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Summary

Most patients with critical illness, regardless of the cause, develop activation of innate and adaptive im-
munity. This is often a critical process leading to organ dysfunction.

The aim of the review is to systematize information on monitoring the immune system in critical illness
for physicians of different specialties (anesthesiology and intensive care, surgery, general practice, obstetrics
and gynecology).

The review includes information from 83 recent national and international publications (mostly from 2023),
available in the public domain and found by keyword search.

We have summarized the current understanding of the relationship between infections and the human
immune system, as well as the clinical application of traditional markers of immune status. We provided data
on novel promising markers for the assessment of immunity in patients with various diseases.

Limitations of the studies reviewed include the need for additional large-scale clinical trials of even the
most promising markers, as well as a synthesis of the evidence for their performance. In addition, immune
monitoring is likely to increase the cost of patient care, necessitating the development of more affordable re-
search methods.

Conclusion. Almost all disorders in critically ill patients are associated with changes in the immune system.
Management of patients based on their immune profile requires determination of a personalized strategy for
immune modulation, treatment, and prevention of infection. Advanced monitoring of immune system func-
tions will contribute to the personalization of medicine, and the continuous development of biological tech-

nologies will allow to improve its methods.
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Introduction

The status of the immune system is pivotal in
critical illness. Whether caused by infection, trauma,
or other tissue damage, most patients admitted to
the intensive care unit (ICU) have an overactivation
of innate and adaptive immunity. This has a vital
importance and can often lead to organ dysfunction.
In addition, therapeutic interventions aimed at
restoring homeostasis can also alter the course of
chronic diseases and promote their progression.

Secondary infections are the most common
manifestation of immune system dysfunction. They
are the leading cause of mortality in intensive care
units worldwide and their treatment is associated
with significant financial costs [1, 2].

The pathogenesis of severe infections is char-
acterized by an uncontrolled immune response
leading to excessive release of inflammatory medi-
ators and developing immune dysfunction, which
may persist for a long time even after treatment is
completed [3].

In recent years, researchers have focused on in-
fection-induced immune dysregulation due to its role
in the development and prognosis of sepsis [4, 5].

Consequently, the identification of biomarkers for
monitoring the immune status may provide valuable
information for early diagnosis, effective prevention,
and treatment of septic complications. However,
despite extensive research in recent years, in-depth
monitoring of the immune system in critically ill pa-
tients has not become routine.

Severe tissue and organ damage is a hallmark
of critical illness. While intensivists are well-versed
in monitoring the brain, heart, lungs, gastrointestinal
tract, and kidneys, they are less familiar with immune
monitoring and its implications for assessing im-
mune function.

Aim of the review. To systematize information
on immune system monitoring in critical illness
for physicians of different specialties (anesthesiol-
ogists, intensivists, surgeons, general practitioners,
obstetricians and gynecologists).

Immune Status and Infections

Immune dysfunction plays a central role in
the development of sepsis complications. Pattern
recognition receptors (PRRs) directly identify mo-
lecular structures on the surface of pathogens,
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apoptotic host cells and damaged senescent cells.
Through recognition and binding, PRRs exert non-
specific anti-infective and other immunoprotective
effects. Immune cells recognize pathogen-associated
molecules (PAMPs) and damage-associated mole-
cules (DAMPs) through PRRs. PAMPs are specific
and highly conserved molecular structures that are
unique to specific pathogens. PAMPs are essential
for pathogen survival and often possess unique
molecular or subcellular properties not found in
host cells. Cells of the innate immune system can
recognize PAMPs through PRR, distinguish between
«self» and «foreign», and respond to pathogens and
their products. PRR can also recognize DAMP and
activate innate immunity. Binding of PRR to PAMP
or DAMP leads directly to phagocytosis of pathogens
by immune cells. The inflammatory response en-
hances the ability of the body to destroy invading
pathogens. Immune cells such as natural killer cells,
macrophages, dendritic cells, and parenchymal
cells, both epithelial and endothelial, are involved
in the early local immune response to pathogens.
The interaction of PAMP and PRR activates these
cells, triggering intracellular signaling pathways
that involve key factors and regulate the inflamma-
tory response [6, 7].

