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Abstract

Calcium oxalate (CaOx) is one of the common causes of kidney stones and accounts for 40 to 50% of all uroliths in cats.
Oxalobacter formigenes, an oxalate-degrading intestinal microbiota, has been hypothesized to play a protective role against
CaOx urolithiasis due to its capability to degrade oxalate. This study was designed to reveal the association between biomass
colonization of O. formigenes and clinical occurrence of CaOx urolithiasis in household tomcats. Fifteen tomcats were
allocated into three groups (healthy control (n=15), static chronic kidney disease (static CKD) (n=4), and progressive CKD
(n=06)) based on diagnosis of CaOx urolithiasis and disease progression. Fecal samples were collected from all tomcats,
genomic DNA was extracted, and oxc, a gene specific for O. formigenes, was quantified using real-time PCR. Additionally,
the clinical association between blood serum urea, creatinine, and relative abundance of oxc gene among different groups
was examined. The oxc gene was detected in all cats in various frequency; however, its relative abundance was significantly
higher in progressive CKD group compared to static CKD and control groups. In summary, our results suggest a protective
role of O. formigenes against calcium oxalate urolithiasis only in static CKD. Further studies are required in a larger group
of cats to help illustrate the protective role of O. formigenes in the pathophysiology of calcium oxalate urolithiasis in cats.

Keywords Biomass - Oxalobacter formigenes - Calcium oxalate - Urolithiasis - Oxc gene

1 Introduction

Feline lower urinary tract disease is a general term incor-
porating many different disorders affecting lower urinary
tract in cats [1]. Urolithiasis is considered one of the
most common diseases of lower urinary tract affections
in domestic cats [2]. Feline urolithiasis is a multifactorial
condition that includes congenital, familial, and/or acquired
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pathophysiologic factors. These factors together favor the
risk of precipitation of excretory solutes within the urine on
an organic matrix to form stones [3]. Additionally, it could
be potentially life-threatening and may lead to death from
azotemia due to urethral or bilateral ureteral obstruction [4].

Feline urolithiasis is classified based on their mineral
composition into calcium oxalate, struvite, urate, cystine,
xanthine, silica, and calcium phosphate uroliths. Calcium
oxalate (CaOx) urolithiasis accounts 40 to 50% of all uro-
liths in cats [5]. There are many risk factors for its devel-
opment such as increased urinary calcium and/or oxalate
excretion. Age, sex, and genetic background also have a sig-
nificant influence on its occurrence. Aged cats of 7-10 years
are more susceptible especially Burmese, Himalayan, and
Persian cats [6]. Tomcats are more commonly affected than
queens and 95% of those were being castrated [7].

The alterations in urinary oxalate levels have a higher
effect on the possibility of CaOx formation than the changes
in urinary calcium levels [8]. Urinary oxalate originates
from two sources; absorbed dietary oxalate and endogenous
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synthesized in the liver from ascorbate and glyoxylate [9].
The gut lumen is the primary excretory system for degrada-
tion of excessive exogenous oxalates. Oxalate metabolizing
bacterial species (OMBS) are one of intestinal microbiotas
of human, dogs, cats, and rats. Those bacterial species are
known to reduce the contribution of exogenous urinary oxa-
lates to the total urinary oxalates [10]. Mammals depends
mainly on gut microbiota for oxalate homeostasis, due to
their deficiency of specific enzymes needed for oxalates
degradation [11, 12].

