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Serum biomarkers of endothelial glycocalyx injury in
canine parvoviral infection
Amir Naseria*, Erdem Gulersoya, Merve Idera, Murat Kaan Durguta, Alper Erturkb, Cagri Avcic,
Erman Korala, Mutlu Sevinca, Mahmut Oka
ABSTRACT. Canine parvoviral enteritis (PVE) is one of the most common diseases in young dogs. A range of diseases and
inflammatory conditions can cause endothelial glycocalyx (eGCX) disruption, therefore, this study aimed to determine the presence
of eGCX damage in dogs with PVE using serum biomarkers of eGCX, and to evaluate their prognostic importance among survivor
and non-survivor dogs. Twenty dogs diagnosed with PVE and 10 healthy dogs of both sexes, mixed-breed, and under 6 months of age
were included in the study. Clinical examination, blood gas analysis, and complete blood cell counts of the dogs were performed. To
detect the eGCX injury, serum endothelial cell-specific molecule-1 (ESM-1), syndecan-1 (SDC-1), angiopoietin-2 (Ang-2), and heparan
sulfate (HS) levels were measured. Results showed that at the time of admission serum levels of ESM-1 were higher in dogs with
PVE compared to that of the healthy dogs. Dogs with PVE were further assigned into two groups: survivors (n:10) and non-survivors
(n:10). The ESM-1 had high sensitivity and specificity to differentiate between survivor and non-survivor dogs with values of 100%
and 67%, respectively, with at an optimum cut-off point of ≥460 pg/mL. We concluded that higher levels of ESM-1 in dogs with PVE
may indicate eGCX injury when compared to healthy dogs. Also, the high levels of serum ESM-1 in non-survivor dogs suggest that
serum ESM-1 may carry some prognostic usefulness for predicting mortality in dogs with PVE.
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INTRODUCTION
The vascular endothelium is the largest organ in the
body, forming an interface between the bloodstream and
the blood vessel wall. The luminal surface of all vascular
endothelial cells is covered by the endothelial glycocalyx
(eGCX), which consists of membrane-bound negative
charged proteoglycans, glycoproteins, glycolipids, and
glycosaminoglycans (Reitsma et al 2007). The main functions of eGCX are maintaining permeability, preventing
leukocytes and thrombocyte attachments with endothelium,
mechano-transduction, protecting endothelial cells, and
reducing inflammatory effects (Hartawan and Wiryana
2019). Previous studies have shown that conditions such
as diabetes, chronic kidney disease, hypernatremia,
hypervolemia, and ischemic-reperfusion injury can also
lead to the eGCX injury (Rehm et al 2001, Nieuwdorp
et al 2006, Oberleithner et al 2011, Vlahu et al 2012,
Padberg et al 2014). Furthermore, inflammatory conditions such as systemic inflammatory response syndrome
and sepsis may also cause eGCX disruption (Henry and
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Duling 2000, Nelson et al 2008). Endothelial cell-specific
molecule-1 (ESM-1) or endocan, syndecan-1 (SDC-1),
angiopoietin-2 (Ang-2), and heparan sulfate (HS) are
the most investigated metabolites of eGCX shedding in
critically ill patients (Ioakeimidou et al 2017, Uchimido
et al 2019).
Canine parvoviral enteritis (PVE) is one of the most
important infectious causes of mortality in young puppies (Carmichael 2005). The early lesions consist of
necrosis of the crypt epithelial cells in the enteric form
of the disease. The villi and lamina propria may collapse
completely as a result of the loss of crypt epithelium
and the failure of replacing sloughed villous epithelial
cells. The loss of digestive epithelium and absorptive
surface area presumably results in diarrhoea caused by
the combined effect of maldigestion and malabsorption.
Death may follow as a result of dehydration, electrolyte
imbalance, endotoxic shock, or secondary septicemia
(Nandi and Kumar 2010).
Season, purebred nature, bodyweight, vomiting,
leukopenia, lymphopenia, thrombocytopenia, hypercoagulability, hypercortisolemia, hypothyroxinemia,
hypoalbuminemia, elevated C-reactive protein and tumour
necrosis factor, hypocholesterolemia, and hypocitrullinemia have been the preferred variables as diagnostic
and prognostic biomarkers in PVE (Schoeman et al 2013).
However, there is no literature information about the
usage of eGCX in dogs with PVE. Therefore, the present
study aimed to determine the presence and magnitude of
eGCX damage in dogs with PVE using serum biomarkers
of eGCX and to evaluate their prognostic importance to
distinguish between the survivor and non-survivor dogs.
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MATERIAL AND METHODS
ANIMALS

