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Clinical and hematological prognostic factors in dogs with
parvoviral enteritis and sepsis

Fatores prognosticos clinicos e hematologicos em caes com enterite
por Parvovirus e sepse
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Coelho?; Paula Costa de Oliveira Pinto?; Marco Ttlio Gomes Campos?; Rodrigo
dos Santos Horta®; Patricia Maria Coletto Freitas*; Suzane Lilian Beier*; Paulo
Ricardo de Oliveira Paes*

Abstract

Parvoviral enteritis is a common viral infection in dogs and is associated with many clinical and
hematological changes. Bacterial translocation is a common complication and may result in sepsis.
The objective of this study is to determine the presence of clinical and hematological factors associated
with the risk of death in puppies with naturally occurring parvoviral enteritis and sepsis. Twenty-four
dogs with parvoviral enteritis confirmed by chromatographic immunoassay during the clinical routine
of a university veterinary hospital were selected. At admission and every 24 hours until the third day of
hospitalization or until death, venous blood samples were collected for complete blood count, renal and
hepatic biochemistry, and lactate and magnesium measurement; arterial blood samples were collected
for gas analysis. Sodium, potassium, and ionized calcium were also analyzed, and a complete physical
examination was performed. The factors associated with mortality were evaluated by Cox univariate
analysis at a level of significance of 5%. The increase in urea and heart rate was associated with an
increase in the risk of death. In contrast, an increase in total leukocytes, lymphocytes, monocytes,
partial pressure of oxygen, base deficit, bicarbonate ion, and oxygen saturation were associated with a
reduction in the risk of death.
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Resumo

A enterite por Parvovirus € uma infecgao viral comum em c@es e ¢ associada a diversas alteragdes clinicas
e hematoldgicas. A translocacdo bacteriana ¢ uma complicagdo comum e pode resultar em sepse. O
objetivo do estudo foi determinar a presenga de fatores clinicos e hematoldgicos associados ao risco de
obito em filhotes com parvovirose de ocorréncia natural e sepse. Vinte e quatro caes com parvovirose,
confirmada através de imunoensaio cromatografico, foram selecionados a partir da rotina clinica do
Hospital Veterinario. A admissio e a cada 24 horas até o terceiro dia de hospitalizagdo ou até 6bito,
amostras de sangue venoso foram coletadas para realizagdo de hemograma, bioquimica renal e hepatica,
mensuragdo de lactato e magnésio; amostras de sangue arterial foram coletadas para gasometria. Foram

! Pesquisadora, Universidade Federal de Minas Gerais, UFMG, Belo Horizonte, MG, Brasil. E-mail: fsalves.vet@gmail.com
Discentes, Programa de Pos-Graduacdo em Ciéncia Animal, UFMG, Belo Horizonte, Brasil. E-mail: brenocurty@hotmail.com;
natvetufmgtablet@gmail.com; paulacostal 0@hotmail.com; camposmtg@gmail.com
3 Prof., Universidade de Vila Velha, UVYV, Vila Velha, ES, Brasil. E-mail: rodrigohvet@gmail.com
4 Profs., UFMG, Belo Horizonte, MG, Brasil. E-mail: pcoletto@yahoo.com.br; suzanelb@yahoo.com.br; paulopaes@vet.ufmg.br
Author for correspondence

Received: June 22, 2018 - Approved: Apr. 18, 2019

Semina: Ciéncias Agrarias, Londrina, v. 40, n. 4, p. 1477-1488, jul./ago. 2019

7

VETERINARY MEDICINE / MEDICINA VETERINARIA

1477



1478

Alves, F. S. et al.

analisados também so6dio, potassio e calcio ionizado, bem como foi realizado o exame fisico completo.
Os fatores associados a mortalidade foram avaliados através de analise univariada de Cox com um nivel
de significancia de 5%. O aumento da concentragdo de ureia e da frequéncia cardiaca foram associados
a elevagdo do risco de obito. Em contraste, o aumento nos valores de leucdcitos totais, linfocitos,
mondcitos, pressdo parcial de oxigénio, déficit de base, ion bicarbonato e saturagdo de oxigénio foram

associados a redugdo do risco de obito.

Palavras-chave: Fatores de risco. Mortalidade. Patologia clinica. Parvovirose canina.

