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Abstract: Immune-mediated hemolytic anemia (IMHA) is the leading cause of hemolytic
anemia in dogs. Although renal injury has been reported in IMHA patients, laboratory
findings defining the type and extent of renal damage remain inconsistent. The aim of
this study was to evaluate key laboratory findings in the assessment of renal function
in dogs with a suspected diagnosis of IMHA and to correlate these findings with disease
prognosis. A prospective study was conducted on 21 dogs treated at a veterinary hospital
with a suspected diagnosis of IMHA. Blood samples were collected for complete blood
count and biochemical analyses, and urinalysis was performed. Significant alterations in
renal function were observed in IMHA patients. The urinary protein-to-creatinine ratio
(UPC) was elevated compared to controls (P < 0.0002) and correlated with the degree
of anemia (R = -0.638) and the inflammatory status, assessed by white blood cell count
(R = 0.550). In addition, urinary bilirubin levels were increased in IMHA patients (P <
0.0001), suggesting that bilirubin is an important prognostic marker of the disease. Renal
function is impaired in IMHA patients, and urinary bilirubin levels serve as a valuable
prognostic indicator.
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INTRODUCTION

Immune-mediated hemolytic anemia (IMHA) is
one of the main causes of hemolytic anemia in
dogs (Balch & Mackin 2007). The disease may
occur either idiopathically or secondarily, with
the latter triggered by underlying conditions
such as hemoparasitosis, drugs, or vaccination
(Gianesini et al. 2023, Morrow & White 2020,
Neelawala et al. 2021). Hemolysis can occur
intravascularly or extravascularly and is mediated
either by the direct destruction of erythrocytes or
by the phagocytosis of red blood cells opsonized
with 1gM or IgG. Additionally, this process may
involve complement activation (Balch & Mackin
2007). In this immune-mediated hemolytic

state, dogs may present clinical signs such as
lethargy, weakness, pale and/or icteric mucous
membranes, hemoglobinuria, and bilirubinuria.
Laboratory evaluation is essential for disease
characterization and commonly reveals
regenerative anemia, bilirubinemia and/or
bilirubinuria, spherocytosis, autoagglutination,
and a positive Coombs test (Garden et al. 2019,
Piek 2011).

IMHA is associated with a poor prognosis,
with studies reporting mortality rates between
50% and 70% (McAlees 2010). High morbidity and
mortality are associated with intense hemolysis,
which results in severe anemia and consequent
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tissue hypoxia. Furthermore, a systemic
inflammatory stateis triggered, primarily through
the release of heme and free hemoglobin, which
activate cells of the innate immune system and
promote hemostatic activation in response to
inflammation. Free hemoglobin also generates
large amounts of reactive oxygen species (ROS),
leading to endothelial injury and damage to
organs such as the liver and kidneys, further
aggravating the clinical condition (Hamzianpour
& Chan 2016, Kidd & Mackman 2013).

Several studies have characterized the
hematological and biochemical parameters of
IMHA canine patients, emphasizing regenerative
anemia, alterations in liver enzymes such as
alanine aminotransferase (ALT) and alkaline
phosphatase (ALP), and increased bilirubin
levels (Balch & Mackin 2007, Elwood &
Polton 2008, Piek et al. 2008). Other studies
have also investigated hemostatic findings,
reporting prolonged prothrombin time (PT) and
activated partial thromboplastin time (aPTT),
as well as hypercoagulable states detected by
thromboelastography (Hamzianpour & Chan
2016, Sinnott & Otto 2009). In addition, these
laboratory findings are correlated with patient
prognosis. For example, elevated serum levels
of urea, ALP, and bilirubin have been associated
with poorer outcomes (Carr et al. 2002, Swann &
Skelly 2015).

In this context, the laboratory
characterization of dogs with IMHA is of great
clinical relevance, particularly regarding the
assessment of renal function. This is because
intense hemolysis, hypoxia, and systemic
inflammation can compromise the kidneys,
however, the literature still lacks detailed
studies on this topic. Furthermore, the presence
of urinary bilirubin, frequently observed in
IMHA, may reflect both the degree of hemolysis
and renal involvement. Indeed, when identified
in the urine, especially in the form of indirect
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bilirubin, this finding may be associated with
renal injury, as indirect bilirubin binds to serum
proteins and is normally not excreted by an
intact glomerulus. Therefore, measuring total
bilirubin and its fractions can serve as a marker
of renal impairment and have prognostic value.
Accordingly, this study aimed to comprehensively
evaluate renal function and urinary bilirubin
levels in dogs with IMHA, investigating their
associations with disease severity and prognosis.