The study protocol was approved by the ethics committee
of the Faculty of Veterinary Medicine, Selcuk University
(permit number: 2018/140). Twenty dogs suffering from
PVE and 10 healthy dogs of both sexes, mixed-breed, and
under 6 months of age were included in the study during
the years 2018-2019.
All the dogs with PVE had clinical observations of
vomiting, anorexia, lethargy, and diarrhoea ranging from
mucoid to bloody. Some of the dogs already had sepsis
symptoms such as hypothermia, tachycardia, hyperpnea,
and severe dehydration at the time of admission. The diagnosis of PVE was confirmed by faecal CPV Ag test (Asan
Easy Test PARVO, Asan Pharma. CO. LTD., Gyeonggi-do
Korea, sensitivity: 99.5%, specificity: 99.8%). None of the
dogs enrolled had been vaccinated before the beginning of
the study. All the dogs in the PVE group received the same
treatment including fluid therapy, antibiotics, and other
supportive treatments (antiemetics, vitamin, and amino
acid supplementation) during the hospitalisation period.
The healthy dogs were chosen among puppies brought
to our clinics for routine vaccination and were assigned
to the healthy group according to physical examinations,
laboratory findings, and negative faecal CPV Ag test results.
SAMPLE COLLECTION

Five mL of blood were collected by jugular venipuncture at the time of admission and before discharge
from the hospital. One mL of the collected sample was
anaerobically transferred into sodium heparin containing
plastic syringes and blood gas analysis was performed
immediately. Syringes were prepared by aspirating a
small volume of liquid heparin (5000 IU/ml) (Nevparin®,
Mustafa Nevzat, Turkey) and then expelling it. The
heparin layer covering the inside of the syringe prevents
the blood sample from coagulation. An extra mL of the
blood was put into the tubes containing K3EDTA and
a complete blood count (CBC) analysis was performed
immediately. The remaining 3 mL of collected blood
was put into the tubes without anticoagulant, centrifuged
at 2000 x g for 5 min at 4 °C, and serum samples were
extracted. They were stored at -80 °C and defrosted
immediately before the enzyme-linked immunosorbent
assay (ELISA) analysis.
BLOOD GASES AND COMPLETE BLOOD COUNT

A venous blood gas analysis which included pH, the
partial pressure of carbon dioxide (pCO2), lactate, sodium
(Na), calcium (Ca), chloride (Cl), potassium (K), glucose,
base excess (BE), and bicarbonate (HCO3) was performed
using an automatic blood gas analyser (ABL 90 Flex,
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Radiometer, USA). CBCs including total leukocytes,
lymphocytes, granulocytes, erythrocytes, mean corpuscular volume (MCV), hematocrit (HCT), mean corpuscular
haemoglobin concentration (MCHC), haemoglobin, and
platelets were done using an automatic cell counter (MS4e,
Melet Schlosing Laboratories, France).
ENDOTHELIAL GLYCOCALYX RELATED BIOMARKERS

