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Abstract. Over the past decades, egg poultry farming has undergone a certain specificity, concentration and 
intensification, which contributed to radical changes in the main production processes, as well as to the use of 
high-tech cage equipment for keeping laying hens, which to one degree or another affects the condition of hens 
and the quality of edible eggs. Chicken health is an important part of normal functioning and high productivity 
of chickens. For the health of chickens, the normal and full functioning of the immune system is necessary, which 
is influenced by various technological factors, one of which is the size of the grouping of chickens in cages. The 
purpose of the article is to investigate the non-specific reactivity of chickens under the influence of the size of 
the grouping with the same density of laying hens in cages that are similar in design. Egg-laying hens of the 
industrial flock “Hy-Line W-36” were used as the object of research. Experiments with experimental animals were 
conducted in accordance with the rules of the European Convention on the Protection of Vertebrate Animals. 
Under the conditions of a modern complex for the production of edible eggs, 4 groups of chickens were formed, 
each of which was kept in a separate analogue poultry house. The non-specific reactivity of the hens’ organism 
under the influence of the size of the grouping with the same density of laying hens in cages analogous to the 
construction was studied. It was found that with a decrease in the size of the grouping of chickens, there is a shift 
of the leukocyte formula to the left, a preference for non-specific protective cells, which occurs as a result of a 
functional increase in the proliferative activity of the bone marrow and is expressed in an increase in the number 
of heterophils and an increase in their activity in the macrophage-macrophage immune response system

Keywords: chickens, stress, immunohematological indices, nonspecific reactivity, endogenous intoxication

INTRODUCTION
Over the past decades, egg poultry farming has un-
dergone specialization, concentration and intensifica-
tion, which has led to significant changes in the main 
production processes, including the use of high-tech 
cage equipment for keeping laying hens, which in one 
way or another affects the welfare of chickens and the 
quality of edible eggs [1]. Health is an integral part of 
the well-being of chickens and a prerequisite for their 
high productivity. For good health, the full functioning 
of the immune system is important, which is affected 
by various technological stressors, one of which is the 
size of the grouping of chickens in cages.

The parameters of the size of the grouping 
of laying hens of an industrial flock in cages are not 
provided for by the current domestic regulations, and 
according to the recommendations of the cross de-
veloper, they should be at least 7 goals [2], although 
in practice they reach 100 goals, so they need to be 
clarified when using 12-tier cage batteries of classic 
constructions However, the influence of the size of the 
grouping of chickens on their body, under cage keeping 
with the same provision of space, was studied mainly 
on small groups of birds, up to 10 heads in size [3-5], 
or cages of different designs and manufacturers were 
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used in the experiments, which makes it impossible 
to adequately comparison [6]. Thus, there is a need to 
study the influence of the size of the grouping on the 
body of chickens, with the same density of laying hens 
in cages that are similar in design.Non-specific reac-
tions characteristic of all types of stress are mainly the 
reactivity of the hypothalamic-pituitary-adrenocortical 
system and autonomic functions, including cardiovas-
cular and hematopoiesis [7; 8]. G. Selye defined stress 
as a non-specific reaction of the body that develops 
under the influence of various causal factors. All exog-
enous and endogenous factors that create increased 
demands on the body are called stressors [9]. Despite 
their diversity, the body responds to a stereotyped form 
of biochemical, functional and structural changes, ad-
aptation to new conditions. G. Selye established that 
during the action of stressors, the body responds with 
non-specific defense reactions – the heartbeat accel-
erates, blood pressure rises, and the concentration of 
corticosteroids in the blood increases.

