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Abstract:

Comparative studies that feature the physiology of wild and domestic animals replenish the fundamental knowledge in the field
of biology and adaptive potential, thus increasing the efficiency of domestication. Semi-free conditions and artificial environment
create prerequisites for epidemics and stress. However, early detection can prevent critical situations. This research provides new
data on moose biology and physiology by establishing age and sex hematological parameters.

The study featured moose blood samples (n = 55) obtained in the Kirov Region in the northeast of European Russia. Hemato-
logical tests relied on a veterinary version of a MicroCC-20 Plus automatic analyzer (High Technology).

This research was the first of its kind to introduce a comparative hematological analysis of local European moose according to
age and sex. Adults and calves demonstrated significant differences (p < 0.05) in red blood cells, hemoglobin, hematocrit, mean
corpuscular volume, mean concentration hemoglobin, mean corpuscular hemoglobin concentration, platelet distribution width,
red blood cell distribution width, platelet crit, platelets, leukocytes, and eosinophils. Females and males also had significant
differences (p < 0.05) in red blood cells, hemoglobin, mean corpuscular volume, red blood cell distribution width, platelet
distribution width, platelets, and eosinophil content. The single- and multivariate analysis made it possible to establish the effect
of physiological factors on the blood parameters in moose.

The hematological values were in line with the most indicators reported in other publications on wild artiodactyls. The existing
differences in blood parameters depended on the species, habitat, food supply, age, and sex.

Keywords: Alces alces, moose females, moose males, adult animals, calves, hematology, erythrocytes, leukocytes, platelets

Funding. This research was partially supported by the Russian Academy of Sciences (RAS)Rb:R FSZZ7-2019-0001
(AAAA-A19-119020190132-5). It was performed on the premises of the Professor Zhitkov Russian Research Institute of Game
Management and Fur Farming (VNIIOZ profl Zhitkov).

Please cite this article in press as: Perevozchikova MA, Domsky 1A, Sergeyev AA. Hematological parameters of free-ranging
moose Alces alces (Linnaeus 1758) (Ruminantia, Cervidae). Foods and Raw Materials. 2024;12(1):80-90. https://doi.org/
10.21603/2308-4057-2024-1-592

INTRODUCTION
The European moose (Alces alces, Linnaeus, 1758)

Moose possess numerous valuable qualities, inclu-
ding rapid growth and maturation. Under normal condi-

is one of the largest representatives of the taiga fauna.
The species has a significant ecological variability and
acclimatizes quite easily to new habitats. The moose
is a traditional game species in many countries [1-3].
Nowadays, moose are bred in semi-free conditions
and artificial habitats. Their complete commercial deve-
lopment is possible only on farms. Moose are a source of
meat and milk, which has a chemical composition of a
high-quality food product. Moose skin can be processed
into top-grade suede. In addition, moose can be used for
transport purposes.

tions, the fecundity approximates 1.5 calves per mature
female. This indicator depends on the habitat, climate,
and individual characteristics. Both females and males
become breedable at 18 months [4].

An important advantage is that moose experience
no forage competition from farm animals. In their year-
round free-ranging, they rely on trees and shrubs of
a certain composition and age. Moose diet varies from
habitat to habitat and from season to season [4].

The bottle-neck of moose breeding is the veterinary
and sanitary measures against non-communicable and
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contagious diseases. Thus, moose farming requires not
only hunting and biotechnical procedures, but also a
number of veterinary measures.

Peripheral blood is highly sensitive to environmental
conditions. As a result, it can be used to assess the
health, adaptive capabilities, and stability of moose orga-
nism. Hematology currently occupies a leading place
in veterinary science as it links physiology with clinical
evidence. By establishing the effect of age, sex, and sea-
son on blood parameters, veterinarians can detect the
slightest changes in animal physiology [5]. In addition,
hematological studies are important because blood
performs numerous and complex functions. Diagnostic
hematology relies on the morphology, quantity, and ratio
of blood cells. These studies include the diagnostics
of hematopoietic and other organs and tissues because
their malfunction affects blood morphology and bioche-
mistry [5]. Hematology allows veterinarians to detect
deviations from the norm. These methods can also be
used to assess the state of wild animal populations [6].

Therefore, hematological methods are important
tools in studying the health of individual animals and
whole populations. They provide such valuable input
data as challenging breeding conditions, semi-free or
artificial habitat, acclimatization, population decline,
epizootics, etc.

The first moose blood studies belonged to Ponder,
who reported them as mammals with the largest red
blood cells. Knorre & Knorre studied the concentration
of red blood cells and hemoglobin in moose blood at
the Pechoro-Ilychsky Reserve in the Komi Republic,
Russia [7, 8]. Indeed, all publications report the large
size of moose red blood cells, as well as their low
concentration, which indicates a relatively low oxygen
transportation [9].

Very few modern studies in moose hematology
are now available. As a rule, they rely on insufficient
sampling, provide no sex or age differences, or involve
only animals kept in captivity [6, 10—11]. However un-
representative, these studies are of considerable scien-
tific value.

