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Research article
Ερευνητικό άρθρο

ABSTRACT: In this study; it was aimed to determine the levels of cardiac biomarkers [cardiac troponin I (cTnI), atri-
alnatriureticpeptide (ANP), N-terminal pro-brainnatriureticpeptide (NT-proBNP), homocysteine (HCY), creatineki-
nase-myocardialband (CK-MB)] and C-reactive protein (CRP), and the correlations between the semarkers in calves 
with diarrhea-induced neonatal sepsis, which causes great economic losses, especially genetic material. In the study, 
40 neonatal calves with diarrhea-induced neonatal sepsis and 10 clinically healthy neonatal calves aged 0-14 days were 
used. The study revealed that the serum cTnI, ANP, NT-proBNP, HCY, CK-MB and CRP levels of the calves with neo-
natal sepsis were statistically significantly higher than those in the control group(P<0.001). The correlation study also 
showed that there was a high correlation between the cardiac markers here of and the highest correlation was found 
between ANP and CK-MB (R=0.836**). In conclusion, cTnI, ANP, NT-proBNP, HCY and CK-MB can be suggested 
as useful prognostic and diagnostic biomarkers of cardiac dysfunctions in calves with suspected sepsis. Furthermore, 
according to the results of the study; although the suggest that an approximately 10-fold increase in ANP level would 
be the best marker for early diagnosis of sepsis, ANP may not be an ideal marker due to its short half-life and insta-
bility. Therefore, we believe that NT-proBNP, which correlates very significantly with all other markers and increases 
approximately 7-fold in calves with sepsis, is an important marker in the detection and early diagnosis of sepsis.
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INTRODUCTION

Digestive system diseases and neonatal diarrhea 
have an important impact on calves in postpar-

tum period between 0-28 days (Pardon and Depres, 
2018; Akyüz and Kükürt, 2021) and bacteremia or 
viremia develops as a result of infection and causes 
sepsis (Gökçe et al., 2021). Systemic inflammatory 
response syndrome (SIRS), triggered by infection and 
affecting the whole body, is a result of severe sepsis 
(Beydilli and Gökçe, 2020; Gökçe et al., 2021; Na-
seri et al., 2021; Akyüz and Gökce, 2021). Therefore, 
SIRS findings (where SIRS criteria ≥2) can be used 
to define sepsis(Gökçe et al., 2021). Sepsis and its 
complications progress rapidly in the body, causing 
serious damage and almost making treatment impos-
sible, often leading to the death of the patient (Kaki-
hana et al., 2016; Akyüz et al., 2022). Therefore, early 
diagnosis and treatment of sepsis is very important to 
reduce the mortality rate in patients. Because, it has 
been reported that each one-hour delay in treatment 
increases the mortality rate by 6% (Levy et al., 2003). 

The most important cause of death in sepsis, which 
has a mortality rate of approximately 30% in humans 
and animals, is organ failure, with the heart being the 
leading cause (Başoğlu et al., 2018; Naseri et al., 2019; 
Beydilli and Gökçe, 2020). In human studies, cardiac 
dysfunction was reported in 66% of sepsis cases and 
approximately 70% of these patients died(Landesberg 
et al., 2015; Kakihana et al., 2016). Studies in calves 
have also reported that sepsis causes cardiac dysfunc-
tion (Beydilli and Gökçe, 2020; Kırbaş et al., 2021; 
Naseri et al., 2021)

Different studies have reported that various bio-
markers [cardiac troponin I (cTnI), atrial natriuretic 
peptide (ANP), N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), homocysteine (HCY), creatine ki-
nase-myocardial band (CK-MB), C-reactive protein 
(CRP), etc.] can be used to detect myocarditis and 
cardiac dysfunction (Aydoğdu et al., 2016; Labonté 
et al., 2018; Aygün and Yıldız, 2018; Beydilli and 
Gökçe, 2020; Ogawa et al., 2021; Kozat et al., 2021). 