Activation of the adrenal cortex, as a center of 
stress reactions, is accompanied by numerous changes in 
blood composition. Many researchers [10-12] adopted 
these changes as criteria for assessing the stress state 
of birds, which make it possible to detect the stress 
effect of various factors on their body and to determine 
the intensity and duration of the stress state. When 
stress is detected by evaluating these criteria, which are 
based on the basis of an intense and constant reactive 
response, the ratio of heterophils and lymphocytes is 
most often used [13; 14]. Since it has been proven [15] 
that during the development of a stressful state, this 
indicator increases due to the increased proliferation 
of hematopoietic stem cells, increased production of 
heterophils, and due to the abortive release of imma-
ture heterophil cells from the bone marrow into the 
bloodstream and the migration of lymphocytes from it 
to the tissues. In addition, changes in the ratio of het-
erophils and lymphocytes correlate with the concen-
tration of corticosterone in the blood of chickens and 
are proportional to the degree of exposure to stressors 
of various nature [16; 17].

The ratio of heterophils and lymphocytes is an 
integral immunohematological index, which in human 
medicine is known as the Krebs index [18]. In addi-
tion to it, humane medicine uses a whole panel of im-
munohematological indices that indirectly reflect the 
state of the immune system and the course of adapta-
tion processes in the body [19; 20].Recently, a marker 
panel, which includes the index of leukocyte shift (ILS), 
the index of the ratio of heterophils and lymphocytes 
(IRHL or the Krebs index), the index of the ratio of leu-
kocytes and IRL, lymphocyte-granulocyte index (LGI), 
general index (GI), index immunoreactivity (IIR), the in-
dex of the ratio of heterophils and monocytes (IRHM), 
the index of the ratio of lymphocytes and monocytes 

(IRLM), the leukocyte index (LI) and the index of the 
ratio of lymphocytes and eosinophils (IRLE) are also 
used in animal husbandry [21-23].

The size of the bird group puts pressure on 
the main structures of the brain, which correlates 
with the increased demands on birds that live in 
relatively large, complex and dynamic social organi-
zations [24]. These requirements are mostly related 
to competition for food or access to other valuable 
resources. Variations in group size in natural popu-
lations are self-regulating, but in the conditions of 
industrial chicken keeping, they are absent. The bird 
does not have the opportunity to leave the group en-
vironment, as a result of which intensified aggressive 
interactions are formed, which can contribute to des-
potic behavior [25]. However, recent research shows 
that the social behavior of birds is not limited to the 
formation of a hierarchy, and it is much more plastic 
and dynamic than previously thought.

Thus, earlier it was believed that chickens (Galus 
galus domesticus) are a social species that, being in a 
group, creates a stable hierarchy of dominance, which 
is established due to aggressive interactions  [26]. As 
soon as a stable hierarchy is formed, aggressive in-
teractions are replaced by dominance-subordination 
interactions. According to this type of hierarchy, chick-
ens recognize group mates individually and remember 
the results of aggressive encounters. The frequency 
and intensity of aggressive interactions for the forma-
tion of a stable hierarchy is determined by the size of 
the group, since the establishment of dominance re-
lations in larger groups requires a greater number of 
interactions between group members. Further studies 
showed [27] that in large groups it is difficult for chick-
ens to remember the results of all interactions, which 
leads to a decrease in the stability of the social struc-
ture of the group. These results led to the idea that 
birds in large groups establish a more flexible, tolerant 
system of behavior. That is, in large groups, where in-
dividual recognition is impossible, the bird builds so-
cial interactions through a plastic tolerant system of 
behavior. This behavioral plasticity allows the bird to 
change strategies and more easily adapt to different 
technological (social and physical) conditions within a 
limited grouping [28].

Researchers associate an increase in the size 
of a group of chickens (more than 10 heads) due to 
their keeping in cages of multi-tiered batteries with 
a decrease in the preservation of livestock and a de-
terioration in productivity, which are manifestations 
of stressful conditions [28-30]. There are also re-
ports that keeping chickens in medium-sized groups 
(about 30 heads) can provoke social stress in them, 
which is also accompanied by a decrease in produc-
tivity, since the size of such a group is too large to 
form a stable hierarchy, but too small for a tolerant 
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social system [31; 32]. The purpose of the work is to 
study the non-specific reactivity of the hens’ body 
under the influence of the size of the grouping with 
the same density of laying hens in cages that are 
similar in design.

