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Abstract. This article analyzes data from a study of 72 dogs aged from 8
months to 11 years. A method that helps predict the possible development of
complications in animals with obstetric-gynecological and cryptogenic sepsis, as
well as purulent wounds and abscesses, was tested on a dog model. Evaluation
criteria on PIRO and SAPS scale in the propaedeutics of sepsis in dogs have
been formed. A clinical version of the model has been developed to divide
patients with sepsis into groups based on their condition. The system is based on
the assessment of criteria of sepsis development, based on a set of clinical and
laboratory signs that determine risk factors and prognosis of the course of the
disease. The prognostic role of the determination of cationic neutrophil proteins
in the clinical manifestation of purulent inflammation in dogs was also noted.

1 Introduction

Sepsis is uncontrollable due to the imbalance of simultaneously existing forces, some of which
support the inflammation (systemic inflammatory response syndrome - SIRS) and others limit it
(compensatory anti-inflammatory response syndrome - CARS). Sepsis is a multifactorial
disease. The disease development mechanism is still the subject of much debate. In 2003, an
international council of experts proposed using the PIRO system in assessing sepsis (Levy
M.M. et al., 2003). However, the PIRO scale has some drawbacks since all its criteria were
included in the scale arbitrarily. An example of an attempt to improve the diagnostic criteria of
sepsis is the development of the previously proposed PIRO concept (Alves F, et al., 2020;
Laptev S.V., 2021; Pimenov et al., 2022a). The SAPS (Simplified Acute Physiology Score)
scale consists of easily measured clinical and laboratory criteria that are evaluated during the
first day after the patient's admission and range from O to 4 points [J.-R. Le Gall et al., 1984].
The aim of the study was to clarify the significance of indicators on PIRO and SAPS scales,
as well as the mean cytochemical coefficient (MCC) of non-enzymatic cationic proteins
(cationic proteins, CP) in neutrophilic granulocytes (neutrophilic granulocytes, NG) for the
prediction of septic complications in dogs referred for examination with suspicion on
obstetric-gynecological and cryptogenic sepsis, as well as purulent wounds and abscesses.
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2 Materials And Methods

The studies were carried out at veterinary clinics in different administrative districts of Moscow
and the Moscow region, where sick pets and dogs from the animal shelter "Avtomobilnye
Dorogy" of the Western Administrative District of Moscow (1460 animals) are treated.
Immunologycourse students took an active part in the collection of primary data. During the
study, we analyzed the examination results from clinic databases(outpatient cards) for
2020-2022. 72 dogs aged from 8 months to 11 years, included: dogs suffering from
obstetric-gynecological sepsis (n = 22), cryptogenic sepsis (n = 18), purulent wounds and
abscesses (n = 10). The control group included clinically healthy animals (n=22) kept in the
shelter. All dogs that participated in this study were examined by a clinic veterinarian. The
target of the study were dogs with a record of clinical examinations, hemogram, biochemistry
blood tests and recorded outcome resulted in discharge or death. All dogs that did not meet the
mentioned criteria were excluded from the study. The sample size was 50 dogs with signs of
sepsis. In terms of outcome, 43 (86%) dogs with sepsis were discharged and 7 (14%) dogs died.

The primary data of the examination of animals was converted into scores on PIRO and
SAPS scales, as a generalizing result of clinical signs during the initial examination of animals,
the results of ultrasound, complete blood count (CBC) and biochemistry blood tests. The level
of cationic proteins in neutrophils was calculated using the average cytochemical coefficient
(MCC) according to a modified formula and expressed in arbitrary units [Pimenov, 2022b]. All
four indicators are considered during the evaluation of PIRO indicators to predict the
development of sepsis in the body. After summing all 4 indicators with the maximum score of
each indicator in the scoring system from 0 to 3, the forecast formula is:

0-2 points - the prognosis is favorable;

3-4 points - a favorable prognosis with necessary treatment and preventive measures;

5-9 points - questionable, cautious prognosis, inpatient treatment is necessary;

10-12 points - unfavorable prognosis (septic shock).

The predictive value was assessed using PIRO indices (iPIRO). Estimates by indicators
were converted into arbitrary units depending on deviations from the norm from 0 to 3. iPIRO
was calculated using the formula: iPIRO = (P + 1+ R + O)/4

According to the dynamics of the development of the disease/recovery, considering the
PIRO indicators, a forecast was made, if iPIRO is less than 1, the prognosis is positive. If 1-2 -
moderate, 3 - septic shock and possible animal death.