In most cases, the immune system effectively
eliminates invading pathogens through a combi-
nation of proinflammatory responses and repair
mechanisms. The proinflammatory response aims
to destroy pathogens through the release of cytokines
and chemokines, recruitment of phagocytes, and
local activation of the complement and coagulation
systems. Simultaneously, this anti-inflammatory
mechanism restores homeostasis. However, in severe
sepsis, the immune system cannot destroy pathogens
because the dynamic balance and regulation of
physiological processes are disrupted, leading to
excessive inflammation and immunosuppression.
The severity of immune dysfunction varies widely
among individuals [8].

Sepsis manifests as a complex state of immune
dysfunction, characterized by a constant release of
inflammatory mediators. The characteristic inflam-
matory response to infection is the activation of
the vascular endothelium, complement, coagulation
system, and neutrophil extracellular traps. Endothe-
lial dysfunction is present, as is the activation of
platelets and B cells, both of which have closely re-
lated and cross-regulated functions. Persistent im-
mune stimulation in severe sepsis is attributed not
only to pathogen entry but also to the release of
DAMPs, which activate PRRs. These PRRs often rec-
ognize PAMPs and initiate a deleterious cycle of
sustained immune activation and dysfunction. Sys-
temic activation of the innate immune system by
PAMP and DAMP causes a severe and sustained in-
flammatory response, commonly referred to as the

«cytokine storm» characterized by the excessive re-
lease of inflammatory cytokines such as IL-1, TNE
and IL-17 [9, 10].

The excessive inflammatory response leads to
cell and tissue damage, molecular dysregulation,
and ultimately organ dysfunction, including multiple
organ failure. Sepsis patients who survive the initial
hyperinflammatory phase enter the subsequent
immunosuppressive phase. The relationship between
hyperinflammation and immunosuppression is
complex and, contrary to previous beliefs, they do
not always occur sequentially. Immunosuppression
can coexist with excessive inflammation, particularly
in viral infections, characterized by lymphocyte de-
pletion and reprogramming of antigen presenting
cells (APCs) [11, 12].

The immunosuppression seen in sepsis is
closely associated with significant depletion of key
immune cell populations, including CD4+ and CD8+
T cells, dendritic cells (DCs), and B cells. The loss
of lymphocytes significantly impairs the ability of
the immune system to effectively fight and destroy
pathogens [13, 14].

Sepsis causes delayed neutrophil apoptosis
(which correlates with the severity of the disease)
and a rapid increase in neutrophil levels. Although
neutrophil apoptosis is delayed, accelerated apop-
tosis of other immune cells can compromise the
host immune system by inducing dephosphorylation
of epithelial caspase-8. As systemic inflammation
progresses, persistent neutrophil dysfunction com-
bined with the release of immature neutrophils
eventually leads to neutrophil deficiency [15, 16].

Apoptosis-induced reduction in the number
and function of DCs, which are highly efficient APCs,
can lead to impaired innate and adaptive immune
responses. This includes downregulation of HLA-
DR expression, induction of tolerance to endotoxin,
and decreased cytokine production, all of which
impair the ability of APCs to stimulate lymphocytes
and drive immune function. Thus, apoptosis exac-
erbates sepsis-induced immunosuppression of both
the innate and adaptive immune systems. Therefore,
exploring potential therapeutic targets to inhibit im-
mune cell apoptosis holds great promise for reversing
sepsis-induced immunosuppression [17-19].

Another phenomenon that exacerbates the
patient's condition is immune cell autophagy. It is
observed in almost all cell types involved in adaptive
immunity, such as lymphocytes, APCs and myeloid
cells. Autophagy is an important mechanism for
killing intracellular bacteria that affect T and B
cells. The effect of immune cell autophagy on the
body is a complex process, and when immune cells
can initiate programmed death, it reduces inflam-
mation in the body. However, if autophagy is ex-
cessively enhanced, the harmful effects may out-
weigh the protective effects [20, 21].
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Table. Imnmune status markers presented in the review.