MATERIALS AND METHODS
Overall Study Design

This was a prospective study conducted with
canine patients treated at the Veterinary
Hospital of Unesp, Botucatu, SP, between April
and October 2017. The inclusion criteria were
animals diagnosed with hemolytic anemia based
on clinical signs, such as lethargy, pale and/or
icteric mucous membranes, and bilirubinuria
(dark and/or orange-colored urine), along
with laboratory tests, such as complete blood
count (CBC) showing macrocytic hypochromic
anemia, increased RDW (red cell distribution
width), anisocytosis, and polychromasia (varying
degrees), positive saline agglutination test and/
or spherocytosis, accompanied by bilirubinemia
(icteric plasma) and bilirubinuria (assessed
using chemical reagent dipsticks). The exclusion
criteria included patients with a provisional
diagnosis of leptospirosis, hepatopathies and/
or renal diseases, and a provisional diagnosis
of neoplasia. The study included 21 patients
with a suspected diagnosis of primary and/or
secondary IMHA, and the data were compared
with those of 10 healthy dogs. The study adhered
to ethical principles approved by the Animal Use
Ethics Committee (protocol no. 194/2016).
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Sample Collection and Processing

Samples were collected in EDTA tubes (ethylene
diamine tetra-acetic acid - BD Vacutainer) and
tubes without anticoagulant (BD Vacutainer),
along with urine collected via urethral
catheterization. These samples were collected
immediately upon admission, prior to any
medication interference. Serum was obtained
after centrifugation at 1800 x g for 10 minutes.
Importantly, the serum and urine samples were
protected from light until processing.

Clinical Findings, Laboratory Results, and Prog-
nosis

Clinical data were obtained from medical records
in the veterinary hospital system. Hematological
and biochemical parameters were performed in
accordance with American Society for Veterinary
Clinical Pathology (ASVCP) guidelines (Gunn-
Christie et al. 2012). Prognosis was defined as
survival or death within 30 days after admission,
and in cases where the patient’s outcome was
not recorded in the electronic file, our team
contacted the owner to confirm the outcome.

Renal Function Evaluation

Renal function assessment was also performed
in accordance with the ASVCP guidelines. Serum
urea (Bioclin®) and creatinine (Bioclin®) levels
were measured in both patients and controls
via a biochemical analyzer (Cobas Mira Plus”).
For urinalysis, approximately 10 mL of urine
was collected via catheterization, protected
from light, and processed within 1 hour after
collection. The samples were subjected to
physical, chemical, and sediment examinations.
Reagent strips Combur Test M (Roche”) were
used for chemical evaluation, and the urinary
sediment was examined by microscopy (400x). In
addition, from the urine supernatant, the levels
of microprotein (Bioclin®), creatinine (Bioclin®),
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total bilirubin (Bioclin®), and direct and indirect
bilirubin (Bioclin®) were measured.

Statistical analyses

Quantitative data were expressed as medians
and percentiles. For comparisons between
groups and experiments, variables were treated
as nonparametric, and comparisons were
made via the Mann-Whitney test (independent
variables), whereas Fisher's exact test was used
for categorical variables. Correlations were
assessed using the Spearman test. Statistical
significance was considered when P < 0.05. All
the statistical analyses were performed via SPSS
version 26 (IBM) or GraphPad Prism 7.0 Software
(GraphPad, Inc.).

RESULTS

In this study, 21 canine patients diagnosed with
IMHA and 10 healthy dogs were included. Among
the affected dogs, most were mixed-breed
(62%, 13/21), followed by Poodles (14%, 3/21),
Pitbull, Brazilian Terrier, Shih Tzu, Yorkshire
Terrier and Labrador Retriever breeds (24%,
5/21). The mean age was 4.5 + 4 years, with a
male-to-female ratio of 10:11. All animals were
diagnosed based on clinical signs and laboratory
findings. Among these patients, 10% exhibited
spherocytosis and 19% tested positive in the
saline agglutination test. Regarding the healthy
controls, most were mixed-breed dogs (40%,
4/10), followed by Pitbulls (20%, 2/10), Golden
Retrievers (20%, 2/10), and Labradors and Shih
Tzus (20%, 2/10). The mean age was 4 + 1.5 years,
with a male-to-female ratio of 3:7. The detailed
hematological and biochemical characteristics
of the study population are presented in Table
SI - Supplementary Material.

