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Immunological aspects in the acute period
of ischemic sfroke

Abstract. Background. The article analyzes the nature of the change in the phenotypic composition of blood
lymphocytes, the content of IgA, IgG, IgM, and the fractional composition of immune complexes in patients with

ischemic stroke and chronic brain ischemia. The purpose of this study was to investigate the nature of disorders of
cellular and humoral parts of the immune system in the acute period of ischemic stroke. Materials and methods. A

comparative clinical and immunological examination was performed in 85 patients in the acute period of ischemic
stroke (basic group) and 66 patients with chronic cerebral ischemia (control group). To assess cellular immunity, we
used the indicators of immunophenotyping of blood cells — the absolute and percentage content of the population of
T- and B-lymphocytes, their main subpopulations: T-helper cells, cytotoxic T-cells, subpopulations of natural killers.

To evaluate humoral immunity, the contents of the main classes of immunoglobulins (IgA, IgG, IgM) and circulating
immune complexes were studied. Results. In the acute period of stroke, an increase in the number of leukocytes (p =
0.028) and a decrease in lymphocytes (p = 0.031), T-lymphocytes (p = 0.002), T-helpers (p = 0.027) and cytotoxic
T-lymphocytes (p = 0.045) were observed. There was also a tendency to a decrease in the number of natural killers
(p = 0.45). In the humoral immunity an increase in the B-lymphocytes (p = 0.048), dysgammaglobulinaemia due
to an increase in IgG level (p = 0.048) and the tendency to hyperfunction of IgA and IgM (p = 0.05) were observed.

Changes in immune status indicators are more pronounced with increasing severity of stroke. Conclusions. These
studies demonstrate the involvement of the immune system in a complex set of reactions involved in the development

of cerebral accidents.

Keywords: ischemic stroke; chronic brain ischemia; immune status; cellular and humoral immunity

Introduction

Acute cerebrovascular disorders continue to dominate
in the structure of vascular diseases of the brain [1]. Stu-
dies in recent years have shown the complexity and versa-
tility of the pathogenesis of ischemic stroke. Some authors
have summarized the data of experimental and clinical
studies, which allowed to formulate the concept accor-
ding to which the development of cerebral ischemia is ac-
companied by a complex response of the neuro-immuno-
endocrine system [2—7].

The interaction of the nervous and immune systems, car-
ried out on the principle of mutual regulation, determines
the risk of dysfunction of one of them in the pathology of
the other [8—10]. Recently, in the pathogenesis of ischemic
stroke great importance is given to immunological mecha-
nisms, including the autoimmune process, which worsens

the clinical picture and contributes to the development of
neurological deficits. The antibodies to DNA in the acute
period of ischemic stroke form as a result of intense de-
structive processes in the brain, which are accompanied by
cell decay and disruption of homeostatic tissue processes.
Moreover, these indicators correlate with the severity of the
pathological process and the degree of neurological deficit
regression — the higher the level of antibodies to DNA, the
more pronounced the neurological deficit [11]. The main
mechanism in the pathogenesis of stroke is damage to the
endothelium of the vascular wall, which occurs with the par-
ticipation of immune factors and is associated with the de-
position of immune complexes on the inner surface of blood
vessels [12].

Analysis of the literature on the parameters of immune
status in cerebrovascular pathology revealed that its deve-
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lopment is accompanied by leukocytosis in combination
with relative lymphopenia, suppression of T-cell immune
system (reduction of mature CD3+, immunoregulatory
CD4+, the cytotoxic activity of CD8+ T-lymphocytes)
with an increase in the content of B-lymphocytes (CD19+,
CD20+), IgA, IgG, IgM, and circulating immune com-
plexes (CIC) [13, 14].