Markers of immune status

Traditional Promising

Leucocyte differential
C-reactive protein
Procalcitonin

Cytokines and chemokines

HLA-DR expression

Denderitic cell assay

Neutrophil function markers: CD64, CD88, CD64, TREM-1, NET

Myeloid-derived suppressor cells (MDSC)

Complex analysis of T and B lymphocytes
Immune checkpoint analysis: PD-1 and PD-L1, Tim-3, CTLA-4, LAG-3, BTLA
Analysis of changes in apoptosis and autophagy of immune cells

The ability to fight infection is also influenced
by the characteristics of the patient's epigenome.
Post-translational histone modifications and DNA
methylation have been shown to alter the phenotype
of immune cells [22, 23].

New Information About Traditional
Markers of Imnmune Status

Inflammatory response is currently monitored
using all-purpose tests that do not distinguish be-
tween the type of response or the etiology of the in-
flammation (Table).

The leukocyte formula is the most commonly
used test to assess the immune system response
and is often underestimated. After activation of the
acute inflammatory response and release of adren-
aline, the residence time of leukocytes in the lung
or spleen decreases, contributing to a rapid increase
in their number in the blood. This response is brief
and nonspecific for infection, but is a sensitive
marker of the inflammatory response.

In addition to absolute and relative neutrophil
counts, the prognostic value of the neutrophil-to-
lymphocyte ratio has been demonstrated in many
studies and can be incorporated into clinical practice.
In fact, neutrophil elevation is usually associated
with a sharp decrease in lymphocyte count and in-
creased mortality during critical illness [24-26].
There are potentially many reasons for such lym-
phopenia, such as increased apoptosis following a
rapid increase in the concentration of proinflam-
matory cytokines, massive lymphocyte migration
into tissues, decreased lymphopoiesis as an acute
response to pathogenic stimuli, but the unifying
pathophysiologic mechanism combining all of these
factors has not yet been described.

Soluble markers such as C-reactive protein
(CRP) and procalcitonin are used for bedside mon-
itoring and clinical decision making. However, their
role in the immune response is often overlooked.

CRP is mainly produced in the liver, but also
by smooth muscle cells, macrophages, endothelial
cells, lymphocytes and adipocytes in response to
IL-6 release. Thus, in any clinical situation with a
high concentration of IL-6, there may also be a
high concentration of CRP circulating in the blood-
stream. CRP binds to complement molecules and,
depending on the form in which it is presented
(monomeric or pentameric), contributes to the op-

sonization of microorganisms, activation of neu-
trophils and monocytes, and stimulation or inhibition
of the inflammatory response [27, 28].

Most infectious diseases induce a generalized
immune response, so the diagnostic value of CRP
is low and its use is not recommended when deciding
on the use of antibiotics. On the contrary, monitoring
of CRP may be useful to assess the response to
pathologic agents. In patients with community-ac-
quired or nosocomial pneumonia, a halving of the
CRP level 72 hours after the start of antibiotic
therapy was associated with a better prognosis and
an effective response to antimicrobial therapy. On
the other hand, it should be emphasized that the
existing studies are very heterogeneous, some of
them have methodological gaps, which does not
allow drawing unequivocal conclusions on this
topic [29, 30].

Procalcitonin is a molecule produced both
by the parathyroid gland and by adipose tissue. In
the former, its secretion is dependent on calcium
and vitamin D levels, while in the latter it is released
as procalcitonin in response to inflammatory
stimuli such as IL-1 or IL-6. The expression of
procalcitonin in adipose tissue is inhibited by IFNy
(a major cytokine involved in the antiviral response)
and IL-17, which is actively released during infec-
tion. Procalcitonin should be more widely used as
a test to monitor the patient's response to treatment
and promote earlier discontinuation of antibiotic
therapy [31, 32].

Arecent meta-analysis evaluating 99 biomarkers
in 15,681 patients showed that initial measurement
of procalcitonin, CRP, IL-6 and sCD14 alone did
not help predict mortality in critically ill patients
with sepsis [33].

Thus, none of the reported soluble markers
help to determine the severity of immune dysfunc-
tion and do not reflect the overall response of the
host organism to infection.

In this regard, quantification of cytokines and
chemokines may be more accurate in determining
the nature of the immune response. Measurement
of serum cytokines has provided endotypes for
many manifestations of critical illness in ARDS or
sepsis [34, 35].

