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ABSTRACT
Introduction. Associations of disturbances in innate and adaptive immunity during the clinical course 
of schizophrenia have been found in a number of studies. Yet, the relationship of immune parameters and 
V\VWHPLF�LQȵDPPDWLRQ�LQ�UHODWLRQ�WR�WKH�FOLQLFDO�FRXUVH�RI�WKH�GLVHDVH�DQG�LWV�SURJQRVLV��UHPDLQV�SRRUO\�XQGHUVWRRG��
which highlights an interesting topic for further research. The goal of this study was to research the immuno-
LQȵDPPDWRU\� FKDQJHV� LQ� SDWLHQWV� ZLWK� FOLQLFDO� FRQWLQXRXV� DQG� HSLVRGLF� SDUDQRLG� VFKL]RSKUHQLD�� WR� DVVHVV� WKH�
SDWKRJHQHWLF� VLJQLȴFDQFH�RI� WKHVH� FKDQJHV��

Methods. Thirty-six patients with paranoid schizophrenia, of which 20 had episodic symptoms and 16 had 
continuous symptoms, consented to participate in the study, together with 30 healthy volunteers. In the study we 
DVVHVVHG�WKH�SDUDPHWHUV�RI�LQQDWH�LPPXQH�UHVSRQVH��VHUXP�OHYHOV�RI�NH\�SUR�LQȵDPPDWRU\�DQG�DQWL�LQȵDPPDWRU\�
cytokines, C-reactive protein) and the adaptive immune response, including humoral-mediated immunity (serum 
immunoglobulins IgA, IgM, IgG, circulating immune complexes), as well as the cell link of adaptive immunity 
(key lymphocyte subpopulations). Positive and negative symptoms were assessed with the positive and negative 
V\PSWRPV�VFDOH�� IURQWDO�G\VIXQFWLRQ�ZDV�DVVHVVHG�E\�)URQWDO�$VVHVVPHQW�%DWWHU\� �)$%���

Results.�%RWK�SDWLHQW�JURXSV�KDG�KLJKHU�WKDQ�QRUPDO�OHYHOV�RI�&�UHDFWLYH� SURWHLQ�DQG�Ζ/����7KHUH�ZDV�D�VLJQLȴFDQW�
elevation of circulating immune complexes among patients with continuous symptoms of schizophrenia, compared 
WR�SDWLHQWV�ZLWK�HSLVRGLF�V\PSWRPV�DQG�KHDOWK\�FRQWUROV��/HYHOV�RI�&'���&'���O\PSKRF\WHV��7�FHOOV��GLHUHG�EHWZHHQ�
FOLQLFDO� JURXSV��ZLWK�KLJKHU� YDOXHV� LGHQWLȴHG�DPRQJ�SDWLHQWV�ZLWK� HSLVRGLF� V\PSWRPV�DQG� ORZHU� YDOXHV� DPRQJ�
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WKRVH�ZLWK�FRQWLQXRXV�V\PSWRPV��ΖQ�DGGLWLRQ��SDWLHQWV�ZLWK�HSLVRGLF�V\PSWRPV�KDG�VLJQLȴFDQWO\�LQFUHDVHG�OHYHOV�
RI�&'���&'��&'��&'���&'�����UHJXODWRU\�7�FHOOV��)LQDOO\��WKH�OHYHO�RI�&'���&'��&'����%�FHOOV�ZDV�VLJQLȴFDQWO\�
higher among patients with continuous symptoms vs. patients with episodic symptoms and the control groups. 
Markers of activation of humoral immunity were associated with the severity of frontal disorders in these patients. 

Discussion. Comprehensive data on the serum level of cytokines and the parameters of adaptive immunity among 
individuals with continuous schizophrenia, by comparison with patients with episodic schizophrenia, are practically 
absent in the literature. We have shown that among those with continuous schizophrenia, there are signs of systemic 
LQȵDPPDWLRQ�DQG�FKURQLF�DFWLYDWLRQ�RI�WKH�DGDSWLYH�KXPRUDO�LPPXQH�UHVSRQVH��ZKLOH�DPRQJ�SDWLHQWV�ZLWK�HSLVRGLF�
V\PSWRPV�RI�WKH�GLVHDVH��WKHUH�DUH�VLJQV�RI�V\VWHPLF�LQȵDPPDWLRQ�DQG�FHUWDLQ�DFWLYDWLRQ�RI�FHOO�PHGLDWHG�LPPXQLW\��
ZLWKRXW�VLJQLȴFDQW�FKDQJHV�LQ�WKH�KXPRUDO�OLQN�RI�DGDSWLYH�LPPXQLW\��

Conclusion. More studies are needed, but the data obtained in this study are important for subsequent clinical 
studies of new treatment methods, based on various immunophenotypes of schizophrenia.
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INTRODUCTION
Schizophrenia is a polymorphic mental illness, 
characterized by disorders of thinking, perception, 
impairments of memory, attention and executive 
functions. The prevalence of schizophrenia in Russia 
is around 1%, with most cases among young adults (peak 
incidences occur between the ages of 15 and 35). The 
socio-economic burden, associated with schizophrenia, 
is determined by a high percentage of disability and by 
high costs of treatment and maintenance.1

