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Aim. Equine infectious anemia (EIA) remains an urgent problem for many countries. This article presents the initial
comprehensive comparative analysis of the immunobiochemical profiles of clinically healthy horses and those af-
flicted with the EIA in the western region of Ukraine. To address this objective, the immunobiochemical indices in
healthy horses in the western region of Ukraine, the seasonal and age-related dynamics of the content of circulating
immune complexes (CIC), vitamin C, and lysozyme were investigated. A possible association between the increase in
the CIC rate and the content of serum fractions of protein and immunocompetent cells in horses with asymptomatic
EIA course was determined. Methods. The study encompassed 329 non-purebred male and female horses of various
age groups, comprising 225 EIA-free horses and 104 horses with asymptomatic EIA. Common serological and bio-
chemical methods were employed, and identification of horses with EIA was accomplished via agar gel immunodiffu-
sion assay with diffuse precipitation. Results. The aspects of changes in the immunobiochemical status of the animals
in terms of age and season were determined. The findings demonstrated that with the increase in CIC in the serum
of healthy animals, there was an increase in the amount of total protein, albumins, a-globulins, y-globulins, and the
number of O-cells and subpopulations of Tr- and Ts-lymphocytes. The number of 3-globulins and immunocompetent
cells of T- and B-lymphocytes diminished. The animals with the asymptomatic EIA course demonstrated a reliable
decrease in the fraction of albumins (p < 0.05), f-globulins (p < 0.05), and the increase in the fraction of y-globulins
(p < 0.05). In spring, healthy four-year-old and older horses had a considerable increase in the CIC rate (30.4-90.6
c.u.) as compared to other seasons (33.4-63.6 c.u.), which demonstrated the accumulation of antigen-antibody com-
plexes in the organism during this period. Generally, the analysis showed that the older the horses were, the clearer
the tendency towards higher CIC rate was, and the smaller the content of vitamin C with age, except for the group of
10-year-old and older horses where it was slightly increased, and there was the decrease in the lysozyme activity with
age. The content of heterohemagglutinins in healthy horses increased from 6.25 to 12.02 c.u. with age, and in horses
with the asymptomatic EIA course there was a decrease from 10.6 c.u. in 3-year-old horses to 6.26 in 4-9-year-old
horses, and a slight increase up to 8.07 when horses were ten or more years old. The study of the seasonal state of
non-specific factors of protection and humoral immunity in the selected group of horses with EIA demonstrated that
the CIC rate in healthy and infected horses changed dynamically depending on the season — it was higher in spring and
lower in all the other seasons. The maximal rate of CIC in infected horses was in spring (90.62 c.u.), and the minimal
one — in summer (52.73 c.u.). The titer of specific antibodies to the EIA virus did not change considerably in different
seasons. Conclusions. The study determined that a high CIC rate in the blood of horses with asymptomatic EIA indi-
cated substantial alterations in their immunobiological status. The elevation in the rate of isoantibodies in horses with
asymptomatic EIA, as compared to the healthy animals, highlighted the development of the autoimmune process in
EIA-afflicted horses. This phenomenon occurred concurrently with an increase in other non-specific antibodies, con-
tributing to an overall rise in CIC levels, while the levels of specific antibodies remained relatively stable. This study
represents the first simultaneous investigation of both specific immunity (CIC) and non-specific immunity (lysozyme
activity, content of vitamin C, protein fractions of blood, etc.) in the context of EIA.
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INTRODUCTION

In modern conditions, the course of infectious diseas-
es undergoes significant changes due to the impact of
various factors. Intensive animal breeding, the admin-
istration of numerous substances for the prevention and
treatment of animal diseases, the use of feed additives,
the adaptation mechanisms of the organism, and other
factors contribute to alterations in the primary clinical
manifestations of infectious diseases in farm animals.
Consequently, a typical course of any disease, as de-
scribed in various sources, including EIA (Coggins
et al, 1972; Sellon, 1993; Busol et al, 1996), is rarely
observed. An asymptomatic (latent) disease course is
more common, and it can only be diagnosed through
laboratory testing. Under this course, the status of the
immune system remains entirely unexamined. Such
animals serve as carriers of the disease agent, and if
clinical signs are absent, they pose a potential threat to
infecting other animals. For instance, the study of the
immune complexes during the asymptomatic course of
bovine leukosis revealed that there were almost no dif-
ferences in the content of immune complexes between
the groups of healthy and diseased animals (Mandyhra
& Rud’, 2001). It is still unclear why the immune sys-
tem of the organism responds to the presence of the
disease agent while the animal remains a carrier of the
virus for the rest of its life. There is no definitive an-
swer to this question.

The physiological role of circulating immune com-
plexes (CIC) is to eliminate unwanted antigens within
the organism. Elevated CIC concentrations are obser-
ved in many systemic diseases, neoplasms conditions,
and inflammatory states (Gotda et al, 2014). Immune
complexes are a natural component of the immune re-
sponse, and they serve as the triggering mechanism for
disease development in only certain cases. Diseases
associated with immune complexes encompass equine
infectious anemia (EIA), rheumatoid arthritis, Aleu-
tian disease of mink, serum disease, hepatitis, dengue
hemorrhagic fever, and post-streptococcal glomerulo-
nephritis. The composition of CIC arises from the rec-
ognition of both endogenous and exogenous antigens
present in the organism. The most common exogenous
antigens include bacterial, viral, and fungal proteins,
toxins, as well as proteins from the cellular membrane
of parasites. In contrast, endogenous antigens originate
from neoplastic cells, membrane proteins, or products
of cell degeneration, which occur due to inflammatory
conditions or autoimmune phenomena (Gotda et al,
2014).
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Equine infectious anemia (EIA) is a persistent viral
infection affecting horses. The causative agent of this
disease belongs to the Lentivirus genus within the fam-
ily Retroviridae, subfamily Orthoretrovirinae. Other
representatives of Lentivirus genus are the bovine im-
munodeficiency virus, feline immunodeficiency virus,
human immunodeficiency virus 1 and 2, simian im-
munodeficiency virus, and maedi/visna virus (equine
infectious anaemia, 2015; Leroux et al, 2004). EIA was
identified as a contagious virus disease of horses and
other Equidae representatives at the beginning of the
last century. Since then, the clinical signs and transmis-
sion route, the clinical pathology, and diagnostics have
been described in detail (Sellon, 1993). Currently, EIA
and its diagnostics pose an urgent problem for many
countries (Morales et al, 2015; Malik et al, 2017), and
it ranks as the top equine disease on the World Or-
ganization for Animal Health (OIE) list. In the USA
alone, nearly one hundred cases of EIA were reported
last year (Equine Infectious Anemia Report, 2022). In-
stances of EIA have also been documented in Africa,
Asia, and Australia (A Code of Practice for Equine In-
fectious Anaemia, 2015), as well as in Europe, with re-
ported cases in countries like Romania (Informe Com-
mission European RASVE, 2012) and Poland (Golda
et al, 2014).