The purpose of this research was to obtain new data
in the field of biology and physiology of moose and to
establish hematological parameters for various age and
SeX groups.

STUDY OBJECTS AND METHODS

Moose blood samples (n = 55) were collected from
13 young females, 11 adult females, 10 young males,
and 21 adult males.

The animals were caught in 2011-2020 during hun-
ting seasons between October and December. All the
animals were clinically healthy and demonstrated no
signs of disease at the time of sampling.

The body weight varied as follows: 127.0-185.0 kg in
young females, 363.0-432.0 kg in adult females, 178.0—
201.5 in young males, and 280.0—420.5 in adult males.

The sampling covered the experimental game farm
at the Professor Zhitkov Russian Research Institute of

Game Management and Fur Farming. It is located in
the southern taiga of the north-east of European Russia,
namely, in Slobodsky, Zuevsky, and Belokholunsky dist-
ricts of the Kirov Region with the geographical center
in the village of Rogovoe (58°33°04”N, 50°43°42”E). The
total area of the experimental farm is 66 250 ha. The
climate is continental, with moderately cold winters and
warm summers. All the animals were wild and roamed
freely within the farm, feeding on local vegetation.

Blood samples were obtained by cutting the jugular
vein (Venae jugularis L. immediately after shooting:
4 cm® of blood was collected into UNIVAC vacuum tu-
bes with dipotassium ethylenediaminetetraacetic acid
(K2EDTA) anticoagulant. The tubes were kept refrige-
rated until sent to the laboratory.

The hematological studies took place on days 1-3
using a veterinary modification of a MicroCC-20 Plus
automatic analyzer (High Technology, USA). The leu-
kocyte formula was calculated by the microscopy of
blood smears stained with dye-fixative eosin methylene
blue according to May-Grunwald and azure-eosin dye
according to Romanovsky (MiniMed-M-G, Russia).

Each blood sample was studied for red blood cells,
hemoglobin, hematocrit, mean corpuscular volume,
mean concentration hemoglobin, mean corpuscular
hemoglobin concentration, red blood cell distribution
width, platelet distribution width, platelet crit, platelet
count, white blood cells, and eosinophils.

The statistical analysis involved MS Excel (Office
2019), Statgraphics (19-X64) software, and standard
methods [12]. The mean (M), standard deviation (SD),
median (Me), and the 25" and 75" percentiles served to
describe the samples. The Mann-Whitney U test and the
Kruskal-Wallis H test were applied to compare the groups.
Single- and multivariate analysis of variance made it
possible to assess the effect of age, sex, and body weight
on the hematological parameters. The effect was conside-
red significant at p < 0.05.

RESULTS AND DISCUSSION

Blood analysis assesses the state of health or the
course of a pathological process in the animal body.
In the recent past, veterinary practice did not rely
on hematology because blood testing methods were
underdeveloped, the equipment was lacking, and no data
on blood composition in wild species were available.
Moreover, veterinary science possessed very poor
evidence about the relationship between the qualitative
composition of blood and the course of pathological
processes. Blood testing opened up good prospects for
understanding various pathologies and their control.
Blood changes can facilitate diagnosis and prognosis.

Thus, the baseline values for various hemogram
parameters can indicate the state of specimen and
populations of game animals that are exposed to the
environment conditions, pathogenic microorganisms,
parasites, toxins, etc.

The research delivered reliable data on red blood
cells, while blood cells, and platelets of wild moose
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Table 1 Red blood cell parameters for free-ranging moose given for calves and adult animals (n = 55)

Parameters, Calves<1y.o0., @  Adults, ¢ Calves<ly.o0.,d  Adults,

min — max

M=SD

Me

25-75%

Red blood cells, x10'%/ L 3.60-5.98 4.36-7.24 4.54-5.90 4.77-9.10
4.72 +£0.66 5.88 +£0.94 5.29+0.42 6.95+1.11
4.724-8 5.8748 5.3548 7.3548
4.30-5.18 5.12-6.52 5.00-5.58 6.20-7.71

Hemoglobin, g/L 93-140 105-173 100-139 121-199
117.07 £ 14.13 143.54 £ 21.34 121.50 £ 11.91 158.04 + 23.47
11548 1434 12248 1594
109-124 127.0-166.0 114-129 144-173

Hematocrit, % 23.7-34.4 31.8-58.7 30.5-42.3 33.1-60.4
28.84 +3.03 45.56 £ 8.82 35.52+£3.18 4598 £7.73
29.44 4414 36.254 47.6%
27.2-30.7 38-52.1 33.5-36.4 41.2-51

Mean corpuscular volume, fl 57.2-65.3 60.1-79.0 58.9-79.8 63.4-86.0
61.33+2.26 68.79 + 5.64 70.24 +7.10 72.12+6.15
61.648 68.54 70.958 71.8
60.1-62.7 62.6-72.8 64.1-75.6 67.9-75.1

