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Abstract—The main specific functions of B-cells are carried out with the help of membrane receptors. Bind-
ing of the receptor to its ligand activates a cascade of reactions leading to the formation of memory cells and
protective antibodies. The study was conducted to analyze the phenotypic profile of sheep blood B-cells in
the process of postvaccination immune response to an inactivated vaccine against pathogens of acute intesti-
nal diseases of animals. Romanov sheep at the age of 1.5 years were immunized twice with a 2-week interval.
Studies were conducted before vaccination and on the seventh, 14th, and 21 days of the immune response.
The phenotype of B-cells was determined by immunoperoxidase staining using monoclonal antibodies to CD
receptors. A simple radial immunodiffusion reaction was used to assess IgG levels. Vaccination of sheep with
an inactivated vaccine caused an increase in the level of the general population of leukocytes and a subpopu-
lation of B2 cells (p < 0.05). The absolute number of leukocytes increased on the seventh and 14th days of the
primary immune response and on the seventh day of the secondary immune response compared to the initial
values. The number of B2 lymphocytes with the CD5 – IgM+ phenotype increased and amounted to 9.0 ×
106 cells/mL on day 7 and 11.2 × 106 cells/mL on day 14 of the primary immune response (4.5 × 106 cells/mL
before the introduction of the vaccine). An increase in the level of the CD5 – CD19 + IgM + CD20 + lym-
phocyte subpopulation was noted in the first 2 weeks of the immune response and was 2.5 times higher than
the initial value. Data were obtained on the absence of the effect of vaccination on the level of lymphocytes
with the CD5 + CD19 + IgM + phenotype (B1-cells), which did not change during either the primary or
secondary immune response, which indicates the independence of priming of the two main subpopulations
of B-cells. The structural components of the immune system in the process of immunogenesis are not acti-
vated simultaneously, and when evaluating the effectiveness of vaccination, functional interrelations of
immunological indicators are of particular importance. A strong correlation between the indicators of
B2-cells and the level of total immunoglobulins of class G (r = 0.9) indicates a positive effect of vaccination.
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INTRODUCTION

The study of B-cell activation, which is directly
related to the receptor profile of cell membranes, in
the process of the immune response is extremely
important not only for understanding the physiologi-
cal foundations of immunity but also for creating new
ones as well as testing of existing vaccine preparations.
Experimental data on membrane-dependent reactions
of antigen presentation is a necessary basis for the
development of modern vaccine-manufacturing tech-
nologies. Their efficiency directly depends on the ade-
quacy of the processes of proliferation and differentia-
tion of B-lymphocyte subpopulations, which can be
determined by the expression of CD-receptors. Their
level can serve as a definite marker of the stages of the
formation of a postvaccination immune response.

Each stage of B-lymphocyte differentiation
corresponds to a certain immune repertoire of
CD-markers: pro-BI-cell to CD19, pro-BII to
CD19CD20, pre-BI to CD19CD20mPreBCR, and
pre-BII to cIgMCD19CD20CD21. The next stage is
the formation of the B-cell antigen receptor (BCR),
during which a monomeric sIgMlo molecule corre-
sponding to its cytoplasmic form (cIgM) appears on
the membrane. Mature naive B-lymphocytes are
characterized by the sIgMhi+ IgDCD19CD20CD21
phenotype.

There are three subpopulations of B-lymphocytes
in cattle—B1a CD5+, B1b CD5–, and B2—which have
different functional properties. The membrane recep-
tor CD5 allows us to distinguish between subpopula-
tions: CD19+ CD5+ B1-cells and CD19+ CD5–

B2-cells [1].
S101



S102 EZDAKOVA et al.
B1aCD5+ lymphocytes are designed to respond
quickly to the most common antigens of the bacterial
cell walls in the barrier cavities.

Natural antibodies secreted by B1a lymphocytes
(IgM and IgA) are predominantly specific for thymus-
independent antigens. CD5+ B-cell levels can be ele-
vated in autoimmune diseases.

It is also known that lymphocytes expressing the
CD5+ molecule are a target for bovine leukemia virus [2].

