-documented [36]. For example, endotoxin
overgrowth in human gut microbiota has been demonstrated
as causative in non-alcoholic fatty liver disease [37]. In addi-
tion, a bacteria-to-human network of DNA “damage-up” pro-
teins has been associated with endogenous DNA damage
[38]. A single population cohort has also revealed the com-
bined effects of host genetics and diet on human gut micro-
biota and incident disease [39]. In the present cases, there
remains a possibility of gastrointestinal colonization with a
rare pathogen, converting carbohydrates into ethylene glycol
(as is known to happen with ethanol [40] and methanol [33]).
However, we are unaware of any ethylene glycol-producing
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microorganisms that have been reported in humans and only
under very specific and rare conditions in other animals and
microorganisms. However, this cannot be excluded in the
two monozygotic twins; they have an identical genotype
and, thus, the same potential for a unique but identical host-
microbiome interaction and symbiosis.

Alcohol dehydrogenase inhibitors are the mainstay of
management in acute ethylene glycol poisoning [41]; how-
ever, it is unclear if these are beneficial when there is ongo-
ing ethylene glycol production. For this reason, chronic
hemodialysis therapy was chosen as the definitive treat-
ment. No correlation between the interval of dialysis and
the likelihood of positive ethylene glycol concentration was
demonstrated. It was also not deemed ethical to withhold
dialytic therapy to trigger an event. Further, in addition to
dialysis, the twins are now following a low carbohydrate
and low oxalate diet. The normal excretion of oxalate was a
surprising finding but can be explained by the normal pyr-
idoxine levels in the subjects, which will favor metabolism
to glycine [42] and promote hepatic and renal transport of
oxalate [43]. Also, zinc is a known cofactor of alcohol dehy-
drogenase, but it is unclear what effect supplementation
would have.

As a continuation of this project, gastrointestinal cultures
and microbiome studies are planned, after which stool trans-
plantation, proton pump inhibitors, and empiric antimicrobi-
als will be considered for management. Global metabolomics,
also known as untargeted metabolomics, will also be per-
formed in these patients [44]. Using the global approach,
several thousands of different molecular features can be
detected. This provides a detailed map of the biochemical
phenotype and all reaction routes and molecular networks
potentially affected, laying the ground for potential new
hypotheses to be generated and subsequently tested. We
also plan for whole genome sequencing. This hopefully will
reveal the underlying pathophysiology of the endogenous
ethylene glycol production and explain the biochemical aber-
rations and clinical presentation observed, providing a defi-
nite diagnosis and treatment for the patients.

Conclusions

Detailed investigations were performed in adult monozygotic
twin sisters to ascertain whether they were producing endog-
enous ethylene glycol. Self-ingestion of ethylene glycol can-
not be entirely excluded despite our careful prospective
clinical study. Alternative explanations were excluded to the
very best of our efforts and knowledge. Genetic testing did
not identify the cause. Further studies using untargeted
metabolomics, microbiome analysis, and whole genome
sequencing will be performed to try to elucidate if the twins
have a unique genotype enabling human ethylene glycol
production or a host-microbiome milieu favoring a rare and
so far unknown ethylene glycol-producing microbe.
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