MATERIALS AND METHODS
Egg-laying hens of the industrial flock “Hy-Line 
W-36”were used as an object of research. Experiments 
with experimental animals were performed in accor-
dance with the rules of the European Convention for 
the Protection of Vertebrate Animals (Official Journal 
of the European Union L276/33, 2010).

In the conditions of a modern complex for the 
production of edible eggs, 4 groups of chickens were 
formed, each of which was kept in a separate avi-
ary-analogue in terms of area (2915 m2), equipped 
with 12-tier cage batteries “Big Dutchman” (Germany), 
the size of which varied. Depending on the size of the 
cages, with the same stocking density (23.0 heads/‌m2), 
the number of chickens in them was different. The 
size of the grouping of chickens in each cage of the 
1st group (cage 362×112.0 cm) was 93 heads, the 2nd 
group (cage 360×62.55 cm) – 52 heads, the 3rd (cage 
120×62.55 cm) – 17 heads. and 4th (cage 70×56 cm) – 
9 goals. (Table 1).

Table 1. Scheme of the experiment

Characteristic
Group of hens

1 2 3 4

The number of tiers in the poultry house 12Number of cells

Number of cages 4704 6048 18144 30912

Number of heads in the cage/the size of the grouping 93 52 17 9

Number of heads in the group 437472 314496 308448 278208

Planting density, heads/m2 23.0

Provision of area, cm2/cap 436.0 433.0 441.5 435.6

Cage dimensions, cm:
- length
- depth

362
112.0

360
62.55

120
62.55

70
56

Cage area, cm2 40544 22518 7506 3920

The number of nipples in the cage, pcs. 12 17 12 1.5

Feeding front, see 7.8 6.9 7.1 7.8

Area of ​​the poultry house, m2 2915

During the experiment, the chickens were pro-
vided with drinking water, full-ration compound feed 
of the same composition and kept according to the re-
quirements (VNTP-APK-04.05.).

The hemogram of laying hens was determined 
on the hematological analyzer Micros 60 (Horiba Ltd.) 
in the “Bald” laboratory (certificate No. LB/02/2016). 
For this, 30 samples of whole blood were taken from 
laying hens of each group at the age of 52 weeks. 1.0-
1.5 ml of blood was collected from the subpterygoid 
vein in a test tube with EDTA.

To evaluate the non-specific reactivity of the 
chickens, integral immunohematological indices of 
intoxication (leukocyte shift index (ILS)), inflammatory 
activity (heterophil-to-lymphocyte ratio index (IRHL 
or Krebs index)) or heterophil-lymphocyte coefficient, 
leukocyte-ESR ratio index (IRHLC) were determined. 
granulocyte index (ILG), general index (GI)) and non-spe-
cific reactivity (immunoreactivity index (IIR), heterophil 
and monocyte ratio index (ISHM), lymphocyte and 
monocyte ratio index (ILM), leukocyte index (LI), lym-
phocyte ratio index and eosinophils (ESLE)) according 
to the following formulas [18; 20; 33; 34]: The leukocyte 
shift index (LSI) was calculated according to formula (1):

LSI = (E+B+H)/(Mo+L), �  (1)

where E – eosenophils, B – basophils, H – heterophils, 
Mo – monocytes, L – lymphocytes.

The Krebs index (IK) was calculated according 
to formula (2):

IK = (R+S)/L,� (2)

where: R – rod-shaped heterophils,S – segmented het-
erophils, L – lymphocytes. 

The lymphocyte-granulocyte index (ILG) was 
calculated according to the formula (3):

ILH = L×10/(M+Y+R+S+E+B),� (3)

where L are lymphocytes, M are myelocytes, Y are young 
forms, R are rod-shaped heterophils, S are segmented 
heterophils, E are eosinophils, and B are basophils.