Introduction

Dogs younger than one year are frequently
diagnosed with gastrointestinal infections and,
among them, parvoviral enteritis remains a
significant cause of morbidity and mortality in this
population (GODDARD; LEISEWITZ, 2010). The
virus spreads from one animal to another via oronasal
exposure to contaminated feces and has tropism to
lymphoid tissue, bone marrow, and the intestinal
epithelium. This virus can also infect the myocardium
of dogs younger than three weeks (PRITTIE, 2004),
although some authors reported that myocarditis
occurred exclusively in puppies infected during
gestation or soon after birth (MIRANDA et al.,
2015). The clinical manifestations depend on the
affected cell types. Immunosuppression can be
caused by the death of myeloproliferative cells and
thymic lymphocytolysis. Damage to the intestinal
mucosa and villous atrophy cause malabsorption,
diarrhea, and vomiting, and this condition can
rapidly progress to shock and death as a result of
dehydration, severe protein loss, bacterial sepsis,
and endotoxemia (GODDARD; LEISEWITZ,
2010). The mortality rate of this disease can reach
91% in dogs without treatment, although the rate
is 5-15% in animals subjected to aggressive and
immediate treatment (PRITTIE, 2004).

Many risk factors are associated with

parvoviral enteritis, including the absence of
protective immunity, low-hygiene environments,
endoparasites, and age (PRITTIE, 2004). The
clinical signs are initially unspecific and include
vomiting, anorexia, depression, fever, small

bowel diarrhea, and abdominal pain (PRITTIE,

2004; LAMM; REZABEK, 2008)environmental
resistance, high dose of viral shedding, and
interspecies transmission have made some strains
of parvovirus infection difficult to control within
domestic animal populations. Some parvoviruses
in companion animals, such as canine parvovirus
(CPV. Furthermore,
including the reduction in the capillary refill time,

signs of hypoperfusion,
oliguria, changes in mental state, and laboratory
abnormalities such as hyperlactatemia may be
present, and hypovolemic and/or septic shock may
occur in severe cases (PRITTIE, 2004).

The leukocyte count is usually reduced, and
lymphopenia is the most consistent finding in dogs
with parvovirus infection. Such alterations may
be caused by the destruction of hematopoietic
progenitor cells in the bone marrow and other
lymphoproliferative organs. Anemia is another
common finding in hematological examinations
and may be the result of either
bleeding or dilution caused by fluid therapy. The

intestinal

biochemical abnormalities are unspecific, and
the most common abnormalities are hypokalemia
and hypoalbuminemia due to enteric loss or
anorexia, azotemia of pre-renal origin associated
with dehydration, and an increase in alkaline
phosphatase and alanine aminotransferase due to
severe dehydration and low tissue perfusion and
resulting in damage to hepatocytes (PRITTIE, 2004;
GODDARD; LEISEWITZ, 2010).

The current definition of sepsis in veterinary
medicine is similar to that used in human medicine,
characterized by a systemic inflammatory response
to infection (SRIS). The clinical diagnosis of
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SRIS is based on abnormalities in the heart and
respiratory rate, rectal temperature, and leukocyte
count (SHARP, 2019).

The purpose of this study is to define the
prognostic value of complete blood count, arterial
blood gas analysis parameters, electrolytes, and
clinical signs in puppies naturally infected with
parvovirus.

Material and Methods

From June 2014 to January 2016, 36 dogs with
parvoviral enteritis were assisted at the Veterinary
Teaching Hospital of the Veterinary School of the
Federal University of Minas Gerais (Universidade
Federal de Minas Gerais-UFMG). Of these, 24 dogs
were selected after the consent and clarification of
the owners, and the other animals were not included
because of the non-consent of the owners or
financial restrictions. The research was approved by
the Animal Research Ethics Committee of UFMG
(Protocol No. 259/2015), and the animals were
included in the study only after the consent of the
owners.

