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Implication for health policy/practice/research/medical education:
 ► The method of redoximetric titration with a KMnO4 solution is a new approach to the determination of total ODA in fecal 

microbiota.
 ► Total ODA in fecal microbiota is statistically higher in the healthy volunteers compared with ESRD patients. PD patients have a 

significantly lower total fecal ODA compared with HD patients.
 ► Total fecal ODA is an independent risk factor associated with plasma oxalic acid elevation in ESRD patients.
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Introduction
Oxalate is dicarboxylic acid anion (C2O4H2) formed in the 
body from a combination of exogenous (dietary supply) 
and endogenous (hepatic metabolism) sources (1-3). In 
healthy individuals, oxalate balance is achieved due to 
its renal excretion (up to 90%) and intestinal absorption 
(10%) (2,3). Hyperoxalemia is a well-established feature 

in end-stage renal disease (ESRD) patients on the grounds 
that oxalate is mainly excreted by the kidneys. Therefore, 
renal replacement therapy (RRT) is the only option to 
significantly lower plasma oxalate (POx) concentration 
in ESRD patients (2,4). However, few data are available 
on oxalate homeostasis in dialysis patients, and there are 
hardly any studies on the difference in oxalate removal 

Introduction: End-stage renal disease (ESRD) patients have significant differences in plasma 
oxalic acid (POx) concentration under the same treatment conditions.
Objectives: In the present study, we adopted the method of redoximetric titration with a 
KMnO4 solution to evaluate the effect of total fecal oxalate-degrading activity (ODA) on 
oxalate homeostasis in ESRD patients which has never been reported before.
Patients and Methods:  A total of 56 participants were enrolled in this cross-sectional pilot 
study, including 24 healthy volunteers (a control reference group) and 32 ESRD patients. 
Among the ESRD patients, there were 21 hemodialysis (HD) and 11 peritoneal dialysis (PD) 
patients. Total ODA in fecal samples as well as POx concentration, daily urinary oxalate (UOx) 
and PD effluent oxalate excretion were determined. Cohen’s d was computed to calculate the 
effect size using post-hoc analysis. 
Results: Total ODA in fecal microbiota ranged from -23 to 24%/0.01 g of feces and was 
statistically higher in healthy volunteers compared with the ESRD patients. The ESRD 
patients with positive total fecal ODA status had higher UOx excretion level and lower POx 
concentration compared with the patients with negative total fecal ODA status. Cohen’s d 
effect size was 1.99 and 1.05, respectively. Total fecal ODA was an independent risk factor 
associated with POx elevation in the ESRD patients.
Conclusion: Our pilot study firstly demonstrated a potential role of total fecal ODA in oxalate 
homeostasis in ESRD patients. The results might be useful for determining sample size 
considerations and providing groundwork for future research projects.
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between two dialysis modalities. Several early studies have 
indicated higher POx level in hemodialysis (HD) patients 
compared with peritoneal dialysis (PD) patients (5,6).

Despite the potential toxicity of oxalate, humans lack 
the oxalate- metabolizing enzymes (1,3). Gut microbiota 
is considered as an important factor affecting oxalate 
handling in the intestine and kidney stone formation (7-
9). A direct correlation between Oxalobacter formigenes 
and calcium oxalate kidney stone diseases has been 
discovered (7,8,10). It has been demonstrated the ability 
of O. formigenes to degrade oxalate in the intestine and 
stimulate its endogenous secretion (7,10). Nevertheless, 
the absence of intestinal O. formigenes colonization is not 
the sole cause for stone disease (10-12). A diversity of gut 
oxalate-degrading bacteria (ODB) (e.g. Lactobacillus spp., 
Bifidobacterium spp., Bacillus spp., Enterococcus faecalis, 
Neotoma. albigula) has been hypothesized to play a role 
in this process (9,13,14). The deficiency of ODB in the 
gut due to the antibiotic treatment is considered as one of 
the potential causes for upregulation of intestinal oxalate 
absorption (15-18). Most of the existing studies are based 
on the quantitative determination of ODB in coprofiltrates. 
However, the quantitation methods independently of 
them assess way (bacteriological, molecular, etc) could 
estimate the strains number but not their total fecal 
oxalate-degrading activity (ODA) (1,10). 

Total ODA is conservatively estimated as the difference 
between radioactive [14C]-oxalate consumed and [14C]-
oxalate excreted in feces and urine (19). Isolation of 
microbial pure culture is routinely used to estimate total 
ODA in fecal microbiota (14,20). Only one study has 
attempted to measure total ODA directly in fecal samples 
from patients with a jejunoileal bypass diluted in anaerobic 
dilution solution with [14C]-oxalate (21). Moreover, until 
recently, no data has been found that surveyed total fecal 
ODA in ESRD patients. In addition, to date, there has been 
a general lack of research on association between total 
fecal ODA and oxalate homeostasis in dialysis patients.