The ratio index of leukocytes and ESR (IL ESR) 
was calculated according to the formula (4):

IL ESR = L×SOE/100,� (4)

where L – lymphocytes, ESR – erythrocyte sedimenta-
tion rate.

The general index (GI) was calculated according 
to the formula:
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GI = ILG+IL ESR,� (5)

where ILG is a lymphocyte-granulocyte index, IL ESR is 
an index of the ratio of leukocytes and ESR.

The immunoreactivity index (IIR) was calculated 
according to the formula (6):

IIR = (L+E)/Mo,� (6)

where L are lymphocytes, E are eosinophils, Mo are 
monocytes.

The index of the ratio of heterophils and mono-
cytes (IHM) was calculated according to the formula

IHM = (M+Y+R+S)/Mo,� (7)

where M are myelocytes, Y are young forms, R are rod-
shaped heterophils, S are segmented heterophils, Mo 
are monocytes.

The index of the ratio of lymphocytes and mono-
cytes (ISLM) was calculated according to the formula (8):

ISLM = L/Mo,� (8)

where L are lymphocytes, Mo are monocytes.
The lymphocyte index (LI) was determined from 

the ratio of lymphocytes and heterophils (9):

LI = L/H,� (9)

where L and H are the percentage of lymphocytes and 
heterophils in the leukocyte formula, respectively.

The index of the ratio of lymphocytes and eosin-
ophils (ISLE) was calculated according to the formula 
(10):

ISLE = L/E,� (10)

where E – eosinophils, L – lymphocytes.
To determine the informativeness of changes in 

indicators of the immune system as possible prognos-
tic factors, the degree of immunological disorders (SIP) 
was determined. In the presence of immunodeficiency, 
the indicator was negative “–”, the sign “+” indicated hy-
perfunction of the immune system.

The value of the result in the range of 1-33% 
was interpreted as the I degree of immunological dis-
orders, 34-66.7% – the II degree, more than 66.7% – 
the III degree [35].

The obtained digital results were processed by 
methods of variational statistics. The significance of 
the differences between the average values was de-
termined by the Student’s t-test, the differences were 
considered significant at p<0.05.

Research results and their discussion. To assess 
the adaptive and general reactive immunological po-
tential of chickens under the influence of the size of 
the grouping, integral immunohematological indices 
of intoxication, inflammatory activity and non-specific 
reactivity were determined (Table 2)

Table 2. Integral immunohematological indices of chickens

Index, units
A group of chickens

1 2 3 4

Indices of intoxication

Leukocyte shift index 0.31±0.015 0.39±0.029* 0.55±0.015**°° 0.66±0.023**°°‘‘‘

Indices of inflammatory activity

Index of the ratio of heterophils and lymphocytes 0.29±0.016 0.35±0.033 0.54±0.021**°° 0.65±0.023**°°‘‘‘

Lymphocyte-granulocyte index 30.51±1.595 30.52±0.323 17.04±0.491**°° 14.68±0.489**°°‘‘‘

Index of ratio of leukocytes and ESR 2.97±0.026 3.02±0.026 3.21±0.016**°° 3.57±0.021**°°‘‘’

General index 33.48±1.826 33.54±0.223 20.25±0.526**°° 18.26±0.439**°°‘‘

Indices of non-specific reactivity

Index of immunoreactivity 8.89±0.624 12.85±0.856** 13.98±1.005** 16.58±0.808**°‘

Index of the ratio of heterophils and monocytes 2.30±0.107 4.71±0.553** 7.42±0.703**° 10.18±0.489**°°‘‘

Index of the ratio of lymphocytes and monocytes 8.52±0.582 12.18±0.837** 13.49±1.001** 16.16±0.820**°°‘‘

Lymphocyte index 3.84±0.217 3.06±0.263* 1.96±0.087**°° 1.61±0.053**°°‘‘‘

Index of the ratio of lymphocytes and eosinophils 24.64±0.796 27.37±0.899* 37.23±0.538**°° 38.94±0.607**°°‘

