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ABSTRACT

Pyometra is a common issue and can progress into many conditions due to late diagnosis and
improper post-operative care. Therefore, the research team conducted this study to discuss
the post-operative management of pyometra in dogs using blood profiles, Interleukin-6 (IL-6),
and Symmetric dimethylarginine (SDMA), collected from a total of 15 dogs. In a healthy
control group (n=10), histological changes can be seen in 5 different levels, including normal,
cystic endometrial hyperplasia (CEH), CEH with mild endometritis, mild endometritis, and
chronic endometritis. In a group of dogs with pyometra (n=5), two levels of uterine changes
were observed: cystic CEH with mild endometritis, and endometrial hemorrhage. The results of
the microscopic examination relate to changes in other systemic parameters, including the
blood profile, IL-6, and SDMA. The result of the blood profile showed an increase in average
white blood cells and total protein at both pre-and post-operation. However, there were no
significant differences in IL-6 between pre-and post-operation in both groups of dogs (P=0.5,
P=0.19). The pre- and post-operative SDMA levels were not significantly different in pyometra
dogs (P=0.58), but significantly different in healthy dogs (P=0.007). Additionally, the results of
bacterial culture and drug administration, antibiotics used at the hospital are not effective
against some bacteria found in the uterine body - Enterobacter cloacae ssp. cloacae and
Klebsiella pneumoniae ssp. pneumoniae. Owing to the results of the mentioned parameters,
bacterial culture, drug sensitivity, and histological examination should be performed to help
design the treatment strategy and antibiotics used, to manage post-surgical care for both
healthy and pyometra dogs properly.
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INTRODUCTION

At present, pyometra, a uterine infection with pus, is a
prevalent issue in dogs in Thailand, occurring in both stray
and owned dogs (Rungphattanachaikul et al., 2021). The
condition can result from various factors, such as
contraceptive injections or factors inherent to the dog
itself which are commonly seen in cystic endometrial
pyometra or cystic endometrial hyperplasia (CEH) (Smith,
2006; Hagman, 2012; Hagman, 2017). Pyometra is often
diagnosed late due to its unclear clinical symptoms and
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the absence of specific diagnostic methods, leading to
delayed treatment for these dogs. This delay poses a risk
of various complications, including uterine enlargement,
uterine rupture, peritonitis, bloodstream infections, and
sudden kidney failure (Xavier et al, 2023). These
complications further reduce the survival rate of dogs even
after undergoing ovariohysterectomy (OVH), a surgical
procedure to remove the uterus and ovaries. Therefore,
inadequate post-operative management may exacerbate
the severity of these complications or prolong the recovery
period for dogs (Liao et al., 2020; Vukmer et al., 2021).
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The research team undertook this study to elucidate
post-operative management strategies for pyometra in
dogs, specifically focusing on hematological parameters,
including interleukin-6 (IL-6) and systemic
dimethylarginine (SDMA). Additionally, the study aims to
investigate the effects of post-operative treatment
following OVH in dogs with pyometra. The research
comprises two studies: the first involves comparing blood
profiles, circulating IL-6, and SDMA levels in dogs before
and after OVH treatment for pyometra. The second study
compares these parameters in dogs that underwent OVH
treatment, distinguishing between those with pyometra
and normal dogs. Parameters examined include vital signs,
hematological values, bacterial cultures, antimicrobial
susceptibility, and biomarkers (IL-6 and SDMA), linked
explicitly to inflammatory, infectious, and renal damage
processes. These were assessed through dot blot and
IDEXX SDMA testing methods. Additionally,
histopathological examination of the uterine tissues was
conducted to indicate the severity of pyometra. Clinical
data were collected through a cohort study involving dogs
receiving treatment at the Small Animal Hospital, Chiang
Mai University. The study included 15 dogs with confirmed
pyometra and a case-control group of 15 dogs, analyzed
using paired t-tests for statistical evaluation.

