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Abstract
An ovariohysterectomy is one of the most common procedures performed on bitches in everyday 
veterinary practice. As with any other surgery, it leads to a local inflammatory reaction, which is 
usually accompanied by a systemic reaction called the acute-phase response (APR). The aim of the 
study was to assess the changes of serum CRP concentration, WBC and rectal temperature during 
the postoperative period in bitches undergoing ovariohysterectomy and to establish the usefulness 
of such determinations after surgical trauma. The results showed increased levels of all the meas-
ured parameters 24 hours after surgery. During the course of a normal postoperative period, WBC 
count and rectal temperature return to values that are considered physiological norms for dogs. 
The subsequent decline in CRP during the postoperative course indicates the gradual subsidence 
of the inflammatory reaction to surgical trauma. CRP concentrations higher than the physiological 
norm noted 10 days after surgery indicate a persistent, although less severe inflammatory process. 
The serum concentration of CRP is a more sensitive and reliable parameter for an evaluation of 
the postoperative period in bitches than WBC count and rectal temperature.

Key words: bitches, ovariohysterectomy, acute-phase response, rectal temperature, WBC, CRP

Ovariohysterectomy is a commonly used method of contraception in dogs. As  
a surgical method in which tissue integrity is interrupted, it leads to the development 
of a temporary local inflammatory reaction, accompanied by a systemic reaction 
known as the acute-phase response (Buttenschoen et al., 2001; Mold et al., 2002). 
This is the reaction of tissues to infection or damage to their integrity resulting from 
trauma, surgery, neoplastic processes, or immune system dysfunction (Baumann and 
Gauldie, 1994; Buttenschoen et al., 2001; Dąbrowski et al., 2009). The acute-phase 
response appears quickly; its severity depends on the nature and type of stimulus. 
It is an element of non-specific immunity encompassing the earliest changes taking 
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place in the organism. Disturbances also occur in the metabolic profile and in the 
functions of the nervous and endocrine systems (Kostro et al., 2001 a, b). 

A fundamental role in the induction and modulation of the acute-phase response 
is played by cytokines – both pro-inflammatory (IL-1, TNFα, IL-6, IL-8, IFNγ) and 
anti-inflammatory (including IL-4 and IL-10) (Cray, 2012). Increased production 
and release of these cytokines by various types of immune cells and by epithelial 
cells and fibroblasts occur as a consequence of their activation by factors such as 
stress, transport, trauma, toxins, poisoning, bacterial or viral infections, and invasion 
by parasites (Eckersall, 2000; Mold et al., 2002; Murata et al., 2004; Petersen et al., 
2003; Póvoa et al., 1998; Póvoa, 2002). 

One of the early symptoms of acute-phase response is fever (Zheng et al., 1995), 
which is a result of pro-inflammatory cytokines (IL-1, IL-6 and TNF-α) inducing the 
production of prostaglandins of the E family in the anterior hypothalamus, leading 
to disturbances in the thermoregulatory centre. Leukocytosis and thrombocytosis are 
noted in the blood during acute-phase response (Baumann and Gauldie, 1994; Gogo 
et al., 2005; Ozaka et al., 2012; Ito et al., 2006). 

During acute-phase response, changes also occur in the concentration of serum 
proteins known as acute-phase proteins – APP (Eckersall, 2000; Eckersall and Bell, 
2010; Suffredi et al., 1999). Proteins whose concentration increases by at least 25% 
are called positive acute-phase proteins, while those whose concentration decreases 
are negative acute-phase proteins. Acute-phase proteins prevent the generalization 
of the inflammatory process and limit the scope of tissue damage (Eckersall and 
Bell, 2010). As a non-specific mechanism of innate humoral immunity, they also per-
form an important function in modulating the inflammatory immune response. The  
main sites for the production of acute-phase proteins in animals are hepatocytes, 
but some APP may also be synthesized by lymphocytes, monocytes, epithelial cells,  
and fibroblasts (Cray, 2012; Eckersall, 2000; Ulutas et al., 2009). Changes in acute-
phase protein concentrations in the blood reflect the severity of the inflammatory 
process and the extent of tissue damage (Eckersall et al., 2010). Determination of 
APP is of unquestionable diagnostic and prognostic value with regard to the course 
and outcome of the disease process (Dąbrowski et al., 2009; Eckersall et al., 2010; 
Kostro et al., 2001 b; Murata et al., 2004; Petersen et al., 2003; Planellas et al., 
2009).