Notes: *p<0.05, **p<0.001 – compared to the first group; °р<0.01, °°р<0.001 – compared to the second group; р<0.05, 
р<0.01, р<0.001 – compared to the third group

It was found that the lymphocyte index (LI), lym-
phocyte-granulocyte index (ILG) and total index (GI) 
decreased with decreasing group size, while the leuko-
cyte shift index (LESI), heterophil-to-lymphocyte ratio 
index (HLRI), leukocyte ratio index and ESR (ILSHOE), 
immunoreactivity index (IIR), lymphocyte-monocyte 
ratio index (ILM), heterophil-monocyte ratio index 

(ISGM) and lymphocyte-eosinophil ratio index (ILLE) – 
on the contrary, increased.

The index of leukocyte shift (ILK), which charac-
terizes the ratio of granulocytes and agranulocytes and 
does not depend on the number of leukocytes in the 
blood [36], increased with a decrease in the size of the 
grouping of chickens. Chickens of the 4th group had 
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the highest EILK – by 0.35 units. or 112.9% (p<0.001) 
compared to the 1st group and by 0.27 units. or 69.2% 
(p<0.001) and 0.11 units. or 20.0% (p<0.001) compared 
to the 2nd and 3rd groups, respectively. At the same 
time, in the chickens of the 2nd group, the ICP was 
higher by 0.08 units. or 25.8% (p<0.05) compared to 
the 1st group, and in chickens of the 3rd group – by 
0.24 units. or 77.4% (p<0.001) and 0.16 units. or 41.0% 
compared to groups 1 and 2, respectively. An increase 
in ILC with a decrease in the size of a group of chick-
ens indicates a shift in the leukocyte formula of their 
blood to the left, which indicates a violation of im-
munological reactivity [37] and the entry into the pe-
ripheral blood of a large number of “young” forms of 
leukocytes [36].The index of the ratio of heterophils to 
lymphocytes (ICHL or Krebs index), which is classi-
cally a marker of stress and reflects the ratio of cells of 
specific and non-specific immunity [14; 22], increased 
with an increase in the size of the grouping of chick-
ens. The highest ICHL was found in chickens of the 4th 
group – by 0.36 units. or 121.4% (p<0.001) compared 
to the 1st group, and by 0.3 units. or 85.7% (p<0.001) 
and 0.11 units. or 20.4% (p<0.001) compared to the 2nd 
and 3rd groups, respectively. In the chickens of the 3rd 
group, ICG was higher by 0.25 units. or 86.2% (p<0.001) 
and 0.19 units. or 54.3% (p<0.05) compared to the 1st 
and 2nd groups, respectively. The difference between 
the 1st and 2nd groups was only 0.06 points. or 20.7% 
and was not statistically confirmed. ICHL characterizes 
the activity of phagocytic reactions and factors of specific 
immunity, as well as their participation in maintaining 
the general reactivity of the body [36], therefore, its in-
crease with a decrease in the size of the group of chick-
ens indicates the superiority of non-specific protective 
cells, which occurs as a result of a functional increase in 
the proliferative activity of the bone marrow and is ex-
pressed in increasing the number of heterophiles [38].

The lymphocyte-granulocyte index (ILH), which 
allows to differentiate auto-intoxication caused by a 
malfunction of the immune or enzymatic system, and 
infectious intoxication, and also expresses in num-
bers the degree of shift in the leukocyte formula of 
the blood [33; 39], decreased with a decrease in the 
size of the grouping of chickens. The lowest ILH was 
found in chickens of the 4th group – by 15.8 units. or 
107.4% (p<0.001), 15.8 units. or 107.9% (p<0.001) and 
2.36 units. or 16.1% (p<0.001) compared to the 1st, 2nd 
and 3rd groups, respectively. In chickens of the 1st and 
2nd groups, ILH was at the same level – 30.51-30.52 
units, and in the 3rd group it was lower by 13.5 units. 
or 79.0% (p<0.001) compared to the 1st group. A de-
crease in ILH indicates a shift of the leukocyte formula 
to the left and confirms the presence of autoimmune 
intoxication [19; 34; 39]. A decrease in ILH can also 
be considered as a violation of the factors and mecha-
nisms of immunological reactivity [40].