Objectives
The present pilot trial aimed to design an evaluation 
approach for estimation of total ODA in fecal microbiota 
by using the method of redoximetric titration with 
a KMnO4 solution (radioactive oxalate was not 
used) without isolation of microbial pure culture and 
characterize its levels in ESRD patients. Furthermore, 
we tested the hypothesis; 1) whether the association 
between total fecal ODA and oxalate homeostasis existed; 
2) whether the obtained results could be used in a future 
prospective cohort. 

Patients and Methods 
Study design
In this cross-sectional observational pilot investigation, a 
total of 56 participants were enrolled, including 32 ESRD 
patients without dietary oxalate restriction aged 18 years 

or older and 24 healthy volunteers on a free-choice diet, 
who served as a control reference group for evaluation 
of total ODA in fecal microbiota. Among the ESRD 
individuals, there were 21 hemodialysis (HD) and 11 PD 
patients who completed three months of regular dialysis. 

Inclusion criteria for the enrolment in the study were; age 
>18 years old, dialysis treatment for at least three months, 
a stable clinical condition and adequately functioning 
arteriovenous fistula or peritoneal access. In addition, the 
enrolled the patients had a target level of Kt/V (Kt/V urea 
≥ 1.4 for the HD patients and weekly Kt/V ≥1.7 for the PD 
patients) and did not take antibiotics and/or probiotics for 
at least past 3 months. 

Exclusion criteria were hospitalization in the preceding 
three months, previous history or actual diagnosis of 
peritonitis, anemia, systemic and malignant diseases, 
acute inflammation processes, immunosuppressive 
treatment and active hepatitis.

Dialysis prescription
 All participants underwent their routine prescribed dialysis 
treatment. The HD patients were routinely dialyzed with 
bicarbonate-based dialysate, volumetric ultrafiltration 
control, and single-use synthetic (polysulphone) dialyzers 
at median blood flow rate of 300 mL/min and dialysate 
flow rate of 500 mL/min for 4 hours per session three times 
a week. Heparin was used as a standard anticoagulant. 
HD was conducted setting the target single-pool Kt/V 
urea ≥1.4 in accordance with KDOQI guideline (National 
Kidney Foundation Kidney Disease Outcomes Quality 
Initiative Clinical Practice Guidelines for Hemodialysis 
Adequacy).

The PD patients were treated with continuous 
ambulatory PD with usual dwell time (4-5 hours during 
the daytime and 8-10 hours at night). All patients 
received commercially available glucose-based Dianeal 
PD solution (Baxter Healthcare SA, Castlebar, Ireland) of 
various strengths (1.36 %, 2.27 %) and icodextrin. Dialysis 
prescription was guided by the target to achieve a value 
of total weekly Kt/V≥1.7 in accordance with the National 
Kidney Foundation Kidney Disease Outcomes Quality 
Initiative Clinical Practice Guidelines for PD Adequacy. 

Clinical and routine laboratory measurements
Patient demographic data consisting age, gender, 
comorbid conditions and medication use were obtained 
from the medical records of patients at our hospital. All 
blood, urine and feces samples were collected after the 
longest dialytic interval in the HD patients and during 
the clinic visit at the time of PDE (peritoneal dialysate 
effluent) collection in the PD treated patients. Whole 
blood samples were gathered from the participants after 
an overnight fast during the time of the routine outpatient 
visit. The blood samples were processed immediately after 
sampling. 

Routine biochemical parameters consisting blood and 
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daily dialysate concentration of urea and creatinine, serum 
albumin, C-reactive protein (CRP), glucose, electrolytes, 
and lipid profile parameters were conducted using an 
automatic analyzer “Flexor junior” (Vital Scientific, 
Netherlands). Hematological parameters of blood were 
determined using an “ABX Micros-60” (Horiba Medical, 
France). 

