
Abstract
The aim of this study was to evaluate the alterations in acute phase proteins, cytokines and hemostatic parameters in dogs with sepsis and to 
determine the importance of these parameters in diagnosis of the sepsis. Thirty dogs with sepsis and 9 healthy dogs were used in this study.  
Anorexia, depression, lethargy, hyperthermia, tachycardia, tachypnea, congestion in the mucosal membranes, prolonged capillary refill time, 
and leukocytosis or leucopenia were identified in the dogs with sepsis. The serum interleukin-1ß (IL-1ß), tumor necrosis factor α (TNF-α), 
interferon γ (INF-γ), C-reactive protein (CRP), serum amyloid A (SAA), prothrombin time (PT), activated partial thromboplastin time (aPTT), 
antithrombin III (AT III), fibrinogen, protein C (PC), and D-dimer levels were measured in all dogs. We found that the serum IL-1ß, TNF-α, INF-γ, 
CRP and SAA concentrations were significantly elevated in dogs with sepsis as compared with healthy controls. In addition, the plasma 
PT and APTT levels were notably prolonged, the plasma fibrinogen, D-dimers and protein C concentrations were significantly increased. 
However, the antithrombin III activity was significantly decreased in the dogs with sepsis. In conclusion, the results of this study indicate that 
the SAA, IL-1ß and TNF-α parameters play important roles in the inflammatory process in dogs with sepsis. The hemostatic abnormalities 
observed in dogs with sepsis may be due to the development of disseminated intravascular coagulation (DIC).
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Sepsisli  Köpeklerde Akut Faz Proteinler, Bazı Sitokinler ve 
Hemostatik Parametrelerin Değerlendirilmesi

Özet
Bu çalışmanın amacı; sepsisli köpeklerde akut faz proteinler, bazı sitokinler ve hemostatik sistem parametrelerin değişimlerini değerlendirerek, 
hastalığın tanısında bu parametrelerin önemini ortaya koymaktır. Bu çalışmanın materyalini 30 sepsisli ve 9 sağlıklı köpek oluşturdu. Sepsisli  
köpeklerde iştahsızlık, durgunluk, depresyon, vücut ısısında artış, mukoz membranlarda konjesyon, kapiller dolum zamanında uzama,  
taşikardi, takipnea, lökositozis veya lökopeni belirlendi. Bütün köpeklerin interlökin-1ß (IL-1ß), tümör nekroz faktör α (TNF α), interferon γ (INF- 
γ), C-reaktif protein (CRP), serum amiloid A (SAA) ve protrombin zamanı (PT), aktive edilmiş parsiyel tromboplastin zamanı (aPTT), antitrombin 
III (AT III), fibrinojen, protein C ve D-dimer seviyeleri ölçüldü. Sepsisli  köpeklerde serum IL-1ß,  TNF-α,  INF-γ, CRP ve SAA düzeylerinde önemli 
artış belirlendi. Sepsisli köpeklerde plazma PT ve APTT sürelerinde önemli uzama, fibrinojen, D-dimer ve protein C düzeylerinde önemli artış, 
AT-III düzeyinde ise önemli azalma tespit edildi. Sonuç olarak sepsisli köpeklerde  SAA, IL-1ß ve TNFα paramterelerinin yangısel olaylarda 
önemli rol aldığı belirlendi. Sepsisli köpeklerde tespit edilen hemostatik anormallikler dissemine intravaskuler koagulasyon (DİK) gelişimi  
ile ilgili olabilir.
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INTRODUCTION

Sepsis is defined as a systemic inflammatory response 
against infection and characterized by fever, tachycardia, 
tachypnea and leukocytosis or leukopenia [1-3]. This disease 

has a complex pathophsiological state and is stil associated 
with a high degree of mortality. Sepsis is considered to 
be a common cause of morbidity and mortality in both 
veterinary medicine and human medicine. The incidance 
of sepsis in dogs was increased from 1 per 1.000 hospital 
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cases in 1988 to 3.5 in 1998. In addition, the mortality rates 
of 33-50% have been described for dogs with sepsis [4-6]. 
Bacterial infections are the most common cause of sepsis 
in dogs and cats [7]. Patient with sepsis is more likely to 
develop multiple organ dysfunction syndrome, which 
carries a high mortality rate despite recent advances in 
critical care [4].

