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Abstract

Polyethylene glycol (PEG) 3350, an active ingredient of over-the-
counter MiraLAX, is a commonly used laxative in children and is pro-
duced by polymerization of ethylene glycol (EG). Masked EG toxicity 
secondary to contamination of PEG 3350 could occur. We present a 
7-year-old child with developmental delay who presented with altered 
mental status and acute kidney injury (AKI) following intake of generic 
PEG 3350 for few days prior to presentation. There was high anion 
gap metabolic acidosis, hypernatremia, elevated osmolar gap, lactic 
acidosis, and AKI. Urinalysis showed tubular proteinuria, microscopic 
hematuria, and calcium oxalate crystals. Prior urinalyses were normal 
without hematuria or proteinuria. Renal biopsy revealed evidence of 
mesangial dominant immunoglobulin A (IgA) and complement 3 (C3) 
deposits along with dense tubular deposition of calcium oxalate crys-
tals. He subsequently developed worsening oliguric AKI and required 
hemodialysis (HD) for several sessions. The AKI resolved within 2 
weeks and further HD was not required. Mental status improved in few 
days. Follow-up urinalyses showed resolution of microscopic hematu-
ria and crystalluria. We hypothesized that the generic PEG 3350 most 
likely was contaminated with EG leading to the presentation. A high in-
dex of suspicion of contamination of PEG 3350 with EG is required in 
patients presenting with unexplained high anion gap metabolic acido-
sis, elevated osmolar gap, lactic acidosis, AKI, calcium oxalate crystal-
luria, and oxalate crystals on renal biopsy. Further studies are needed to 
determine whether there is an association between transient glomerular 
mesangial IgA deposition and crystal nephropathy.
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Introduction

Polyethylene glycol (PEG) is a hydrophilic polyether com-
pound derived from petroleum and has been used in numerous 
applications from industrial manufacturing to biomedicines 
[1]. It has been used in multiple pharmaceutical products in 
topical, oral, and parenteral forms such as cosmetics, skin 
creams, toothpastes, laxatives, and recently as an excipient in 
both the Moderna and Pfizer-BioNTech vaccines for severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
[2]. PEG with an average molecular weight of 3,350 daltons, 
known as PEG 3350, is the active ingredient of MiraLAX. Mi-
raLAX, an osmotic laxative, was first approved as a prescrip-
tion laxative in February 1999, and then approved as over-the-
counter medication in May 2019 [3]. PEG is produced by the 
interaction of ethylene oxide with water, ethylene glycol (EG), 
or ethylene glycol oligomers. EG and its oligomers are more 
preferred than water, because of its low molecular weight of 
62 g/mol that allow production of narrow molecular weight 
distribution [4]. EG, a common component of anti-freeze and 
deicer solutions, is known to cause oxalate nephropathy. EG 
toxicity is secondary to the metabolic acidosis resulting from 
the biotransformation of EG into toxic metabolites (Fig. 1). 
Glycolic acid causes severe acidosis and oxalate precipitates 
as calcium oxalate monohydrate (COM) in the renal tubules, 
resulting in oxalate nephropathy [5].

We present a case of acute oxalate nephropathy most 
likely secondary to consumption of contaminated PEG 3350 
with EG, in a child without a known prior kidney disease along 
with incidental finding of mesangial dominant immunoglobu-
lin A (IgA) and complement 3 (C3) deposits. To the best of 
our knowledge, the association of oxalate nephropathy with 
mesangial IgA deposits has not been reported.

Case Report

Investigations

A 7-year-old male was seen in the emergency department for 
progressive lethargy for 1 day. There was no history of fever, 
vomiting, diarrhea, dysuria, gross hematuria, dark brown urine, 
recent decrease in the urine output or appearance of new rash. 