MATERIALS & METHODS

Blood samples were collected from all 15 dogs and
categorized into two groups: the pyometra group and the
healthy control group, which consisted of dogs
undergoing elective spaying at the Small Animal Hospital,
Chiang Mai University. Samples were obtained via the
cephalic vein. The first collection tube contained 3mL of
blood in ethylenediaminetetraacetic acid (EDTA) for
complete blood count (CBC), blood chemistry, and SDMA
analysis (Sysmex DX-3010, Sysmex Corporation, Kobe,
Japan). The second tube contained TmL of blood for serum
IL-6 analysis. In total, 4mL of blood was collected from
each dog. For IL-6 analysis, the blood was centrifuged to
separate plasma, which was then transferred to Eppendorf
tubes and stored at —20°C until analysis. IL-6 levels were
determined using the dot blot analysis method. After
surgery, uterine body samples measuring 1 x 1 x 1 cm
(width x height x length) were collected using a biopsy
technique. The samples were fixed in 10% neutral-buffered
formalin for histopathological examination. The remaining
uterine tissue was submitted to the Animal Disease
Diagnosis and Translational Technology Center, Chiang
Mai University, for bacterial culture and antimicrobial
susceptibility testing wusing the VITEK® 2 system
(bioMérieux, Marcy—l'Etoile, France). Clinical data for both
groups of dogs were collected, including sex, age, breed,
feeding and care practices, and defecation habits.
Information on abnormalities was recorded, encompassing
the type of abnormality, date of onset, duration, and
progression. Vital signs were assessed, including mental
status, pulse rate, heart rate, heart sounds, respiratory rate,
respiratory sounds, hydration status, mucous membrane
condition, body temperature, and pain score (0-4 scale,
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Colorado State University). Measurements were obtained
at two time points: before surgery and 7 days
postoperatively. Postoperative complications were also
evaluated on day 7% including wound infection,
hypothermia, fever, and abdominal pain on palpation.
Post-operative management data will be collected at the
Small Animal Hospital, Chiang Mai University, including the
type, size, quantity, and frequency of antibiotics and anti-
inflammatory drugs, as well as the type, duration, and rate
of fluid administration. Data on surgical wound
management and the frequency of wound cleaning will
also be recorded.

For the dot blot protocol, 15 plasma samples will be
thawed at room temperature, after which 20-30ug of each
sample will be diluted with phosphate buffer saline (PBS)
at a 1:1 ratio. The mixture will be vortexed and then
incubated at 95°C for 5min. For the preparation of the
Immun-Blot® polymer polyvinylidene difluoride (PVDF)
membrane and Whatman filter paper, the PVDF membrane
will be soaked in methanol for 2min, rinsed in TBST
solution for 3min, and the Whatman filter paper will be
soaked in tris-buffered saline with tween-20 (TBST)
solution. The soaked PVDF membrane will then be placed
directly on the soaked Whatman filter paper. PVDF
membranes were soaked in methanol for 2min, rinsed in
TBST solution for 3min, and then placed onto Whatman
filter paper pre-soaked in TBST. Protein samples were
applied 3 yL per spot to the membrane and allowed to air-
dry at room temperature for 15min, followed by washing
in TBST for 5min. The primary antibody used was purified
anti-mouse IL-6 monoclonal antibody. Prior to use, the
antibody was equilibrated to room temperature for 10min.
The membrane was blocked in 5% bovine serum albumin
(BSA) in TBST (blocking buffer) for 30min at room
temperature, followed by washing with TBST for 3min. The
primary antibody was diluted in blocking buffer to the
desired concentration and incubated with the membrane
either overnight at 4°C or for 2 hours at room temperature.
The membrane was then washed with TBST for 3min. The
secondary antibody was equilibrated to room temperature
for 10min prior to use and prepared according to the
manufacturer’s instructions. It was diluted in blocking
buffer at a ratio of 1:2,000-1:10,000, incubated at room
temperature for 45min, and then washed three times with
TBST, 3min per wash. The 3,3’-diaminodbenzidine (DAB)
substrate solution was prepared by mixing the membrane
with the DAB substrate solution and incubating for 5min at
room temperature in the dark. Upon completion of
staining, images were captured, and the IL-6 levels were
quantified using the Image Studio Lite program (LI-COR
Biosciences, Lincoln, Nebraska, USA). The analysis involved
measuring the grayscale intensity of the dot blot spots
corresponding to each plasma sample, with IL-6 intensity
normalized to the total protein intensity.

All samples were stained with ponceau red. For
analysis, the relative intensity value was calculated as the
ratio of IL-6 intensity to total protein intensity (relative
intensity = IL-6 intensity / total protein intensity). The
relative intensities of all 15 samples were plotted and
statistically analyzed using a paired t-test to compare IL-6



levels in dogs undergoing OVH before and after surgery,
as well as to compare IL-6 values between dogs with
purulent endometritis and healthy controls. For the
measurement of SDMA, 1 mL of blood was collected into
an EDTA tube and transported to the Medical Examination
Unit, Faculty of Veterinary Medicine, Chiang Mai University.
SDMA levels were measured using the IDEXX SDMA assay
(IDEXX Laboratories, Wesbrook, Maine, USA). For
histopathological examination of uterine tissue, paraffin-
embedded tissue blocks were sectioned using a
microtome, with the cutting thickness set to 4 pm. Sections
were stained with hematoxylin and eosin (H&E) following
standard protocols. Briefly, paraffin was removed, and the
sections were stained with hematoxylin for 15min, rinsed in
water for 5min, counterstained with eosin for 1min, and
then coverslipped. The prepared slides were examined
under a light microscope.