A simultaneous increase in ILP and a decrease in 
ILH indicates the development of endogenous intoxi-
cation and a violation of immunological reactivity due 
to auto-intoxication of the body during the destruction 
of its own cells [34].

The index of the ratio of leukocytes to ESR 
(ILSHOE), changes in which indicate the presence of 
intoxication associated with an infectious (decrease 
in ILSHOE) or autoimmune (increase in ILSHOE) pro-
cess [41], increased with a decrease in the size of the 
grouping of chickens. The highest ILSHOE was ob-
served in chickens of the 4th group - by 0.6 units. or 
20.2% (p<0.001) compared to the 1st group and by 
0.55 units. or 18.2% (p<0.001) and 0.36 units. or 11.2% 
(p<0.001) compared to the 2nd and 3rd groups, respec-
tively. At the same time, ILSHOE in chickens of the 1st 
and 2nd groups differed by only 0.05 units.or 1.7% 
without statistical confirmation, while in chickens 
of the 3rd group it was higher by 0.24 units. or 8.1% 
(p<0.001) and 0.19 units. or 6.3% (p<0.001) compared 
to the 1st and 2nd groups, respectively. A decrease in 
ILSHOE with a decrease in the size of a group of chick-
ens indicates the presence of a pronounced systemic 
inflammatory response in their body with a high level 
of endogenous intoxication and a violation of immu-
nological reactivity [19], and also confirms the autoim-
mune nature of the pathological process [18; 42].

The general index (GI), which is the sum of lym-
phocyte-granulocyte (ILG) and the ratio of leukocytes 
and ESR (ILSHOE) indices and allows to distinguish 
the nature of intoxication in the early stages of the 
development of the pathological process [34], de-
creased with a decrease in the size of the grouping of 
chickens. The lowest CI was found in chickens of the 
4th group – by 15.22 units. or 45.5% (p<0.001) than in 
chickens of the 1st group and by 15.28 units. or 45.6% 
(p<0.001) and by 1.99 units. or 9.8% (p<0.01) than in 
chickens of the 2nd and 3rd groups, respectively. It 
should be noted that the difference in CI between the 
1st and 2nd groups was only 0.06 units. or 0.2% and 
was not statistically confirmed, and in chickens of the 
3rd group, the CI was lower by 13.23 units. or 39.5% 
(p<0.001) and 13.29 units. or 39.6% (p<0.001) than in 
chickens of the 1st and 2nd groups, respectively. A de-
crease in CI indicates the presence of an intoxication 
process in the body of chickens [43].

The index of immunoreactivity (IIR), which re-
flects the state of the main cytokine-producing cells 
and the imbalance in the cytokine profile [44], in-
creased with a decrease in the size of the grouping of 
chickens. The highest IIR was observed in chickens of 
the 4th group – by 7.69 units. or 86.5% (p<0.001) than 
in chickens of the 1st group and by 3.73 units.or 29.0% 
(p<0.01) and by 2.60 units. or 18.6% (p<0.05) than in 
chickens of the 2nd and 3rd groups, respectively. At the 
same time, in chickens of the 2nd group, the IIR was 
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higher by 3.96 units. or 44.5% (p<0.001), and in chick-
ens of the 3rd group – by 5.09 units. or 57.3% (p<0.001) 
compared to the 1st group. The differences between 
the 2nd and 3rd groups were only 1.13 units. or 8.8% and 
were not statistically confirmed.  An increase in IIR with a 
decrease in the size of the group (up to 25 units) indicates 
the compensation of endogenous intoxication [45].

