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Abstract

The first aim of this study is to determine the changes of cardiac biomarkers and coagulation profiles in parvoviral enteritis and
present the importance of these parametres for prognosis of the disease. The second aim is to determine the presence of myocarditis
in the enteritis form of the disease via cardiac biomarkers. Twenty seven dogs with parvoviral enteritis (experiment group) and 6
healthy dogs (control group) which were aged between 1.5 and 6 months, weighted between 5 - 15 kg were used as a material
of this study. Anorexia, fever, depression, lethargy, vomitting and haemorrhagic diarrhea were determined in dogs with parvoviral
enteritis. Parvovirus infection in dogs were verified via feces parvovirus antigen test. Blood samples were collected from all dogs
and electrocardiographies (ECG's) were performed. Standard treatment is applied for dogs with parvoviral enteritis. Twenty three
of these dogs were treated successfully; however four of them died. Mild to intermediate acute myocarditis were determined in the
histopathological examination of the dead dogs. Plasma protrombin (PT), actived parsiel tromboplastin time (aPTT), antitrombin IlI
(AT-1lI), fibrinogen and D-dimer concentrations and serum creatin kinase-MB (CK-MB), cardiac troponin | (cTnl) and brain natriuretic
peptid (BNP) concentrations were measured. Increase in levels of plasma PT (P<0.001) and aPTT (P<0.001), fibrinogen (P<0.001) and
D-dimer (P<0.05), and decrease in level of Il AT-lll (P<0.05) were detected in dogs with parvoviral enteritis. Increased level of serum
CK-MB (P<0.05) and BNP (P<0.001) were also determined. No important change detected in serum cTnl levels. As results, in dogs with
parvoviral enterit there were increase in PT, APTT, fibrinogen and D-dimer levels, on the other hand there was a decrease on AT llI
level resulting in DIC. In addition to this an increase was observed on plasma serum CK-MB and BNP levels. Considering the increase
on CK-MB and BNP levels a long with results of histopathological dead dogs, it should be taken into account that acute miocarditis
also occures simultaneous with hemoragic parvoviral enterit.
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Parvoviral Enteritli Kopeklerde Pihtilagsma Profilleri ve
Kalp Biyomarkir Duizeyleri

Ozet

Bu ¢alismanin birinci amaci, kdpeklerin parvoviral enteritinde kalp biyomarkirlari ve pithtilasma profilindeki degisimleri belirlemek, hastaligin
tani ve prognozunda bu parametrelerin dnemini ortaya koymaktir. ikinci amaci ise enterit formunda miyokart hasari gelisip gelismedigini
kalp biyomarkirlari ile belirlemektir. Bu ¢alismanin materyalini yaslari 1.5 ile 6 ay, canli agirliklari 5-15 kg arasinda degisen 27 parvoviral
enteritli (deney grubu) ve 6 saglikli kdpek (kontrol grubu) olusturdu. Parvoviral enteritli kopeklerde anoreksi, ates, depresyon, latherji, kusma
ve kanli diyare belirlendi. Kdpeklerin parvoviral enfeksiyonu diski parvovirus antijeni testi ile dogrulandi. Bitlin kopeklerden kan drnekleri
alindi ve kalp EKG traseleri cekildi. Parvoviral enteritli kdpeklere standart tedavi uygulandi. Bu kdpeklerin 23 iyilesti, 40 ise 6ldii. Olen
hayvanlarin histopatolojik muaynesinde hafif veya orta derecede akut miyokardit saptandi. Butlin kdpeklerin plazma protrombin zamani
(PT), active edilmis parsiyel tromboplastin zamani (@PPT), antitrombin Il (AT-lll), fibrinojen ve D-dimer diizeyleri ve serum kretin kinaz-MB
(CK-MB), beyin natrilretik peptit (BNP) ve kardiak troponin | (kTnl) diizeyleri 6l¢iildi. Parvoviral enteritli kopeklerde plazma PT (P<0.001)
ve APTT (P<0.001) sureleri ile fibrinojen (P<0.001) ve D-dimer (P<0.05) diizeylerinde artis, AT-lll (P<0.05) diizeyinde ise azalma belirlendi.
Serum CK-MB (P<0.05) ve BNP (P<0.001) duzeylerinde artis, kTnl diizeyinde ise dnemli bir farklilik saptanmadi. Sonug olarak képeklerin
parvoviral enteritinde PT, APPT, fibrinojen ve D-dimer diizeylerinde artis, AT-lIl diizeyinde azalma ve buna iliskin DIK meydana gelmektedir.
Ayrica parvoviral enteritli kdpeklerde plazma CK-MB ve BNP diizeyindeki artis tespit edildi. Gerek CK-MB ve BNP diizeyindeki artis gerekse
olen hayvanlarin histopatolojik sonucuna gore kopeklerde hemorajik enterit formuyla birlikte akut miyokardit formununda gelisebilecegi
g6z oniinde bulundurulmalidir.
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INTRODUCTION