Oxalobacter formigenes (O. formigenes) is a gram-nega-
tive anaerobe and a well-characterized oxalotrophic OMBS
[12]. It consumes the oxalate as its sole carbon source and
breaks it down into formate and CO2 [13]. Oxalobacter has
a direct effect with colonic epithelium to prompt enteric
oxalate elimination. In a mouse model fed on O. formigenes
with knockout of genes responsible for endogenous oxalate
metabolism resulted in reduction in the degree of hyper-
oxaluria and renal injury due to high oxalate level [14]. It
is hypothesized that intestinal colonization with O. formi-
genes decreases the risk of calcium oxalate nephrolithiasis
[12, 15]. Several studies on human founded that a lower
abundance of O. formigenes in adults with stone compared
with healthy adult or patients with recent nephrolithiasis
[16]. This hypothesis was confirmed through hyperoxaluria
reduction after administration of O. formigenes [14]. Moreo-
ver, the risk of recurrent stone formation is reduced with
intestinal colonization of O. formigenes in human and dogs.
Similarly, O. formigenes was detected in feces of healthy
cats [17]. Although the contribution of O. formigenes in
the pathogenesis of CaOx nephrolithiasis has been hypoth-
esized, there is limited published information about the
abundance of O. formigenes in the gut, its colonization, and
its clinical occurrence of urolithiasis in cat. Therefore, the
objective of this study was to reveal the association between
biomass colonization of O. formigenes and clinical occur-
rence of CaOx urolithiasis in household tomcats.

2 Materials and methods
2.1 Animals and sample collection

Fifteen household mixed breed (Himalayans and Persian)
tomcats were included in this study. Five tomcats with an
average age (6.6 +1.14) years were assigned as a control
group (control, n=35). All tomcats in control group were
clinically healthy based on complete physical examination,
blood serum biochemical profile, ultrasonographic, and
x-ray investigations. The other ten tomcats were diagnosed
to have urethral blockage by CaOx urolithiasis. The diag-
nosis of urethral obstruction in diseased tomcats was based
on similar criteria as control group in addition to surgical
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operation that performed to remove the stone. The diseased
tomcats were divided according to the international renal
interest society criteria [18] into two groups static CKD,
n=4, with an average age (5.37+0.75 year) and progres-
sive CKD, n=6, with an average age (6.25+0.98 year). The
classification of CKD was based on measurement of blood
serum creatinine concentration and appearance of clinical
signs of azotemia. All tomcats in all groups had no his-
tory of antimicrobial treatment for 60 days prior to sample
collection.

2.2 Clinical, radiographic, and ultrasonographic
examination

All cats were clinically examined by measuring body tem-
perature, respiratory, pulse rates, and palpation of super-
ficial lymph node, kidneys, and urinary bladder [19, 20].
Radiographic examination was performed to characterize
the uroliths (e.g., location, size, number, shape, and density)
using Ficsher imaging system RMX-625R with maximum
capacity of 150 kVp and 1250 mAs (Fischer Imaging Com-
pany, USA) [2]. To image the urinary bladder, a voltage of
85-109 kVp and 50 mAs was used to scan the posterior por-
tion of the body [21]. Ultrasonographic examinations were
performed using Mindray Z5 ultrasound machine (China)
with 2-D mode to examine the distended abdomen, kidneys,
and urinary bladder for the presence of stone and/or gravels
[22]. To optimize ultrasonographic examination quality, the
skin was washed with alcohol, and ultrasonographic gel was
applied. All ultrasonographic evaluations were conducted in
dorsal recumbency position with a longitudinal and trans-
verse plane for easily distinguishing the mineralized material
from fecal material [23].

2.3 Sample collection and analysis
2.3.1 Blood sampling and serum biochemical analysis

Blood samples were collected in a plain labelled test from
all tomcats via cephalic vein puncture. Blood was left to clot
at room temperature for 20 min and clear, non-hemolyzed
serum was collected after centrifugation of clotted blood
sample at 3000 rpm for 10 min. All serum samples were
stored at — 20 °C until further analysis. Blood urea nitrogen
(BUN) (mg/dl) and serum creatinine (mg/dl) were assessed
calorimetrically using commercial kits (Urea Biosystem kit,
Mannheim, Germany) and (Creatinine Biosystem kit, Man-
nheim, Germany), respectively.

2.3.2 Fecal samples

Oxalobacter formigenes colonizes the intestine of healthy
cats as apart of intestinal microbiota. Thus, fresh fecal
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sample was collected for molecular detection of oxc gene
of oxalobacter formigenes [24] from each tomcat in static
and progressive CKD groups at the time of urolith removal.
Since it is an oxalotrophic bacterium, it has important role
in the functioning ecosystem, especially carbon and calcium
cycles. It consumes oxalate and produces formic acid and
carbon dioxide. Therefore, its colonization hypothesized to
decrease the CaOx crystals in urine and the CaOx stone con-
sequently [25]. Additionally, fecal samples were collected
from control group at the same time of sampling diseased
cats. Samples were placed in a separate sterile labelled con-
tainer, transferred in an icebox at 4 °C to the laboratory, and
then stored in (— 20) until further processing [26].