Regarding the evaluation of renal
parameters, the main relevant findings from
urinalysis are presented in Table I.
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We observed that the urine protein-to-
creatinine ratio (UPC) was greater in dogs with
immune-mediated hemolytic anemia (IMHA)
than in to control dogs (Table | and Figure 1a).
A trend toward reduced urine specific gravity
(USG) was also observed in IMHA patients (Table
| and Figure 1b).

IMHA patients presented increased
microscopic cellularity, indicating an active
acute renal process. Renal or pelvic epithelial
cells were present in the urinary sediment in
52% of the IMHA patients, along with granular
casts in 38% and bilirubin crystals in 33% of the
cases. In the assessment of serum biomarkers
of renal function, IMHA patients tended to have
higher urea levels than controls did (Figure 1c).
Conversely, creatinine levels were lower in IMHA
patients (Figure 1d).

Fortheassessmentofprognosticbiomarkers,
the data were analyzed by dividing IMHA patients
into survivors and nonsurvivors. There was

Table I. Urinalysis parameters of the study population.
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a trend toward higher levels of total bilirubin
(TB), ALP, and gamma-glutamyltransferase (GGT)
in nonsurvivors. Serum direct bilirubin (DB)
levels were also higher in nonsurvivors than in
survivors (Figure S1).

The measurement of TB, DB and indirect
bilirubin (IB) were also measured in the urine
samples immediately after collection. Both
urinary total bilirubin (UTB) and urinary direct
bilirubin (UDB) were identified as severity
biomarkers in IMHA patients, as evidenced
by higher levels in nonsurvivors (Figure 2a,
b). Using the ROC curve, optimal cutoff values
were determined for the UTB (9.7 mg/dL - 70%
sensitivity and 88.9% specificity) and UDB (51
mg/dL - 60% sensitivity and 88.9% specificity)
(Figure 2¢, d). Urinary indirect bilirubin (UIB)
levels did not demonstrate significant prognostic
value, although a trend toward higher values
was observed in patients who died (median 5.03

IMHI(\nggfll)ents Cz)nn=t1rg)ls P value
Physicochemical parameters of urinalysis
USG * 1.025 (1.016 - 1.038) 1.040 (1.021 - 1.053) 010
pH* 6(5.87-7) 6 (5.75 - 6.25) 0.47
Protein (mg/dL) * 69.2 (44 — 114) 13.2 (7.85 - 18.6) < 0.0001
UPC ratio * 1.22 (0.76-212) 0.06 (0.03-0.09) 0.0002
Urinary Total bilirubin (mg/dL) * 9.22 (5.00 - 12.2) 140 (0.75 - 1.90) < 0.0001
Urinary Direct bilirubin (mg/dL) * 4.23 (142 - 7.28) 0.80 (0.35 - 1.40) 0.0002
Urinary Indirect bilirubin (mg/dL) * 3.00 (118 - 5.40) 0.30 (015 - 0.65) 0.002
Urinary sediment
Renal or pelvic epithelial cells, yes:no (%) 11:21 (52%) 0:10 (0%) 0.004
Bladder or urethral epithelial cells, yes:no (%) 8:21 (38%) 310 (30%) 0.99
Granular casts, yes:no (%) 8:21 (38%) 0:10 (0%) 0.03
bilirubin crystals yes:no (%) 7:21 (33%) 0:10 (0%) 0.06

*Median (interquartile range); IMHA: Imnmune-mediated hemolytic anemia; USG: urine specific gravity; UPC: urine protein-to-
creatinine ratio; The presence of epithelial cells was considered positive when one or more cells were observed per field. The
presence of granular casts and bilirubin crystals was considered positive when 0-1 particles per field (400x) were observed. P
values were obtained via the Mann-Whitney test or Fisher’s exact test for categorical variables.
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mg/dL) than in survivors (median 2.33 mg/dL) (P
= 0.16).