Canine parvovirus infection is an acute, high contagious
and mortal viral disease of dogs. Although the disease
may develop in dogs within all age ranges, it may cause
severe and mortal infections in dogs that are younger
than 12 months. Infection has two clinical forms as acute
hemorrhagic enteritis and myocarditis. Acute enteritis
form is mostly seen in puppies up to 12 months of age.
Typical symptoms include depression, vomiting and small
bowel hemorrhagic diarrhea. Myocarditis form can develop
from infection in utero or in puppies less than 8 weeks
old. In this form, the infected puppies may be found dead
without any symptoms within 24 h U3l Virus affinites
predominantly cript epitels in the small intestine, pre-
cursor cells of bone marrow, lymphoid cells and cardiac
muscle cells due to fast reproduction speed of the virus ™.
Disseminated intravascular coagulation is a severe problem
that threats lives of both people and animals. In this
syndrome, disseminated intravascular micro trombosises
shape and cause the circulation disorders, thus multiple
organ failure develops and leads to death ¢!, Protrombin
time, activated parsiyel tromboplastin time, D-dimer,
fibrinogen levels, activity of Anti-trombin Ill and trombosit
count should be considered regarding DIC Y. It is pointed
that, important changes can be seen in CPV infections
due to gastrointestinal hemorhagia and bone marrow
depression @. On the other hand it is argued that the
reason of hemorrhagic enteritis which occures in CPV may
be due to endotoxemia caused by coliform bacteries and
increased level of cytokines ¥,

Acute cardiomyopathies are rooted from bacterial, viral,
parasitical, metabolic disorders, toxication and deficiency
of vitamins and elements . One of the important reason
of the acute cardiomyopathies is parvoviral infections. It is
noticed that cardiac enzymes and neurohormons are the
most confidental methods for the diagnosis of myocardial
damage "%, Troponins (cTnl, cTnT), creatin kinase-MB
(CK-MB) and brain natriuretic peptid (BNP) are the leading
cardiac biomarkers which are used in the diagnosis of
myocard damages %2, Vartner et Ingwall '® indicated
that the first symptoms is the increase in the level of serum
CK-MB when the cardiac muscle is damaged. Yilmaz et
Sentiirk "1 noticed that significiant increase in the level
of serum CK-MB of dogs with parvoviral enteritis. On the
other hand, Burgener et al."® determined that cTnl level
increases significantly in the first 24 to 48 h in the case of
acute miocardial damage in dogs. The cTnl level returns
to it's normal level after 48 h. Another caridac biomarker
used to diagnose ventriculer damage is B type natriuretic
peptid "2, It is noticed that especially BNP can be used to
evaluate the response to therapy and prognosis of disease
in patients with congestive heart failure 2. Macdonald et
al® noticed that BNP level signicantly increase in dogs
with cardiac failure, Donker et al.?* also reports that BNP
level increases within several days in dogs through the

artifically generated atrio-ventricular block.

The first aim of this study is to determine the changes
in some selected cardiac biomarkers such as BNP, CK-MB
and cTnl and coagulation profiles in parvoviral enteritis
and present the importance of these parametres for
prognosis of the disease. The second aim is to determine
the presence of myocarditis in the enteritis form of the
disease via cardiac biomarkers.