For bacterial culture, specimens were inoculated onto
chocolate agar (CA), blood agar (BA), modified Thayer—
Martin (MTM) agar, and MacConkey (MAC) agar, in that
order. Culturing was initiated immediately or within 20min
of specimen collection. Following incubation, slides were
labeled and subjected to Gram staining to assess bacterial
morphology and quantity, the number of white blood
cells, and the presence of clue cells, thereby aiding in the
preliminary differentiation of pathogens from normal
flora. Petri dishes were incubated at 35-37 °C in an
atmosphere containing 5% carbon dioxide (CO,), or in a
candle jar with a water-moistened cotton pad to maintain
humidity. After 18-24 hours of incubation, culture plates
on CA, BA, MTM, and MAC media were examined. If no
bacterial growth was observed, incubation continued for
up to 72 hours. In cases where Gram staining revealed

coccobacilli arranged in a “school-of-fish” pattern,
incubation was extended to 5 days.
For specimens in LIM broth, subculturing was

performed onto BA, followed by incubation at 35-37°C in
an atmosphere containing 5% CO, or in a candle jar with a
water-moistened cotton pad to maintain humidity. If no
bacterial growth was observed, incubation was continued
for an additional 48 hours, for a total of 72 hours.
Pathogens were examined, classified, and subjected to
antimicrobial susceptibility testing (Research Institute

Public Health Science, 2018).

Data were analyzed using the Wilcoxon signed-rank
test and the Mann-Whitney U test to assess IL-6 and
SDMA levels, given the small sample size and non-normal
nonparametric

data distribution. These tests were
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employed to compare IL-6 and SDMA concentrations
before and after surgery. Additional parameters, including
hematologic values and antibiotic usage, were analyzed
separately. Descriptive statistics were used to summarize
and interpret the study’s findings.

RESULTS

Histopathological examination of 15 dogs, as
summarized in Table 1, revealed that among 10 clinically
healthy dogs undergoing sterilization surgery, pathological
changes in the uterine body were detected in five cases.
These included cystic endometrial hyperplasia (CEH) in two
dogs, chronic metritis in two dogs, mild endometritis in
four dogs, CEH with mild endometritis in one dog, and no
pathological abnormalities (normal uterus) in one dog. In
the pyometra group (n = 5), two types of pathological
changes in the uterine body were identified: endometrial
hemorrhage in one case, and CEH accompanied by mild
endometritis in four cases.

Table 1: The histopathological of uterus in dogs (n = 15)

Pathological change of uterus Healthy dogs (n = 10) Pyometra dogs (n = 5)

Normal 1 -
Mild endometritis
Chronic endometritis
Endometrial hemorrhage
CEH

CEH & mild endometritis

4
2
2
1

1
4

In the mild endometritis group, histopathological
examination revealed degeneration of the endometrial
glands and hemorrhage. Edema and mild infiltration of
lymphocytes and neutrophils were present within the
endometrial layer. Additionally, the subserosal layer
exhibited edema and red blood cell accumulation (Fig. 1).
In the chronic endometritis group, an increased number of
endometrial glands, hemorrhage, and marked infiltration
of lymphocytes and macrophages were observed. The
subserosal layer demonstrated vascular dilation and
perivascular edema (Fig. 2). In cases of endometrial
hemorrhage, prominent red blood cell accumulation and
interstitial edema were present within the endometrium.
Glandular hyperplasia and mild infiltration of neutrophils
and lymphocytes were also noted, along with mild vascular
hypertrophy (Fig. 3). In CEH group, there was marked
thickening of the endometrial layer and extensive cyst
formation. Proliferation of endometrial glands along the
uterine wall was evident, accompanied by interstitial
fibrosis and mild lymphocytic infiltration (Fig. 4).

Fig. 1: Mild endometritis,
dog, uterine body, 10x (A),
40x (B).



Fig. 6: CEH & mild endometritis, dog, uterine body: 40x.

In the group with both CEH and endometritis, numerous
cystic formations and marked proliferation of endometrial
glands were observed. Neutrophils infiltrated the lumina
of the day endometrial glands. Additional findings
included interstitial fibrosis, edema, hemorrhage, and the
presence of plasma cells and lymphocytes. Vascular
hypertrophy was also evident (Fig. 5 and 6).
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Fig. 2: Chronic endometritis,
dog, uterine horn, 10x (A),
40x (B).

Fig. 3: Endometrium
hemorrhage, dog, uterine
body, 10x (A), 40x (B).

Fig. 5: CEH & mild endometritis, dog, uterine body: 40x.

Bacterial culture of uterine samples from the 15 dogs
revealed no bacterial growth in any of the 10 clinically
normal dogs. In contrast, bacteria were isolated from the
uteri of all five dogs with endometritis. The identified
pathogens included Citrobacter koseri, Escherichia coli,
Enterobacter cloacae subsp. cloacae, Klebsiella pneumoniae
subsp. pneumoniae, and Streptococcus canis (Table 2).

