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Abstract
Secondary oxalosis causing acute kidney injury (AKI) has been widely reported in native kidneys
but its occurrence in allograft kidneys is relatively uncommon. We present three patients with
acute kidney allograft dysfunction secondary to tubular oxalate microcrystal deposits confirmed
on allograft biopsy in the setting of acute gastrointestinal dysfunction. These three patients pre-
sented with AKI that was preceded by episodes of ongoing diarrhea ranging from 10 to 90 days.
All patients were on vitamin C and/or multivitamin supplementation. Two of the three patients
needed long-term renal replacement therapy with the third patient recovering his kidney function
after 2 months. The risks versus benefits of vitamin C supplementation in renal transplant
patients should be carefully evaluated especially in the setting of gastrointestinal dysfunction.
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Introduction

Kidney allograft failure has a significant impact on
patient morbidity and mortality [1]. Secondary oxalosis
(or increased accumulation of oxalic acid due to in-
creased intake or decreased excretion) affecting the allo-
graft kidney is an uncommon cause of acute kidney
injury (AKI). To the best of our knowledge, there are only
two previous case reports of secondary oxalosis in renal
transplant patients [2, 3]. Here, we present three cases
with acute allograft dysfunction and moderate-to-severe
tubular calcium oxalate microcrystal deposits on allograft
biopsy.

Case history

The Institutional Review Board at the University of Iowa
Hospital and Clinics (IRB) waived the need for an in-
formed consent.

Case 1. This is a 78-year-old male with a history of a
kidney transplant for end-stage kidney disease (ESKD) sec-
ondary to glomerulonephritis. He presented with a 10-day
history of nausea, vomiting, abdominal cramps, watery
diarrhea and AKI. His baseline serum creatinine level prior
to the admission was 2.5 mg/dL (221 μmol/L). He also re-
ported a weight loss of ∼3.6 kg since the diarrhea started.
He denied fevers or chills. A brief summary of his labora-
tory values is shown in Table 1. His maintenance immuno-
suppression consisted of cyclosporine 50 mg orally twice
daily, mycophenolate mofetil (MMF) 500 mg per oral twice

daily, prednisone 5 mg orally once daily and a 500 mg
tablet of vitamin C daily.
The vitals on admission were unremarkable. On exam-

ination, the patient appeared chronically ill and had mild
tenderness over the kidney allograft located in the left
lower quadrant without any bruits. The rest of the phys-
ical examination was unremarkable.
He was started on hemodialysis for 2 hours on the first

day. In view of complex clinical presentation and multiple
possible confounders, a kidney biopsy was performed.
The biopsy showed moderate-to-severe calcium oxalate

tubular microcrystal deposition associated with mild-to-
moderate interstitial fibrosis and tubular atrophy. Vitamin
C supplementation was stopped and the patient remains
on intermittent hemodialysis.

Case 2. This is a 59-year-old male with a history of a
kidney transplant for ESKD of uncertain etiology. His im-
mediate post-transplant baseline creatinine level was
2.2 mg/dL (194.4 μmol/L) which prompted multiple kidney
biopsies in the first year to evaluate for acute rejection.
On admission, he presented with AKI and intermittent

watery diarrhea for the past 12 months and 45.5 kg
weight loss. After an extensive workup for his diarrhea in-
cluding colonoscopy, the presumed etiology appeared to
be related to the use of mycophenolic acid (MPA). His
pertinent laboratory findings are summarized in Table 1.
His maintenance immunosuppressive medications in-
cluded cyclosporine 75 mg orally twice daily, MPA 360 mg
orally twice daily and prednisone 5 mg orally once daily.
In addition, he continued to take a 500 mg tablet of
vitamin C every day.
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The vitals and the physical examination on admission
were unremarkable. The worsening AKI prompted a
kidney allograft biopsy. The biopsy findings were consist-
ent with chronic transplant glomerulopathy with moder-
ate-to-severe calcium oxalate deposits associated with
mild-to-moderate interstitial inflammation.

In spite of stopping the vitamin C, the patient had pro-
gressive worsening of the kidney function and has re-
mained on hemodialysis.

