
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11250-021-02779-z

REGULAR ARTICLES

Neopterin, procalcitonin, clinical biochemistry, and hematology 
in calves with neonatal sepsis

Enes Akyüz1   · Gürbüz Gökce1

Received: 18 December 2020 / Accepted: 23 May 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
This study aims to determine how neopterin, procalcitonin, biochemical and hematological parameters change during treat-
ment of calves with neonatal sepsis. A total of 25 calves divided into two groups. Sepsis group was composed of 15 newborn 
calves aged 0–10 days which met neonatal sepsis criteria, but did not receive any treatment. Control group included 10 
healthy calves aged 0–10 days. Clinical examinations (respiratory rate, rectal temperature, heart rate, capillary refill time, 
sucking reflex) were performed at certain times before (0th h) and during (12th, 24th, 48th, and 72th h) the treatment. The 
blood was taken from the jugular vein from the sepsis group before (0th h) and during the treatment (12th, 24th, 48th, and 
72nd h) and once from the control group. Procalcitonin pretreatment (0th h) and control group concentrations were found as 
178.08 ± 2.4 (pg/mL) and 42.78 ± 1.25 (pg/mL), respectively (p < 0.001). Neopterin pretreatment (0th h) and control group 
concentrations were determined as 14.44 ± 0.30 (ng/mL) and 3.63 ± 0.29 (ng/mL), respectively (p < 0.001). As a result, 
neopterin and procalcitonin concentration decreased along with the treatment, confirming the presence of sepsis in calves 
and suggesting that sepsis could be a prognostic indicator. Therefore, both procalcitonin and neopterin can be prognostic 
and diagnostic in calves with sepsis.
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Introduction

Sepsis and diarrhea are diseases with high morbidity and 
mortality in neonatal period (up to the first 4 weeks after 
birth). Mortality rate can increase due to colostral transfer 
insufficiency (Aydogdu and Guzelbektes, 2018; Basoglu 
et al. 2018; Yildiz et al. 2018; Kirbas et al. 2019; Akyüz 
et al. 2019). Mortality rates can range from 15 to 30% during 
this period. Mortality is mainly caused by infectious dis-
eases, diarrhea, respiratory system disorders, and especially 
sepsis. Sepsis is a process with complex etiology leading 
to multiple organ failure (Chatre et al. 2017; Basoglu et al. 
2018). In neonatal period, calf diseases can be caused by a 
single factor, or can occur due to a combination of several 
factors (Erkiliç et al. 2019). Various factors play a role in the 
etiology of calf diarrhea, mainly including viral, bacterial, 
and protozoal factors (Ok et al. 2009). Diarrhea caused by 