Manuscript submitted August 23, 2022, accepted September 22, 2022
Published online September 28, 2022

aDivision of Pediatric Nephrology, Department of Pediatrics, University of 
Florida, Gainesville, FL, USA
bDivision of General Pediatrics, Department of Pediatrics, University of Flor-
ida, Gainesville, FL, USA
cDivision of Anatomic Pathology, Department of Pathology, University of 
Florida, Gainesville, FL, USA
dCorresponding Author: Kiran Upadhyay, Division of Pediatric Nephrology, 
Department of Pediatrics, University of Florida, Gainesville, FL 32610, USA. 
Email: kupadhyay@ufl.edu

doi: https://doi.org/10.14740/jmc4000

https://crossmark.crossref.org/dialog/?doi=10.14740/jmc4000&domain=pdf&date_stamp=2022-09-26
https://orcid.org/0000-0002-8441-0220


Articles © The authors   |   Journal compilation © J Med Cases and Elmer Press Inc™   |   www.journalmc.org476

PEG 3350 Oxalate Nephropathy and Mesangial IgA J Med Cases. 2022;13(9):475-481

There was no history of recent infections, inflammatory bowel 
disease, celiac disease, lung disease or liver disease in the past. 
There was no history of autoimmune disorders such as ankylos-
ing spondylitis, Sjogrens syndrome, rheumatoid arthritis, pso-
riasis, or malignancies. He had a history of chronic constipation 
that was managed with MiraLAX. His past medical history was 
remarkable for prematurity at 28 weeks gestation, gastropare-
sis, cerebral palsy, hydrocephalus, and complex partial seizure 
which was well controlled on oxcarbazepine and levetiracetam. 
His surgical history included ventriculoperitoneal (VP) shunt 
and fourth ventricular stent placement at the age of 2 months of 
life, and Nissen fundoplication with gastrostomy tube (G-tube) 
placement at the age of 1 year. Family history was not sugges-
tive of autoimmune diseases, renal failure, dialysis, or kidney 
transplantation. His dietary regimen consisted of continuous 
Kate Farms formula via G-tube. There was no history of ex-
cessive dietary oxalate consumption. His medications included 
oxcarbazepine, levetiracetam, pantoprazole and MiraLAX. He 
was started on a new bottle of generic PEG 3350 a few days 
ago. He had a history of baseline developmental delay and was 
non-verbal but was able to laugh, smile, wave and usually was 
in bright mood prior to the presentation.

On admission, he appeared ill, and his vital signs showed 
temperature 37.1 °C (98.8 °F), heart rate 129 beats per minute, 
respiratory rate 27 per minute, blood pressure 128/66 mm Hg, 
oxygen saturation of 100 % on room air, weight 34.9 kg (77 
lb), height 1.34 m and body mass index 19.44 kg/m2. Physical 
examination showed a lethargic child with Kussmaul breathing 
and altered mental status. Physical examination showed a non-
verbal and wheelchair-bound child. He appeared to be in some 
distress. He had normal conjunctiva, pupils were equal, round, 
and reactive to light with a blank stare. There was well-healed 
prior tracheostomy scar. Chest examination showed tachyp-

nea without nasal flaring, wheezing or rales. Cardiovascular 
examination showed tachycardia with regular rhythm, normal 
heart sounds, no murmurs or gallop. Abdomen was soft with 
normal bowel sounds, and no mass, tenderness, or distension. 
There was a G-tube in place with dry and clean dressing. Skin 
was warm and dry without cyanosis, erythema, or rash. Capil-
lary refill time was less than 2 s. He had bilateral upper and 
lower extremities contractures. He had altered mental status 
with minimal movements and unable to follow commands. He 
was admitted in the intensive care unit due to high anion gap 
metabolic acidosis, elevated osmolar gap, hypernatremia, and 
acute kidney injury (AKI).

