
 

 298 

Broshkov M. M., Danchuk O. V., Anferova M. V., Dzygal O. F., Yermuraki P. P. Physiological peculiarities of dog’ blood 

erythrocytes in conditions of the Northern Black sea coast. Journal of Education, Health and Sport. 2020;10(2):298-311. eISSN 2391-

8306. DOI http://dx.doi.org/10.12775/JEHS.2020.10.02.035  

https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2020.10.02.035   

https://zenodo.org/record/4029222   

 

 

 
The journal has had 5 points in Ministry of Science and Higher Education parametric evaluation. § 8. 2) and § 12. 1. 2) 22.02.2019. 

© The Authors 2020; 

This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland 

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, 

provided the original author (s) and source are credited. This is an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike. 

(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

The authors declare that there is no conflict of interests regarding the publication of this paper. 

 

Received: 31.01.2020. Revised: 10.02.2020. Accepted: 28.02.2020. 
 

 

UDC 619:616:41:636.12:611.4 

 

PHYSIOLOGICAL PECULIARITIES OF DOG’ BLOOD ERYTHROCYTES 

IN CONDITIONS OF THE NORTHERN BLACK SEA COAST 

 

M. M. Broshkov1, O. V. Danchuk1, M. V. Anferova1, O. F Dzygal2, P. P. Yermuraki2 

 

1Odesa State Agrarian University, Odesa, Ukraine 

2Odesa National Medical University, Odesa, Ukraine 

 

Abstract 

Erythrocyte microscopy is an important step in the study of blood smears, which gives 

the researcher a lot of information and under certain conditions allows one to make a reliable 

diagnosis. This article presents new scientific data on the physiological characteristics of 

erythrocytes in dogs, the variability of their size and shape depending on age, sex and season 

of the year. The experiment was performed on 147 clinically healthy dogs of different ages, 

breeds and genders. Blood smears were stained by the Romanowski-Gimse method and 

subjected to light microscopy with oil immersion. It was found that physiological anisocytosis 

occurs in 34% of dogs, and 86% are unknown poikilocytosis, 10% – moderate and only 4% – 

severe. If we analyze the changes in cell size, macrocytic anisocytosis was observed more 

often in the blood smear of dogs (in 19% of cases), slightly less – macrocytic (14%) and only 

in one case megalocytic anisocytosis was detected. Every third case of anisocytosis was 

reported in dogs under 6 months of age. In spring, changes in the size of erythrocytes were 

detected in 59% of cases (in 10 dogs out of 17), in summer and autumn – 17-18% and in 

winter in 8% of the studied animals. Only 60% of the studied dogs were found to have 

normochromia by laboratory analysis. Moreover, hypochromia is 4.7 times more common 
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than hyperchromia. Hyperchromia in dogs was more often recorded in spring (18%), 

hypochromia in autumn and spring (41–45%), and polychromia in summer (24% of the total 

number of studied dogs). Inclusions in the erythrocytes of dogs were found in 32% of 

experimental blood smears, with 85% of cases being Jolie bodies, 7.5% – Kebot rings, 5.6% – 

Heinz bodies and 1.9% – pseudo-inclusions. Physiological poikilocytosis was detected in 

47.6% of blood smears of dogs, out of which in 35.4% of samples there was a slight 

poikilocytosis, in 11.6% – moderate and up to 1% – severe. The ones that were more 

frequently encountered were target cells and stomatocytes (14% each), acanthocytes (11%), 

echinocytes (5%), dacrinocytes (4%), spherocytes (3%), keratocytes (2%), schistocytes (2%), 

crescent-shaped cells (1% of the total number of studied smears). Poikilocytosis in dogs is 

more common in spring (82% of smears), slightly less in summer (up to 35%) and autumn 

(21%). 

Key words: dogs; erythrocytes; microscopy; anisocytosis; poikilocytosis. 

 

Introduction. Assessment of erythrocytes is an important step in the study of blood 

smears. In a systematic approach, it provides the researcher with a lot of information and, 

under certain conditions, allows a specific diagnosis to be made without further research [1]. 

Erythrocyte microscopy allows to characterize different species of animals taking into account 

the diameter, circumference and surface of erythrocytes. Clinicians often have to deal with 

various hematological syndromes, the most common of which is anemia. From the 

morphometric parameters of erythrocytes, blood droplets can characterize animal species [2]. 

Erythroid lineage cells vary widely within the animal kingdom in size, number, shape, 

lifespan, metabolism, and reactivity [3]. Dog erythrocytes are relatively large and, compared to 

other animal species, have more light in the center (in the smear), indicating a greater depth in 

the center of the cell compared to the cells of other animals [4]. 