Under the asymptomatic disease course, the main
mechanisms of pathological process development in
the organism of sick animals are conditioned by im-
munological disorders previously stated in the publi-
cations of different researchers (McGuire et al, 1972;
Kono et al, 1976). The pathological changes, occurring
under this disease, are related to the immune complex-
es, which are among the components of a normal im-
mune response, and only in some cases are they the
trigger mechanism, launching the disease development.

Once a horse is infected with the EIA virus (EIAV),
its blood remains infectious for the rest of its life, and a
horse is a potential source of infection for other horses
(Cheevers & McGuire, 1985). The virus is transmitted
via blood or an infected secretion from the infected ani-
mal. In nature, the virus spreads from a clinically sick
horse to susceptible horses via sanguivorous insects.
The virus can also be passed by the iatrogenic pathway
through the use of infected blood products, needles, sy-
ringes, IV sets or other equipment; there can also be a
fetal prenatal infection (Kemen & Coggins, 1972).

The titer of the virus is higher in horses with clinical
signs, and the risk of virus transmission from these ani-
mals is higher than the transmission from animal car-
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riers with a lower titer of the virus. However, the stud-
ies on mules demonstrated that infected animals with
positive results of a solid phase enzyme immunoassay
(ELISA) and vague results of agar gel immunodiffu-
sion (AGID) could have the same viral load as the one
for the animals with a strong reaction of antibodies, so
they may be a potential source of transmission (Sci-
cluna et al, 2013).

It is known that immediately after infecting, the vi-
rus replicates to a high titer, mainly in macrophages of
mature tissue of the liver, spleen, lymph nodes, lungs,
kidney, and suprarenal glands (Sellon et al, 1992). The
virions of the progeny enter the blood, and virus titers
usually increase simultaneously with the rectal temper-
ature; a high concentration of viral antigens in blood
and tissues stimulates the production of antibodies in
the host (Sellon et al, 1993). Specific antiviral antibod-
ies are often detected by Western blotting as early as
7-10 days after infecting (Clabough et al, 1991). 45
days after infection, the antibody to bovine protein p26
is detected by the immunodiffusion testing in almost all
the infected horses (Coggins et al, 1972). The obvious
reaction of antibodies also extends onto external glyco-
proteins of the virus envelope gp90 and gp45. The final
result is heterogeneous hypergammaglobulinemia with
increased concentrations of Ig G, Ig G(T), and Ig M
60 days after the infection, especially in horses, which
have numerous instances of fever (Henson et al, 1971).

Most antibodies, formed in the early stages of EIA
infection, are directed against conservative epitopes of
superficial glycoproteins gp90 and gp45. These anti-
bodies are not neutralizing, i.e. they unite with the cir-
culating virus, not depriving it of its infectious nature
(Hussain et al, 1987; Payne et al, 1989). Thus, most vi-
ruses in the serum of feverish horses are in the form of
circulating infectious immune complexes (CIC) (Mc-
Guire et al, 1972). These immune complexes may en-
hance the ability of the virus to penetrate the host cells
and are likely to be involved in the development of
most clinical signs of EIA, including fever, depression,
thrombocytopenia, anemia, and glomerulonephritis.
Therefore, being another manifestation of the enhanced
infection, mediated by antibodies, platelets may serve
as a mechanism of virus transmission in the form of
infectious immune complexes to the host cells, which
are most susceptible to virus replication (Clabough et
al, 1991).

The disappearance of serum viremia and the related
fever episode depend on the response mediated by spe-
cific B- and T-cells (Perryman et al, 1988). A fast ap-
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pearance of high antibody levels in the blood serum of
infected horses may demonstrate their participation in
removing the virus from circulation. However, in vitro
studies demonstrate that most antibodies, neutralizing
the virus, are aimed at highly variable antigenic epit-
opes of superficial glycoproteins (Hussain et al, 1987;
Payne et al, 1989). These antibodies are not detected in
the serum of infected horses for several days or weeks
after the fever passes, which means that neutralizing
antibodies may not be significant for removing the
virus from circulation. Most researchers believe that
cell-mediated immune response should be critically in-
volved in this important function.

As already stated, regardless of the development of a
strong humoral and cell-mediated immune response to
the EIA virus, the infected horses cannot remove the vi-
rus from their organism completely and remain infected
all their life. Direct evidence of virus persistence is as
follows: infection transmission from animals-carriers
to susceptible animals via the transfusion of washed
leukocytes or whole blood (Ishizaki et al, 1978; Sellon
et al, 1993); the presence of infectious CIC (Morales et
al, 2015); the induction of the disease after the admin-
istration of dexamethasone (Kono et al, 1976). A cell
reservoir for the EIA virus in clinically healthy horses
is unknown, but it is assumed to be some subpopulation
of tissue macrophages.