Mean concentration hemoglobin, pg 19.3-24.5 22.2-25.3 19.5-26.1 21.9-26.0
21.80 +1.60 24.05 +0.83 22.85+2.25 2390+ 1.18
21.64 244 22.45 239
21.1-22.5 23.6-24.8 21.9-25.1 23.1-24.7

Mean corpuscular hemoglobin 324-373 339-386 247-374 337-400

concentration, g/L 346.69 +13.73 361.00+13.73 329.70 + 44.58 365.28 +17.47
3464 3624 341.54 3634
343-351 350-371 327-361 352-379

Red blood cell distribution width (standard 13-15.3 13.8-16.8 13.8-18.1 14.5-18.3

deviation), % 14.37+0.70 15.10+£0.87 1590 +£1.32 16.36 £0.98
14448 15248 15.98 16.48
13.9-14.8 14.3-15.7 15.0-16.4 15.7-17.0

A — differences between calves and adult animals are significant (p < 0.05); ® — differences between females and males are significant (p < 0.05)

depending on sex and age. Table 1 structures the red
blood cell count for adult wild moose and calves (n = 55).

Table 2 features platelet parameters in adult wild
moose and calves (n = 55).

Table 3 describes while blood cells and leukocytic
formula for adult wild moose and calves.

Our single- and multivariate analysis revealed the
effect of age, sex, and weight on blood parameters.
Sex and age proved to have a significant effect on red
blood cells (p=0.00, p=0, respectively), mean cor-
puscular volume (p=0.00, p=0.00), red blood cell
distribution width (p =0.00, p=0.03), platelet dist-
ribution width (p =0.00, p=0.00), and ecosinophils
(p=0.00, p=0). Age had a significant effect on hemo-
globin (p =0.00), hematocrits (p =0.00), mean con-
centration hemoglobin (p =0.00), mean corpuscu-
lar hemoglobin concentration (p =0.00), platelets
(p =0.00), white blood cells (p =0.00), and monocytes
(p =0.02).

The moose of different sex and age differed signi-
ficantly in body weight, which affected the following
hematological parameters: red blood cells (p = 0.00),
hemoglobin (p =0.00), hematocrits (p =0.00), mean
corpuscular volume (p =0.00), mean concentration he-
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moglobin (p = 0.00), red blood cell distribution width
(p=0.00), platelet distribution width (p =0.00), pla-
telets (p =0.00), white blood cells (p=0.00), and
eosinophils (p = 0.00).

Respiratory phylo- and ontogenesis of blood in
vertebrates has one common trend: erythrocytes lose
their nucleus, lifespan increases, and size and shape
change [13]. In precocial species, blood becomes denu-
clearized as early as in embryogenesis. Non-nucleated
erythrocytes break down glucose to lactic acid, and this
metabolic process is responsible for the gas transport
function in mammals [14].

The respiratory function of blood also depends on
the development of the skeleton and the musculoskele-
tal system [15]. In newborn mammals, the entire red
bone marrow is engaged in hematopoiesis. In mature
animals, a certain part of red bone marrow is replaced
by yellow adipose marrow [16]. In newborn reindeer,
the weight of the bone marrow is 13% body weight and
58.3% skeleton weight; 60% of bone marrow is in the
peripheral skeleton [14].

Between birth and puberty, blood volume, red
blood cells, and hemoglobin increase together with live
weight gain. In wild animals, the mean blood volume
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Table 2 Platelet parameters for free-ranging moose given for calves and adult animals (n = 55)

Parameters, Calves<1y.o., Q Adults, @ Calves<1y.0., & Adults, &

min — max

M=+ SD

Me

25-75%

Mean platelet volume, fl 7-9.5 7.4-10.5 5.6-9.8 6.6-10.8
8.43+0.71 9.03 +£0.95 8.18 +£1.43 8.48 +£1.07
8.5 9 8.35 8.5
8.0-8.9 8.3-9.6 7.1-9.5 7.8-9.1

Platelet distribution width, % 9.5-13.8 11.1-18.3 10.1-18.8 12.0-21.9
11.66 £1.15 15.22+2.23 14.72 £2.97 16.57+2.82
1248 15.54 1498 16.3
10.8-12.2 13.2-16.9 12.1-17.5 14.3-18.8

Platelet crit, % 0.127-0.178 0.047-0.183 0.110-0.206 0.074-0.247
0.15+0.01 0.11 £0.04 0.14+0.03 0.14+0.05
0.1494 0.1214 0.152 0.14
0.145-0.163 0.085-0.161 0.112-0.175 0.095-0.197

Platelets, 10°/L 144-241 134-296 135-254 137-372
194.76 £ 27.01 211.36 £49.89 172.50 £ 36.27 234.85+61.70
2008 214 172.548 2364
182-212 185-252 142-188 213-264

A — differences between calves and adult animals are significant (p < 0.05); B — differences between females and males are significant (p < 0.05)

Table 3 White blood cell and leukocytic formulas for free-ranging moose given for calves and adult animals, % (n = 55)