In a very severe stroke, a more pronounced degree
of lymphopenia, decreased T-cell immunity (T-lym-
phocytes, T-helpers) [15] and activation of the humoral
response (increased levels of IgA and CIC) were noted.
Immune status indicators correlated with the functional
result: the more severe the degree of disability (3—4 de-
gree on the Rankin scale), the lower the levels of T-lym-
phocytes, T-helpers, IgM and higher IgA [13]. In a study
by A. Hug et al. [16], a relationship was found between
immunological parameters and specific characteristics of
stroke, such as the assessment of neurological deficit on
the National Institutes of Health Stroke Scale (NIHSS)
and the volume of the heart attack.

The main factor determining the development of lym-
phocytopenia, mainly due to natural killer cells, on the 1*
and 4™ days after stroke, is the volume of infarction, which
was an independent early predictor of the development of
respiratory infections. However, another study found no sta-
tistically significant association between infarct focal volume
and post-stroke T-cell count [17].

Thus, despite a large number of studies on this prob-
lem, to date, there is insufficient clinical data along with a
lack of a comprehensive assessment of cellular and humoral
immune factors in patients in the acute period of ischemic
stroke. Little data has been published to support the role of
adhesion molecules in the development of the immune re-
sponse and the processes associated with endothelial dys-
function in cerebral ischemia. Methods for determining the
factors of intercellular interaction remain inaccessible due
to the high complexity of their implementation and the high
cost of test systems.

The subject of our study was focused on the influence of
pathogenetic factors of cellular and humoral immunity on
the course of the acute period of stroke.

The purpose of this study was to investigate the nature of
disorders of cellular and humoral parts of the immune sys-
tem in the acute period of ischemic stroke.

Materials and methods

The clinical and immunological examination was per-
formed in 85 patients (71 men and 14 women) in the acute
period of ischemic stroke (basic group), who were treated
in the neurological intensive and angio-neurological depart-
ments of the Military Medical Clinical Center of the Western
region (Lviv). The age of the patients ranged from 31 to 87
years (mean age 61.4 £ 8.2 years). Thirty-one (36.5 %) pa-
tients were diagnosed with a stroke of the left middle cerebral
artery, 30 (35.3 %) — of the right middle cerebral artery, and
24 (28.2 %) — of the vertebrobasilar system.

The control group consisted of 66 patients (52 men and
14 women) with chronic cerebral ischemia. The mean age of
patients in the control group was 61.6 & 8.5 years.

Clinical diagnoses of ischemic stroke and chronic ce-
rebral ischemia were established based on the anamnestic
data, assessment of subjective and objective neurologi-
cal symptoms and the results of additional methods of ex-
amination (duplex scanning of the main arteries of the
head, computed tomography of the brain) according to
ICD-10. The severity of neurological symptoms was assessed
on the NIHSS and was 7.9 & 0.7 points.

Criteria for the exclusion of patients from the study were
as follows: subarachnoid hemorrhage, brain hematoma,
other (non-vascular) diseases of the central nervous system,
cancer, severe coronary heart disease, acute myocardial in-
farction, chronic pulmonary, renal or hepatic failure, HIV
infection.

The indicators of immunophenotyping of blood cells
were used to assess cellular immunity — the absolute and
percentage of the population of T- and B-lymphocytes,
their main subpopulations: T-helpers, cytotoxic T-cells,
subpopulations of natural killers (NK-cells). Phenotyping
of peripheral blood lymphocytes was performed by indi-
rect immunofluorescence using monoclonal antibodies to
clusters of differentiation CD3+, CD4+, CD8+, CD16+,
CD20+. The FITC fluorescent label (fluorescent isothio-
cyanate) was used. To detect an imbalance in the composi-
tion of immunoregulatory subpopulations, we determined
the immunoregulatory index (IRI), which is the ratio of
the percentage content of subpopulations of phenotypes
CD4+/CDS8+. The indicators of the phenotypic composi-
tion of lymphocytes of patients were compared with the data
of their average content in the blood of 20 relatively healthy
individuals.