The inclusion criteria were the presence of
clinical signs of parvovirus infection (anorexia,
vomiting, lethargy, and hemorrhagic enteritis) of
acute onset (less than 3 days) without treatment, a
positive result in the chromatographic immunoassay
of fecal sample (BioEasy®- Alere Parvovirose Ag,
Belo Horizonte, Brazil), animals younger than
one year of age, and animals classified as septic.
The definition of sepsis used in this research was
the presence of SRIS and the identification of
concurrent infection. For the diagnose of sepsis, the
study animal had to fulfill two of the following SIRS
criteria: abnormal temperature (> 39°C or < 38°C),
abnormal heart rate (> 120 beats/minute), abnormal
respiratory rate (> 20 breaths/min), and changes in
white blood cell count (< 6,000 or > 16,000 cells/
puL') together with the diagnosis of infection. The
SRIS criteria used in this study were defined by

Hauptman et al. (1997).

The animals were admitted to the hospital
kennel for infectious diseases and were treated with
amoxicillin and clavulanic acid (Doclaxin; Blau
pharmaceutical services) at 22 mg kg' every 12
hours intravenously (IV); metronidazole (Flagyl;
Sanofi Aventis) at 15 mg kg' every 12 hours IV,
maropitant (Cerenia; Zoetis) at 1 mg kg' every
24 hours, dipyrone (Dipirona Teuto; Teuto) at
25 mg kg every 8 hours, and fluid therapy with
balanced solution (lactated Ringer’s
solution; Eurofarma Laboratories) supplemented
with potassium and/or glucose as needed). For fluid
therapy, the estimated percentage dehydration was
infused in each animal within the first 4 hours of
hospitalization. In the remaining 20 hours, the
calculation of the maintenance dose was based on
the initial rate of 60 ml kg'day!, and the losses due
to vomiting or diarrhea were estimated and added
to the final total. The rate of fluid therapy was

isotonic

reevaluated every 12 hours for volume suitability.
In view of the presence of hypoalbuminemia in
the study animals, the total volume of replacement
fluid and the rate of replacement were constantly
reevaluated to detect fluid overload. The signs of
fluid overload are peripheral edema, chemosis,
serous nasal secretion, and acute pulmonary edema.

At hospital admission and during hospitalization
until discharge or death, the dogs were subjected to
physical examination every 12 hours (assessment
of the mental state, mucosal color and moisture,
body temperature, heart and respiratory rate,
abdominal

cardiopulmonary and auscultation,

palpation, pulse quality, and systolic blood

pressure), determination of fecal consistency
and blood collection through the external jugular
vein for blood count (in a test tube containing
anticoagulant EDTA), serum biochemistry (in a
test tube without coagulant), and evaluation of
glycemia (in a test tube containing fluoride) every
24 hours. In addition, arterial blood was collected

from the metatarsal artery every 24 hours for gas

Semina: Ciéncias Agrarias, Londrina, v. 40, n. 4, p. 1477-1488, jul./ago. 2019

1479



1480

Alves, F. S. et al.

analysis. The blood count and biochemical tests
were performed immediately upon arrival of the
samples at the Laboratory of Clinical Pathology of
the Veterinary School of UFMG. The serum was
separated by centrifugation, aliquoted, frozen at -15
°C, and analyzed within 15 days. Blood count was
performed using an automatic cell counter (Abacus
Junior; Diatron Messtechnik), and the differential
count of leucocytes was performed by a veterinarian
under an optical microscope. Biochemical tests
(amylase, creatinine, urea, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total
protein, albumin, globulin, glucose, magnesium,
and lactate) were performed using an enzymatic
colorimetric method with kits
(Kovalent; Sao Gongalo, Rio de Janeiro, Brazil), and
absorbance was read in a spectrophotometer (Cobas
Mira Plus; Roche Diagnostics). Arterial blood gas
was analyzed using an i-STAT CG8+ cartridge and
an i-STAT portable device (Heska Corporation,
United States). The following parameters were
measured: pH, bicarbonate (HCO,), partial
pressure of carbon dioxide (PaCO,), partial pressure
of oxygen (Pa0,), arterial oxygen saturation (SO,),
sodium (Na), potassium (K), ionized calcium (iCa),
and base deficit (BD).

commercial

The duration of the clinical assessment was
3 days. After this period, the surviving animals
were discharged or continued to receive in-
hospital treatment as necessary. The discharged
animals continued the oral treatment with the drugs
prescribed during hospitalization until the return
visit (in 48 hours), and nutritional support (a/d
Urgent Care; Hill’s Prescription Diet™, Brazil) was
provided by the owner.

