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ABSTRACT: Early diagnosis and treatment of sepsis in patients are crucial for their survival and can help reduce
mortality rates. Novel biomarkers, such as thrombomodulin and pentraxin-3, have been used as diagnostic, prognostic and mortality indicators in patients with sepsis. Plasma thrombomodulin is a vascular endothelial membrane-bound glycoprotein and pentraxin-3 is an acute-phase protein. In the present study, thrombomodulin and
pentraxin-3 levels were determined in calves with sepsis, to determine their diagnostic values as well as usefulness
as indicators of health status. To this end, 20 neonatal calves with sepsis (G1) and ten healthy neonatal calves
(G2) were used. Additionally, group G1 was also divided into two groups consisting of surviving (G1-S; n = 9) and
non-surviving calves (G1-NS; n = 11). A single blood sample was collected from all the calves and the prepared
serum samples were used to measure thrombomodulin and pentraxin-3 levels using bovine-specific ELISA kits.
The serum concentrations of thrombomodulin and pentraxin-3 were found to be significantly higher (P < 0.01)
in the G1 group than in G2. Thrombomodulin and pentraxin-3 levels were also found to be higher in the G1-NS
group than in G1-S but the difference was not significant. We conclude that thrombomodulin and pentraxin-3
may have some diagnostic value in calves with sepsis. Furthermore, these findings may also help in understanding the pathogenesis of sepsis in neonatal calves. Further studies are required to determine the importance of
thrombomodulin and pentraxin-3 as diagnostic and prognostic biomarkers in calves with sepsis and to evaluate
the concentrations of these biomarkers also in other disease states.
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List of abbreviations
CRP = C-reactive protein, CRT = capillary refill time, DIC = disseminated intravascular coagulation, GRA =
granulocyte, HCT = haematocrit, MAP = mean arterial pressure, PLT = platelet, PTX3 = pentraxin-3, RBC =
red blood cell, SEM = standard error of the mean, SpO2 = peripheral oxygen saturation, TLR = toll-like receptor,
TM = thrombomodulin, WBC = white blood cell

Sepsis is a condition defined by the development
of a systemic inflammatory response syndrome
(SIRS) as a result of confirmed or suspected infection and may be accompanied by systemic organ failure, often leading to death (Ok et al. 2015;
Singer et al. 2016). Sepsis and diarrhoea are generally the most common causes of morbidity and
mortality in neonatal calves that are related to the
failure of colostral transfer. Sepsis can cause seri-