Parameters, Calves<1y.o., Q Adults, 9 Calves<1y.o0.,d Adults, &
min — max
M=+ SD
Me
25-75 %
White blood cells, x10°/ L 1.9-3.6 2.0-5.1 1.84.2 2.1-5.3
2.73+£0.44 3.28+0.79 3.00+£0.77 3.77+0.98
2.64 324 34 3.6%
2.5-3.0 2.8-3.7 24-3.8 3.1-44
Leukocytic formulas, %
Rod-shaped neutrophils 04 04 0-5 1-4
2.076 +1.320 1.36 = 1.50 2.00 +1.88 2.38+1.02
2 1 1.5 2
1-3 0-3 04 2-3
Segmental neutrophils 2444 4-49 1445 1847
30.69 + 6.25 26.27 +16.79 28.60+9.77 32.52+10.26
27 27 27.5 28
27-31 7-40 20-37 24-42
Monocytes 0-2 0-3 0-3 0-2
1.23+0.72 0.81 £1.07 1.30+1.15 0.57+0.67
1 0 1 0
1-2 0-2 0-2 0-1
Lymphocytes 53-70 45-87 50-76 43-69
61.92+6.42 65.27+15.98 62.30 +8.26 59.28 £9.07
65 68 59.5 63
55-68 46-80 58-69 49-67
Eosinophils 0-7 2-9 0-6 5-10
2.69+1.93 6.27+£2.14 4.20+2.04 7.80 £ 1.50
2 A 7 A 45 A.B 8 A.B
1-4 5-8 3-6 7-9

A — differences between calves and adult animals are significant (p < 0.05); B — differences between females and males are significant (p < 0.05)

per unit of body weight hardly changes during postnatal
ontogenesis. In domestic ungulates, body weight in on-
togenesis increases faster than the mean blood volume

and hemoglobin.

A large volume of circulating blood and its high
hemoglobin content allow wild ungulates to endure
the intense muscle load and the high energy ex-

change associated with physical activity [14]. Korzhuev
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formulated this phenomenon as a greater “provision”
of wild animals with blood [15].

The blood of wild ungulates undergoes significant
changes in the first six months of life because calves
need to prepare for winter [16]. Like other wild ungu-
lates, moose grow very fast after birth: in fact, their
body weight increases by > 10 times over the summer [9].
Newborn calves have a significant blood content, which
may reach 10.6—16.2% body weight [9]. During the first
post-natal week, the concentration of red blood cells
and hemoglobin decreases because the plasma volume
increases in a matter of days, while the count of red
blood cells remains the same or decreases slightly. The
blood becomes less saturated with cells, while its total
volume goes up [9]. Moose calves are reported to eat
clay and drink rusty marsh water to consume ferrous
iron. This need to replenish the iron supply during
intensive hematopoiesis is an important ecological
feature [9]. Newborn moose, like reindeer, demonstrated
a high blood percentage but no anemia [9, 17].

After this temporary inhibition, the hematopoietic
activity increases by the time calves are 30 days old.
The count of red blood cells increases by an average
of 48.9%, and erythrocytes and hemoglobin soon re-
gain their initial count. Since the weight of moose
calves rapidly increases during this period, the mean
volume of blood and hemoglobin drops by 15 and 25%,
respectively [9]. The rapid growth was reported by
Knorre & Knorre and Petrov [8, 18]. In addition, the
fast growth rate increases together with the activity of
hematopoietic organs: one-year-old calves and adult
moose have the same blood-to-body weight ratio.

In wild moose, blood volume keeps pace with body
weight much better than in domestic animals. Accor-
ding to Petrov, it takes the same time for calf’s ske-
leton to increase by 10 times as it takes its heart to
grow by 30 times [19]. A larger heart means a larger
blood volume. Thus, adult moose have much larger
mean blood content than cows, sheep, and horses: it is
9-12% in moose and only 6-9% in farm animals [20].
In this respect, the moose is similar to the reindeer and
the argali. However, these wild ungulates have much
higher hemoglobin (1 g per 1 kg body weight). Moose
make poor long-distance runners, and their low hemo-
globin can be explained by their lower mobility.

To sum it up, all processes inside animal organisms
affect the morphological, biochemical, and immunolo-
gical parameters of blood. External factors also have a
significant effect. However, the changes that take place
in blood composition as a result of external and internal
factors cannot be assessed without a reliable reference
range. Still, this range should be considered as a rough
guide, not an iconic reference because free-ranging wild
animals seldom make a large sample.

Veterinary laboratories of the early XXI century
saw a rapid automatization. Unlike traditional methods,
automatic hematology analyzers are highly accurate
and efficient. They illustrate cell distribution as histo-
grams and require very little biological material. Mo-
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dern analyzers cover 20 parameters, some of which can-
not be established by microscopy, e.g., red blood cell
distribution width, platelet distribution width, mean cor-
puscular hemoglobin concentration, mean platelet vo-
lume, etc. These parameters have significant clinical and
diagnostic value [21]. In addition, automatic hematology
analyzers are more objective compared to the manual
method. Thus, automated blood testing offers new diag-
nostic possibilities for wildlife studies.