The risk factors for death were determined
using Cox regression analysis. Statistical analyses
were performed using the R software version
3.2.4. Differences with p<0.05 were considered
significant.

Results and Discussion

Parvoviral enteritis usually affects puppies aged
6 weeks to 6 months (PRITTIE, 2004). The mean
age of the study sample was 3.9 + 2.4 months.
The occurrence of this disease at this age may
be due to the interference of maternal antibodies
in the immune response induced by vaccination
(PRITTIE, 2004) or an inadequate, incomplete, or
nonexistent vaccine protocol.

The survival rate in our sample was 83.3%. Four
deaths occurred during the 3 days of hospitalization
and treatment (one death in the first day, one death
in the third day, and two deaths in the second day),
and no deaths occurred after the animals were
discharged. It is known that the survival rate is as low
as 9.1% in the absence of treatment and >64% with
proper treatment (OTTO et al., 1997). The survival
rate with aggressive therapy during hospitalization
is 80-95% (PRITTIE, 2004), as confirmed in the
present study.

Parvoviral enteritis was diagnosed by
chromatographic immunoassay. The comparison of
different methods of diagnosis of canine parvovirus
infection indicated that the most sensitive tests in
detecting the virus were polymerase chain reaction
(PCR) (62.29%), hemagglutination (HA) test
(50.81%), virus isolation in cell culture (50.00%),
chromatographic (37.70%),
sandwich enzyme-linked immunosorbent assay
(ELISA) (31.14%) (PANDYA et al., 2017). The
comparison of the specificity of chromatographic
PCR, and electron microscopy
demonstrated that the of the
immunoassay was higher than 95% when compared
to the other tests (SCHMITZ et al., 2009). However,
the possibility of false-positive results cannot be
ruled out because chromatographic immunoassay
was the only test performed, and other causes of
hemorrhagic gastroenteritis should be considered,
including idiopathic acute hemorrhagic diarrhea

syndrome, severe acute pancreatitis, intestinal

immunoassay and

immunoassay,
specificity
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foreign body, and infections with other virus or
enteropathogenic bacteria (MORTIER et al., 2015).

In the present study, the diagnosis of sepsis in
the animals that met the inclusion criteria defined by
Hauptman et al. (1997) was based on the presence
of infection and the criteria established in the 2001
consensus conference (LEVY et al., 2003). Of note,
a new consensus (Sepsis-3) was recently introduced
in human medicine to remove the excessive focus on
inflammation as the pathological process in sepsis,
among other reasons. Sepsis is defined by Sepsis-3
as a life-threatening organ dysfunction caused by a
dysregulated host response to infection, and organ
dysfunction is considered any acute change in total
Sequential Organ Failure Assessment score >2
points as a result of infection (SINGER et al., 2016).
It is likely that the current veterinary definitions
will be ultimately reconsidered because there is no
consensus in veterinary medicine (SHARP, 2019);
however, other authors do not know whether Sepsis-3
applies to veterinary medicine (LETENDRE;
GOGGS, 2018). Therefore, the criteria chosen in
this study was defined by Hauptman et al. (1997)
and is still used by researchers for defining sepsis
in dogs (WALTERS et al., 2017, HARDY et al.,
2018; LETENDRE; GOGGS, 2018; SILVEIRA et
al., 2018).

Among the physical parameters, only heart rate
and systolic blood pressure were significant risk

factors for death. The risk of death increased by 7%
(p = 0.006) and decreased by 8% (p = 0.002) with
the increase in heart rate and a 1-mmHg increase
in SBP, respectively (Table 1). Rectal temperature
and respiratory rate did not affect prognosis in
our sample. In contrast, the increase in heart rate
was associated with an increased risk of death,
and this result may be related to the hemodynamic
response in an attempt to maintain tissue perfusion.
Hypotension is a cardiovascular dysfunction found
in multiple organ dysfunction syndrome and is
associated with poor prognosis. Hypotension may
contribute to cardiovascular dysfunction in other
organs (OSTERBUR et al., 2014). It is known
that low systolic blood pressure (<120 mmHg)
has several effects on the body and requires early
aggressive (HOLLENBERG,
2011). The initial goal of volemic resuscitation
should be to restore blood pressure and improve
cell metabolism (VINCENT; BACKER, 2013).
Although traditional resuscitation goals (heart rate
and blood pressure) may be insufficient to detect
ongoing tissue hypoxia, such parameters should
not be neglected, and normalization should be
attempted. The optimization of early resuscitation
improves survival in humans presented with shock
(PRITTIE, 2006). In this study, the normalization of
blood pressure and heart rate in dogs with parvoviral
enteritis reduced the risk of death.

and treatment
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Table 1. Cox univariate regressions for the occurrence of death in 24 dogs with parvoviral enteritis and sepsis.