ous economic losses in farm animals (Fecteau et al.
1997; Basoglu et al. 2014). Even in humans, sepsis,
which is often the most severe manifestation of
acute infection, can cause multiple-organ failure
and lead to death in 30–50% of cases. Thus, early
diagnosis remains important in hospitalised patients with sepsis (Engel et al. 2007; Angus and
Van der Poll 2013) for the initiation of evidencebased treatment and therapeutic interventions as
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required to increase the chances of survival (Levy et
al. 2012; Nachimuthu and Haug 2012; Prucha 2015).
Biomarkers, such as thrombomodulin (TM) (Hao
and Wang 2013; Kim et al. 2016) and pentraxin-3
(PTX3) (Vanska et al. 2011; Uusitalo-Seppala et
al. 2013), play an important role in both early diagnosis of the deseases and follow-up treatment
(Christ-Crain and Muller 2007; Faix 2013).
Plasma TM is a vascular endothelial membranebound glycoprotein with a high affinity for thrombin
and plays a major role in the protein C anticoagulant
pathway. Plasma TM is produced primarily in the
endothelial cells and, to a lesser extent, in lymphocytes, neutrophils, monocytes and dendritic cell
subsets (Faust et al. 2001; Ciaramella et al. 2004).
TM expression on the surface of endothelial cells is
downregulated during inflammation, while a soluble
form of TM is released into circulation resulting in
an increased risk of thrombosis and disseminated
intravascular coagulation (DIC) (Faust et al. 2001;
Van de Wouwer et al. 2004; Sohn et al. 2005; Kim
et al. 2016). PTX3 is an acute-phase protein similar in structure and function to C-reactive protein
(CRP). The production of PTX3 is mediated by
cytokine interleukin (IL)-1, tumour necrosis factor and toll-like receptor (TLR) agonists but not
IL-6 and interferons. During inflammation, PTX3
is expressed in response to inflammatory signals
and mainly produced at the site of inflammation by
various cell types such as monocytes/macrophages,
neutrophils, endothelial cells and dendritic cells
(Mantovani et al. 2008; Savchenko et al. 2008).
PTX3 has previously been characterised as a biomarker that is indicative of disease state and patient
outcomes in certain infections and malignancies
owing to its role in the immune system and inflammatory processes and relative ease of quantitation
from blood (Latini et al. 2004; Bastrup-Birk et al.
2015). Since, unlike CRP, PTX3 is not affected by
IL-6 levels, PTX3 levels in plasma reflect the severity of a direct infection and are thought to be less
affected by other concurrent inflammatory conditions (Napoleone et al. 2004; Bottazzi et al. 2006;
Savchenko et al. 2008). Novel biomarkers such as
TM and PTX3 have been well-studied in human
medicine but they have been relatively under-utilised in veterinary medicine. Furthermore, there is
no reported study in calves with sepsis.
In this study, we tested the potential applicability
of TM and PTX3 as biomarkers of systemic sepsis
in neonatal calves.
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MATERIAL AND METHODS
Animals. The animals used in this study consisted of 20 Holstein calves with sepsis with a history
of diarrhoea (G1) and ten healthy Holstein calves
(G2) that served as the control group. All calves
ranged from one to 20 days old. Twenty calves with
sepsis (G1) were divided into two groups consisting of surviving (G1-S; n = 9) and non-surviving
(G1-NS; n = 11) animals. The clinical part of the
study was carried out in a large animal clinic in the
Faculty of Veterinary Medicine at Mehmet Akif
Ersoy University, and all procedures were performed according to a study protocol approved by
the Ethics Committee of the Veterinary Faculty,
Mehmet Akif Ersoy University (Ethics Committee
Certificate No. 2016/220).
Clinical examination. The inclusion criteria
in the sepsis group included the lack of a suction
reflex, lateral recumbency and weakness with at
least two or more recorded SIRS signs (temperature
> 39 °C or < 36 °C, heart rate < 100 or > 160 pulse/
min, respiratory rate > 45/min, total leucocyte
value > 12 × 103/μl or < 4 × 103/μl) plus infection
or suspected infection (Fecteau et al. 1997; Thomas
et al. 2004; Irmak et al. 2006; Radostits et al. 2007;
Fecteau et al. 2009; Basoglu et al. 2014; Singer et al.
2016). Calves that were positive for systemic sepsis
criteria were included in the study. The calves in
the sepsis group were treated with the same standard therapy (intravenous fluids, antimicrobials and
non-steroidal anti-inflammatory drugs) (Irmak et
al. 2006; Radostits et al. 2007). The dehydration
status was determined by skin elasticity (Radostits
et al. 2007).
Blood sampling and laboratory analysis. Blood
samples were collected through a catheter placed
in the right jugular vein into tubes without anticoagulant (BD Vacutainer, UK) to determine the
TM and PTX3 concentrations in serum and into
tubes with K3EDTA to determine haematological
variables such as white blood cell (WBC), granulocyte (GRA), erythrocytes (RBC), haemoglobin
(Hb), haematocrit (Ht) and platelet (PLT) values
pre-treatment (0 hours). The samples were centrifuged (10 min at 4000 g) and the serum was
stored at –20 °C until assayed. The serum concentrations of TM and PTX3 were determined using
commercially available bovine-specific enzymelinked immunosorbent assay ELISA kits according
to the manufacturer’s instructions (MyBioSource,
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San Diego, USA). Absorption was recorded using a microplate reader (ELx800 TM Absorbance
Microplate Reader, USA). The haematological
variables were measured on an Abacus Junior Vet
analyser (Diatron MI Ltd. Hungary) device within
15–30 min of sample collection. The granulocytes
were counted together (neutrophils, eosinophils
and basophils) in an automatic blood cell counter.
Statistical analysis. All data are presented as
mean values and include standard error of the mean
(mean ± SEM). The normality of data distribution
was examined using the Kolmogorov-Smirnov test,
which revealed that the data were normally distributed. Student’s t-test and one-way ANOVA (with
post-hoc Duncan’s test) were used to compare the
variables between groups. SPSS (version 14.01 for
Windows, SPSS Inc, Chicago) was used to perform
all statistical analyses. A P-value of < 0.05 was regarded as indicating statistically significant differences in concentrations.