2.3.3 Genomic DNA extraction and molecular relative
quantification (qPCR) of Oxalobacter formigenes

Fecal DNA was extracted from all fecal samples using the
QIAamp® Fast DNA Stool Mini kit (QIAGEN Inc., Carls-
bad, CA) following the manufacturer’s instructions [27]. The
concentration of eluted DNA as well as purity was measured
using Nanodrop-1000, (Thermo Scientific, USA) and then
stored in —20 °C until examined by PCR. DNA concentra-
tion was normalized to 100 ng/pl and used as template for
amplification bacterial gene. The oligonucleotide primer of
oxc-gene was used as a proxy for detection of O. formigenes
in fecal samples which are shown in Table 1. Real-time PCR
for the detection of oxc gene was performed, using Biorad
(PTC 1148) with ReaIMOD™ GH SYBR Green Real-time
PCR Master Mix (2x) (iNTRON Biotechnology — Korea)
as previously described [28].

2.4 Statistical analysis

Statistical analyses were performed using SPSS version 23.0
(IBM, New York, NY, USA). The data of blood serum urea,
creatinine, and relative abundance of oxc gene were com-
pared among different groups (control, static, and progres-
sive CKD) using multivariant ANOVA and Tukey—Kramer
HSD test for multiple comparison. The values are presented
as the mean + standard deviation (SD). The correlation
between blood serum urea, creatinine concentration, and
relative abundance OF oxc gene among different groups
(control, static, and progressive CKD) was examined using

Pearson correlation coefficient [29]. The significance level
for all analysis was set at 0.05.

3 Results

3.1 Clinical, radiographic, and ultrasonographic
examination of diseased cat

Clinical examination of diseased cats revealed similar find-
ing in both static and progressive CKD groups with marked
evident of lethargy, continues meowing, frequent visiting
of litter box, and urine drippling. Palpation of abdomen
revealed tensed urinary bladder and relatively enlarged kid-
neys. Ultrasonographic examination of distended abdomen
in diseased cats revealed mild to severe badly distended uri-
nary bladder and hyperechoic elements dispersed within the
anechoic urine (Fig. 1A). The ultrasound waves shadowed a
shadow artifact from the bladder wall after being reflected by
a hyperechoic structure in some cases. Radiographic exami-
nation of blocked tomcats revealed the presence of urolith
engaged in the way of the urethra as a small radiopaque
structure (Fig. 1B).

3.2 Serum biochemical findings and molecular
identification of oxc-gene

Blood serum urea concentration was significantly higher in
progressive CKD group and static CKD compared to con-
trol groups (Fig. 2A, P <0.0001). No significant differences
(P=0.124) were noted in blood serum urea concentration in
static CKD group compared to progressive CKD (Fig. 2A,
P=0.369). Similarly, blood serum creatinine concentration
was significantly higher in progressive CKD group and static
CKD compared to control group at (Fig. 2B, P <0.0001). No
significant differences were noted in blood serum creatinine
in static CKD group compared to progressive CKD group
(Fig. 2B, P=0.252).

The oxc gene was detected in all tomcats in various
frequencies. The relative abundance of oxc-gene in static
CKD showed no significant change compared to control
group (Fig. 2C, P=0.631). In contrast, the relative abun-
dance of oxc-gene is significantly increased in progressive

Table 1 Oligonucleotide
primers for oxc-gene of targeted

Gene

Primer sequences (5-3)

Annealing temperature Product (bp)

O. formigenes oxc gene F

CGACAATGTAGAGTT-GAC

57°C 164 bp

TGA (GC content 42.8% and
melting temperature 59.5C)