APPs in dogs can be classified by the magnitude of their response to stimuli as 
positive (major and moderate) or negative reactants. Haptoglobin (Hp), serum amy-
loid A (SAA) and C-reactive protein (CRP) are positive APPs that increase the rate 
of synthesis and release when an inflammation occurs and can be used in dogs as  
a screening test for systemic response to an inflammatory stimulus and are consid-
ered the most accurate markers of inflammation (Cerón et al., 2005; Dąbrowski et 
al., 2009).

The main acute-phase proteins in dogs include, among others, the C-reactive 
protein (CRP) (Eckersall and Bell, 2010; Shida et al., 2011; Tecles et al., 2009). This 
is a first-line protein whose serum concentration increases just 4–8 hours after the 
stimulus and reaches its maximum values after 1–2 days. It is well established that 
increased CRP concentrations in the blood are strongly associated with inflammation 
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in dogs (Hayashi et al., 2001). Some authors (Casella et al., 2013) have shown an 
increase in acute-phase proteins after hunting exercise.

The effectiveness of the prevention of postoperative complications depends, to  
a large extent, on appropriate monitoring of the dogs’ state of health. A useful method 
for assessing the severity of inflammatory states is the determination of acute-phase 
response parameters, such as C-reactive protein, white blood cell count (WBC) and 
rectal temperature. These parameters provide a sensitive indicator which can enable 
early detection of abnormalities in the postoperative period and rapid intervention to 
restore homeostasis in the organism, particularly in the absence of clinical disease 
symptoms. Hence, the aim of the study was to assess the changes of serum CRP con-
centration, WBC and rectal temperature during the postoperative period in bitches 
undergoing ovariohysterectomy and to establish the usefulness of such determina-
tions after surgical trauma.

Material and methods

The study population was composed of 20 purebred and crossbred bitches, aged 
2–4 years, with a body mass of 12–30 kg, between the 4th–10th weeks after oestrus. 
30% were nulliparous and 70% primiparous, and 60% had a history of having had 
birth control injections with progesterone substances. Bitches were admitted to the 
Department and Clinic of Animal Reproduction, Faculty of Veterinary Medicine, 
University of Life Sciences, Lublin for elective spaying (ovariohysterectomy). Prior 
to the surgery, the dogs underwent clinical examination according to a gynaeco-
logical plan, as well as additional tests (haematological, biochemical, cytological, 
vaginoscopy, ultrasound). According to these findings, the animals were classified as 
healthy bitches in the anoestrus phase and selected to undergo surgical sterilization, 
which was performed on the next day. 

Rectal temperature was measured with a veterinary electronic thermometer (Kru-
use Digi-Vet SC 12) and blood was collected from the vena saphena at the follow-
ing intervals: before surgery (day 0), and then 24 hours (1 day), 120 hours (5 days) 
and 240 hours (10 days) after the surgery. Blood samples were collected from the 
vena saphena into sterile VACUTEST tubes (with clot activator, 9 ml). Serum was 
obtained by centrifuging whole blood for 10 minutes (3,000 rpm), after which it 
was frozen at –76°C (Polar 110 H) and stored until analysis (for a maximum of  
4 months). Samples were free from haemolysis and lipemia.

The samples for WBC analysis were collected into sterile tubes containing EDTA 
(VACUTEST K3EDTA 7.2 mg). White blood cell count was determined using a Scil 
Vet abc Plus+ haematology analyser (manufactured by Horiba ABX). 

All samples were thawed for CRP determination on the same day.
C-reactive protein levels were determined using an immunoassay kit (PHASETM 

Canine CRP Assay, ELISA, Tridelta Development Limited, Kildare, Ireland) 
according to the manufacturer’s instructions. The absorbance of samples was 
measured on a microtiter plate reader (ELx800, BioTek Instruments, USA) at  
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450 nm using 630 nm as the reference. The coefficients of variation (CV) for this 
assay are: intra-assay 6.9% (15.4 μg/mL) and 6.5% (35.8 μg/mL); inter-assay 8.2% 
(14.9 μg/mL) and 7.8% (34.6 μg/mL).

According to Martinez-Subiela (2003), these methods have been validated for the 
determination of acute-phase proteins in canine serum samples. 

In accordance with the generally accepted guidelines concerning general sur-
gery, bitches received no meal 12 hours before the planned operation (Komar, 1998). 
However, constant access to water was maintained. The ovariohysterectomy was 
performed under general anaesthesia and according to the generally accepted pro-
tocol [premedication: intramuscular xylazine (Rometar 2%® – Spofa, Czech Repub-
lic), 2 mg/kg b.w. and atropine (Atropinum sulfuricum® – Polfa, Poland), 0.05 mg/
kg b.w.; induction: Propofol (Propofol; Pfizer, 20 mg/ml), 2 mg/kg i.v.; maintenance: 
Isofluorane 1.5% in 100% O2]. The average duration of the ovariohysterectomy was 
40 to 60 minutes, which was dependent on the dog’s body weight.