RESULTS
The absence of suction reflex, hypothermia, coldness in the mouth or the extremities, weakness,
tachypnoea, depression, prolonged capillary refill
time and hyperaemic mucosa are the most common
clinical signs of systemic sepsis observed in calves
(Table 1). In this study, 11 calves did not survive and
were assigned to group G1-NS while nine surviving
calves were placed in group G1-S. Body temperature (P < 0.01), respiration rate (P < 0.001), oxygen
saturation with pulse oximeter (SpO2) (P < 0.001),
Table 1. Clinical findings in calves with sepsis and healthy
calves (mean ± SEM)
Parameters

G1 (n = 20) G2 (n = 10) P-value

Table 2. Haemogram parameters in calves with sepsis
and healthy calves (mean ± SEM)
Parameters

G1(n = 20) G2 (n = 10)
3

WBC (× 10 /μl)

P-value

18 ± 2.8

8.9 ± 0.3

0.004

3

11 ± 2.1

3.2 ± 0.4

0.001

6

RBC (× 10 /μl)

7.5 ± 0.4

7.7 ± 0.3

0.737

HCT (%)

25 ± 1.4

25 ± 0.8

0.748

GRA (× 10 /μl)

3

PLT (× 10 /μl)

484 ± 52

556 ± 47

0.316

G1 = calves with sepsis, G2 = healthy calves, GRA = granulocytes, HCT = haematocrit, PLT = platelets, RBC = red blood
cells, WBC = white blood cells

capillary refill time (CRT) (P < 0.001) and heart
rate (P < 0.001) showed significant differences between G1 and G2 (Table 1). The changes in haematological variables between the groups are shown
in Table 2. The total WBC count and GRA count
were found to be significantly higher (P < 0.01) in
the G1 group than in G2 (Table 2). In G1, six calves
presented with leucopenia, and 14 calves presented with leucocytosis. In the G1-NS group, three
calves had severe leucopenia (< 3.5 × 103/μl), three
calves had severe leucocytosis (> 33 × 103/μl) and
the other five calves had moderate leucopenia or
leucocytosis. Toxic changes of neutrophils were not
assessed in this study. Monocytes and lymphocytes
were also evaluated but there were no statistically
significant differences between groups. Serum TM
and PTX3 changes between the groups are shown
in Table 3 and Table 4. The concentrations of TM
and PTX3 were found to be significantly higher
(P < 0.01) in G1 than in G2 (Table 3). Comparison
of TM and PTX3 concentrations between groups
G1-NS, G1-S and G2 revealed differences between
G1-NS and G2. TM and PTX3 concentrations were
also found to be higher in G1-NS and G1-S than in
G1-S and G2, respectively, but the differences were
not statistically significant (Table 4).

Temperature (°C)

37 ± 0.3

38 ± 0.8

0.008

MAP (mm Hg)

99 ± 8.1

114 ± 4.7

0.114

Respiration rate (min)

58 ± 5.6

28 ± 1.5

< 0.001

SpO2 (%)

75 ± 1.7

94 ± 0.7

< 0.001

Table 3. Thrombomodulin and pentraxin-3 levels in
calves with sepsis and healthy calves (mean ± SEM)

CRT (s)

6.7 ± 0.5

1.7 ± 0.1

< 0.001

Dehydration (%)

9.6 ± 0.4

–

–

Parameters

G1 (n = 20)

G2 (n = 10)

P-value

Heart rate (min)

83 ± 3.4

121 ± 7.0

< 0.001

Thrombomodulin
(ng/ml)

1.48 ± 0.19

0.77 ± 0.05

0.002

Pentraxin-3
(ng/ml)

3.31 ± 0.17

2.62 ± 0.15

0.007

CRT = capillary refill time, G1 = calves with sepsis, G2 =
healthy calves, MAP = mean arterial pressure, SpO2 = pulse
oximeter-oxygen saturation

G1 = calves with sepsis, G2 = healthy calves
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Table 4. Thrombomodulin and pentraxin-3 concentrations in surviving and non-surviving calves with sepsis
and healthy calves (mean ± SEM)
Parameters

G1-NS
(n = 11)

G1-S
(n = 9)

G2
(n = 10)

Thrombomodulin
1.69 ± 0.28a 1.21 ± 0.23ab 0.77 ± 0.056b
(ng/ml)
Pentraxin-3
(ng/ml)

3.39 ± 0.30a 3.22 ± 0.14ab 2.62 ± 0.15b

Significant differences (P < 0.05) in values between G1-NS,
G1-S and G2 are indicated by different letters in the same row
G1-NS = non-surviving calves with sepsis, G1-S = surviving
calves with sepsis, G2 = healthy calves