Body mass index (BMI) was calculated as weight in 
kilograms divided by the square of the height in meters. 
Glomerular filtration rate (GFR, milliliters per minute 
per 1.73 m2) was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) formula. 
Anuria was defined as 24-hour urine volume of less than 
100 mL in two consecutive measurements. Residual renal 
function (RRF) was measured by the calculation of urea 
and creatinine clearance from a 24-h urine collection 
using the following standard formula:

RRF [𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚/1.73 𝑚𝑚2] = 

½ [ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝑈𝑈 (µ𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿)
𝑆𝑆𝑈𝑈𝑈𝑈𝑆𝑆𝑚𝑚 𝐶𝐶𝑈𝑈 (µ𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿) + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑈𝑈𝑈𝑈 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿)

𝑆𝑆𝑈𝑈𝑈𝑈𝑆𝑆𝑚𝑚 𝑈𝑈𝑈𝑈 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿)] × 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑉𝑉𝑚𝑚𝑚𝑚𝑆𝑆𝑚𝑚𝑈𝑈 (𝑚𝑚𝐿𝐿)
1440 . 

Oxalate homeostasis measurements
POx concentration was measured spectrophotometrically 
using a commercially available kit (MAK315, Sigma, 
Spain) according to the manufacturers’ protocols. 
Predialysis plasma samples were collected from the HD 
patients. 

Daily urinary oxalate (UOx) excretion and PDE oxalate 
concentration (PDEox) were determined using an oxalate 
oxidase/peroxidase reagent (BioSystems, Spain). All 
PDE samples for oxalate assessment were obtained from 
overnight PDE collection (with an exchange of 2 L of 
1.36% or 2.27% glucose dialysate) at the night preceding 
the test. 

Determination of total ODA in feces
Fecal samples were collected from the study individuals 
in provided containers in the morning of sample delivery. 
Upon arrival at our hospital (within 4 hours of defecation), 
0.01 g feces were cultured in highly selective media 
Oxalate Medium (g/L): K2HPO4 – 0.25, KH2PO4 – 0.25, 
(NH4)2SO4 – 0.5, MgSO4·7H2O – 0.025, CH3COON – 
0.82, yest extract – 1.0, resazurin – 0,001, Na2CO3 – 4, 
L-cysteine-HCl – 0,5, Trace element solution SL-10 – 1 
mL (mix/L: HCl (25%; 7.7 M) – 10.00 mL, FeCl2 x 4H2O 
– 1.50 g, ZnCl2 – 70.00 mg, MnCl2 x 4H2O – 100.00 mg, 
H3BO3 – 6.00 mg, CoCl2 x 6H2O – 190.00 mg, CuCl2 x 
2H2O – 2.00 mg, NiCl2 x 6H2O – 24.00 mg, Na2MoO4 x 
2H2O – 36.00 mg; Na2C2O4 – 5 mg) (22) and cultivated 
anaerobically at 37°C for 48 hours (test solution). The 
method of redoximetric titration with a KMnO4 solution 
was adopted to evaluate total ODA in fecal microbiota. 
In 48 hours, a 10 mL aliquot of test solution or 10 mL of 
Oxalate Medium (control) was centrifuged at 3000 g for 
15 minutes, Troom. 10 mL of supernatant was transferred 

to a 50 mL beaker. Calcium oxalate was precipitated from 
the samples by adding 10 mL of 0.4 M Ca(NO3)2. The 
precipitate formed was filtered through double paper 
filters with low filtration rate (80 g/m2). The filtrate was 
discarded. Precipitated calcium oxalate was dissolved with 
25 mL of H2SO4 (1:4). Around 10 mL of acidified calcium 
oxalate solution was mixed with 20 mL deionized water 
and heated to 80°C prior to titration. About 10 mL of 
H2SO4 (1:4) solution was immediately added and titrated 
with KMnO4 (0.02 N) solution until a pink color persisted 
for 30 seconds. The results were expressed as % of oxalate 
degradation per 0.01 g of feces.

Ethical issues
This cross-sectional observational pilot study was a part 
of an ongoing institute’s research work “Effect of oxalate 
and urate metabolism on the evolution of kidney disease” 
(ClinicalTrials.gov Identifier: NCT04399915, Domestic 
Trial Registration Number 0119U000002; https://
clinicaltrials.gov/ct2/show/NCT04399915). The study was 
carried out in accordance with the Declaration of Helsinki 
and conducted between January 2018 and May 2020. The 
study protocol was confirmed by the Ethics Committee of 
the Institute (Protocol Number; 8/2017 from September 
19, 2017). Writing informed consent was obtained from 
all subjects participating in the study. 