MATERIAL and METHODS

Animals and Clinical Examination

Authorization to conduct this study has been taken
from S.U. Faculty of Veterinary Medicine Animal Ethics
Comittee (2011/10). The materials of the study consist of
twenty seven dogs with parvoviral enteritis (experiment
group) and 6 healthy dogs (control group) which were
aged between 1.5 and 6 months, weighted between 5 -
15 kg, were brought into University of Selcuk, Faculty of
Veterinary Medicine, Department of Internal Medicine.
History of diseases of dogs were found to be 1 to 2 days.
First, routin clinical examinations performed for all dogs.
Feaces samples were collected from clinically parvovirus
suspected dogs (anorexia, depression, lethargy, vomiting
and hemorhhagic diarrhea) by using rectal swab. Feaces
samples were evaluated by the quick parvovirus antigen
detection test (CPV Ag test, rapidy test kits, Vettek
Medical istanbul/Tiirkiye). The dogs with positive results
were incorporated into the study. Twenty two of these
dogs had not been vaccinated and 5 others had been.
Electrocardiogram examination is performed to all healthy
and parvoviral enteritis infected dogs to determine any
ritmic problems in the heart. Standard therapy is applied
to dogs with parvoviral enteritis.

Colection of Blood Samples

Blood samples with and without anti-coagulant (Na-
citrat) collected from dogs with parvoviral enteritis and
healthy dogs; plasma and serums were separated. Samples,
which would be used in the evaluation of coagulation
profiles and cardiac biomarkers, were kept in -80°C deep
freeze until the measurement is completed.

Measurement of Coagulation Profile

Protrombin time (Kat no: OUHP-49) and APPT (Kat
no:0QGS-29), AT Ill activity (Kat no: OWWR-15), fibrinogen
level (Kat no: OWZG-15) and D-dimer (Kat no: OPBP-03)
levels were measured by coagulomethric method in Sysmex
CA 1500 device (Siemens, A-7799, Germany).

Measurement of Cardiac Biomarkers

CK-MB (ADVIA Centaur for human, Kat no: RF420) and
cTnl (ADVIA Centaur for human, Kat no: RF421C) levels
were measured by ELISA method in Dimension Xpand
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Plus device (Siemens, 2004080651, Germany), BNP (ADVIA
Centaur for human, Kat no: 02816634) level was measured
by ELISA method in Immunassay Systems device (Siemens,
TRL 93450905, Germany) 2, Measurable sensitivity and
test interval of CK-MB enzym level is 0.18 ng/mL and 300
ng/mL, measurable sensitivity and test interval of cTnl
enzym level is 0.006 pg/mL and 50 ng/mL, and for BNP,
itis 1 pg/mL and 5.000 pg/ml.

Histopathological Examination

Necropsy performed for all dead dogs. Tissue samples
collected from ilio-secal valvule, some areas of small
intestines where bleeding detected, cardiac tissue and
other organ tissues such liver and spleen to control if any
other pathological findings appear.

Statistical Analysis

Unpaired student test was used to determine the
differences between groups. SPSS 19.0 for Windows® was
used to perform the test. The test procedure is designed
according to Akgul 7.,

RESULTS

Clinical Results

Anorexia (27 case), lethargy (27 case), depression (27
case), fever (10 case >39.5°C), vomiting (23 case) and
hemorrhagic diarrhea (21 case) were seen in dogs which
formed the experiment group of the study. Twenty three
of these dogs responsed well to the therapy and four of
the dogs did not. No anormal condition was seen in ECG
examination of all healthy and 23 of the sick dogs. However,
sinus tachicardia was diagnosed in 3 of 4 dead dogs.

Coagulation Profile Results

Statistically, significant increase in PT (P<0.001) and
APTT (P<0.001) times, fibrinogen (P<0.001) and D-dimer
(P<0.05) levels, and significant decrease in AT-lIl (P<0.05)
activity were observed in dogs with parvoviral enteritis
compared with healthy dogs. No significant change was
seen in trombosit count (Table 1).

Cardiac Biomarker Results

Statistically, significant increase in CK-MB (P<0.05) and
BNP (P<0.001) levels were measured in dogs with parvoviral
enteritis compared to healthy dogs. No significant change
was detected in cardiac troponin | level (Table 2).

Histopathological Findings

Villous atrophy in small bowels, mono nucleer cell
infiltration in lamina propria and mild fibrosis, degeneration
in intestinal cript epitels and mild or intermediate acute
miocarditis were detected during the histopathological
examination of the dead dogs.