An initial venous blood gas analysis showed: pH 7.05, 
PaCO2 24 mm Hg, PaO2 33 mm Hg, and bicarbonate 7 mmol/L. 
Serum lactate was elevated at 5.8 mmol/L. Initial serum chem-
istry showed sodium 154 mmol/L, potassium 4.7 mmol/L, 
chloride 120 mmol/L, bicarbonate 7 mmol/L, calcium 9.9 mg/
dL, albumin 3.9 g/dL, phosphorus 5.8 mg/dL, glucose 132 mg/
dL, blood urea nitrogen 22 mg/dL, creatinine 1.3 mg/dL (Table 
1). His baseline serum creatinine a week prior was 0.5 mg/
dL which increased to a peak value of 6.1 mg/dL after 2 days 
of admission. Measured serum osmolality was 352 mOsm/kg 
H2O. Calculated serum osmolality was 323 mOsm/kg H2O. 
Serum osmolal gap was 29 mOsm/kg H2O. White blood cell 
count showed total white count of 9.1 × 109/L, hemoglobin 
13.1 g/dL, and platelet count of 470 × 109/L. Urine electro-
lytes showed urine sodium of 51 mmol/L and osmolality of 
145 mOsm/kg H2O. Urinalysis showed specific gravity 1.009, 
pH 5, 23 red cells per high power field, absence of protein 
and ketones, and plenty of calcium oxalate crystals. Random 
urine protein creatinine ratio was 0.9 mg/mg, mainly tubular 
proteinuria with elevated urine β2-microgloblin 10,252 µg/L 
(normal < 300 µg/L). Random urine calcium creatinine ratio 

Figure 1. Ethylene glycol metabolism.
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was normal at 0.04 mg/mg. Liver function test showed stable 
transaminases. Hepatitis profile was negative.

Renal bladder sonogram showed 9.8 cm and 9.6 cm kid-
neys with normal echogenicity and without hydronephrosis. 
Other investigations showed normal serum immunoglobu-
lins (Ig), including IgA. Brain natriuretic peptide was normal 
at 41 pg/mL. Serum complements C3 and C4 were normal. 
Antinuclear antibody was 1:160 in the homogenous pattern. 
Anti-double stranded DNA was negative. Anti-neutrophil cy-
toplasmic antibodies and anti-glomerular basement membrane 
antibodies were negative. Anti-streptolysin O was 216 IU/mL 
(normal: < 200 IU/mL). C-reactive protein was 36.5 mg/dL. 
Procalcitonin was 0.53 ng/mL. Blood culture was negative. 
Respiratory viral polymerase chain reaction (PCR) including 
SARS-CoV-2 was negative. Epstein-Barr virus (EBV) and 
cytomegalovirus (CMV) DNA PCRs were negative. Serum 
creatine kinase was 50 U/L (normal 0 - 200 U/L). Review of 
prior urinalyses showed absence of microscopic hematuria and 
proteinuria. X-ray abdomen showed moderate amount of stool 
in the colon. VP shunt series was stable. A non-contrast com-
puted tomography of the head showed no acute intracranial 
hemorrhage, regional mass effect, midline shift or herniation. 
Electroencephalogram showed diffuse slowing but no epilep-
tiform discharge.

Urine toxicology was negative. Serum salicylate level and 
ethyl alcohol levels were below detectable limits. Serum EG 
and propylene glycol levels were not measured. We were also 
not able to obtain the bottle of generic PEG 3350 and send it 

for testing to confirm contamination with EG.

Diagnosis

A percutaneous renal biopsy obtained a week after admission 
showed three portions of cortical tissue with 21 glomeruli on 
light microscopy with mild to moderate increase in glomeru-
lar mesangial cellularity without endocapillary proliferation, 
segmental sclerosis, necrosis, or crescents (Fig. 2). Most of the 
proximal and distal tubular cells showed yellowish white, ra-
dially arranged crystals with birefringence under polarization, 
consistent with calcium oxalate crystals with a layer of CD68 
positive mononuclear cells outside the crystals, representing 
macrophages (Fig. 3). There was mild interstitial CD3 positive 
lymphocytic inflammation. There was no acute tubular necro-
sis. Immunofluorescence showed diffuse granular mesangial 
staining for predominant IgA (3+) and C3 (1+) (Fig. 2). There 
was no specific glomerular staining for IgG, IgM, C1Q or 
kappa light chain. Electron microscopy showed normal trilam-
inar structure with mesangial electron-dense immune depos-
its without subendothelial or subepithelial immune deposits, 
along with intact podocyte foot processes.