Escherichia coli (E. coli), cryptosporidium, rotavirus, and 
coronavirus is more common in calves during the first four 
weeks of life (Lorenz et al. 2011). Serious complications 
caused by E.coli can lead to death (Constable, 2007; Akyüz 
et al. 2016). Infectious agents that cause diarrhea are usually 
taken orally. It takes an important place in unsuitable envi-
ronmental conditions. Infectious agents can be taken through 
omphologen and air in addition to oral intake (Trefz et al. 
2013). Symptoms of sepsis are decreased interest in envi-
ronment, loss of appetite, and diarrhea. Some of the other 
clinical findings of sepsis are poor sucking reflex, depres-
sion, lethargy, low body temperature, changes in respiratory 
rate, changes in capillary refill time (CRT), and dehydration 
(House et al. 2015; Bonelli et al. 2018). Systemic inflamma-
tory response syndrome (SIRS) and sepsis criteria in neo-
natal calves are rectal temperature [(°C) > 39.5, < 37], heart 
rate [(pulse/min) > 160, < 100], respiratory rate [(min) > 45], 
SpO2 [(%) < 90], mean blood pressure [(mmHg) < 65], total 
leukocyte [(× 103/µL) > 12,000, < 4000] (Fecteau et al. 1997, 
2009; Sen and Constable, 2013; Yıldız et al. 2018; Beydilli 
and Gökçe, 2019). A treatment protocol including oral and 
parenteral antibiotics, liquid-electrolyte, sodium bicarbonate, 
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non-steroid anti-inflammatory, and vitamins A, B, C, D, and 
E is administered in calves with neonatal sepsis (Çitil and 
Gökçe, 2013). In addition, deteriorated acid base and elec-
trolyte balance should be regulated in these calves. Prevent-
ing formative sepsis constitutes main lines of the treatment 
(Sen and Constable, 2013). Sepsis is a complex process. 
Therefore, it has led studies to focus on this direction. Some 
biomarkers vary particularly in diagnosing diseases, provid-
ing important information in terms of prognosis. The impor-
tance of using biomarkers to diagnose sepsis is increasing 
day by day in both medicine and veterinary medicine (Moore 
et al. 2007; Maden and Köse, 2013). Procalcitonin, acts as 
the precursor of calcitonin hormone, is synthesized by C 
cells of the thyroid gland, and exists in the blood at low lev-
els under normal conditions. The regulation and synthesis 
of procalcitonin are controlled by calcitonin gene 1 (CALC-
1). Procalcitonin is used in the prognosis and diagnosis of 
sepsis and septic shock (Matur et al. 2017). If procalcitonin 
concentration is below 0.2 ng/mL, it indicates no sepsis or 
systemic inflammation; however, it is defined as sepsis if 
the concentration is between 2 and 10 ng/mL, and severe 
sepsis when the concentration is above 10 ng/mL. In addi-
tion, the greater the procalcitonin concentration, the greater 
the mortality rates (Chivate et al. 2016; Matur et al. 2017). 
Neopterin, another important biomarker, is a metabolic com-
pound of guanosine triphosphate, which chemically belongs 
to pteridine group. It is released from macrophages and den-
dritic cells stimulated by cytokines (Michalak et al. 2017; 
Pergialiotis et al. 2018). Neopterin also increases in viral 
diseases. It can also be used as a clinical indicator in inflam-
matory and gram-negative bacterial sources (Kozłowska-
Murawska and Obuchowicz, 2008). Neopterin increases in 
SIRS lower than in septic shock. Therefore, neopterin may 
be important in differentiating SIRS from sepsis. In fact, 
the importance of neopterin in prognosis of sepsis is ben-
eficial in terms of showing whether the living organism has 
an actual sepsis (Sönmezer and Tülek, 2015). This study 
aims to evaluate both how neopterin, procalcitonin and some 
serum biochemical and hematological parameters change 
during treatment of calves diagnosed with sepsis and their 
prognostic significance.

Material and methods

This study was conducted after the approval of the 
Kafkas University Local Ethics Committee (KAU-
HADYEK/2018–002), Kars, Turkey.

Animals

The animal material consisted of a total of 25 calves in two 
groups. Sepsis group (n = 15) was composed of newborn 

calves aged 0–10 days which met neonatal sepsis criteria 
but did not receive any treatment. Control group (n = 10) 
included healthy calves aged 0–10 days in the Veterinary 
Medicine, Education, Research and Application Farm, Kars 
Turkey.

Procedures

A commercial rapid test kit (BoviD-5 Ag Test Kit®, Bionote 
Inc., Korea) was used to detect etiological factors in feces 
of calves with neonatal sepsis. Calves with symptoms of 
depression, diarrhea, low/lack of sucking reflex, dehydra-
tion, and constant urge to lie down were examined and then 
evaluated in accordance with sepsis criteria. Accordingly, 
the SIRS criteria for neonatal calves were given below (Fec-
teau et al. 1997, 2009; Yıldız et al. 2018);

•	 Body temperature > 39.5 °C or < 37 °C
•	 Pulse rate per minute < 100 or > 160
•	 Respiratory rate per minute > 45
•	 Leukocyte count > 12 × 103/μL or < 4 × 103/μL

