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Abstract

Background: No specific study on concurrent nephropathy has been conducted in dogs with chronic enteropathy
(CE), except for soft-coated Wheaten Terriers. Moreover, limited information exists regarding the urinary profile in
dogs with CE.

Aim: To describe, compare, and discuss the alterations in selected serum biochemical and urinary parameters in dogs
with CE.

Methods: Multicentric retrospective study on dogs with CE diagnosed after exclusion of extra-gastrointestinal
diseases. In addition, dogs with azotemia and lower urinary tract diseases were excluded. Information on canine chronic
enteropathy clinical activity index (CCECALI) score, muscular condition score (MCS), presence of glycosuria, proteinuria
[urine protein-to-creatinine (UPC) ratio > 0.5], and/or cylindruria (>1-2 casts/hpf) at diagnosis were gleaned from the
medical records. Dogs were retrospectively classified as food-responsive enteropathy, immunosuppressant-responsive
enteropathy, or nonresponsive enteropathy based on the presence of gastrointestinal histological inflammation and
the treatment response. In addition, based on the serum albumin concentration (ALB), dogs were classified as having
protein-losing enteropathy (PLE).

Results: Ninety CE dogs were included. Fifty-two dogs had mild-to-severely decreased MCS and 38 dogs showed
altered urinary parameters. No significant associations were found between CCECALI and altered urinary parameters.
No significant association was found between PLE dogs and altered urinary parameters. PLE dogs showed higher
prevalence of proteinuria than non-PLE dogs (p = 0.03; OR = 2.8; 95% CI = 1-6.8).

Conclusion: Despite the presence of altered urinary profile in dogs with CE, further studies are needed to explore a
possible link between gastrointestinal and renal inflammation.
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Introduction in veterinary medicine and two mechanisms have
been hypothesized: deposition of immune complexes
(Littman et al., 2000; Vaden et al., 2013) and intestinal
dysbiosis (Lippi et al., 2017). However, it is important
to underline that specific studies about kidney injury
in dogs with chronic enteropathy (CE) are lacking.
We hypothesized that a kidney injury in dogs with CE
may occur and that less severe forms of canine CE may
have less severe and lower prevalence of kidney injury
compared to more severe and unresponsive forms of
CE (Dandrieux, 2016; Dandrieux and Mansfield, 2019).

The relationship between inflammatory bowel disease
(IBD) and kidney injury has been extensively studied
in human medicine. Approximately the half of IBD
human patients show extraintestinal manifestations,
and 4%-23% of the patients may develop renal
involvement (Ambruzs and Larsen, 2018; Greuter
and Vavricka, 2019). These patients showed renal
symptoms, such as urinary stones, urinary obstructions,
glomerulonephritis, interstitial tubular nephritis,
or amyloidosis with proteinuric renal insufficiency

(Ambruzs and Larsen, 2018). Rothfuss et al. (2006)
highlighted renal manifestations in IBD human
patients, hypothesizing that a systemic involvement
of intestinal diseases may be the trigger for the onset
of renal dysfunction. In humans, the so called “gut—
kidney axis” underlines the relationship between
these two organs. This relationship is mainly based on
immunological responses and metabolism-dependent
mechanisms (Evenepoel et al., 2017). The “gut—
kidney axis” has also been taken into consideration

Thus, the aim of this study was to describe concurrent
changes in selected serum biochemical and urinary
parameters indicative of kidney injury in dogs with CE.