The aim of this study was to determine the levels 
of cardiac biomarkers (cTnI, ANP, NT-proBNP, HCY, 
CK-MB) and CRP, and the correlations between these 
markers in sepsis, which causes great economic loss-
es, especially in terms of genetic material. In this way, 
it was aimed to increase the use of biomarkers for the 
prognosis, early diagnosis and treatment of the dis-
ease and to reduce the mortality rate by performing a 
comprehensive examination of sepsis.

MATERIAL AND METHODS
This study was carried out after the approval 

(KAÜ-HADYEK 2022-069) received from Kafkas 
University Animal Experiments Local Ethics Com-
mittee.

Animals
The animal material of this study consisted of 0-14 

days old Simmental and Simmental crossbred calves 
with sepsis brought to Kafkas University Faculty of 
Veterinary Medicine, Department of Internal Med-
icine clinics with diarrhea complaints. In the study, 
40 sick animals (sepsis group) and 10 healthy calves 
of the same age group constituted the control group. 
Healthy animals consisted calves born at Kafkas Uni-
versity Faculty of Veterinary Medicine Prof. Dr. Ali 
Rıza Aksoy Research and Application Farm.

Procedures and evaluation of sepsis criteria
Calves with clinical signs of depression, diarrhea, 

low or absent sucking reflex, dehydration, and con-
stant desire to lie down were examined and SIRS/
sepsis criteria were evaluated. According to this eval-
uation, SIRS criteria for neonatal calves include body 
temperature >39.5°C or <37°C, pulse rate <100 or 
>160 per minute, respiratory rate >45 per minute, leu-
kocyte count >12×103/μL or <4×103/μL (Akyüz and 
Gökce, 2021; Akyüz et al., 2022).The presence of at 
least 2 of the specified criteria was considered as sep-
sis and included in the study. In addition, a rapid test 
kit (BoviD-5 Ag Test Kit®, Bionote Inc., Korea) was 
used for the detection of etiologic agent in feces of 
calves with suspected neonatal sepsis meeting SIRS 
criteria.

Blood collection
From the calves in the sepsis and control groups, 

8 mL blood samples were taken once from V. jugu-
laris using a retainer and compatible sterile needle tip 
(Vacuette®, Greiner Bio-One GmbH, Austria).Vacu-
um gel serum tubes were used for serum samples and 
vacuum EDTA blood tubes were used for hematologi-
cal measurements (BD Vakutainer®, BD, UK).Blood 
samples taken into vacuum gel serum tubes were kept 
at room temperature for about 1 hour and then cen-
trifuged at 3500 rpm for 10 minutes (Hettich Roti-
na 380R®, Hettich, Germany).Serum samples were 
stored at -20ºC until cTnI, ANP, NT-proBNP, HCY, 
CK-MB and CRP levels were measured.Although tro-
ponin concentrations can remain stable for a long time 
at -70/-80ºC, it has been reported that they remain sta-
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ble for a maximum of 3 months at -20ºC (Langhorn 
and Willesen, 2016). Therefore, serum samples used 
in this study were stored for a maximum of 60 days.

Measurement of cardiac markers and CRP
Serum cTnI, ANP, NT-proBNP, HCY CK-MB 

and CRP levels were determined with an ELISA de-
vice (ELISA Reader®-DAS Italy and ELISA Read-
er-Elecsys® 2010-Roche) and calculated with a 
commercial test kit (ELK Biotechnology, P.R.C.) as 
indicated by the manufacturer (ng/mL, pg/mL, pg/
mL, µmol/L, U/L, μg/mL, respectively).