The status of immunobiochemical indices of blood
under the asymptomatic EIA course is yet to be studied,
which is proven by the actual lack of scientific publica-
tions on this topic. At present, there are no studies on
the ratio between the indices of specific (CIC) and non-
specific immunity under EIA. This issue has not been
paid much attention in Ukraine as well. It is known that
the asymptomatic course is the absence of any clini-
cal signs of the disease; the only one remaining is the
presence of specific antibodies to the disease agent in
the organism of a sick animal, which proves the pres-
ence of this agent in the body. Thus, it is reasonable
to study the indices of non-specific immunity and the
ratio between them and specific antibodies under the
asymptomatic EIA course. The urgency of the problem
is also conditioned by the fact that in recent years, there
have been almost no testing for EIA in Ukraine, the
diagnostics is absent, only some owners of purebred
horses have contacted the veterinary service, and the
disease is usually not registered in their farms. As for
non-purebred horses, the processes of virus circulation
are practically left unattended,

The aim of our study was to investigate immuno-
biochemical indices in healthy horses of the western
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region of Ukraine and the horses with asymptomatic
EIA course, to determine seasonal and age-related dy-
namics in the content of CIC, vitamin C, and lysozyme,
to find probable connection between the increased CIC
rate and the content of serum fractions of protein and
immunocompetent cells.

MATERIALS AND METHODS

To solve this task, we studied the CIC concentra-
tion, the content of protein, protein fractions (of albu-
mins, a-, B-, y-globulins), vitamin C and lysozyme, the
population of immunocompetent cells (T-, Tr-, Ts- and
B-cells).

The study was conducted at the Experimental Station
of Epizootiology at the Institute of Veterinary Medi-
cine, NAAS of Ukraine (Rivne); the horses were from
private farms in the western regions of Ukraine, con-
taminated with infectious anemia. A total of 329 non-
purebred horses were examined; 225 of them were free
from the EIA virus, and 104 had the asymptomatic EIA
course. No other infectious diseases were detected in
the horses under investigation. All horses were sub-
jected to clinical and hematological examinations; a
total of 453 biochemical studies and 762 studies in de-
termining the content of T- and B-lymphocytes were
conducted. Under the asymptomatic EIA course, the
blood samples were taken from each animal in the ex-
periment every 90—180 days at least for two years.

The data of district laboratories of veterinary medi-
cine for 1995-2015 were also used. During this period,
over two thousand horses from private farms in Rivne
and Volyn regions of Ukraine were examined. These
were healthy female and male horses of different age
groups (from several months to 16 years) and horses
with evident or asymptomatic EIA course. Non-pure-
bred horses were examined; according to our data, the
purebred horses did not happen to have EIA. Specific
antibodies to the EIA virus in the blood serum of horses
were determined by standard agar gel immunodiftu-
sion involving a precipitation reaction (Coggins et al,
1972; Maslianko et al, 2007; Vlizlo et al, 2012; Ma-
lik et al, 2017). The rate of immune complexes in the
blood of horses was studied by colorimetry using the
extinction value (in conventional units) in blood serum
at the wavelength of 450 nm (Gotda et al, 2014). We
also used the method of Yu.A. Grinevich (Grinevich &
Kamenets, 1986), based on the selection ability of pre-
cipitation of polyethylene glycol-6000.

Four age groups were formed out of 225 animals
while determining the seasonal and age-related dynam-
ics of the content of immune complexes, vitamin C, and

6

lysozyme in clinically healthy horses: I age group (up
to one year) — 14 animals, II (1-3 years) — 60, I1I (4-9
years) — 90, IV (10 and older) — 61. While determin-
ing the change in biochemical and cellular indices of
immunity in horses depending on the concentration of
immune complexes in blood serum, the blood samples
of 44 healthy horses, aged four years and older, were
studied. While determining the dynamics in the chang-
es in immunobiochemical indices of blood under EIA,
72 sick horses of different age groups were examined.

The amounts of albumins, fractions of globulins,
immune complexes, immunoglobulins, homohemag-
glutinins and heterohemagglutinins, vitamin C, and
lysozyme were determined by common methods (Mc-
Guire et al, 1972; Sentsui and Kono, 1976; Busol et
al, 1996). For instance, the lysozyme activity in blood
serum was determined by the lysis rate of the reference
culture Micrococus lyzodecticus, the number of T- and
B-lymphocytes in blood was determined by calculating
the rosette formation, the subpopulations of T-lympho-
cytes were determined using monoclonal antibodies,
the photocolorimetry method was used to determine
the content of ascorbic acid (Murray et al, 1998; Popo-
va and Polikarpova, 2012). The determination of total
protein, albumins, fractions of globulins, and hemoglo-
bin also involved the method of V. E. Chumachenko
(Chumachenko et al, 1990).

RESULTS

1. Immunobiochemical indices of healthy horses. The
seasonal and age-related dynamics of the content of
immune complexes (CIC), vitamin C, and lysozyme in
clinically healthy horses of different age-related groups
was determined (Table 1).

The analysis demonstrated that the rate of immune
complexes in age groups I and II was constant during
the year, and in groups III and IV, their number was
higher only in spring. For instance, their limits during
this season were 30.4-90.6 c.u. of extinction (c.u.), and
during all the other seasons — 33.4-63.6 c.u. A reliable
difference between the CIC contents in age groups I,
111, and IV in spring was determined (p < 0.01). As for
the rate of immune complexes in terms of seasons, it is
obvious that in spring, four-year-old and older horses
demonstrated a considerable increase in the rate of im-
mune complexes, which proved the accumulation of
antigen-antibody complexes in the organism of horses
during this period (Figure).