Materials and Methods

The electronic medical records databases of the
Veterinary Teaching Hospitals of the University of Pisa
and the University of Turin were searched to identify
dogs with primary CE presented from February 2015
to August 2020. Medical records of each veterinary
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teaching hospital were reviewed to confirm the
diagnosis of primary CE. According to the current
literature (Dandrieux, 2016; Dandrieux and Mansfield,
2019), primary CE was defined for dogs showing signs
of chronic gastrointestinal disease (including weight
loss, vomiting, diarrhea, and decreased appetite) for at
least 3 weeks. All dogs had to have hematobiochemical
panel, including serum trypsin-like immunoreactivity,
canine pancreatic lipase, serum basal cortisol, and
complete urinalysis with urinary protein-to-creatinine
ratio (UPC), fecal flotation, to rule out other causes of
chronic gastrointestinal signs. In addition, each dog
had to have a full abdominal ultrasound performed for
the exclusion of extraintestinal diseases or nonprimary
intestinal disease (e.g., intussusception, foreign bodies,
or intestinal tumors) (Dandrieux, 2016; Dandrieux
and Mansfield, 2019). Afterward, selected CE dogs,
based on treatment response extrapolated from medical
records, were retrospectively classified as from food-
responsive enteropathy (FRE), immunosuppressant-
responsive enteropathy (IRE), or nonresponsive
enteropathy (NRE) (Dandrieux, 2016; Dandrieux and
Mansfield, 2019). Specifically, FRE was defined as
complete and sustained remission of clinical signs
while on elimination or novel protein diet (hydrolyzed
or restricted antigen diets) associated with a multistrain
probiotic (Dandrieux, 2016; Dandrieux and Mansfield,
2019). IRE was defined as clinical improvement after
the start of an immunomodulatory therapy based
on prednisolone (0.5-1 mg/kg every 12 hours) or
budesonide (3 mg/m? every 24 hours) in association
or alternatively with cyclosporine (5 mg/kg every 12
hours) or chlorambucil (2-4 mg/m? every 24 hours)
(Dandrieux, 2016; Dandrieux and Mansfield, 2019).
Finally, NRE was defined as poor or no clinical
response to diet or immunosuppressants (Dandrieux,
2016; Dandrieux and Mansfield, 2019). According
to the literature, all dogs that failed the diet trial,
thus classified as IRE and NRE, underwent digestive
endoscopy to confirm and characterize gastrointestinal
inflammation using WSAVA guidelines before the use
of immunomodulatory therapy, as described elsewhere
(Dandrieux, 2016; Dandrieux and Mansfield, 2019).
Based on recently published information, the real
clinical value of antibiotic-responsive enteropathy
(ARE) is now questioned (Cerquetella et al., 2020) and
dogs with ARE (if responding to an antibiotic trial with
tylosin at 15 mg/kg every 12 hours for at least 3 weeks)
(Dandrieux, 2016; Dandrieux and Mansfield, 2019)
were then excluded from the statistical analysis.

In addition, based on serum ALB, dogs were classified
as having protein-losing enteropathy (PLE; if ALB <
27 g/l) (Nakashima et al., 2015) and non-PLE.

Dogs lacking hematobiochemical profile and/or
urinalysis and/or abdominal ultrasound were excluded
from the study. In addition, dogs with a history
of previous kidney or lower urinary tract diseases
(previous clinicopathological finding and/or imaging

alterations), prerenal or post-renal proteinuria, and
severe renal proteinuria (UPC > 2) or active sediment
were excluded. In addition, since ultrasonographic
changes in renal parenchyma may be due to previous
subclinical kidney disease, dogs with ultrasonographic
signs of renal impairment or renal ultrasonographic
abnormalities at presentation to the two facilities
were excluded. Specifically, dogs with at least one
of the following ultrasound signs were excluded:
increased cortical echogenicity, renal infarcts, loss
of corticomedullary differentiation, decreased renal
volume, and irregular renal margins (Bragato et al.,
2017).

Of the dogs included in the study, the following
information were recorded: signalment, body condition
score (BCS; 9-point scale; Laflamme, 1997), muscular
condition score (MCS; 3-point scale; Freeman
et al., 2011), and CCECALI (Allenspach et al., 2007).
Regarding BCS, a dog was considered with normal
BCS (5), mildly decreased (BCS 4), and moderately-
to-severely decreased (BCS 3-1) (Laflamme, 1997).
The CCECALI scoring system assessed nine categories
of disease severity, including the evaluation of attitude
and activity [from 0 (normal) to 3 (severely decreased)],
appetite [from 0 (normal) to 3 (severely decreased)],
vomiting [from 0 (<1 event/week) to 3 (>3 events/
week)], fecal consistency [from 0 (normal) to 3 (watery
diarrhea)], fecal frequency [from 0 (normal; <2 events/
day) to 3 (severely increased; >5 events/day)], weight
loss [from 0 (none) to 3 (>10%)], serum ALB [from 0
(>20 g/1) to 3 (<12 g/1)], peripheral edema and ascites
[from O (none) to 3(severe)], and pruritus [from 0 (none)
to 3 (pruritis regularly wakes dog)] (Allenspach et al.,
2007). Based on the CCECALI value, the severity of CE
was assessed as insignificant (0-3), mild disease (4-5),
moderate disease (6-8), severe (9—11), and very severe
disease (>12) (Allenspach et al., 2007). In this study,
the five categories mentioned above were grouped into
two categories: clinically insignificant-mild disease
(CCECALI 0-5; LoCCECALI) and clinically moderate-
to-very severe disease (CCECAI > 6; HICCECAI) for
statistical purposes.