Hematological analysis
White blood cell (x103/μL) count was determined 

from the whole blood samples obtained by using a 
complete blood count device (VGMS4e®, Melet 
Schloesing, France)

Statistical analysis
The statistical comparison of the data was per-

formed using the SPSS® software program (SPSS 
26.0, Chicago, IL, USA). The distribution of the data 
was tested for conformity to a normal distribution by 
the Shapiro-Wilk test. Calves were grouped as sepsis 
and control. Then, the healthy versus ill were com-
pared using an independent sample T test. Pearson 
correlation coefficients were calculated to define the 
correlation between variables. Data are expressed as 
Mean±SE (standard error) and the statistical signifi-
cance was set at P<0.05.

RESULTS	
In our study, 40 calves with sepsis (20 females, 

20 males) and 10 healthy calves (5 females, 5 males) 
between 0-14 days postpartum were used.

As a result of the causative agent detection in feces 
with a rapid test kit, Rotavirus was detected in 10% 
(4/40), Coronavirus in 15% (6/40), E. coli K99 in 35% 

(14/40), E. coliK99+Coronavirus in 20% (8/40), E. 
coli K99+Rotavirus in 10% (4/40), Rotavirus+Coro-
navirus in 7.5% (3/40) and E. coli K99+Coronavirus 
in 10% (4/40) of calves with sepsis (Table 1). 

Physical examination findings and evaluation of 
the levels of cardiac biomarkers in calves with sepsis 
and control group calves in the study are presented 
in Table 2. Among the physical examination find-
ings, respiratory rate (RR; P<0.001), heart rate (HR; 
P=0.006) and capillary refill time (CRT; P=0.002) 
were statistically significantly higher in calves with 
sepsis compared to the control (Table 2). White 
blood cells (WBC) level was statistically significant-
ly higher in calves with sepsis compared to the con-
trol (P<0.001, Table 2). In addition, biomarkers cTnI, 
NT-proBNP, ANP, HCY, CK-MB and CRP were sig-
nificantly higher in calves with sepsis compared to the 
control (P<0,001, Table 2). 

Table 3 shows the Pearson correlation of the data 
in the study.The study revealed a high correlation 
between cardiac markers and the most significant 
correlation was found between ANP and CK-MB 
(R=0.836**, Table 3).

DISCUSSION
Sepsis encountered during the neonatal period 

leads to serious economic losses in cattle breeding. 
The most important economic losses in this regard 
include the death of the calf, loss of genetic materi-
al, treatment costs or performance and yield failures 
despite recovery (Tokgöz et al., 2013; Demir et al., 
2019). Cardiac markers (cTnI, ANP, NT-proBNP, 
NT-proBNP, HCY and CK-MB) and CRP, are import-
ant biomarkers that assist in the detection of cardiac 
diseases by increasing in serum concentrations even 
before the symptoms thereof (Mellanby et al., 2009; 
El-Ashker et al., 2013; Neamat-allah, 2015; Attia, 
2016; Kılıçalp and Kozat, 2017; Ogawa et al., 2021). 
Our study aimed to determine the importance and ef-

Table 1. Enteropathogens evaluated in calfdiarrhea with sepsis and their prevalence
Disease Agent N Rate (%)
Rotavirus 4 10
Coronavirus 6 15
E. coli K99 14 35
E. coli K99+Coronavirus 8 20
E. coli K99+Rotavirus 4 10
Rotavirus+Coronavirus 3 7.5
E. coli K99+Rotavirus+Coronavirus 1 2.5
TOTAL 40 100
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Table 2. Physical Examination Findings and Levels of Cardiac Biomarkers in Calves with Sepsis and Healthy Calves
Parameters Groups N Mean±SE P Value