The wide range of different physiological forms of normal erythrocytes in different 

species is a challenge for the researcher. A complete understanding of the physiological 

characteristics of erythroid cells in the blood of both animals and humans creates the 

preconditions for the correct identification and interpretation of abnormalities [5]. Normally, a 

small number of polychromatophilic erythrocytes (<1.5% reticulocytes) and single nuclear 

erythrocytes are observed in the blood of dogs. The lifespan of erythrocytes in dogs ranges 

from 110 to 120 days which is 1.5 times longer than in cats [2]. 

Various causes can affect the shape, size of erythrocyte staining, including 

regenerative response, metabolic changes, oxidative stress, immune responses, mechanical 
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fragmentation, sepsis, toxins, and drugs [6]. Not all of these reasons are pathology. Thus, the 

physiological causes that can affect erythrocytes include physiological condition (pregnancy, 

stress), gender, age, living conditions (including oxygen pressure in the environment, 

temperature), etc. [7]. There are lots of possible intermediate forms of erythrocytes with 

pronounced morphological features that can be observed in various physiological or 

pathological conditions [8]. 

Despite the rapid development of technology in clinical laboratory studies, with 

advances in flow cytometry and molecular analysis, morphological analysis of a patient's 

blood smear remains the basis for hematological diagnosis [9, 10]. Numerous studies indicate 

that blood smear analysis often provides key information for direct and differential diagnosis 

in both human and veterinary medicine [11-13]. Scientists and practitioners assessing red 

blood cells by size, shape, color, distribution or presence of inclusion bodies receive 

information not only about primary and secondary hemopathy, but also about the state of the 

whole organism [14, 15]. There are models for diagnosing anemia that allow it to be detected 

in a few weeks of clinical manifestation [16]. However, the mechanisms that control the 

quantitative and qualitative characteristics of erythrocytes and their changes in different 

conditions are insufficiently studied. 

Upon release from the bone marrow, RBCs experience a decrease in both volume and 

total hemoglobin by an unknown mechanism [17, 18]; after 20-120 days, reacting to an 

unknown trigger, they are removed. We used the theory of statistical physics and the data of 

the hospital clinical laboratory [19] to develop a basic equation model for RBC maturation 

and clearance. The model accurately identifies patients with anemia and distinguishes 

thalassemic anemia from iron deficiency anemia. More generally, we demonstrate how 

clinical laboratory data can be used to develop and test a dynamic model of human 

pathophysiology with potential clinical utility. 

Thus, the study of the morphology of erythrocytes of dogs will provide new scientific 

data on the physiology of erythrocytes in this species, the physiological variability of their 

size and shape depending on age, sex and season. This will facilitate interpretation and reduce 

the percentage of erroneous conclusions under smear microscopy and will be useful to both 

scientists and veterinarians. Therefore, this article is devoted to the morphological description 

of erythrocytes in dogs. 

The aim of the study - to investigate the physiological features of erythrocyte 

morphology in dogs of different ages, sexes and at different times of the year in the northern 

Black Sea region. 
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Materials and methods 

The study was performed on clinically healthy dogs of different ages, breeds and 

genders. A total of 147 dog blood smears were analyzed. Blood smears were subjected to 

light microscopy with oil immersion. Blood smears were stained by the Romanowski-Gimse 

method [20]. Under conditions of high-quality staining of blood smears, erythrocytes were 

pink, the cytoplasm of leukocytes and lymphocytes – blue, and their nuclei – dark purple (Fig. 

1). Blood products obtained from dogs were the subject of cytological analysis to determine 

the qualitative characteristics of red blood cells (size, shape, inclusion, etc.). The material was 

obtained on the basis of private veterinary clinics in Odessa during routine clinical 

examinations. 

Experimental studies were provided according to the Law of Ukraine № 3447–IV of 

21.02.06 "On the protection of animals from cruel treatment" and are consistent with the basic 

principles of the "European Convention for the protection of vertebrate animals used for 

experimental and scientific purposes" (Strasbourg, 1986), the Declaration on the Humane 

Treatment of Animals (Helsinki, 2000) and the National Congress on Bioethics "General 

Ethical Principles of Animal Experimentation" (Kyiv, 2001). 

