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Canine procalcitonin (PCT) is a novel marker which found to be increased dramatically in severe sepsis 
as well as c-reactive protein (CRP) and total leukocyte count are the most commonly used biomarkers of 
inflammation in veterinary clinical diagnosis. This study aimed to evaluate the diagnostic value of canine 
procalcitonin compared with CRP and total leucocyte count in septic-systemic inflammatory response 
syndrome (SIRS), differential leucocyte count and protein profile. Twenty-four (24) dogs were included in 
this study (14 male, 10 female), classified into a healthy control group (15 dogs) with mean age 10.66 
months and septic-SIRS group (9 dogs) with mean age 9.27 months. All dogs were subjected to a 
complete physical examination, blood culture, total and differential leukocyte count, protein profile and 
estimation of serum concentration of PCT and CRP. Physical examination revealed fever, tachycardia, 
and tachypnea. Escherichia coli and staph. aureus were the most common isolates in blood culture. The 
leucogram activity revealed significant leukocytosis (p≤ 0.05) associated with a significant increase in 
both absolute segmented and band neutrophil counts (p≤ 0.05).Protein profile showed significant 
hypoalbuminemia (p≤0.05). Procalcitonin level showed a highly significant increase (p≤ 0.001) in 
comparison with CRP concentration and leucocyte count which showed a low significant increase 
(p≤0.05) in the septic-SIRS group compared to the healthy group. In conclusion, procalcitonin is a 
superior diagnostic biomarker of inflammation in the septic-SIRS group compared with C- reactive 
protein and leucocyte count. 
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INTRODUCTION 

Systemic inflammatory response syndrome 
(SIRS) is an inflammatory state affecting the 
whole body, mostly a response of the immune 
system to infection. Systemic inflammatory 
response syndrome may be the body's response 
to an infectious or noninfectious insult. Although 
the definition of SIRS refers to an "inflammatory" 
response, it actually has pro- and anti-
inflammatory components (Tsumura et al., 2004). 

Accurate and time for diagnosis of infectious-

SIRS remains challenging to the clinician. Clinical 
signs of systemic inflammation, including changes 
in body temperature, tachypnea, tachycardia, and 
leucocytosis are sensitive. However, their use is 
limited because of their poor specificity for the 
diagnosis of sepsis (Kofoed et al., 2007). 

A positive culture result has a relatively high 
specificity for infection, but even this finding is not 
the gold standard, because it lacks sensitivity and 
the results are only available after 2 to 3 days 
(Christ-Crain and Müller, 2005). 
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Delays in identifying the pathogens based on 
the specimen cultures add to the difficulty in 
establishing an etiological diagnosis and leads to 
inappropriate use of antibiotics. In addition, 
estimation of the severity of bacterial infection is 
based mainly on the presence of criteria of 
systemic inflammatory response syndrome, which 
may not be apparent in the early course of the 
infection (Hausfater et al., 2007). 

In veterinary medicine, there are still no 
specific biomarkers for sepsis and many studies 
are in progress to find a reliable diagnostic and 
prognostic marker of sepsis in various animal 
species (De Clue et al., 2011). 

The acute phase reaction (APR), is a 
nonspecific response that occurs after infection, 
inflammation or neoplasia. During the APR, C-
reactive protein increase before clinical signs 
appear which has been used as a marker for the 
prognosis and diagnosis of several critical 
illnesses in dogs (Schmidt and Eckersall, 2015). 

Procalcitonin (PCT), the precursor of the 
hormone calcitonin, is produced and secreted by 
thyroid C cells. During infection and septicemia, 
there is an increase in PCT circulating levels. 
Production of PCT is regulated by 
proinflammatory cytokines produced by 
extrathyroidal organs such as lung, liver, 
pancreas, and colon. (Oğuz and Alkım, 2017). 