The criteria for the development of sepsis were considered: a decrease or lack of appetite,
depression of the general condition, fever, vomiting, presence of an infection
focus,development of toxic leukocytosis and hemodynamic disorder.

The criteria "P - predisposition", "I - infection", "R - response" and "O - organ dysfunction"
were evaluated according to [Alves, et al. 2020]. Age, breed and vaccination status were taken
into account to determine predisposition (P). The response (R) was characterized by
temperature, heart rate, respiration rate and leukocyte count. Organ dysfunction (O) according
to biochemical and clinical markers of dysfunction of the kidneys, cardiovascular, respiratory,
hepatic and coagulation systems.

Table 1. Criteria for evaluating the indicator: predisposition (P)

Criteria Points

Bullmastiff, Golden Retriever, Dogue de Bordeaux, Bernese Mountain Dog, 1
Great Dane, Leonberger, Irish Wolfhound, German Wolfspitz, Bull Terrier,
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Pekingese, Caucasian and Central Asian Shepherd Dog, Russian Toy Terrier,
French Bulldog, Yorkshire Terrier, Chow Chow

German Shepherd, Rottweiler, American Staffordshire Terrier, Dachshund, 0
Cocker Spaniel, Poodle, Boxer, other breeds

Ages up to 1 year and 7 years and older 1

Not completed the full course of vaccination 1

Note. In the presence of 3 or more criteria, the indicator P = 3 points. Index P (iP) is calculated as the sum
of all indicators divided by 3.

Table 2. Criteria for assessing the indicator: infection (I)

Criteria Points

Blood culture detection 3

Bacterial microflora in smears:

Gram-positive 1

Gram negative 2

Mixed 2

Absence of purulent accumulations (discharge) 0

and microflora in smears

Note.Indicator I corresponds to the criterion with the highest score. Index I (il) is calculated as the sum of
all indicators divided by 3.

Table 3. Scoring scale for R assessment (systemic response of the body to infection)

Criteria Points
0 1 2 3
T (°C) body 37.8-39.4 39.5-40.4 36-37.7 or <36or>41.4
temperature 40.5-41.4
HR (bpm) 60-140 141-150 151-170 <60or>171
heart rate
RR (bpm) 10-30 3140 41-50 >500r<10
respiratory rate
White blood 6000-16.000 4.200-5.999 or 2.940-4.199 or <2.939
cells (cells/pL) 16.001-20.800 20.801-27.040 or>27.041

Note.If there are 2 or more criteria, the indicator R = 3. The index R (iR) is calculated as the
sum of all indicators divided by 3.
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Table 4. Criteria for assessing organ dysfunction (O)

Dysfunction Criteria (all identified changes are taken into account, in all organs,
each one is evidence of organ dysfunction)

Uterine Ultrasound: signs of an acute inflammatory process

Renal Ultrasound: pronounced changes

Creatinine and urea

Hepatic Ultrasound: pronounced changes.
Bile acid and/or total bilirubin
Alkaline phosphatase (ALP)

ALT (alanine aminotransferase)

Albumen
Cardiovascular Hypotension requiring vasopressor drugs
Respiratory Need of oxygen or ventilation, ARI

Note. Each criterion is worth 1 point. If there are 2 or more criteria, the indicator O = 3. Index O (iO) is
calculated as the sum of all indicators divided by 3.

Sepsis in animals was distinguished by the severity of the response and the development of
complications, metabolic changes, multiple organ failure, and was divided into three stages:

Stage I - focus of infection + systemic inflammatory response syndrome (SIRS);

Stage II - focus of infection + systemic inflammatory response syndrome (SIRS) + multiple
organ failure syndrome (MODS);

Stage III - focus of infection + systemic inflammatory response syndrome (SIRS) + multiple
organ failure syndrome (MODS) + septic shock.

SIRS is diagnosed when three of the following criteria are met, one of which must be a
leukocyte reaction: temperature response > 39.7°C or <37.5°C; leukocyte reaction> 20.0%109/1
or <4.0*109/1; tachycardia>160 in 1 min; tachypnea > 24 in 1 min.

Table 5. SAPS (Simplified Acute Physiology Score) assessment criteria

Indicators of Points
morphological
and biochemical 4 3 2 1 0 1 2 3 4
parameters of
blood
Below normal Norm Above normal

Deviation of the | Over | 25-50 | 11-24 1-10 0 1-24 | 25-5 | 51-100 | Over
norm, % 50 0 100

3 Results
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Dogs with sepsis had a decreased appetite, increased body temperature, respiratory and heart
rate. All dogs had elevated ESR levels, most of them significantly (2-3 points). In 60% of dogs,
on average, the mean value of erythrocyte volume and potassium content decreased by 1 point.
In 50% of dogs with sepsis, the level of red blood cells was slightly elevated (1 point).

