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Simple Summary: Canine parvoviral enteritis is a common cause of morbidity and mortality in
young dogs worldwide. Systemic inflammatory response as well as the loss of endogenous anticoag-
ulant, and the vascular endothelial damage, often predispose dogs to a hypercoagulable state. In the
present study, the standard coagulation parameters and the relationship between them and clinical
variables were measured in nine dogs affected by parvoviral enteritis. All the dogs included in the
study presented alterations of the standard coagulation parameters. Moreover, the study evidenced a
linear relationship between the activated partial thromboplastin time and clinical score, underlining
the importance of assessing the coagulation parameters in canine parvoviral enteritis.

Abstract: Hemostatic alterations have been documented in dogs with canine parvoviral enteritis.
This study’s aims were to measure the standard coagulation parameters, and to assess the relationship
between them and the clinical variables in dogs with canine parvoviral enteritis. Nine client-owned
dogs with a canine parvoviral infection were included in a prospective, observational clinical study.
Clinical score and coagulation status were assessed at admission. All nine dogs showed alterations
of three or more standard coagulation variables. A correlation analysis evidenced a significantly
high positive correlation between the activated partial thromboplastin time and clinical score. The
present study concurs that dogs with canine parvoviral enteritis have coagulation disorders that are
detectable by measuring the standard coagulation parameters.

Keywords: hemostatic disorder dog; parvoviral enteritis; canine parvovirus; CPV-2; coagulation test;
systemic inflammatory response syndrome

1. Introduction

Canine parvovirus enteritis (CPE), caused by the three variants of canine parvovirus
type 2 (CPV-2), is one of the most virulent and common enteric diseases in young dogs
worldwide [1–3]. Canine parvovirus type 2 has a tendency to infect rapidly dividing cells
of the gastrointestinal tract, lymphoid tissue, myocardium, and bone marrow, causing
hemorrhagic diarrhea, vomiting, severe leukopenia, immunosuppression, and myocardi-
tis [2,4]. Bacterial and endotoxin translocation due to intestinal epithelial damage, and
severe immunosuppression may induce the development of systemic inflammatory re-
sponse syndrome (SIRS), sepsis, and death [2,5]. Systemic inflammation and a reduction in
antithrombin III (AT III) activity induce a state of hypercoagulability that, when associated
with blood stasis and vascular endothelial damage, may lead to thrombosis and/or dis-
seminated intravascular coagulation (DIC), worsening the prognosis. The AT III activity
decrease is secondary to the loss of gastrointestinal wall integrity, severe diarrhea, and
endotoxin-mediated activation of coagulation [2,6,7]. Two previous studies have evidenced
coagulation disorders in dogs with CPE by using thromboelastography (TEG) and standard
coagulation parameters [6,7]. Thromboelastography is a viscoelastic test used to assess
global hemostasis by measuring clot formation, clot strength, and fibrinolysis [8–10]. Con-
ventional coagulation tests such as prothrombin time (PT), activated partial thromboplastin
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time (aPTT), fibrinogen concentration, fibrinogen degradation products (FDPs) concentra-
tion, D-dimer assays, and AT III activity are routinely used in the clinical evaluation of
dogs with systemic disease, all of which have the advantages of being cheaper than TEG
and not requiring specialized operators.

The objectives of the present study were to measure the standard coagulation pa-
rameters and to assess the relationship between them and the clinical variables in dogs
with CPE.

2. Materials and Methods

A prospective observational study was carried out from January to March 2019, at the
Veterinary Teaching Hospital (VTH) of the University of Sassari, enrolling client-owned
puppies with naturally acquired CPE. Dogs with clinical signs consistent with CPE (lethargy,
vomiting, and diarrhea or some combination of these) and who tested positive on a fecal
PCR analysis (Taq DNA Polymerase kit, Qiagen, Milan, Italy) or by fecal ELISA antigen
test (SNAP Parvo Test, IDEXX Laboratories Inc., Westbrook, ME 04092, USA) confirmed
by fecal PCR analysis, were included in the study. Dogs were not included in the study if
they had comorbidities that could confound outcomes, such as intussusception, concurrent
canine coronavirus infection, or parasitosis commonly diagnosed in the Mediterranean
region [11–13]. Coronavirus infection was excluded by fecal PCR analysis [11], while para-
sitosis was excluded by copro-microscopic examination, as previously described [11–13].
Dogs were also excluded if they had received any medication known to interfere with
hemostasis, such as corticosteroids, non-steroidal anti-inflammatory drugs, or anticoag-
ulant dugs, in the last two weeks before the VTH presentation. At admission, baseline
data were obtained from each dog including age, sex, breed, clinical signs, medical history,
and physical examination findings. Moreover, blood and fecal samples were collected
from each dog. Complete blood counts (Mindray BC-2008Vet, Mindary Medical Italy
S.R.L., 20090 Trezzano sul Naviglio, Italy), blood gas analysis (Stat Profile Prime CCS
Analyzer, Nova Biomedical, Waltham, MA 02454, USA), coagulation panel (STA Compact
Max coagulometer, Stago, 92600 Asnières-sur-Seine, France), and blood smear were im-
mediately performed. The coagulation panel consisted of the following parameters: PT,
aPTT, fibrinogen concentration, FDPs, D-dimer, and AT III activity. The alteration of the
coagulation parameters was arbitrarily defined as mild if the deviation was <25%, moderate
if it was ≥25, and <50%, severe if it was ≥50% and <100%, and very severe if it was ≥100%.
Disease severity was scored from 0 to 12 according to a clinical score previously described
in dogs with CPE [14] (Table 1).