R CGTGTTGTTCGTGACGAA
(GC content 52.6% and melting
temperature 60.5C)
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Fig.1 A Ultrasonographic examination of the urinary bladder of
blocked tomcat showing distended urinary bladder with multiple
gravels which confirmed to be calcium oxalate by urine analysis. B
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Radiographic image of the urinary bladder of blocked tomcat show-
ing distended urinary bladder with multiple small stone (arrow) in
urethra which confirmed to be calcium oxalate by urine analysis
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Fig.2 The result of multivariant ANOVA for serum creatinine (A), urea concentration (B), and relative abundance of oxc gene measured by
g-PCR (C) among control, cases with urolithiasis (static and the progressive CKD group)

CKD compared to the control and static CKD groups
(Fig. 2C, P=0.0004 and 0.0001), respectively.

To further evaluate the clinical association between
colonization of O. formigenes and clinical representation
of CaOx urolithiasis in household tomcats, the correlation
between blood serum urea, creatinine concentration, and
relative abundance OF oxc gene among different groups
(control, static, and progressive CKD) was analyzed using
Pearson correlation coefficient (Fig. 3). The correlation
analysis between the investigated molecular and biochem-
ical biomarkers revealed a positive correlation between
blood serum urea, creatinine concentration, and relative
abundance of oxc gene (Fig. 3A and B).
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4 Discussion

Urolithiasis in domestic cats is considered one of the most
common diseases of lower urinary tract disease in cats
[30]. Despite the widespread dietary management and
using urolith-preventive diets, CaOx uroliths become a pri-
mary etiological stone in domestic cats in the last decades
[31, 32]. In this study, we focused on one of the oxalo-
trophic bacterial that might help protection against CaOx
stones. All included tomcats were considered a high risk
for development of stone [33]. Additionally all included
cats were tomcats which are more commonly affected with
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Fig.3 A Correlation analysis between serum urea concentration and relative abundance of oxc gene of O. formigenes in feces. B Correlation
analysis between serum creatinine concentration in and relative abundance of oxc gene of O. formigenes in feces

urethral obstruction compared to queens due to their long
and narrow urethra [7].

Similar to previous study, the clinical signs of the dis-
eased tomcats were typical urethral blockage presentation
[34]. The ultrasonographic examination confirmed that the
distended abdomen was due to distended urinary bladder.
The diagnosed lethargy may be attributed to electrolyte dis-
turbance caused by impaired kidney function as confirmed
by the biochemical analysis of serum urea and creatinine
[35]. The ultrasonographic examination revealed many
hyperechoic elements dispersed within the anechoic urine
and shadow artifact due to accumulation of stone in the dis-
tended bladder. Additionally, our diagnosis was confirmed
by radiographic imaging of the caudal part of the abdomen
that revealed a small radiopaque stone engaged within the
penile urethra in the diseased tomcats.

In the current study, the affected cats with urolithiasis
were divided into static CKD and progressive CKD groups
according to the IRIS staging for CKD (2013) that depend
on evaluation of serum biochemical biomarkers such as
urea and creatinine [36]. In this study, blood urea and cre-
atinine concentration were significantly higher among pro-
gressive CKD and static CKD compared to control group
(P<0.0001) and this attributed to the impaired kidney func-
tion and confirms the kidney damage in diseased groups
[34, 37].

The intestinal tract is a diverse and complex ecosystem
[27]. Gut microbiota and its ecological and functional char-
acteristics are thought to be useful to the host health [38].
Therefore, estimating the different factors that modulate
the gut microbial composition is very important in deter-
mining which strategies could be used to maintain the host
health. The main objective of this study was to reveal the

association between biomass colonization of O. formigenes
and clinical occurrence of CaOx urolithiasis in household
tomcats. Real-time PCR assay was used to determine the
relative abundance of oxc gene which is the proxy for molec-
ular identification of O. formigenes and CaOx urolithiasis
clinical cases [11, 17].