6LJQV� RI� QHXURLQȵDPPDWLRQ�� LQFOXGLQJ� FKURQLF�
excessive activation of microglia and astrocytes, are found 
in schizophrenia.2�$FFRUGLQJ�WR�WKH�ȊPLOG�HQFHSKDOLWLVȋ�
K\SRWKHVLV�� ORZ� LQWHQVLW\� QHXURLQȵDPPDWLRQ� LV� D� NH\�
pathogenetic mechanism in some patients.2 It is suggested 
WKDW� QHXURLQȵDPPDWLRQ� LQ� VFKL]RSKUHQLD� FDQ� EH�
attributed to infectious, autoimmune and traumatic 
factors, but its exact causes remain unknown.2,4

A series of evidence is being discussed relating 
WR�WKH�UROH�RI�V\VWHPLF�LQȵDPPDWLRQ�LQ�WKH�SDWKRJHQHVLV�
of schizophrenia.3,5-10 There is a hypothesis that one of the 
leading components of the pathogenesis of this disease 
is immune dysfunction, associated with an increased risk 
of infections and autoimmune disorders (Figure 1). It has 
been shown that patients with schizophrenia have higher 
rates of exposure to pathogens such as toxoplasma 
gondii, cytomegalovirus and the human herpesvirus 
type 6. Patients with schizophrenia have an elevated 
risk of death from infectious diseases compared 
to controls, and a history of autoimmune disease 
has been associated with a 45% increase in the risk 
of developing schizophrenia.4,11-14

The role of immune disorders in the pathogenesis 
of schizophrenia is supported by epidemiological and 
molecular biological data. Thus, according to several 
studies, including meta-analyses, there are signs 
RI�LQFUHDVHG�DFWLYDWLRQ�RI�V\VWHPLF�LQȵDPPDWLRQ�DPRQJ�

patients with schizophrenia, including elevated levels 
RI�WKH�SURLQȵDPPDWRU\�F\WRNLQHV��LQFOXGLQJ�LQWHUOHXNLQ�
�ſ� �Ζ/��ſ��� Ζ/��� DQG� Ζ/��� LQ� ERWK� EORRG� VHUXP� DQG�
FHUHEURVSLQDO�ȵXLG�5-9 Schizophrenia is also characterized 
by an increase in the serum level of neutrophil activation 
PDUNHUV� WKDW� FRQWULEXWH� WR� V\VWHPLF� LQȵDPPDWLRQ�
(leukocyte elastase, a1-proteinase inhibitor), and the 
levels of these markers correlate with the activity 
of the disease.10 In patients with nonpsychotic mental 
disorders, changes in the level of neutrophil activation 
markers are much less common.15 In addition, the serum 
concentration of the chemokine, CCL2, which is involved 
in the migration of monocytes, memory T-cells and 
GHQGULWLF�FHOOV�WR�WKH�VLWHV�RI�LQȵDPPDWLRQ��LV�LQFUHDVHG�
in patients with schizophrenia.16

Certain studies have found associations of immune 
disturbances with clinical schizophrenia.5,17-19 In the case 
RI�FKURQLF�VFKL]RSKUHQLD��WKH�SURLQȵDPPDWRU\�F\WRNLQH�
SURȴOH�ZDV� IRXQG� WR� EH� GLHUHQW� E\� FRPSDULVRQ�ZLWK�
DFXWH� VFKL]RSKUHQLD�� ZLWK� LQFUHDVHG� OHYHOV� RI� Ζ/��ſ�
and IL-6, however, no changes were evident with 
UHJDUG�WR�RWKHU�SURLQȵDPPDWRU\�F\WRNLQHV�5 Increased 
CCL2 in schizophrenia is associated with treatment 
resistance, and high levels of C-reactive protein (CRP), 
DQ� LQȵDPPDWRU\�PDUNHU�� DUH� DVVRFLDWHG�ZLWK� D�PRUH�
severe form of psychosis and a subsequent decrease 
in cognitive functions.17-19 According to another study, 
WKH�ȵXHQF\�RI�VSHHFK�RI�SDWLHQWV�ZLWK�VFKL]RSKUHQLD�DQG�
VFKL]RDHFWLYH�GLVRUGHU��WKDW�KDYH�HOHYDWHG�H[SUHVVLRQ�
RI� WKH� F\WRNLQHV� Ζ/��ſ�� Ζ/���� Ζ/���� Ζ/��� DQG� Ζ/���� LQ� WKH�
EORRG��LV�VLJQLȴFDQWO\�PRUH�LPSDLUHG�20 In addition, a 17% 
decrease in the volume of the left Broca's area was 
observed among patients with a high level  of cytokines.20 
6LJQV� RI� QHXURLQȵDPPDWLRQ�� PRVW� SURQRXQFHG�

LQ� WKH� DUHDV� RI� WKH� FRUWH[� WKDW� DUH�PRVW� DHFWHG� E\�
the disease, are also found in studies of the post-
mortal brain of patients with schizophrenia.21,22 In the 
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prefrontal cortex of these patients, the mRNA level 
of the Interferon-Induced Transmembrane Protein 
�Ζ)Ζ70�� LV� LQFUHDVHG�� 2QH� RI� WKH� HHFWV� RI� WKH� Ζ)Ζ70�
protein is the activation of the transcription factor 
1)�Ƈ%��ZKLFK�LV�D�NH\�IDFWRU�LQ�LQȵDPPDWRU\�FDVFDGHV�21 
7KH� H[SUHVVLRQ� RI� WKH� SURLQȵDPPDWRU\� F\WRNLQHV�� Ζ/�
�ſ�� Ζ/��� DQG� 71)ž� LV� DOVR� LQFUHDVHG� LQ� WKH� SUHIURQWDO�
cortex of patients.22

Among patients with schizophrenia, a number 
of changes in adaptive immunity are also present.23-25 
According to a meta-analysis of 16 works, the level 
of CD4 + T-helper cells, CD16 + CD56 + NK cells, naive 
B-cells and CXCR5 + memory T-cells, was increased 
among those with schizophrenia.24,25 However, according 
to other data, the level of T-helper cells, as well as the 
ratio of CD4 + / CD8 + in schizophrenia are reduced, and 
the patients have impairments of T-cell activation.23,26 
Perhaps these contradictions are associated with 
GLHUHQW� VWDJHV� DQG� IRUPV� RI� WKH� GLVHDVH� RI� WKH�
examined patients. 