DISCUSSION
Neonatal sepsis is one of the major health hazards in livestock rearing due to its high mortality rate (Aldridge et al. 1993). Clinical findings in
the early stages of sepsis are not very specific but
are still crucial to sepsis scoring and follow-up
therapy (Radostits et al. 2007; Fecteau et al. 2009).
Symptoms such as cold extremities, dehydration,
weak pulse, prolonged capillary refill time, weakness, depression, dehydration, hypothermia and
lateral recumbency have been reported in calves
diagnosed with sepsis (Radostits et al. 2007; Fecteau
et al. 2009). The symptoms of the calves with sepsis
in the current study were similar to those reported
in previous investigations (Aldridge et al. 1993;
Fecteau et al. 2009; Basoglu et al. 2014).
Leucocytosis and left shift are common symptoms in sepsis and generally indicate poor prognosis
when coupled with severe leucocytosis or leucopenia (Munford 2005; Irmak et al. 2006; Tornquist
and Rigas 2010; Basoglu et al. 2014; Roland et al.
2014). In the present study, it was determined that
individual total WBC counts of the calves in G1
were above or below the mean level of G2 and the
mean level of G1 was significantly higher (P < 0.01)
than that of G2. In the G1-NS group, three calves
had severe leucopenia (< 3.5 × 103/μl) and three
of them severe leukocytosis (> 33 × 103/μl). In ruminants, neutropenia occurs during the first one
or two days of severe acute inflammatory conditions such as sepsis, and the number of neutrophils
rarely exceeds 30 × 10 3/μl (Tornquist and Rigas
2010; Roland et al. 2014). Persisting neutropenia,
severe persistent leucocytosis or a degenerative left
shift indicate a guarded or poor prognosis (Roland
316

et al. 2014). The results of this study show that
a significant decrease or increase in total WBC
counts may provide information about mortality
when accompanied by clinical signs.
Currently available tests do not allow either early
or specific identification of sepsis in patients; instead, diagnosis is often indirect and presumptive
and is based on physical and laboratory findings,
which may or may not be subject to change under septic conditions. Traditional markers such as
WBC counts, body temperature and CRP concentrations are not reliable for assessing the severity of
the disease and probable lethality. Novel biomarkers are now being used to diagnose and evaluate
the risk of sepsis, as well as to monitor pathological
changes during treatment periods, prognosis, the
probability of lethal outcomes and to provide a
preliminary view of possible clinical consequences
(Christ-Crain and Muller 2007; Faix 2013; Basoglu
et al. 2014). Numerous studies have been conducted so far on the role of biomarkers such as TM
and PTX3 in human patients with sepsis but there
is no report on livestock. The studies conducted
on humans and laboratory animals have identified
elevated TM concentrations in conjunction with
disease processes that cause haemostatic disorders
and endothelial damage (Ohdama et al. 1994; Wu
et al. 2016; Lin et al. 2017). TM binds to highmobility group box 1 protein and thereby prevents
activation of leucocytes under in vitro conditions
and lipopolysaccharide-induced lethality under in
vivo conditions (Abeyama et al. 2005). Hao and
Wang (2013) classified plasma TM concentrations
in neonates with sepsis into the following groups
based on probable clinical adverse reactions: extremely critical, critical and non-critical with values of 25.5, 17.3 and 13.3 µg/l, respectively; all these
values were significantly higher than in the control
group (9.8 µg/l). Sepsis is frequently complicated
by endothelial cell injury. This is critical in the
progression from DIC to multiple organ dysfunction syndrome (MODS) and subsequent mortality
in septic patients. In patients with DIC, persistent
thrombotic activity is closely linked to MODS and
lethality and should be monitored by recording
serum concentrations of TM (Lin et al. 2008). In
patients with sepsis, the mean plasma concentration of TM is significantly higher in patients with
MODS as a co-morbidity than in patients without
MODS. Complications were also seen in human
patients with plasma TM concentrations of above
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6.0 ng/ml, suggesting that TM concentrations are a
useful indicator for understanding MODS during
sepsis (Iba et al. 1995). TM concentrations are also
higher in lethal cases of sepsis than in surviving
patients (Boldt et al. 1995; Lin et al. 2008). Serum
thrombomodulin concentrations were found to be
increased in different paediatric sepsis syndromes
and were correlated with the severity and mortality
of the disease (Lin et al. 2017). In the present study,
the concentration of plasma TM in calves with
sepsis was significantly higher than in the control
group (P < 0.01) (Table 3). In addition, the TM
concentrations of non-surviving calves with sepsis
were found to be higher than those of surviving
calves, although the differences were not significant (Table 4). While not specifically assessed in
this study, we conclude that this observation may
be related to the development of DIC and multiple-organ failure as previously reported in sepsis
(Boldt et al. 1995; Iba et al. 1995; Lin et al. 2008;
Ogawa et al. 2012; Hao and Wang 2013; Yasuda
et al. 2016). A limitation of this study is that DIC
and other specific parameters that indicate multiple organ failure were not evaluated. Comparative
analysis of the aforementioned studies shows that
TM may indeed be a useful marker for the detection of endothelial damage, the development and
pathogenesis of DIC and multi-organ failure in
calves with sepsis.
PTX3 is an inflammatory mediator produced by
various cells in peripheral tissues as well as endothelial cells. During the early phase of inflammation,
PTX3 recognises microbial moieties, activates the
classical pathway of the complement system and
facilitates antigen recognition by macrophages and
dendritic cells (Garlanda et al. 2005). Evaluation
of systemic PTX3 concentrations has indicated
that non-survivors have consistently high PTX3
concentrations, which could represent a possible
way to identify high-risk patients (Vanska et al.
2011). Consistently high levels of circulating PTX3
from the first day of sepsis onwards may be associated with mortality. PTX3 correlates with sepsis
severity and coagulation/fibrinolysis dysfunction
associated with sepsis (Mauri et al. 2010). The concentration of PTX3 in blood is usually low under
normal conditions (< 2 ng/ml in humans) but increases rapidly during septic conditions, endotoxaemia and other SIRS events (Bottazzi et al. 2009).
Uusitalo-Seppala et al. (2013) conducted a cohortbased study in which 537 emergency room human