Table 1. Clinical scoring system used to quantify the disease severity in dogs with parvoviral enteritis [14].

Scoring
Categories Numerical Score

0 1 2 3

General attitude Normal Mild to moderate depression Severe depression Collapsed or moribund

Appetite Normal Voluntarily eats
small amounts No interest in food Not applicable

Vomiting Absent Mild, once per 12 h Moderate, 2–5 times per 12 h Severe, ≥6 times per 12 h

Feces Well-formed Soft or pasty Watery but no
bloody diarrhea Watery, bloody diarrhea

Systemic inflammatory response syndrome was diagnosed if dogs fulfilled at least two
of the following four criteria: body temperature <37.8 ◦C or >39.4 ◦C, heart rate >140 beats
per minute, respiratory rate >30 breaths per minute, or pCO2 <32 mmHg (venous or
arterial), white blood cells count (WBC) <6000 or >16,000 cells/µL, or >3% band neu-
trophils [5,15]. All the dogs were hospitalized in the VTH infectious unit and, based on the
clinical and analytical results, they underwent therapies aimed at reducing the disorders
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resulting from the disease such as dehydration, acid-base disorders, electrolytic imbalance,
hypoglycemia, and sepsis.

Statistical Analysis

The statistical analysis was performed using Stata 14 (Stata Corp LLC, 4905 Lakeway
Drive College Station, TX, USA). Qualitative variables were described with absolute and
relative frequencies, whereas quantitative variables were summarized with means and
standard deviations (SD) or medians and ranges for parametric and non-parametric distri-
butions, respectively. The Shapiro–Wilk normality test was used to assess the distribution
of the quantitative variables. Spearman’s rank correlation test was used to measure the
degree of association between coagulation parameters and clinical score. The correlation
coefficient (r) was interpreted as previously described [16]. Statistical significance was
considered when p < 0.05.

3. Results

Nine dogs (six males (67%), and three females (33%)) met the inclusion criteria during
the study period. The dog’s signalment and clinical score, as well as the presence or absence
of SIRS, are reported in Table 2.

Table 2. Age, sex, body weight, breed, clinical score, and presence of systemic inflammatory response
syndrome in dogs with canine parvovirus enteritis.

Dog No. Age (Months) Sex BW (Kg) Breed Clinical Score SIRS

1 7 M 24 Crossbred 8 Yes
2 2 M 3 Crossbred 5 Yes
3 2 M 3 Crossbred 5 No
4 6 F 21 Crossbred 4 No
5 3 M 4 Pit Bull 5 No
6 3 M 6 Crossbred 8 Yes
7 6 F 8 Crossbred 7 Yes
8 8 M 21 AmStaff 6 No
9 3 F 6 Crossbred 10 Yes

M, male; F, female; BW, body weight; SIRS, systemic inflammatory response syndrome.

Canine parvovirus infection was diagnosed by fecal PCR analysis in all nine dogs
and by a fecal ELISA antigen test plus PCR analysis in six dogs. The clinical score ranged
between 4 and 10, and five dogs (56%) met the SIRS criteria. Four of five dogs (80%) with
SIRS presented the higher clinical score (between 7 and 10).

Blood gas analysis, obtained at the time of admission, evidenced compensated metabolic
acidosis in eight dogs (89%); only dog No. 1 had mixed disorders. Seven dogs (78%) had
hyponatremia, six (67%) had hypokalemia, and five (56%) had mild hypochloremia. Only
three dogs (33%) had lactic acidosis (Table 3).

Table 3. Blood gas analyses results of 9 dogs with canine parvovirus enteritis.

Parameter RI Dog No. Mean (SD) Median (Range)

1 2 3 4 5 6 7 8 9

pH 7.32–7.45 7.54 * 7.39 7.38 7.41 7.45 7.40 7.36 7.43 7.36 7.41 (0.05) 7.40 (7.36–7.54)
pCO2 (mmHg) 33–50 18.3 * 28.7 * 38.4 26.2 * 24.6 * 40.0 19.8 * 30.6 * 43.1 30.0 (8.9) 28.7 (18.3–43.1)