Finally, a correlation analysis was performed
between the UPC and other relevant laboratory
parametersinthe IMHA. Intermsofhematological
parameters, UPC was inversely correlated with
hematocrit and positively correlated with
total leukocytes and the NLR. For the serum
biomarkers, the UPC was inversely correlated
with the serum albumin concentration and
positively correlated with the ALP, TB, DB and IB
levels. Additionally, UPC was inversely correlated
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with USG and positively correlated with UTB and
UDB (Table I1).

DISCUSSION

The main contribution of our study was to
demonstrate that renal injury is an evident
alteration in patients with IMHA, primarily
indicated by an increase in the UPC and its
association with the degree of anemia. In
addition, we observed that the UTB and UDB
behaved as prognostic markers of the disease,
with higher values in IMHA patients who died.
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Figure 1. Evaluation of renal function parameters. (a) The urine protein-to-creatinine ratio (UPC) was greater
in IMHA patients (median, IQR: 1.22, 0.76-2.12) than in control dogs (median, IQR: 0.06, 0.03-0.09) (P < 0.0002).
(b) Assessment of the USG in control dogs and IMHA patients (dashed line represents a value of 1.030). (c-d)
Measurement of serum urea and creatinine levels in control dogs and IMHA patients (dashed lines represent
values of 21-59 mg/dL for urea; 0.5-1.5 mg/dL for creatinine). The medians (horizontal lines) represent
nonGaussian data; similarly, the P value was obtained from the Mann-Whitney test according to the data

distribution.
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Regarding demographic data, we found that
most patients were mixed-breed, differing from
other studies that describe a predominance
in purebred animals (McAlees 2010, Piek et al.
2008). However, it is important to note that
mixed-breed patients are frequently treated
at veterinary hospitals, which explains their
predominance in our sample. The mean age of
the patients was 4.5 years, while the literature
reports an average age of approximately 6 years,
although it also highlights that the disease can
affect animals of any age (Balch & Mackin 2007).

When classical markers of renal function,
such as urea and creatinine (Braun et al. 2003,
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Yadav et al. 2020), are evaluated, no significant
increases in urea levels are observed, although
a tendency toward elevation is observed in
dogs with IMHA. On the other hand, median
creatinine values were reduced in IMHA
patients. This finding was probably influenced
by the presence of serum icterus (Bowers &
Wong 1980, Ji & Meng 2011), since icterus was
one of the inclusion criteria for this study. The
reduction in creatinine levels does not appear to
be physiologically consistent in these patients,
as other renal function parameters, such as the
UPCand urinary sediment findings, were altered.
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Figure 2. Evaluation of urinary bilirubins as a prognostic marker in IMHA. Urinary total bilirubin (UTB) levels (a) and
urinary direct bilirubin (UDB) levels (b) were greater in patients who died. (c-d) ROC curve based on the UTB and
UDB values. The medians (horizontal lines) represent non-Gaussian data; similarly, the P value was obtained from
the Mann-Whitney test according to the data distribution.

An Acad Bras Cienc (2026) 98(1)

€20241141 6|10



IVANIO T. BORBA-JUNIOR et al.

Urinalysis revealed that USG, which is
considered an earlier marker than increases in
serum urea and creatinine (Reine & Langston
2005), tended to be lower in dogs with IMHA than
in healthy controls. Although the difference did
not reach statistical significance, 72% of the dogs
with IMHA were dehydrated (dehydration equal
to or greater than 5%), and most of them had
a USG lower than 1.030. This finding may differ
from what is expected in dehydrated animals,
as most patients presented with hypernatremic
dehydration (due to reduced water intake)
or isotonic dehydration (associated with
vomiting), conditions in which urine is normally
concentrated when renal function is preserved
(Reine & Langston 2005, Yadav et al. 2020). These
results suggest that IMHA patients presented
renal dysfunction, especially due to a reduced
ability to concentrate urine.