Erythrocyte indicators. Red blood cells are one of
the most important erythrocyte indicators. Automated
blood tests provide coefficient of variation for this
parameter below 1% [21]. Polycythemia, or erythrocy-
tosis, is a high red blood cell count caused by various
processes. The list of physiological causes usually in-
cludes prolonged physical stress and high altitudes
while pathological causes involve chronic lung diseases,
kidney diseases associated with erythropoietin, chronic
heart failure, tumors, etc. Relative polycythemia deve-
lops if the volume of circulating plasma increases, e.g.,
as a result of long diarrhea and vomiting. It can also be
caused by redistribution and deposition of blood or its
superfluous release from the blood pool, as well as by
acute hypoxia and stress, accompanied by an increase in
blood norepinephrine, adrenaline, and glucocorticoids.

Erythropenia is a low red blood count caused by
various anemias, kidney diseases associated with low
erythropoietin, infectious and autoimmune diseases,
hyper- and hypofunction of the thyroid gland, hemoglo-
binuria, hemoglobinopathies, radiation sickness, etc.

Hematocrit represents the volume percentage of
red blood cells. Hematocrit levels that are too high can
indicate symptomatic erythrocytosis or erythremia, trau-
ma, shock, or dehydration caused by severe diarrhea,
vomiting, or burn disease. Low hematocrit levels indi-
cate severe blood loss, various anemias, or an increase
in circulating blood volume.

Hemoglobin reflects the concentration of hemoglobin
in the blood. Automatic hematological analyzers provide
the variation coefficient below 2% [21]. Hemoglobin le-
vels that are too high may reflect physiological changes
and diseases associated with high red blood cell count.
Low hemoglobin is typical of anemia and may be cau-
sed by blood loss, impaired hematopoiesis, or hemolysis.
Though anemia can be an independent disease, it is
usually a symptom of another chronic disease.

Mean cell volume, or mean corpuscular volume, is
calculated by dividing the total red blood cells by their
number. In an automated blood test, it indicates the vo-
lume of the entire cell population. The mean cell vo-
lume can have a normal value even in case of a prono-
unced macro- and microcytosis. Then, the real sizes
of erythrocytes can be determined by analyzing his-
tograms of cell distribution in the population. Micro-
cytic, normocytic, and macrocytic anemias depend on
the mean cell volume [21].

Mean concentration of hemoglobin, or mean cell
hemoglobin, in an erythrocyte is calculated by dividing
the hemoglobin concentration by the number of red
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blood cells per unit volume. The clinical significance
of this parameter is similar to the blood color index.
Anemias are divided into normochromic, hypochromic,
and hyperchromic ones, depending on mean cell he-
moglobin.

Mean cell hemoglobin concentration, or mean
corpuscular hemoglobin concentration, reflects the
degree of saturation of erythrocytes with hemoglobin.
It is the ratio of hemoglobin values to hematocrit, mul-
tiplied by 100. The mean corpuscular hemoglobin con-
centration is a concentration index that does not depend
on the cell volume, which makes it a sensitive indicator
of a hemoglobin formation problem.

An increase in the mean corpuscular hemoglobin
concentration may be associated with a microsphero-
cytic hemolytic anemia unless it is a technical error.
Low mean corpuscular hemoglobin concentrations ac-
company impaired hemoglobin synthesis in cases such
as hemoglobinopathies and iron deficiency anemia.

Red blood cell distribution width is an indicator of
erythrocyte volume heterogeneity and anisocytosis. It de-
termines the degree of anisocytosis, i.c., fluctuations in
the size of red blood cells [21].

In laboratory practice, the abovementioned red blo-
od cell parameter usually serves to diagnose anemia of
various etiologies. However, red blood cell distribution
width appeared to be a reliable laboratory indicator that
can be used to diagnose diseases that are not associated
with anemia. Thus, automatic hematological analyzers
provide erythrocyte indices and histograms that can
serve as a useful diagnostic tool for a wide range of
pathologies.

The hematological parameters obtained in this
research somewhat differed from the results reported by
foreign and domestic scientists, but the trend between
adult animals and calves was similar in most indicators.

We established significant differences (p < 0.05) for
all red blood cell parameters between calves and mature
animals. Females and males in both age groups also
demonstrated significant differences.

The Pechoro-Ilychsky Reserve (Komi Republic) con-
ducted a comprehensive study of hematological para-
meters in moose. According to Kochanov, moose hardly
differed in red blood cells: calves — 5.52x10° per 1 mm?,
one-year-olds — 5.63x10° per 1 mm?’, adult females —
5.41x10° per 1 mm?® [22]. The hemoglobin percentage
slightly increased with age and reached 8.99, 9.25, and
9.7 g%, respectively. Knorre & Knorre reported data
similar to our findings on red blood cells in one-year-
olds and adult moose [8]. Adult moose had a gradual
decrease in hemoglobin, which dropped from 11.5 to
8.16 g%, unlike three-month-old calves. Irzhak reported
bigger numbers for one-month-olds in spring: their
red blood cell count was by 2 million/mm?® higher
than in adults (6.2 and 4.2 million, respectively), and
the hemoglobin was by 0.7 g% higher (8 and 7.3 g%,
respectively) [23].