HCO3 (mmol/L) 18–26 16.0 * 17.6 * 23.0 17.0 * 17.6 * 25.5 11.4 * 20.8 24.6 19.3 (4.6) 17.6 (11.4–25.5)
Lac (mmol/L) 0.5–2.0 4.0 * 0.6 0.6 0.9 0.6 2.0 4.4 * 0.7 3.6 * 1.9 (1.6) 0.9 (0.6–4.4)
Na (mmol/L) 140–150 137 * 133 * 132 * 137 * 126 * 138 * 144 139 * 144 137 (6) 137 (126–144)
K (mmol/L) 3.9–4.9 3.3 * 3.8 * 3.7 * 4.0 4.6 3.0 * 4.1 3.4 * 3.0 * 3.6 (0.5) 3.7 (3.0–4.6)
Cl (mmol/L) 109–120 105 * 111 106 * 110 109 107 * 114 108 * 107 * 108 (3) 108 (105–114)
Ca (mmol/L) 1.25–1.50 1.06 * 1.26 1.27 1.26 1.13 * 1.27 1.09 * 1.19 * 1.33 1.20 (0.09) 1.26 (1.06–1.33)
AG (mmol/L) 12–20 19.2 7.9 * 7.4 * 13.2 3.8 * 8.9 * 23.1 * 13.2 16.0 12.5 (6.2) 13.2 (3.8–23.1)
BE (mmol/L) −2/+2 −6.6 * −7.5 * −2.3 * −7.7 * −6.5 * −0.6 −14.1 * −3.5 * −1.0 −5.5 (−4.2) −6.5 (−14.1–0.6)

pCO2, partial pressure of carbon dioxide; HCO3, bicarbonate; Lac, lactate; Na, sodium; K, potassium; Cl, chloride;
Ca, calcium; AG, anion gap; BE, base excess; RI, reference intyervals; SD, standard deviation. * Values out of
reference intervals.
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The coagulation parameters results, of each dog, measured at the time of admission,
are summarized in Table 4.

Table 4. The coagulation parameter results and the degree of alteration for nine puppies affected by
canine parvovirus enteritis.

Parameter RI Dog No. Mean
(SD)

Median
(Range)

1 2 3 4 5 6 7 8 9

PT (s) 6.7–8.2 9.1 * 9.1 * 8.7 * 8.1 8.8 * 17.9 **** 8.5 * 7.6 16.0 *** 10.4 (3.8) 8.8 (7.6–17.9)
aPTT (s) 10.6–12.8 21.9 **** 19.9 *** 17.1 ** 15.7 * 15.4 * 20.6 *** 21.7 *** 18.5 ** 37.4 **** 20.9 (6.6) 20 (15.4–37.4)

Fib (mg/dL) 150–400 901 **** 318 968 **** 559 ** 588 ** 120 576 ** 549 ** 588 ** 574 (259) 576 (120–968)
AT III (%) 100–148 94 * 41 *** 90 * 125 90 * 18 *** 36 *** 97 * 71 ** 73 (35) 90 (18–125)
D-dimer
(µg/mL) 0.01–0.33 0.40 * 1.32 **** 0.38 * 0.33 1.19 **** 0.84 **** 0.40 * 0.50 *** 2.82 **** 0.90 (0.80) 0.50 (0.33–2.82)

FDPs (µg/mL) 0–2.5 4.1 *** 4.0 *** 5.6 **** 2.7 * 5.3 **** 1.3 4.0 *** 2.3 6.0 **** 3.9 (1.6) 4.0 (1.3–6.0)

Total altered parameters 6 5 6 3 6 4 6 4 6

PT, prothrombin time; aPTT, activated partial thromboplastin time; Fib, fibrinogen concentration; AT III, an-
tithrombin activity; FDPs, fibrinogen degradation products concentration; RI, reference intervals; SD, standard
deviation. * Mild alteration (<25%); ** moderate alteration (≥25 and <50%); *** severe alteration (≥50% and
<100%); **** very severe alteration (≥100%).

As reported in Table 4, all the dogs had at least three or more coagulation parameters
out of the normal ranges. Five of the dogs (56%) had all six parameters out of the reference
intervals. Activated partial thromboplastin time was increased in all the dogs; PT, D-dimer,
and AT III activity were altered in eight dogs (89%); and FDPs and fibrinogen tested higher
than normal in seven (78%) dogs. The FDPs, aPTT, and D-dimer were severely or very
severely altered in many dogs (Table 4).

The complete blood count results showed leukopenia in four dogs (Nos. 1, 6, 7, and 9),
and mild anemia in dog No. 5 (Table 5).

Table 5. The complete blood count results of 9 puppies affected by canine parvovirus enteritis.

Parameter RI Dog No. Mean (SD) Median
(Range)

1 2 3 4 5 6 7 8 9

RBC (1012/L) 5.5–8.5 7.4 6.5 6.8 6.5 4.5 * 6.7 7.0 6.9 6.9 6.6 (0.8) 6.8 (4.5–7.4)
Htc (%) 39–56 53 46 44 46 27 * 43 48 49 46 45 (7) 46 (27–53)

Hb (g/L) 110–190 150 126 118 126 74 * 129 127 141 123 124 (21) 126 (74–150)
MCV (fL) 62–72 72 70 65 70 61 * 64 68 72 66 68 (4) 68 (61–72)
MCH (pg) 20–25 20.3 19.4 * 17.4 * 19.4 * 16.6 * 19.3 * 18.0 * 20.5 17.8 * 18.7 * (1.3) 19.2 (16.6–20.5)

MCHC (g/L) 300–380 282 * 276 * 267 * 276 * 272 * 301 265 * 285 * 270 * 277 * (11) 276 (265–301)
RDW (%) 11–15.5 14.1 14.3 15.5 14.3 16.4 * 15.1 12.9 15.3 14.4 14.7 (1) 14.4 (12.9–16.4)