There are data that suggest that the neutrophil/
lymphocyte ratio, platelet/lymphocyte ratio and 
monocyte/lymphocyte ratio are higher during the relapse 
periods of schizophrenia, compared to the remission 
periods.27� $FFRUGLQJ� WR� DQRWKHU� VWXG\�� LQȵDPPDWRU\�
activation in schizophrenia, including excessive 
lymphocyte and monocyte activation, is currently 
independent of cardiometabolic risk factors.28 Currently, 
VWXGLHV�RI�WKH�HHFWLYHQHVV�RI�DQWL�LQȵDPPDWRU\�GUXJV�
and immunomodulating agents in the treatment 
of schizophrenia are also of great interest.29 Thus, 
research data indicate that there are numerous signs 
RI�V\VWHPLF� LQȵDPPDWRU\�UHVSRQVH�DQG�G\VUHJXODWLRQ�
of the adaptive immunity in schizophrenia. However, 
in terms of the perplexity of the immune response 
(Figure 1), there is a lack of research into multiple immune 
parameters in schizophrenia30 and their relationships 
in terms of the clinical course of schizophrenia and its 
RXWFRPHV��WKLV�LV�D�SURPLVLQJ�DVSHFW�RI�WKH�LQYHVWLJDWLRQ�
shown in Figure 1. 

Both the innate and the adaptive immune system 
involve a cell-mediated (immune cells) and humoral-
mediated (immunoglobulins and complement) 
response. The activation of innate immune cells 
FDXVHV� LQȵDPPDWLRQ� DQG� VWLPXODWHV� WKH�SUHVHQWDWLRQ�
of antigens to adaptive immune cells (T-lymphocytes 
and B-lymphocytes). When facing an antigen, the 

T-lymphocytes mediate cytotoxicity against the infected 
or altered cells and activate B-lymphocytes to proliferate 
and produce immunoglobulins. The activated immune 
cells are orchestrated by the variety of cytokines and 
produce acute phase proteins.

The goal of this research was to  study the immuno-
LQȵDPPDWRU\� FKDQJHV� DPRQJ� SDWLHQWV� ZLWK� YDULRXV�
clinical symptoms of paranoid schizophrenia 
(episodic and continuous) compared with healthy 
controls. This was conducted in order to assess the 
associations of immunological changes with clinical 
V\PSWRPV�DQG�WR�SURYLGH�D�ǛRQFXUUHQW�PHDVXUHPHQW�
of multiple immune parameters in both episodic and 
continuous schizophrenia.

MATERIAL AND METHODS
The study included 36 patients with paranoid 
schizophrenia (see Table 1) and 30 healthy volunteers 
with no mental disorders (13 men, 17 women), 
FRPSDUDEOH� LQ� JHQGHU�� 7KH� PHDQ� �s� ���� FRQȴGHQFH�
interval) age of the volunteers was 27.1±1.6 years, 
ranging from 23 to 33 years. The duration of maintenance 
antipsychotic therapy among patients, ranged from six 
PRQWKV� WR� WZR� \HDUV�� WKH� GXUDWLRQ� RI� KRVSLWDOL]DWLRQ�
before the assessment was three to four weeks. The 
compliance of the participants mental state at the time 
of the examination with the criteria for schizophrenia, 
DFFRUGLQJ� WR� Ζ&'����� FRQVWLWXWHG� WKH� LQFOXVLRQ�FULWHULD��
informed written consent was also required to participate 
in the study. Patients with recurrent symptoms 
RI�VFKL]RSKUHQLD� �Q ���� ��ȴUVW�SV\FKRWLF�HSLVRGH� �Q ���
(Group 1) and patients with continuous symptoms 
of schizophrenia (n=16) (Group 2) were included in the 
VWXG\��&RQWLQXRXV�VFKL]RSKUHQLD�ZDV�GHȴQHG�FOLQLFDOO\��
according to DSM-5 criteria, by persistent symptoms 
IXOȴOOLQJ� WKH� GLDJQRVWLF� V\PSWRP� FULWHULD� RI� WKH�
disorder that remained throughout the duration of the 
illness. Subthreshold symptom periods were very brief 
in relation to the overall symptoms and it was impossible 
WR�GHȴQH�GLVWLQFW�HSLVRGHV��$PRQJ�SDWLHQWV�ZLWK�HSLVRGLF�
symptoms, the defect was stable and there were distinct 
psychotic episodes, with symptomatic remissions lasting 
more than six months. The exclusion criteria were severe 
somatic diseases, pregnancy, acute or exacerbated, 
FKURQLF��LQIHFWLRXV�DQG�LQȵDPPDWRU\�GLVHDVHV�GXULQJ�WKH�
two months preceding the examination or signs of drug 
or alcohol abuse.
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The PANSS, BFCRS, Simpson-Angus Scale (SAS), Symptom 
Severity Scale of the DSM5 for schizophrenia (SS-DSM5) 
and the FAB scale were used in clinical assessments.31