The increasing availability of assays for the
measurement of these molecules may in the future
help to integrate them into clinical decision protocols
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for the diagnosis of infection and immune dys-
function. Some serum cytokines are already used
as markers in clinical practice. In critically ill patients,
measurement of IL-6 levels was used during the
pandemic and helped to determine the indication
for tocilizumab [36].

Cytokine levels are thought to be associated with
the development and severity of sepsis and are therefore
reliable biomarkers. Examples include pro-inflam-
matory cytokines such as interferon-f# (IFN-) and
interleukins (IL-1f, IL-3, IL-6, and IL-7) [37].

Arecent meta-analysis included 145 studies re-
porting 26 immunological, 11 hematological, 5 in-
flammatory, 4 coagulation and 10 biochemical pa-
rameters. Cytokines (IL-1p, IL-1Ra, IL-2R, IL-4, IL-6,
IL-8, IL-10, IL-18, TNF-«, IFN-y, IgA, IgG) and CD4+
T/CDB8, CRB ferritin, D-dimer, serum amyloid protein
A and LDH were measured. These parameters were
significantly elevated in critically ill patients or in
those who did not survive. In addition, patients who
were not critically ill or survivors had significantly
higher counts of lymphocytes, monocytes, eosinophils,
CD3+ T, CD4+ T and CD8+ T cells, B cells and NK
cells, as well as the lymphocyte/monocyte ratio. Dis-
ruption of innate and adaptive immune responses,
as reflected by decreased levels of eosinophils, lym-
phocytes, monocytes, B cells, NK cells, T cells, and
CD4+ and CD8+ T cell subtypes, as well as impaired
blood coagulation and lung damage, were charac-
teristic of patients with poor prognosis [38].

This is also proved by the studies of Russian
researchers. Postoperative inflammatory stress re-
sponse was evaluated by changes in CRP, IL-1f,
IL-6. There was a correlation between the level of
proinflammatory cytokines and the severity of
pain [39]. Levels of systemic inflammatory response
markers (IL-6, CRP) did not affect survival and
length of hospital stay. Hemoperfusion in patients
with severe COVID-19 provided a decrease in CRP
concentration on the 1st day after administration.
When started early, it promoted a significant increase
in survival and shortened the duration of treat-
ment [40]. Cytokine profiles of activated B lympho-
cytes and their subpopulations were determined.
The results show that cytokine production by B cells
is significantly dependent on the activation and
differentiation of B lymphocytes [41]. A number of
cytokines (IL-25, IL-33 and TSLP) are involved in
the mechanism of development of allergic dis-
eases [42]. The obtained data on changes in the
levels of cytokines of the IL-10 family and IFN type
III demonstrate a disturbed interaction between
the systems of innate and adaptive immunity in in-
flammatory skin diseases with early subclinical de-
velopment of severe inflammatory response [43].
The above works partially describe the alterations
in immunity, but a complete picture of the immune
status is still missing.

The Most Promising Markers Associated
with Immune Cells

The assessment of the inflammatory response
is certainly incomplete if it is based only on soluble
markers and does not take into account the cellular
phenotype and the expression of biomarkers in
cells. These indicators reflect specific immune
changes and contribute to a better characterization
of the immune profile (Table).

Monitoring neutrophil function. Decreased
neutrophil bactericidal activity correlates with the
severity of sepsis-induced immunosuppression,
particularly in patients with poor prognosis. Common
markers of neutrophil function include CD64, trig-
gering receptor expressed on myeloid cells (TREM-1),
and CD88 [44, 45]. CD64 and TREM-1 are neutrophil
proteins whose activation affects neutrophil function.
Decreased expression of CD88 on neutrophils is
closely associated with an increased incidence of
subsequent secondary infections and is a strong
predictor of immunosuppression [46]. Neutrophils
produce extracellular traps (NETs) to capture
pathogens. NETs are involved in the inflammatory
response, killing and clearance of bacteria. However,
their overactivation can lead to an «inflammatory
storm» and damage to tissues and organs [47].