The content of lysozyme and vitamin C gives us an
indirect idea about the general state of the immune sys-
tem. The determination of the levels of lysozyme activi-
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Table 1. The seasonal and age-related changes in the CIC content, vitamin C, and lysozyme in clinically healthy horses

Number of animals Age, years CIC, c.u. Vitamin C, mmol/l | Lysozyme activity, %
WINTER
14 up to 1 40.0 = 13.52 21.07+1.36 42.67 +4.31
60 1-3 50.11 +17.33 17.62 £ 1.05 44.50 +3.51
90 4-9 63.63 £ 19.50 17.34 £ 1.73 47.59 +7.44
61 >10 33.45+£14.39 20.41+3.44 40.71+7.12
SPRING
14 up to 1 30.51 £4.62 20.53 +£2.83 4736 +2.51
60 1-3 53.66 = 12.52 19.75+2.27 32.55+2.41
90 4-9 90.65+£17.33 ** 18.34 +1.83 37.80 = 6.44
61 >10 79.18 £ 16.30 ** 17.25+£3.06 35.99 +1.86
SUMMER
14 up to 1 42.0+ 14.61 21.07+£2.93 40.33 +£5.50
60 1-3 52.0+£16.25 21.53+1.37 37.20+4.71
90 4-9 51.11 £ 17.46 20.46 +1.62 26.0 +5.34
61 =10 59.67 £ 15.30 20.22 +£2.03 30.61 £6.15
AUTUMN
14 up to 1 42.61 +15.62 14.19+1.73 33.13£5.61
60 1-3 52.0 £ 13.63 18.17 £2.15 41.50 +4.35
90 4-9 61.63£9.43 18.77 £1.53 * 31.65+3.12
61 >10 44.0 £ 15.24 23.47 £1.83 *** 29.0+3.41
Note. The degree of probability in the age group of up to one year as compared to other age groups * p < 0.05, ** p <0.01,
% p <0.001.
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The change in the rate of circulating immune complexes in different age-related groups of horses in terms of seasons
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Table 2. The biochemical indices and immune complexes in different age groups of horses

Number of animals Age, years CIC, c.u. Vitamin C, mmol/l Lysozyme activity, %
14 upto 1 38.28 £9.51 19.07 £ 1.94 40.83 £4.52
60 1-3 51.94 +12.55 19.97 £2.27 38.90 +7.11
90 4-9 66.76 + 14.36 18.76 £2.12 35.76 £3.34
61 >10 58.67 £ 14.30 18.16 £2.54 34.01 £2.15

ty showed that its increase was observed in the winter-
spring period and its decrease — in summer-autumn.
The limits in winter-spring were 32.5-47.5 %, and in
summer-autumn — 26.0-41.5 %.

The content of vitamin C in the seasonal dynamics
was decreased in winter. The horses, aged under one
year, had a reliable (p < 0.001, p < 0.05) decrease in
the vitamin rate in autumn as compared to older age
groups, which may be related to intense infection of
helminths in young animals. Therefore, the content
of immune complexes, lysozyme, and vitamin C in
healthy horses changed rather dynamically depending
on the age of the animals and the season.

In terms of the scientific aspect, noteworthy are not
only the changes in these indices depending on the
age of animals and a season, when the study was con-
ducted, but also the question of how considerable the
changes were in biochemical indices and immune com-
plexes that occurred with age. The generalized results
demonstrated that the older the horses were, the clearer
the tendency towards the increase in the rate of immune
complexes was (Table 2). The content of vitamin C de-
creased with age; it was only slightly increased in the
group of horses aged 10 or more years. The lysozyme

activity also decreased with age. The data obtained in-
dicated some changes in the physiological state related
to the organism’s aging and its transformation in main-
taining internal homeostasis.

2. The changes in biochemical and cellular indices of
immunity in horses depending on the concentration of
immune complexes in blood serum. To determine a pos-
sible association between the increased rate of immune
complexes and the content of serum fractions of protein
and immunocompetent cells in horses, we investigated
the CIC concentration, the content of protein, protein
fractions (albumins, a-, B-, y-globulins), the popula-
tion of immunocompetent cells (T-lymphocytes, sub-
populations of Tr- (or theophylline-resistant), Ts- (or
theophylline-sensitive) lymphocytes and B-cells).

The blood samples of 44 healthy horses, aged 4 and
more years, were studied. Two groups of examined
horses were formed after determining the CIC content.
Group I was comprised of healthy horses with the CIC
content of 1032 c.u., group II —also healthy horses with
the CIC content of 63—83 c.u. The comparison of two
groups of healthy horses demonstrated that the increase
in the CIC in blood serum takes place simultaneously
with the increase in the amount of total protein, albu-

Table 3. The immunobiochemical indices of healthy horses depending on the content of immune complexes

Number Fractions of globulins, % Relative content of lymphocytes, %
ani(r)rfals Content | Total Albu-
of CIC, | protein, | mins,
under | 7o g/l % o p Y T B 0 Tr Ts
mvesti-
gation
1
n=25 | 10-32 | 70.0+ | 2757+ | 17.82+|33.72+|21.73+ | 2554+ | 1031+ | 64.15+ | 12.85+ [ 246+ =+
+518 | £354 | £2.79 | £341 | £358 | £341 | £2.12 | £7.72 | £1.92 0.36
2
n=19 | 63-83 | 73.16+ | 2896+ | 18.04+ | 29.71 + | 23.88+ | 22.06+ | 838+ | 69.56+ | 1538+ [3.14+=+
+477 | £325 | £1.87 | £40* | £2.5 +2.74 | £2.63 | £881 | £1.92 | 041*

Note. Degree of probability of differences between groups I and II, * p < 0.05.
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mins, a-globulins, y-globulins, as well as the number of
O-cells and subpopulations of T-lymphocytes: Tr and
Ts (Table 3). In its turn, against the background of the
mentioned indices, the number of B-globulins and the
immunocompetent cells, T- and B-lymphocytes was
decreased, though no reliable difference between the
indices under investigation was found. Therefore, a
high rate of CIC in the blood of horses is an indicator
of changes in the immunobiological status. No consid-
erable changes in the state of immunity were found in
healthy horses under a high rate of the CIC, though, as
compared to the indices in horses under a low rate of
the CIC; they demonstrated evident deviations towards
the decrease in the immunity indices.