To assess humoral immunity, the serum content of the
main classes of immunoglobulins (IgA, IgG, IgM) was
detected by radial immunodiffusion (Manchini G., 1965)
using monospecific antisera. The determination of the CIC
is based on the possibility of sequential deposition of the
fractional composition of large, medium and small com-
plexes using increasing concentrations of 2%, 3.75%, 5.5%
solutions of polyethylene glycol with a molecular weight
of 6000 (in borate buffer, pH = 8.4). The amount of depo-
sited CIC was determined by the difference in optical den-
sity of the forming precipitate measured on a spectrophoto-
meter creatine phosphokinase type 3-01 at a wavelength of
L =450 nm.

The study used applicable packages of Statistica for Win-
dows v. 8.0 (StatSoft Inc., USA, 2012) in accordance with
the recommendations for processing the results of biomedi-
cal research.

Results and discussion

In the basic group, the changes in the phenotypic com-
position of lymphocytes were characterized by heterogeneity
and severity, showing signs of immune deficiency with the
development of general lymphopenia. The number of pa-
tients with CD3+, CD4+ and CD8+ deficiency significantly
increased (Fig. 1).

The control group most often showed a decrease in the rela-
tive and absolute number of natural killers (CD16+), multidi-
rectional changes in the content of cytotoxic CD8+ cells and
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Figure 1. Frequency and nature of changes in cellular immunity (%) in the study groups

Note: * — p < 0.05.

the value of IRI. The average amount of CD16+ in the control
group was generally at the lower limit of normal (Fig. 1).

In the basic group, the number of patients with reduced
rates of certain subpopulations of immunocompetent cells
increased significantly. The multidirectional nature of
changes in the total content of leukocytes and the percentage
of lymphocytes in the blood of patients with ischemic stroke
should be noted, which is a significant decrease in the rela-
tive content of blood lymphocytes against the background
of increasing total content of leukocytes. In this case, "true"
leukocytosis in the basic group developed in particular cases.
This type of change in the blood content of leukocytes and
lymphocytes in the acute period of ischemic stroke was the
most common and characteristic.

The changes in the phenotypic composition of lym-
phocytes were generally supplemented by a significant de-
crease in the relative level of mature T-lymphocytes (CD3+)
(p = 0.002) and subpopulation composition of T-lymphocytes,
which was characterized by a significant decrease in relative
and absolute T-helpers (CD4+) (p = 0.027) and cytotoxic
T-lymphocytes (CD8+) (p = 0.045). Significant differences in
the IRI were not obtained (p = 0.11). There is also a tendency
to the reduction of the content of natural killers (CD16+).

The changes in humoral immunity in the basic group, in
addition to a significant increase in the number of B-lym-
phocytes (CD20+) (p = 0.048) and IgG (p = 0.048), were
represented by a wide range of divergent deviations of IgA
and IgM without significant differences in their mean level
compared to the control group. However, in 21 (24.7 %) pa-
tients of the basic group, the level of IgG was reduced which
can be regarded as a manifestation of immunodeficiency of
the humoral immune system.

Thus, the acute period of ischemic stroke is characte-
rized by dysregulation of the cellular immune system with

an imbalance of subpopulations of CD4+ and CD8+ cells,
multidirectional changes in IRI and CD16+ cell content.
The general picture of changes in immune status in patients
of the basic group is represented by leukocytosis with lym-
phopenia, a combination of signs of dysregulation and im-
munodeficiency of cellular and humoral immune systems,
which can lead to post-stroke complications associated with
both immune deficiency and autoimmune disorders.

The deficiency of the T-cell-mediated immunity may
be due to the accumulation of lymphocytes in the lymphoid
organs and the delay in the release of their precursors against
the background of cerebral ischemia. The decrease in mature
T-lymphocytes (CD3+), immunoregulatory subpopulations
of T-helpers (CD4+) and cytotoxic T-lymphocytes (CD8+)
can also be explained by their penetration through the dis-
rupted blood-brain barrier into the ischemic locus and par-
ticipation in the local immune system.