Monitoring monocyte/macrophage function.
Monocytes are antigen-presenting cells that mod-
ulate adaptive and innate immunity and influence
the nature of the T-cell response. Antigen presen-
tation depends on the number of HLA-DR molecules.
HLA-DR expression is a reliable marker of the
antigen presenting capacity of monocytes. Poor re-
covery of mHLA-DR may serve as an early guide for
clinicians in assessing the prognosis of patients
with sepsis [48]. Reduced risk of reinfection correlates
with increased mHLA-DR expression in peripheral
blood monocytes of such patients [49]. Periodic
monitoring of mHLA-DR expression together with
CRP may help to identify patients at increased risk
of sepsis in the ICU [50].

Monitoring the function of myeloid-derived
suppressor cells. MDSCs were first discovered in
cancer patients and mice. They significantly reduce
anti-tumor immunity mediated by T and NK cells.
Inflammation is a common feature of many diseases
and normal physiological conditions and is the pri-
mary driver of MDSC accumulation and function.
Although MDSCs are detrimental in cancer, they
can be beneficial in situations where cellular immunity
is overactive. Because MDSCs can be generated ex
vivo, they may be employed as therapeutic agents to
mitigate the damage caused by overactivated cellular
immunity. MDSCs play an important role in the in-
hibition of innate and adaptive immune responses,
including the immune responses in sepsis. MDSCs
have been found to be consistently high in sepsis
patients and elevated in nosocomial infections [51].
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Monitoring NK cell function. The involvement
of macrophages, neutrophils and DCs in the devel-
opment of sepsis has been confirmed, but the role
of natural killer cells (NK cells) is still unclear. On
the one hand, activation of NK cells is thought to
increase the risk of severe organ damage or death.
However, other studies have found that activation
of NK cells improves the course of sepsis [52]. The
relationship between CD8+ T cells and 28-day mor-
tality in sepsis is dependent on the number of NK
cells [53]. Tim-3 expression is strongly correlated
with NK cell function. Increased Tim-3 expression
promotes NKT cell activation and apoptosis in the
early stages of sepsis, which is associated with in-
creased disease severity and poorer prognosis.
Blocking the Tim-3/galectin-9 signaling axis with
a-lactose prevents in vitro apoptosis of NKT cells
isolated from sepsis patients. Disruption of Tim-3
activity protects mice against septic infection [54].

NK cells exert cytotoxic effects through the
production of various cytokines, the most typical
of which is IFN-y. Serum levels of IFN-y are an in-
dicator of NK cell function [55].

Analysis of dendritic cells (DCs). DCs are im-
portant APCs that play a critical role in the regulation
of both innate and acquired immune responses. In
sepsis, the number of DCs decreases with inhibition
of antigen-presenting capacity and is accompanied
by abnormal cytokine secretion, resulting in impaired
T lymphocyte activation. DC depletion and dys-
function are the major causes of the development
of immunosuppression associated with sepsis. Based
on the characteristic changes of DCs in sepsis, a
novel immunomodulatory strategy targeting apop-
tosis, differentiation, and dysfunction of DCs has
been proposed for the prevention and treatment
of severe burns and trauma complicated by sep-
sis [56]. Activation of cannabinoid receptor 2 in
acute lung injury associated with sepsis may im-
prove disease outcome by modulating DC matu-
ration [57]. PTEN-induced kinase 1 (dual substrate
specificity phosphatase, PTEN gene product) pro-
tects against DC dysfunction during sepsis by reg-
ulating mitochondrial function control [58]. IL-3
enhances antiviral immunity by improving the re-
cruitment and function of circulating DCs [59].
T. Zhang et al. identified novel anergic DC subtypes
characterized by low major histocompatibility
complex class II expression in a subset of patients
studied [60]. These anergic DC subtypes were sig-
nificantly more frequent in patients with sepsis.

Sepsis severity correlated with overexpression
of programmed death ligand 1 on antigen-presenting
cells. Combined analysis of SOFA or APACHE II
scores and programmed death ligand 1 levels in
monocytes and DCs may improve the quality of
mortality prognosis [61]. Cell wall peptidoglycan
released during bacterial replication activates human

DCs as evidenced by increased expression of surface
HLA-DR, CD83, T cell costimulatory molecules
CD40 and CD86, and chemokine receptor CCR7.
Cell wall peptidoglycan increased the production
of IL-23, IL-6 and IL-1f. DCs stimulated by cell wall
peptidoglycan induced differentiation of allogeneic
CD4+ T cells into T helper cells producing IL-17
and IL-21 [62]. Hemorrhagic shock, through impaired
DC function and maturation, inhibited cytokine
production, playing an important role in immuno-
suppression [63].