Calves having at least two of the specified criteria, which 
were assessed as SIRS, and with the presence or suspicion 
of infection, were evaluated to have sepsis, and therefore 
included in the study. Throughout the study, clinical exami-
nations (respiratory rate, rectal temperature, heart rate, capil-
lary refill time, sucking reflex) of the calves were performed 
at certain times before (0th h) and during (12th, 24th, 48th, 
and 72th h) the treatment. Blood samples were taken from 
the jugular vein with a holder and sterile needle tips (Vacu-
ette®, Greiner Bio-One GmbH, Austria) from the sepsis 
group before (0th h) and during the treatment (12th, 24th, 
48th, and 72nd h) and once from the control group. The 
blood was collected in gel-containing vacuum tubes (BD 
Vacutainer®, BD, UK) for biochemical measurements and 
K2EDTA-containing tubes for hematological measurements 
(BD Vacutainer®, BD, UK). After the blood samples col-
lected in vacuum tubes were kept at room temperature for 
approximately an hour, serum samples were obtained by 
centrifuging the blood samples for 10 min at 3000 rpm (Het-
tich Rotina 380R®, Hettich, Germany). Serum biochemi-
cal and hematological parameters were measured daily. 
The serum samples to be used for neopterin and procalci-
tonin measurements were stored at − 20 °C until analysis. 
Alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), glucose, creatinine, urea, albumin, 
and creatine kinase (CK) were measured by using a fully 
automated biochemistry device (Mindray BS120®, Mind-
ray Medical Technology Istanbul, Turkey). The total leuko-
cyte count (WBC × 103/µL) was determined using a com-
plete blood count device (VG-MS4e®, Melet Schloesing, 
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France). Serum procalcitonin and neopterin concentrations 
were determined using commercial bovine-specific ELISA 
(enzyme-linked immunosorbent assay) kits (Bovine neop-
terin ELISA kit®, Cusabio, China; Bovine procalcitonin 
ELISA kit®, Cusabio, China). ELISA tests were performed 
as recommended by the manufacturer and the optical density 
was measured at a wavelength of 450 nm by a microplate 
reader (Epoch®, Biotek, USA). Fluid therapy was applied to 
calves with sepsis according to the severity of dehydration. 
For this purpose, the calves were intravenously administered 
0.9% NaCl (PVC®, 1000 mL Eczacıbaşı Baxter, Istanbul, 
Turkey), 1.3% NaHCO3 (Bikarvil®, Vilsan, Ankara, Tur-
key), and 5% dextrose (Polifleks®, Polifarma, Tekirdağ, 
Turkey). Enrofloxacin (Baytril %10®, Bayer, Germany) was 
intramuscularly administered at a dose of 2.5–5 mg/kg for 
5 days to control the infection. Neomycin sulfate and bis-
muth subcarbonate powder containing (Cesamolin®, Top-
kim, Turkey) were given orally at a dose of 10–20 mg/kg for 
3 days purposes intestinal antibacterial. For vitamin supple-
mentation, the calves were also orally administered vitamin 
B complex (Berovit B12®, Ceva, Australia) in a practical 
dose of 8–10 mL/calf for 5 days, vitamin C (Maxivit-C®, 
Bavette, Turkey) at a dose of 4–6 mg/kg for 3 days, and vita-
min A, D3, E at a single subcutaneous dose of 1 mL/50 kg 

(Ademin®, Ceva, Australia). For mineral supplementation, 
they were subcutaneously administered a solution of Ca, 
P, and Mg (Kalsimin®, Vilsan, Germany) at a single dose 
of 10 mL/50 kg. The calves were also administered non-
steroidal anti-inflammatory solution (Bavet Meloxicam®, 
Bavet, Turkey) at a single dose of 4–6 mg/kg. Data were 
analyzed using the SPSS® (SPSS 18.0, Chicago, IL, USA) 
software program. The Shapiro–Wilk test was used to evalu-
ate the normality for groups (sepsis and control). As the data 
showed normal distribution, the groups were compared with 
parametric tests. One-way ANOVA and Tukey HSD post hoc 
test were used to assess the statistical differences between 
sepsis and control groups. Pearson correlation coefficients 
were calculated to define the correlation between variables. 
The results were presented using mean ± standard error 
(SEM). A p value less than 0.05 was considered statistically 
significant.