patients were divided into the following groups:
group 1 (no SIRS, without bacterial infection),
group 2 (no SIRS, with bacterial infection), group 3
(with SIRS, without bacterial infection), group 4
(with sepsis) and group 5 (with severe sepsis). The
median PTX3 concentrations (2.6, 4.4, 5, 6.1 and
16.7 ng/ml, respectively) were significantly different between all groups. It is evident that median
PTX3 concentrations were significantly higher in
severe sepsis patients compared to others (16.7
vs 4.9 ng/ml) and in non-survivors compared to
survivors (14.1 vs 5.1 ng/ml). Muller et al. (2001)
also reported that in critically ill human patients,
PTX3 concentrations are markedly elevated (SIRS
patients; 28 ng/ml, septic shock; 250 ng/ml) compared with control donors (1.04 ng/ml). Hamed et
al. (2017) determined the diagnostic cut-off values
for PTX3 in human patients with sepsis (≥ 5.0 ng/
ml) and septic shock (≥ 9.0 ng/ml). In the present
study, PTX3 concentrations in calves with sepsis
were also significantly higher (P < 0.01) than in
the control group (Table 3). The elevated PTX3
concentrations in calves with sepsis demonstrate
the potential usefulness of this acute-phase protein
as a diagnostic marker. Furthermore, the higher
concentrations of PTX3 in non-surviving calves,
although not statistically significant, warrant future investigations for its use as a prognostic indicator. The findings of the present study suggest
that PTX3 can be an important indicator in calves
with sepsis, which is supported by previous studies
(Muller et al. 2001; Mauri et al. 2010; Huttunen et
al. 2011; Vanska et al. 2011; Uusitalo-Seppala et
al. 2013; Hamed et al. 2017) conducted in human
medicine.
In conclusion, our findings suggest that TM and
PTX3 may hold significant diagnostic value for
sepsis in neonatal calves. An increase in plasma
TM concentrations may indicate the presence of
endothelial damage and haemostatic disorders in
calves, but further investigations with other endothelial and DIC markers are needed. We also
showed that TM and PTX3 can be used to understand the pathogenesis of sepsis in calves and that
elevated TM and PTX3 concentrations in nonsurviving calves may hold some value as prognostic biomarkers. Further longitudinal studies are
also required to investigate these possibilities. We
believe that the findings of the present study can
represent an important basis for future studies into
these biomarkers in veterinary medicine. Further
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investigations are needed to evaluate the concentrations of these biomarkers in other disease states.