Acute phase proteins (APPs), cytokines and coagulation 
profiles might change in dogs with sepsis. Because sepsis 
is the clinical menifestation of body’s response to an 
inciting stimulus which is severe enough to cause systemic 
release of circulating inflammatory mediators. The acute 
phase reaction, which occurs in sepsis, is stimulated by 
the release of cytokines such as IL-1ß,  interleukin-6 (IL-6) 
and TNF-α from macrophage and monocytes at the site 
of inflammatory lesions or infections [8,9]. IL-1ß,  IL-6, TNF-α 
and IFN, produced by inflammatory cells could induce 
local and systemic reactions [10]. It has been reported that 
serum IL-1ß,  IL-6 and TNF-α levels are increased in sepsis. 
In addition, IL-6 might serve as a valuable marker for 
the determination of the severity of a systemic bacterial 
infection [6] and the measurement of serum IL-6 and TNF-α 
could be useful for evaluating septic patients [7].

Using acute-phase proteins for the assessment of 
healthy and sick animals has greatly increased in the last 
decade [11]. Acute-phase proteins are synthesized in the 
liver in response to release of proinflammatory cytokines 
in diseases such as bacterial and viral infections, immuno-
mediated disease, neoplasia, tissue injury (trauma), necrosis 
and burns [12-14]. Clinical applications for APPs have been 
widely demostrated for prognostication as well as for 
detection of clinical disease and chronic iflammation [15]. 
Importantly, the APP assay has repeatedly demostrated its 
ability to enhance the diagnostic sensitivity for inflamatory 
processes [15]. Furthermore, CRP and SAA have been 
used for diagnosing the presence of infection in dogs. It 
is known that CRP is a major APP in dogs. Increased CRP 
and SAA concentrations have been detected in dogs with 
systemic inflammation [10,16,17]. It was reported that CRP and 
SAA levels were increased in dogs with pyometra [18].

The relationship between infection and coagulation is 
an area of intense investigation, with studies suggesting 
that hypercoagulability and subsequent microvascular 
trombosis contribute to multiple organ dysfonction during 
sepsis [2]. Dissemine intravascular coagulation (DIC), an 
acquired syndrome representing a hypercoagulable state, 
haemorrhagic symptoms and multiple organ failure, 
might occuring sepsis [2,19]. Protrombin time, aPPT, D-dimer 
and fibrinogen levels, AT III activity and trombosit count 
should be considered regarding to DIC [20]. It was reported 
that hemostatic disorder occurs in dogs with sepsis [2,21]. 

The aim of this study was to evaluate the importance 
of the acute phase proteins, cytokines and haemostatic 
parameters for diagnosis of sepsis. 

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 (2011/061).

The materials of this study consist of thirty dogs with 
sepsis (experiment group) and 9 healthy dogs (control 
group) aged from 1 and 4 years, were brought into the 
Faculty of Veterinary Medicine, Internal Medicine Department. 
First, routin clinical examinations were performed for all 
dogs. In clinical examination, body temprature, heart rate, 
respiratory rate, capillary refill time, mucosa, and mental 
and consciousness states were evaluated. Total white 
blood cells and thrombocyte of dogs were counted. Dogs 
having sepsis criteria were included in the study.

Sepsis criteria;
Hyperthermia  (>39°C) or Hypothermia (<35°C)
Tachycardia (heart rate >140 per minute)
Tachypnea (respiratory rate >20 breaths per minute)

Leukocytosis (>16.000/µL, or >3% bands) or leukopenia 
(<6000/µL) [2]. Bacteriologic culture for confirmation of 
infection was not performed.

Collection of Blood Samples 

Blood samples were thereafter obtained through 
venipuncture of the cephalic or jugular vein then placed 
into a citrate tube (1 part 3.8% citrate: 9 part blood) and 
a serum tube (without anti-coagulant). Blood (with anti-
coagulant and without anti-coagulant) was centrifuged 
for twenty minutes collection, after seperation of blood, 
plasma and serum samples, which would be used in 
the evaluation of coagulation profiles and acute phase 
proteins and cytokines, were kept in -80°C deep freeze 
until the measurement was completed.

Measurement of Leukocyte And Trombocyte 

Leukocyte and trombocyte counts were measured by 
hemocell counter (Haematology analyser, MS4e, CFE 279,  
Melet Schlosing Laboratories, France).