3. The status of non-specific factors of protection
and humoral immunity of horses under the EIA. The
dynamics of humoral indices and non-specific factors
of immune protection was determined by the rate of

specific antibodies to the EIA virus, isoantibodies, het-
erohemagglutinins, the CIC, lysozyme activity, and vi-
tamin C. The studies were conducted involving both
healthy and infected horses, aged 4 to 9 years (Table
4-6). The results demonstrated that the titer of specific
antibodies to the EIA virus did not change considerably
in different seasons. The titer of antibodies in horses
increases with age. The rate of immune complexes in
healthy and infected horses changes dynamically de-
pending on the season (Table 4). It is higher in spring
and lower in all the other seasons. No statistically sig-
nificant difference in the CIC content was found be-
tween the investigated groups, though there was some
increase in their content in sick horses. For instance,
the maximal rate was in spring (90.62 c.u.) and the
minimal one — in summer (52.73 c.u.).

The lysozyme activity was somewhat lower in sick
horses in spring and autumn and higher in winter and

Table 4. The indices of non-specific factors of protection and humoral immunity in terms of seasons

Groups of animals and their numbers CIC, c.u. Vitamin C, mmol/l Lysozyme activity, %
WINTER
Healthy, n =90 63.63 £ 19.57 19.01 +£7.31 47.51 +7.40
Sick, n =49 66.51 £15.21 19.06 =9.67 52.74 £4.71
SPRING
Healthy, n =90 90.62 +17.30 20.05 £5.32 37.82 £ 6.41
Sick, n=49 90.0 +13.71 14.25+4.26 29.0 £ 5.61
SUMMER
Healthy, n =90 51.11 £ 17.41 28.68 +3.23 26.0 +5.38
Sick, n =49 52.75+£12.51 22.39+4.51 29.51+3.47
AUTUMN
Healthy, n =90 61.63 + 13.41 19.03 +6.31 31.62 £ 6.19
Sick, n =49 72.67 + 16.41 19.34+5.21 28.41 £ 8.0

Table 5. The indices of non-specific factors of the protection and humoral immunity in different age groups of healthy horses

and EIA-positive horses under the agar gel immunodiffusion

Number Titers Titers of Lysozyme Vitamin C
Age, years of normal isoantibodies, CIC, c.u. I ’
of horses antibodies. c.u cu activity, % mmol/l
1-3 *n=60 6.85+2.29 395+1.85 46.6+7.0 33.6 +£7.02 20.67 £2.74
**n=35 10.6 £4.70 4.51+1.52 n/s n/s n/s
4-9 *n=90 11.51+2.16 3.45+1.49 62.6 £16.0 40.0 +£6.91 18.30 £ 8.32
**n =49 6.26 + 3.87 3.38+2.55 75.8+16.0 38.3£5.62 19.0 £ 7.66
>10 *n=061 12.02 £3.75 2.81+0.53 58.0+11.3 33.8+8.43 21.19+2.74
**n =150 8.07+2.53 5.58+2.83 65.0+14.0 352+6.72 17.25+3.35

Note. * healthy horses, ** positive in agar gel immunodiffusion, n/s — not studied.
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Table 6. The indices of non-specific factors of protection and humoral immunity in the agar gel diffuse precipitation reaction

(AGDPR) of the EIA-positive horses depending on the titer of

specific antibodies

Titers in AGDRP
Indices
native and titer 1:2, n= 28 1:4-1:8, n =27 1:16-1:32,n=17

Immune complexes, c.u. 54.80 +10.31 64.20 +£13.40 77.65 £ 14.65
Lysozyme activity, % 43.01 £6.90 40.10 +£7.70 33.50 = 4.80
Vitamin C in blood, mmol/l 181.90 + 16.80 178.70 +£22.40 160.30 + 15.60
Titers of normal antibodies, c.u. 1:5.40 1:5.72 1:4.42
Titers of isoantibodies, c.u. 1:7.5 1:9.2 1:10.5

Note. n — the number of examined animals in each group with the titer of antibodies, determined in AGDPR.

Table 7. The immunobiochemical indices of healthy horses and horses with the EIA depending on the content of immune

complexes
. .0 . 0
Cog;ent Titer Total | Albu- Fractions of globulins, % Relative content of lymphocytes, %
CIC in protein, | mins,
- > | AGDRP g/l % o B Y T B O Tr Ts
1
Number of animals under investi gation n = 25
10-32 - 700+ [ 2757+ | 17.82+ | 3372+ | 21.73 £ | 2554+ | 1031+ | 64.15+| 1285+ | 246+
+5.18 | £3.54 | £2.79 | £341 | £3.58 | £341 | £2.12 | £7.72 | £1.92 | £0.36
2
Number of animals under investi gation n = 19
63-83 - 73.16 = | 28.96 + | 18.04+ | 29.71+ | 23.88+ [22.06+ | 838+ | 69.56+ | 1538 +| 3.14+
+4.77 | £325 |+ 1.87* | £4.0%* | £2.5%% | £274 | £2.63 | +881 | £1.92 | £041*
3
Number of animals under investi gation n = 15
61-147 | 1:8-1:64 | 7834+ | 16.8+ | 27.25+ | 1821+ | 37.63+ | 200+ | 8.0+ | 72.0+ | 146+ | 4.6+
+6.87 | £3.15 | £3.0*% | £25* | £3.0*%* | +1.74 | £1.23 | £8.19 | £141 | +1.0*

Note. Degree of probability *<0.05, **P < 0.01.

summer. No statistically reliable difference was found
between healthy and sick groups of horses. No consider-
able difference was found between the analyzed groups
in terms of the content of vitamin C; there was only a
slight decrease in the sick horses in spring and summer.

Noteworthy is also the dynamics of the indices under
investigation depending on the age of horses (Table 5).
With age, the rate of normal antibodies (heterohemag-
glutinins) in healthy horses increased from 6.25 to
12.02 c.u. At the same time, in horses with the asymp-
tomatic EIA course, there was a decrease from 10.6 c.u.
at the age of three years to 6.26 at the age of 4-9 years,
and down to 8.07 when horses were 10 or more years

10

old. The results demonstrated a decrease in the number
of normal antibodies in older horses under the asymp-
tomatic course of the EIA and a simultaneous increase
in the rate of antibodies to their own cells as compared
to the healthy ones. It demonstrated the development
of the autoimmune process under the EIA. The data of
Table 4 (autumn-winter) and Table 5 also showed the
increase in the CIC rate in the blood serum of horses
with the asymptomatic EIA course, which was also a
marker of the autoimmune process development un-
der the EIA. No considerable changes in the content of
vitamin C were found in the blood of horses with the
asymptomatic EIA course.
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The determination of the rate of humoral indices in
horses depending on the degree of the infectious pro-
cess development, caused by the EIA virus, involved
the examination of 72 sick horses. The dependence of
humoral indices of seropositive horses on the rate of
the titers of specific antibodies to the EIA virus was
found (Table 6).