Advantages of PCT as a serum biomarker for 
sepsis include absence in healthy individuals, 
rapid induction with the onset of sepsis and a 
moderately long half-life. Marked elevation in 
serum PCT is used to distinguish patients with 
severe bacterial, fungal or parasitic infections from 
those with severe non-septic SIRS to guide and 
shorten the course of antimicrobial treatment and 
to prognosticate outcome (Schuetz et al., 2011). 

This investigation aimed to study the 
diagnostic value of canine procalcitonin compared 
with CRP and total leucocyte count and evaluation 
of differential leucocytic count and protein profile 
in septic-SIRS in dogs. 
 
MATERIALS AND METHODS 

Twenty-four dogs of different breeds (8 
German shepherd, 4 Labrador, 3 Rottweiler, 3 
Golden retrievers, 2 Husky, 2 Pit-bull, 1 Mastiff, 
and1 Griffon), sexes (14 males, 10 females) and 
ages ranging from 3 months to 2 years presented 
at small animal clinic, Faculty of Veterinary 
Medicine, Cairo University, Egypt between 
(September 2017 and September 2018). 
 
Study design 

Dogs under investigation were exposed to a 
comprehensive clinical examination and were 
classified to apparently healthy group (15 dogs, 
9M/ 6F with ages ranging from 3 months to 2 
years) and septic-SIRS group (9 dogs, 5M/ 4F 
with ages ranging from 3 months to 2 years) 
which at least has 2 of the following criteria: 
hyperthermia, tachycardia, tachypnea, 
leucocytosis with band cells ˃ 3%. Collected 
venous blood samples from all examined groups 
were divided into three portions. The first part was 
collected on tubes containing ethylene-diamine-
tetra-acetic acid (EDTA) for total and differential 
leukocyte count. The second part was collected in 
plain tubes for serum separation for canine PCT, 
CRP and protein profile analyses. The third part 
was collected on blood culture medium for 
determination and isolation of bacteria in septic-
SIRS in dogs.  

Total and differential leukocyte counts were 
carried out according to the method described by 
(Feldman et al., 2000). Enriched blood samples 
were cultured onto sheep blood agar, mannitol 
salt agar and onto MacConkey agar.  Then the 

plates were incubated for 24-48 hr at 37C. 
Colonies were identified as β hemolytic on blood 
agar, mannitol fermenting (yellow) colonies on 
mannitol salt agar and lactose fermenting colonies 
on MacConkey agar. The suspected colonies 
were picked up and tested for bacterial 
morphological features and Gram's stain 
characteristics as described by (Quinn et al., 
2011). 

Serum total protein and albumin levels were 
determined spectrophotometrically (total protein 
and albumin kits; Spectrum Company, Egypt) with 
a globulin concentration calculation and A/G ratio 
as described by (Kaneko et al., 2008). Serum 
CRP concentration was determined by a semi-
quantitative method based on a principle of 
agglutination (Slide test for C- reactive protein kit; 
VITRO SCIENT, Egypt) according to (Jensen and 
Kjelgaard-Hansen 2006). Procalcitonin 
concentrations were measured by using canine-
specific procalcitonin ELISA kit (Canine 
Procalcitonin ELISA Kit, KORAIN BIOTECH CO., 
LTD, China) as described by (Goggs et al., 2018). 
 
Statistical methodology 

The obtained data were analyzed using the 
SPSS software package for Windows Ver. 20.0 
(SPSS Inc., Chicago, IL, USA) and tabulated as 
mean value ± SE at levels of significance p ≤ 
0.001, p ≤ 0.01 and p ≤ 0.05.  The P value of p ≤ 
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0.001 was considered highly statistically 
significant. 
 
RESULTS  

The clinical examination results are shown in 
the table (1) revealed no significant difference was 
detected in age, sex and breeds between the 
healthy control group and septic-SIRS group. 
Results are shown in the table (1). The most 
clinical signs observed during physical 
examination of septic-SIRS group significant 
hyperthermia (p≤ 0.001), tachycardia (p≤ 0.001) 
as well as significant tachypnea (p≤ 0.001) 
compared to healthy control group. 