Results

Table 1 presents some serum biochemical parameters and 
clinical findings of calves. Sepsis group had significantly 
higher respiratory rate, heart rate, and capillary refill time 

Table 1   Present serum biochemical parameters and clinical findings of calves included in the study

a −eThe mean concentrations with different letters in the same line represent the difference between patient and control groups by hour (p < 0.05). 
*Before treatment

Parameter Hours Control p value

0* 12 24 48 72

Rectal temperature 
(°C)

38.07 ± 0.43 38.18 ± 0.16 38.31 ± 0.11 38.29 ± 0.15 38.39 ± 0.09 38.52 ± 0.06 0.840

Breaths/min 52.35 ± 4.53c 43.20 ± 3.12bc 37.20 ± 1.46ab 40.13 ± 2.68abc 34.57 ± 1.18ab 28.60 ± 0.90a  < 0.001
Heart beats/min 135.18 ± 12.57c 120.80 ± 6.30bc 100.60 ± 4.55ab 99.33 ± 4.87ab 97.14 ± 4.82ab 85.20 ± 2.43a  < 0.001
Capillary refill time/s 3.41 ± 0.23b 1.97 ± 0.06a 1.83 ± 0.17a 1.73 ± 0.24a 1.46 ± 0.04a 1.50 ± 0.01a  < 0.001
Total leukocytes count 

(× 103/µL)
9.62 ± 2.04 8.49 ± 1.05 9.86 ± 1.19 8.65 ± 0.89 9.65 ± 1.22 7.56 ± 0.36 0.865

Alanine aminotransferase 
(IU/L)

15.12 ± 2.70ab 17.50 ± 3.00ab 22.05 ± 3.26ab 26.52 ± 3.77b 24.78 ± 3.14b 11.00 ± 1.57a 0.008

Aspartate aminotransferase 
(IU/L)

94.79 ± 1.69b 68.35 ± 8.77ab 73.49 ± 8.13ab 73.63 ± 6.46ab 69.91 ± 5.72ab 64.04 ± 9.71a 0.029

Gamma-glutamyl 
transferase (IU/L)

462.49 ± 43.93c 409.89 ± 56.96bc 313.81 ± 39.16abc 249.38 ± 23.71ab 221.16 ± 25.09a 332.98 ± 19.19abc  < 0.001

Alkaline phosphatase 
(IU/L)

218.33 ± 18.71b 182.95 ± 12.04ab 179.48 ± 9.91ab 179.51 ± 11.26ab 172.27 ± 11.37ab 145.66 ± 11.37a 0.020