The acute period of ischemic stroke is characterized by
a variety of relative and absolute contents of T-cells, CD4+
subpopulations, and, to a lesser extent, cytotoxic suppres-
sors (CD8+). Besides, in the acute period of ischemic stroke,
there was a decrease in IRI. This was due to a decrease in
the percentage of CD4+ cells with relative preservation of
CD8 + cells. In the basic group, a significant increase in all
CIC fractions was found (Table 1).

In the majority of patients in the control group, the re-
vealed changes of the indicators of a cellular link of immu-
nity are represented by the imbalance of subpopulations of
CD4+ and CD8+ cells and changes of IRI, more often in
the form of its increase. In combination with CD16+ cell
deficiency, the increased expression of activation markers,
and IgM levels likely associated with polyclonal activation
of humoral immunity, the discovered changes may reflect the
development of an autoimmune process.
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Table 1. Indicators of immune status in patients in the acute period of ischemic stroke compared with
patients with chronic cerebral ischemia

Groups
Indicators Basic Control p
(n=85) (n=66)
Leukocytes, + 109/ 7.82+0.62 6.08 £ 0.48 0.028
Lymphocytes, % 28.20+1.45 30.30+1.84 0.031
T-lymphocytes (CD3+), % 51.57 £0.59 56.00+1.12 0.002
T-lymphocytes (CD3+), + 109/ 861.52 +72.31 1087.64 + 80.52 0.038
T-helpers (CD4+), % 42,71 +2.83 52.92 £ 3.59 0.027
T-helpers (CD4+), + 10%/I 751.51+£32.28 873.00 +46.35 0.033
T-cytotoxic/suppressors (CD8+), % 22.36 £ 1.06 25.57+1.19 0.045
T-cytotoxic/suppressors (CD8+), « 109/ 582.11 £ 37.69 654.45 +£42.23 0.20
IRI 1.91+0.05 2.07£0.06 0.1
Natural killers (CD16+), % 21.31+£1.25 22.71+£1.39 0.45
B-lymphocytes (CD20+), % 27.71+£2.41 21.69+1.83 0.048
B-lymphocytes (CD20+), + 109/ 535.03 +52.95 386.01+38.83 0.024
IgA, g/ 2.38+0.12 2.28 +0.09 0.50
1gG, g/I 29.90 + 1.64 25.45+ 1,52 0.048
IgM, g/! 2.46 +0.24 2.29 + 0.07 0.50
CIC1 61.94 £4.23 50.25+ 3.71 0.039
Cic2 82.37 +6.22 65.11£5.42 0.038
CIC3 148.30 £6.32 131.26 +£5.68 0.047
Table 2. Indicators of immune status depending on the stroke severity on the NIHSS
The stroke severity
Indicators Mild Moderate and severe P
(n=50) (n=35)
Leukocytes, « 10%/I 7.40+0.52 7.93+0.71 0.55
Lymphocytes, % 31.30£1.91 25.90+1.32 0.022
T-lymphocytes (CD3+), % 52.42+1.05 49.53+0.82 0.033
T-lymphocytes (CD3+), + 109/ 1040.23 +78.57 803.40 + 687.36 0.024
T-helpers (CD4+), % 46.40+3.18 38.08 = 2.21 0.034
T-helpers (CD4+), + 10%/I 826.47 +42.26 716.85 + 25.37 0.028
T-cytotoxic/suppressors (CD8+), % 23.67+1.15 20.85+1.03 0.07
T-cytotoxic/suppressors (CD8+), « 10%/I 631.08 £40.28 526.67 £ 32.45 0.046
IRI 1.96 £ 0.07 1.83+0.03 0.09
Natural killers (CD16+), % 21.87 £1.31 19.38 +1.17 0.16
B-lymphocytes (CD20+), % 22.69+1.97 29.10+2.52 0.047
B-lymphocytes (CD20+), « 10%/I 414.87 +47.28 571.85+63.18 0.049
IgA, g/ 2.3+0.1 2.27£0.07 0.81
IgG, g/I 26.22 +1.58 30.82 £1.67 0.048
IgM, g/I 2.51+0.28 2.30+0.11 0.59
CIC1 54.03 +3.85 67.54 £4.76 0.029
Cic2 71.41£5.71 89.88 +6.58 0.036
CIC3 133.22 +5.89 155.38 +6.72 0.015
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When comparing the immune status of patients with
varying degrees of stroke severity (Table 2), it was noted
that the rates of lymphopenia (p = 0.022) and decreased
content of T-lymphocytes (CD3+) (p = 0.033) were sig-
nificantly lower in moderate and severe stroke compared
to patients with the mild course. There were significant
differences in subpopulations of T-lymphocytes (CD4+)
(p = 0.034) and (CD8+) (absolute values) (p = 0.046),
which correlated with the severity of stroke. In severe
ischemic stroke, a more pronounced decrease in NK-cells
(CD16+) (p = 0.16) developed. The analysis of humoral
immunity demonstrated a significant difference in the
number of B-lymphocytes (p = 0.047), IgG (p = 0.048),
and all fractions of the CIC in patients with moderate and
severe stroke.