Results  

It is known that dog erythrocytes are larger in size than other species, their diameter 

ranges from 6 to 8 μm [21]. Physiology of morphological changes of erythrocytes is 

determined by age, gender and breed. Our studies found that the number of erythrocytes in the 

blood of dogs depending on age, physiological condition, gender and season ranged from 3.7 

to 6.9 T/l, and their diameter ranges from 5 to 8 microns, which is consistent with the norm 

obtained by other researchers [22]. 

Morphometric characteristics of erythrocytes are largely determined by age and breed. 

The change in the size of erythrocytes in a blood smear (anisocytosis) may be associated with 

an increase in the size of erythrocytes, a decrease in their size, or the appearance in the smear 

of a combination of both these forms [23]. Fetal erythrocytes are larger than those in adult 

animals, their diameter decreases during the first 9-12 weeks of life due to replacement by 

postnatal erythrocytes [24]. Regarding breed characteristics, poodles have constitutional 

macrocytosis, and some Japanese breeds (Akita, Shiba) have natural (physiological) 

microcytosis [21]. 
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Fig. 1. Blood smears of dogs with different forms of erythrocytes. 

 

Physiological anisocytosis is defined as a change in the size of erythrocytes of dogs 

without dysfunction of the oxygen transport system, depending on the breed and age, it is 

diagnosed in 28-89% of dogs [25]. Of the 147 blood samples from dogs, we found signs of 

physiological anisocytosis in 34% of smears, of which: 86 – unknown; 10% – moderately 

pronounced; 4% – severe anisocytosis. If we analyze the changes in cell size, macrocytic (in 

19% of cases) was observed more often, slightly less – microcytic (14%) and only in one case 

megalocytic anisocytosis was detected (Table). 
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Morphological features of erythrocytes in the blood of dogs 
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During the entire research period 

147 Total 50 21 28 1 24 10 48 46 4 3 1 70 16 21 7 5 2 3 6 20 3 

By age, month 

23 <6 months 12 1 11 0 3 4 9 6 1 1 0 15 3 3 2 1 1 0 1 4 1 

14 6 to 12 months 2 1 1 0 4 1 3 8 0 1 0 5 0 2 0 0 0 0 1 3 0 

26 13 to 36 months 9 2 6 1 6 1 9 4 0 0 0 11 4 4 0 1 0 0 1 2 1 

18 37 to 60 months 5 3 2 0 2 1 5 7 0 0 0 8 0 1 1 0 0 0 0 4 0 

12 60 to 96 months 7 4 3 0 2 0 4 3 1 1 0 9 1 2 1 0 1 1 0 4 0 

9 >96 months 1 1 0 0 0 1 4 3 0 0 0 3 0 1 0 0 0 0 0 2 0 

By gender 

48 Males 26 11 14 1 8 7 31 20 2 0 1 34 7 13 3 1 1 2 2 11 1 

44 Females 21 10 11 0 15 3 15 23 2 3 0 31 7 8 3 3 1 1 4 6 2 

By different seasons of the year 

17 Spring 10 9 1 0 2 3 7 2 0 0 0 14 4 1 0 0 0 0 0 3 0 

46 Summer 8 1 6 1 11 5 14 24 4 2 1 16 7 9 5 4 0 3 7 14 2 

38 Autumn 7 5 2 0 2 1 17 9 0 1 0 8 1 1 2 0 0 0 0 1 1 

12 Winter 1 0 1 0 1 0 2 4 0 0 0 2 0 1 0 1 0 0 0 0 0 

113 Year overall 26 15 10 1 16 9 40 39 4 3 1 38 12 12 7 5 0 3 4 18 3 
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The gender of dogs does not significantly affect the size of erythrocytes in their blood, 

although physiological anisocytosis in females, compared with males is 13.5% more common. 

Moreover, if in females micro- and macrocytosis are detected in the same number of cases 

(7% each), then in males macrocytic (10%) and less microcytic physiological anisocytosis 

(6%) are more often noted.  

The age of the animals significantly affects the manifestation of anisocytosis in dogs, 

so, every third case of anisocytosis was observed in dogs under 6 months of age. It was 

previously established that changes in the qualitative and quantitative characteristics of red 

blood of two-month-old puppies affect antibody production during the introduction of a 

biological stimulus [26]. It should be noted that if young animals are more likely to have 

macrocytic anisocytosis (9 out of 10 cases), then older animals are more likely to have the 

microcytic one (5-6 out of 10 cases). 