Measurement of Serum Acute Phase Proteins

Canine C-reactive protein (Eastbiopharm, Cat. No.CK- 
E90977), canine serum amyloid A (Eastbiopharm, Cat. 
No.CK-E90978), canine protein C (TSZ ELISA Cat. No.CA 
1033) and canine fibrinogen (Eastbiopharm, Cat. No.CK- 
E90979 concentrations were measured by ELISA method 
in Synergy HT multi-mode microplate reader (BioTek Inc. 
USA) device. Measurable sensitivity and test interval of  
CRP was 0.051 mg/L, and 0.1 mg/L - 30 mg/L,respectively. 
In addition, measurable sensitivity of SAA was 0.047 µg/ 
mL and test interval of SAA level was 0.1 µg/mL and 40  
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µg/mL. For PC, measurable sensitivity was less than  
0.15 ng/mL and test interval was 0.15 ng mL and 40 ng/mL. 
Lastly, measurable sensitivity of fibrinogen was 0.023  
mg/mL and test interval of fibrinogen level was 0.05 mg/
mL and 15 mg/mL.

Measurement of Serum Cytokines

Canine interleukin 1ß (Eastbiopharm, Cat. No. CK-
E90800) canine tumor necrosis factor α (Eastbiopharm, 
Cat. No.CK-E90806) and canine interferon γ (Eastbiopharm, 
Cat. No.CK-E90877) levels were measured by ELISA method 
in Synergy HT multi-mode microplate reader (BioTek Inc. 
USA) device. Measurable sensitivity of IL-1ß was 0.1 pg/
mL, and the test interval of IL-1ß level was 0.2 pg/mL and  
60 pg/mL, measurable sensitivity of TNF-α is 0.01 ng/L and 
test interval of TNF-α level was 0,03 ng/L and 9 ng/L and 
measurable sensitivity of INF-γ is 2.35 ng/mL and the test 
interval of INF-γ level was 5 ng/L and 1.000 ng/L.

Measurement of Plasma Coagulatıon Profile

Protrombin time, APPT, AT III activity and D-dimer  
levels were measured by coagulometric method 
(Coagulometric method, Sysmex CA 1500 device, Siemens, 
A-7799, Germany).

Statistical Analysis

Two sample student test was used to determine the 
differences between groups. SPSS 19.0 for Windows was 

used to perform the test. P values <0.05 were considered 
statistically significant.

RESULTS

Clinical and Hematological Findings

Anorexia, depression, lethargy, hyperthermia,  tachy- 
cardia, tachpnea, congession in mucosal membrans, 
prolonged capillary refill time were determined in  
dogs with sepsis. Leucocytosis in 28 of 30 dogs with 
sepsis was determined, but leucopenia in 2 of them was 
determined.

Acute Phase Proteins and Cytokines Findings

The concentrations of serum CRP (P<0.001), SAA 
(P<0.01), IL-1ß (P<0.001), TNF-α (P<0.001) and INF-γ 
(P<0.001) were significantly increased in dogs with sepsis  
as compared with healty dogs (Table 1).

Coagulation Profile Findings

Global coagulation times (PT and APTT, P<0.01) and 
plasma fibrinogen (P<0.001), D-dimer (P<0.01) and PC 
(P<0.001) levels were dramatically increased in dogs with 
sepsis as compared with healthy dogs, but AT-III (P<0.05) 
activity was remarkably reduced. Haemotologically, the 
blood leukocyte count was found to be significantly elevated 
in dogs with sepsis as compared with healhty dogs, 

Table 1. Serum concentrations of IL-1ß, TNF-α, INF-γ, CRP and SAA of healthy dogs and dogs with sepsis (Mean±SE)

Tablo 1. Sepsisli ve sağlıklı köpeklerde serum IL-1ß, TNF-α, INF-γ, CRP ve SAA düzeyleri (Mean±SE)