Subsequently, from the hematobiochemical profile
performed at diagnosis/presentation to the hospitals
and before therapies, serum total proteins, ALB, urea,
and creatinine were recorded. From the urinalysis,
performed at diagnosis/presentation to the hospitals and
before therapies, the presence of glycosuria, hematuria,
proteinuria, cylindruria, and UPC value were recorded.
Dogs with glycosuria, renal proteinuria (UPC > 0.5),
and/or cylindruria were classified as having urinary
kidney injury.

For statistical analysis, dogs were divided into different
groups: LoCCECAI and HiCCECAI, FRE and IRE-
NRE, and PLE and non-PLE dogs. Continuous
variables (urea, creatinine, and UPC) were non-
normally distributed and were presented as the median
and range. CCECAI, MCS, proteinuria, cylindruria,
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glycosuria, and hematuria were evaluated as categorical
variables. The association between kidney injury and
CCECAI groups, FRE versus IRE-NRE and PLE
versus not-PLE dogs was tested using the chi-squared
test. Differences in urea, creatinine, and UPC values
between LoCCECAI and HiCCECAI, FRE and IRE-
NRE, and PLE and not-PLE dogs were tested using
Mann—Whitney U-test. Statistical analysis was carried
out using IBM SPSS Statistics v.25 (IBM Corporation,
New York, NY), and a p-value < 0.05 was considered
statistically significant for the other tests.

Results

From the initial screening of medical records of
Veterinary Teaching Hospitals of the University of Pisa
and Turin between January 2017 and 2020, 304 dogs
with primary CE were found. Of these 304 dogs, 107
were excluded because urinalysis was not available for
review, 27 dogs had no UPC performed, 21 dogs had
no abdominal ultrasound for review, an additional 35
dogs showed ultrasonographic kidney abnormalities,
and 2 dogs were azotemic. Furthermore, eight dogs
were excluded due to the lack of available biochemistry
report and one dog because leishmaniosis was suspected
and not ruled out based on medical records review.
14 dogs were classified as ARE and were excluded
from the final cohort. 90 dogs with primary CE were
retrospectively included.

Most dogs were mixed breed (n = 17), and the most
represented breeds were German shepherd (n = 11),
Rottweiler and Poodle (n = 5 each), Bolognese and
Jack Russell terrier (4 dogs each breed), Beagle,
Boxer, Border collie, English setter, Kurzhaar (3 dogs
each breed), Bernese Mountain dog, Corso, Maltese,
Weimaraner, Yorkshire Terrier, and Golden retriever (2
dogs each breed). The other 17 dogs belonged to other
breeds (1 dog each one). 45 dogs were female, 28 of
them were spayed, and 47 dogs were males, only one
castrated. The median age was 3.6 years (IQR = 5.1,
range = 0.3—14.9 years). Descriptive statistics of MCS,
BCS, and CCECALI are reported in Table 1.

Dividing the study population in LoCCECAI and
HiCCECALI, 50 (55.5%) dogs belonged to the former
group and 40 (44.4%) dogs to the latter one. Based
on the treatment response, 50, 25, and 15 dogs were
classified as FRE, IRE, and NRE, respectively. Based
on serum ALB, 38 dogs (42%) were classified as
inflammatory PLE (10 FRE, 25 IRE, and 12 NRE).
Overall median creatinine was 0.96 mg/dl (84.8 pmol/l)
[IQR = 0.38; range = 0.48-1.6 mg/dl (42.4-140.8
pmol/l)]. Overall median urea was 31 mg/dl (11.1
mmol/l) [IQR = 17; range = 12-110 mg/dl (4.3-39.3
mmol/l)]. Dogs with normal MCS had a significantly
higher serum creatinine [median = 1 mg/dl (88.4
pmol/l); IQR = 0.39, range = 0.65-1.6 mg/dl [57.5—
140.8 pmol/l)] than those with a reduction in MCS
[median = 0.8 mg/dl (70.7 umol/l); IQR = 0.3, range =
0.48-1.6 mg/dl (42.4-140.8 pmol/l); p = 0.008].