RT (°C) Sepsis 40 38.54±0.29 0.299Control 10 38.21±0.12

RR (breaths/min) Sepsis 40 43.13±3.10 <0.001Control 10 23.80±1.67

HR (beats/min) Sepsis 40 104.40±6.42 0,006Control 10 82.80±3.73

CRT(sec) Sepsis 40 2.93±0.24 0.002Control 10 1.50±0.17

WBC(x103/μL) Sepsis 40 16.66±1.77 <0.001Control 10 9.23±0.66

cTnI (ng/mL) Sepsis 40 0.19±0.01 <0.001Control 10 0.04±0.00

NT‐proBNP (pg/mL) Sepsis 40 405.94±16.19 <0.001Control 10 60.02±3.06

ANP (pg/mL) Sepsis 40 228.35±10.75 <0.001Control 10 21.21±0.87
Homocysteine 
(µmol/L)

Sepsis 40 26.38±1.04 <0.001Control 10 14.17±0.34

CRP (μg/mL) Sepsis 40 52.07±1.65 <0.001Control 10 24.05±1.83

CK-MB (U/L) Sepsis 40 139.18±3.36 <0.001Control 10 65.31±1.98
RT: Rectaltemperature; RR: Respiration rate; HR: Heart rate; CRT: Capillaryrefll time WBC: White bloodcells; cTnI: cardiactroponin 
I; ANP: atrialnatriureticpeptide; NT-proBNP: N-terminal pro-brainnatriureticpeptide; HCY: Homocysteine; CRP: C-reactive protein; 
CK-MB: creatinekinase-myocardialband; P<0.05 indicates statistical significance between groups.

Table 3. Pearson Correlation of all data in the study
Parameters RT (°C) RR HR CRT WBC cTnI NT‐proBNP ANP HCY CRP

RR 
(breaths/min)

0.023

HR 
(beats/min)

-0.077 0.039

CRT 
(sec)

0.124 0.281 0.100

WBC 
(x103/μL)

-0.216 0.196 0.163 0.405**

cTnI
(ng/mL)

0.048 0.467** 0.333* 0.409** 0.203

NT-proBNP
(pg/mL)

0.069 0.434** 0.295 0.427** 0.373* 0.685**

ANP 
(pg/mL)

0.155 0.333* 0.264 0.507** 0.230 0.751** 0.743**

Homocysteine 
(µmol/L)

0.155 0.364* -0.009 0.332* 0.186 0.535** 0.623** 0.596**

CK-MB 
(U/L)

0.025 0.522** 0.240 0.415** 0.254 0.786** 0.797** 0.836** 0.654** 0.722**

RT: Rectaltemperature; RR: Respiration rate; HR: Heart rate; CRT: Capillaryrefll time WBC: White bloodcells; cTnI: cardiactroponin 
I; ANP: atrialnatriureticpeptide; NT-proBNP: N-terminal pro-brainnatriureticpeptide; HCY: Homocysteine; CRP: C-reactive protein; 
CK-MB: creatinekinase-myocardialband; **:Correlation is significant at the 0.01 level (2-tailed); *: Correlation is significant at the 
0.05 level (2-tailed).
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fectiveness of biomarkers in early diagnosis of sepsis 
by identifying the changes in cTnI, ANP, NT-proBNP, 
HCY, CK-MB, CRP levels and Pearson correlations 
between these cardiac markers in calves with diar-
rhea-induced neonatal sepsis.In this way, early diag-
nosis of sepsis will become possible and economic 
losses due to unconscious treatment practices and 
drug/veterinary costs will be avoided.

Recently, immunochromatographic test kits have 
been used in the diagnosis of pathogenic agents caus-
ing diarrhea (Çitil et al., 2004). The sensitivity of 
these test kits has been reported to be between 60-
94.9% for coronavirus, 93% for E. coli K99, 70-100% 
for rotavirus and 75-100% for C. parvum (Klein et al., 
2009; Altuğ et al., 2013). In different studies conduct-
ed with immunochromatographic test kits, it has been 
reported that the highest diarrhea agent is E. coli at 
rates ranging from 24% to 40% (Sezer, 2021; Akyüz 
et al., 2022).In addition, it has been reported that E. 
coli causes 40% of the disease in the first week of 
the postpartum period(Al and Balıkçı, 2012).In our 
study, in parallel with the literature, the rate of E. coli 
in calves with sepsis was determined as 35%.