T Lymphocytes. Monitoring cytokine produc-
tion is a key measure of T cell function and differ-
entiation. Lymphopenia is a common feature of
acute inflammation [64]. Although the underlying
mechanisms are not fully understood, the involve-
ment of IL-7 is likely. IL-7 and CD127 receptor
activity is associated with mortality. This activity is
particularly reduced in septic shock [65].

In addition to normalizing T cell counts, main-
taining a diverse repertoire of T cells and a quanti-
tative balance between each cell phenotype is critical
for full recovery of homeostasis. During post-trau-
matic sepsis, the T cell response «shifts» toward the
TH2 phenotype, resulting in the loss of TH1. The
TH17/Treg ratio has a very strong positive correlation
with the SOFA score, indicating that the higher the
ratio, the worse the patient's prognosis [66].

Another study looked at 2570 patients with
sepsis from 25 studies. Cytokine levels were measured
in the ICU before and after treatment. A meta-
analysis found that a decrease in IL-6 and TNF-a
levels after sepsis treatment may indicate a better
prognosis and survival in patients [67]. Cytokines
can play both pro- and anti-inflammatory roles.
Complex interactions between cytokines, vascular
cells, and immune cells lead to a «cytokine storm»
and multiple organ failure, all of which contribute
to the severity of the patient's condition [68].

According to the pathobiology of sepsis, bio-
markers can be classified into 4 pathophysiological
groups related to immune dysregulation, endothelial
damage and coagulopathy, cellular damage, and
organ damage. However, large and multicenter
studies confirming the reliability of routine use of
circulating proteins for diagnosis or prognosis in
sepsis are lacking [69].

B lymphocytes. Serum IgG, IgA, and IgM con-
centrations directly reflect B cell status and activi-
ty [70]. Septic shock is associated with B-lymphocyte
deficiency and lymphopenia. Most studies have fo-
cused on the changes in a number of immune cells
during sepsis, while ignoring B cells. It turns out
that B cells play a more important role in sepsis
than previously thought. Both pathogen clearance
and survival were reduced in B-cell-deficient mice
with sepsis, whereas additional B cells improved
survival in Ragl-deficient mice. Upon encountering
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antigen, B cells differentiate into antibody-secreting
cells and memory B cells. Most studies report a de-
pletion of circulating B cells in patients with sepsis
and a poor prognosis. Their overall depletion may
be related to impaired apoptosis and maturation.
Sepsis also impairs B cell function [71, 72].

In addition to decreased B cell counts, patients
with sepsis develop significant B cell dysfunction.
Increased expression of CD80 and CD95 on the sur-
face of B lymphocytes is associated with an increased
risk of death in patients with sepsis [73, 74].

Effects on immune checkpoints. The check-
points are located on the surface of various cells
and may reflect immune status. The most studied
are the PD-1 (programmed cell death-1) protein
and the programmed cell death ligand 1 (PD-L1).
Studies have shown that PD-1 and PD-L1 are closely
associated with cancer progression in humans and
are promising therapeutic targets. In addition, the
interaction between PD-1 and PD-L1 is one of the
mechanisms by which human tumor cells evade
the immune response. Several drugs targeting check-
point inhibitors, including PD-1 and PD-L1, have
been developed and approved for the treatment of
various cancers [75]. Preclinical studies of targeted
immunosuppression, particularly with immune
checkpoint inhibitors, have demonstrated reversal
of immune cell dysfunction and development of
host resistance to infection [76]. PD-1 inhibition
with nivolumab is a promising treatment option
for immunosuppressed patients. It reactivates T lym-
phocyte function and restores immunity to fight
infection [77].

Other immune «checkpoint» molecules of in-
terest include cytotoxic T-lymphocyte antigen-4
(CTLA-4), T-cell membrane-3 (TIM-3), lymphocyte
activation gene 3 (LAG-3), and B- and T-lymphocyte
attenuator (BTLA) receptor.