Serum endothelial cell-specific molecule-1 (ESM-1),
syndecan-1 (SDC-1), angiopoietin-2 (Ang-2), and heparan
sulfate (HS) levels were measured according to the manufacturer’s protocol using canine ESM-1 commercial sandwich
ELISA kit (MyBioSource, USA, Lot: 20190809C), canine
syndecan-1 commercial ELISA kit (MyBioSource, USA,
Lot: 08/2019), canine angiopoietin-2 commercial ELISA
kit (MyBioSource, USA, Lot: 36343442), and canine
heparan sulfate commercial ELISA kit (MyBioSource,
USA, 20190809C). Intra-assay coefficients, inter-assay
coefficients, and minimum detectable concentrations
were < 10%, < 10% and 1 pg/mL for ESM-1, < 15%, <
15% and 6.25 µg/mL for SDC–1, ≤ 8%, ≤ 12% and 0.15
ng/mL for Ang-2, < 10%, < 10% and 0.1 ng/mL for HS.
STATISTICAL ANALYSIS
Data analysis was performed using statistical software (SPSS 25.00). To determine whether the variables
had normal distributions, the one-sample KolmogorovSmirnov test was used. Parametric data were evaluated by
Student t-test while mean ± standard deviation (SD) and
non-parametric data were evaluated by Mann-Whitney U
test as median (min/max). A linear regression analysis was
made to determine the independent predictors of mortality.
The prognostic values of endothelial related biomarkers
were evaluated using receiver operating characteristic
(ROC) curve analysis to determine the prognostic cut-off
values for the best differentiation between survivors and
non-survivors of PVE. Probability curve (survival) was
also conducted for serum ESM-1. Statistical significance
was considered as P<0.05.
RESULTS
The dogs with PVE presented various weights (8.92±4.81
kg) and ages (3.8±1.28 months) and the healthy dogs had
similar weights (10±1.95 kg) and ages (3.2±0.48 months).
There were no statistically significant differences in body
weight and age between the groups (P>0.05). Ten dogs
in the PVE group survived and were discharged from the
hospital 72 hours after the admission and were followed
up for the next 14 days by a telephone call to the owners.
During the hospitalisation period, 9 dogs in the PVE
group died within the first 24 hours and another dog died
between 24 and 48 hours. None of the dogs was euthanised
during the study.
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Clinical findings showed that dogs with PVE had a
higher respiration rate and heart rate (47.09±18.9 and
143.53±33.65, respectively) than healthy dogs (22.13±6.25
and 135.60±6.96, respectively) (P<0.05). The body temperature did not differ between PVE (38.05±1.66) and
healthy dogs (38.47±0.42) (P>0.05). The results also
revealed that at the time of admission the survivor dogs
were not as severely ill as the non-survivor dogs. Higher
respiration rate, heart rate, dehydration rate, prolonged
capillary refill time (CRT), more variations in consciousness,
and haemorrhagic diarrhoea were the most characteristic
features in the survivor and non-survivor dogs (table 1).
The blood gases analysis and CBC results showed no
significant differences between healthy dogs and dogs with
PVE (P>0.05). Also, there were no significant differences
between the time of admission and discharge from the
hospital (supplementary table 11).
The results of serum biomarkers of endothelial glycocalyx showed that levels of ESM-1 were higher in dogs
with PVE compared to those of healthy dogs and before
discharge (table 2, P<0.05). There were no significant
changes in the levels of SDC-1, Ang-2, and HS between
the healthy dogs and dogs with PVE (table 2, P>0.05).
The linear regression analysis showed a significant
slope (F (1,18) = 7.711, P<0.012) with an R2 = 0.300
to predict mortality for dogs with PVE based on their
serum ESM-1 levels (table 3, supplementary figure 12).
The same slope was not found for serum levels of

SDC-1, Ang-2, and HS (P>0.05). Also, the results of the
PVE group showed that the concentrations of ESM-1
from the non-survivor dogs were significantly higher
than those of the survivor dogs (P<0.05) (supplementary
figure 23). Receiver operating characteristic curve (ROC)
analysis for the utility of ESM-1, SDC-1, Ang-2 and HS
in differentiating between the survivor and non-survivor
dogs estimated an area under the curve (AUC) of 0.821 (p=
0.022, 95% CI=0.615-1.000) for ESM-1 (table 4, figure 1).
An optimum cut off point of 460 pg/mL corresponds to a
sensitivity of 100% and a specificity of 67% for prediction
of mortality (table 4). Survival probability curve for serum
endothelial cell-specific molecule-1 (ESM-1) concentrations in dogs with PVE demonstrated that the highest
serum concentrations of ESM-1 were associated with the
lower prediction of survival in dogs with PVE (figure 2).
DISCUSSION
Acute enteritis is the most common clinical manifestation of PVE mostly seen in puppies up to 6 months of
age. The non-specific clinical signs in the early stages of
the disease include depression, anorexia, and lethargy.
Vomiting and mucoid to hemorrhagic diarrhoea are the
typical signs of the PVE and they develop in the later stages
of the disease (Goddard and Leisewitz 2010). Likewise, the
puppies in the PVE group of this study had variable signs
of anorexia and depression. Also, all of the dogs assigned

Table 1. Clinical parameters in the healthy (n:10), the survivor (n:10) and the non-survivors (n:10) dogs. Body temperature,
respiration rate, and heart rate are presented as mean± SD. Dehydration rate, capillary refill time, mucosal membranes, mental
status, and the type of diarrhea are presented as median and range in parentheses.