The CD19 marker protein belongs to the immuno-
globulin superfamily. Many of these proteins are dif-
ferent polymers in which homologous Ig-structures of
different chains interact with each other. Each such
structure is encoded by a separate exon. The CD19
B-cell receptor plays an important role in positive sig-
nal transduction in both T-dependent and T-indepen-
dent immune responses. CD19 serves as a marker pro-
tein for B-cells from the earliest stage of their differen-
tiation. Another marker receptor for B lymphocytes is
the CD20 molecule, which is expressed starting from
proB-cells but is absent on plasma cells. The function
of CD20 in the formation of Ca2+ channels and in the
regulation of the activity of B-cells, including antibody
genesis, is known.

The CD20 molecule, moving into lipid rafts, coor-
dinates the work of receptor proteins [3]. For matura-
tion, B-cells require not only the CD19 and CD20
molecules but also the regulator of complement acti-
vation CD21. On the surface of lymphocytes, it
appears only at the pre-B-cell stage. Activation occurs
when CD21 binds to opsonins C3bi (an inactivated
form of the complement component C3b) on the cell
surface, which is accompanied by phosphorylation of
the CD19 membrane protein. Simultaneously with the
expression of CD21, the IgM μ-chain appears in the
cytoplasm of the pre-B-cell. After the completion of
the gene rearrangement, the B-cell expresses the com-
plete immunoglobulin molecules on its surface that
serve as the basis for the B-cell receptor (BCR). The
function of BCR is to bind antigen and conduct a sig-
nal inside the cell for further differentiation and prolif-
eration of the lymphocyte. The cytoplasmic part of the
membrane sIgM consists of three amino acid residues,
which are insufficient for the formation of structural
motifs; therefore, the signal is transmitted through the
associated Igα and Igβ glycoproteins, which are phos-
phorylated. Membrane monomers IgM are oriented
by the Fab-region towards the external environment,
while the Fc-fragment is in contact with the cell sur-
face. S-IgM contains—at the C-terminus of heavy
chains—domains formed by hydrophobic amino
acids, which hold the Ig molecule on the outer surface
of the membrane [4].

The most numerous population consists of B2 lym-
phocytes, which differentiate into plasma cells and
produce all known immunoglobulin isotypes with a
huge variety of antigenic determinants. Under the
influence of the antigen, B2-lymphocytes begin to
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divide intensively, immunoglobulins of the IgG
class—IgA and IgE less often—appear on the cell sur-
face instead of IgM and IgD characteristic of naive
B-cells, and the frequency of mutations increases [5].

This causes the formation of numerous new recep-
tor variants of B-lymphocyte subclones. If mutations
lead to a weakening of the affinity of the receptor for
the antigen and the B-cells do not receive supporting
signals from the antigen-fixing dendritic cells, they
undergo apoptosis. In the case of an increase in the
affinity of the receptor for the antigen, the cells survive
and leave the follicle, migrate to the lymph nodes,
spleen, and also (especially with a secondary
response) to the bone marrow, where they differentiate
into plasma cells and secrete antibodies. Soluble forms
of B-cell membrane immunoglobulins, namely,
homologues of antigen-binding sites of the sIgM
receptor of B-cells, serve as antibodies to various anti-
genic determinants [6].

It is already clear today that many phenotypically
different cell populations are present in the blood.
Using the methods of immunocytochemistry, it is
possible to search in the peripheral blood for the most
characteristic marker phenotypes of cells for a certain
stage of immunogenesis, which, from our point of
view, is advisable to use to assess the effectiveness of
vaccines. However, despite the development of mod-
ern technologies and methodologies, as the situation
with the coronavirus pandemic shows, many problems
still remain unresolved. Therefore, a detailed study of
the body’s cellular responses to various types of patho-
gens is of paramount importance for the development
of infectious immunology.

The aim of the research is to determine the pheno-
typic profile of B-cells in the peripheral blood of sheep
during the postvaccination immune response to the
associated inactivated vaccine.

MATERIALS AND METHODS
The studies were carried out before the introduc-

tion of the vaccine, then on the seventh, 14th, and 21st
days of the postvaccination immune response. An
associated, inactivated vaccine against colibacillosis,
salmonellosis, klebsiellosis, and proteinaceous infec-
tion (Vaccine OKZ, Agrovet) was administered to
healthy sheep of the Romanov breed at the age of
1.5 years (five animals) twice according to the manu-
facturer’s instructions. The animals were kept in
accordance with GOST 33215–2014. Blood lympho-
cytes were isolated by Histopaque-1077 density gradi-
ent centrifugation at 3000 rpm within 45 minutes. The
concentration of mononuclear cells in the suspension
was adjusted to 1.0 … 0.5 × 106 cells/mL.