Table 6 presents the scores on SAPS scale of cellular and biochemical blood parameters of
dogs with obstetric-gynecological and cryptogenic sepsis, as well as chronic septic
complications manifested by purulent wounds and abscesses.Neutrophilia was observed in most
sick dogs, which varied from just left neutrophil shift in animals with abscesses (1 point), to a
hyper regenerative shift in animals with cryptogenic sepsis (3-4 points).

Dogs with accidental purulent wounds had increased leukocyte count by an average of 2
points and reached their maximum in the group of animals with sepsis (4 points).

Relative lymphopenia and an increased alkaline phosphatase were observed in half of the
sick dogs. 80% of dogs showed a significant increase in rod-shaped neutrophils (2-3 points). In
general, the development of septic complications was reflected, as a rule, in an increase in the
number of leukocytes, platelets, neutrophils (young, rod-shaped and segmented) and
monocytes. At the same time, erythrocytes and lymphocytes in 50% of sick animals were
determined below the physiological norm. Among the biochemical indicators, a decrease in
potassium and phosphorus was noted in 60 and 30% of animals, respectively.

Table 6. Changes in cellular and biochemical blood parameters of dogs with developed septic
complications of various severity.

Reference SAPS scores (lim - limits, Changes in
range of Mo - fashion, x - arithmetic mean) indicators in
indicators of sepsis:
the Obstetric-g | Cryptogenic | Purulent | Hypo | Hyper
Name of . . . . .
o physiologic | ynecologica | sepsis(n wounds, | allerg | ergic
indicator . .
al norm 1 sepsis =18) abscesse | enic type
(lim). (n=22) s type
Control (n=10)
(n=22)
1 2 3 4 5 6 7
—" " — 5 5
WRBC <6(17> lim2-4, lim2-4, lim1-4, 10% 90%
Leukocytes 1079/1 Mo 3, Mo 3, Mo 2,
x3,27 x2,5 x2,25
: _ : _ 0 0
RBC <55(8,5> k/lrr:)012, k/lrrtl)oll, 0 50% | 0%
red blood cells 1071211 ’ ’
x1,3 x0,5
: _ : _ 0 0,
HGB <110]190 | lim0-2, lim0-1, 0 44% 10%
Hemoglobin g Mo 1, Mo 1,
g o/l x1,1 x0,4
] _ ] - [ )
HCT <39]56> lim 0-3, lim0-1, 0 50% 0%
Hematocrit % Mo, Mo 1,
x1,33 x0,6
R _ . _ 0 0,
MCV <66|77> lim0-2, lim0-1, 0 60% | 0%
erythrocyte fL Mo 1, Mo 1,
ey x0,75 x0,5
. _ . _ ) 0,
MCHC <320|360 | 1im0-2, lim0-1, 0 20% | 20%
hemoglobin ~ Me 1, Mo 0,
g o/l x0.72 x03
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1 0, 0,
RDW-SD 35<12]15 k,ln(l)o(;l’ 0 0 0% | 24%
9
erythrocytes >0 X031
1 0, 0,
PLT <117 460 > ;‘,[“;061’ 0 0 0% | 24%
/A 9
platelets 10"9/1 x0.33
lim1-2, lim2-4, 0 0% 40%
ESR ; j\Lij Mo 1, Mo 3,
x 1,6 x3,5
Young lim1-2, lim0-1, 0 0% 20%
neutrophils 0% Mo 1, Mo 0,
x1,3 x0,4
lim1-4, lim2-3, 0 0% 80%
<0]3> Mo 3, Mo 2,
Stab neutrophils | % x2,74 x2,2
lim1-2, lim0-2, lim2-4, 10% | 40%
Segmented <55|70> Mo 1, Mo 0, Mo 3,
neutrophils % x1,6 x1,1 x3.5
lim0-1, 0 0 10% 0%
<0]|5> Mo 0,
Eosinophils % x 0,1
1im0-2, lim0-1, lim1-2, 50% 10%
<13|32> Mo 0, Mo 0, Mo 1,
Lymphocytes % x0,67 x0,5 x1,1
1im0-2, 0 0 0% 15%
<0]3> Mo 1,
Monocytes % x1,63
<4,3]6,2> | lim0-2, 1im0-2, 1im0-2, 60% 0%
Mo 1, Mo 1, Mo 1,
Potassium x1,2 x1,5 x1,2
1im0-2, 0 0 0% 15%
Mo 0,
AST <11]42> x1,5
0 lim0-1, 0 0% 10%
Mo 0,
ALT <9]52> x0,5
1im0-2, 0 0 15% 0%
Mo 0,
Albumen <22]39> x0,7
<3,519,2> | lim0-2, 0 0 0% 20%
Mo 0,
Urea x0,7
1im0-2, 0 lim 0-2, | 20% 0%
Mo 0, Mo 0,
Bilirubin total <3]13,5> |x0,5 x1,25
1im0-2, 0 0 0% 20%
Mo 0,
Total protein <40]73 > x0,75
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lim0-2, lim0-1, lim 0-2, | 30% 0%
Mo 0, Mo 0, Mo 1,
x0,5 x0,5 x1,25
Phosphorus <13|3>
lim0-2, lim3-4, lim 3-4, 10% 50%
Alkaline Mo 1, Mo 3, Mo 3,
phosphatase < 18170 > x1,5 x3.,5 x3.,5