The analysis of results demonstrated that with the
development of the infectious process, there was an
evident tendency towards the decrease in the titers of
normal antibodies, vitamin C, lysozyme activity, and
the increase in the rate of immune complexes and iso-
antibodies.

A possible association between the increased CIC
rate and the content of protein fractions in blood se-
rum and the rate of immunocompetent cells was inves-
tigated in horses with asymptomatic EIA course. The
CIC concentration, protein content, protein fractions
(of albumins, a-, -, y-globulins), and the population of
immunocompetent cells (T-, Tr-, Ts- and B-cells) were
also determined for healthy horses.

The blood samples of 59 horses with asymptomatic
EIA course, aged 4 and more years, were studied. The
results of blood testing of healthy horses were used
as the control. Three groups of examined horses were
formed after determining the CIC content. Group I in-
cluded healthy horses with the CIC content of 10-32
c.u., group II — healthy horses with the CIC content of
63—83 c.u., group III — sick horses with the CIC content
of 61-147 c.u. and the titer of specific antibodies from
1:8 to 1:64 (Table 7).

The comparison of two groups of healthy horses dem-
onstrated that the increase in the CIC in the blood serum
of horses took place simultaneously with the increase
in the amount of total protein, albumins, a-globulins,
v-globulins, as well as the number of O-cells and sub-
populations of Tr- and Ts- lymphocytes. In turn, in the
background of these indices, the number of B-globulins
and the number of immunocompetent cells of T- and
B-lymphocytes was somewhat smaller, though no sta-
tistically significant difference between the indices un-
der investigation was found.

DISCUSSION

The analysis of immunological indices in the blood
of healthy and sick horses with high CIC concentra-
tion, i.e. groups Il and III, demonstrated that sick ani-
mals had a reliable decrease in the fraction of albumins
(p <0.05), B-globulins (p < 0.05) and an increase in the
fraction of y-globulins (p < 0.05). Therefore, a high rate
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of CIC in the blood of horses with asymptomatic dis-
ease course was an indicator of considerable changes in
their immunobiological status. No considerable chang-
es were found in healthy horses under a high rate of
the CIC, though, as compared to the indices in horses
with a low rate of the CIC; they demonstrated some de-
viations towards the decrease in the immunity indices.
While in healthy horses, a high rate of the CIC activat-
ed the increase in the rate of protein fractions — albumin
and a-, y-globulin (B-globulin — without changes), in
sick ones, it was manifested with the increase in the
content of a- and y-globulins and a decrease in the con-
tent of albumins and B-globulins.

It was determined that the precipitate, formed us-
ing polyethylene glycol, contained immunoglobulins
of different classes. The main part was formed by Ig vy
(45-90 %), this was the main class of Ig-antibodies. Our
study determined that with the increase in y-globulin
fraction in the serum of sick horses, there was a simul-
taneous increase in the rate of immune complexes.

The results obtained confirm the thesis that a high
rate of the CIC is a marker of the asymptomatic disease
course, signaling about the deterioration of the total im-
mune state of the organism. It should also be noted that
under the asymptomatic course of infectious anemia,
humoral indices of immunity reflect only some aspects
of the immunobiological state. In general, the changes
in the immunity functioning were noted in the organ-
ism of sick animals as compared to the animals, which
were found not to have antibodies to the EIA virus, and
it was also observed by other researchers (McGuire et
al, 1972; Kono et al, 1976). It is rather a complicated
task to determine the immunological changes in the or-
ganism under the asymptomatic course as it requires
a deep analysis of the indices under investigation and
the corresponding methodological approaches in the
experiments. One of these approaches is the complex
nature of the indices under investigation, which, con-
sidering the urgency of the EIA (Morales et al, 2015;
Malik et al, 2017; Equine Infectious Anemia Report,
2022), allows for a more realistic evaluation of the im-
munity status of the animals.

For instance, the decrease in the lysozyme activity is
associated with the inhibition of the phagocytic activity
of neutrophils, which produce this enzyme. This fac-
tor was observed before for other pathologies (Skards,
1968). The increase in the CIC rate is closely related
to the increase in the y-globulin fraction, which dem-
onstrates a possibly high content of this fraction in the
immune complexes. The decrease in the content of
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vitamin C, which is a component of many enzymes,
is a consequence of the inhibition of lysozytosis and
phagocytosis. The rate of normal antibodies and isoan-
tibodies is interconnected with the inhibition of the im-
munoregulatory function of immunocompetent cells.
These results confirm that similar to the tuberculosis
infection, infecting with the EIA virus causes various
changes in many systems of organs, many of which are
immunologically mediated (Henson et al, 1971).

Our analysis demonstrates a close association be-
tween the above-described indices and shows that each
specific index, characterizing the state of immunity, is
interrelated with many others. It creates a more integral
picture of the state of specific and non-specific immu-
nity under the asymptomatic EIA course.

CONCLUSION

This is the first large-scale cross-section of the state
of immunobiochemical indices of healthy horses and
the ones with the EIA, kept at private farms in west-
ern Ukraine in 1995-2015. In particular, these are
the Rivne and Volyn regions, this is the region of the
Western Polissia of Ukraine, and partially the Forest-
Steppe zone.