 The bacteriological culture showed β 
hemolytic on blood agar and mannitol fermenting 
(yellow) colonies on mannitol salt agar specific for 
coagulase positive Staphylococci (Staph. aureus) 
also, showed lactose fermenting colonies on 
MacConkey agar specific for isolation of 
Escherichia coli (E-coli). 
Direct microscopic examination results of 

suspected picked colony stained with Gram's stain 
revealed gram-positive (blue colony) cocci 
resemble clusters of grapes characteristics for S. 
aureus and gram-negative (pink colony) bacilli 
reveal E-coli.  
The leucogram activity of examined dogs revealed 
significant leucocytosis (p≤ 0.05) associated with 
significant increase in both absolute segmented 
and band neutrophil counts (p≤ 0.05) in the septic-
SIRS group compared to healthy control group as 
shown in the table (2). 
Protein profile analysis showed statistical 
significant hypoalbuminemia (p≤ 0.05) in the 
septic-SIRS group compared to healthy control 
group as shown in the table (3). 
The evaluation of inflammatory biomarkers 
showed a highly significant increase in PCT level 
(p≤ 0.001) in comparison with CRP and total 
leucocyte count which revealed low significant 
increase (p≤ 0.05) in the septic-SIRS group as 
shown in the table (4) 

 
Table (1).Clinical examination of the septic-SIRS group compared to the healthy control group. 

  
Septic-SIRS (n=9) 

Mean± SE 
Control (n=15) 

Mean± SE 
Variables 

9.27 ± 2.49 10.66 ± 1.90 Age (months) 

5/4            9/6 Sex (M/F) 

 
 

40.1±0.1a 

142.2± 3.5a 
35.9 ± 2.7a 

 
 

38.8 ± 0.13 
113.2± 2.5 
18.8± 1.53 

Physical examination: 
 

Temperature( ᵒC) 
Pulse (bpm) 

Respiratory rate (min.) 
 

 
a: p ≤ 0.001                                b: p ≤ 0.01                          c: p≤0.05 

 
Table (2). Leucogram profile of septic-SIRS group compared to the healthy control group. 

  
septic-SIRS (n=9) 

Mean± SE 
Control   (n = 15) 

Mean± SE 
Parameters 

15.50 ± 2.73 c 7.91 ± 0.68 WBCS (103/mm3) 

12.29 ± 2.12 c 5.16 ± 0.56 Absolute Neutrophil count (103/mm3) 

80.16 ± 2.32 % 67.14 ± 1.62 % Neutrophil percent (%) 

0.64 ± 0.14c 
0.17 ± 0.03 

 
Absolute band Neutrophil count (103/mm3) 

3.25 ± 0.62 % 
2.60 ± 0.50 % 

 
Band percent (%) 

 
a: p ≤ 0.001                      b: p ≤ 0.01                                c: p ≤0.05 
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Table (3). Protein profile of the septic-SIRS group compared to the healthy control group. 

 
 

septic-SIRS  (n=9) 
Mean± SE 

Control   (n = 15) 
Mean± SE 

Parameters 

5.31 ± 0.39 5.66 ± 0.33 Total protein (g/dl) 

2.12 ± 0.21c 2.52 ± 0.05 Albumin (g/dl) 

3.12 ± 0.24 3.25 ± 0.27 Globulin (g/dl) 

0.68 ± 0.04 0.77 ± 0.51 A:G ratio 

 
a: p ≤ 0.001                              b: p ≤ 0.01                            c: p ≤0.05 

 
Table (4). PCT in comparison with CRP and total leucocyte count of the septic-SIRS group 

compared to the healthy control group. 
 