Decreased levels of T-lymphocytes (CD3+), T-helpers
(CD4+), T-cytotoxic lymphocytes (CD8+), NK-cells
(CD16+) are an indirect sign of the severity of the ischemic
stroke, the risk of complications and the possibile unfavorable
prognosis of ischemic stroke.

Thus, the study made it possible to identify and
investigate the nature of changes in the cellular part of the
immune system and some indicators of humoral immunity
in patients in the acute period of ischemic stroke, as well
as with chronic cerebral ischemia. The heterogeneous
nature of these changes in patients with chronic cerebral
ischemia, as well as the higher severity and features of
immune status in patients with acute ischemic stroke are
described. The detected changes in the immune system
in patients in the acute period of ischemic stroke are an
example of neuroimmune interaction in response to acute
stress.

Conclusions

1. Changes in immune status were more pronounced in
the acute period of ischemic stroke compared to patients
with chronic cerebral ischemia and depended on the stroke
severity.

2. The general picture of changes in immune status
in patients in the acute period of ischemic stroke is
represented by a combination of signs of dysregulation
and immunodeficiency of cellular and humoral parts of
immunity, leukocytosis with lymphopenia.

3. The picture of the changes in the phenotypic
composition of lymphocytes in patients with ischemic
stroke is characterized by a deficiency of populations
of CD3+, CD4+, CD8+ cells. Changes in humoral
immunity are represented by an increase in the number
of B-lymphocytes (CD20+), IgG, and an increase in all
fractions of the CIC.

4. This study proves the involvement of the immune
system in a complex set of reactions involved in the
development of cerebral infarction. Therefore, the
assessment of the parameters of the immune system in such
patients is of great practical importance for the treatment.
If disturbances of the basic parameters of the immune
system are detected, patients with ischemic stroke should
be examined by an immunologist for appropriate immuno-
correction.
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BiriCbKOBO-MEANYHIA KAIHIYHWY LIEHTO 3aXiAHOro perioHy, M. /\bsis, YkpaiHa