PLT (×109/L) 117–460 357 159 424 159 153 439 214 171 394 274 (126) 214 (153–694)
WBC (×109/L) 6.1–17 0.5 * 6.2 8.3 6.2 10.6 0.4 * 2.3 * 14.8 0.5 * 5.5 (5.0) 6.2 (0.4–14.8)

RBC, red blood cells; Htc, hematocrit; Hb, hemoglobin; MCV, mean corpuscolar volume; MCH, mean corpuscolar
hemoglobin; MCHC, mean corpuscolar hemoglobin concentration; RDW, red cells ditribution width; PLT, platelets;
WBC, white blood cells; RI, reference intervals; SD, standard deviation. * Values out of reference intervals.

A correlation analysis showed a significantly high positive correlation between aPTT
and clinical score (r = 0.88 and p = 0.001). The test did not reveal any other statistically
significant correlations between the clinical score and coagulation parameters.

All the dogs survived until discharge from the VTH, except dog No. 6, suffering from
SIRS and with a clinical score of 8, who died during the hospitalization.

4. Discussion

The results of the present study show that dogs with CPE have coagulation disorders
detectable by the measurement of standard coagulation parameters. In fact, all nine dogs
showed the alterations of three or more standard coagulation tests.

Blood clot disorders have been previously reported in dogs with CPE [6,7]. Otto
et al. [6] described a state of hypercoagulability based on altered TEG variables, increased
fibrinogen concentration, aPTT, and FDPs and a reduction in AT III activity. However, Otto’s
study did not identify elevations of D-dimer in any dog, although five thrombotic events
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occurred. The authors concluded that D-dimer could not detect a hypercoagulable state
because of the limited sensitivity of the assay that was used [6]. Whitehead et al. [7] focused
primarily on TEG alterations as well as on fibrinogen and AT III activity at admission and
after fluid resuscitation. They demonstrated that the hypercoagulable state was enhanced
by fluid therapy. However, the measurements of additional coagulation tests such as PT,
aPTT, D-dimer, and FDPs were not performed in that study [7]. In the present report, all
the dogs presented a mild to very severe aPTT increase. The results evidenced a significant
positive correlation between aPTT and clinical score, and this relationship could be related
to the systemic inflammation. Several studies have demonstrated a close link between in-
flammation and coagulation [17–21]. This correlation is thought to intersect three different
processes: (1) coagulation activation, (2) downregulation of natural anti-coagulants, and
(3) inhibition of fibrinolysis. During inflammation, immune cells can activate coagulative
cascades through the expression of the tissue factor (TF), resulting in activation of the
extrinsic pathway, and, through the release of extracellular neutrophil traps, resulting in
activation of the factor XII and the intrinsic pathway [22,23]. A study in 2009 identified
a direct correlation between activated clotting time, AT, aPTT, and C-reactive protein in
critical patients [24]. The aPTT is more sensitive to subtle changes in coagulation factor
activity than PT. In dogs, the factor VII, which depends on PT, has a higher concentration
than the other factors and requires more time before its consumption becomes evident, by a
prolongation of PT [25]. Based on this consideration, we hypothesized that the low sensitiv-
ity of PT could explain why, in the present study, it was impaired in a lower number of dogs
than aPTT (78% and 100%, respectively). Moreover, aPTT showed a severe or very severe
alterations in five dogs (56%), while PT presented a severe or very severe alterations only in
two dogs (29%). The release of inflammatory cytokines and expression of TF might lead to
a reduction in endogenous anticoagulants such as AT III [20,26]. Decreased AT III activity
has been associated with clinical hypercoagulability in dogs and humans and is thought to
be an important contributing factor to the development of a hypercoagulable state in dogs,
along with protein-losing enteropathy and nephrotic syndrome [27–29]. In dogs, the risk of
thrombosis is thought to be moderate when AT III activity is between 50% and 75% and
extreme when AT III activity falls below 50% [27]. In the present study, AT III was reduced
in eight dogs (89%), with three of them (38%) having AT III below 50% and one having
AT III below 75%. In addition to the effect of proinflammatory cytokines, the reduced AT
III activity in dogs with CPE is likely due to other causes, including the increased loss
through the damaged intestinal wall and its consumption because of endotoxin-mediated
activation of coagulation, and disease progression [6,7]. Seven dogs (78%) had a moderate
to very severe increases in fibrinogen concentration, which was consistent with previous
studies [6,7]. In the dogs included in this study, the hyperfibrinogenemia was probably due
to inflammation, as fibrinogen is an acute positive phase protein. An increase in fibrinogen
is considered to be a risk factor for thrombosis because it represents the substrate necessary
for the formation of a clot [6,25]. Excessive activation of the coagulation system, with subse-
quent fibrin clot formation and plasmin activation, results in increased production of FDPs
and D-dimer [30]. In this study, D-dimer concentration was high in eight dogs (89%), and,
in five of them (56%), the increase was considered to be severe and very severe. In human
medicine, the D-dimer test has been used successfully in the evaluation of people suspected
of having deep-vein thrombosis [31,32]. Moreover, the normal concentration of D-dimer
is a valid negative predictor allowing for the exclusion of a thromboembolic disease in
people [33,34]. In veterinary medicine, several reports have suggested that D-dimer might
be used to detect hypercoagulability before the development of an overt thrombus. Studies
reported elevated D-dimer concentration in dogs with diseases associated with a hyper-
coagulable state, including neoplasia, adulticide heartworm treatment, and extra-hepatic
biliary obstruction [35–38]. However, it remains controversial if an increased concentration
of D-dimer is directly indicative of a hypercoagulable state and thrombosis [39]. In our
study, seven dogs (78%) showed high level of FDPs, and six of the dogs (86%) evidenced a
concomitant increase in D-dimer. A positive FDP and D-dimer result is routinely used in
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conjunction with other hemostatic abnormalities to identify dogs with possible DIC [40–42].
Based on this assumption, if we consider the alterations of several coagulation parameters,
including increased aPTT, FDPs, and D-dimer, six of the nine dogs (67%) with CPE could be
considered to have hyperfibrinolysis related to DIC. In the present study, no dogs showed
thrombocytopenia enhancing the early stage of DIC. Four of the nine dogs (44%) had
leukopenia. Leukopenia is due to destruction of hematopoietic progenitor cells in the bone
marrow, depletion of lymphoid tissues, and consumption of peripheral neutrophils due
to massive demand in the inflamed gastrointestinal tract [1–3]. The presence of cytopenia
during CPE can be useful for predicting the outcome [43]. Venous blood gas revealed
metabolic acidosis in eight dogs (89%), with a decrease in electrolytes. Metabolic acidosis,
hypokalemia, hyponatremia, and hypochloremia are common findings in dogs with CPE
resulting from vomiting and diarrhea [44–46]. Three dogs presented lactic acidosis, which
is consistent with the results of a recent study [47].