The number of B-cells in the blood was determined
by the method of indirect immunoperoxidase staining
(IPO) [7]. To remove exogenous immunoglobulins,
100 μL of a suspension of mononuclear blood cells was
RICULTURAL SCIENCES  Vol. 47  Suppl. 1  2021
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Table 1. CD repertoire of bovine B-lymphocytes derived from blood during the immune response (M ± m)

1%, from sheep blood lymphocytes; 106/mL, absolute cell count at 106/mL;
* differences from the initial value are significant at p < 0.05.

Indicator Initial value
Day of postvaccination immune response

7 14 21

Leukocytes thous./μL 7.0 ± 1.2 16.8 ± 3.6* 20.0 ± 4.3* 10.0 ± 1.5

CD5+:

%1 39.0 ± 8.4 12.0 ± 9.0 14.0 ± 6.7 32.5 ± 3.1

106/mL 2.73 ± 0.5 2.4 ± 1.3 2.8 ± 1.0 3.2 ± 2.1

CD19+:
% 48.4 ± 11.3 51.6 ± 16.4 33.7 ± 8.9 55.0 ± 15.0

106/mL 3.4 ± 1.0 8.8 ± 4.9* 6.6 ± 2.9* 5.5 ± 0.5

CD20+:
% 52.5 ± 7.7 34.0 ± 8.9 47.5 ± 12.5 50.0 ± 9.0

106/mL 3.7 ± 1.3 5.8 ± 1.8 9.6 ± 1.8* 5.0 ± 1.3

CD21+:
% 60.0 ± 3.2 no data 37.4 ± 2.0 40.0 ± 6.4

106/mL 4.2 ± 0.7 7.4 ± 1.9 4.0 ± 0.5

sIgM+:
% 64.0 ± 5.1 53.4 ± 12.1 56.3 ± 9.4 60.0 ± 3.7

106/mL 4.5 ± 0.9 9.0 ± 3.9* 11.2 ± 3.2* 6.0 ± 1.0
treated with 1% citric acid solution for 1 min and cen-
trifuged five times in phosphate buffer (pH 7.2) at
1100 rpm for 5 min. The cell suspension was fixed with
ethanol on a glass slide. Peroxidase blockade was per-
formed with a 0.3% hydrogen peroxide solution for
10 min; 1% BCA (pH 7.2 … 7.4) was used as a blocking
solution.

Cells were incubated for 60 min at room tempera-
ture and thoroughly washed. Monoclonal antibodies
to cattle sIgM and to CD5,19,20,21 markers of human
B-cells (Sorbent) were then added to the fixed cells,
and they were incubated for 60 min at room tempera-
ture in a humid chamber. A goat antimouse IgG per-
oxidase-conjugate was used as secondary antibodies.
A 3-amino-9-ethylcarbazole staining kit (AEC Stain-
ing Kit, Sigma) was used to visualize the peroxidase.

AEC-positive cells were identified by red-brown
staining when viewed under a microscope (×1000).
Total immunoglobulins of class G in the blood serum
of sheep were determined by the method of simple
radial immunodiffusion.

RESULTS AND DISCUSSION

The effectiveness of the immune response to a vac-
cine directly depends on chemical reactions involving
surface receptors of the lymphocyte. One of the main
mechanisms of the postvaccination immune response
RUSSIAN AGRICULTURAL SCIENCES  Vol. 47  Supp
is genesis of antibodies, the stages of which can be
determined by the CD-profile of B-cells.

The results of the conducted studies indicate that
the number of leukocytes significantly increases, com-
pared with the background values, on the seventh and
14th days of the primary immune response and
decreases on the seventh day of the secondary immune
response (see Table 1).

On the seventh day after the introduction of inacti-
vated microbial cells of the E. coli 09:K99, E. coli
0138:K88, S. dublin, S. enteritidis, S. typhimurium,
Kl. pneumoniae, Pr. vulgaris, and Pr. mirabilis vaccine
strains, B-cells with the CD19+ sIgM+ phenotype pre-
vailed in the blood of the vaccinated animals. An
increase in the number of CD5–CD19+sIgM+CD20+

lymphocytes was noted from the seventh day, and their
number was 2.5 times greater by the 14th day of immu-
nogenesis than before the vaccine administration. The
number of lymphocytes with the CD5+CD19+sIgM+

phenotype (B1 cells) in the postvaccination immune
response did not change.