Glucose (mg/dL) 76.19 ± 5.29a 113.88 ± 9.37b 98.78 ± 5.33ab 97.93 ± 5.74ab 94.42 ± 3.90ab 111.59 ± 4.23b  < 0.001
Creatine (mg/dL) 4.55 ± 0.50b 2.18 ± 0.20a 2.10 ± 0.10a 2.07 ± 0.09a 2.06 ± 0.13a 1.68 ± 0.10a  < 0.001
Urea (mg/dL) 58.36 ± 4.36 b 44.36 ± 3.73 b 50.64 ± 4.84 b 47.12 ± 5.71 b 46.47 ± 4.53 b 23.81 ± 2.65 a  < 0.001
Albumin (g/dL) 2.36 ± 0.13a 2.70 ± 0.18ab 2.93 ± 0.13ab 2.95 ± 0.16ab 2.96 ± 0.14ab 3.09 ± 0.12b 0.007
Creatine kinase (IU/L) 383.58 ± 68.11b 360.75 ± 70.96b 414.69 ± 48.00b 358.89 ± 57.93b 197.86 ± 35.08ab 66.49 ± 3.25a  < 0.001
Procalcitonin (pg/mL) 178.08 ± 2.43d 130.97 ± 3.35c 76.76 ± 5.81b 65.31 ± 8.40b 42.56 ± 0.79a 42.78 ± 1.25a  < 0.001
Neopterin (ng/mL) 14.44 ± 0.30e 12.62 ± 0.26d 8.29 ± 0.34c 6.67 ± 0.62b 3.98 ± 0.12a 3.63 ± 0.29a  < 0.001
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than those in the control group (p < 0.05). At the end of 
the treatment, these concentrations of sepsis group have 
reached at the levels of calves in the control group. There 
was no statistically significant difference between the sep-
sis and control group in terms of both body temperature 
(p > 0.05) and WBC (p > 0.05). Among 15 calves with sep-
sis, four had leukopenia and five had leukocytosis. However, 
the sepsis group had higher WBC than the control group, 
which was fluctuated during the treatment. Sepsis group 
had significantly higher ALT, AST, GGT, ALP, creatinine, 
urea, and CK concentrations than calves in the control group 
(p < 0.05). In addition, sepsis group had significantly lower 
pre-treatment serum glucose and albumin levels than those 
in the control group (p < 0.05). Calves in the sepsis group 
had higher neopterin and procalcitonin levels than those in 
the control group, and at 0th h than at other hours (12th, 
24th, 48th, and 72th h) of the treatment. Neopterin and proc-
alcitonin in the sepsis group decreased during the treatment, 
and approached to the concentration of the control group. 
There was a statistically significant difference between the 
neopterin and procalcitonin concentration of sepsis and 
control groups (Table 1, Fig. 1, and Fig. 2). There was a 
statistically significant difference between the procalcitonin 
levels of sepsis and control groups, except the concentration 
measured at the 72th h of the treatment (p < 0.05, Fig. 1). 
Similarly, there was a statistically significant difference 
between the neopterin levels of sepsis and control groups, 
except the concentration measured at the 72th h of the treat-
ment (p < 0.05, Fig. 2). The correlations of procalcitonin 
and neopterin with all parameters in the study are presented 
in Table 2. Significant positive correlation was determined 
especially between neopterin and procalcitonin. Physical 
examination findings showed a positive correlation between 
neopterin and procalcitonin with pulse per minute and res-
piratory rate. While similarly significant positive correlation 

was found in creatinine, significant negative correlation was 
determined in albumin (Table 2). No statistically significant 
result was found in the evaluation of neopterin and procal-
citonin according to etiological agents (p > 0.05, Table 3).

Discussion

Sepsis develops more frequently in the first few days and a few 
hours after birth. Some clinical findings may appear due to 
development of sepsis. These clinical findings such as depres-
sion, diarrhea, inactivity, dehydration, increase in respiratory 
and heart rates, constant urge to sleep, drowsiness, and increase 
or decrease in body temperature vary according to the severity 
of the disease (Aldridge et al. 1993; Fecteau et al. 1997; Çitil 
and Gökçe, 2013). Similarly, this study observed clinical find-
ings including depression, diarrhea, constant urge to sleep, 
dehydration and increased respiratory rate, and decreased/lack 
of sucking reflexes in some calves with sepsis, hyperthermia 
in some cases, and hypothermia in some other cases. Although 
the etiological factors and reasons greatly differ in calf sepsis, 
bacteria, viruses, and stress factors generally play a role in this 
disease. Among these factors, bacteria are the most common 
cause of sepsis. In particular, E. coli is the most commonly 
found bacteria in patients with sepsis, followed by klebsiella, 
salmonella, other gram-negative bacteria, and gram-positive 
bacteria. Among viruses, rotavirus and coronavirus most fre-
quent cause of sepsis (Çitil and Gökçe, 2013). Similarly, in this 
study, E. coli, rotavirus, or coronavirus has been found alone 
in most of the cases, but in one case, both rotavirus and coro-
navirus found together. Unfavorable environmental conditions, 
inadequate hygienic protection, and insufficient colostrum play 
an important role in the development of sepsis (Tyler et al. 
1999; Çitil and Gökçe, 2013). In consistent with those in the 
literature, this study was determined that the calves were 