Statistical analysis
This study was strictly exploratory and descriptive in 
nature. A priori power analysis was impossible because 
the pilot data were not available. However, we determined 
a sample size of 56 participants based on the capacity 
of a commercially available POx kit used in the study 
(the average of 2 measurements was used).Analysis and 
all graphs were performed using MedCalc (Belgium). 
The average means (M) and the standard deviations 
(SD) or the median (Me) and the interquartile ranges 
[Q25-Q75] were calculated according to a distribution. 
For the statistical analysis, we used the Student’s t-test 
and the nonparametric (U-test) Mann-Whitney U 
test, respectively. Categorical variables were expressed 
as proportions. The chi-square tests (χ2) were used to 
compare two groups. The Spearman’s correlation test was 
used to evaluate the association between total fecal ODA 
and oxalate homeostasis parameters. Receiver operating 
characteristic (ROC) curve analysis was performed to 
assess the overall discriminative ability of total fecal ODA 
measured by using the redoximetric titration method to 
predict the POx elevate above average, and to establish 
its optimal cutoff point. Univariate and multivariate 
logistic regression analyses were fitted to assess the factors 
affecting POx concentration in the ESRD patients. The 
strength of the association between POx and potential 
confounding factors was expressed as odds ratio (OR) and 
95% confidence interval (CI).
Cohen’s d and ρ effect sizes in post-hoc tests were 
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computed to determine differences in oxalate homeostasis 
between the groups and calculate the required sample 
sizes in the correlation analysis. In addition, due to a small 
statistical power in the difference in POx concentrations 
between the groups, we determined the required sample 
size using Cohen’s d-values in post-hoc test for future 
large-scale research. The effect size calculators for two 
independent groups (mean ± SD) with different sample 
sizes and the non-parametric Mann-Whitney U tests were 
applied according to the distribution. Post-hoc power 
analysis was performed using G*Power software, version 
3.1.9.4. 

Results
Baseline characteristics of the study participants
The baseline characteristics of the study participants are 
shown in Table 1. As presented in Table 1, the control 
and the dialysis groups did not differ in age or gender 
distribution. However, as expected, significant differences 
in the majority of all clinical and laboratory markers 
were observed in the dialysis patients compared with the 
healthy volunteers. 

Total ODA in fecal microbiota and oxalate homeostasis 
parameters in ESRD patients compared with the healthy 
volunteers
Total ODA in fecal microbiota ranged from -23 to 24 
%/0.01 g of feces and was statistically higher in the healthy 
volunteers compared with the ESRD patients (Figure 1). 

Negative total ODA in fecal microbiota (≤0%/0.01 g) 

was observed in 16/32 (50%) dialysis patients and there 
were no subjects with negative ODA status among healthy 
volunteers (χ2 = 16.5, P < 0.001). The ESRD patients had 
a significantly high POx concentration compared with 
the control group: 42.0 [26.6-51.3] versus 28.3 [24.6-35,7] 
µmol/L (P = 0.01). However, no difference was found in 
24-hour UOx excretion between the dialysis patients with 
preserved diuresis and healthy volunteers: 57.2 [42-66.6] 
versus 46.5 [33.4-60.9] (P = 0.08).

Association between total fecal ODA status and oxalate 
homeostasis in ESRD patients
The average levels of pre-dialysis POx concentration and 
daily UOx excretion were 4.03 [2.5-4.6] mg/L and 49.8 ± 
17.9 mg/d, respectively. The PD patients had significantly 
lower values of 24-hour UOx excretion and total ODA in 

Table 1. Demographic and clinical characteristics of the healthy volunteers and the ESRD patients

Parameters Healthy volunteers (n = 24) A total of dialysis patients (n = 32) P value

Male gender, n (%) 10 (41.6 %) 20 (62.5%) 0.12
Age, years 46.9 ± 11.9 48.4 ± 13.3 0.58
Dialysis vintage at this study entry, months - 30 (22-76.5) -
Diabetics, n (%) - 10 (31.2%) -
BMI, kg/m2 26.8 ± 4.0 25.9 ± 4.4 0.64
Anuria, n (%) - 11 (34.4%) -
RRF, mL/min/1.73m2 73.3 (62.0-78.4) 5.0 (4.0-6.0) <0.0001
Serum albumin, g/L 42.8 (41.3-45.1) 40.0 (36.6-40.9) <0.0001
Total blood protein, g/L 69.5 ± 3.9 62.2 ± 6.5 <0.0001
Systolic blood pressure, mm Hg 115 (101-125) 140 (134-145) <0.0001
Diastolic blood pressure, mm Hg 79.0 (66.2-82.0) 90 (85-90) <0.0001
Hb, g/L 125.1 ± 10.5 108.2 ± 15.9 0.0001
Glucose, mmol/L 4.9 (4.2-5.3) 5.3 (4.5-5.8) 0.37
Calcium, mmol/L 2.4 (2.3-2.5) 2.2 (2.17-2.45) 0.02
Phosphorus, mmol/L 1.1 ± 0.1 1.9 ± 0.7 <0.0001
iPTH, ng/L - 294.5 (184.0-437.0)
Uric acid, mmol/L 266 (162.8-375.6) 326.5 (278.8-387.7) 0.008
TC, mmol/L 4.9 ± 0.96 5.6 ± 1.6 0.08
Triglyceride, mmol/L 1.1 (0.8-1.6) 1.6 (1.16-2.5) 0.01