Parameter
Body temperature (°C)
Respiration rate (bpm)
Heart rate (bpm)
Dehydration rate (%)
Capillary refill time (sec.)
Mucous membranes
Mental status
Type of diarrhea

Dogs with PVE at time of admission

Healthy
dogs

Survivors

Non-survivors

38.47±0.42
22.13±6.25
135.60±6.96
1 (1)
1 (1)
2 (2)
4 (4)
1 (1)

38.65±0.38
26.22±5.39 a,b
141.11±18.12 a,b
2 (1-2) b
2 (1-2) a,b
3 (1-4) a
3 (1-4) a,b
2 (2-3) a,b

38.21±0.71
37.12±3.28a
158.36±10.29 a
3 (1-3) a
3 (2-3) a
3 (1-4) a
2 (1-3) a
3 (2-3) a

aComparison

between healthy dogs (P<0.05).
between non-survivor dogs (P<0.05).
Dehydration rate: <5% (1); 6-8% (2); 9-10% (3); >10% (4).
Capillary refill time: <2 sec (1); 3-4 sec (2); 4-5 sec (3).
Mucous membranes: hyperemic (1), normal (2), slightly pale (3), pale (4).
Mental state: comatose (1), depressive (2), alert (3), active (4).
Diarrhoea: none (1), mucoid diarrhoea (2), hemorrhagic diarrhoea (3).
bComparison

1

Available at www.australjvs.cl/ajvs

2

Available at www.australjvs.cl/ajvs

3

Available at www.australjvs.cl/ajvs
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Table 2. Comparison of eGCX related biomarkers in the healthy dogs (n:10), dogs with PVE at admission (n:20), and
before discharge (n:10). Data are presented as mean ± SD and median and range in parentheses.

ESM-1 (pg/mL)
SDC-1 (µg/mL)
Ang-2 (ng/mL)
HS (ng/mL)

Dogs with PVE

Healthy
dogs

Admission

Before discharge

283.64±114.15
25 (12-63)
9.01±5.67
5.78±3.19

644.11±340.36 a
28 (13-168)
8.97±7.02
7.35±2.21

313.26±82.60 b
35 (14-114)
9.80±3.51
8.09±2.72

Parameter

aComparison

between healthy dogs (P<0.05).
between time of admission (P<0.05).
ESM-1, endothelial cell-specific molecule-1; SDC-1, syndecan-1; Ang-2, angiopoetin-2; HS, heparan sulfate.
bComparison

Table 3. Summary of regression analysis of serum biomarkers of eCGX in 10 survivors and 10 non-survivor dogs with
PVE at the time of admission. Data are presented as mean ± SD.
Dogs with PVE

Parameter
ESM-1 (pg/mL)
SDC-1 (µg/mL)
Ang-2 (ng/mL)
HS (ng/mL)

Survivors

Non-survivors

P-value

313.26±82.60
50.04±36.14
9.80±3.51
8.09±2.07

580.48±292.87
47.68±46.66
7.63±3.34
6.13±1.48

0.012
0.901
0.199
0.056

ESM-1, endothelial cell-specific molecule-1; SDC-1, syndecan-1; Ang-2, angiopoetin-2; HS, heparan sulfate.

to the PVE group had hemorrhagic diarrhoea either at the
time of admission or later during the hospitalisation period.
Previous studies (Otto et al 1997, de Laforcade et
al 2003, Prittie 2004, Yilmaz and Senturk 2007) have
demonstrated that disruption of the intestinal barrier due