We noted the seasonal and age-related dynamics in
the content of immune complexes (CIC), vitamin C,
and lysozyme in healthy horses. The dynamic chang-
es in these indices depending on the age of animals
and the season were determined. The increase in the
lysozyme activity is observed in winter-spring (32.5—
47.5 %), and the decrease — in summer-autumn (26.0—
41.5 %). The content of vitamin C in the seasonal dy-
namics is decreased in winter. The horses, aged under
one year, had a reliable (p < 0.001, p < 0.05) decrease
in the vitamin C rate in autumn as compared to older
age groups, which may be related to intense infection
of helminths in young animals. In spring, healthy four-
year-old and older horses had a considerable increase
in the CIC rate (30.4-90.6 c.u.) as compared to other
seasons (33.4-63.6 c.u.), which demonstrated the accu-
mulation of antigen-antibody complexes in the organ-
ism of horses during this period.

A high rate of CIC in the blood of healthy horses was
an indicator of changes in the immunobiological status.
The increase in CIC in the blood serum was simultane-
ous with the increase in the amount of total protein,
albumins, a-globulins, y-globulins, and the number of
O-cells and subpopulations of Tr- and Ts-lymphocytes.
In its turn, in the background of these indices, the
amount of B-globulins and immunocompetent cells of
T- and B-lymphocytes was somewhat smaller.

12

The study of the seasonal state of non-specific fac-
tors of protection and humoral immunity of horses
with EIA demonstrated that the CIC rate in healthy
and infected horses changed dynamically depending
on the season — it was higher in spring and lower in
all the other seasons. The maximal rate of CIC in sick
horses was in spring (90.62 c.u.), and the minimal
one — in summer (52.73 c.u.). The titer of specific an-
tibodies to the EIA virus did not change considerably
in different seasons.

The lysozyme activity was somewhat lower in sick
horses in spring and autumn and higher in winter and
summer; no statistically significant difference was
found between the groups of healthy and sick horses.
No considerable difference was found between the in-
fected and healthy horses in terms of the content of vi-
tamin C; there was only a slight decrease in the sick
horses in spring and summer.

As for the age-related differences in the content of
heterohemagglutinins, their rate in healthy horses in-
creased from 6.25 to 12.02 c.u. with age, and in horses
with the asymptomatic EIA course, there was a decrease
from 10.6 c.u. in 3-year-old horses to 6.26 in 4-9-year-
old horses, and a slight increase up to 8.07 when horses
were 10 or more years old. The increase in the rate of
isoantibodies in horses with asymptomatic EIA course
as compared to healthy animals demonstrated the de-
velopment of the autoimmune process under EIA, and
there was an increase in the rate of CIC in blood serum.
The content of vitamin C in the blood of horses with
asymptomatic disease course did not change with age.

A possible association between the increased CIC
rate (specific immunity) and the content of protein frac-
tions in blood serum and the rate of immunocompe-
tent cells (non-specific immunity) was determined. The
findings demonstrated that with the increase in CIC in
the serum of healthy animals, there was an increase
in the amount of total protein, albumins, a-globulins,
y-globulins, and the number of O-cells and subpopu-
lations of Tr- and Ts-lymphocytes. The number of
B-globulins and the number of immunocompetent cells
of T- and B-lymphocytes somewhat diminished. Sick
animals demonstrated a reliable decrease in the frac-
tion of albumins (p < 0.05), B-globulins (p < 0.05), and
the increase in the fraction of y-globulins (p < 0.05).
Therefore, a high rate of CIC in the blood of horses
with asymptomatic disease course was an indicator of
considerable changes in their immunobiological status.

Over 40 years ago, the veterinary service of Ukraine
(and that of the USSR) declared that the EIA was eli-
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minated, and the cases of detecting horses with clinical
signs of the disease have been rather a rare phenom-
enon in recent decades. The use of horses in biofacto-
ries with the purpose of obtaining immune sera under
other infections in 1990-2000s and the transfer of non-
purebred horses from collective farms to small private
farms led to the uncontrolled spreading of asymptomat-
ic forms of the EIA course during that period. Thus, in
our opinion, it would be reasonable to resume selective
state epizootic monitoring of this disease in Ukraine.

Adherence to ethical principles. We used animal bio-
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were taken from slaughtered animals at specialized
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AkTtyaasHicTh. [Hekmiiina anemis koneit (IHAH) zamm-
[IAETHCS AKTYAIFHOIO TPOOIEMOI0 I Oararbox KpaiH CBITY.
Bmepme mpoBeneHo MacmITaOHHMIA TMOPIBHSUIBHUN aHai3
IMyHOOIOXIMIYHOTO CTaHy KJIIHIYHO 3IOPOBHX KOHEH Ta
xoHe#t xBopux Ha [HAH mma 3axigHoro perioHy YkpaiHu.
Mera. [locmiauti iMyHOOIOXiMiYHI ITOKa3HHKH y 3I0pO-
BHX KOHEH 3axiTHOTO perioHy YKpaiHu, Ce30HHY Ta BiKOBY
OUHAMIKY BMICTYy IHUPKYJIIOIOUMX IMYHHHX KOMIUICKCIB
(LIK), Bitaminy C Ta J30IMMY, BU3HAYUTH MOXITHBUH 3B’s-