Parameters Healthy Dogs (n=9) Dogs with Sepsis (n= 30) P  Value

IL-1ß     pg/mL 9.30±0.53 22.3±3.34 P<0.001

TNF-α    ng/L 0.24±0.78 2.94±0.60 P<0.001

INF-γ    ng/L 104±0.86 404±68.9 P<0.001

CRP      mg/L 2.27±0.19 9.89±2.10 P<0.001

SAA     µg/mL 2.30±0.18 10.8±2.43 P<0.01

IL-1ß: interleukin-1ß; TNF-α: tumor necrosis factor α; INF-γ: interferon γ; CRP: C-reactive protein; SAA: serum amyloid A

Table 2. Plasma coagulation parameters of of healthy dogs and dogs with sepsis (Mean±SE)

Tablo 2. Sepsisli ve sağlıklı köpeklerde plazma koagulasyon parametreleri (Mean±SE)

Parameters Healthy Dogs (n=8) Dogs with Sepsis (n=30) P  Value

PT (Sec) 6.32±0.17 7.80±0.14 P<0.001

APTT (Sec) 39.7±3.27 68.2±5.79 P<0.01

AT III (%) 78.1±2.90 54.9±2.92 P<0.05

Fibrinogen mg/mL 3.08±0.42 9.61±1.58 P<0.001

Protein-C ng/mL 0.63±0.10 2.37±0.45 P<0.001

D-dimer  mg/dL 1.27±0.87 2.64±1.59 P<0.01

PLT x103 /mm3 235±68.1 272±27.5 P>0.05

WBC x103 /mm3 10.2±1.16 26.53±2.04 P<0.001

PT: prothrombin time; APTT: activated partial thromboplastin time; AT III: antithrombin III; PC: protein C, PLT: platelet; WBC: white blood cell
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however no significant change was seen in thrombosit 
count (Table 2).

DISCUSSION

Sepsis has a high mortality. Therefore, a rapid diagnosis 
would be important to get good prognosis. This study 
showed significant changes of acute phase proteins, 
cytokines and haemostatic para-metersin dogs with 
sepsis. Therefore, measurement of these parameters in 
dogs with sepsis could be a valuable approach to evaluate 
septic stages. 

Cytokines play an important role in the development 
and the regulation of immune response, thus, cytokine 
profiles contribute to the effect of immunity level in 
diseases [22]. The release of proinflammatory cytokines 
such as IL-1ß, IL-6 and TNF-α by monocytes/macrophages 
and activeted T-lymphocytes is considered to be a key 
event in the development of sepsis [1]. Moreover, bacterial 
toxins lead to release of inflammation mediators from 
mononuclear phagocytes in sepsis. The measurement of 
acute phase proteins, cytokines and coagulation profiles 
could be useful for determining the stage of sepsis in 
patients. IL-1ß and TNF-α, important inflammatory cyto-
kines, are implicated in a variety of disease in dogs [23-26]. 
It has been reported that IL-6 and TNF-α levels are 
significantly increased in sepsis, and these parameters for 
evaluating of sepsis might be useful marker [6,7,27]. Serum 
IL-1ß and TNF-α concentrations are usually increased 
in inflammatory disease of dogs [28,29]. Fransson et al.[30] 
reported that IL-6, TNF-α and CRP levels were increased in 
dogs with pyometra and dogs with systemic inflammatory 
response syndrome. In this study, serum IL-1ß, TNF-α 
and INF-γ concentrations were dramatically elevated in 
dogs with sepsis as compared with healthy dogs (Table 
1). The reason of this increase in IL-1ß, TNF-α and INF-γ 
levels could be explained by the initiation of releasing 
of inflammatoric mediators against bacterial toxins that 
cause sepsis. Therefore, selected cytokines including IL-1ß, 
TNF-α and INF-γ maight be useful in assessing the clinical 
severity of sepsis in dogs. These results are consistent with 
published studies [3,6,28,29].

Acute phase proteins are synthesized in the liver in 
response to release of proinflammatory cytokines in 
diseases such as bacterial and viral infections, immuno-
mediated disease, neoplasia, tissue injury (trauma), necrosis 
and burns [4,13]. These noninvasive markers might be 
useful to determine the disease severity and more likely 
to response the treatment or prognosis, on a disease-
spesific basis [11,13,31]. CRP and SAA are useful parameters 
to indicate the inflammation in human and animals [32]. In 
addition, increased CRP and SAA concentrations have been 
detected in dogs with systemic inflammation [10,16,17,30]. 
Furthermore, CRP and SAA were shown to be significantly 
increased in dogs with parvovirus enteritis [33], ehrlichiosis [23] 