The relative abundance of oxc gene was not significantly
higher in control group compared to static CKD. This result
supports the suggested hypothesis that O. formigenes pres-
ence in the intestinal tract may be act as a protecting fac-
tor against calcium oxalate urolithiasis [17]. The high rate
of O. formigenes has the capability to degrade oxalate and
decrease the oxalate absorption, and therefore, decreas-
ing the risk of calcium oxalate urolithiasis. In contrast, the
relative abundance of oxc-gene is significantly increased in
progressive CKD compared to the control and static CKD
groups. The higher relative abundance of O. formigenes
within the progressive CKD group may be explained by
the role of gut-kidney axis which play an important role in
modulation of gut microbiota and signaling the increase of
0. formigenes abundance to metabolize the increased oxa-
late in progressive CKD [16].

While the findings of this study were important, the
study limitations should be considered. This study was con-
ducted on a small number of cats in each group, though it
is considered the first studies in diseased tomcats. There-
fore, further studies are required in a larger group of cats to
help determine the protective role of O. formigenes in the
pathophysiology of feline calcium oxalate urolithiasis before
definitive conclusions can be made. Moreover, evaluation
the relative abundance of O. formigenes using microbiome
analysis was beyond the scope of this study. Despite these
study limitations, the results of this study provide important
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information that could be of great importance to feline uri-
nary tract health.

5 Conclusion

This is the first study to describe the clinical association
between colonization of O. formigenes and clinical repre-
sentation of CaOx urolithiasis in household tomcats. In this
study, we observed a significantly higher relative abundance
of O. formigenes within the progressive CKD group com-
pared to control and static CKD groups, suggesting a protec-
tive role of O. formigenes against calcium oxalate urolithi-
asis only in static CKD. Therefore, we recommend future
studies to be carried out on larger number of clinical cases
in longer time to strengthen the reliability of results.

Acknowledgements We gratefully acknowledge the clinic crew for
animal handling during sampling and examination procedure.

Author contribution MD, MZ, NG, MN, YH, RS, and MA con-
ceived and designed the experiment; MD, MA, and MZ conducted
the experiment and data analysis; MD, MZ, NG, MN, YH, RS, JCM,
RS, MA, and RR prepared the manuscript. All authors approved of
the manuscript.

Availability of data and material Not applicable.

Code availability Not applicable.

Declarations

Ethics approval Animal studies have been approved by ethical com-
mittee. The research was performed in accordance with the ethical
standard laid down in the 1996 declaration of Helsinki and its later
amendments.

Consent to participate All authors agree to participate in the current
work.

Consent to for publication All authors agree to publish the findings
of current research.

Conflict of interest The authors declare no competing interests.

References

1. Eggertsdottir AV, Lund HS, Krontveit R, Sgrum H (2007) Bac-
teriuria in cats with feline lower urinary tract disease: a clinical
study of 134 cases in Norway. J Feline Med Surg 9:458-465

2. Bartges JW, Callens AJ (2015) Urolithiasis. Veterinary Clinics:
Small Animal. Practice 45:747-768

3. Osborne CA, Lulich JP, Kruger JM, Ulrich LK, Koehler LA
(2009) Analysis of 451,891 canine uroliths, feline uroliths, and
feline urethral plugs from 1981 to 2007: perspectives from the
Minnesota Urolith Center. Vet Clin North Am: Small Anim Pract
39:183-197

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gulmi FA, Felsen D, Vaughan E (2002) Pathophysiology of uri-
nary tract obstruction. Smith’s textbook of endourology. 95-119
Bartges JW (2016) Feline calcium oxalate urolithiasis: risk factors
and rational treatment approaches. J Feline Med Surg 18:712-722
Albasan H, Osborne CA, Lulich JP, Lekcharoensuk C, Koehler
LA, Ulrich LK et al (2009) Rate and frequency of recurrence
of uroliths after an initial ammonium urate, calcium oxalate, or
struvite urolith in cats. J Am Vet Med Assoc 235:1450-1455
Langston C, Gisselman K, Palma D, McCue J (2008) Diagnosis
of urolithiasis. Compendium

Evan AP (2010) Physiopathology and etiology of stone for-
mation in the kidney and the urinary tract. Pediatr Nephrol
25:831-841