1.0
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Figure 1. Receiver operating characteristic curve analysis for
the differentiation between the survivor and non-survivor dogs
with parvoviral enteritis based on the serum endothelial cell-specific molecule-1 (ESM-1), syndecan-1 (SDC-1), angiopoetin-2
(Ang-2) and heparan sulfate (HS) concentration at the time of
admission. Results showed that serum ESM-1 (blue line) is the
more sensitive and specific biomarker for predicting mortality
in the dogs with CPV.
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to canine parvovirus infection can lead to the translocation
of bacteria and endotoxins released from the intestinal
tract into the peripheral circulation, with the subsequent
development of coliform septicemia. This condition may
then lead to SIRS and sepsis. Total leukocyte count (<6×
109/L or >16×109/L), heart rate (>160 bpm), respiratory
rate (>25 breaths/min), and body temperature (<37 °C or
>39.4 °C) are the described criteria for the definition of
SIRS and sepsis in dogs (Silverstein and Hoper 2015, Ok et
al 2015). These findings were remarkable in the dogs with
PVE. The rapid deterioration of the clinical appearance in
the non-survivor dogs may be related to the development
of SIRS and sepsis.
Studies reporting the mortality rates in the canine PVE
have shown that it varies between 25% and 35%, while it can
reach 91% without treatment (Ling et al 2012). Kocaturk
et al (2010) reported a higher mortality rate (53.4%) and
shorter survival length in the cases of canine PVE. They
concluded that insufficient immune system development
in younger puppies, sepsis, and related complications
were the main causes of death in their study. Our findings
indicated that at the time of admission, symptoms of SIRS
like tachypnea, tachycardia, hypovolemia, prolonged CRT,
and mental status were more serious in the non-survivor
dogs compared to the survivors. Also, anamnesis revealed
that in the case of non-survivors there were approximately
48 hours between the appearance of the first symptoms
(loss of appetite, vomiting, diarrhoea, and stuporous state)
and admission to the hospital. As mentioned by Mylonakis
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Figure 2. Survival probability curve for serum endothelial cell-specific molecule-1 (ESM-1) concentration in dogs with parvoviral
enteritis suggests that the highest serum concentrations of ESM-1 are associated with a lower probability of survival in dogs with PVE.

Table 4. The area under the curve (AUC), standard error, confidence interval (95%), optimum cut-off values of ESM-1, SDC-1, Ang-2,
HS, and respective sensitivity and specificity of mortality prediction in dogs with PVE.

Variable

ESM-1
SDC-1
Ang-2
HS

AUC

0.821
0.414
0.364
0.222

Standard Error

0.105
0.139
0.137
0.111

P value

Asymptotic 95% Confidence
Interval
Lower
Band

Upper Bound

0.615
0.140
0.095
0.004

1.000
0.687
0.634
0.440

0.022
0.536
0.331
0.067

Cut-off Point

Sensitivity

Specificity

460.92
41.27
7.14
7.91

100
66
44
44

67
34
67
23

ESM-1, endothelial cell-specific molecule-1; SDC-1, syndecan-1; Ang-2, angiopoetin-2; HS, heparan sulfate.

et al (2016), complications such as severe dehydration,
hypoperfusion, and the delay in initiation of the treatment
probably influenced the survival rates in our study.
Studies in humans with critically ill patients have reported that deterioration of the endothelium of the blood
vessels is one of the major complications during systemic
inflammation (Cox et al 2015). The vascular endothelium
is the largest organ in the body and the endothelial cells
line as a single layer along the inner portion of the heart,
blood vessels, and lymphatic vessels (Karamysheva 2008).
The glycocalyx is a gel-like layer lining the luminal surface of endothelial cells, composed of membrane-bound
proteoglycans, glycoproteins, glycosaminoglycans, and
adherent plasma proteins (Weinbaum et al 2007).
The eGCX damage can be assessed by different methods.
The most common methods to measure eGCX levels in
plasma and urine samples in humans are anti-thrombogenic
activity assay, electron microscopy, intravital microscopy,
side-stream dark-field imaging, and enzyme immunoassay.
(Palud et al 2015, Ioakeimidou et al 2017, Iba and Levy
2019). Since there is no available literature data about