AGRICULTURAL SCIENCE AND PRACTICE Vol. 10 No.2 2023

30K MK migBumeHHsM piBHS L{IK i BMicTOM CHpOBaTKOBHX
¢pakuiii 6ika Ta IMyHOKOMIIETEHTHHX KIITHH Yy KOHEH 3
npuxoBanuM mnepedirom THAH. Metoau. J{ns BupimeHHs
i€l 3amadi gociipkyBanu konnenTpaniro L{IK, Bmict Oinka,
OinkoBi (pakuii (anbOyMiHIB, -, B-, y-IIOOYIiHIB), BiTami-
Hy C Ta Ji301UMY, TOMYIAII0 IMyHOKOMICTEHTHHX KIITHH
(T-, Tp-, Tu- 1 B-knitun). Jocmimpkeno 329 HenopogHux
KOHet 000X cTareil pi3HHX BIKOBHX Tpyml. 3 HHX 225 TBa-
puH Oynu BUIBHI B Bipycy iHgekuiliHOi aHemii Ta 104 3
MIPUXOBaHKUM TIepedirom xBopoOu. BukopucraHo 3aranbHo-
BH3HAHI CEPOJIOTIUHI Ta O10XIMIYHI METOIH, iMeHTU(DIKAIIII0
koueit 3 IHAH npoBoauiau metomoM imyHoaudysii B ara-
pOBOMY Telli 3a TOTIOMOTOIO peaKiii Au(y3HOI MperrIiTarlii.
Pe3yabraTn. 3’5COBaHO BIKOBI Ta CE30HHI aCIEKTH 3MiH
iMyHOO10XIMIYHOTO CTaTycy TBapHH. Bu3HaueHo, 1o y 310-
poBuX KoHeH 31 30inpmieHHsM B cuposarii L{IK 36imbury-
€TBCS 1 KUIBKICTh 3arajibHOro OiJika, anbOyMiHiB, 0-1100Y-
JIHIB, Y-TIOOYIIHIB, a TaKOX KUTBKiCTh O-KITHH Ta CyOmo-
mymsiiin Tp- 1 Tu-nmim¢onuris. Kinbkicts B-rmoOyiinis, a
TaKOXX KUTBKICTh IMyHOKOMITETEHTHHX KIiTHH T- 1 B-mimdo-
LUTIB JICIO 3MEHIIYETHCS. Y TBapHH 3 IPUXOBAHUM IIe-
peoirom IHAH cnocrepiraetbcst BIpOTiHE 3MEHIICHHS
¢bpakmii aneoyminis (p < 0,05), B-rmobyminiB (p < 0,05) i
30ibmIeHHs (pakiii y-rooyminiB (p < 0,05). YV 3m0poBux
KOHEH 4-X pIYHOTO BiKYy 1 CTapIINX, BECHOIO BiMIUa€ThCS
cyrreBe 30utemenHs piBHs LIK (30,4-90,6 ymoBHHX
OJIMHHUITH) TIOPIBHAHO 3 IHIIUMH ce30HaMu poky (33,4—
63,6 ym.011.), IO CBITYNTH TPO HAKONMHWYEHHS B IEH TIie-
piox B opraHi3mi KoHeW KOMIUIEKCIB aHTHICH-aHTHTLI0. B
LIJIOMY, aHaJi3 TOKa3ye, 10 31 30UIBIICHHSIM BiKy KOHEH €
YiTKa TeHCHIIis 10 30inbimeHHs piBHs [[IK, BMicT BiTaminy
C 3 BiKOM 3MEHIIY€ETHCS, JIUIIE B TPy KoHel 10-1u i Oib-
e POKiB BiH HE3HAUHO Ii/JBUIICHUH, JI30IUMHA aKTHB-
HICTh 3 BIKOM TaKOX 3MEHIIyeThCs. BMICT rereporema-
DIIOTHHUHIB Y 3JJOPOBUX KOHEH 3 BiKOM 3poctae 3 6,25 1o
12,02 ym.ox., a y koHeil 3 npuxoBanum nepedirom IHAH
BimMivaeThcs 3HIDKEHHA 3 10,6 yM.0I. B TpHUpiuHOMY BiIi,
1o 6,26 y Biui 4-9 pokis, 1 He3HauHui pict g0 8,07 y 10
piuHoMy Bimi i crapme. JloCTi/KeHHS CE30HHOTO CTaHy
HecTenU(IYHNX YUHHUKIB 3aXHUCTY Ta TYMOPAJIBHOTO IMy-
HiTeTy BUOipkoBoi rpynu koHeil npu IHAH noxkasano, 1o
piBens LIK y 3mopoBux Ta iH(})iKOBaHUX KOHEW 3MiHIOETHCS
JMHAMIYHO B 3aJIS)KHOCTI Bijl CE30HY POKY, y BECHSHUH ce-
30H BiH MiJBUMICHHUH, a B yci iHIII 3HIDKeHUU. Y iH(]iKoBa-
HUX KOHell MmakcumaibHuil piBeHp LIIK OyB y BecHsHMI
cezor (90,62 ym.om.), a MiHIMAIbHHNA B JITHIH CE30H
(52,73 ym.on.). Tutp crmenudiuHUX aHTHTIA A0 Bipycy
IHAH B 3a51e5KHOCTI BiJ] CE30HY POKY CYTTEBO HE 3MIHIOETHCSL.
BucnoBku. Bmsnaueno, mo Bucokuii piens L{IK B xpoBi
y KOHEH 3 IPUXOBAaHUM I1epediroM XBOpOoOU € MOKa3HUKOM
CYTTEBHX 3MiH B 1X iIMyHOO10MOTiYHOMY CTaHi. 301IbIICHHS
PiBHS 130aHTUTL y KOHEH 3 mpuxoBanuM nepedirom IHAH
B TOPIBHSHHI 31 3[OPOBMMH BKa3zy€ Ha PO3BHTOK ayTo-
imyHHOTO TIpotiecy npu IHAH, o He BHKITIOUAE 3pOCTaHHS
Ta HAaKONMYEHHS IHIIMX Heclenu(iYHMX aHTUTUT Ha T
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SAKUX BiAMIYae€ThCS MiABUIIEHHS 3araixpHOro piBHA L[IK
IpU BIJTHOCHO CTa0UILHOMY DIiBHI CHELM(IYHUX AHTHUTLI.
Brnepie ogHO9acHO AOCITIHKEHO TTOKa3HUKHU CIIEUpITHOTO
imynitery 3a IHAH (IIIK) i HecnerudivHOro (JTi30MMMHA aK-
THBHICTb, BMICT BiTamiHy C, OUTKOBUX (Dpakiiii KpoBi Ta iH.).

KoarouoBi ciioBa: koHi, iHdekuiiiHa aHemis, ryMoOpajbHUi
IMYHITET, JIi30IIMMHA aKTHBHICTh, IIUPKYITIO0Y] IMyHHI KOM-
IUIEKCH.
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