We measured the parameters of humoral-mediated 
immunity (levels of Circulating Immune Complexes 
(CIC), immunoglobulins IgA, IgM, IgG), levels of signalling  
�Ζ/����Ζ/����Ζ/����Ζ/�����Ζ)1ƀ��71)ž��DQG�DFXWH�SKDVH��&53��
proteins. The parameters of the cell link of adaptive 
LPPXQLW\�ZHUH�HYDOXDWHG�E\�PXOWLFRORXU�ȵRZ�F\WRPHWU\��
using monoclonal antibodies for the phenotyping of the 
GLHUHQWLDWLRQ� DQWLJHQV�� &'��� &'��� &'��� &'���� &'����
CD25, CD45, CD56 and CD127 (Becton Dickinson, USA). 
7R� GHWHUPLQH� WKH� FRQFHQWUDWLRQ� RI� SURLQȵDPPDWRU\�
F\WRNLQHV��Ζ/����Ζ/����Ζ/����Ζ)1ƀ��71)ž���WKH�SUR�LQȵDPPDWRU\�
DFXWH�SKDVH�SURWHLQ�&53��WKH�DQWL�LQȵDPPDWRU\�F\WRNLQH��
IL-10, the markers of the humoral link of adaptive 
immunity CIC, the immunoglobulins (IgA, IgM, IgG) 

in blood serum by enzyme-linked immunosorbent assay 
(ELISA) and the commercial kits for ELISA by "Cytokine", 
"Vector Best" and "Hema" (Russia) were used. 

For statistical processing, Excel software (Microsoft, 
2010) and STATISTICA 10 (StatSoft, 2010) were used. 
The Shapiro-Wilk test was used to assess the normality 
of distribution. The results of immunological tests 
were presented as medians with an interquartile 
range. The Kruskell-Wallis test was used to assess the 
VLJQLȴFDQFH�RI�GLHUHQFHV�EHWZHHQ�JURXSV��ZLWK�SRVW�
hoc, pair-wise comparisons conducted using the Mann-
Whitney test. The results of the clinical assessment (age, 
duration of education and illness, results of clinical scales) 
demonstrated a normal distribution and were presented 
as means +- standard deviations. The Student’s t-test 
ZDV�XVHG�WR�DVVHVV�WKH�VLJQLȴFDQFH�RI�GLHUHQFHV�LQ�WKH�
results of the clinical assessment between groups. The 

Figure 1. Key mechanisms of the immune response 
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frequencies distribution between groups was tested 
with the Chi-square test with continuity correction. The 
GLHUHQFHV�EHWZHHQ�JURXSV�ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�
VLJQLȴFDQW� DW� WZR�VLGHG� S� ������� 7R� HVWLPDWH� WKH�
correlations between variables, the Pearson correlation 
FRHɝFLHQW�ZDV�XVHG�

RESULTS
Table 1 shows the socio-demographic characteristics 
of the participants. The patients generally had 
fewer opportunities to progress to higher education 
or to be employed.

The clinical characteristics of patients are presented 
in Table 2. As can be seen, in the continuous course 
of schizophrenia compared with the episodic course, 
WKH� SDWLHQWV� H[KLELWHG� D� VLJQLȴFDQWO\� JUHDWHU� VHYHULW\�
of negative symptoms and cognitive disorders.

Table 3 summarizes the data on the immune 
parameters of patients with episodic and continuous 
symptoms, and those of the healthy control group. The 
DVVHVVPHQW�RI�WKH�PDUNHUV�RI�V\VWHPLF�LQȵDPPDWLRQ�DQG�
adaptive immunity has shown that the levels in patients 
ZLWK� VFKL]RSKUHQLD� GLHUHG� VLJQLȴFDQWO\� IURP� WKRVH�
LQ� WKH� FRQWURO� JURXS�� WKHVH� OHYHOV� ZHUH� FKDUDFWHUL]HG�
E\�SURQRXQFHG�KHWHURJHQHLW\�DQG�ZHUH�DHFWHG�E\�WKH�
course of the disease (Table 3).

+XPRUDO�FRPSRQHQW�RI�LPPXQH�V\VWHP
7KHUH�ZDV�D�VLJQLȴFDQW�HOHYDWLRQ�RI�&Ζ&�LQ�SDWLHQWV�ZLWK�
continuous symptoms, by  comparison with patients with 
episodic symptoms and healthy controls, whereas the 
OHYHOV�RI�LPPXQRJOREXOLQV�GLG�QRW�GLHU�

Cell-mediated immunity
7KH� OHYHOV� RI� &'���&'��� O\PSKRF\WHV� �7�FHOOV�� GLHUHG�
between clinical groups, with higher values among 
those with episodic symptoms and lower values 
among those  with continuous symptoms. Despite the 
fact that their levels in control group had intermediate 
YDOXHV�� WKHUH� ZHUH� QR� VLJQLȴFDQW� GLHUHQFHV� DPRQJ�
the clinical groups of the controls. In addition, patients 
ZLWK� HSLVRGLF� V\PSWRPV� KDG� VLJQLȴFDQWO\� LQFUHDVHG�
levels of CD45+CD3+CD4+CD25+CD127- regulatory 
T-cells. Finally, the level of CD45+CD3-CD19+ B-cells 
ZHUH� VLJQLȴFDQWO\� KLJKHU� DPRQJ� WKH� SDWLHQWV� ZLWK�
continuous symptoms vs. patients with episodic 
symptoms and among the control groups.