Table 1. Mean values and statistical importance of coagulation parametres
in healthy and infected dogs

Tablo 1. Saglikli ve enfekte képeklerde pihtilasma parametrelerinin
ortalama degeri ve istatistiksel &nemi

Parameter Grf:::l(‘:: 6) GE;T:(': :e;;) P Value
PT (sn) 7.03£0.14 8.05+0.23 FHx
APTT (sn) 17.0+1.20 93.3+7.50 o
Fibrinojen (mg/dL) 122+11.0 257+18.0 il
AT ll (%) 90.1£5.60 74.6%2.90 *
D-dimer (mg/dL) 0.69+0.15 1.31+0.20 *
Trombosit (x10°/uL) 214+28.2 270+21.8

*P<0.05, ** P<0.01, *** P<0.001

Table 2. Mean values and statistical importance of cardiac biomarkers in
healthy and infected dogs

Tablo 2. Saglikli ve enfekte kopeklerde kalp biyomarkirlarinin ortalama
degeri ve istatistiksel 5nemi

Parameter Gs:::::: 6) GE::::Ie;i(r: :e;;) P Value

CK-MB (ng/mL) 2.20£1.00 8.51+1.25 *

cTnl (hg/mL) 0.06+0.02 0.10+0.03

BNP (pg/ mL) 1.40+0.05 30.1+2.68 *xx
*P<0.05, ** P<0.01, *** P<0.001)

DISCUSSION

Anorexia, depression, lethargy, fever, tachicardia and
tachipnea, vomiting, diarrhea (that can change to mucoid
or hemorrhagic) are the common symptoms among dogs
with parvoviral enteritis. Severe hypovolemia, due to
fluid and electrolit loss caused by vomiting and diarrhea,
leads to death if not treated 1"7%3", Anorexia, depression,
lethargy, fever, tachicardia and tachipnea, vomiting,
diarrhea and hemorrhagic diarrhea were diagnosed in
this study as well. The diagnosis was finalized after the
parvovirus antigen test was resulted positive. Twenty three
of these dogs responded well to the therapy and four of
them could not survive. Villous atrophy in small bowels,
mono nuclear cell infiltration in lamina propria and mild
fibrosis, degeneration in intestinal cript epitels and mild
or intermediate acute miocarditis were detected during
the histopathological examination of the dead dogs.

Disseminated intravascular coagualtion may develop
due to viremia, septisemi, parazitic infection, severe tissue
damage, toxication, intravascular hemolizis, autoantibody,
hepatitis, pancreatitis and neoplasma 73234, Protrombin
time, activated parsiyel tromboplastin time, D-dimer,
fibrinogen levels, activity of Anti-trombin Ill and trombosit
count should be considered in DIC . It is pointed that,
important changes due to coagulopathie can be seen in
CPV infections due to gastrointestinal hemorrhagia and
bone marrow depression 2, At the same time, it is argued
that the reason of hemorrhagic enteritis which occures



386

Levels of Cardiac Biomarkers ...

in CPV may be due to endotoxemia caused by coliform
bacteries and increased level of sitokins ©. Otto et al.l**!
noticed that DIC may occure in dogs with parvoviral
enteritis. For an accurate diagnosis, prolonged PT and
APTT, decrease in AT-lll activity, trombosit count and
fibrinogen level, increase in FDP or D-dimer level must
be detected. At least three of these changes must be
detected for a suspicious DIC case ©°. Feldman et al.?”
indicated that prolong in PT and APTT, increase in FDP
level, decrease in AT-IIl activity and trombosit count,
develop in dogs with DIC. In recent years D-dimer is used
instead of FDP and it is proved that D-dimer is more
sensitive and spesific incompared to FDP 738, On the
other hand, Carr et al.B% noticed that increased level of
D-dimer does not always indicate the presence of DIC.
Laforcade et al.*® noticed that they had found prolong in
PT and APTT, increase in D-dimer, decrease in AT-lll level
and no changes in trombosit count. Esmon “% and Wada “2
noticed that fibrinogen level may increase proportional
to inflammation if there is no high consumption.