Treatment

Patient received multiple intravenous (IV) fluid boluses and 

Table 1.  Laboratory Values From the Initial Presentation to Until 24 H After Presentation

Initial 
presentation At 2 h At 4 h At 8 h At 12 h At 15 h At 18 h At 24 h

pH (venous) 7.00 7.08 7.18 7.28 7.31 7.42 7.46 7.49
PCO2 14.6 10.0 < 9.0 9.8 13.2 23.7 34.1 35.6
PO2 55.0 112.0 131.0 80.2 60.3 46.5 179.0 172.0
Base excess -28.0 -26.9 -21.5 -18.3 -7.8 1.1 3.9
Sodium, serum (mmol/L) 154 150 152 152 150 145 143 140
Potassium, serum (mmol/L) 4.7 4.6 3.8 3.3 3.3 3.3 3.4 3.3
Chloride, serum (mmol/L) 120 114 108 109 109 107 104 105
Carbon dioxide, serum (mmol/L) 7 5 5 6 14 24 28 30
Blood urea nitrogen (mg/dL) 22 29 31 32 42 45 51 54
Serum creatinine (mg/dL) 1.3 1.92 2.32 2.79 2.89 3.07 3.64 4.01
Serum calcium (mg/dL) 9.9 10.5 10.0 10.6 9.3 7.9 7.8 7.7
Serum anion gap 27 31 39 37 27 14 11 5
Serum albumin (g/dL) 3.9 3.7 3.5 3.4 3.3 2.9 2.7
Serum phosphorus (mg/dL) 5.8 4.2 3.1 2.9 2.6 3.3 5.8 6.1
Glucose (mg/dL) 132 120 124 116
Lactate (mmol/L) 5.81 6.86 7.8
Serum osmolality, calculated (mOsm/kg H2O) 323 322 322 314
Serum osmolality, measured (mOsm/kg H2O) 352 339 330 311
Serum ethyl alcohol (mg/dL) < 15



Articles © The authors   |   Journal compilation © J Med Cases and Elmer Press Inc™   |   www.journalmc.org478

PEG 3350 Oxalate Nephropathy and Mesangial IgA J Med Cases. 2022;13(9):475-481

was started on bicarbonate containing IV fluid. Given urine mi-
croscopy finding of oxalate crystals, there was a concern for an 
EG ingestion. Mother had reported that only new medication 
was a generic PEG 3350 that she had obtained from a local 
store and his brother had vomiting episodes after receiving the 
same PEG 3350, raising concern for possible contamination of 
PEG 3350 by EG. There was no history of exposure to anti-
freeze, and accidental ingestion of other household agents. Due 
to concern for EG, propylene glycol, or other alcohol vs. other 
toxic ingestion, poison control was consulted. He received thia-
mine, folic acid, and pyridoxine for neuroprotection.

The patient subsequently developed oliguria. Due to per-
sistent metabolic acidosis, oligoanuria and concern for toxic 
ingestion, emergent hemodialysis (HD) was started on day 
2 of admission. Acidosis and sensorium improved with HD. 
Ethanol and/or fomepizole therapy was not administered. Fo-
mepizole was thought to be unnecessary by the treatment team 
due to the severe renal impairment and the need for HD, along 
with the absence of serum EG level. His diet was changed to 
Suplena from Kate Farms. He did not have seizures. He in-
termittently had hypertension suggesting fluid overload that 
improved with dialysis.

Figure 2. Kidney biopsy. Light microscopy (H&E, 40 × 10) showed mesangial hypercellular glomerulus. Inset: mesangial IgA 
staining by immunofluorescence. H&E: hematoxylin and eosin; immunoglobulin A.