For the first time, a significant effect of the season on the frequency of detection of 

physiological anisocytosis in dogs was established. Thus, in spring changes in the size of 

erythrocytes were found in 59% (in 10 dogs out of 17), in summer and autumn – 17-18% and 

in winter in 8% of the studied animals. Microcytic anisocytosis is more common in spring and 

autumn, and macrocytic anisocytosis in summer and winter. Microcytic anisocytosis is a sign 

of iron deficiency in the body, which is more often found along with vitamin deficiency in the 

spring [27].  

Thus, in the spring, 90% of cases of anisocytosis in dog smears were microcytic type. 

There are data on the higher incidence of iron deficiency anemia in humans in spring and 

summer than in winter, which researchers associate with seasonal fluctuations in folate and 

vitamin B6 [28]. 

However, in domestic dogs, the diet depends little on the season, so the reasons for the 

seasonal change in the morphology of erythrocytes today remain unknown. 

According to the literature, it is known that the concentration of hemoglobin in 

normochromic erythrocytes is 32-36% [23]. However, our research found that only 60% of 

the dogs tested had laboratory tests for normochromia, and hypochromia was five times more 

common than hyperchromia. 

The presence of hypochromic mature erythrocytes and reticulocytes in the blood 

smear is a sign of a decrease in hemoglobin in these cells and a direct consequence of the 

imbalance between the need and the presence of iron in the body [29]. If hypochromia is more 

associated with iron or vitamin deficiency, hyperchromia greater than 10% is associated with 

both hereditary and acquired erythrocyte membrane disorders [30]. Among all reported cases, 
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hyperchromia was more commonly diagnosed in dogs under 6 months of age (39%) and older 

than 96 months (44%), and less in dogs aged 6–12 months (21%) and 37–60 months (28%). . 

The dynamics was similar with the frequency of hypochromia. Hyperchromia in dogs was 

more often recorded in spring (18%), hypochromia in autumn and spring (41–45%), and 

polychromia in summer (24% of the total number of studied dogs). It is difficult to explain the 

seasonality of erythrocyte chromium changes, but these data are consistent with the available 

information on the seasonal dynamics of transfer and iron fluctuations in human blood [31]. 

Regarding the degree of manifestation of erythrocyte chromia, it can be stated that among all 

animals with signs of hypochromia: minor hypochromia was detected in 73% of cases; 

moderate – in 21%; and is expressed in only 6% of dogs. In addition, the hyperchromia 

detected in 80 cases was insignificant and in the remaining 20% moderate. 

Inclusions in erythrocytes can occur for various reasons. Their correct identification 

makes it possible to identify the physiological and pathological state of the dog's body that 

affects erythropoiesis [3]. In stained smears, erythrocytes are unstructured and do not contain 

inclusions, however, under certain conditions they show basophilic granularity (under 

physiological conditions, this occurs infrequently – up to 4 per 10,000 cells). In dog 

erythrocytes, inclusions were found in almost every third blood smear, with 85% of cases 

being Jolie bodies, 7.5% Kebot rings, 5.6% Heinz bodies, and 1.9% pseudoinclusions. Jolie 

bodies are remnants of the nucleus preserved in erythrocytes as a result of disruption of the 

process of depletion of oxyphilic normoblast (Harvey, 2011). It should be noted that 98% of 

cases of visualization of Jolie's bodies had the character of insignificant, and only 2% – the 

expressed detection. 

Regarding the age features of detection of inclusions in erythrocytes of dogs, the 

greater presence (twice) of them in dogs aged 6 to 12 months compared to other age groups is 

noteworthy, while in dogs aged 13-36 months they were only detected in 15% of animals. 

Moreover, in bitches of the body of Jolie in erythrocytes are found 23.8% more often than in 

males. In addition, the seasonality of the frequency of diagnosis of inclusions in erythrocytes 

of dogs was revealed, in particular, in summer and winter they were detected 2–4 times more 

than in spring and autumn. 

The term "poikilocyte" is a general term to describe erythrocytes with an abnormal 

shape. Poikilocytes can be classified according to specific changes in shape, some of which 

have a very unique diagnostic value, and other forms are quite nonspecific [32]. Physiological 

poikilocytosis is characterized by the presence of altered erythrocytes in the peripheral blood. 

The change in the shape of erythrocytes was detected in 47.6% of blood smears of dogs, of 
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which in 35.4% of samples there was a slight poikilocytosis, in 11.6% – moderate and up to 

1% – severe. Target cells and stomatocytes (14% each), acanthocytes (11%), echinocytes 

(5%), dacrinocytes (4%), spherocytes (3%), keratocytes (2%) crescent-shaped cells (1% of the 

total) number of studied smears). There are data that schistocytes are observed in 60–75% of 

dogs, but they are rarely found in other species [23] but we found these cells in only 2% of the 

studied smears. 