REFERENCES
Abeyama K, Stern DM, Ito Y, Kawahara K, Yoshimoto Y,
Tanaka M, Uchimura T, Ida N, Yamazaki Y, Yamada S,
Yamamoto Y, Yamamoto H, Iino S, Taniguchi N, Maruyama I (2005): The N-terminal domain of thrombomodulin sequesters high mobility group-B1 protein, a novel
anti-inflammatory mechanism. Journal of Clinical Investigation 115, 1267–1274.
Aldridge BM, Garry FB, Adams R (1993): Neonatal septicemia in calves: 25 cases (1985–1990). Journal of the American Veterinary Medical Association 203, 1324–1329.
Angus DC, van der Poll T (2013): Severe sepsis and septic
shock. New England Journal of Medicine 369, 840–851.
Basoglu A, Baspinar N, Tenori L, Hu X, Yildiz R (2014):
NMR based metabolomics evaluation in neonatal calves
with acute diarrhea and suspected sepsis: a new approach
for biomarkers. Metabolomics 4, 2.
Bastrup-Birk S, Munthe-Fog L, Skjoedt MO, Ma YJ, Nielsen
H, Kober L, Nielsen OW, Iversen K, Garred P (2015):
Pentraxin-3 level at admission is a strong predictor of
shortterm mortality in a community-based hospital setting. Journal of Internal Medicine 277, 562–572.
Boldt J, Wollbruck T, Sonneborn S, Welters A, Hempelmann
G (1995): Trombomodulin in intensive care patients. Intensive Care Medicine 21, 645–650.
Bottazzi B, Bastone A, Doni A, Garlanda C, Valentino S,
Deban L, Maina V, Cotena A, Moalli F, Vago L, Salustri
A, Romani L, Mantovani A (2006): The long Pentraksin
PTX-3 as a link among innate immunity, inflammation,
and female fertility. Journal of Leukocyte Biology 79,
909–912.
Bottazzi B, Garlanda C, Cotena A, Moalli F, Jaillon S, Deban
L, Mantovani A (2009): The long pentraxin PTX3 as a
prototypic humoral pattern recognition receptor: interplay with cellular innate immunity. Immunological Reviews 227, 9–18.
Christ-Crain M, Muller B (2007): Biomarkers in respiratory
tract infections: diagnostic guides to antibiotic prescription, prognostic markers and mediators. European Respiratory Journal 30, 556–573.
Ciaramella P, Cortese L, Corona M, Ambrosio R, Di Loria
A, Persechino A (2004): Plasma trombomodulin levels in
dogs naturally Infected with Leishmania infantum. Veterinary Research Communication 1, 327–330.
Engel C, Brunkhorst FM, Bone HG, Brunkhorst R, Gerlach
H, Grond S, Gruendling M, Huhle G, Jaschinski U, John

318

S, Mayer K, Oppert M, Olthoff D, Quintel M, Ragaller
M, Rossaint R, Stuber F, Weiler N, Welte T, Bogatsch H,
Hartog C, Loeffler M, Reinhart K (2007): Epidemiology
of sepsis in Germany: results from a national prospective
multicenter study. Intensive Care Medicine 33, 606–618.
Faix JD (2013): Biomarkers of sepsis. Critical Reviews in
Clinical Laboratory Sciences 50, 23–36.
Faust SN, Heyderman RS, Levin M (2001): Coagulation in
severe sepsis: a central role for thrombomodulin and activated protein C. Critical Care Medicine 29, 62–67.
Fecteau G, Pare J, Van Metre DC, Smith BP, Holmberg CA,
Guterbock W, Jang S (1997): Use of a clinical sepsis score
for predicting bacteremia in neonatal dairy calves on a
calf rearing farm. The Canadian Veterinary Journal 38,
101–104.
Fecteau G, Smith BP, George LW (2009): Septicemia and
meningitis in the newborn calf. Veterinary Clinics of
North America Food Animal Practice 25, 195–208.
Garlanda C, Bottazzi B, Bastone A, Mantovani A (2005):
Pentraxins at the crossroads between innate immunity,
inflammation, matrix deposition, and female fertility.
Annual Review of Immunology 23, 337–366.
Hamed S, Behnes M, Pauly D, Lepiorz D, Barre M, Becher
T, Lang S, Akin I, Borggrefe M, Bertsch T, Hoffmann U
(2017): Diagnostic value of Pentraxin-3 in patients with
sepsis and septic shock in accordance with latest sepsis-3
definitions. BMC Infectious Diseases 17, doi: 10.1186/
s12879-017-2606-3.
Hao L, Wang N (2013): Changes in plasma Trombomodulin and d-dimer levels and their clinical significance in
neonates with sepsis. Chinese Journal of Contemporary
Pediatrics 15, 841–844.
Huttunen R, Hurme M, Aittoniemi J, Huhtala H, Vuento R,
Laine J, Jylhava J, Syrjanen J (2011): High plasma level of
long pentraxin 3 (PTX3) is associated with fatal disease
in bacteremic patients: a prospective cohort study. PloS
One 6, doi: 10.1371/journal.pone.0017653.
Iba T, Yagi Y, Kidokoro A, Fukunaga M, Fukunaga T (1995):
Increased plasma levels of soluble trombomodulin in
patients with sepsis and organ failure. The Japanese Journal of Surgery 25, 585–590.
Irmak K, Sen I, Col R, Birdane FM, Guzelbektes H, Civelek
T, Yilmaz A, Turgut K (2006): The evaluation of coagulation profiles in calves with suspected septic shock. Veterinary Research Communications 30, 497–503.
Kim SD, Baker P, DeLay J, Wood RD (2016): Thrombomodulin expression in tissues from dogs with systemic
inflammatory disease. Veterinary Pathology 53, 797–802.
Latini R, Maggioni AP, Peri G, Gonzini L, Lucci D, Mocarelli
P, Vago L, Pasqualini F, Signorini S, Soldateschi D, Tarli
L, Schweiger C, Fresco C, Cecere R, Tognoni G, Manto-