Table 2: The Bacterial culture of the uterus and drug susceptibility used in
the Small Animal Hospital, Chiang Mai University

Amoxycillin - Amoxycillin-  Cephazolin
Clavulanic acid

Citrobacter koseri - S S
Escherichia coli | S S
Enterobacter cloacae ssp. cloacae R R R
Klebsiella pneumoniae ssp. R S S
pneumoniae

Streptococcus canis - - S

Note: R = resistant, | = intermediate susceptibility, S = sensitive.

The antibiotics listed in Table 2 are those routinely
used in Small Animal Hospitals at Chiang Mai University.
Most bacterial isolates were susceptible to the antibiotics
available in the hospital. However, some isolates exhibited



resistance, including Enterobacter cloacae subsp. cloacae,
which was resistant to amoxicillin, amoxicillin/clavulanic
acid, and cefazolin, and Klebsiella pneumoniae subsp.
pneumoniae, which was resistant to amoxicillin. Escherichia
coli demonstrated intermediate  susceptibility to
amoxicillin. Based on the results of the Wilcoxon signed-
rank test comparing the relative intensity of IL-6 before
surgery and 7 days after surgery in all dogs undergoing
OVH (n = 15), dogs were categorized into two groups:
those with purulent uterine inflammation (pyometra) and
clinically healthy dogs undergoing elective sterilization.
Among the dogs with uterine inflammation, the mean
relative intensity of IL-6 before sterilization was 0.34 (mean
= 0.34; min = 0.20; max = 0.67; SD = 0.18).

Seven days after surgery, the mean relative intensity of
IL-6 in dogs with purulent uterine inflammation was 0.31
(mean = 0.31; min = 0.17; max = 0.61; SD = 0.18), with no
significant difference compared with pre-surgical values (P
= 0.50). In clinically healthy dogs undergoing elective
sterilization, the mean relative intensity of IL-6 before
surgery was 0.08 (mean = 0.08; min = 0.01; max = 0.25;
SD = 0.09), and 0.07 after 7 days (mean = 0.07; min =
0.01; max = 0.23; SD = 0.08). No significant difference
was observed between pre- and post-surgical values in
this group (P = 0.19) (Fig. 7). When comparing pre-
surgical IL-6 relative intensity between dogs with
purulent endometritis and healthy controls using the
Mann-Whitney U test, values in the purulent endometritis
group were significantly higher than those in the healthy
group (P = 0.005) (Fig. 8). Similarly, post-surgical IL-6
relative intensity remained significantly higher in dogs
with purulent endometritis compared with healthy dogs
(P = 0.005) (Fig. 9).

0.8
0.7

I Presx
M Postsx

IL-6
<
ES

0.2
0.1
Pyometra Healthy

Fig. 7: The relative intensity of IL-6 in healthy and pyometra dog before and
7 days after surgery.
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Fig. 8: The relative intensity of IL-6 in healthy and pyometra dog
before surgery.
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Fig. 9: The relative intensity of IL-6 in healthy and pyometra dog before and
after surgery.

Complete blood count results are presented in Table 2.
The 15 dogs were grouped according to histopathological
diagnosis. Healthy dogs were classified into five categories:
normal uterus (Normal), CEH with mild endometritis, CEH,
mild endometritis, and chronic endometritis. Dogs in the
normal (n = 1), CEH (n = 2), and CEH with mild
endometritis (n = 1) groups exhibited only slight
alterations in hematologic values.

In the mild endometritis group (n = 4), pre-surgical
CBC results showed elevated white blood cell (WBC)
counts, lymphocytes, and segmented neutrophils
compared with reference values. Mean values were
19.02+6.41 x10%/uL, 14.15+6.37 x10%/uL, and 3.07+1.02
x10%/uL, respectively. Following surgery, the mean WBC
count and segmented neutrophil count decreased to
within the normal range. However, the mean lymphocyte
count increased compared with pre-surgical values, with a
mean of 4.87+0.69 x10%/pL.

In the chronic endometritis group (n = 2), pre-surgical
results indicated elevated WBC counts, segmented
neutrophils, and lymphocytes, with mean values of
20.94+6.28 x10°/uL, 14.69+7.94 x10°/uL, and 3.30+2.51
x10%/uL, respectively. Post-surgical results showed that
mean WBC and lymphocyte counts remained above the
normal range (14.23+7.18 x103/uL and 3.64+0.85 x10%/uL,
respectively), whereas the mean segmented neutrophil
count decreased to within the reference range.

Healthy dogs in the normal (n = 1) and CEH (n = 2)
groups showed no changes in blood chemistry values
before and after surgery (Table 3). In the CEH with mild
endometritis group (n = 1), total protein was elevated after
surgery (8.3g/dL), while albumin concentrations were
above the reference range both before and after surgery
(3.99/dL and 3.4g/dL, respectively) (Table 4).