This study had several limitations, and the main one was the small sample size.
The number of the dogs included depended exclusively on the duration of the study
(3 months). During the study period, only nine dogs met the inclusion criteria. This
important flaw may have affected the statistical power and limited the inferences of the
results. Another limitation was the absence of a control group consisting of healthy puppies,
which would have allowed for the assessment of the degree of coagulation alteration
compared to age-, breed-, and body-weight-matched dogs. A further limitation was that all
the possible concomitant infectious and non-infectious diseases that could have altered the
hemostatic parameters were not excluded. Finally, another flaw of the study was the lack of
serial coagulation tests, which would have been useful to assess the relationship between
coagulation and the clinical evolution of the disease and to determine which coagulation
test could be used as a prognostic indicator in dogs with CPE.

5. Conclusions

This study shows that dogs with CPE have coagulation disorders detectable by the
measurement of standard coagulation parameters; moreover, it evidences a linear rela-
tionship between aPTT and clinical score, underlining the importance of assessing the
coagulation parameters for all the inflammatory conditions. Longitudinal studies, carried
out on large sample sizes, are needed to estimate the real prevalence of coagulation disor-
ders in dogs with CPE and to understand the prognostic value of these alterations in canine
parvovirus infections.

Author Contributions: Conceptualization, I.B., M.L.P.P. and M.P.; methodology, I.B., M.L.P.P., M.P.,
A.M., A.C. (Anna Cilano) and F.C.; validation, I.B., M.L.P.P., A.C. (Andrea Corda) and F.C.; formal
analysis, I.B., M.L.P.P., A.C. (Andrea Corda) and F.C.; investigation, I.B., M.L.P.P., M.P., A.M., A.C.
(Anna Cilano) and F.C.; data curation, I.B., M.L.P.P., A.C. (Andrea Corda) and F.C.; writing—original
draft preparation, I.B., M.L.P.P., A.C. (Andrea Corda) and F.C.; writing—review and editing, I.B.,
M.L.P.P., A.C. (Andrea Corda) and F.C.; supervision, M.L.P.P., I.B. and A.C. (Andrea Corda); funding
acquisition, M.L.P.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Università degli Studi di Sassari (protocol No. 31202 of
17/11/2016, anno 2016), within the “Bando Progetti di Ricerca Fondazione Banco di
Sardegna—2015” project.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because all the procedures performed were part of the routine care.

Informed Consent Statement: Written informed consent has been obtained from the animal owner.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Vet. Sci. 2023, 10, 41 7 of 8

References
1. Mylonakis, M.; Kalli, I.; Rallis, T. Canine parvoviral enteritis: An update on the clinical diagnosis, treatment, and prevention.

Vet. Med. Res. Rep. 2016, 7, 91–100. [CrossRef] [PubMed]
2. Goddard, A.; Leisewitz, A.L. Canine Parvovirus. Vet. Clin. N. Am. Small Anim. Pract. 2010, 40, 1041–1053. [CrossRef] [PubMed]
3. Mazzaferro, E.M. Update on Canine Parvoviral Enteritis. Vet. Clin. N. Am. Small Anim. Pract. 2020, 50, 1307–1325. [CrossRef]

[PubMed]
4. Ford, J.; McEndaffer, L.; Renshaw, R.; Molesan, A.; Kelly, K. Parvovirus infection is associated with myocarditis and myocardial

fibrosis in young dogs. Vet. Pathol. 2017, 54, 964–971. [CrossRef]
5. Alves, F.; Prata, S.; Nunes, T.; Gomes, J.; Aguiar, S.; Aires Da Silva, F.; Tavares, L.; Almeida, V.; Gil, S. Canine parvovirus: A

predicting canine model for sepsis. BMC Vet. Res. 2020, 16, 199. [CrossRef]
6. Otto, C.M.; Rieser, T.M.; Brooks, M.B.; Russell, M.W. Evidence of hypercoagulability in dogs with parvoviral enteritis.