Case 3. This is a 40-year-old male status post kidney
pancreas transplant for ESKD due to type 1 diabetes mel-
litus. His baseline serum creatinine post-transplant was
1.5 mg/dL (132.6 μmol/L).

He presented with a 6-week history of nausea, vomit-
ing, diarrhea and flu-like symptoms. His serum creatinine
upon admission was 5.4 mg/dL (477.3 μmol/L). His main-
tenance immunosuppression consisted of tacrolimus 2
mg orally twice daily, MMF 500 mg orally three times
daily and prednisone 2.5 mg orally daily. Additional medi-
cations included multivitamin one tablet orally daily
(with vitamin C content of 60 mg) and an additional 500
mg of vitamin C every day. The vitals and the physical
examination on admission were unremarkable. His perti-
nent laboratory findings are summarized in Table 1. Due
to a concern for allograft rejection (in the setting of rise
in serum creatinine levels, amylase and lipase), a kidney
biopsy was performed.

Biopsy findings were consistent with mild interstitial fi-
brosis and tubular atrophy with moderate-to-severe
calcium oxalate deposits within the tubules.

He was advised to stop the multivitamin and the
vitamin C tablet. Over a period of 2 months, his serum
creatinine level improved to 2.4 mg/dL (212.2 μmol/L).

Discussion

Oxalate is a metabolic end product that is excreted es-
sentially unchanged in the urine after absorption in the
gastrointestinal tract. Urinary oxalate is largely derived
from the endogenous metabolism of glycine, glycolate,
hydroxyproline and vitamin C [4]. Hyperoxalosis from any
cause converges on a common final pathophysiological
pathway of supersaturation of the renal tubular fluid
leading to the precipitation of oxalate crystals in the

renal interstitium creating an interstitial nephritis, macro-
phage recruitment and surge in inflammatory mediators
ultimately leading to tubular atrophy and AKI [5]. Sec-
ondary oxalosis in native kidneys is well documented and
can cause AKI resulting in a rapid loss of kidney function
[6–9].

Isolated tubular deposits of oxalate crystals are not a
rare finding in the normal or failing kidney at any stage,
and even in the transplanted kidney. Isolated oxalate
crystals do not imply renal damage, although oxalate de-
posits in kidney grafts have a negative effect on long-
term renal function [10, 11]. In contrast, abundant
tubular or interstitial deposits of calcium oxalate are
highly suggestive of a hyperoxaluric condition in the
native or transplanted kidney.

Enteric dysfunction is a documented cause of second-
ary oxalosis. The differential diagnosis for diarrhea in the
post-transplant patient includes medications (immuno-
suppressive and non-immunosuppressive), bacterial/viral
enteric infections (e.g. Shigella spp., Escherichia coli, Cyto-
megalovirus, Campylobacter spp., Clostridium difficile)
and bacterial overgrowth syndromes [12]. Normally,
intestinal calcium binds to oxalates and is excreted as
calcium oxalate in the stool, thereby limiting the absorp-
tion into the systemic circulation to ∼10–12% of the
enteric oxalates. In malabsorption syndromes, steator-
rhea, post-gastric bypass surgery, the enteric calcium
chelates with fatty acids and is not biochemically avail-
able to bind oxalates, thereby increasing systemic ab-
sorption [12] Gastrointestinal complications especially
diarrhea is common in patients on immunosuppression
especially MMF [13]. Gastrointestinal epithelial cells are
partially dependent on the de novo purine synthesis
pathway for replication and regeneration, which is inhib-
ited by MMF and its active metabolite. Thus, MMF can
lead to fluid malabsorptions and diarrhea, which could
be a precipitating factor for secondary oxalosis [13]. The
three patients reported here were on MMF/MPA as part of
their immunosuppressive regimen. Replacement of MMF
with an alternative medication could be an appropriate
adjunct to therapy in the setting of concern for second-
ary oxalosis [14].