CD21 expression is characteristic of immature and
naive B-cells and decreases after cellular activation.
Thus, on the seventh day of the secondary immune
response, the relative number of CD21+ B-lympho-
cytes decreased by 1.5 times.

On the first day of the postvaccination immune
response, the number of CD5–CD19+sIgM+ cells,
l. 1  2021
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Fig. 1. Level of IgG in the blood serum of sheep during the
immune response: 1—before vaccination; 2—seventh; 3—
14th; 4—21st day of postvaccination immune response.
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which are then transformed into plasma cells and
memory B-cells, which are crucial for the long-term
protective effect of vaccines, through mutations of
immunoglobulin genes and isotype switching, increased
from 1.8 × 106 up to 6.6 × 106 cells/mL (p < 0.05).

Differentiation of B-lymphocytes into cells secret-
ing IgG antibodies is accompanied by intense muta-
genesis, mainly in the dark zones of the germinal cen-
ters at the centroblast stage [8]. The reaction in the
embryonic center of the spleen lasts about 20 days
before the appearance of clones with a higher affinity
for the antigen than the original cells. Memory cells do
not differ morphologically from naive B-lymphocytes,
but the CD repertoire changes.

It is known that memory B-cells are characterized
by low and high affinity for the antigen. Insufficient
affinity of BCR for the antigen ensures, on the first
day of the immune response, the maintenance of the
polyreactivity of memory B-cells, which determines a
wider range of interactions with various pathogens [9].
The ingress of a certain antigen into the body causes
the formation of memory cells not only to this antigen
but also to other pathogens. A subpopulation of mem-
ory B-cells with the CD19+sIgM+ phenotype, similar to
naive B lymphocytes, can recognize many antigens, but
with a faster response to them. An increase in the level
of B-cells with the CD5–CD19+sIgM+CD20+CD21–

phenotype on the 14th day after vaccination by 2.5
times (p < 0.05) may indirectly indicate the presence
of memory B-cells with low affinity in the blood. It
should be noted that, the expression density of recep-
tors on the cell membrane of B-lympocytes was low
(CDlo) during the study period of the postvaccination
immune response.

When studying humoral immunity, a tendency to
an increase in the concentration of polyspecific class
G immunoglobulins in the blood serum of vaccinated
sheep from 20.0 mg/mL (initial value) to 23.0 mg/mL
on the seventh day and 24.0 mg/mL by 14 day of the
immune response (see Fig. 1) was revealed. The switch
of lymphocytes from IgM production to the synthesis
RUSSIAN AG
of immunoglobulins of other isotypes occurs as a
result of the recombination of repeated switching sites
and deletion of intermediate CH-genes.

An increase in the level of total serum IgG during
the postvaccination immune response correlates with
an increase in the number of CD19+ – (r = 0.8),
CD20+ – (r = 0.89), and sIgM+ cells (r = 0.95). Such
associations indicate the inclusion of a subpopulation
of B2 lymphocytes in the process of differentiation
with the formation of plasma cells synthesizing spe-
cific antibodies of class G. In turn, low correlation
coefficients (r = –0.1) between the parameters of
CD5+ cells and IgG content confirm the indepen-
dence of priming of B-cell subpopulations.

Thus, current data on the role of various B-cell
subpopulations in the postvaccination immune
response indicate the relevance of this line of research.
Understanding how different pathogens induce and
modulate immune cells is essential for the develop-
ment of vaccine formulations. The phenotypic diver-
sity of B-lymphocytes allows us to study the mecha-
nisms of their proliferation and differentiation in order
to search for marker indicators of an effective immune
response. As a result of the studies, a functional rela-
tionship between the parameters of B2 cells and the
level of total class G immunoglobulins was estab-
lished. During the primary and secondary postvacci-
nation immune response, an increase in the expres-
sion of B-cell receptors CD19, CD20, and sIgM was
shown against the background of their low density on
the cell membrane. The number of B1-cells after vac-
cination did not change and was comparable to the
initial value.

It should be noted that the indicators of polyspe-
cific IgG and CD repertoire of primed B-cells during
the primary immune response were higher than the
same parameters after the administration of a booster
dose of the vaccine. In general, the results of studies
indicate a positive effect of vaccination on genesis of
antibodies and are consistent with modern knowledge
of the mechanisms of the immune response forma-
tion.
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