Veterinarni Medicina, 63, 2018 (07): 313–320

Original Paper

https://doi.org/10.17221/159/2017-VETMED
vani A (2004): Prognostic significance of the long pentraxin PTX3 in acute myocardial infarction. Circulation
110, 2349–2354.
Levy MM, Artigas A, Phillips GS, Rhodes A, Beale R, Osborn T, Vincent JL, Townsend S, Lemeshow S, Dellinger
RP (2012): Outcomes of the surviving sepsis campaign
in intensive care units in the USA and Europe: a prospective cohort study. The Lancet Infectious Diseases 12,
919–924.
Lin SM, Wang YM, Lin HC, Lee KY, Huang CD, Liu CY,
Wang CH, Kuo HP (2008): Serum thrombomodulin level
relates to the clinical course of disseminated intravascular coagulation, multiorgan dysfunction syndrome, and
mortality in patients with sepsis. Critical Care Medicine
36, 683–689.
Lin JJ, Hsiao HJ, Chan OW, Wang Y, Hsia SH, Chiu CH
(2017): Increased serum thrombomodulin level is associated with disease severity and mortality in pediatric sepsis. PloS One 12, doi: 10.1371/journal.pone.0182324.
Mantovani A, Garlanda C, Doni A, Bottazzi B (2008): Pentraxins in innate immunity: from C-reactive protein to
the long pentraxin PTX3. Journal of Clinical Immunology
28, 1–13.
Mauri T, Bellani G, Patroniti N, Coppadoro A, Peri G, Cuccovillo I, Cugno M, Iapichino G, Gattinoni L, Pesenti A,
Mantovani A (2010): Persisting high levels of plasma
pentraxin 3 over the first days after severe sepsis and
septic shock onset are associated with mortality. Intensive
Care Medicine 36, 621–629.
Muller B, Peri G, Doni A, Torri V, Landmann R, Bottazzi B,
Mantovani A (2001): Circulating levels of the long pentraxin PTX3 correlate with severity of infection in critically ill patients. Critical Care Medicine 29, 1404–1407.
Munford RS (2005): Sepsis, severe sepsis and septic shock.
In: Mandell GL, Bennet JE, Dolin R (eds): Principles and
Practice of Infectious Disease. 6th edn. Churchill Livingstone, Philadelphia. 906–926.
Nachimuthu SK, Haug PJ (2012): Early detection of sepsis
in the emergency department using Dynamic Bayesian
Networks. Annual Symposium Proceedings. 653–662.
Napoleone E, di Santo A, Peri G, Mantovani A, de Gaetano
G, Donati MB, Lorenzet R (2004): The long Pentraksin
PTX-3 up-regulates tissue factor in activated monocytes:
another link between inflammation and clotting activation. Journal of Leukocyte Biology 76, 203–209.
Ogawa Y, Yamakawa K, Ogura H, Kiguchi T, Mohri T, Nakamori Y, Kuwagata Y, Shimazu T, Hamasaki T, Fujimi S
(2012): Recombinant human soluble trombomodulin
improves mortality and respiratory dysfunction in patients with severe sepsis. The Journal of Trauma and
Acute Care Surgery 72, 1150–1157.