Chai W, Liebman M, Kynast-Gales S, Massey L (2004) Oxalate
absorption and endogenous oxalate synthesis from ascorbate
in calcium oxalate stone formers and non-stone formers. Am J
Kidney Dis 44:1060-1069

Dijcker J, Plantinga E, Van Baal J, Hendriks W (2011) Influence
of nutrition on feline calcium oxalate urolithiasis with emphasis
on endogenous oxalate synthesis. Nutr Res Rev 24:96-110
Suryavanshi MV, Bhute SS, Jadhav SD, Bhatia MS, Gune RP,
Shouche YS (2016) Hyperoxaluria leads to dysbiosis and drives
selective enrichment of oxalate metabolizing bacterial species
in recurrent kidney stone endures. Sci Rep 6:34712

Sadaf H, Raza SI, Hassan SW (2017) Role of gut microbiota
against calcium oxalate. Microb Pathog 109:287-291

Jiang J, Knight J, Easter LH, Neiberg R, Holmes RP, Assimos
DG (2011) Impact of dietary calcium and oxalate, and Oxalo-
bacter formigenes colonization on urinary oxalate excretion. J
Urol 186:135-139

Hoppe B, Groothoff JW, Hulton S-A, Cochat P, Niaudet P,
Kemper MJ et al (2011) Efficacy and safety of Oxalobacter for-
migenes to reduce urinary oxalate in primary hyperoxaluria.
Nephrol Dial Transplant 26:3609-3615

Kaufman DW, Kelly JP, Curhan GC, Anderson TE, Dretler SP,
Preminger GM et al (2008) Oxalobacter formigenes may reduce
the risk of calcium oxalate kidney stones. J Am Soc Nephrol
19:1197-1203

Ticinesi A, Milani C, Guerra A, Allegri F, Lauretani F, Nou-
venne A et al (2018) Understanding the gut-kidney axis in
nephrolithiasis: an analysis of the gut microbiota composition
and functionality of stone formers. Gut 67:2097-2106

Weese J, Weese H, Rousseau J (2009) Identification of Oxalo-
bacter formigenes in the faeces of healthy cats. Lett Appl Micro-
biol. 49:800-2

Society IRI (2019) IRIS Staging of CKD (modified 2019)
Tryggvason K, Wartiovaara J (2005) How does the kidney filter
plasma? Physiology 20:96-101

Langston CE (2010) Acute uremia. In: Ettinger SJ, E.C F, edi-
tors. Textbook of veterinary internal medicine,. Philadephia:
Saunders Elsevier. pp 1969-84

Feeney DA, Anderson KL (2011) Radiographic imaging in uri-
nary tract disease. Nephrol Urol Small Anim. pp 97-127
Weichselbaum RC, Feeney DA, Jessen CR, Osborne CA,
Dreytser V, Holte J (2000) Relevance of sonographic artifacts
observed during in vitro characterization of urocystolith mineral
composition. Vet Radiol Ultrasound 41:438-446

Berry JW. (1992) Acculturation and adaptation in a new society.
Int Migr. 30:69

O’Kell AL, Grant DC, Khan SR (2017) Pathogenesis of calcium
oxalate urinary stone disease: species comparison of humans,
dogs, and cats. Urolithiasis 45:329-336

Suchodolski JS (2011) Companion animals symposium:
microbes and gastrointestinal health of dogs and cats. J] Anim
Sci 89:1520-1530



Biomass Conversion and Biorefinery

26.

217.

28.

29.

30.

31.

32.

33.

Tang R, Jiang Y, Tan A, Ye J, Xian X, Xie Y et al (2018) 16S
rRNA gene sequencing reveals altered composition of gut
microbiota in individuals with kidney stones. Urolithiasis
46:503-514

Zeineldin M, Aldridge B, Lowe J (2018) Dysbiosis of the fecal
microbiota in feedlot cattle with hemorrhagic diarrhea. Microb
Pathog 115:123-130

Arya M, Shergill IS, Williamson M, Gommersall L, Arya N, Patel
HR (2005) Basic principles of real-time quantitative PCR. Expert
Rev Mol Diagn 5:209-219