and leptospirosis [34]. C-reactive protein and SAA 
concentrations have been shown to be dramatically 
elevated in dogs with pyometra [18]. In the present study, 
CRP and SAA concentrations were significantly increased 
in dogs with suspected sepsis as compared with healthy  
dogs. But, CRP level was normal range. The reason for 
higher concentrations of SAA in septic dogs may be related 
to inflammatory reactions and tissue damage. Similary, 
several studies have reported that CRP and SAA could 
be useful markers for diagnosis and prognosis in various 
disease [10,16,17,34,35]. However, CRP and SAA do not seem 
to be very spesific markers for the detection of bacterial 
infections because it might increase in a variety of diseases, 
not particularly in bacterial infections [10,16,17,35]. Besides, in  
this study, leukocytosis was found to be a common finding  
in dogs with sepsis. This observation agrees with the most 
studies [10,16]. In our study,  SAA were detected to be specific 
markers of systemic inflammation in dogs with sepsis.

Disseminated intravascular coagulation a hemalotical 
syndrome, typically defined by the activation of intra-
vascular coagulation resulting in excessive fibrin formation 
and consumption of caogulation factors [2,18,36] is a serious 
problem that threats lives of both people and animals. DIC 
might be developed due to septic caogulation, viremia, 
parazitic infection, severe tissue damage, toxication, intra-
vascular hemolizis, autoantibody, hepatitis, pancreatitis 
and neoplasma [19,21,37-40]. Prolongations in PT and APTT, 
increase in FDP level, and decrease in AT-III activity 
and thrombosit count develop in dogs with DIC [41].   
Prolongation in PT and APTT, increase in D-dimer, and 
decrease in AT-III level are detected in dogs with sepsis [2,42], 
systemic inflammatory syndrome [43] or septic peritonitis [44]. 
In the present study, prolonged PT and APTT values as 
well as increased levels of fibrinogen, D-dimer and PC 
concentrations revealed hemostatic alteration in response 
to sepsis in dogs. In the present study, the indicators of 
the activated coagulation of DIC including prolongation 
of both PT and APTT as well as a decrease in AT III activity 
and also an increase in the level of D-dimer which shows 
fibrinolitic activition were defined. The occurrence 
of significant changes in the hemostatic system was 
determined. D-dimer concentration was significantly 
increased in dogs with sepsis, indicating the precence of 
fibrinolysis. Increased activity of fibrinolytic system has 
been associated with DIC [2,42]. Our results were in line with 
previous studies [2,21,42-45].

Some authors [46-48] reported that the level of fibrinogen 
might increase in the first period of DIC due to an 
inflamatory response; and then this level might decrease 
because of fibrinolisis. In contrast, other researchers [19,45] 
reported a significant decrease in fibrinogen level. In 
this study, a significant increase in fibrinogen level in 
the dogs with sepsis was observed. This dramatic increase  
in fibrinogen level might be related to an elevation in  
acute phase proteins in spite of the presence of DIC in 
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dogs with sepsis. Therefore, our findings were in line with 
findings of earlier reporters [46-48].   

It was reported that PC concentration was remarkably 
reduced in dogs with sepsis [4,49], and dogs with systemic 
inflammatory syndrome [43]. Fourrier et al.[50] noticed 
persistent decreases in PC activity in nonsurviving patients 
with sepsis and septic shock. However, de Laforcade et al.[2] 
determined that the PC and AT activities were decreased in 
first 24 h and then this activities were gradually increased 
in dogs with sepsis. In this study, the activity of PC was 
dramatically increased in dogs with sepsis as compare 
with healthy dogs, most probably due to time dependent 
effects of diseases. This result was not coincidet with the 
results of reported by Laforcade et al.[4] and Yan and 
Dhainaut [49], but this result was coincidet the results  
of reported by de Laforcade et al.[2]. 

In conclusion, results of tis study indicated that SAA, 
IL-1ß, TNF-α , and INF- γ concentrations were significantly 
changed in dogs with sepsis. Particularly, SAA, IL-1ß and 
TNF-α parameters seem to be reliable markers for systemic 
inflammation in sepsis. Besides hemostatic abnormalities  
in dogs with sepsis may be due to developing disseminated 
intravascular coagulation.
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