Variable RR" 95% CI! p-value
Rectal temperature 4.38 [0.78; 24.66] 0.094
) Respiratory rate 1.04 [0.94; 1.15] 0.450
Physical parameters
Heart rate 1.07 [1.02; 1.12] 0.006
Systolic blood pressure3 ica®* (mmHg) 0.92 [0.87; 0.97] 0.002
Hemoglobin globular volume (%) 1.02 [0.89; 1.17] 0.782
Hemoglobin (g dL™) 1.08 [0.77; 1.52] 0.651
Blood cells (10/6 cells pLt) 1.15 [0.45;2.98] 0.767
Total leukocytes (cells pL™') 0.83 [0.72; 0.97] 0.018
Band neutrophils (cells pL") 0.98 [0.96; 1.01] 0.152
Blood count .
Segmented neutrophils (cells uL!) 0.99 [0.98; 1.00] 0.084
Eosinophils (cells pL?) 0.99 [0.97; 1.01] 0.298
Lymphocytes (cells pL!) 0.96 [0.92; 0.99] 0.013
Monocytes (cells pL™') 0.98 [0.97; 1.00] 0.044
Platelets (cells pL!) 1.00 [1.00; 1.00] 0.739
ALT*(UILY) 1.00 [0.98; 1.01] 0.540
Amilase (UL L") 1.00 [1.00; 1.00] 0.208
AST* (UL L") 1.00 [0.99; 1.01] 0.779
Creatinine (mg dL™) 2.58 [0.09; 71.04] 0.575
. Total protein (mg dL™) 0.72 [0.23; 2.28] 0.582
Serum biochemystry -
Albumin (g dL) 0.31 [0.05; 1.98] 0.216
Globulins (g dL™) 1.29 [0.22; 7.67] 0.777
Urea (mg dL") 1.03 [1.01; 1.05] 0.008
Lactate (mg dL™) 1.00 [0.94; 1.07] 0.998
Magnesium (mg dL) 3.15 [0.68; 14.62] 0.143
pH 0.62 [0.00; 30438.62] 0.932
PaCO,* (mmHg) 0.83 [0.61; 1.14] 0.258
PaO,’ (mmHg) 0.90 [0.82; 0.99] 0.025
BE*(mmol L) 0.62 [0.42; 0.92] 0.018
. HCO; (mmol L") 0.57 [0.33; 0.97] 0.039
Arterial blood gas
S0, (%) 0.89 [0.80; 0.99] 0.039
Sodium (mEq L) 0.97 [0.81; 1.16] 0.747
Potassium (mEq L) 1.67 [0.09; 30.5] 0.729
Ionized calcium (mmol L) 0.42 [0.00; 41.87] 0.710
Glucose (mg dL) 1.03 [1.00; 1.05] 0.059

*RR, relative risk; 95% CI, 95% confidence interval.

The variables in bold were associated with an increase in the risk of death.

The variables in italics had their increase associated with a reduction in the risk of death.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; PaCO,, partial pressure of carbon dioxide; PaO,, partial pressure
of oxygen; BE, base excess; HCO,, bicarbonate ion; SO,, oxygen saturation.

1482

Semina: Ciéncias Agrdrias, Londrina, v. 40, n. 4, p. 1477-1488, jul./ago. 2019



Clinical and hematological prognostic factors in dogs with parvoviral enteritis and sepsis

Sinceleukocyte countand morphology are normal
in healthy individuals, leukocyte responses may be
useful in clinical routine because of the changes that
may occur during the course of a disease. Leukocyte
changes can provide clinical information that
contributes to differential diagnosis, follow-up of the
response to treatment, and prognosis (GODDARD
et al., 2008). Total leukocytes and the differential
count of lymphocytes and monocytes affected the
risk of death in our sample. The risk was reduced
by 17% with an increase of 100 leukocytes uL"' (p
=0.018), by 4% with an increase of 10 lymphocytes
uL! (p = 0.013), and by 2% with an increase of one
monocyte uL! (p = 0.044) (Table 1).