Abbreviations: BMI, body mass index; Hb, hemoglobin; iPTH, intact parathyroid hormone; RRF, renal residual function; TC, total cholesterol.
The values are expressed as mean ± standard deviation (SD) or as the median and interquartile range [Me (Q25-Q75)]. The values are compared 
between the groups using the Chi-square tests, the Student’s t test and the Mann–Whitney U test as appropriate. *P<0.01 versus a total of dialysis 
patients group. 

Figure 1. Total fecal ODA in the ESRD patients and the control group.
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fecal microbiota compared with the HD patients (Table 2).
Moreover, total fecal ODA in the ESRD patients was 

directly associated with daily UOx excretion (r = 0.6, 
P = 0.003) and had an inverse correlation with POx 
concentration (r = -0.62, P < 0.0001; Figure 2).

We did not find a significant association between total 
fecal ODA and oxalate concentrations in PDE in the PD 
patients (r = -0.37, P = 0.25). However, power analysis 
indicated that a sample size of 25 patients would be 
sufficient to detect a significant association between total 
fecal ODA and PDEox with an alpha of 0.05, a large effect 
size (ρ = 0.6) and power of 0.95. 

It should be noted, that the ESRD patients with anuria 

Figure 2. Association between total fecal ODA and POx concentrations 
in ESRD patients.

Figure 3. Receiver operating characteristic (ROC) curve for the cut-off 
value of total fecal ODA for predicting POx concentration of >4.03 mg/L.

Figure 4. Plasma and urine oxalate concentrations according to total 
fecal ODA status in ESRD patients.

Table 2. Oxalate homeostasis parameters and total ODA in fecal microbiota according to dialysis modality

Oxalate homeostasis parameters All (n = 32) HD patients (n = 21) PD patients (n = 11)  P

Predialysis POx, mg/L 4.03 [2.5-4.6] 3.8 [2.5-4.6] 4.3 [2.6-4.5] 0.79

UOx, mg/d 49.8 ± 17.9 59.4 ± 12.0 39.3 ± 17.8 0.006

PDEox, mg/d - - 27.2 ± 16.9 -

Total ODA in fecal microbiota, %/0.01 g of feces 0.5 [-4.5- 8] 3.0 [-1-12.5] -4 [-6.5- 3] 0.03

Abbreviations: POx, plasma oxalate; UOx, urinary oxalate; PDEox, peritoneal dialysis effluent oxalate concentration; ODA, oxalate-degrading activity.
The values are expressed as mean ± standard deviation (M ± SD) or as the median and interquartile range (Me [Q25-Q75]). The values are compared between the groups 
using the Student’s t test and the Mann–Whitney U test as appropriate. 

had a higher POx concentration compared to the patients 
with preserved diuresis: 4.5 [3.6-6.6] versus 3.4 [2.07-4.6] 
mg/L (P = 0.04). However, total fecal ODA did not differ 
between anuria and preserved diuresis groups; 3 [-5-7] 
versus 3 [-1; 9.7] %/0.01 g (P = 0.34). Subgroup analysis 
among the anuric and preserved diuresis patients was 
not performed due to the small sample size of the entire 
cohort.

To further assess the clinical significance of total 
fecal ODA in increasing POx concentration >4.03 mg/L 
(according to POx average level in our dialysis cohort), 
we performed ROC analysis. We observed that the area 
under the curve (AUC) of total fecal ODA with the ability 
to discriminate POx concentration was 0.825 (95% CI: 
0.65–0.93). The optimal cut-off value for total fecal ODA 
as a predictor for POx concentration of >4.03 mg/L was 
determined to be ≤-1%/0.01 g of feces (sensitivity of 66.7% 
and specificity of 92.8%; Figure 3). 

Additionally, the ESRD patients were allocated into two 
groups according to total fecal ODA status; group 1 – 16 
(50%) ESRD patients with positive total fecal ODA status ( 
≥1% of oxalate degradation per 0.01 g of feces) and group 
2–16 (50%) ESRD patients with negative total fecal ODA 
status (≤ -1% of oxalate degradation per 0.01 g of feces). 

Higher POx concentration and lower UOx excretion 
were diagnosed in the patients of group two compared 
with the patients of group 1 (Figure 4). 