In the mild endometritis (n = 4) and chronic
endometritis (n = 2) groups, mean total protein
concentrations were above the reference range both
before and after surgery, with lower mean values observed
post-surgery. Additionally, in the chronic endometritis
group, mean albumin concentration post-surgery was
elevated (3.25+0.21g/dL).

In the pyometra group, dogs with CEH and
endometritis had mean total protein concentrations higher
than the reference range both before and after surgery
(9.43+1.46g/dL and 9.33+1.16g/dL, respectively). Dogs
with endometrial hemorrhage also exhibited albumin
concentrations above the reference range before and after
surgery (3.5g/dL and 3.2g/dL, respectively).
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Table 3: The mean and standard deviation of complete blood count from 15 dogs before and after surgery

Group Hct Hgb RBCs MCv MCH MCHC WBCs Neu b Neu s Lym Mon Eos Bas Plt
% g/dL 105uL Al Pg g/dL 103/uL 10°/uL 10°/uL 103/uL 103/uL 103/uL 10°/uL 10°/uL

Normal (n = Pre 42 145 6.09 69.7 238 342 1071 0 69 244 0.88 049 - 559
1) Post 40 133 588 67.9 226 333 9.88 0 838 074 057 0.18 001 275
CEH(n=3) Pre 5267+666 17.73+237 7561  6993+16  2347+1.12 3353x085 1389+164 00 865+164 3461178 095+0.51 08+0.18 0.03+001 374.67+191.69

Post 4433+4.73 152+178 627+06 7094168 2423+084 3413+045 1022+0.5 00 625071  241+066 106+03 093045 0.1 339671679
Mild Pre 374829  1213+263 544095 67.98+491 222119 3268+142 19024641 0.12+024 14.15+637 3.07+1.02 095+044 071+021 0.03+0.04 237.5+47.12
endometritis Post 43+0 13.5¢0.17 631x0.17 6807+142 2127+032 31.1+035 1295+1.67 00 673£101  487+069 029+029 1.01+036 0.04+003 299+3559
(h=4)
Chronic Pre 45+707 15254219 652+091 685+156 234014 34.15+0.64 20941628 051+072 1469+7.94 33+251 088+0.17 159+026 0.01+0.01 300.5+9.19
endometritis Post 49+849 1621283 697+122 69.95+035 232+0 3334014 1423+7.18 0x0 851488  3.64+085 074086 131x06 002+002 353+566
(n=2)
CEH + mild Pre 40+9.06  13.55%2.79 6.19+143 6465254 22+14 3403+1.62 2083+1553 1.97+228 1526+1299 2234118 0.7£0.13 088039 0010  21275+117.03
endometritis Post 3741291 1224459 5.89+2.04 4998+2879 206197 3295+1.17 168441101 132+264 1216+7.87 141+041 106+089 0.86+049 002+001 257.25+86.86
(n=4)
Endometrial Pre 47 156 649 725 24 332 19.56 0 85 563 0.86 444 0.13 225
hemorrhage Post 46 15.1 6.29 724 24 332 16.03 0 6.25 633 0.78 261 0.06 297

(n=1)

Note: Hct = hematocrit, Hgb = hemoglobin, RBCs = red blood cells, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean

corpuscular hemoglobin concentration, WBCs = white blood cells, Neu b = band neutrophil, Neu s = segmented neutrophil, Lym

monocyte, Eos = eosinophil, Bas = basophil, Plt = platelet.

lymphocyte, Mon

Table 4: The mean and standard deviation of blood chemistry from 15 dogs before and after surgery

Group BUN Crea ALT ALP TP Alb
mg/dL mg/dL UL u/L g/dL g/dL

Normal (n = 1) Pre 134 0.81 39 29 6.9 38

Post 107 1.25 22 36 73 34
CEH (n = 3) Pre 163 +34 1.16 £ 0.41 3533 +18.23 39.67 + 22.81 7.13+0.35 35+036

Post 20.17 + 344 113 £0.27 29.67 + 10.6 53.67 + 50.36 7.27 +0.96 297 +0.38
Mild endometritis Pre 13.85+ 3.5 1.04 + 0.28 28.75 +7.14 79 £ 20.54 8.58 + 0.56 2.83 £0.53
(n=4) Post 1715 + 437 1.07 + 0.06 28 + 548 62.5 + 18.65 8.15 +0.93 298 +0.17
Chronic endometritis Pre 17.9 £ 1.98 1.01 £ 0.07 25.5 +9.19 50 + 7.07 8.35 + 0.64 2.95 +0.07
(n=2) Post 19.85 + 8.41 1.04 £ 0.02 16.5 £ 0.71 28.5 + 17.68 8.3 + 042 325 £0.21
CEH + mild endometritis Pre 16.98 + 8.54 1.09 + 0.24 38.25 + 22.65 95.75 + 36.1 943 + 146 273 £0.17
(n=4) Post 2233 +9.84 1.26 + 0.06 49.75 + 26.7 52.25 + 56.81 933 +1.16 28 +042
Endometrial hemorrhage Pre 21 1.55 38 9 74 35
(n=1) Post 234 1.37 35 89 6.6 3.2