J. Am. Vet. Med. Assoc. 2000, 217, 1500–1504. [CrossRef]
7. Whitehead, Z.; Goddard, A.; Botha, W.J.; Pazzi, P. Haemostatic changes associated with fluid resuscitation in canine parvoviral

enteritis. J. S. Afr. Vet. Assoc. 2020, 91, 1–9. [CrossRef]
8. Mallett, S.V.; Cox, D.J.A. Thrombelastography. Br. J. Anaesth. 1992, 69, 307–313. [CrossRef]
9. Donahue, S.M.; Otto, C.M. Thromboelastography: A tool for measuring hypercoagulability, hypocoagulability, and fibrinolysis.

J. Vet. Emerg. Crit. Care 2005, 15, 9–16. [CrossRef]
10. Wiinberg, B.; Kristensen, A.T. Thromboelastography in veterinary medicine. Semin. Thromb. Hemost. 2010, 36, 747–756. [CrossRef]
11. Zobba, R.; Visco, S.; Sotgiu, F.; Pinna Parpaglia, M.L.; Pittau, M.; Alberti, A. Molecular survey of parvovirus, astrovirus,

coronavirus, and calicivirus in symptomatic dogs. Vet. Res. Commun. 2021, 45, 31–40. [CrossRef]
12. Tamponi, C.; Varcasia, A.; Pinna, S.; Melis, E.; Melosu, V.; Zidda, A.; Sanna, G.; Pipia, A.P.; Zedda, M.T.; Pau, S.; et al. Endoparasites

detected in faecal samples from dogs and cats referred for routine clinical visit in Sardinia, Italy. Vet. Parasitol. Reg. Stud. Rep.
2017, 10, 13–17. [CrossRef]

13. Pipia, A.P.; Varcasia, A.; Tamponi, C.; Sanna, G.; Soda, M.; Paoletti, B.; Traversa, D.; Scala, A. Canine giardiosis in Sardinia Island,
Italy: Prevalence, molecular characterization, and risk factors. J. Infect. Dev. Ctries. 2014, 8, 655–660. [CrossRef]

14. Mohr, A.J.; Leisewitz, A.L.; Jacobson, L.S.; Steiner, J.M.; Ruaux, C.G.; Williams, D.A. Effect of early enteral nutrition on intestinal
permeability, intestinal protein loss, and outcome in dogs with severe parvoviral enteritis. J. Vet. Intern. Med. 2003, 17, 791–798.
[CrossRef]

15. Corda, A.; Pinna Parpaglia, M.L.; Sotgiu, G.; Zobba, R.; Gomez Ochoa, P.; Prieto Ramos, J.; French, A. Use of 2-dimensional
speckle-tracking echocardiography to assess left ventricular systolic function in dogs with systemic inflammatory response
syndrome. J. Vet. Intern. Med. 2019, 33, 423–431. [CrossRef]

16. Mukaka, M.M. Statistics corner: A guide to appropriate use of correlation coefficient in medical research. Malawi Med. J. 2012,
24, 69–71.

17. Brady, C.A.; Otto, C.M. Systemic inflammatory response syndrome, sepsis, and multiple organ dysfunction.
Vet. Clin. N. Am. Small Anim. Pract. 2001, 31, 1147–1162. [CrossRef]

18. Hopper, K.; Bateman, S. An updated view of hemostasis: Mechanisms of hemostatic dysfuntion associated with sepsis. J. Vet.
Emerg. Crit. Care 2005, 15, 83–91. [CrossRef]

19. Kenney, E.M.; Rozanski, E.A.; Rush, J.E.; deLaforcade-Buress, A.M.; Berg, J.R.; Silverstein, D.C.; Montealegre, C.D.; Jutkowitz,
L.A.; Adamantos, S.; Ovbey, D.H.; et al. Association between outcome and organ system dysfunction in dogs with sepsis: 114
cases (2003–2007). J. Am. Vet. Med. Assoc. 2010, 236, 83–87. [CrossRef]

20. Brainard, B.M.; Brown, A.J. Defects in coagulation encountered in small animal critical care. Vet. Clin. N. Am. Small Anim. Pract.
2011, 41, 783–803. [CrossRef]

21. O’Brien, M. The reciprocal relationship between inflammation and coagulation. Top. Companion Anim. Med. 2012, 27, 46–52.
[CrossRef] [PubMed]

22. Delabranche, X.; Helms, J.; Meziani, F. Immunohaemostasis: A new view on haemostasis during sepsis. Ann. Intensive Care 2017,
7, 1–14. [CrossRef] [PubMed]

23. Brinkmann, V.; Reichard, U.; Goosmann, C.; Fauler, B.; Uhlemann, Y.; Weiss, D.S.; Weinrauch, Y.; Zychlinsky, A. Neutrophil
extracellular traps kill bacteria. Science 2004, 303, 1532–1535. [CrossRef]

24. Cheng, T.; Mathews, K.A.; Abrams-Ogg, A.C.G.; Wood, R.D. Relationship between assays of inflammation and coagulation: A
novel interpretation of the canine activated clotting time. Can. J. Vet. Res. 2009, 73, 97–102.