To determine whether the observed results were a 
type I error, we conducted post-hoc power analysis. The 
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analysis demonstrated that while predicted power (1-β 
error probability) was of 0.87 suggesting an appropriate 
sample size for the comparison of UOx excretion between 
the groups (Cohen’s d=1.99), low power of 0.48 (Cohen’s 
d=1.05) was defined for detecting the difference between 
POx concentrations that indicated a false-positive 
result. In the statistical context, a minimum sample of 
60 participants was required to observe a statistically 
significant difference in POx with alpha of 0.05 (two-
tailed), large effect size and power (1-β error probability) 
of 0.95.

Univariate logistic regression analysis was performed 
to identify the factors contributed to POx concentration 
elevation in the ESRD patients. The factors identified as 
significant in the univariate logistic regression analysis 
were further included in the multivariate logistic 
regression model to control the confounding effects of the 
factors associated with POx concentration >4.03 mg/L. It 
showed that total fecal ODA remained an independent 
risk factor associated with POx elevation in the ESRD 
patients (Table 3).

Discussion
Oxalate in healthy subjects is eliminated through urine 
excretion (85% to 90%), forming insoluble calcium 
oxalate and elimination in feces or degradation by the 
gastrointestinal (GIT) oxalate-degrading bacteria (15% 
to 10%) (1,8). Elevated POx concentration and decreased 
UOx excretion levels are associated with the progression 
of chronic kidney disease (CKD) (23-25). In uremic and/
or anuric conditions, dialysis assumes the main approach 
for oxalate removal (2,4,24). Nevertheless, despite a 
homogenous patient population and the standardized 
dialysis regimen, intraindividual predialysis POx 
concentration level varies from 1.8 mg/L (20 µmol/L) 
to 5.4 mg/L (60 µmol/L) in different research (2,24-
26). Considering the fact that oxalate homeostasis only 
marginally depends on dietary oxalate intake (8) and 
cannot be excreted by the kidneys in ESRD patients, an issue 
arises why ESRD patients have significant differences in 

POx concentration under the same treatment conditions. 
In this context, we hypothesized that oxalate elimination 
could be compensated by GIT and might depend on 
both paracellular and transcellular oxalate transport 
pathways across the intestine as well as total ODA in fecal 
microbiota in dialysis patients. In the present study, we 
focused on total ODA in fecal microbiota and attempted 
to characterize its level in a small cohort of the dialysis 
patients using the method of redoximetric titration with 
a KMnO4 solution. In addition, we evaluated effect of 
total fecal ODA on oxalate homeostasis in ESRD patients 
which has never been reported before. The present study 
has several new findings. 

First, we confirmed the accuracy and reliability of 
the method of redoximetric titration with a KMnO4 
solution to evaluate total ODA level in fecal microbiota 
incubated in Oxalate Medium. Previous evidence of ODB 
in fecal microbiota was generally based on O. formigenes 
quantification obtained using bacteriological culture, 
real-time PCR or molecular techniques such as 16S 
rRNA microbial profiling analysis (1,8,10). Moreover, 
the ability of different Lactobacillus and Bifidobacterium 
strains to degrade oxalate has been demonstrated in vitro 
using quantitative ODB measurement (14,20). However, 
the quantitation methods independently of them assess 
way (bacteriological, molecular, etc) could estimate the 
strains number but not their total fecal ODA (1,10). In 
the present study, we analyzed total ODA in normalized 
amount of feces which indicated total ODA function in 
fecal microbiota independently of strains and bacteria 
numbers. It should be emphasized, that our results could 
not be compared directly with the findings of other 
research as far as, at present, there still have been no 
previous studies examining this issue in ESRD patients, 
and a different approach for measuring total fecal ODA was 
used only in kidney stone disease patients. Nonetheless, 
our preliminary results clearly demonstrated the potential 
for evaluation of total ODA in fecal microbiota without 
the need for isolation of microbial pure culture and costly 
specific assay or radioactive tags.

Table 3. Risk factors associated with POx concentration in the ESRD patients in univariate and multivariate logistic regression analysis

Variables
Univariate Multivariate

OR 95% CI P value OR 95% CI P value
Gender (male vs female) 0.27 0.09; 0.83 0.01 0.51 0.06; 4.4 0.54
Dialysis modality (HD versus PD) 0.16 0.05; 0.67 0.002 0.39 0.01; 17 0.61
BMI, kg/m2 1.2 1.06; 1.4 0.002 1.3 1.02; 1.7 0.03
Anuria 3.5 1.2; 10.3 0.02 1.6 0.99; 2.1 0.09
RRF (mL/min/1.73 m2) 0.86 0.78; 0.98 0.04 0.88  0.82; 0.99 0.05
Total ODA in fecal microbiota, %/0.01 g of feces 0.87 0.8; 0.94 < 0.0001 0.76 0.61; 0.94 0.01
Triglyceride, mmol/L 2.07 1.05; 4.1 0.01 1.3 1.1; 2.9 0.03
HDL-C, mmol/L 0.13 0.03; 0.63 0.006 0.21 0.09; 1.09 0.07
Calcium, mmol/L 41 1.2; 136 0.04 27 0.61; 87 0.22