Septic-SIRS (n=9) 
Mean± SE 

Control   (n = 15) 
Mean± SE 

Parameters 

3.66 ± 0.47a 1.15 ± 0.29 PCT (ng/ml) 

12.00 ± 4.24c 6.50 ± 0.50 CRP (mg/l) 

15.50 ± 2.73 c 7.91 ± 0.68 WBCS (103/mm3) 

 
a: p ≤ 0.001                            b: p ≤ 0.01                                 c: p ≤0.05 

 

DISCUSSION 
Identifying a true ‘‘gold standard’’ for the 

diagnosis of septic-SIRS in dogs is often 
problematic as blood culture takes a long time to 
obtain positive cultures and contamination issues. 
In addition to the inability of certain bacteria to 
grow in standard cultures (Mandell et al., 
2007).The current study showed no significant 
difference between healthy control group and 
septic-SIRS group in age, sex, and breeds which 
came in accordance to (Andreola et al., 2007; 
Kocaturk et al., 2010 and El-Azeem et al., 2013).  

Regarding clinical examination of septic-SIRS 
in dogs, animals were suffering from fever, 
tachycardia and tachypnea which consistent to 
Carcillo et al., (2006) who stated that the earliest 
clinical sign of clinical infection changes in body 
temperature. Tachycardia and/or tachypnea are a 
useful sign of sepsis. Fever may be responsible 
for tachycardia, as each 1°C increase can result in 
an increase in heart rate of 10% and possibly 
respiratory rate. Also, agreed with Kilpatrick et al. 
(2016) who mentioned that dogs should be 
considered to have SIRS when they met each of 
the following criteria: respiratory rate greater than 
20 min, heart rate greater than 120 min and rectal 
temperature less than 38.1°C or greater than 
39.2°C. 

Bacteriological culture in the septic-SIRS 
group showed β hemolytic on blood agar and 

mannitol fermenting (yellow) colonies on mannitol 
salt agar specific for Staph. aureus also, showed 
lactose fermenting (pink) colonies on MacConkey 
agar specific for isolation of E-coli which came in 
accordance to Hatherill et al., (1999) who reported 
that common etiologies of sepsis and septic shock 
are gram-negative bacteria as E-coli and 
Enterobacter spp and gram-positive bacteria as 
Coagulase-positive Staphylococcus (Staph. 
aureus). The most frequently isolated 
microorganism was Staphylococcus aureus 
among infectious SIRS Ahmadinejad et al., 
(2009). Also, agreed with Arora et al., (2016) who 
listed microbiological isolates encountered in 
bloodstream infections include Staph. aureus and 
E-coli as the most common isolates. 

Microscopic examination of picked colony 
stained with Gram's stain revealed gram-positive 
(blue colony) cocci resemble clusters of grapes 
characteristics for S. aureus and gram-negative 
(pink colony) bacilli reveal E-coli which agreed 
with Lappin and Turnwald, (2004). 

According to our study, leucogram activity in 
septic-SIRS in dogs responded by leucocytosis 
along with an increase in both absolute 
segmented and band neutrophil counts which 
agreed with Andonova et al., (2017). Torrente et 
al., (2015) stated that two important indications of 
systemic inflammation in dogs include: 
neutrophilia (>16.0 × 106 cells/µL), neutropenia 
(<6.0×106 cells/µL), or left shift in neutrophils 
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(band cells >3%). Also, Gommeren et al., (2018) 
recorded that the clinical diagnosis of SIRS is 
based on defined changes in hematologic 
parameters: leukocyte counts (>16000 or <5000 
x106 cells/µl) or presence of a left shift (bands 
>3%). Lovewell et al., (2014) explained 
leukocytosis by transmigration of these 
inflammatory cells from the bloodstream to the 
site of infection is a result of the strong 
inflammatory response against septic infection. 
Also, (Aird, 2001; Hack and Zeerleder, 2001) 
reported that once inflammation had triggered, the 
response leads to secretion of pro- and anti-
inflammatory cytokines, activation and mobiliza-
tion of leukocytes which lead to leukocytosis.  