/HYHOV�RI�F\WRNLQHV�DQG�DFXWH�SKDVH�SURWHLQV
Both patient groups had higher than normal levels of CRP 
DQG�Ζ/����ZKLOH�WKH�OHYHOV�RI�RWKHU�F\WRNLQHV�GLG�QRW�GLHU�
compared to the control group.

Correlations with clinical scores
Among patients with episodic symptoms, a moderate, 
QHJDWLYH�FRUUHODWLRQ�RI�WKH�OHYHO�RI�WKH�DQWL�LQȵDPPDWRU\�
cytokine, IL-10, with NSA-4 scale results was revealed  
�U� ��������S��������

Among patients with continuous symptoms, the 
level of CD45+CD3-CD19+ B cells and the level of the 
CIC showed a moderate, negative correlation with the  
)$%�VFDOH�UHVXOWV��U� ��������S���������WKXV��D�KLJK�OHYHO�
of activation of humoral immunity in this subgroup 
of patients, was associated with more pronounced 
cognitive impairment.

Therefore, the patients with continuous schizophrenia 
had an excessive activation of humoral immunity, that 
was associated with the severity of cognitive disorders 
DQG�D�PRGHUDWH�DFWLYDWLRQ�RI�V\VWHPLF�LQȵDPPDWLRQ�

DISCUSSION
In this study we found multiple signs of immunological 
GLVWXUEDQFHV�WKDW�GLHU��GHSHQGLQJ�RQ�WKH�FOLQLFDO�FRXUVH�
RI� VFKL]RSKUHQLD�� 7KH�PDLQ� ȴQGLQJV� DUH� VXPPDUL]HG�
in Figure 2 below. While the levels of CRP and IL8 were 
increased in schizophrenia, irrespective of clinical groups, 
the patients with episodic symptoms demonstrated 
D� VLJQLȴFDQW� LQFUHDVH� RI� &'���&'��&'���&'�����
(/CD4+) cells, and patients with continuous symptoms 
had increased levels of CD45+CD3-CD19, B-cells and 
CIC vs. the control group. Interestingly, the numbers 
RI�&'���&'���O\PSKRF\WHV��7�FHOOV��GLHUHG�VLJQLȴFDQWO\�
among the clinical groups but not among the controls, 
were slightly increased among patients with episodic 
symptoms and were slightly decreased among patients 
with continuous symptoms.

Therefore, in summary, patients with episodic 
symptoms of schizophrenia were characterized by 
SURQRXQFHG�VLJQV�RI�V\VWHPLF�LQȵDPPDWLRQ�DQG�D�FHUWDLQ�
DFWLYDWLRQ�RI�FHOO�PHGLDWHG�LPPXQLW\��ZLWKRXW�VLJQLȴFDQW�
changes in the humoral link immunity. Conversely, 
patients with continuous schizophrenia had signs 
RI�DFWLYH�V\VWHPLF�LQȵDPPDWLRQ�DQG�FKURQLF�DFWLYDWLRQ�
of the humoral immune response. 

An analysis of the literature shows that the relationship 
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S���YDOXHV�IRU�W�WHVW�DUH�SURYLGHG�IRU�GLHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV�
1�5HVXOWV�DUH�SUHVHQWHG�DV�PHDQV��s�VWDQGDUG�GHYLDWLRQ���VWDWLVWLFV�Ȃ�DV�W�DQG�S��W�WHVW�
2�5HVXOWV�DUH�SUHVHQWHG�DV�Q������VWDWLVWLFV�Ȃ�DV�Ɣ2�DQG�S

Table 1. Socio-demographic characteristics of patients included in the study

Value/Groups Continuous 
schizophrenia
(n=16)

Episodic 
schizophrenia
(n=20)

Control (n=30) Statistics

Age on the date of assessment 1 28.6 ± 6.8 27.6 ± 7.2 27.1 ± 1.6 W ��������S �����

Gender distribution

Male 2 14 (88) 9 (45) 13 (43) Ɣ2 �������S ����

Female 2 2 (13) 11 (55) 17 (57)

Family 

Married 2 2 (13) 3 (15) 13 (43) Ɣ2 �������S ������

Divorced 2 1 (6) 1 (5) -

Never married 2 13 (81) 16 (80) 17 (57)

Education

Lower secondary 2 1 (6) 3 (15) - Ɣ2 ��������S������

Secondary 2 2 (13) 3 (15) -

Specialized secondary 2 4 (25) 1 (5) -

Incomplete higher 2 6 (38) 4 (20) 4 (13)

Higher 2 3 (19) 9 (45) 26 (87)

Duration of education in years 1 13.9 ± 1.5 13.6 ± 2.5 16.6 ± 1.0 W ��������S �����

Labor status

Student 2 2 (13) 5 (25) 9 (30) Ɣ2 ��������S������

Employed 2 2 (13) 7 (35) 19 (63)

Unemployed, pre-retirement 2 5 (31) 7 (35) -

Disabled, absolute (%) 7 (44) 1 (5) 2 (7)