Note. The Mo mode is the most frequently occurring value in the sample.X - arithmetic mean.X = 1/n (x1
+x2+...+xn).

Table 7 shows the range of indicators (PIRO, iPIRO, SIRS, CARS and MODS)
corresponding to different stages of the septic process in dogs. The most pronounced changes in
the indicators of PIRO, SIRS and MODS were noted in dogs with obstetric-gynecological and
cryptogenic sepsis. In animals in critical condition, the iPIRO reached 2.25-2.5, and the SIRS
and MODS indicators reached the highest score - 3 points. Purulent wounds and abscesses only
in rare cases led to sepsis: iPIRO did not exceed 1.75 points, and CARS and MODS — 1 point.
At the same time, in half of the dogs with purulent wounds, CARS and MODS were determined
within the physiological norm.

Table 7. Indicators of PIRO, iPIRO, SIRS, CARS and MODS in development of septic complications
caused by diseases of various etiologies.

Indicators Clinically Purulent Obstetric-gyne | Cryptogenic

healthy wounds, cological sepsis | sepsis
(n=22) abscesses (n=22) lim (n=18)lim
(control) lim (n=10) lim

P —predisposition 0-1 0-2 0-2 1-3

I — infection 0 1 1 1

R — response 0 0-2 2-3 0-3

o — 10 0-2 2-3 1-3

organdysfunction

PIRO 0-1 1-7 5-9 3-10

iPIRO 0-0,25 0,25-1,75 1,25-2,25 0,75-2,5

SIRS — systemic | 0 1-2 2-3 1-3

inflammatory

response syndrome

CARS — 10 0-1 1-2 1-2

compensatory

antiinflammatory

response syndrome

MODS — multiple | 0 0-1 2-3 1-3

organ dysfunction

syndrome

Note.When assessing SIRS, the scores obtained with an increase in indicators relative to the physiological
norm are summarized.When assessing CARS, the scores obtained with a decrease in indicators relative to
the physiological norm are summarized.

Determination of cationic proteins (CP) of neutrophilic granulocytes (NG) was carried out
by us only in the group of dogs kept in the animal shelter. Cationic proteins in granulocytes
decreased by 21.8% in animals with sepsis.
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4 Discussion

Two age peaks of morbidity associated with decreased body resistance were revealed: animals
at the age of 7 years and older and aged up to 1 year.

The etiological structure of sepsis in dogs was characterized by the presence of both
gram-positive and gram-negative microflora. At the same time, gram-positive sepsis accounted
for 18%, gram-negative sepsis - 28%, and associated sepsis accounted for 54% of the animals.
Escherichia coli and Staphylococcus aureus were more commonly isolated. Less common were
Streptococcus  pyogenes, Proteus mirabilis, Clostridium perfringens, Staphylococcus
epidermidis. The main etiological agents leading to the development of sepsis were
Streptococcus pyogenes, Escherichia coli [Plante L.A., 2019]. The microbial landscape in the
focus of inflammation in purulent-inflammatory diseases in modern conditions is characterized
by the polymicrobial nature of infectious agents with a predominance of the association of
opportunistic microorganisms [Kuznetsova, 2021].

Fulminant sepsis in dogs was noted in 14%, acute sepsis - in 64% of cases. Depending on
the primary septic focus, obstetric-gynecological sepsis was observed in 44% and cryptogenic
sepsis in 36% of the analyzed cases.