Fig. 1   The procalcitonin con-
centrations of the group with 
sepsis measured at different 
times and the procalcitonin con-
centration of the control group. 
a−d indicates the statistical 
differences between the groups 
(p < 0.05)
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exposed to poor care and hygienic conditions, where four of 
them received no colostrum and seven partially received suf-
ficient colostrum. Hypothermia or hyperthermia may develop 
in sepsis (Fecteau et al. 2009; Yıldız et al. 2018). Also in our 
study, some calves had hypothermia and some had hyperther-
mia which caused the mean body temperature to appear within 
normal limits. Therefore, this study found no statistically sig-
nificant difference between the calves in sepsis and control 
groups in terms of body temperature. Dehydration and SIRS-
induced tachycardia may develop in animals with sepsis 

(Fecteau et al. 2009; Naseri, 2017; Yıldız et al. 2018). This 
study determined that the reason for tachycardia in animals 
with sepsis was due to dehydration and SIRS. Studies have 
reported that calves with sepsis have respiratory rates above 
normal levels (Ercan et al. 2016; Yıldız et al. 2018). Tachypnea 
develops in sepsis and infectious cases due to compensation 

Fig. 2   The neopterin concentra-
tions of the group with sepsis 
measured at different times and 
the neopterin concentration of 
the control group. a−e indi-
cates the statistical differences 
between the groups (p < 0.05)
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Table 2   Correlation values of procalcitonin and neopterin with all 
parameters in the study

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

Parameters Neopterin (ng/mL) Procalsitonin 
(pg/mL)

Body temperature (°C)  − 0.129  − 0.171
Heart beats/min 0.465** 0.504**

Breaths/min 0.458** 0.513**

Total leukocytes count (× 103/µL)  − 0.024  − 0.024
Alanine aminotransferase (IU/L) 0.288** 0.330**

Aspartate aminotransferase (IU/L) 0.218* 0.256*

Gamma-glutamyl transferase (IU/L) 0.428** 0.455**

Alkaline phosphatase (IU/L) 0.334** 0.298**

Glucose (mg/dL)  − 0.194  − 0.233*

Creatinine (mg/dL) 0.514** 0.584**

Urea (mg/dL) 0.256* 0.278**

Albumin (g/dL)  − 0.371**  − 0.423**

Kreatin Kinaz (IU/L) 0.339** 0.316**

Neopterin (ng/mL) - 0.935**

Procalsitonin (pg/mL) 0.935** -

Table 3   Neopterin and procalcitonin according to etiological agents 
and hours

SEM standard error of mean. No statistical difference was found in 
the comparison of etiological agents (p > 0.05). Viral agents: rotavirus 
and coronavirus. *Before treatment