IMYHOAOri4YHI ACnNeKTU rocTporo nepioay
iLLeMiYHOro iHCYAbTY

Pesiome. Axmyaavnicme. V crarTi npoananizoBaHuii xapakrep
3MiH (DEHOTUITOBOIO CKJaay JiiMboLKTIB KpoBi, BMicTy IgA, IgG,
IgM i dpakuiitHoro ckiaay iMyHHUX KOMILIEKCIiB Y MALi€HTIB 3
iIIeMiTHUM iHCYJIBTOM i XpOHIUHOIO imemiero Mo3Ky. Mema do-
CAIOMCeHHA: BUBYUTH XapaKTep MOPYILEeHb KIITUHHOI i 'yMOpajib-
HOI1 JIJAHOK iMyHITeTy B TOCTPOMY Tepiofli illleMiYHOIO iHCYJIBTY.
Mamepiaau ma memoou. TIpoBeu NMOPiBHsUIbHE KIIIHIKO-iMy-
HOJIOTiUHE 0OCTEeXKeHHS 85 Malli€eHTiB y TOCTpOMY Mepiofdi imme-
MIYHOTO iHCYJIBTY (OCHOBHA IpyIia) Ta 66 Malie€HTIiB i3 XpOHIYHOIO
ilmemi€ero MO3Ky (KOHTpOJIbHA Ipymra). s OliHKY KJIITHHHOTO
iIMYHITETY BUKOPUCTOBYBAJIU MOKA3HUKU IMyHO(PEHOTUITYBAHHS
KJIITUH KPOBi — aOCOJIIOTHUII i BiICOTKOBUI BMICT ITOMYJISIIIiL
T- i B-nimdouuTiB, ix ocHOBHUX cyomonysiiiii: T-xenamnepis,
LUTOTOKCUYHUX T-KIIITUH, CyOromnysuii HaTypajJbHUX KiJIepiB.
J171s1 OLLiIHKY I'yMOPAJIbHOTO iIMYHITETY JOCIXKYBaIu BMiCT OCHO-
BHMX KJ1aciB imyHornooOymiHiB (IgA, IgG, IgM) i mupkynoounx

CraaHuk C.H., Caviko A.B., laviaa U.B.

iMYHHMX KOMILUIEeKCiB. Pe3yabmamu. Y roctpomy mnepioni ime-
MiYHOIO iHCYJIBTY CMOCTEPirajy MiJABUIIEHHS KiJIbKOCTI J€HKO-
uutiB (p = 0,028) i 3HMxKeHHs piBHs giMbouuti (p = 0,031),
3pinux T-aimpouutis (p = 0,002), T-xenamepiB (p = 0,027) i
uutorokeuuHux T-nimbouuris (p = 0,045). BinzHaueHa TeH-
NIEHIIisT 10 3HUKEHHSI KiJIbKOCTI HaTypalbHUX Kinepis (p = 0,45).
Y ryMopanbHiil JaHIi IMyHITETY CIOCTEepiraaud MiIBUIIECHHS
B-nimdouutis (CD20+) (p = 0,048), nucrammario0yriHeMiio
3a paxyHOK migBuieHHs piBHsg 1gG (p = 0,048) i TenaeHuii 10
rinepdynkuii IgA i IgM (p = 0,05). 3MiHM TOKa3HUKIB IMyHHOTO
craTycy Oiblll BUpaXKeHi MpU 3pOCTaHHi TSKKOCTI iHCYbTY. Bu-
cHoeku. 11e nocaimKeHHST TOBOAUTH 3aIy4eHHST iMyHHOI CUCTEMU
10 CKJIATHOTO KOMIUIEKCY peakliiii, siki 0epyThb y4acTh Y PO3BUTKY
iHapKTiB MO3KY.

Ki10490Bi cioBa: immemiunuit iHcynsT; XpoHivyHa imeMist MO3KYy;
IMYHHUI CTaTyC; KIITUHHUI i TyMOpaJbHUI IMyHITET