It is very difficult to establish sepsis criteria in 
calves due to the variability of clinical findings in 
sepsis (Pardon and Depres, 2018; Beydilli and Gökçe, 
2020). However; depression, weak sucking reflex, 
changes in CRT, tachycardia, tachypnea, hypovole-
mia, hypotension and dehydration are clinically evi-
dent in sepsis (Çitil and Gökçe, 2013; Bonelli et al., 
2018). Nevertheless, it has also been reported that rec-
tal temperature (RT) is variable (Kırbaş et al., 2021). 
Different studies have reported that HR, RR, CRT 
and hematocrit levels are high in calves with sepsis 
(Aydoğdu et al., 2018; Yıldız et al., 2018; Akyüz and 
Gökçe, 2021). Our study also found that HR, RR, 
CRT and WBC were significantly elevated which was 
in line with the literature. However, in our study, al-
though RT was found to increase numerically in our 
study, it was not statistically significant. Increased RR 
in calves with sepsis indicates a decrease in the vital 
capacity of the lungs (Poulsen et al., 2010). The pos-
sible reason for the increase in WBC values is thought 
to be due to the increase in the defense mechanism 
against infectious agents and hemoconcentration due 
to dehydration (Asati et al., 2008; Brar et al., 2015). 
Prolonged CRT in sepsis is a result of multiple organ 
dysfunction and the resulting negative effects on the 
cardiovascular system (Fecteau et al., 2009). 

The most important cause of death in sepsis is or-

gan failure, and cardiac dysfunctions are the leading 
cause (Fecteau et al., 2009; King et al., 2014; Bey-
dilli and Gökçe, 2020). Studies on humans have re-
ported that cardiovascular abnormalities are common 
in sepsis cases, resulting in myocardial damage due 
to non-coronary artery disease (Fenton and Parker, 
2016). In different studies, it has been reported that 
serum activities of cTnI and CK-MB increase during 
myocardial damage (Kemp et al., 2004; Aydoğdu et 
al., 2016), but CK-MB expression is not limited to 
the heart but can also be expressed in other tissues 
such as skeletal muscle and gastrointestinal system 
(Babuin and Jaffe, 2005; Hanedan et al., 2015). This 
explains why cTnI is more sensitive and specific than 
CK-MB for myocardial damage (Tunca et al., 2008; 
Akasha et al., 2015; Hanedan et al., 2015). When 
cardiac injury occurs, cTnI peaks in the blood within 
6-12 hours and remains constant at this point for 14-
21 days (Undhand et al., 2012; Chow et al., 2017). 
In addition, cTnI remains in circulation longer than 
CK-MB (Leonardi et al., 2008) and gives accurate 
results although CK-MB value returns to normal in 
the advanced stages of the disease (Başbuğan et al., 
2010). In different studies, it was reported that cTnI 
and CK-MB levels were significantly increased in 
calves with sepsis (Beydilli and Gökçe, 2020; Kırbaş 
et al., 2021; Naseri et al., 2021). In our study, similar 
to the literature, cTnI and CK-MB levels were found 
to be significantly increased. In addition, cTnI has 
been reported to be the gold standard for cardiac dam-
age (Langhorn and Willesen, 2016), and the elevation 
of cTnI and CK-MB in animals with sepsis indicates 
that myocardial damage occurs in these animals. On 
the other hand, the pathophysiology of troponin el-
evation in sepsis is thought to be due to myocardial 
dysfunction (Kırbaş et al., 2021).