Based on urinary parameters, 34 out of 90 dogs (38%)
showed kidney injury. In particular, dog showed
glycosuria, 21 dogs had proteinuria, and 21 dogs had
cylindruria. No differences in prevalence of proteinuria,
cylindruria, glycosuria, and hematuria and UPC values
between FRE and IRE-NRE dogs were found (all p >
0.05). Dogs with LoCCECAI and HiCCECALI did not
differ in urinary kidney injury prevalence (p =0.9). The
prevalence of urinary kidney injury was not different
between PLE and non-PLE (p =0.2) dogs, whereas PLE
dogs showed a higher frequency (62%) of proteinuria
than non-PLE dogs (p = 0.04 OR 2.8 95%CI 1-7.6).

Discussion

This retrospective study described concurrent changes
in selected serum and urinary parameters indicative of
kidney injury in a population of dogs with CE. Even
if no dogs had azotemia, proteinuria was present in
approximately 40% of the dogs and was more frequent
in PLE dogs, compared to non-PLE dogs.

The use of urinary markers might be more indicative
that serum urea and creatinine for a concurrent kidney
injury, since approximately the half of CE dogs of
our study showed a moderate-to-severe reduction in
BCS and MCS, might affect serum creatinine levels.
In addition, CE dogs may display various degrees of
dehydration and intestinal, often occult, blood losses
and, thus, an increase in serum urea may not be
specific for kidney impairment (Syme, 2016). There
are no studies evaluating MCS in dogs with CE.
The presence of a reduction in muscle mass could
be attributed to a deficit in protein synthesis, due to
intestinal malabsorption (Ward, 2013). In fact, in
IBD human patients, a reduction in muscle mass is
attributable to reduced intestinal absorption, increased
catabolism, malnutrition, drug side effects, and chronic
inflammation (Greuter and Vavricka, 2019). Therefore,
a similar condition may be hypothesized also in canine
patients with CE.

In our population, dogs with azotemia were excluded,
therefore, we decided to evaluate the relationship
between serum creatinine and BCS and MCS. Although
the first relationship was not statistically significant,
serum creatinine resulted to be higher in dogs with
normal MCS compared to those with MCS reduction.
This agrees with the information reported in the
literature. Given its muscle origin, if muscle mass tends
to decrease, serum creatinine will be decreased (Syme,
2016). This finding suggests that creatinine may have
some limitations to detect kidney injury in dogs with
CE. For this reason, we decided to consider urinary
markers of kidney injury (proteinuria, cylindruria, and
hematuria), which were highlighted in approximately
40% of the CE dogs. In humans, renal manifestations
during IBD occur in 4%-23% of the patients (Ambruzs
and Larsen, 2018; Greuter and Vavricka, 2019) and
a relationship between IBD and renal damage was
demonstrated (Rothfuss et al., 2006; Ambruzs and
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Table 1. Descriptive statistics of MCS, BCS, and CCECAL

Parameter

Descriptive statistics

Normal MCS (MCS 3) — 46 dogs (51%)

MCS Mild reduction (MCS 2) — 31 dogs (34%)
Severe reduction (MCS 1) — 13 dogs (14%)
Normal BCS (BCS 5-6) — 21 dogs (23%)

BCS Mild reduction (BCS 4) — 29 dogs (32%)
Severe reduction (BCS 3—1) — 40 dogs (44%)
Clinically insignificant (CCECAI 0-3) — 21 dogs (23%)
Mild disease (CCECAI 4-5) — 28 dogs (31%)

CCECAI

Moderate disease (CCECAI 6-8) — 21 dogs (23%)

Severe disease (CCECAI 9-11) — 13 dogs (14%)
Very severe disease (CCECAI > 12) — 7 dogs (8%)

MCS: Muscular condition score; BCS: Body condition score; CCECAI: Canine chronic enteropathy clinical activity index.

Larsen, 2018; Jang et al., 2018; Greuter and Vavricka,
2019). Veterinary medicine lacks specific studies on
kidney damage in dogs with CE, except for two studies
on soft-coated Wheaten Terrier with concomitant PLE
and protein-losing nephropathy (Littman et al., 2000;
Vaden et al., 2013). In addition, only a few studies
have been conducted to underline the importance of
controlling intestinal dysbiosis using probiotics in
renal insufficiency (Ranganathan e al., 2004, 2006;
Lippi et al., 2017). Another possible explanation is
linked to an interstitial tubule damage associated with
an increase in circulating uremic toxins (Inoue and
Ishibe, 2015). However, this hypothesis in our case
might be excluded since our patients were mainly
non-azotemic, and only a few had an increase in urea
and creatinine. Another hypothesis of renal damage in
CE may take into consideration an immune-mediated
origin. In CE dogs, dysbiosis and accumulation of
pathogenic microorganisms are highlighted as triggers
to the activation of an uncontrolled immune response
(Luckschander et al., 2006; Baumgart and Carding,
2007; Dandrieux, 2016; Dandrieux and Mansfield,
2019). This inflammatory status may contribute to renal
injury (Yang et al., 2018).