BOEHHO-MEANLIMHCKIN KAMHUYECKV LIEHTP 3araAHOro pervioHa, r. /AbBoB, YkpauHa

MMMyHOAOTrMYEeCKMe acneKTbl OCTPOro NnepuoAad
ULLEMUYECKOro MHCYALTA

Pe3iome. Axmyaavnocms. B craTbe NpoaHaNnu3MpOBaH Xa-
pakTep U3MeHeHUs PEeHOTUITMYECKOro cocTaBa JUMMOUUTOB
KkpoBu, conepxanus IgA, IgG, IgM u dpakuroHHoro cocraBa
MMMYHHBIX KOMILJIEKCOB y TALIMEHTOB ¢ MIIEMUYECKUM WH-
CYJIBTOM ¥ XpPOHUYECKOM ninemueii mosra. Ifeas uccaedosanus:
M3YYUTh XapakTep HapylIeHUI KJIETOYHOro U TyMOpPaJIbHOIO
3BEHbEB UMMYHUTETA B OCTPOM MEPUOAE UIIEMUYECKOTrO MH-
cynbra. Mamepuaavt u memodot. TIpoBen CpaBHUTEIBHOE
KJIIMHUKO-UMMYHOJIOTMYecKoe obclieJoBaHe 85 MalMeHTOB B
OCTPOM IEePUOE UILIEMUYECKOTIO MHCYJIbTa (OCHOBHASI TPyIIIa)
1 66 MalMeHTOB ¢ XPOHUYECKON HIlleMueir Mo3ra (KOHTPOJIb-
Has rpynmna). Ui oleHKN KJIETOYHOrO UMMYHMTETa UCTIONb-
30BaJid NMOKa3aTejad UMMYHOGMEHOTUTTMPOBAHUS KIETOK KPO-
BU — aOCOJIIOTHOE U MIPOLIEHTHOE colepXKaHue rnomnyasaiuun T- u
B-numdouunToB, uX OCHOBHBIX cyOrnomnysiuii: T-xenamnepos,
LIUTOTOKCUYECKUX T-KIETOK, CYyOMOMmyasiiuU HATypaJlbHBIX
KWJU1epoB. [J1s1 OLIeHKM I'yMOpaJIbHOTO UMMYHMTETA UCCIIeI0Ba-
JIM cofiep>KaHUe OCHOBHBIX KJIaCCOB MMMYHOTJI00yanHOB (IgA,

1gG, IgM) ¥ UMPKYIUPYOIIKUX UMMYHHBIX KOMILIeKCOB. Pe-
3yabmamut. B ocTpOM repuoie MHCYJIbTa HaOJII01au MOBbILIE-
Hue KouvecTBa jeikouuToB (p = 0,028) u cHUXXeHUE YPOBHS
nmumponutos (p = 0,031), 3peabix T-mumdonuros (p = 0,002),
T-xennepos (p = 0,027) u uutorokcuyeckux T-1MMbOLIUTOB
(p = 0,045). OTmMeueHa TeHIEHIMST K CHUKEHUIO KOJIMYECTBA
HaTypaJlbHBIX KuijaepoB (p = 0,45). B rymopanbHOM 3Be-
HEe UMMYHUTeTa HabJyonanoch yBeauueHue B-numbounTton
(p = 0,048), aucrammarjioOyJMHEMHUsT 3a CUET MOBBILICHUS
ypoBHs 1gG (p = 0,048) u TeHaeHUMU K runepdyHkuuu IgA u
IgM (p = 0,5). U3meHeHus nmoka3aTeieii UMMyHHOTO CTaTyca
0oJice BBIPAXEHBI IPY YBEIUUCHUN TSKECTH MHCYIbTa. Bbigo-
0bl. [laHHOE HCCIeI0BaHKE TOKA3bIBACT BOBJICUEHUE UMMYHHOM
CHUCTEMBI B CJIOXXHbBIIT KOMIUIEKC peaKluii, y4aCTBYIOLIMX B pa3-
BUTUMW MHGAPKTOB MO3Ta.

KimoueBble CJI0BA: viIeMUueCKUii MHCYIIBT; XpPOHUYECKAs UILe-
MUS MO3Ta; UMMYHHBII CTaTycC; KJIE€TOYHbINA U TYMOpPaJbHbBIA M-
MYHUTET
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