The ANP concentration, which reflects the clinical 
stages of mitral valve disease (Ruskoaho, 2003), has 
a half-life of approximately 4 minutes and has no sta-
bility (Ogawa et al., 2021). Whereas NT-proBNP is 
released into the bloodstream mainly in response to 
ventricular myocyte stretch and has a long half-life 
(Kellihan et al., 2011). In addition, plasma ANP levels 
were found to be quite high in calves with congenital 
heart failure and it was suggested that it could be used 
for diagnostic purposes (Hori et al., 2009). In healthy 
calves; ANP level was reported as 36±8.16 pg/mL 
(Hori et al., 2009) and NT-proBNP level was report-
ed as 131.32±13.1 pg/mL (Beydilli and Gökçe 2020). 
In our study, ANP and NT-proBNP levels in healthy 
calves were 21.21±0.87 pg/mL and 60.02±3.06 pg/
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ature review. Therefore, our study is the first in this 
field. Our study reported that the ANP level in calves 
with sepsis was 228.35±10.75 pg/mL and the 10-fold 
increase in ANP level compared to healthy calves was 
statistically very significant (P<0.001). A study con-
ducted on calves with sepsis reported that NT-proB-
NP level increased significantly (Beydilli and Gökçe, 
2020). Moreover, a study on the use of NT-proBNP 
in the determination of heart failure stated that values 
up to 300 pg/mL could not be a marker for the disease 
(Mueller et al., 2007). Our study, on the other hand, 
showed that NT-proBNP level in calves with sepsis 
was approximately 7 times higher (405.94 ± 16.19 
pg/mL) compared to healthy calves and this result 
was statistically significant. This indicates that sepsis 
causes myocardial damage.

In human medicine, HCY is used to assess com-
plications of renal, cardiovascular and other diseases 
(Amin et al., 2016; Long and Nie, 2016). HCY is an 
independent risk factor for cardiovascular disease in 
renal patients (Kavaklı et al., 2010) and a study on 
calves with diarrhea reported that HCY levels were 
significantly increased compared to healthy calves 
(Kozat et al., 2021). Furthermore, in a study conduct-
ed by Kılıçalp and Kozat (2017), it was reported that 
serum HCY values obtained from healthy cows can 
be used for the diagnosis of cardiovascular diseases. 
In our study, HCY level was found to be significantly 
increased in calves with diarrhea-induced sepsis com-
pared to healthy calves. This increase may be caused 
by increased production rate of HCY (transmethyl-
ation), decreased HCY excretion, decreased HCY 
remethylation or transsulfuration rate (Kozat et al., 
2021).

C-reactive protein is a positive acute phase protein 
that is often used as a biomarker of general inflamma-
tion and infection (Magliulo et al., 2016). Acute phase 
proteins are plasma proteins whose production and 
serum concentrations are up-regulated in response 
to inflammation, infection, cardiovascular disease, 
cancer and tissue damage (Bradford, 2019). A study 
conducted in calves with suspected sepsis reported 
that CRP levels increased (Akgül et al., 2019). Our 
study also showed results parallel to the study by Ak-
gül et al. and significant increases were observed in 
CRP levels. In addition, in a study conducted on mid-
dle-aged people, it was reported that CRP levels >10 
µg/mL were associated with cardiovascular diseases 
(Dhingra et al., 2007). However, it is not possible 
to determine whether the elevation of CRP levels in 
calves with sepsis is due to infection or cardiac dam-
age. Therefore, it is thought that more detailed studies 
on the subject are needed.

CONCLUSIONS
In conclusion, cTnI, ANP, NT-proBNP, HCY and 

CK-MB can be suggested as useful prognostic and di-
agnostic biomarkers of cardiac dysfunctions in calves 
with suspected sepsis. Furthermore, according to the 
results of the study; although the suggest that an ap-
proximately 10-fold increase in ANP level would be 
the best marker for early diagnosis of sepsis, ANP 
may not be an ideal marker due to its short half-life 
and instability. Therefore, we believe that NT-proB-
NP, which correlates very significantly with all other 
markers and increases approximately 7-fold in calves 
with sepsis, is an important marker in the detection 
and early diagnosis of sepsis.
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