25. Pesaresi, M. I Disordini Emostatici Nel Cane E Nel Gatto, 1st ed.; Edra spa: Milano, Italy, 2021.
26. Fourrier, F.; Chopin, C.; Goudemand, J.; Hendrycx, S.; Caron, C.; Rime, A.; Marey, A.; Lestavel, P. Septic shock, multiple organ

failure, and disseminated intravascular coagulation: Compared patterns of antithrombin III, protein C, and protein S deficiencies.
Chest 1992, 101, 816–823. [CrossRef]

27. Green, R.A. Pathophysiology of antithrombin III deficiency. Vet. Clin. N. Am. Small Anim. Pract. 1988, 18, 95–104. [CrossRef]
28. Abdullah, R. Hemostatic abnormalities in nephrotic syndrome. Vet. Clin. N. Am. Small Anim. Pract. 1988, 18, 105–113. [CrossRef]
29. Goodwin, L.V.; Goggs, R.; Chan, D.L.; Allenspach, K. Hypercoagulability in dogs with protein-losing enteropathy.

J. Vet. Intern. Med. 2011, 25, 273–277. [CrossRef]

http://doi.org/10.2147/VMRR.S80971
http://www.ncbi.nlm.nih.gov/pubmed/30050842
http://doi.org/10.1016/j.cvsm.2010.07.007
http://www.ncbi.nlm.nih.gov/pubmed/20933134
http://doi.org/10.1016/j.cvsm.2020.07.008
http://www.ncbi.nlm.nih.gov/pubmed/32891439
http://doi.org/10.1177/0300985817725387
http://doi.org/10.1186/s12917-020-02417-0
http://doi.org/10.2460/javma.2000.217.1500
http://doi.org/10.4102/jsava.v91i0.2005
http://doi.org/10.1093/bja/69.3.307
http://doi.org/10.1111/j.1476-4431.2005.04025.x
http://doi.org/10.1055/s-0030-1265291
http://doi.org/10.1007/s11259-020-09785-w
http://doi.org/10.1016/j.vprsr.2017.07.001
http://doi.org/10.3855/jidc.4255
http://doi.org/10.1111/j.1939-1676.2003.tb02516.x
http://doi.org/10.1111/jvim.15438
http://doi.org/10.1016/S0195-5616(01)50097-2
http://doi.org/10.1111/j.1476-4431.2005.00128.x
http://doi.org/10.2460/javma.236.1.83
http://doi.org/10.1016/j.cvsm.2011.04.001
http://doi.org/10.1053/j.tcam.2012.06.003
http://www.ncbi.nlm.nih.gov/pubmed/23031455
http://doi.org/10.1186/s13613-017-0339-5
http://www.ncbi.nlm.nih.gov/pubmed/29197958
http://doi.org/10.1126/science.1092385
http://doi.org/10.1378/chest.101.3.816
http://doi.org/10.1016/S0195-5616(88)50010-4
http://doi.org/10.1016/S0195-5616(88)50011-6
http://doi.org/10.1111/j.1939-1676.2011.0683.x


Vet. Sci. 2023, 10, 41 8 of 8

30. Machida, T.; Kokubu, H.; Matsuda, K.; Miyoshi, K.; Uchida, E. Clinical use of D-dimer measurement for the diagnosis of
disseminated intravascular coagulation in dogs. J. Vet. Med. Sci. 2010, 72, 1301–1306. [CrossRef]

31. Wells, P.S.; Anderson, D.R.; Rodger, M.; Forgie, M.; Kearon, C.; Dreyer, J.; Kovacs, G.; Mitchell, M.; Lewandowski, B.; Kovacs, M.J.
Evaluation of D-dimer in the diagnosis of suspected deep-vein thrombosis. N. Engl. J. Med. 2003, 349, 1227–1235. [CrossRef]

32. Mountain, D.; Jacobs, I.; Haig, A. The VIDAS D-dimer test for venous thromboembolism: A prospective surveillance study shows
maintenance of sensitivity and specificity when used in normal clinical practice. Am. J. Emerg. Med. 2007, 25, 464–471. [CrossRef]

33. Haapaniemi, E.; Tatlisumak, T. Is D-dimer helpful in evaluating stroke patients? A systematic review. Acta Neurol. Scand. 2009,
119, 141–150. [CrossRef]

34. Kosinski, C.M.; Mull, M.; Schwarz, M.; Koch, B.; Biniek, R.; Schläfer, J.; Milkereit, E.; Willmes, K.; Schiefer, J. Do normal D-dimer
levels reliably exclude cerebral sinus thrombosis? Stroke 2004, 35, 2820–2825. [CrossRef] [PubMed]