There are data on pathophysiological mechanisms that affect the prevalence and type 

of natural poikilocytosis. In the blood of 31% of rabbits there are acanthocytes and in 27% – 

echinocytes (fragmentation and acanthocytosis were more pronounced in rabbits with 

inflammatory disease), in particular echinocytosis was associated with renal failure, and 

serum cholesterol correlated with the percentage of acanthocytes [33]. In contrast, we found 

no significant association between the onset of poikilocytosis and the incidence of various 

pathological conditions in dogs. 

Physiological poikilocytosis is mainly found in dogs in spring (82% of smears) and 

summer (up to 35%), while in spring it was detected in only 21% of smears, and in winter in 

12 samples of poikilocytes were not detected. Sexual features of the manifestation of 

poikilocytosis in dogs have not been established, only a slightly higher percentage of 

detections of stomatocytes and target cells in males compared to females. 

Researchers report [34] that the main causes of anemia in dogs, with the exception of 

acute hemorrhage, are: chronic dyshemopoietic anemia (PCV <37%; n = 456); cancer-related 

anemias (33.1%); anemia with inflammatory processes (28.5%). A study of 147 blood smears 

of dogs of different ages, sexes and breeds revealed signs of anemia in 13% of animals, and it 

was recorded mainly in animals under 6 months of age (almost half of the cases). It is obvious 

that after birth, fetal erythroid cells of the fetus are replaced by postnatal erythrocytes [35]. 

Postnatal oxidative stress promotes the rapid replacement of the pool of red blood cells by 

intensifying their aging, the mechanism of which is free-radical in nature [36].  

Due to the deficiency of plastic resources (iron, essential amino acids), biologically 

active substances (cobalt, B vitamins, etc.), the prolongation of stress in the body of puppies 

at an early age, the removal of fetal blood cells from the bloodstream is not fully compensated 

by the arrival of young erythrocytes resulting in an anemic condition [37]. Blood smears of 

such puppies were characterized by hypochromia of erythrocytes, the presence of shadows of 

erythrocytes, poikilocytosis, macrocytosis, the presence of inclusions in erythrocytes (Jolie 

bodies). 
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Regarding the gender features of the manifestation of anemia in dogs, at a young age 

(up to six months of age) it was more often found in males than in bitches, and vice versa – in 

animals older than one year. This can be partly explained by the higher growth rate of males 

at a young age [38], as a result of which hematopoiesis (especially with a deficiency of iron 

and other limiting components and increasing body oxygen demand) does not provide 

sufficient red blood cells in the bloodstream. There is evidence that people under 11–14 years 

of age do not have gender features of anemia, but older people are more likely to have 

anemia, especially women [39, 40], which is due to their physiological features. 

Our results confirm the need for careful analysis of erythrocyte morphology in 

research and clinical diagnosis. 

Conclusions 

1. Physiological anisocytosis occurs in 34% of dogs. Among which 86% are unknown, 

10% – moderate and 4% – severe poikilocytosis. Microcytic anisocytosis is diagnosed more 

often (19%) and macrocytic (14%) less often. Every third case of anisocytosis was reported in 

dogs under 6 months of age. In the spring of the year, changes in the size of erythrocytes were 

found in 59% of dogs, in summer and autumn – 17–18% and in winter – 8% of the studied 

animals. 

2. Normochromia of erythrocytes was detected in 60% of the examined dogs by 

laboratory analysis. Hypochromia is 4.7 times more common than hyperchromia. 

Hypochromia is more common in autumn and spring (41–45%), hyperchromia in spring 

(18%), and polychromia in summer (24%). 

3. Inclusions in erythrocytes were found in 32% of the studied blood smears of dogs, 

of which 85% – Jolie bodies, 7.5% – Kebot rings, 5.6% – Heinz bodies and 1.9% – pseudo-

inclusions. 

4. Physiological poikilocytosis was diagnosed in 47.6% of blood smears of dogs. 

Among these samples, 35.4% – minor, 11.6% – moderate and 1% – severe poikilocytosis. 

The ones that were more frequently encountered were target cells and stomatocytes (14% 

each), acanthocytes (11%), echinocytes (5%), dacrinocytes (4%), spherocytes (3%), 

keratocytes (2%), schistocytes (2%), crescent-shaped cells (1%). Poikilocytosis in dogs is 

more common in the spring (82% of smears), less in the summer (up to 35%) and autumn 

(21%). 
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