any standardised methods for eGCX evaluation in dogs,
the enzyme immunoassay method (commercial canine
ELISA kits) was used in the present study to determine
glycocalyx injury in dogs with PVE.
Our results showed that among the serum biomarkers
used in the study, concentrations of ESM-1 were higher
in dogs with PVE compared to those in the healthy dogs
and time before discharge. Other serum biomarkers of
eGCX did not show any significant changes between
healthy dogs and dogs with PVE. The ESM-1 or endocan
is a proteoglycan that is secreted by endothelial cells and
the main source of synthesis is the lung endothelial cells
(Béchard et al 2001, Seo et al 2015). Experimental studies
of human endotoxemia demonstrated that the levels of
endocan increased after lipopolysaccharide (LPS) infusion
at the beginning of the inflammatory phase and returned to
the baseline at 8 h (Cox et al 2015). A prospective study in
septic patients showed that circulating levels of endocan
in the septic group were significantly higher than healthy
donors and patients with SIRS. They indicated that the
concentration of endocan in patients with septic shock
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was prominently higher than that of patients with sepsis
and severe sepsis (Scherpereel et al 2006).
Previous studies investigating sepsis demonstrated
that pro-inflammatory cytokines such as tumour necrosis
factor-α (TNF-α) and interleukin-1β (IL-1β) as well as
bacterial endotoxin and LPS induced the synthesis and
release of endocan by endothelial cells. Finally, the sustained hypersecretion of endocan stimulated by LPS and
pro-inflammatory cytokines may be in accordance with
the high levels of serum endocan in patients with worse
outcome (Lassalle et al 1996, Bechard et al 2000). This
information suggests that the endocan release could be
partly due to endothelial cell injury. Therefore, higher
levels of ESM-1 in dogs with PVE compared to healthy
dogs migth be related to endothelial cell injury and degradation of eGCX caused by bacterial LPS, endotoxemia,
and the release of inflammatory cytokines and endothelial
components into the circulation.
Our results showed a significant decrease of ESM-1
levels in the blood samples taken at the time of discharge
compared to the levels at the time of admission. In human
neonatal septicemia, Zonda et al (2019) found the level
of endocan at the time of admission was significantly
higher in septic neonates than in non-septic ones and
remained high until the 3rd day from admission, before
returning to their normal values on day 7 (Lassalle et al
1996, Bechard et al 2000, Zonda et al 2019). The findings
of the present study suggest that dogs with PVE had high
levels of ESM-1 at the time of admission and after the
treatment and the resolution of the inflammatory state,
while the levels of ESM-1 in the recovered dogs tended
to decrease and were comparable with the healthy group.
The levels of ESM-1 were higher in non-survivor dogs.
The analysis of the area under the curve also confirmed that
ESM-1 levels at the cut-off point of 460 pg/mL at the time
of admission had prognostic importance for discrimination
between the survivor and non-survivor dogs. Scherpereel
et al (2006) showed that endocan levels in intensive care
unit (ICU) patients were higher in non-survivors than in
patients who were still alive 10 days later. Their results
suggested that the endocan levels in the blood of septic
patients were related to the severity of illness (i.e. higher
in septic shock patients when compared to patients with
severe sepsis and sepsis). Another study performed by
Mihajlovic et al (2014) showed that the concentration of
endocan was higher in patients with severe sepsis-induced
multi-organ dysfunction in the first 48 h. In their opinion,
endothelial damage, which occurs in sepsis, may be a
significant factor in the pathogenesis of sepsis-induced
organ failure and death. Also, Pauly et al (2016) evaluated
the diagnostic and prognostic value of ESM-1 in patients
suffering from severe sepsis and septic shock, and found
that endocan was able to predict both short- and long-term
mortality which was already initiated within the first 24 h
of ICU presentation. Based on our findings, ESM-1 levels
were the only prognostic marker of mortality in cases of
100

dogs with PVE. The increased levels of ESM-1 in the
non-survivor dogs within the first 24 h after admission (9/10
of whole mortality) were due to the severity of clinical
findings and the development of sepsis in these dogs. The
AUC of 0.821, a sensitivity of 100%, and a specificity of
67% suggest that the ESM-1 may carry some prognostic
usefulness for predicting mortality in dogs with PVE.
The present study had the following limitations: 1) the
study population was relatively small and a re-evaluation of
the hypothesis of eGCX injury in larger sample populations
is needed, 2) a lack of more frequent blood measurements
especially at 24th and 48th hours 3) a histopathological examination was not performed in the non-survivor dogs, 4)
since the markers of organ dysfunction were not evaluated
in the present study, we could not make an association
between eGCX injury and organ dysfunction, especially
in the non-survivor dogs. As a conclusion, we observed
that the levels of ESM-1 were higher in dogs with PVE
when compared to healthy dogs. Also, the concentrations
of ESM-1 were higher in the non-survivors dogs than in
the survivors. At the time of admission, the cut-off point
of ≥460 pg/mL for ESM-1 with sensitivity and specificity
of 100% and 67%, respectively, had prognostic importance
for discrimination between the survivor and non-survivor
dogs with canine PVE. Endothelial specific molecule-1
(ESM-1) is considered to be a promising prognostic biomarker in dogs with PVE.
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