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; HD, hemodialysis; HDL-C, high-density lipoprotein cholesterol; PD, 
peritoneal dialysis; RRF, residual renal function; SD, standard error.
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Second, we found a significantly lower total fecal ODA 
level in PD patients compared with HD patients. It has 
been observed that there are noteworthy differences in 
fecal microbiota between ESRD patients and healthy 
subjects and RRT modality affects its composition 
and function (27-29). Overall, the GIT microbiota is 
characterized by the predominance of both aerobic 
(E. coli, K. pneumoniae, Enterococcus) and anaerobic 
(Clostridium perfringens) organisms in dialysis patients 
(29). In addition, ESRD patients showed low colonization 
of Bifidobacterium and Lactobacillus species (27-29) 
which could crucially affect total fecal ODA. However, the 
differences in taxonomic composition in fecal microbiota 
between HD and PD patients are still far from being fully 
understood. Stadlbauer et al (28) have analyzed specific 
effects of HD and PD treatment on fecal microbiome 
composition and function. The authors observed more 
pronounced dysbiosis in HD patients compared with 
PD patients. Conversely, in a recent study, Hu et al (30) 
have demonstrated that gut microbiota diversity is lower 
in PD patients compared with HD patients. In turn, loss 
of bacterial biodiversity is known to be consequence of 
intestinal dysbiosis (3,27,28). In the context of dysbiosis, 
the only possible explanation for greater total fecal ODA 
loss in PD patients compared with HD patients may be 
the frequent use of antibiotic therapy for PD-associated 
infections (31). Significant contribution of ODB to 
oxalate homeostasis (reducing oxalate absorption and 
subsequent urinary excretion) after antibiotic treatment 
has been profoundly described (15-18). Georgieva et al 
(29) have highlighted that most strains of the Lactobacillus 
and Bifidobacterium group are susceptible to the main 
antibiotic classes. Tasian and colleagues (16) have 
identified a strong association between oral antibiotics and 
the risk of nephrolithiasis which remains elevated for up 
to five years from antibiotic exposure. These results also 
accord with our earlier studies, which reported a strong 
association between antibiotics administration, intestinal 
barrier dysfunction and hyperoxaluria formation 
(15,18,25). In view of all that has been mentioned so far, 
one may suppose that Lactobacillus and Bifidobacterium 
deficiency leads to intestinal barrier dysfunction, violation 
of oxalate transport mechanisms in intestinal epithelium 
(both secretion and absorption) and a decrease in total 
ODA in fecal microbiota in PD patients. Nevertheless, it 
is still unclear whether the use of antibiotics can affect 
total fecal ODA loss. Moreover, despite notwithstanding 
the results of the previous studies mentioned above, the 
interpretation of a significant decrease in total fecal ODA 
in PD patients compared with HD patients should not be 
limited only by dysbiosis. We hold the view that dialysis 
solution composition and intestinal glucose absorption 
frequency of peritoneal exchanges, antibiotic classes and 
other medications (as well as high intraperitoneal pressure 
that can promote delayed colonic transit time) should be 

considered as potential factors affecting total fecal ODA in 
future large-scale studies.

Finally, in the present study, we demonstrated a 
potential effect of total fecal ODA on oxalate homeostasis 
in ESRD patients. The results of this research indicate that 
the ESRD patients with positive total fecal ODA status (≥1 
% /0.01 g of feces) have higher UOx excretion level and 
lower POx concentration compared with the patients with 
negative total fecal ODA status (≤ -1 % /0.01 g of feces). 
In other words, the normal oxalate-degrading functioning 
ability of fecal microbiota can lead to a decrease in POx 
level and an increase in UOx. It should be noted that post-
hoc power analysis did not confirm a significant difference 
in POx concentrations in our samples indicating a false-
positive result. In our opinion, the small study sample 
size (n = 32) might have played a limiting role in the 
statistical significance, and a minimum sample size of 60 
participants would be required to observe a statistically 
significant difference in POx concentrations. 