Protein profile showed significant 
hypoalbuminemia which came in accordance to 
Nakamura et al., (2008) who stated that albumin 
concentration decreases significantly in dogs with 
experimentally induced inflammation. Also, 
Tvarijonaviciute et al., (2011) reported that the 
response to endotoxin in dogs showed decreased 
concentrations of albumin demonstrating its role in 
systemic inflammation and behavior as negative 
acute phase proteins. Throop et al., (2004) 
mentioned that inflammation is a well-known 
cause of hypoalbuminemia. During inflammation, 
cytokines as TNF and IL-1 serve to shunt amino 
acids towards proteins essential to the 
inflammatory process (positive acute phase 
proteins) as C - reactive protein and fibrinogen 
leading to decrease in negative phase proteins 
like albumin. In dogs, inflammation showed a mild 
to moderate decrease in albumin level. 

Serum canine PCT significantly increased 
which came in accordance with Andonova et al., 
(2017) who mentioned that serum PCT values in 
infected septic dogs were increased 
progressively. Joo et al., 2011 and Lika et al., 
2013 stated that several animal studies showed 
an increase in the concentration of PCT during 
serious infection and induced endotoxemia. Also, 
Yılmaz et al., (2008) reported that PCT rose as a 
response to endotoxemia in dogs. Kuzi et al., 
(2008) mentioned that PCT was used to be a 
diagnostic and prognostic marker in diseased 
dogs. Fortunato (2016) stated that PCT 
concentrations increase at the onset of bacterial 
infection and correlate with the severity of the 
infection. 

 In healthy adults, PCT concentrations 
generally remain below 0.05ng/ml and increase 
rapidly within 2–4 hrs in case of systemic bacterial 
infection (˂0.25 to ˂0.5 ng/ml), sepsis (˃0.5 to ˃2 
ng/ml) and severe sepsis ) ≥2 to ≤ 10ng/ml). 

Müller et al., (2010) mentioned that PCT was 
increased significantly in bacteremic patients 
compared with patients without an identified 
bacterial pathogen. Besides, Castelli et al., (2006) 
stated that researches in humans have shown 
that PCT levels were significantly higher in septic 
shock and severe infectious diseases compared 
with noninfectious inflammatory diseases and 
were diagnostically superior to C-reactive protein.  
Regards CRP results showed a low significant 
increase in the septic-SIRS group as reported by 
Tvarijonaviciute et al., (2011). Watterson et al., 
(2009) stated that CRP is one of the major APPs 
in dogs in which an inflammatory response was 
monitored. Murata et al., (2004) observed that 
acute-phase proteins (APPs) are released as a 
chemical and cellular response to injury as 
mediators in the inflammatory cascade. CRP 
increases transiently but long enough to allow 
detection, thus reflecting a real-time response. 
Inflammatory biomarkers showed a highly 
statistically significant increase in PCT level (p≤ 
0.01) along with low statistical significant increase 
in CRP and leucocyte count (p≤ 0.05) which came 
in accordance with Vatcheva-Dobrevsky and 
Ramshev, (2004). They stated that CRP serum 
level and the leucocyte count associated strongly 
with bacteremia but lesser degree than PCT. CRP 
is a very sensitive marker of inflammation, but 
cannot be used in differentiating bacterial from 
other inflammation as it shows a significant 
elevation in such cases as well as in the case of 
viral infections. Canine procalcitonin is a more 
specific and sensitive marker of systemic bacterial 
infection than acute phase protein such as CRP. 
 Lopez et al., (2003) recorded that both PCT and 
CRP were found to perform better than leucocyte 
count in detecting invasive infections; in addition, 
PCT displayed higher diagnostic accuracy than 
did CRP. Also, came in accordance with Andreola 
et al., (2007) who stated that both PCT and CRP 
are valuable markers in predicting severe 
bacterial infection and they perform better than 
Leucocyte count. Latimer et al., (2003) stated that 
although PCT is expected to be a sensitive 
marker of inflammation, leucocyte, and neutrophil 
counts are less sensitive because their numbers 
may be lower or higher than or within a reference 
interval, depending on the disease, its stage and 
severity and other factors (e.g., stress, anxiety, 
age). 

CONCLUSION 
In conclusion; Canine procalcitonin 

measurement displayed higher diagnostic 
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accuracy than either C-reactive protein or the 
leucocyte count in detecting septic-SIRS in dogs. 
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