In the study sample, the increase in total
leukocyte count was associated with a decrease in
the risk of death. Goddard et al. (2008) observed
that the number of white blood cells increased in
surviving dogs at 24 hours after hospital admission
and beginning of treatment. Nonetheless, the
mean number of leukocytes in non-surviving dogs
remained below the lower limits of normality.
Lymphopenia is an expected early finding in acute
and severe diseases. The return to normal values
indicates good prognosis. In parvoviral enteritis
and other viral diseases, the virus causes direct
damage to the lymphoid tissue, and the cells of
this tissue are redistributed because of stress or
exposure to antigens (RASKIN et al., 2004). In
such situations, transient lymphopenia is the most
characteristic finding in differential leukocyte
counts (GODDARD; LEISEWITZ, 2010). Drewry
et al. (2014) have found that determining the time
at which persistent lymphopenia becomes clinically
relevant is difficult. There may be categories of
patients in whom lymphocytic patterns may diverge
between survivors and non-survivors. For instance,
persistent lymphopenia in septic patients indicates
the need to re-evaluate the response to therapy, and
its presence on the fourth day in this patient subgroup
can predict early and late mortality (DREWRY et
al., 2014). In the present study, the increase in the
number of lymphocytes (in 10 cells uL') reduced

the risk of death by 4%. Goddard et al. (2008)
reported that puppies with a significant increase
in the number of lymphocytes after 24 hours of
admission had a better prognosis than animals that
did not survive. The change in this parameter over
time from admission was significantly different
between surviving and non-surviving patients. The
authors concluded that the absence of cytopenia,
specifically leucopenia and lymphopenia, had a
positive predictive value of 100% for survival in
the first 24 hours after hospitalization. Another
study demonstrated that lymphopenia increased
hospitalization time in this category of patients
(KALLI et al., 2010). The increase in monocyte
count (in >1 cell uL!) also reduced the risk of death.
As also observed in the present study, Goddard et
al. (2008) found that the number of monocytes
strongly affected prognosis in dogs, distinguishing
between survivors and non-survivors. Monocytes
are essential in this disease because they function
as macrophages by removal of necrotic debris,
viral inactivation, response to foreign bodies, and
phagocytosis of senescent or abnormal erythrocytes
(RASKIN et al., 2004).

The changes in clinical biochemistry are
nonspecific in many viral diseases (GODDARD;
LEISEWITZ, 2010). In this study, an increase in
urea in 1 mg dL"' increased the risk of death by
3%. A study found that urea levels were higher in
dogs with parvoviral enteritis that died compared to
survivors. There was a positive correlation between
urea concentrations and the death of dogs with
parvovirus infection, and the authors concluded that
acute renal injury occurred in the animals that died
because urea and creatinine increased gradually
until death (BASTAN et al., 2013). Among the
ALT, AST,
creatinine, total protein, albumin, globulin, glucose,
lactate, and magnesium did not significantly affect
prognosis (p<0.01).

biochemical parameters, amylase,

Lactate had no influence on the risk of death
in the study animals. Lactate is a marker of tissue
hypoperfusion and hypoxia, and its decreased
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levels over the course of treatment suggest clinical
improvement and may help predict outcomes
(SHARKEY; WELLMAN, 2013). A recent study
reviewed the human and veterinary literature
on the utility of lactate as a prognostic indicator
and a therapeutic guide, lactate measurement in
body fluids other than plasma or blood, and the
clinical management of lactate levels in different
species. The authors concluded that lactate used
as a therapeutic guide is relatively uninvestigated
in dogs, cats, and horses, and that it is a valuable
triage and risk stratification tool (ROSENSTEIN
et al., 2018). The inability to reduce lactate levels
by at least 50% at 6 hours was significantly
associated with mortality in univariate analysis
in hyperlactatemic dogs classified as critically ill
according to the definition of the American Society
of Anesthesiologists (STEVENSON et al., 2007).
Another study demonstrated that a decrease in the
initial lactate levels by 50% or more within 12 hours
was a better survival indicator than its isolated value
in dogs with gastric dilatation-volvulus (GREEN et
al., 2011).