Hours Parameters Agents N Mean ± SEM p

0th* Neopterin (ng/mL) Viral agents 8 14.76 ± 0.58 0.181
E.coli 7 14.13 ± 0.31

Procalsitonin (pg/mL) Viral agents 8 179.08 ± 3.28 0.244
E.coli 7 177.34 ± 4.84

12th Neopterin (ng/mL) Viral agents 8 12.68 ± 0.40 0.423
E.coli 7 12.54 ± 0.36

Procalsitonin (pg/mL) Viral agents 8 133.36 ± 3.77 0.569
E.coli 7 128.24 ± 5.91

24th Neopterin (ng/mL) Viral agents 8 8.82 ± 0.41 0.852
E.coli 7 7.69 ± 0.48

Procalsitonin (pg/mL) Viral agents 8 82.10 ± 10.22 0.126
E.coli 7 70.66 ± 4.26

48th Neopterin (ng/mL) Viral agents 8 7.40 ± 1.13 0.121
E.coli 7 5.83 ± 0.18

Procalsitonin (pg/mL) Viral agents 8 70.65 ± 15.63 0.152
E.coli 7 59.20 ± 3.95

72th Neopterin (ng/mL) Viral agents 8 5.37 ± 1.41 0.075
E.coli 7 4.00 ± 0.10

Procalsitonin (pg/mL) Viral agents 8 59.01 ± 17.18 0.071
E.coli 7 43.29 ± 1.43
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mechanisms (Fecteau et al. 1997, 2009; Naseri, 2017). Simi-
larly, in our study, we think that tachypnea findings developed 
due to sepsis. Prolonged CRT in sepsis is a result of multiple 
organ dysfunction and its adverse effects on cardiovascular 
system (Fecteau et al. 2009). In consistent with those in the 
literature, in this study, prolonged CRT in calves with sepsis 
has been found. Leukocytosis and leukopenia can develop in 
calves with sepsis, and there may be no change in WBC of 
some cases (Dellinger et al. 2013; Naseri, 2017). This study 
determined a statistically significant difference between the 
WBC of calves in the sepsis and control groups, and found that 
four of calves with sepsis had leukopenia, five had leukocyto-
sis, and six had WBC within reference values. These results 
are consistent with those in the literature. Hemostasis deterio-
rates in calves with diarrhea due to liquid electrolyte losses. In 
addition, carbohydrate stores are emptied and hypoglycemia 
table appears due to dehydration (Dratwa-Chałupnik et al. 
2012). One study of calves with sepsis found lower serum glu-
cose concentration in sepsis group than in healthy ones (Ercan 
et al. 2016). In consistent with these reports, this study also 
found lower blood glucose concentration in calves with sepsis 
than in healthy ones. Dehydration is the most important reason 
for increased serum urea and creatinine concentration in calves 
with diarrhea (Dratwa-Chałupnik et al. 2012). Ercan et al. 
(2016) conducted a study on calves with sepsis, and reported 
that calves with sepsis had higher serum creatinine concentra-
tion than healthy ones. In consistent with those in the literature, 
this study determined the reason for high concentration of 
serum urea and creatinine in calves with sepsis than in healthy 
ones as the decreased blood flow to kidneys. Increased serum 
urea and creatinine in animals with sepsis were considered a 
result of dehydration. The amount of serum albumin may 
decrease as a result of the destruction caused by infections and 
inflammation (Talkhan et al. 2009). This study suggests that 
decreased amount of albumin was because of both negative 
acute phase proteins and impaired liver function. This study 
has reported that the concentration of serum CK enzyme 
increases in sepsis patients due to the destruction of muscle 
tissue (Aydın et al. 2018). In consistent with this report, this 
study found higher concentration of serum CK enzyme in 
calves with sepsis than in healthy ones. This result may be 
because of muscle damage in bedridden calves with sepsis. 
Studies have reported increased serum ALT, AST, GGT, and 
ALP concentrations in neonatal calves with diarrhea symptoms 
(Başer and Civelek, 2013; Bozukluhan et al. 2017; Naseri, 
2017). Similarly, this study found higher concentrations of 
serum ALT, AST, GG, and ALP in calves with sepsis than in 
healthy ones. Procalcitonin is accepted as an acute phase reac-
tant rising especially in bacterial infections, which are consid-
ered to be specific for infection. In addition, constant high 
procalcitonin concentration in patients with sepsis is consid-
ered an indicator of poor prognosis. In general, procalcitonin 
does not increase in local infections, but rises in systemic 