Ohdama S, Takano S, Miyake S, Kubota T, Sato K, Aoki N
(1994): Plasma trombomodulin as a marker of vascular
injuries in collagen vascular diseases. American Journal
of Clinical Pathology 101, 109–113.
Ok M, Er C, Yildiz R, Col R, Aydogdu U, Sen I, Guzelbektes
H (2015): Evaluation of acute phase proteins, some cytokines and hemostatic parameters in dogs with sepsis.
Kafkas Universitesi Veteriner Fakultesi Dergisi 21, 761–766.
Prucha M (2015): Sepsis biomarkers. Clinica Chimica Acta
440, 97–103.
Radostits OM, Gay CC, Hinchcliff KW, Constable PD (eds)
(2007): General systemic states and Diseases of the newborn. In: Veterinary Medicine: A Textbook of the Diseases
of Cattle, Sheep, Pigs, Goats and Horses. 9th edn. Saunders Elsevier, Philadelphia. 39–160.
Roland L, Drillich M, Iwersen M (2014): Hematology as a
diagnostic tool in bovine medicine. Journal of Veterinary
Diagnostic Investigation 26, 592–598.
Savchenko A, Imamura M, Ohashi R, Jiang S, Kawasaki T,
Hasegawa G, Emura I, Iwanari H, Sagara M, Tanaka T,
Hamakubo T, Kodama T, Naito M (2008): Expression of
pentraxin 3 (PTX3) in human atherosclerotic lesions. The
Journal of Pathology 215, 48–55.
Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, Bellomo R, Bernard GR, Chiche JD,
Coopersmith CM, Hotchkiss RS, Levy MM, Marshall JC,
Martin GS, Opal SM, Rubenfeld GD, van der Poll T, Vincent JL, Angus DC (2016): The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAVMA – Journal of the American Medical Association
23, 801–810.
Sohn RH, Deming CB, Johns DC, Champion HC, Bian C,
Gardner K, Rade JJ (2005): Regulation of endothelial
thrombomodulin expression by inflammatory cytokines
is mediated by activation of nuclear factor-kappa B. Blood
105, 3910–3917.
Thomas E, Roy O, Skowronski V, Zschiesche E, Martin G,
Bottner A (2004): Comparative field efficacy study between cefquinome and gentamicin in neonatal calves with
clinical signs of septicaemia. Revue de Medecine Vetrinaire 155, 489–493.
Tornquist SJ, Rigas J (2010): Interpretation of ruminant
leukocyte responses. In: Weiss DJ, Wardrop KJ (eds):
Schalm’s Veterinary Hematology. 6th edn. Wiley, Ames,
Iowa. 307–313.
Uusitalo-Seppala R, Huttunen R, Aittoniemi J, Koskinen P,
Leino A, Vahlberg T, Rintala EM (2013): Pentraxin 3
(PTX3) is associated with severe sepsis and fatal disease
in emergency room patients with suspected infection: a
prospective cohort study. PloS One 8, 10.1371/journal.
pone.0053661.

319

Original Paper

Veterinarni Medicina, 63, 2018 (07): 313–320
https://doi.org/10.17221/159/2017-VETMED

Van de Wouwer M, Collen D, Conway EM (2004): Thrombomodulin-protein C-EPCR system: integrated to regulate coagulation and inflammation. Arteriosclerosis,
Thrombosis and Vascular Biology 24, 1374–1383.
Vanska M, Koivula I, Hamalainen S, Pulkki K, Nousiainen
T, Jantunen E, Juutilainen A (2011): High pentraxin 3
level predicts septic shock and bacteremia at the onset
of febrile neutropenia after intensive chemotherapy of
hematologic patients. Haematologica 96, 1385–1389.

320

Wu X, Darlington DN, Cap AP (2016): Procoagulant and
fibrinolytic activity after polytrauma in rat. Regulatory
Integrative and Comparative Physiology 15, 310–329.
Yasuda N, Goto K, Ohchi Y, Abe T, Koga H, Kitano T (2016):
The efficacy and safety of antithrombin and recombinant
human Trombomodulin combination therapy in patients
with severe sepsis and disseminated intravascular coagulation. Journal of Critical Care 36, 29–34.
Received: December 7, 2017
Accepted after corrections: May 11, 2018