The results of gas and electrolytic analyses
indicated that changes in pH, PaCO,, sodium,
potassium, and ionized calcium did not significantly
affect prognosis. However, changes in PaO,, BE,
HCO,, and SO, significantly affected prognosis. A
1-mmHg increase in PaO,, BD, and HCO," reduced
the risk of death by 10% (p = 0.025), 38% (p =
0.018), 43% (p = 0.039), respectively, and a 1%
increase in SO, reduced the risk of death by 11% (p
=0.039) (Table 1).

Metabolic acidosis is a common finding in dogs
with parvovirus infection, probably because of
excessive loss of bicarbonate through the intestinal
tract (GODDARD; LEISEWITZ, 2010). However,
in the present study, the proportion of animals with
metabolic acidosis at admission was low, and the
values were either normal or close to the minimum
normal value. Severe metabolic acidosis is associated
with worse clinical outcomes and development
of organic dysfunctions (MACIEL et al., 2010)

None of the dogs in this study received sodium
bicarbonate for correcting acidosis, suggesting that
fluid therapy and a decrease in bicarbonate loss by
effective treatment were sufficient for correcting
this disorder. The results demonstrated that an
increase of 1 mmol L' in bicarbonate reduced the
risk of death by 43%.

The BE value athospital admission correlates with
survival and serves as an indicator of hypoperfusion
in trauma patients (KAPLAN; FRANGOS, 2004).
A study analyzing arterial blood samples collected
at admission to the intensive care unit and 24 hours
later found that BE and lactate had good prognostic
values. In addition, the value at admission with the
best predictive capacity was lower than -4 mmol
L therefore, BE can be used to identify patients
with a higher risk of death (SMITH et al., 2001).
A veterinary study evaluated the predictive capacity
of lactate and BE for clinical outcome and gastric
necrosis in dogs with gastric dilatation-volvulus and
concluded that BE could not be used to predict these
parameters in this population (BEER et al., 2013).
A retrospective study performed a multivariate
regression analysis of data from the medical records
of 566 dogs and 185 cats and found that BE was an
independent predictor of mortality in dogs (KOHEN
et al., 2018). A study involving dogs admitted
to the intensive care unit following blunt trauma
concluded that BE was a predictor of mortality
and blood transfusion (STILLION; FLETCHER,
2012). For dogs with parvoviral enteritis, BE has an
essential function as a prognostic factor, since the
increase of 1 mmol L in this variable reduces the
risk of death by 38%.

Pa0, is an important variable in critically ill

patients. Pulmonary oxygenation impairment
may be the first severe prognostic indicator
of poor outcome in patients with sepsis and
requires differential diagnosis because of possible
consequences (HUCKSTADT et al., 2016). In this
study, the increase of 1 mmHg in this parameter
reduced the risk of death by 10%. The same effect

was expected in both SO, and PaO, because these
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two variables were correlated. A 1% increase in SO,
reduced the risk of death by 11%.

The results indicate the importance of the
search for normalization of parameters since there
may be a direct effect on the survival of dogs with
parvoviral enteritis. Blood gas analysis allowed
identifying the highest number of prognostic factors.
This analysis also allowed adjusting the animals’
therapy by better choosing the replacement fluid
to be used, performing the nutritional correction
of metabolic acidosis, and making adjustments in
serum electrolyte levels (ROCCO, 2003; HOPPER;
HASKINS, 2008).

Conclusions

There is little information on the use of
common variables such as clinical parameters
and hematological data in dogs with parvovirus
infections and sepsis. The objective of this study
was to determine the potential effects of changes in
clinical parameters on outcome and mortality. The
results indicated that septic dogs with parvoviral
enteritis and an increase in blood pressure, total
leukocytes, lymphocytes and monocytes, partial
pressure of oxygen, base deficit, and bicarbonate
might have better clinical outcomes. However,
increased heart rate was associated with a higher
mortality rate. Additional prospective studies are
needed to confirm the role of these prognostic
factors.
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