Our data on a negative association between total ODA 
in fecal samples and POx concentration are consistent 
with the findings of a very early study by Allison et al (21). 
The scientists identified significantly lower rates of oxalate 
degradation by mixed bacterial populations in fecal 
samples from patients with jejunoileal bypass [0-0.006 
mumol/(g X h)] compared with healthy subjects [0.1-4.8 
mumol/(g X h)]. The most interesting and promising data 
on oxalate homeostasis and intestinal function are a series 
of studies by Hatch et al (7,10,32). The authors concluded 
that Oxalobacter formigenes colonization reduced UOx 
excretion via enhancement of basal net colonic oxalate 
secretion. However, it is important to note that the 
indirect and, in fact, the opposite result was obtained in 
our study: the higher total ODA level in fecal microbiota 
in ESRD patients was, the higher UOx level occurred. 
This hyperoxaluric phenomenon in dialysis patients is 
completely different from existing data in healthy subjects 
and kidney stone disease patients in whom hyperoxaluria 
is one of the most significant risk factors for nephrolithiasis 
(1,3,8) and CKD progression (25,33). The findings 
observed in this study mirror those of the previous studies 
that have demonstrated that oxalate removal rate in ESRD 
patients is significantly greater compared with normal 
subjects (4,5,27). The authors assumed that high POx 
concentration in dialysis patients could not be explained 
by its insufficient excretion, and heperoxalemia could 
potentially result from increased oxalate synthesis or 
gastrointestinal absorption in ESRD patients.

The intestine plays a complex role in oxalate homeostasis 
via interconnected mechanisms for intestinal epithelium 
oxalate transport (both secretion and absorption) and 
microbiota-dependent degradation of intraluminal 
oxalate (1,3,7,27,29). Absorptive flux of oxalate across 
the intestine can be via both paracellular (predominantly 
passive) and transcellular pathways (3,33). The active 
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transcellular movement of oxalate is provided by anion 
exchange proteins belonging to the multi-functional 
SLC26 gene family. One of the gene family members, 
Slc26a6, is expressed at high levels in the intestine, renal 
proximal tubule and plays a major role in controlling 
systemic oxalate metabolism (33,34). Its pivotal role in 
oxalate homeostasis was demonstrated in Slc26a6−/− 
mice (34). These mice had a defect in intestinal oxalate 
secretion resulting in enhanced net absorption of oxalate 
that followed by increased serum and urine oxalate. 
Recently, it has been found that O. formigenes produces 
a small protein that directly induces oxalate transport via 
the oxalate transporter SLC26A6 –dependent mechanism 
in intestinal Caco-2 cells (35). Thus, increased total 
fecal ODA may represent both ODB numbers (e.g. O. 
formigenes) and their metabolic activity. We can speculate 
that our data on a negative association between total 
ODA in fecal microbiota and POx concentration may 
be explained by systemic effect of ODB on net oxalate 
transport.

Conclusion
This research has thrown up many questions in need of 
further investigation. Taken together, the results of our 
pilot cross-sectional study firstly demonstrated a potential 
role of total fecal ODA in oxalate homeostasis in ESRD 
patients. A significant association between total ODA in 
fecal microbiota and oxalate levels in plasma, urine and 
PDE is an important and fundamental issue for future 
research. We believe that our results might be useful for 
determining sample size considerations and providing 
groundwork for future research projects.

Limitations of the study 
The present pilot study has certain limitations that should 
be considered in terms of interpreting our findings. First, 
it was a small sample size study conducted in a single-
center, and, thus, our promising results will need to be 
confirmed in full-scale studies. Second, we measured 
total ODA in fecal microbiota, POx, PDEox and UOx 
excretion at the only one-time point. It is unfortunate that 
the study did not include measurements of the dialysate 
oxalate concentration in HD patients. Therefore, it did 
not allow us to calculate and compare oxalate removal 
rates depending on dialysis modality. Third, we had not 
restricted the patients to dietary oxalate before oxalate 
measurements were performed. Theoretically, it could 
affect the patients’ POx concentration and should be 
considered in future large-scale research. However, it is 
worth noting that high-oxalate foods tend to contain high 
potassium and phosphate concentrations that are already 
contraindicated in dialysis patients. Finally, we did not 
take into account the mentioned above factors that could 
affect total ODA in fecal microbiota (dialysis solution 
composition, intestinal absorption of glucose, frequency 
of peritoneal exchanges, antibiotic classes and other 

medications etc). It is also worth bearing in mind that it 
was a cross-sectional study. Therefore, we were not able to 
draw predictive conclusions. 

Notwithstanding these limitations, this is the first study 
reporting a potential role of total fecal ODA in oxalate 
homeostasis in ESRD patients. 
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