35. Andreasen, E.B.; Tranholm, M.; Wiinberg, B.; Markussen, B.; Kristensen, A.T. Haemostatic alterations in a group of canine cancer
patients are associated with cancer type and disease progression. Acta Vet. Scand. 2012, 54, 3. [CrossRef] [PubMed]

36. Carretón, E.; Morchón, R.; Simón, F.; Juste, M.C.; González-Miguel, J.; Montoya-Alonso, J.A. Evaluation of cardiopulmonary
biomarkers during classic adulticide treatment versus the American Heartworm Society recommended treatment protocol in
dogs infected by Dirofilaria immitis. Vet. Parasitol. 2014, 206, 55–59. [CrossRef]

37. Mayhew, P.D.; Savigny, M.R.; Otto, C.M.; Brown, D.C.; Brooks, M.B.; Bentley, A.M.; Runge, J.J.; Callan, M.B. Evaluation
of coagulation in dogs with partial or complete extrahepatic biliary tract obstruction by means of thromboelastography.
J. Am. Vet. Med. Assoc. 2013, 242, 778–785. [CrossRef]

38. Jeffery, U.; Staber, J.; LeVine, D. Using the laboratory to predict thrombosis in dogs: An achievable goal? Vet. J. 2016, 215, 10–20.
[CrossRef] [PubMed]

39. Han, H.J.; Kim, J.H. Correlation between D-dimer concentrations and thromboelastography in dogs with critical ilness: A
retrospective, cross-sectional study. Front. Vet. Sci. 2022, 9, 1–7. [CrossRef]

40. Stokol, T.; Brooks, M.; Erb, H.; Mauldin, G.E. Evaluation of kits for the detection of fibrin(ogen) degradation products in dogs.
J. Vet. 1999, 13, 478–484. [CrossRef]

41. Herring, J.; McMichael, M. Diagnostic approach to small animal bleeding disorders. Top. Companion Anim. Med. 2012, 27, 73–80.
[CrossRef]

42. Goggs, R.; Borrelli, A.; Brainard, B.M.; Chan, D.L.; de Laforcade, A.; Goy-Thollot, I.; Jandrey, K.E.; Kristensen, A.T.;
Kutter, A.; Marschner, C.B.; et al. Multicenter in vitro thromboelastography and thromboelastometry standardization.
J. Vet. Emerg. Crit. Care 2018, 28, 201–212. [CrossRef]

43. Goddard, A.; Leisewitz, A.L.; Christopher, M.M.; Duncan, N.M.; Becker, P.J. Prognostic usefulness of blood leukocyte changes in
canine parvoviral enteritis. J. Vet. Intern. Med. 2008, 22, 309–316. [CrossRef] [PubMed]

44. Nappert, G.; Dunphy, E.; Ruben, D.; Mann, F.A. Determination of serum organic acids in puppies with naturally acquired
parvoviral enteritis. Can. J. Vet. Res. 2002, 66, 15–18. [PubMed]

45. Burchell, R.K.; Schoeman, J.P.; Leisewitz, A.L. The central role of chloride in the metabolic acid-base changes in canine parvoviral
enteritis. Vet. J. 2014, 200, 152–156. [CrossRef]

46. Burchell, R.K.; Gal, A.; Friedlein, R.; Leisewitz, A.L. Role of electrolyte abnormalities and unmeasured anions in the metabolic
acid-base abnormalities in dogs with parvoviral enteritis. J. Vet. Intern. Med. 2020, 34, 857–866. [CrossRef]

47. Venn, E.C.; Barnes, A.J.; Hansen, R.J.; Boscan, P.L.; Twedt, D.C.; Sullivan, L.A. Serum D-lactate concentrations in dogs with
parvoviral enteritis. J. Vet. Intern. Med. 2020, 34, 691–699. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1292/jvms.09-0523
http://doi.org/10.1056/NEJMoa023153
http://doi.org/10.1016/j.ajem.2006.09.004
http://doi.org/10.1111/j.1600-0404.2008.01081.x
http://doi.org/10.1161/01.STR.0000147045.71923.18
http://www.ncbi.nlm.nih.gov/pubmed/15514174
http://doi.org/10.1186/1751-0147-54-3
http://www.ncbi.nlm.nih.gov/pubmed/22280938
http://doi.org/10.1016/j.vetpar.2014.08.015
http://doi.org/10.2460/javma.242.6.778
http://doi.org/10.1016/j.tvjl.2016.03.027
http://www.ncbi.nlm.nih.gov/pubmed/27105767
http://doi.org/10.3389/fvets.2022.844022
http://doi.org/10.1111/j.1939-1676.1999.tb01466.x
http://doi.org/10.1053/j.tcam.2012.07.004
http://doi.org/10.1111/vec.12710
http://doi.org/10.1111/j.1939-1676.2008.0073.x
http://www.ncbi.nlm.nih.gov/pubmed/18371025
http://www.ncbi.nlm.nih.gov/pubmed/11858643
http://doi.org/10.1016/j.tvjl.2014.01.017
http://doi.org/10.1111/jvim.15749
http://doi.org/10.1111/jvim.15688

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