Cytotoxic CTLA-4 is an immune control mol-
ecule expressed mainly on activated T cells and
regulatory T cells (Treg), which inhibits T cell acti-
vation and regulates immune homeostasis. Based
on the crucial functions of CTLA-4 in T cell biology,
immunotherapies targeting CTLA-4 have been de-
veloped for the treatment of autoimmune diseases
and cancer [78].

TIM-3 has been identified on the surface of
T helper 1 (Th1) cells, cytotoxic lymphocytes, mono-
cytes, macrophages, natural killer cells and dendritic
cells. TIM-3 plays a key role in immune regulation.
The inhibitory checkpoint TIM-3 is expressed on
the cell surface in most cancers, chronic autoimmune
diseases, inflammatory gastrointestinal diseases,
and some viral and parasitic diseases [79].

LAG-3 (CD223) has a regulatory role similar to
PD-L1 and CTLA-4, which is to inhibit immune
function, cell proliferation, maintain homeostasis
and cytokine production. LAG-3 is expressed on

Treg cells, natural killer cells, invariant NK-T cells,
activated CD4+ T helper and cytotoxic CD8+ T lym-
phocytes, B cells and plasmacytoid dendritic cells
after antigen stimulation. High expression of LAG-3
was found in a variety of tumors. Its expression was
mainly associated with poor outcomes, including
tumor progression, treatment resistance and metas-
tasis. The identified associations provide a rationale
for the measurement of novel biomarkers [80].

The recent introduction of monoclonal anti-
bodies targeting immune «checkpoints» for anti-
tumor immunity has revolutionized the treatment
of tumors. The success of therapies based on immune
checkpoint blockade depends mainly on blockade
of PD-1/PD-L1 and CTLA-4. However, the lack of
reliable prognostic biomarkers with limited overall
patient response is a major factor hindering the
success of immunotherapy. BTLA may be a novel
target for cancer immunotherapy. Disruption of
BTLA upregulation is common and associated with
poor prognosis in solid and hematological malig-
nancies. Binding of the BTLA receptor to the herpes
virus entry mediator (HVEM) ligand on the surface
of T cells results in decreased cell activation, cytokine
production, and proliferation [81].

In recent years, significant progress has been
made in the development of approaches that focus
primarily on immunotherapy, aiming to block mol-
ecules involved in immune evasion. However, there
are still problems in predicting their efficacy due to
the great heterogeneity of clinical responses. Thus,
there is a need to develop new strategies, both in
cancer and in other diseases [82].

Preclinical and early clinical studies have shown
that levels of PD-1, PD-L1, CTLA-4, TIM-3, LAG-3
and BTLA cytotoxic antigens are increased on im-
mune cells in sepsis. This is thought to be a major
contributor to immune cell dysfunction. These in-
hibitory regulators interfere with the immune re-
sponses needed to destroy invading pathogens.
Their interaction with various immune cells has
been shown to inhibit innate immune functions
(e. g., phagocytosis, cytokine production, and
pathogen clearance) and also results in impaired
T cell competence [83].

Analysis of epigenetic features [22, 23], alter-
ations in apoptosis [17-19] and autophagy of immune
cells [20, 21] are of great importance in assessing
the overall picture of immune system disorders.

Currently, multiple variables are used in the
ICU to assess the efficacy of hemodynamic stabi-
lization. As a result, it is likely that more than one
marker will be required to identify a reliable endotype
representing immune function.

Conclusion

Almost all disorders in critically ill patients
lead to alterations in immune status. Detailed mon-
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itoring of immune system function is required to
personalize their treatment.

Currently, there is a significant gap in our un-
derstanding of immune response trajectories and
the identification of markers for effective immune
monitoring. Even the most promising markers, such
as monocyte HLA-DR expression, require further
clinical studies.

In addition, immune monitoring is likely to
increase the cost of care for patients in the ICU, ne-
cessitating the development of alternative testing
methods.

Management of patients based on their im-
mune profile requires the development of person-

alized strategies for immune stimulation, treatment
and prevention of infection.

Successful implementation of personalized in-
terventions requires the identification of additional
biomarkers for accurate assessment of immune
status. Although some biomarkers are still in the
experimental stage, they hold the promise for future
clinical applications. Methods for monitoring im-
mune status are expected to improve with Advances
in modern biotechnology are expected to improve
the methods for immune status monitoring.
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