Figure 3. Kidney biopsy. Light microscopy (H&E, 20 × 10) showed proximal and distal tubules containing extensive yellowish-
white, radially arranged crystals with cellular reaction (red arrows). Inset: birefringent crystals under polarization, consistent with 
calcium oxalate crystals. H&E: hematoxylin and eosin.
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Follow-up and outcomes

Tenth day after admission, he started to void spontaneously, 
and his renal function started improving with stable electro-
lytes and serum creatinine of 2.8 mg/dL. HD was discontin-
ued. His mental status returned to baseline. After discharge, 
weekly follow-up renal function test showed gradual improve-
ment of the serum creatinine to 0.7 mg/dL within 3 weeks of 
discharge. Renal diet with Suplena was switched back to the 
original Kate Farms formula. Urinalysis did not show micro-
scopic hematuria or crystalluria at 3-week follow-up. A repeat 
renal biopsy was not performed.

Discussion

The initial diagnosis of EG intoxication may be difficult in the 
absence of documented history of EG ingestion or in the ab-
sence of serum EG level, as in our case. However, even in the 
absence of these, a high index of suspicion for EG toxication is 
required in someone presenting with the initial findings of el-
evated osmolar gap, high anion gap metabolic acidosis, lactic 
acidosis, and AKI. Oxalate nephropathy is a well-known cause 
of AKI [6]. In a series by Karlson-Stiber et al, 50% of patients 
required renal replacement therapy, most had a renal recov-
ery. Hence, early recognition and rapid treatment are needed 
to decrease the morbidity and mortality [7]. Calcium oxalate 
crystalluria and oxalate crystals in the renal biopsy further so-
lidifies the diagnosis of EG intoxication.

Contamination of PEG 3350, a common osmotic laxative, 
with EG can occur. In 2008, the Food and Drug Administra-
tion reported contamination of eight batches of MiraLAX with 
small amounts of EG and diethylene glycol [8]. Our patient 
had been using a new bottle of PEG 3350 for few days prior 
to presentation and it is possible that it was contaminated with 
EG. Although our patient had all clinical and laboratory find-
ings seen in EG intoxication, in the absence of serum EG level 
and documented history of EG intoxication, the diagnosis of 
EG contamination of PEG 3350 remains a mere speculation.

Lactic acidosis can occur in EG toxicity as an artifact due 
to the structural similarity of the lactate and glycolate mole-
cules or a real finding due to inhibition of cellular metabolic 
enzymes by glycolate, leading to lactic acidosis [9, 10]. The 
mechanism of AKI is most likely secondary to crystallopathy. 
Acute supersaturation of calcium oxalate crystals leads to direct 
and indirect renal epithelial cytotoxicity, and inflammation-
driven cell necrosis with resulting AKI. Later, persistent crystal 
deposition generates sub-acute crystal plug formation in distal 
tubules or collecting ducts leading to tubule obstruction and oli-
goanuria [11]. Studies in cultured human proximal tubule cells 
have demonstrated that only COM crystals, not the oxalate ion, 
glycolaldehyde, or glyoxylate, produce a necrotic cell death at 
toxicologically relevant concentrations [1]. COM crystals have 
been shown to alter the membrane structure and function, in-
crease the reactive oxygen species and produce mitochondrial 
dysfunction [12]. In our case, despite severe AKI, tubular ne-
crosis was not observed but could be due to a sampling bias.