Age of prodromal symptoms onset 1 15.3 ± 3.8 20 ± 5.9 - W �������S �����

Age of manifest 1 19.2 ± 5.2 25 ± 6.3 - W �������S �����

$JH�RI�ȴUVW�DSSO\�IRU�PHGLFDO�KHOS�1 19.2 ± 4 25.7 ± 7 - W �������S �����

$JH�RI�ȴUVW�KRVSLWDOLVDWLRQ�1 19.3 ± 4.1 25.7 ± 6.9 - W �������S �����

Duration of illness from the prodromal symptoms 1 13.3 ± 6.2 7.7 ± 4 - W ��������S �����

Duration of illness from the manifest 1 9.4 ± 6.3 2.7 ± 3.2 - W ��������S������
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Table 2. Clinical indicators of patients included in the study

Scale Episodic 
schizophrenia 
(n=20)

Continuous 
schizophrenia (n=16)

t-test

PANSS total 89.9 [81.1, 98.7] 112.6 [105.5, 119.7] W ������S������

PANSS P 24.1 [20.2, 28] 25.6 [21.4, 29.8] W �������S �����

PANSS N 20.6 [17.1, 24.1] 32.9 [30.3, 35.5] W �������S������

PANSS G 45.2 [41.4, 49] 53.8 [50.2, 57.4] W �������S �����

BFCRS 6 [2.6, 9.4] 8.3 [3.3, 13.3] W �������S �����

NSA-4 13.7 [11.6, 15.8] 24.2 [21.7, 26.7] W �������S������

Simpson-Angus Scale (SAS) 1.6 [0.7, 2.5] 2.4 [1.4, 3.4] W �������S �����

Symptom severity scale of the DSM5 
for schizophrenia (SS-DSM5)

12.3 [11.1, 13.5] 15.4 [14.1, 16.7] W �������S �����

Frontal assessment battery (FAB) 15.1 [14.3, 15.9] 13.2 [12.1, 14.3] W ��������S �����

RI�V\VWHPLF�LQȵDPPDWLRQ�DQG�G\VUHJXODWLRQ�RI�DGDSWLYH�
immunity in relation to the clinical course of schizophrenia, 
have not been extensively studied. There are data which 
GHPRQVWUDWH� WKDW� LQ� SDWLHQWV� ZLWK� WKH� ȴUVW� HSLVRGH�
RI�VFKL]RSKUHQLD��WKH�OHYHO�RI�Ζ/��ſ��Ζ/����Ζ/����Ζ/����Ζ)1ž�
DQG�71)ž�LQFUHDVHG��DQG�WKH�FRQWHQW�RI�SUR�LQȵDPPDWRU\�
F\WRNLQHV��Ζ/��ſ��Ζ/���DQG�71)ž�UHPDLQHG�LQFUHDVHG�HYHQ�
after eight weeks of antipsychotic therapy with risperidone 
or haloperidol.32 A limitation of this work was that it did 
not include patients with repeated psychotic episodes 
and with continuous symptoms of the disease. Another 
study has shown that changes in the clinical blood test 
(neutrophil/lymphocyte ratio, platelet/lymphocyte ratio 
and monocyte/lymphocyte ratio) are more prominent 
during the relapse periods of schizophrenia, compared 
to remission periods.27

ΖQ� RXU� VWXG\� WKHUH� ZDV� QR� VLJQLȴFDQW� LQFUHDVH�
RI� 71)ž� DPRQJ� SDWLHQWV� ZLWK� HSLVRGLF� RU� FRQWLQXRXV�
schizophrenia, although IL-8 was increased. Certain 
DXWKRUV� UHSRUW� DQ� LQFUHDVH� LQ� VHUXP� 71)ž� DPRQJ�
patients with schizophrenia. One possible reason for 
this discrepancy is that antipsychotic therapy reduces 
WKH� SURGXFWLRQ� RI� FHUWDLQ� SURLQȵDPPDWRU\� F\WRNLQHV�
LQ�VFKL]RSKUHQLD��LQFOXGLQJ�71)ž�33�7KH�H[WHQW�RI�WKLV�HHFW�
has not been studied in detail and may be dependent on 
the duration of therapy and the drugs used.

According to in vitro studies, conducted by Ryazantseva 
et al. among patients with schizophrenia, there is an 
imbalance in the production of Th1 and Th2 cytokines 

by lymphocytes and signs of inhibition of the T-cell 
OLQN� RI� WKH� LPPXQH� V\VWHP�� WKHVH� FKDQJHV� DUH� PRVW�
pronounced with regard to chronic symptoms of the 
disease.34 The results are consistent with our data on 
the serum levels of these cytokines. According to a meta-
analysis,5 in acute schizophrenia, the levels of IL-6, 
71)ž�DQG�WKH�UHFHSWRU�DQWDJRQLVW��Ζ/��5$�DUH�HOHYDWHG��
while in chronic schizophrenia, the same meta-analysis 
VKRZHG�DQ�LQFUHDVH�LQ�WKH�OHYHOV�RI�Ζ/��ſ�DQG�Ζ/����$FXWH�
VFKL]RSKUHQLD�ZDV�GHȴQHG�DV�KRVSLWDOL]DWLRQ�LQ�FRQQHFWLRQ�
with a psychotic episode or chronic schizophrenia, 
following an examination of patients receiving outpatient 
treatment. It should be noted that comprehensive 
data on the serum level of the main cytokines and the 
characteristics of adaptive immunity among those with 
continuous symptoms of schizophrenia, by comparison 
with episodic symptoms, are practically absent in the 
OLWHUDWXUH��:H�KDYH�VKRZQ�IRU�WKH�ȴUVW�WLPH�WKDW�LQ�UHODWLRQ�
to continuous schizophrenia, changes in the adaptive 
immune response with a predominance of activation 
of its humoral link are of primary importance, although 
PRGHUDWH�VLJQV�RI�DFWLYDWLRQ�RI�V\VWHPLF�LQȵDPPDWLRQ��
do persist in patients. In particular, an increase 
in the content of CIC, which are formed as a result 
of the binding of exogenous or endogenous antigens by 
LPPXQRJOREXOLQV��DQWLERGLHV���LQGLFDWHV�DQ�LQȵDPPDWRU\�
process with activation of the humoral link of adaptive 
immunity. The causes of this activation remain to be 
studied. It is possible that the activation of autoimmune 