The results obtained were analysed statistically; the mean, standard deviation 
and significance of differences were calculated. Intra-group means were compared 
to initial values (from before the surgery) based on variance analysis (Statistica 6.0 
Software) which was conducted based on the Mann-Whitney U test. The level of 
significance was set at P<0.05. 

Results

After complete recovery from the operation and several hours of observation, 
animals were returned to their owners. Follow-up visits at the clinic were arranged to 
enable clinical check-ups and access to material to identify CRP and WBC.

Both during and after surgery, all bitches were given broad-spectrum anti- 
biotics (penicillin and streptomycin – prep. Pen-Strep, Scan Vet, Poland) and po- 
lyionic fluids. Antibiotics were continued for 4 days in dogs after ovariohysterec-
romy.

The first day after surgery, bitches demonstrated normal behaviour towards en-
vironmental stimuli and they drank water; however, the bitches did not accept food. 
The frequency and the amount of urine was normal. The second day after surgery, 
90% of bitches started accepting food in a liquid form. In the following days, the 
appetite and thirst came to normal in all bitches. The 10th day after surgery, sutures 
were removed and continuity of tissues was checked properly. Postoperative wounds 
healed through per primam intentionem.

The results of the rectal temperature measurements over the course of the ex-
periment are presented in Figure 1. The data show that before the procedure the 
average rectal temperature was 38.3°C (±0.5). On the first day after the surgery, this 
rose to an average of 39.1°C (±0.3) – a statistically significant increase compared 
to the pre-surgery temperature (P≤0.05). On subsequent testing days, internal body 
temperature was within physiological norms for dogs and no statistically significant 
differences were noted.
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Haematological findings are presented in Table 1.
The white blood cell counts in the dogs’ blood are presented in Figure 2. The 

average WBC count before the procedure was 9.6 (±1.6)×109/l, while on the first day 
after the ovariohysterectomy the leukocyte count increased significantly, reaching  
a value of 18.8 (±2.5)×109/l (a statistically significant difference at P≤0.05 compared 
to the initial value). On subsequent testing days, the average leukocyte count de-
creased compared to its maximum value, reaching a value of 11.2 (±4.1)×109/l on the 
tenth day after the ovariohysterectomy. The final mean leukocyte count was within 
the physiological norm for dogs. 

Figure 1. Serum C-reactive protein (CRP) concentrations (μg/ml) and rectal temperature (°C) in bitches 
throughout the experiment

A – statistically significant differences compared to the initial value (P≤0.05)

Table 1. Selected haematological parameters determined in the blood of bitches throughout  
the experiment: number of erythrocytes × 1012/l, Hb (g/l) and Ht (%)

Item
Time intervals of study

0
before surgery

24 h  
after surgery 

5 d  
after surgery

10 d 
after surgery

Number of erythrocytes in the blood 
× 1012/l

6.4
(±0.6)

6.1
(±0.5)

5.9
(±0.8)

5.8
(±0.9)

Level of haemoglobin in the blood (g/l) 14.1
(±1.7)

13.8
(±1.2)

13.3
(±1.8)

13.1
(±2.2)

Level of haematocrit in the blood (%) 44.6
(±4.3)

42.9
(±3.7)

40.5
(±5.7)

39.3
(±5.9)
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Figure 2. White blood cell (WBC) count in bitches throughout the experiment (× 109/l) 
A – statistically significant differences compared to the initial value (P≤0.05)

The changes in the level of C-reactive protein in the blood over the course 
of the experiment are presented in Figure 1. Before the surgery, the average  
CRP level was 2.8 (±1.1) μg/ml. On the first day after the surgery, there was a sta- 
tistically significant increase in CRP level, which rose to a value of 103.8 (±65.2)  
μg/ml (P≤0.05); this proved to be the maximum value for the entire experiment. 
On the fifth day after the surgical procedure, a decrease in C-reactive protein con-
centration was noted compared to the first day after the surgery (69.4±55.8 µg/ml); 
however, compared to the value from before the surgery, it remained at a statistically 
higher level. On day 10 after the surgery, the average CRP concentration was 43.9 
(±32.9) µg/ml (P<0.05).