infections such as sepsis; therefore, it is important for clinical 
follow-up (Hacımustafaoğlu, 2017). This may be because of 
impaired intestinal and liver functions due to sepsis. Different 
studies have reported increased serum procalcitonin concentra-
tions in people, dogs, horses, and calves with sepsis (Yilmaz 
et al. 2008; Riedel, 2012; Rieger et al. 2014; Ercan et al. 2016; 
Bonelli et al. 2018; Kirbas et al. 2019). Köse et al. (2013) 
found quite higher concentrations of procalcitonin in a group 
with sepsis compared to those without sepsis. This study also 
found high levels of serum procalcitonin in sepsis group before 
the treatment. In addition, there was a significant decrease in 
serum procalcitonin concentration of calves with sepsis during 
the treatment. Therefore, procalcitonin was considered an 
important biomarker to evaluate the prognosis of sepsis. Neop-
terin levels may be useful to evaluate the prognosis of various 
pathological conditions and the activity of diseases (Eisenhut, 
2013; Zuo et al. 2018; Ünüvar and Aslanhan, 2019). As the 
concentration of neopterin increases in patients with septic 
shock more than in those with systemic inflammatory response 
syndrome, it can be used in understanding whether the patient 
is in septic shock (Ruokonen et al. 2002; Sönmezer and Tülek, 
2015). Ercan et al. (2016) found higher concentrations of 
serum neopterin in sepsis group than in healthy animals in 
their study on calves with sepsis. In consistent with those in 
the literature, this study found higher concentration of serum 
neopterin in calves with sepsis than in healthy ones. In addi-
tion, this study found significant decrease in serum neopterin 
concentrations of calves with sepsis measured at certain inter-
vals during the treatment. Therefore, neopterin was considered 
an important biomarker to evaluate and diagnose sepsis in 
calves. This study determined a high positive correlation 
between neopterin and procalcitonin. Neopterin and procalci-
tonin concentrations were significantly higher at 0th h in calves 
with sepsis than in healthy ones. Just as neopterin, procalci-
tonin concentration of calves with sepsis decreased along with 
the treatment, and approached to the concentration of those in 
the control group. This indicates that both procalcitonin and 
neopterin can be used to determine the treatment efficacy in 
calves with sepsis. In neonatal calves with sepsis, neopterin 
and procalcitonin concentrations were evaluated at certain 
times during treatment. The procalcitonin and neopterin, which 
were high before the treatment in the sepsis group, significantly 
decreased along with the treatment, suggesting that it may be 
important for the efficacy of the treatment. A high positive 
correlation between serum biochemical parameters, especially 
creatinine, neopterin, and procalcitonin concentrations, seems 
to be prognostically important. A significant correlation 
between neopterin and procalcitonin (r = 0.935, p < 0.01) sug-
gests that these parameters may be good indicators especially 
in sepsis calves and have prognostic significance in patient 
follow-up. A positive correlation between clinical improve-
ment and biomarkers was determined by monitoring sepsis 
group for a certain period of time. In conclusion, this study will 
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shed a light on few studies on biomarkers in the field of veteri-
nary medicine and contribute to the literature. This study is 
important because it is one of the first studies in which neop-
terin and procalcitonin concentrations were monitored in neo-
natal sepsis calves at certain time intervals. There was a posi-
tive correlation between procalcitonin, neopterin, and serum 
biochemical parameters including AST, ALT, GGT, ALP, 
creatinine, and urea. However, there was a negative correlation 
between procalcitonin, neopterin with albumin. The reduction 
of neopterin and procalcitonin during treatment and the sur-
vival of calves were considered to be prognostically 
important.

Conclusion

As a result, some serum biochemical parameters increased 
due to sepsis-related organ damage. Both neopterin and 
procalcitonin concentrations decreased along with the treat-
ment, confirming the presence of sepsis in calves and sug-
gesting that sepsis could be a prognostic indicator. There-
fore, both procalcitonin and neopterin can be prognostic and 
diagnostic in calves with sepsis.
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