5HVXOWV�DUH�SUHVHQWHG�DV�PHDQV�>����&Δ@
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Parameters Episodic 
schizophrenia

Continuous 
schizophrenia

Controls

Humoral 
component 
parameters

IgA, [g/l] ����������������� ����������������� �����������������

IgM, [g/l] ����������������� ����������������� ������������������

IgG, [g/l] ������������������� �������������������� ��������������������

CIC, [units] 73 (58; 104)** 103 (84; 192)*,** �������������

Acute phase 
proteins, signalling 
proteins (cytokines)

CRP, [mg/l] 5.48 (0.81; 20.33)* 3.3 (1.93; 8.4)* �����������������

IL-4, [pg/ml] ����������������� ���������������� �����������������

IL-10, [pg/ml] ����������������� ���������������� �����������������

Ζ)1ƀ, [pg/ml] ��������������������� �������������������� ����������������
44.32)

IL-8, [pg/ml] 34.54 (11.19; 
214.76)*

40.16 (12.61; 94.15)* �������������������

71)ž, [pg/ml] ����������������� ����������������� �����������������

IL-6, [pg/ml] ������������������ ������������������ ������������������

Cell-mediated 
component 
parameters

CD45+CD3+, [%] 77.60 (74.60; 
79.50)**

71.05 (68.40; 
74.20)**

�������������������

CD45+CD3+CD4+, [%] �������������������� �������������������� ��������������������

CD45+CD3+CD8+, [%] ������������������ �������������������� ������������������

CD45+CD3+CD4+CD25+CD127-, [%] ��������������� ����������������� �����������������

CD45+CD3+CD4+CD25+CD127- % from 
CD45+CD3+CD4+ lymphocytes, [%]

6.85 (6.05; 7.50)* ��������������� �����������������

CD45+CD3-CD16/56+, [%] ������������������� ������������������� �������������������

CD45+CD3+CD16/56+, [%] ����������������� ����������������� ����������������

CD45+CD3-CD19+, [%] 10.40 (8.00; 13.00)** 14.00 (11.00; 
18.30)*,**

�������������������

7DEOH����ΖPPXQRORJLFDO�SDUDPHWHUV�DQG�V\VWHPLF�LQȵDPPDWLRQ�PDUNHUV�DPRQJ�SDWLHQWV�ZLWK�HSLVRGLF�VFKL]RSKUHQLD�
(n=20), continuous schizophrenia (n=16) and among the controls (n=30)

7KH�UHVXOWV�DUH�SUHVHQWHG�DV�0HGLDQ�����TXDUWLOH�����TXDUWLOH������GLHUHQFHV�ZLWK�FRQWUROV��S�������
���GLHUHQFHV�EHWZHHQ�JURXSV��S������
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processes may take place among certain patients
According to the literature (see, for example, a review35), 

in a number of schizophrenic patients, antibodies 
to NMDA receptors and other central nervous system 
proteins are detected in the peripheral bloodstream. 
Based on our results, it can be assumed that patients 
with continuous symptoms of the disease and signs 
of excessive activation of humoral immunity, are a risk 
group for the possible presence of autoimmune diseases, 
and an examination may be necessary in these patients 
to exclude a hidden autoimmune pathology.

According to our data, with regard to the episodic 
course of the disease, there was a pronounced 
complex activation of the mechanisms of systemic 
LQȵDPPDWLRQ��$Q� LQFUHDVH� LQ�&53� LV�D�PDUNHU�RI�DFXWH�
DQG� FKURQLF� LQȵDPPDWRU\� SURFHVVHV�� ERWK� LQIHFWLRXV�
and endogenous. In addition, there was an increase 
LQ�WKH�OHYHO�RI�WKH�SUR�LQȵDPPDWRU\�F\WRNLQH��Ζ/����ZKLFK�
is involved in the chemotaxis of neutrophils, monocytes 
DQG� O\PSKRF\WHV� WR� WKH� VLWH� RI� WKH� LQȵDPPDWRU\�
reaction. There was also an increase in regulatory 
T-cells, which, taking into account the increased level 

RI�D�QXPEHU�RI�PDUNHUV�RI�V\VWHPLF�LQȵDPPDWLRQ��FRXOG�
indicate compensatory activation of immunoregulatory 
mechanisms. Further studies are required to determine 
WKH� FDXVHV� DQG� FOLQLFDO� VLJQLȴFDQFH� RI� WKHVH� FKDQJHV��
At the same time, the activation of immunoregulatory 
mechanisms in certain patients may have a protective 
role and also requires further study.