Norwegian moose had higher indicators than those
obtained in this research. Calves had by 25% more
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red blood cells and by 20.47% more hemoglobin while
adult moose had hemoglobin by 6.22% more than in our
work [6]. Adult female American moose (Alces ame-
ricanus shirasi, Nelson 1914) in northwestern Wyoming,
USA, exceeded our results in the red blood cell count
by 26.72% and hemoglobin by 13.96% [10]. Adult fe-
male California wapiti (Cervus elaphus nannodes,
Merriam 1905) that live in California, USA, had mo-
re hemoglobin by 17.35% and more hematocrit by
13.7% [24]. The difference could probably be explai-
ned by their habitat. Most of the territory of Norway
is more than 490 m above sea level; the highest point
of Wyoming is 4207 m while the state of California is
4421 m above sea level. In the Kirov Region, the dif-
ference in absolute heights ranges from 56 to 337 m. In
all the abovementioned studies, the mean corpuscu-
lar volume, mean concentration hemoglobin, and mean
corpuscular hemoglobin concentration were almost iden-
tical with our results.

The black-and-white cattle (Bos taurus, Linnaeus,
1758) from Tajikistan mountains also showed a higher
red blood cell count in adult males: it was by 7.55%
higher than our data for the moose from the Kirov
Region [25]. Yaks (Bos mutus, Przewalski, 1883)
also had a higher total red blood cell count [25]. For
young yak females and males, the figures were higher
by 28.6 and 18.2%, respectively, while the hemoglobin
count was higher by 16.67% for young females and by
7.58% for young males. The hypsometric levels of Taji-
kistan mountains range from 300 to 7495 m above sea
level.

The West Caucasian tur (Capra caucasica severtzovi,
Menzbier 1887) from the Karachay-Cherkessia had the
total red blood cell count 50% as high as that of the
moose from the Kirov Region [26]. Their mean corpu-
scular hemoglobin concentration also was by 13.5% hig-
her. The pastures of the Karachay-Cherkessia Republic
are 1650 m above sea level.

Domesticated Nenets reindeer (Rangifer tarandus,
Linnaeus 1758) in the Yamalo-Nenets Autonomous Re-
gion had the total red blood cell count in the peripheral
blood by 18.2% higher than in this research [27]. The
Transuralian area is 200-500 m above sea level.

Adult free-range wild reindeer in southwestern
Norway showed higher red blood cell counts by 38.23%
and hemoglobin by 12.72% [28]. However, they had lo-
wer figures for the mean erythrocyte volume, mean
concentration hemoglobin, and red blood cell distribu-
tion width by 37.28, 32.09, and 8.875, respectively. The
hematocrit and mean corpuscular hemoglobin concent-
ration coincided with our results.

The moose from the Pechoro-Ilychsky Reserve of
the Komi Republic had very similar blood parameters
to those reported in this study [11]. The Reserve is 150—
175 m above sea level.

Animals use different anatomical, physiological and
biochemical means to adapt to different heights, i.c.,
to the amount of oxygen available [29]. High altitudes
trigger certain transformations in the oxygen transport
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system. The partial pressure of oxygen is not enough
to saturate the blood, so the total oxygen-transportation
capacity increases. The low capacity of hemoglobin to
carry oxygen requires more circulating respiratory
pigment. The regulatory effect of 2,3-diphosphoglyce-
rate increases to facilitate the release of oxygen by he-
moglobin in the tissues. Behavioral and physiological
adaptations include low muscle activity and low oxygen
demand, as well as increased heart rate and breathing,
which increases the amount of oxygen delivered to
tissues. However, adaptive shifts that occur at the
molecular level eliminate this phenomenon. First, a
greater red blood cell count increases the oxygen-car-
rying capacity. Second, hemoglobin gives more oxygen
to tissues, because the concentration of 2,3-DPG in
erythrocytes increases [29].

Climate is as important as altitude. The review above
included animals that inhabited different climatic zones,
from the Mediterranean, California, and subtropical
Tajikistan to the Yamalo-Nenets area in the Far North
with its sharply continental climate.

Most animals are excellent survivors under harsh
winter conditions. The reindeer would simply not be
able to live in a warm habitat because it lacks sweat
glands. However, these animals maintain a high level
of hemoglobin during the winter period: it reaches
1.5 per 100 kg of live weight, which is 0.6-1.2 kg in
other animals, and its blood volume reaches 11% live
weight [30, 31].

Moose demonstrate significant age-related differen-
ces in blood counts. Some studies [11, 32] report physio-
logical anemia as normal for young animals that are
low in red blood cells, hemoglobin, hematocrit, and
leukocytes. Males have a higher red blood cell count
than females because red blood cells increase testo-
sterone under the action of erythropoietin. As a result,
male moose increase their blood volume before the rut
season, which presupposes fights and wounds. By the
beginning of the rut season, they develop mature ant-
lers [33, 34]. The percentage of red blood cell weight and
hemoglobin increases. Fluctuations in hematocrit can
also be caused by different water intake, intestinal di-
sorders, etc. [34].