The index of the ratio of heterophils and mono-
cytes (ISGM), which indicates the ratio of the compo-
nents of the microphage-macrophage system [19], in-
creased with a decrease in the size of the grouping of 
chickens. The highest ISGM was observed in chickens 
of the 4th group – by 7.88 units. or 342.6% (p<0.001) 
compared to the 1st group, and by 5.47 units. or 116.1% 
(p<0.001) and 2.76 units. or 37.2% (p<0.01) compared 
to the 2nd and 3rd groups, respectively. At the same 
time, hens of the 2nd group were characterized by a 
higher ISGM by 2.41 units. or 104.8% (p<0.001) com-
pared to the 1st group, and chickens of the 3rd group – 
by 5.12 units. or 222.6% (p<0.001) and 2.71 units. or 
57.5% (p<0.01) compared to the 1st and 2nd groups, 
respectively. An increase in ISGM with a decrease in 
the size of the chicken group indicates an increase in 
the activity of heterophils in the microphage-macro-
phage system of the immune response [46].

The index of the ratio of lymphocytes and mono-
cytes (ILM) reflects the relationship between affective 
and effector links of the immunological process [4], in-
creased with a decrease in the size of the grouping of 
chickens. The highest ISLM was observed in chickens 
of the 4th group – by 7.64 units. or 89.7% (p<0.001) 
compared to the 1st group, and by 3.98 units. or 32.7% 
(p<0.001) and 2.67 units. or 19.8% (p<0.01) compared 
to the 2nd and 3rd groups, respectively. At the same 
time, in chickens of the 2nd group, ISLM was higher by 
3.66 units. or 43.0% (p<0.001), and in chickens of the 
3rd group – by 4.97 units. or 58.3% (p<0.001) compared 
to the 1st group. The differences between the 2nd and 
3rd groups were 1.31 units. or 10.8% and were not 
statistically confirmed. An increase in ISLM indicates 
the predominance of the effector link of a non-specific 
immunological process over the affective one [43].The 
lymphocyte index (LI), which reflects the relationship 
between the humoral and cellular links of the im-
mune system [34], decreased with a decrease in the 
size of the grouping of chickens. Thus, LI in chickens 

of the 2nd was lower by 0.78 units. or 25.5% (p<0.05) 
compared to the 1st group, and in chickens of the 
3rd group – by 1.88 units. or 95.9% (p<0.001) and 1.1 
units. or 56.1% (p<0.001) compared to the 1st and 2nd 
groups, respectively. In chickens of the 4th group, LI 
was lower by 2.23 units. or 138.5% (p<0.001) compared 
to the 1st group and by 1.45 units. or 90.1% (p<0.001) 
and 0.35 units. or 21.7% (p<0.001) compared to the 2nd 
and 3rd groups, respectively. A decrease in LI with a de-
crease in the size of a group of chickens indicates the 
dominance of the activation of the cellular link of the 
immune system, and also indicates an active adaptive 
response of white blood and a decrease in non-specific 
anti-infective protection due to intoxication [43].

The index of the ratio of lymphocytes and eo-
sinophils (ISLE), which reflects the ratio of the pro-
cesses of hypersensitivity of the immediate and de-
layed type [34], increased with a decrease in the size of 
the grouping of chickens. The highest ISLE was found 
in chickens of the 4th group, namely by 14.3 units. or 
58.0% (p<0.001) compared to the 1st group and by 
11.57 units. or 42.3% (p<0.001) and 1.71 units. or 4.6% 
(p<0.05) compared to the 2nd and 3rd groups, respec-
tively. ISLE in chickens of the 2nd group was higher by 
2.73 units. or 11.1% (p<0.05), and in chickens of the 3rd 
group – by 12.59 units. or 51.1% (p<0.001) and 9.86 
units. or 36.0% compared to groups 1 and 2, respec-
tively. An increase in ISLE reflects the predominance 
of immediate-type hypersensitivity reactions over de-
layed-type reactions [47], which indicates an increase 
in autointoxication and a violation of immunological 
reactivity [48] in chickens with a decrease in the size 
of the grouping.