In most dogs, sepsis proceeded with severe leukocytosis. In a smaller part of sick animals,
sepsis proceeded with severe leukopenia. The development of inflammation leads to depletion
of the leukocyte pool, persistence of infection, and excessive activation of macrophages and
neutrophils. The cytokine storm initiates neutrophilia and the release of immature myelocytes,
the content of which in the blood is more than 10%, which is a component of the SIRS
definition [Mahmudpour, 2020].

The inability of the immune system to cope with a septic pathogen can lead to both
excessive inflammation and immunosuppression [Wong, 2019]. NG secrete decondensed
chromatin with many enzymes and proteins - NETs (neutrophil extracellular traps). NETs
capture and engulf pathogens due to the positive charge of proteins adhered to it, which
contributes to the development of MODS [Stiel, 2019]. The balance between the formation and
destruction of NETs is important. Thus, a violation of their formation leads to severe
purulent-septic processes [Kimberly, 2014].

NG in the vessels help purify the blood. In response to a large-scale threat, NGs throw out
fibers of their DNA and proteins - NETs [Brinkmann, 2004]. Antimicrobial NG peptides are
isolated separately, and all components are combined into NETs only outside the cell. The
neutrophil left without a nucleus finds pathogens for some time and phagocytizes them
[Venizelos, 2018; Selina, 2017]. But when bacteria defend themselves and NG lose control of
netosis, inflammation is triggered [Masaki Honda, 2018]. Waste products accumulate in the
body, and the tissues receive less oxygen - septic shock develops, the most severe form of
sepsis. As a result, NG only aggravates sepsis. Since netosis aggravates sepsis and because of it,
patients with sepsis die more often.

The outcome of inflammation depends on the elimination of the etiological factor, the
removal of necrotic cells, the accumulation of apoptotic cells, the appearance of immune
complexes, annexin-1, the change of Thl cytokines (IL-13, TNF, IFN-y) to Th2 cytokines
(IL-4, IL-6), secretion of IL-10, TGEFp, synthesis of resolvins, protectins, maresins.
Macrophages complete acute inflammation by activating the processes of proliferation and
regeneration and initiate the formation of acquired immunity. When the source of DAMPs is
preserved, chronic inflammation is formed [Hu, 2014].

Mortality in sepsis was 14%. At the same time, hyperergic sepsis was prognostically more
favorable than hypoergic. Significant death risk factors during sepsis are the site of its onset and
underlying pathology [Vincent, 2009].

Non-enzymatic CPs are involved not only in the processes of intracellular digestion, but also
in the neutralization and killing of phagocytosed material. CPs have a wide spectrum of activity.
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In particular, various studies emphasize their antibacterial effect in the strategy of combating
infectious agents, which characterizes the innate ability of the body to resist bacterial infections.
Determining the level of CP in NG can be useful as a marker of systemic neutrophil activation
in the practice of confirming the pathogenetic role of immune-dependent processes in response
to an infectious-inflammatory process. The CP level in dogs with clinical manifestations of
purulent inflammation and accumulation of purulent exudate showed significantly lower values
than in clinically healthy dogs. During the inflammatory process, CPs are able to be released
into the extracellular environment. This leads to an intracellular decrease in the content of CP in
NG [Koroleva, 2006].

An increased heart rate in dogs subjected to septic shock was often accompanied by a
decrease in ventricular systolic function, an increase in cardiac output, a decrease in mean
arterial pressure, and leukocytosis. There is also an increase in IL-6 and TNF-a cytokines
during the first hours of SIRS and sepsis development [Belyaeva, 2020].

The apparent decrease in potassium in 60% of dogs has a negative role in the functioning of
the nervous system, muscle contraction, maintaining the body's water balance, maintaining
normal blood pressure and blood sugar, and other biochemical reactions that ensure vital
activity. The greatest danger from a decrease in the level of potassium in the blood plasma may
be the development of cardiac arrhythmias, which was noted during the clinical examination of
animals.

5 Conclusion

The study focuses on the nature and intensity of changes in the blood picture when examining
animals with obstetric-gynecological sepsis, cryptogenic sepsis, purulent wounds, abscesses and
highlights the emphasizes on converting the data to PIRO and SAPS scores, which accelerate
the prognosis of the development of SIRS and sepsis in sick dogs with primary examination at
veterinary clinics.

The study was supported by the Russian Science Foundation Grant No. 22-26-00091,
https://rscf.ru/project/22-26-00091/
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