Our sampling was performed by hunting. The chase-
related stress and hyperventilation can cause spleen
contraction and an increase in hematocrit by 10% or
more, as well as in red blood cells and hemoglobin [35].

Platelet indicators. Automated hematological blood
tests also provide valuable information on platelets, their
mean volume, distribution width, and crit.

Total platelet count, or platelets, is an important
indicator that can detect thrombocytosis, an increase in
platelets typical of chronic myeloproliferative diseases,
acute and chronic inflammatory processes, amyloidosis,
blood loss, malignant neoplasms, and hemolytic anemia.
Thrombocytopenia is a decrease in platelets caused by
their destruction and inhibited formation [5].

Mean platelet volume describes the size of platelets
based on their volumetric distribution. Mean platelet vo-

lume is inversely proportional to platelet count, which
maintains hemostasis and constant mass. Consequently,
the more numerous they are, the smaller they get. A pa-
thology might violate this proportion. Intensive throm-
bocytopoiesis, increased aging, and various activators
can change the proportions between the mean volume
and count.

Platelet crit represents the ratio of mean platelet vo-
lume and total blood volume. It depends on the number
of platelets and their size. In clinical practice, this indi-
cator assesses the risk of bleeding and thrombosis.
Platelet distribution width reflects the size heterogeneity
in terms of size, i.e., the anisocytosis degree. Platelet
aggregates, microerythrocytes, and platelet fragments
may increase this indicator. Myeloproliferative diseases
also affect platelet distribution width [21].

This research established significant (p < 0.05) age
differences in terms of mean platelet distribution width
and platelet crit between young and adult females.
Another correlation included platelet count in young
and adult males. We also revealed significant sex dif-
ferences in mean platelet distribution width between
young females and males, as well as in platelet count in
adults.

The moose from the Kirov Region differed in platelet
parameters from Norwegian moose in that adult Russian
moose had a larger platelet count by 27.28% [6]. The pla-
telets in young Norwegian moose exceeded our figures
by 19.31%. The same dynamics was typical of the mean
platelet volume: our data were higher by 22.34% in cal-
ves and 32.31% in adults. Norwegian adult female moose
also had fewer platelets by 26.75% [10].

Leukocyte indicators. Leukocyte count and compo-
sition are the most important leukocyte indicators. Leu-
kogramic changes often precede the clinical signs of cer-
tain diseases and indicate pathological processes. Leu-
kocytosis is an increase in the number of leukocytes.
It may be the result of leukemia, acute inflammatory
and infectious processes, myocardial infarction, malig-
nant tumors, burns, thrombosis of peripheral arteries ac-
companied by gangrene, uremia, significant blood loss,
toxic poisoning, and ionizing radiation. Leukopenia is
a decrease in the leukocyte count. It accompanies viral
diseases, aplastic anemia, agranulocytosis, some acute
leukemias, radiation sickness, systemic diseases, endo-
crine pathology, chronic gastritis, colitis, and cholecysti-
tis [5, 21]. All leukocytes perform the protective func-
tion, but each type does this in a special way.

We established significant (p < 0.05) age differences
in leukocytes and eosinophils in females and males, as
well as a certain gender-related difference in cosino-
phils.

We also studied the lymphocytic profile of moose
blood. In moose, lymphocytes are mostly medium in
size, with fewer small and large varieties. Some young
females had 90% of lymphocytes. Segmented neutro-
phils had polysegmented nuclei and poorly visible gra-
nularity. Kizhina ef al. obtained similar data on lympho-
cytes and cell morphology for moose from Karelia [36].
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They reported that moose had a lymphocytic blood profile
with 85% lymphocytes, which averaged 54.50 + 17.03%.

We detected significant differences in the leuko-
formula content of eosinophils, which had a large num-
ber of small granules in their composition, between
young and adult females, as well as between young and
adult males. Adult moose had a much greater eosinophil
count than domestic or young animals. Apparently, these
cells were parasitic infection frontliners. Some moose
had as many as 23-27% of eosinophils, but we did not
exclude them from the statistics.

According to Kochanova, moose experience a rather
sharp increase in leukocytes when they approach their
first birthday, but this indicator stabilizes as they grow
older: it is 7460 per 1 mm?® in young animals, 10 600
per 1 mm?® in one-year-olds, and 10 840 in adult female
moose [22].

Knorre & Knorre detected a sharp decrease in leuko-
cytes in adult moose, which dropped from 8625 to 4000,
compared with three-month-old calves [8].