Determining the informativeness of changes in 
integral immunohematological indices as indicators of 
the immune system showed that all of them to one de-
gree or another reflected the reaction of the chickens’ 
body to the influence of changes in group size (Table 3).

Thus, the informative immunohematogolic indices 
that responded to the decrease in the size of the group 
of chickens, that is, to the degree of intensity of the stress 
factor, turned out to be ISK, ISGL (IC), ZI, IIR, ISLM, LI and 
ISLE. Whereas ILH did not respond to the reduction of the 
group from 93 to 52 goals, and ISGM and ILSHOE showed 
the same degree of immunological disturbances for the 
reduction of the group from 93 to 9 goals.

Table 3. The degree of immunological disorders according to blood indices of chickens

Index, units
A group of chickens

2 (52 pcs.) 3 (17 pcs) 4 (9 pcs.)

Indices of intoxication

Leukocyte shift index +І +ІІІ +ІІІ

Indices of inflammatory activity

Index of the ratio of heterophils and lymphocytes (Krebs index) +І +ІІІ +ІІІ

Lymphocyte-granulocyte index – -ІІ -ІІ
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Index, units
A group of chickens

2 (52 pcs.) 3 (17 pcs) 4 (9 pcs.)

The index of the ratio of leukocytes and ESR +І +І +І

General index +І -ІІ -ІІ

Indices of non-specific reactivity

Index of immunoreactivity +ІІ +ІІ +ІІІ

Index of the ratio of heterophils and monocytes +ІІІ +ІІІ +ІІІ

Index of the ratio of lymphocytes and monocytes +ІІ +ІІ +ІІІ

Lymphocyte index -І -ІІ -ІІ

Index of the ratio of lymphocytes and eosinophils +І +ІІ +ІІ

CONCLUSIONS
The optimal group size of laying hens of modern 
white-egg crosses during their keeping in cages of 12-
tier cage batteries is 52-93 head. For reducing the size 
of the grouping of chickens to 17 and 9 heads. there is 
an increase in the leukocyte shift index, the index of 
the ratio of heterophils and lymphocytes (Krebs index), 
the index of immunoreactivity, the index of the ratio 
of heterophils and monocytes, the index of the ratio 
of lymphocytes and monocytes, the index of the ratio 
of leukocytes and ESR, and the index of the ratio of 
lymphocytes and eosinophils. This indicates a shift of 
the leukocyte formula to the left, the predominance 
of nonspecific protective cells, which occurs as a re-
sult of a functional increase in the proliferative activity 
of the bone marrow and is expressed in an increased 
number of heterophils, an increase in their activity in 

the microphage-macrophage system of the immune 
response, and indicates the presence of a high level of 
endogenous intoxication in the body of chickens and 
violation of immunological reactivity, and can also in-
form about the autoimmune nature of the pathological 
process. At the same time, there is a decrease in the 
lymphocyte-granulocyte index, the total index, and the 
lymphocyte index, which confirms the shift of the leu-
kocyte formula to the left and indicates the dominance 
of activation of the cellular link of the immune system, 
indicating an active adaptive reaction of white blood. 
A simultaneous increase in the leukocyte shift index 
and a decrease in the lymphocyte-granulocyte index 
indicates the development of endogenous intoxication 
in chickens and a violation of their immunological re-
activity due to autointoxication of the body during the 
destruction of its own cells.
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Анотація. Досліджено неспецифічну реактивність організму курей за впливу величини угрупування з однаковою 
щільністю посадки несучок в клітках-аналогах за конструкцією. Виявлено, що за зменшення величини 
угрупування курей спостерігається зсув лейкоцитарної формули вліво, перевага неспецифічних захисних 
клітин, що відбувається внаслідок функціонального підвищення проліферативної активності кісткового мозку 
і виражається у збільшенні кількості гетерофілів та підвищенні їх активності у мікрофагальномакрофагальній 
системі імунної відповіді
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