Note: BUN = blood urea nitrogen, Crea = creatinine, ALT = alanine transaminase, ALP = alkaline phosphatase, TP = total protein, Alb = albumin

Table 5: The recommended antibiotic for Enterobacter cloacae ssp. cloacae and Klebsiella pneumonia ssp. pneumonia by Center of Veterinary Medical

Diagnostic and Animal Health Innovation, Chiang Mai University

Microorganism

Recommended antibiotic

Enterobacter cloacae ssp .cloacae

Sulfamethoxazole/Trimethoprim dose 30 mg/kg q8h PO

Cephalexin dose 22 mg/kg q12h PO
Enrofloxacin dose 5 mg/kg q24h PO
Marbofloxacin dose 5.5 mg/kg gq24h PO
Pradofloxacin dose 3 mg/kg q24h PO
Cefovecin dose 8 mg/kg q7-14days SC
Amikacin dose 15-20 mg/kg q24h SC

Klebsiella pneumonia ssp .pneumonia

Sulfamethoxazole/Trimethoprim dose 30 mg/kg q8h PO

Cephalexin dose 22 mg/kg q12h PO
Enrofloxacin dose 5 mg/kg q24h PO
Marbofloxacin dose 5.5 mg/kg gq24h PO
Pradofloxacin dose 3 mg/kg q24h PO
Cefovecin dose 8 mg/kg q7-14 days SC
Amikacin dose 15-20 mg/kg q24h SC

The results of the comparison of SDMA values from a
total of 15 dogs were analyzed using a paired t-test. The
dogs were divided into two groups: (1) dogs with purulent
uterine inflammation (pyometra) and (2) clinically healthy
dogs presented for elective sterilization, with SDMA
measured both before and 7 days after surgery.

In the pyometra group, the mean preoperative SDMA
value was 18.33ug/dL (mean = 18.33, min = 13, max = 24,
SD = 5.5). Seven days postoperatively, the mean SDMA
value was 18.66pg/dL (mean = 18.66, min = 12, max = 31,
SD 10.7). No statistically significant difference was
observed between pre- and postoperative values (P = 0.58).

In the healthy control group, the mean preoperative
SDMA value was 11.75pg/dL (mean = 11.75, min = 9, max
= 15, SD = 2.75), whereas the mean postoperative value at
7 days was 15.75pg/dL (mean = 15.75, min = 13, max = 19,
SD 2.75). SDMA levels were significantly higher

postoperatively compared to preoperative values (P
0.007) (Fig. 10).

A comparison of preoperative SDMA levels between
dogs with purulent endometritis and healthy controls was
performed using the Mann-Whitney U test. Dogs with
purulent endometritis exhibited significantly higher SDMA
values than healthy dogs (P = 0.034) (Fig. 11). In contrast,
when comparing the relative intensity of IL-6 levels after
surgery between the two groups, no statistically significant
difference was detected (P = 0.5) (Fig. 12).

DISCUSSION

Although no significant changes in IL-6 levels were
observed in either dogs with purulent endometritis (P =
0.43) or healthy dogs (P = 0.22) when comparing pre-
surgery and 7 days post-surgery values, these results differ
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from those reported by Dabrowski et al. (2015b). In their
study, dogs with pyometra exhibited a significant
postoperative decrease in IL-6, while healthy dogs showed
an increase on day 3 followed by a decrease on day 10
(Dabrowski et al., 2015b). Recent comprehensive studies
have demonstrated that |IL-6, along with other
inflammatory mediators such as high-mobility group box 1
(HMGB1) and procalcitonin (PCT), significantly decreases
following surgical removal of the inflamed uterus,
indicating their utility as biomarkers for clinical recovery
(Ahn et al.,, 2021). Furthermore, IL-6 has been identified as
one of the most favorable biomolecular markers for
predicting endometritis in bitches, with an area under the
curve (AUC) of 0.67 in receiver operating characteristic
analysis (Schittler & Neumann, 2015; Garcia Mitacek et al.,
2023). When comparing IL-6 levels within individual dogs,
a tendency toward decreased IL-6 at day 7 post-surgery
was noted. The variability in results between studies may
stem from differences in the severity of suppurative
endometritis, the clinical condition of the animals, and
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postoperative care some dogs in this study were not
hospitalized  post-surgery, potentially leading to
discrepancies in owner-administered medications and
aftercare (Turkki et al, 2023). Additional factors
contributing to variability include the timing of peak
inflammatory responses, as IL-6 is recognized as a major
proinflammatory cytokine released during the early phase
of endotoxemia, and peak concentrations may not have
been persistent or reached in cases that did not develop
severe sepsis (Karlsson et al., 2012).