The development of IgA nephropathy (IgAN) requires an 

autoantibody (IgG or IgA) against the autoantigen galactose-
deficient (Gd) IgA1 which subsequently leads to the develop-
ment of inflammatory and fibrotic renal damage due to deposi-
tion of anti-Gd IgA1 and Gd-IgA1 immune complexes in the 
glomerular mesangium [13]. The precise origin of poorly O-
galactosylated IgA1 and the inciting factors to produce O-gly-
can-specific antibodies continues to be the subject of ongoing 
investigation. Total serum IgA can be elevated in up to 50% of 
cases of IgAN but is neither specific nor a sensitive biomarker 
[14]. Primary IgAN is manifested by dominant or co-dominant 
IgA deposits in the glomeruli, usually accompanied by C3, IgG 
and IgM [15]. Secondary IgAN can be associated with liver 
disease, infections, mucosal inflammation, celiac disease, in-
flammatory bowel disease, other autoimmune conditions, and 
neoplasia [16, 17]. The case described in this report had none 
of these conditions except for chronic constipation. It is pos-
sible that gastrointestinal mucosal alterations and dysbiosis of 
gut microbiota secondary to chronic constipation can activate 
the innate immune system, aggravating the pre-existent IgA 
nephropathy and promoting disease manifestations such as mi-
croscopic hematuria [18]. Indeed, it has been shown that the 
dysregulation of the interplay between intestinal immunity, 
diet and gut microbiota can lead to the production of O-galac-
tosylated IgA [19]. However, it is important to mention that 
mesangial IgA deposition has been described in asymptomatic 
individuals and the clinical significance of such finding is not 
very clear [20]. In kidney transplant recipients, latent mesan-
gial IgA deposition does not correlate with disease progres-
sion [21]. This patient could have had preexisting mesangial 
IgA deposits and might have been an incidental detection in 
the kidney biopsy. However, the new onset of microscopic he-
maturia during this clinical course and subsequent resolution 
during recovery is suggestive of transient exacerbation of the 
IgAN. In fact, transient IgAN with dialysis-requiring AKI has 
been described in dengue fever with complete reversal of glo-
merular changes a few months later [22]. Also, it has been re-
ported that the repeat biopsy of patients with IgAN on clinical 
remission showed improvement of the glomerular changes on 
light microscopy, disappearance, or diminution of IgA deposits 
in the mesangium and decreased electron-dense deposits [23]. 
In our patient, due to normalization of renal function and urine 
findings, a repeat renal biopsy was not thought to be necessary.

Anti-PEG antibodies have been shown to contribute to the 
complement activation [24]. Complements have been shown to 
have a role in the pathogenesis of IgAN, mainly the alternative 
and lectin complement pathways [25]. Low levels of anti-PEG 
antibodies are commonly seen due to chronic environmental ex-
posure or in those with history of chronic usage of PEG. Our pa-
tient had been on chronic PEG 3350 therapy, and we hypothesized 
that the anti-PEG antibodies contributed to the development of C3 
deposition and probable complement-induced nephropathy. This 
needs to be studied in future studies. We did not measure the anti-
PEG antibodies and is a limitation of this report. Increased levels 
of IgM and IgG PEG antibodies have also been shown in people 
who have received SARS-CoV-2 mRNA vaccine which contains 
PEG as an excipient [26]. Our patient had completed two doses of 
vaccine several months prior to the presentation.

Whether there is an association between tubular oxalate 
deposition and mesangial IgA deposits is not clear. Ting et al 
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described two adults with EG poisoning who had classic fea-
tures of oxalate nephropathy but without any glomerular IgA 
or complement deposition [10]. Similarly, other studies of oxa-
late nephropathy have not demonstrated co-existent mesangial 
IgA deposits. This again is an area of further studies.

Limitations of this report include absence of serum EG 
level, no proof of definite contamination of PEG 3350 by EG, 
absence of usage of fomepizole when there was more than one 
evidence of suspected EG intoxication and absence of baseline 
renal biopsy prior to presentation and follow-up renal biopsy.

Learning points

EG toxicity may occur without a clear history of ingestion. 
PEG 3350, a common laxative, may be contaminated with EG. 
Hence, a detailed history and appropriate investigations are 
useful to establish a definite diagnosis. EG poisoning is life-
threatening and requires rapid recognition by careful evalua-
tion of findings such as elevated osmolar gap, high anion gap 
metabolic acidosis, lactic acidosis, hypocalcemia, and urinary 
calcium oxalate crystals along with calcium oxalate crystal 
deposition in the renal tubules. Hemodialysis may be indicated 
for severe AKI. Mesangial IgA deposition in our patient was 
an interesting association and will need to be studied further.

Conclusions

This report illustrates a case of transient acute oxalate ne-
phropathy in the setting of intake of possibly EG-contaminated 
PEG 3350, a very commonly prescribed laxative, in a patient 
without known pre-existent kidney disease. Incidentally, there 
was a mesangial IgA deposition as well. Given the widespread 
usage of this laxative in the general population, this case war-
rants suspicion of EG contamination in patients with abrupt 
onset AKI of unclear etiology.
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