Other urinary findings reinforce this
hypothesis, including increased cellularity in the
urinary sediment, with the presence of renal or
pelvic epithelial cells (52% of cases), granular
casts (38%), and bilirubin crystals (33%). These
findings are consistent with an acute renal
injury process, possibly resulting from immune
complex deposition in the glomeruli and tubular
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precipitation of compounds such as hemoglobin,
bilirubin, and cellular debris, leading to the
formation of granular casts. Altogether, these
alterations indicate renal injury involving both
tubular and glomerular components (Hokamp
& Nabity 2016, Reine & Langston 2005, Yadav et
al. 2020).

In the biochemical analysis of urine,
the UPC was greater in IMHA patients than in
healthy individuals. It is well established that
UPC is an important marker for assessing
glomerular injury (Lees et al. 2005, Moraes et
al. 2017). Therefore, UPC data were explored and
correlated with other laboratory parameters
(Table I). Among these, we observed an inverse
correlation between UPC and hematocrit (R =
-0.638), and a positive correlation with serum
bilirubins (R = 0.739), suggesting that patients
with greater red blood cell destruction also
have increased UPC values. Positive correlations
were also found between UPCs and WBCs, as
well as between UPCs and the NLR, indicating
an association with a stronger inflammatory
response. The UPC was also inversely correlated
with the USG, suggesting that the lower USG
observed in IMHA patients may be associated
with concurrent tubular injury. Finally, a positive

Table II. Correlation analysis of relevant laboratory parameters.

Variable Correlated with
usG
UTB
UDB
Serum TB
Serum DB
Serum IB
UPC Urea
Creatinine
ALP
Albumin
Hematocrit
WBC
NLR

Correlation coefficient p
-0.455 0.014
0.615 0.0001
0.365 0.048
0.739 0.0001
0.714 0.0001
0.675 0.0001
0184 0.331
-0.340 0.066
0.681 0.0001
-0.568 0.001
-0.638 <0.0001
0.550 0.002
0.662 0.0001

UPC: urine protein-to-creatinine ratio; USG: urine specific gravity; UTB: urinary total bilirubin; UDB: urinary direct bilirubin; TB:
total bilirubin; DB: direct bilirubin; IB: indirect bilirubin; ALP: alkaline phosphatase; NLR: neutrophil-lymphocyte ratio. Correlation
coefficients (Spearman, according to data distribution) were calculated using data from all individuals (controls and patients).
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correlation was observed between UPC, TBU and
DBU, which are discussed in more detail below.

The measurement of total bilirubin and
its urinary fractions was exploratory, aiming to
quantify these fractions more accurately. Serum
fractions were positively correlated with their
respective urinary fractions, including TB and
UTB (R = 0.775; p = 0.001), IB and UIB (R = 0.591; p
= 0.001), and BD and UBD (R = 0.660; p = 0.001).
It is known that IB, which is bound to plasma
proteins, when found at high urinary levels
may indicate glomerular injury (Kalakonda et
al. 2022). Moreover, urinary bilirubin levels
were analyzed, which revealed that higher TBU
and DBU values were associated with a worse
prognosis, as evidenced by patient death.
Regarding IBU, a tendency toward elevation was
observed in nonsurviving patients (p = 0.16).

To complement the analysis of prognostic
markers, the serum levels of DB, TB, ALP and GGT
were also associated with a worse prognosis
(Figure S1), as previously reported by other
studies (Elwood & Polton 2008, Piek et al. 2008,
Swann & Skelly 2015).

This study has some limitations that should
be acknowledged, such as the small sample
size and the absence of postmortem renal
histopathological evaluation, which is often
limited by the lack of owner authorization. In
addition, the outcome of one patient could
not be determined due to incomplete medical
records and the inability to contact the owner,
and urinary bilirubin analysis was not performed
for one dog. Although these limitations exist,
our results are consistent, and this is the first
study to explore urinary bilirubin fractions in
dogs with IMHA.

Inconclusion,thisstudyclearlyindicatesthat
renal function is impaired in patients diagnosed
with IMHA. Additionally, the urinary UTB and
UDB proved to be important prognostic markers.
Therefore, we emphasize the importance of

RENAL AND URINE BILIRUBIN IN CANINE IMHA PROGNOSIS

monitoring renal function parameters in IMHA
patients, since a broader evaluation beyond
hematology may be beneficial in selecting more
specific and targeted therapeutic strategies for
these individuals.
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