The causative role of alterations in oxalate metaboliz-
ing bacterial flora in the gut and hyperoxaluria is also
gaining significance [15, 16]. Common intestinal com-
mensals such as Oxalobacter formigenes can metabolize
enteric oxalates and play a crucial role in oxalate

Table 1. Summary of laboratory values on admission

Patient 1 Patient 2 Patient 3

Laboratory results on admission
Sodium, mEq/L 121 (121 mmol/L) 131 (131 mmol/L) 141 (141 mmol/L)
Potassium, mEq/L 5.8 (5.8 mmol/L) 3.8 (3.8 mmol/L) 4.0 (4.0 mmol/L)
Chloride, mEq/L 83 (83 mmol/L) 115 (115 mmol/L) 111 (111 mmol/L)
Bicarbonate, mEq/L 11 (11 mmol/L) 8.5 (8.5 mmol/L) 13 (13 mmol/L)
Blood urea nitrogen, mg/dL 145 (51.8 mmol/L) 58 (20.7 mmol/L) 70 (24.99 mmol/L)
Serum creatinine, mg/dL 10.2 (901.6 μmol/L) 4.1 (362.4 μmol/L) 5.3 (468.5 μmol/L)

Urine analysis
Protein 2+ 1+ Trace
Blood 1+ Trace Negative
Bacteria Few Few Negative

Other laboratory tests
CMV-PCR Non-reactive Non-reactive Non-reactive
Cyclosporine levels 113 ng/mL 41 ng/mL N/a
Tacrolimus levels N/a N/a 7.8 ng/mL
Kidney ultrasound No hydronephrosis or renal

artery stenosis
No hydronephrosis or
renal artery stenosis

No hydronephrosis or
renal artery stenosis
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homeostasis. If this homeostasis is disturbed, oxalates
can be absorbed to a greater extent, thereby increasing
the renal excretion and risk for calcium oxalate precipi-
tation and deposits. Decreased enteric activity of Oxalo-
bacter sp. may not be enough by itself to result in life-
threatening hyperoxaluria, but it may be an important
contributing factor in patients with multiple confounding
risk factors such as diarrhea, vitamin C intake and
pancreatitis.

We postulate that one other potential factor for preci-
pitating secondary oxalosis is vitamin C (not prescribed
and even in normal doses) as this was present in all of
our patients. All other potential causes for secondary
oxalate nephropathy (ethylene glycol, orlistat and meth-
oxyflurane) were ruled out. Vitamin C has been increas-
ingly prescribed for a number of indications ranging from
the common cold to anemia management in dialysis
patients. Clinicians often underestimate the role of
vitamin C in hyperoxalosis [17]. Vitamin C, being a water-
soluble vitamin, offers a false sense of safety and
although in the vast majority of cases, daily vitamin C
supplementation may not be of concern, one has to be
cautious in patients with established risk factors for
kidney disease. In addition, patients may receive vitamin
C as part of total parenteral nutrition. Previously reported
cases with series in liver transplant patients suggest that
even normal doses of vitamin C supplementation (≤500–
1000 mg/day) may contribute to oxalosis in the presence
of additional risk factors such as a diarrheal illness [18].

The calcium oxalate crystal appears as a colorless
crystal predominantly present in the distal tubules and
shows bright white polarization characteristics (Figure 1).
The presence of oxalate crystals can be overlooked as
these are colorless and are visible only on the hematoxy-
lin and eosin stained slides. In addition, they are dis-
solved away and not readily visible with the other special
stains routinely used for kidney biopsy such as periodic
acid Schiff, trichrome and silver stains. Polarization
microscopy does make them visible in a spectacular
fashion and readily demonstrates the true extent.

These cases illustrate the importance of recognizing
the presence of oxalate crystals as a distinct etiology of
renal allograft dysfunction. Excluding precipitating causes
such as vitamin C while ensuring adequate fluids and
pancreatic enzyme replacement for steatorrhea could be
helpful in preventing oxalate nephropathy.

Conflict of interest statement. None declared.
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Fig. 1. Intratubular calcium oxalate microcrystals showing bright white
polarization (hematoxylin and eosin stain, 100× magnification).

86 M. Suneja and A.B. Kumar



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