We also hypothesized that dogs with more severe forms
of CE might have a higher prevalence of kidney damage,
especially dogs with a diagnosis of PLE. We failed to
find an association between CCECALI and altered renal
parameters. Our hypothesis was based on various
possible pathogenic mechanisms. First, a positive
correlation between CCECAI and dysbiosis index has
been recently highlighted (AlShawaqfeh et al., 2017).
More severe enteropathies may be characterized by
increased dysbiosis index, which may be responsible
for kidney damage (Sirich et al., 2014; Minamoto et
al., 2019). Other possible pathogenesis may be due
to immune complex deposition (Littman et al., 2000;
Vaden et al., 2013), dehydration (McGrotty et al.,
2016), and endotoxemia (Anders et al., 2013). In CE

dogs, all these mechanisms might be possible in various
degrees. The lack of significance of this association
might be perhaps due to CCECAI assessment, which
was performed by different clinicians throughout the
study period; however, dehydration, endotoxemia, and
immune complex deposition might have played a role.
In addition, also the prevalence of kidney injury
in dogs with or without PLE was not significantly
different, although approximatily 60% of PLE dogs
had proteinuria and the prevalence of proteinuria was
significantly higher in PLE dogs. No differences in
serum urea, creatinine, presence of kidney injury and
proteinuria, cylindruria, glycosuria, and hematuria,
evaluated individually, between FRE and, IRE/NRE
were found. The lack of significance of the association
between kidney injury in PLE dogs may be explained
by our choice to include not only proteinuria, but also
glycosuria and cylindruria.

In the study of Lippi et al. (2017), median UPC values
in CKD dogs treated with multistrain probiotics had
a significant reduction compared to untreated CKD
dogs, proving that anti-inflammatory and microbiota-
modulating properties of probiotics in kidney injury
may be clinically relevant (Rossi et al., 2014; Lippi et
al.,2017). An immunocomplex deposition nephropathy
in CE has been hypothesized in soft-coated Wheaten
Terriers with PLE (Littman ez al., 2000; Vaden et
al., 2013). It has been hypothesized that an increase
in intestinal permeability and hypersensitivity to
luminal antigens can lead to the deposition of immune
complexes in kidneys, resulting in kidney damage
(Littman et al., 2000; Vaden et al., 2013). It should
be considered that these two latter studies take into
consideration a specific breed, which is genetically
predisposed to other immunomediated disorders and
hypersensitivity disorders, and that is also absent in our
population. In fact, other possible etiologies on the data
about proteinuria in PLE dogs should be considered.

581


http://www.openveterinaryjournal.com

582

http://www.openveterinaryjournal.com
E. Goriet al.

Open Veterinary Journal, (2022), Vol. 12(4): 578-583

This study has some limitations. First, early serum or
urinary biomarkers of renal injury, such as symmetric
dimethylarginine (SDMA), urinary gamma-glutamyl
transpeptidase, and urinary neutrophil gelatinase-
associated lipocalin were not evaluated because of
the retrospective nature of the study. Despite serum
creatinine, SDMA is not influenced by age, MCS, breed,
sex, physical activity, and, in general, by extrarenal
factors (Hall et al., 2015; Sargent et al., 2021). Another
important limitation is linked to the two different
veterinary facilities in which dogs were evaluated,
and consequently followed by different clinicians with
different clinical approaches. Finally, although we have
applied strict exclusion criteria, dogs with mild and
subclinical nephropathy cannot be certainly ruled out.

Conclusion

To date, in the veterinary literature, there are no
specific studies evaluating kidney injury in dogs with
CE. Our study identified a significant presence of CE
dogs with concomitant renal damage. Of these dogs,
only a minority showed azotemia, thus emphasizing
the importance of adding other markers to serum urea
and creatinine, especially if reduced muscle mass
is present. The elevated frequency of proteinuria in
PLE dogs should encourage further investigations on
the pathogenetic mechanisms, with particular interest
toward dysbiosis.
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