Discussion

One of the early symptoms of the acute-phase response is fever (Zheng et al., 
1995), which is the result of pro-inflammatory cytokines (IL-1, IL-6 and TNF-α) 
acting on the thermoregulatory centre in the hypothalamus. However, there is not al-
ways a positive correlation between increased internal body temperature and the se-
verity of inflammatory processes. This was confirmed by the present study, in which 
the internal body temperature in the dogs undergoing surgical sterilization remained 
within the physiological norm for dogs throughout the experiment, except for the 
first day of observation. The statistically significant increase in rectal temperature 
compared to its value before the surgery may have resulted from activation of the 
acute-phase response due to the ovariohysterectomy. However, a comparison of the 
overall dynamics of the changes in the concentrations of CRP and rectal tempera-
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ture on all testing days (Figure 1) indicates that acute-phase protein determination is  
a more sensitive and reliable parameter for use in evaluating the postoperative period 
in bitches. This is confirmed by results obtained by other authors, which have shown 
that CRP serum concentration remaining at a high level was positively correlated 
with a decline in patients’ overall state of health, while rectal temperature remained 
close to the physiological norm (Póvoa, 2002).

Another indicator of the acute-phase response is leukocytosis. In the present 
study, a significant increase was noted in mean leukocyte count in comparison with 
the initial values on the first day after the ovariohysterectomy. This may be due to 
activation of a systemic acute-phase response resulting from an interruption of tis-
sue integrity and the development of a local inflammatory reaction (Ho et al., 2001).  
A similar increase in WBC count was observed by Yamamoto et al. (1993) follow-
ing surgical removal of the uterus and ovaries in dogs, as well as by Mattila-Vuori 
et al. (2000) after inguinal hernia surgery in children. In the present study, a gradual 
decrease in the total number of leukocytes was observed on day 5 after the ovario-
hysterectomy, and on the last day of testing their average values were within the 
physiological norm for dogs. This was accompanied by a normalization of the CRP 
serum concentration. This indicates that the inflammatory process induced by the 
surgical procedure was ending and that the course of the postoperative period in the 
dogs was normal.

During the acute-phase response, changes occur in the concentration of the serum 
proteins known as acute-phase proteins. This was confirmed by the results of the 
present study, in which the mean CRP values were within physiological norms for 
dogs prior to the ovariohysterectomy. The immediate increase in CRP concentrations 
and their maximum concentration on the first day after the ovariohysterectomy indi-
cate that these proteins respond rapidly in dogs and are induced by the same mecha-
nisms (Baumann and Gauldie, 1994; Ulutas et al., 2009). This increase in CRP may 
be the consequence of enhanced production of pro-inflammatory cytokines, which 
are the main signal inducing the transcription factors of genes responsible for chang-
es in the biosynthesis of CRP in hepatocytes resulting from interruption of tissue 
integrity and the development of a local inflammatory reaction induced by surgery 
(Murata et al., 2004; Petersen et al., 2003). The decreasing CRP concentrations on 
subsequent testing days indicate that the inflammatory reaction induced by the sur-
gery was ending. Similar results were obtained by Serin-Ulutas (2010) and Siracusa 
et al. (2008), who assayed acute-phase proteins in bitches undergoing surgical sterili-
zation, and by Kajikawa et al. (1999), who observed decreasing CRP concentrations 
in cats following urinary system surgery. However, CRP concentrations in the serum 
of the dogs on the last day (day 10) of the experiment remained elevated compared 
to physiological norms, which indicates that a weak inflammatory process was still 
active. On this testing day, no clinical symptoms were to be observed in consequence 
of the surgery. Some authors (Georgieva et al., 2013) have shown that serum CRP 
may be considered an early positive acute-phase protein and may be used as a helpful 
indicator for an early diagnosis of staphylococcal infection in dogs.

In conclusion, the results of the present study demonstrate that ovariohysterec-
tomy as a surgical method leads to the development of a local inflammatory re-
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action and activation of the acute-phase response. This is manifested as early as  
24 hours after the stimulus as an increase in some parameters of the APR: concentra-
tions of C-reactive protein, leucocytosis and rectal temperature. During the course of  
a normal postoperative period, WBC and rectal temperature return to values that are 
considered physiological norms for dogs. The subsequent decline in CRP during the 
postoperative course indicates the gradual subsidence of the inflammatory reaction 
to surgical trauma. CRP serum concentration is a more sensitive and reliable param-
eter for evaluating the postoperative period in bitches than WBC count and rectal 
temperature. The introduction of CRP to routine veterinary diagnostic determina-
tions extends the capabilities of the monitoring of inflammatory processes and pro-
vides direction for future studies designed to provide better information to improve 
postoperative recovery in bitches. 
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