Benesty J, Chen J, Huang Y, Cohen I (2009) Pearson correlation
coefficient. Noise reduction in speech processing: Springer. pp
1-4

Drake SK, Bowen RA, Remaley AT, Hortin GL (2004) Potential
interferences from blood collection tubes in mass spectrometric
analyses of serum polypeptides. Clin Chem 50:2398-2401
Gerber B, Boretti F, Kley S, Laluha P, Miiller C, Sieber N et al
(2005) Evaluation of clinical signs and causes of lower urinary
tract disease in European cats. J Small Anim Pract 46:571-577
Cannon AB, Westropp JL, Ruby AL, Kass PH (2007) Evaluation
of trends in urolith composition in cats: 5,230 cases (1985-2004).
J Am Vet Med Assoc 231:570-576

Lekcharoensuk C, Lulich JP, Osborne CA, Koehler LA, Urlich
LK, Carpenter KA et al (2000) Association between patient-
related factors and risk of calcium oxalate and magnesium

Authors and Affiliations

34.

35.

36.

37.

38.

ammonium phosphate urolithiasis in cats. ] Am Vet Med Assoc
217:520-525

Kyles AE, Hardie EM, Wooden BG, Adin CA, Stone EA, Gregory
CR et al (2005) Clinical, clinicopathologic, radiographic, and
ultrasonographic abnormalities in cats with ureteral calculi: 163
cases (1984-2002). ] Am Vet Med Assoc 226:932-936

Toigo G, Aparicio M, Attman P, Cano N, Cianciaruso B, Engel
B et al (2000) Expert Working Group report on nutrition in
adult patients with renal insufficiency (part 1 of 2). Clin Nutr
19:197-207

Cléroux A, Alexander K, Beauchamp G, Dunn M (2017) Evalu-
ation for association between urolithiasis and chronic kidney dis-
ease in cats. J Am Vet Med Assoc 250:770-774

Hall J, Yerramilli M, Obare E, Yerramilli M, Jewell D (2014)
Comparison of serum concentrations of symmetric dimethylar-
ginine and creatinine as kidney function biomarkers in cats with
chronic kidney disease. J Vet Intern Med 28:1676-1683

Song J, Price DJ, Guvenen F, Bloom N, Von Wachter T (2019)
Firming up inequality. Q J Econ 134:1-50

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Mohamed Donia' - Mohamed Zeineldin? - Naglaa Gomaa' - Midhat Nassif' - Yamen Hegazy' - Jose Cedillo Monroy? -
Edson Brodeli Figueroa Pacheco* - Raymundo Rene Rivas-Caceres’ - Rabiha Seboussi® - Mohamed Abdelmegeid'

Department of Animal Medicine, College of Veterinary
Medicine, Kafr-Elsheikh University, Kafr El-Shaikh, Egypt

Department of Animal Medicine, College of Veterinary
Medicine, Benha University, Banha, Egypt

Centro Universitario UAEM-Temascaltepec, Universidad
Auténoma del Estado de México, Toluca, Mexico

4

Unidad Académica de Ciencias Agropecuarias Y
Ambientales, Universidad Auténoma de Guerrero, Iguala de
La Independencia, Guerrero, Mexico

Instituto de Ciencias Biomedicas, Departamento De Ciencias
Quimico-Biologicas, Universidad Auténoma de Ciudad
Juarez, Ciudad Juarez, Mexico

Higher Colleges of Technology, Abu Dhabi, UAE

@ Springer



	Biomass colonization and bioconversion of the molecular characterized Oxalobacter formigenes to mitigate calcium oxlate urolithiasis
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Animals and sample collection
	2.2 Clinical, radiographic, and ultrasonographic examination
	2.3 Sample collection and analysis
	2.3.1 Blood sampling and serum biochemical analysis
	2.3.2 Fecal samples
	2.3.3 Genomic DNA extraction and molecular relative quantification (qPCR) of Oxalobacter formigenes

	2.4 Statistical analysis

	3 Results
	3.1 Clinical, radiographic, and ultrasonographic examination of diseased cat
	3.2 Serum biochemical findings and molecular identification of oxc-gene

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References