A correlation analysis showed that among patients 
with continuous symptoms of schizophrenia, the severity 
of cognitive impairment was associated with a higher 
level of CIC and B-cells, and among those with episodic 
V\PSWRPV��WKH�OHYHO�RI�WKH�DQWL�LQȵDPPDWRU\�F\WRNLQH��
Ζ/�����ZDV�DVVRFLDWHG�ZLWK�FOLQLFDO�LQGLFDWRUV��LW�QHJDWLYHO\�
correlated with the severity of negative symptoms 
LQ�SDWLHQWV��7KHVH�QRYHO�GDWD�FRQȴUP�WKH�SRVVLEOH�FOLQLFDO�
DQG�SDWKRJHQHWLF�VLJQLȴFDQFH�RI�WKH�GHWHFWHG�LPPXQH�
changes in various types of schizophrenia, and indicate 
WKH� SURVSHFW� RI� VWXG\LQJ� WKH� HHFWLYHQHVV� RI� YDULRXV�
approaches to immunomodulating therapy, within 
the framework of the comprehensive rehabilitation 
of patients with schizophrenia, depending on the clinical 
course and immune disorders. 

Figure 2. Key results of the study. 

1RWH��UHG�Ȃ�LQFUHDVH�YV��FRQWURO��GDUN�EOXH�Ȃ�GHFUHDVH�YV��FRQWURO��7KLFN�OLQH�Ȃ�VWDWLVWLFDOO\�VLJQLȴFDQW�GLHUHQFH�YV��FRQWURO��WKLQ�Ȃ�
QRQ�VLJQLȴFDQW�GLHUHQFH�YV��FRQWURO��FLUFOH�Ȃ�GLHUHQFH�EHWZHHQ�FOLQLFDO�JURXSV� 
&53�Ȃ�PDUNHU�RI�DFWLYH�LQȵDPPDWLRQ��Ζ/��Ȃ�SURLQȵDPPDWRU\�FKHPRNLQH��&'�������%�O\PSKRF\WHV��&Ζ&�Ȃ�&'���7�FHOOV� 
CD4+CD25+CD127- (/CD4+)  - regulatory T-cells (% from CD45+CD3+CD4+ lymphocytes)

Continuous course

Episodic course

Humoral immunity (including 
B-lymphocytes)
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(markers of active 
LQȵDPPDWRU\�SURFHVVHV�
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CRP, IL8
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According to contemporary theoretical concepts, the 
heterogeneity of immunological changes in schizophrenia 
PD\�UHȵHFW�WKH�SUHVHQFH�RI�VHYHUDO�LPPXQRSKHQRW\SHV�
of the disease, with various pathogenesis features. Thus, 
it is assumed that there is an immunophenotype with 
D�SUHGRPLQDQFH�RI�DFWLYDWLRQ�RI�V\VWHPLF�LQȵDPPDWLRQ��
the main marker of which may be an increased level of IL-
6, and an immunophenotype with excessive activation 
of the humoral link of adaptive immunity, accompanied 
by an increase in the level of autoantibodies to NMDA 
receptors.28 Schizophrenia immunophenotypes may 
KDYH� SURJQRVWLF� IHDWXUHV� DQG� PD\� UHTXLUH� GLHUHQW�
approaches to therapy, but at the same time, an analysis 
of the available literature shows that their relationship 
with the clinical characteristics of the disease is not 
well understood, limiting the possibility of clinical data 
translation. Our results show that patients with an 
HSLVRGLF� FRXUVH� RI� VFKL]RSKUHQLD� GLHU� LQ� SUHYDLOLQJ�
immune changes from patients with a continuous course. 
The data obtained may be important for the development 
of personalized approaches to immunotherapy in various 
variants of the clinical course of schizophrenia.

Discussing the limitations of this work, it should 
be noted that it is of interest to study immunological 
changes in other variants of the course of schizophrenia, 
that have not been studied in the framework of the 
present study. It should also be noted that the patients 
were enrolled into the study after three to four weeks 
of hospital treatment, and the immune parameters 
FRXOG�EH�DHFWHG�E\�DQWLSV\FKRWLF�WUHDWPHQW��ΖQ�DGGLWLRQ��
it would be important to replicate the results in larger 
studies, applying the correction for multiple testing.

CONCLUSION
An analysis of available literature shows that studies 
providing a comprehensive assessment of the markers 
of the cell and the humoral link of adaptive immunity, 
in combination with the parameters of systemic 
LQȵDPPDWLRQ�LQ�VFKL]RSKUHQLD��DUH�VWLOO�ODFNLQJ��9LUWXDOO\�
no study has been undertaken regarding the level 
RI� LPPXQRLQȵDPPDWRU\� PDUNHUV�� GHSHQGLQJ� RQ� WKH�
clinical dynamics of schizophrenia: in most studies, 
patients are considered within the general sample 
or a division into acute and chronic schizophrenia 
is carried out. Very few works are devoted to the study 
RI� LPPXQRLQȵDPPDWRU\� GLVRUGHUV� LQ� VFKL]RSKUHQLD��
examining the nature of the course and the prevailing 

symptoms, as well as studying the relationship between 
immunological parameters and neurophysiological 
changes in patients. This study made it possible to obtain 
QHZ�GDWD�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�F\WRNLQH�SURȴOH�
and the nature of the main changes in the immune 
response depending on the course of schizophrenia. 
This helped determine the relationship between multiple 
immunological and clinical changes among patients with 
continuous and episodic symptoms of schizophrenia. The 
data obtained are important for future clinical studies 
of new treatment methods, based on the medical and 
physical methods of correction of systemic disorders, 
in various immunophenotypes of schizophrenia.
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