Histopathological changes were present even in
clinically healthy dogs (n = 10), including conditions such
as CEH, mild endometritis, and chronic endometritis all of
which were associated with elevated CBC, blood chemistry,
and IL-6 levels. For example, even before surgery, healthy
dogs with mild and chronic endometritis had elevated
WBC counts; however, only the mild endometritis group
normalized within 7 days post-surgery. In chronic
endometritis cases, WBC and lymphocyte counts remained
elevated postoperatively, indicating that subclinical uterine
inflammation may persist. This implies that "healthy" dogs
without signs of clinical infection may harbor latent
endometrial inflammation (Xavier et al., 2023) and may be
at risk for future purulent cervicitis; thus, vigilant
postoperative monitoring is warranted (Heiene et al., 2007;
Wozna-Wysocka et al, 2021). Recent molecular studies
support this finding, demonstrating that inflammatory
genes including cyclooxygenase 1 (COX1), IL-6, and IL-8
show significantly higher mRNA expression in bitches with
endometritis compared to those with normal
endometrium, even in the absence of cystic endometrial
hyperplasia (Garcia Mitacek et al,, 2023). In contrast, dogs
with purulent endometritis exhibited histopathological
patterns of CEH with mild endometritis or endometrial
hemorrhage. These dogs maintained elevated WBC counts
both before and after surgery, suggesting that standard
postoperative management may be insufficient to fully
control inflammation and infection (Turkki et al, 2023).
These findings align with those reported by Jitpean et al.
(2014), wherein dogs with pyometra demonstrated
persistent leukocytosis, neutrophilia with left shift, and
monocytosis until at least three days post-surgery
(Dabrowski et al., 2015b).

Recent literature further emphasizes the importance
of controlling postoperative inflammation in pyometra
cases. Studies utilizing serial biomarker analysis have
shown that inflammatory markers including C-reactive
protein (CRP) and serum amyloid A (SAA) typically
normalize within 7 to 14 days following treatment of
infectious diseases, with serial measurements potentially
aiding in the identification of disease resolution (Goggs et
al,, 2022). However, CRP concentrations can increase 16- to
45-fold within 24 to 48 hours following surgical
procedures, particularly in cases involving significant
surgical trauma, making it a reliable indicator of
postsurgical inflammation (Christensen et al, 2015).
Importantly, CRP levels measured 4 days postoperatively
have been shown to be significantly higher in dogs with
incision site infections compared to uninfected animals,
with  affected dogs demonstrating mean CRP



concentrations of 296.6 mg/L versus approximately 100
mg/L in the uninfected cohort (Christensen et al., 2015).
Hematobiochemical parameters, including WBC count,
total protein, blood urea nitrogen (BUN), and creatinine,
have been reported to gradually improve following
ovariohysterectomy; however, in dogs with pyometra, most
values remained above the reference range at 15 days
post-surgery (Dabrowski et al., 2015a; Hokamp & Nabity,
2016). Moreover, a recent review on diagnostic biomarkers
for pyometra indicated that sustained elevation of systemic
inflammatory markers is associated with prolonged
hospitalization and poorer prognosis (Jitpean et al,, 2014;
Singh et al., 2020). Advanced biomarkers of endothelial
activation, including vascular endothelial growth factor
(VEGF), hyaluronan, and plasminogen activator inhibitor 1
(PAI-1), are significantly elevated in dogs with sepsis and
organ dysfunction, suggesting that endothelial activation
occurs in naturally occurring sepsis and may contribute to
organ dysfunction (Gaudette et al., 2023). These findings
highlight the need for optimized postoperative strategies
aimed at reducing inflammation and improving recovery
outcomes.

The blood chemistry findings revealed that healthy
dogs with mild endometritis, those with chronic
endometritis, and dogs with purulent endometritis in the
CEH with mild endometritis group exhibited mean total
protein levels above the normal range both before and
after surgery. This aligns with patient histories and
histopathological findings. Elevated total protein likely
reflects dehydration, chronic inflammation, and/or
infection conditions that stimulate globulin synthesis and
thus raise overall protein levels. Although mean blood urea
nitrogen (BUN) and creatinine remained within normal
limits across all groups, two dogs in the purulent
endometritis group displayed postoperative elevations in
BUN beyond normal limits while creatinine remained
unchanged. Notably, these two dogs also exhibited
sustained increases in SDMA levels from normal pre-
surgery values to 28 and 31ug/dL at day 7 well above the
canine reference range (0-14ug/dL). This highlights the
potential risk of postoperative acute kidney injury in
inflamed uterus cases and underscores the need for close
renal monitoring, as SDMA may detect kidney dysfunction
earlier than traditional markers (Andrade et al, 2023).
SDMA is considered a more sensitive and earlier marker of
declining glomerular filtration rate (GFR) compared to
serum creatinine, as it increases as early as 25% loss of
kidney function, while creatinine cannot identify kidney
issues until almost 75% of kidney function is lost (Hall et
al, 2016). Furthermore, SDMA is less impacted by
extrarenal factors than creatinine, including body
condition, advanced age, and disease state, making it
particularly valuable for assessing kidney function in
animals with inflammatory conditions (Hall et al., 2016).