Prolonged PT and APTT, decreased AT-lll and increase
in D-dimer level may show the development of DIC in
the dogs with parvoviral enteritis in this study. Although
prolonged PT and APTT, increased D-dimer level and
decreased AT-lll activity were detected as other authors
also noticed 73%43;, however, compared to other studies,
in this study there were no decrease in fibrinogen and
trombosit levels. On the other hand, Otto et al.** noticed
that they found increase in fibrinogen level and no
change in D-dimer level and trombosit count. In this
study, detection of prolonged PT and APTT, decreased
AT-lIl and increased D-dimer level shows the coagulation
activation (PTT, APTTT, AT-IIN) which is the first step of DIC
and fibrinolitic activation (D-dimerT) which is the last step
of DIC. To conclude the findings coincides with the findings
of Otto et al.® and Laforcade et al.“°,

Some authors B4 report that fibrinogen level may
increase in the first period of DIC due to inflamatory
response; then, the level decreases due to fibrinolisis;
some other authors 7#¥ report significant decrease in
fibrinogen level. In this study, increase in fibrinogen level
was observed. Increase in fibrinogen level may be due to
the increase of acute phase proteins in spite of DIC. Our
findings on fibrinogen verifies the studies of most of
the other mentioned authors 354142,

The most important method to determine the myo-
cardial damage is to measure cardiac biomarkers 1%,
Troponins, CK-MB and BNP are the most common
used biomarkers in the diagnosis of acute myocardial
damage 0121544 CK-MB is a first degree trusted and
spesific enzyme in acute cardiac tissue damage I
Smithline et al.*¥ indicate that serum CK-MB level starts
to increase within 4 h following the myocardial damage,
and reaches it's peak level in approximately within the 12t
h then, decrease to normal level in 24 to 72 h. Troponin

| is considered a reliable serum biomarker for myocardial
ischemia and necrosis in human and animals. After acute
myocardial injury, cTnl is released from the cytoplasmic
pool, resulting in increased blood concentrations within
2 h, with a peak after 12-24 h. Persistently increased cTnl
blood level suggest irreversible and active on going
damage to cardiomyocytes >4, On the other hand,
Mair et al.”® report that cTnl starts to increase in 4 to
6 hours and it may take 7 to 10 days to reach the basal
level. Vartner et Ingwall "¢ noticed that CK-MB is the
first enzyme that can be detected in serum following to
myocardial damage. Yilmaz and Sentiirk " noticed the
significant increase of CK-MB serum level in dogs with
parvoviral enteritis. Burgener et al.'® showed that cTnl
level significantly increase in 24 to 48 h and then returns to
basal level. Bastan et al.*’ found that increased serum
cTn-l levels were consistent with short survival times
in dogs with CPV-2. B type natriuretic peptid is also
an important indicator of ventricular damages ['°2",
Especially, BNP level may inform the clinician about the
prognosis and response to treatment of patient with
congestive heart failure 2. Macdonald et al?® report that
BNP level significantly increase in dogs with congestive
heart failure. Donker et al.?* report that BNP level
through artifical atrio ventricular block increase in several
days. Hal3denteufel et al.*® determined that NT-proBNP
represents a useful additional diagnostic parameter in
veterinary clinical cardiology to assess the severity of
cardiac disease.

In this study, CK-MB (P<0.05) and BNP (P<0.001) levels
statistically increased in dogs with parvoviral enteritis
compared to the healthy dogs. Although not statistically
No significant, cTnl concentration was numerically increased
in dogs with parvoviral enteritis compared to the healthy
dogs (Table 2). Increase in CK-MB and BNP concentrations
may show that mild to intermediate myocarditis might be
ocurred in the enteritis form of CPV. On the other hand,
possible reason of numerically increased in cTnl level may
be that there is no severe damage in myocard. Detection
of mild to intermediate myocarditis in histopathological
examination of 4 dead dogs, increase in CK-MB (15-28 ng/
ml) and BNP (44-58 pg/ml) levels, and numerically increase
in cTnl (0.1 ng/ml) levels of these dogs may be confirm
the result. It must be considered that CK-MB level may
increase in blood serum rapidly, in mild to intermediate
myocarditis thus it may be more diagnostic than cTnl. CK-
MB, BNP and cTnl result of this study were appropriated
with findings of some authors [1217:1822:25,4446-49]

In conclusion, PT, APTT, fibrinogen and D-dimer levels
increase, AT-Ill level decreases in parvoviral enteritis of
dogs due to DIC. In addition, increase in serum CK-MB
and BNP levels were detected. It is concluded that acute
myocarditis form may develop in the enteritis form of
disease according to histopathological results of dead
animals and increase in CK-MB and BNP levels.
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