However, Rostal ef al. reported no differences in leu-
kocytes between adult and young moose below one year
old (3.2x10°/L) [6]. In their research, adult moose had
approximately the same ratio of lymphocytes and neu-
trophils: calves moved from a predominantly lympho-
cytic (51%) and lower neutrophilic (33%) leukocyte
profile to a more even distribution of 45% neutrophils
and 42% lymphocytes in adult moose. These age-related
changes in the ratio of neutrophils and lymphocytes
were recorded in other ruminant species and, probably,
reflected the maturation of the immune system [32,
37-38].

According to Shideler, Californian wapiti had 60%
(44-74%) of lymphocytes in adult females and 29% (5—
45%) in adult males [24].

Two-year-old black-and-white male yaks from Tajiki-
stan highlands had 7.32 + 0.49x10%/L of leukocytes [25].
Eight-month-old female yaks had 6.11 + 0.72x10°/L of
leukocytes, while for males it was 6.24 + 0.33x10%L.
Two-year-old female yaks had 6.84 + 0.44x10°/L while
for males it was 6.51 + 0.311x10%/L.

Bagirov et al. reported 13.3x10%/L leukocytes for the
West Caucasian tur and 12.4x10%L for domestic goats
of the Karachay breed [26]. Novak et al. reported 6.09 =
0.21x10%/L leukocytes for adult domesticated reindeer [27].
Domesticated reindeer that inhabited the Yakutian tai-
ga had 4.20 £ 0.95x10°/L leukocytes in winter and 45.2 +
1.8% lymphocytes [39].

The differences between the abovementioned data
and those obtained in this research probably depend
on the species, individual characteristics, and environ-
mental conditions. Protein digestion depends on the
proteolytic enzymes of neutrophils, while the lipolytic
enzymes of lymphocytes affect fat digestion. Myogenic
leukocytosis is more typical of animals that live in
the Caucasus or the highlands of Tajikistan because
intensive muscular activity requires redistribution of
blood cells caused by the changes in vasomotors and
metabolism.
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Reshetnikov linked the drop in lymphocytes in au-
tumn with the poor winter diet [40]. The sharp changes
under the weather conditions triggered a stress respon-
se to the challenges of winter foraging, which released
lymphocytes into the peripheral blood.

No information is currently available on the effect
of different methods of moose blood sampling on the he-
matological parameters. However, a series of studies
of white-tailed deer (Odocoileus virginianus, Zimmer-
mann 1780) showed that if blood was sampled imme-
diately after immobilization, the hemogram variati-
ons did not depend on the trapping method [41-44].
Therefore, we made no difference for blood sampling
methods.

Our baseline hematology data for this moose popu-
lation had some limitations that should be considered
in comparative studies. They included the differences
in hematological analyzers, laboratory diagnostics, and
animal habitats [45]. In addition, a delay of > 72 h bet-
ween the blood sampling and laboratory analysis could
affect the blood composition [46]. Probably, this time
gap caused the decrease in platelets, leukocytes, lym-
phocytes, monocytes, and basophils, as well as the asso-
ciated increase in hematocrit. Thus, our results should
be interpreted with these factors in mind.

The moose blood profile had seasonal differences.
Thus, the red blood cell parameters were higher in au-
tumn than in spring because animals prepare for winter
forage [34].

Thus, the hematological values we obtained in this
study follow the patterns reported by other studies of
wild artiodactyls. The differences depended on the spe-
cies, sex, age, climat, environment, and food supply.

CONCLUSION

1. The research revealed the hematological parame-
ters for the European moose (4lces alces, Linnaeus 1758)
of different sex and age from the Kirov Region, Russia.
Adults and calves demonstrated significant differences
(p<0.05) in red blood cells, hemoglobin, hematocrit,
mean corpuscular volume, mean concentration hemo-
globin, mean corpuscular hemoglobin concentration,
platelet distribution width, red blood cell distribution
width, platelet crit, platelets, leukocytes, and eosiphils.
Females and males had significant differences (p < 0.05)
in red blood cells, hemoglobin, mean corpuscular vo-
lume, platelet distribution width, red blood cell distri-
bution width, platelets, and eosinophils.

2. The single- and multivariate analysis established
the effect of such physiological factors as age, sex, and
weight on blood parameters. Sex and age had a signifi-
cant effect on red blood cells, mean corpuscular volume,
platelet distribution width, red blood cell distribution
width, and eosinophils. Age had a significant effect on
hemoglobin, hematocrit, mean concentration hemoglo-
bin, mean corpuscular hemoglobin concentration, pla-
telets, leukocytes, and monocytes. Weight affected ery-
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throcytes, hemoglobin, hematocrit, mean corpuscular
volume, mean concentration hemoglobin, platelet dist-
ribution width, red blood cell distribution width, plate-
lets, leukocytes, and eosinophils.

3. By comparing the physiology of wild and domes-
tic animals, scientists replenished the fundamental and
practical knowledge in the field of biology and the adap-
tive potential of species, thus increasing the efficiency
of their domestication. Animals kept in semi-free con-
ditions and artificial habitats may fall victim to epide-
mics and stress. As a result, any disease must be detec-
ted at the earliest stage possible. Modern automated
devices make it possible to monitor the physiological
state of animals and register the very first signs of
various health issues.
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