In statistical comparisons, SDMA levels in dogs with
purulent endometritis did not differ significantly pre-
versus post-surgery (P = 0.58); however, in healthy dogs,
postoperative SDMA levels were significantly higher (P =
0.007). Intriguingly, all four healthy dogs with elevated
postoperative SDMA belonged to the same owner,
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suggesting potential shared factors such as hydration
status, medication practices, or postoperative care
differences. The clinical significance of SDMA elevation
extends beyond simple renal function assessment, as
studies in dogs with chronic kidney disease have
demonstrated that SDMA correlates better with renal
function than serum creatinine and shows measurable
clearance during dialytic treatment, with a 48-hour
rebound effect of 25% between sessions (Le Sueur et al.,
2019). Microbiological culture results indicated that
commonly used antibiotics in small animal hospitals such
as amoxicillin, amoxicillin/clavulanic acid, and cefazolin
may not effectively target uterine pathogens like
Enterobacter cloacae and Klebsiella pneumoniae (Table 5).
The organisms isolated in this study are consistent with
those previously reported in cases of canine purulent
endometritis (Santana and Santos 2021; Xavier et al., 2023;
Ylhainen et al, 2023). Recent molecular characterization
studies have demonstrated that these bacterial pathogens
are associated with differential expression of inflammatory
cytokines, with IL-6 and IL-8 showing particularly high
upregulation in infected endometrial tissue (Sasidharan et
al,, 2023).

Additional evidence from recent literature supports
the clinical significance of these findings. Advanced renal
markers, including SDMA and urinary gamma-glutamyl
transferase (UGGT), have demonstrated superior sensitivity
to creatinine in detecting early renal impairment in dogs
with pyometra. In Brazil, the study involving 14 dogs
showed that SDMA (ranging 17.7-26.5 pg/dL), uGGT, and
urinary protein—creatinine ratio (UPCR) was elevated pre-
and shortly post-ovariohysterectomy, while creatinine and
urea remained relatively stable emphasizing the value of
early biomarkers in monitoring renal injury (Andrade et al.,
2023). Moreover, a 2025 prospective study on
postoperative acute kidney injury (AKI) in healthy dogs
indicated that even elective surgeries can lead to renal
impairment in a small percentage (~3%) of cases, with
surgery duration being a significant risk factor (Mufioz-
Blanco & Salazar, 2025). This underscores the importance
of vigilant perioperative monitoring particularly in patients
with pre-existing inflammatory conditions like pyometra.
Contemporary research has also identified procalcitonin
(PCT) as a valuable prognostic biomarker in dogs with
systemic inflammatory response syndrome (SIRS), with
significantly higher concentrations observed in deceased
animals compared to survivors, and positive correlations
with pro-inflammatory cytokines IL-6 and tumor necrosis
factor-a (Chadorneshin et al, 2023). These findings
collectively emphasize the need for comprehensive
postoperative monitoring strategies that incorporate
multiple biomarkers to optimize patient outcomes and
enable early detection of complications.

Conclusion

Nevertheless, the relatively small sample size in this
study limits the generalizability of the findings. This
constraint was primarily due to the restricted timeframe
and stringent inclusion criteria applied by the research
team. Future studies incorporating larger cohorts are



warranted to elucidate more robust associations between
inflammatory mediators, hematological responses, and
histopathological alterations. Specifically, investigating the
relationships among IL-6, leukocyte counts, and uterine
tissue changes may advance our understanding of disease
mechanisms and  provide prognostic indicators.
Furthermore, longitudinal monitoring of IL-6 in
conjunction with SDMA and leukocyte profiles could offer
valuable tools for assessing disease severity, progression,
and postoperative outcomes in dogs with pyometra. The
methodological approach for cytokine quantification also
warrants refinement. In the present study, circulating IL-6
was measured using a dot blot protocol, which provides
relative intensity values derived from grayscale imaging
normalized to total protein staining (Ponceau Red). While
this method is cost-effective, its semi-quantitative nature
may limit accuracy. By contrast, enzyme-linked
immunosorbent assay (ELISA) detects IL-6 via antigen—
antibody binding and signal amplification, offering higher
sensitivity and quantitative reliability. Although ELISA
entails higher operational costs, it may provide superior
accuracy and reproducibility in future investigations,
thereby strengthening the reliability of biomarker-based
monitoring in canine purulent endometritis.
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