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Lymphopenia as a determinant factor of sepsis severity,
as an exact diagnostic criterion, and as an object of therapy
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AHHOTAIIUA

TTOTBITKY OIITUMHUBAIMHI JUATHOCTUKH CEIICHCA U €T0 OCJ0KHEHUH MPUBEIH K cO3/IaHuI0 KoHnennuu Cemncuc-3,
BCTYHAOIIEH B MPOTUBOPEYHE C OCHOBHBIMH TOJIOKEHUSMHU TEPAIIHNU 3TOTO YIPOKAIOIIETO COCTOSHUS, a UMEHHO —
MaKCUMaJIbHO pAaHHUM Ha4yaJiOM JieueHUs. B CBOIO ouyepe/ib, BHE/[pEHNE HOBBIX METO/IOB MOHUTOPUHTA U MIPOTE3UPO-
BaHUA QPYHKIMI OPraHOB MPU MOJIUOPTAaHHON HEOCTATOYHOCTH HE BBI3BAJIO 3aMETHOIO YJIYUIlIeHHUs Pe3yIbTATOB Te-
panuu cemncuca. [IIupokoe pacrpocTpaHeHre Pe3UCTEHTHHIX K aHTUOMOTUKOTEPATINY IIITAMMOB TaK3Ke TpeOyeT moucka
HOBBIX ITOJTX0/IOB B TUATHOCTUKE M TEPATIUU CETICHCA.

Hacrosmuii 0630p Ipu3BaH aKIeHTUPOBATh BHUMAaHUE Ha TAKOM TUITUYHOM JIJIsI CETICHCA SIBJIEHUH, KaK abCOJTIOT-
Has tuMdoreHns1. MHOTOYHCIEHHbIE UCCIIEIOBAHUS MIOKA3BIBAIOT, YUTO MMEHHO JIMMGOIIEHHU I OTIPE/IEIISIET TAKECTD Te-
yeHHs cerncuca. KoMmo3uTHble HH/IEKCHI (COOTHOIIeHHEe HerTpodubl/muMdonutsl (neutrophil-lymphocyte count ratio,
NLCR) uiu iuM@pOmuTapHbIN HHEKC (COOTHOIIIEHHE JTUMQPOIUTHI/TPAHYJIONUTHI HEPUDEPHUUECKON KPOBH)) ABJISIIOTCS
HaunboJsee HaZIEXKHBIMU KPUTEPUSIMHU B IUATHOCTUKE cercruca. Kpome Toro, mpesicTaBieHHbIE JaHHBIE CBUETEIbCTBYIOT
0 TOM, YTO KOPPEKIH JIUMMOIIEHUH OCTOBEPHO YJIydIllaeT MPOrHO3 mpH cerncuce. OUeBUIHO, YTO MPU3HAHKE KJII0Ue-
BOH poJii abCOMIOTHON TUMQOIIEHUH B IIATOTeHe3e, JUATHOCTUKE U TEPANIUU CETICUCA MOCTYKUT TOJTYKOM K JlaTbHeH-
IIIeMY Pa3BUTHIO KOHIIETIITUY CETICHCca.

Karoueewvte c108a: CeIcuc, TUarHoCTUKa, TUM@OoIeHust, TUMOOIUTAPHBINA HH/IEKC.

ABSTRACT

Attempts to optimize the diagnosis of sepsis and its complications have led to the development of Sepsis-3 concept
which contradicts the basic provisions of therapy for this threatening condition, namely, the earliest possible onset of the
treatment. In turn, the introduction of new methods for monitoring and substitution of organ functions in multiple organ
failure did not cause a noticeable improvement in the results of sepsis therapy. The high incidence of antibiotic-resistant
strains also requires the search of the new approaches in the diagnosis and therapy of sepsis.

The present review is intended to focus on such a typical sepsis phenomenon as absolute lymphopenia. Numerous
studies show that it is lymphopenia that determines the severity of sepsis. Composite biomarkers (the neutrophil-lympho-
cyte count ratio, NLCR) or lymphocyte index (the lymphocyte/peripheral blood granulocytes ratio)) are the most reliable
criteria in sepsis diagnosis. In addition, the presented data suggest that lymphopenia correction significantly improves
prognosis in sepsis. It seems clear that the acknowledgment of the absolute lymphopenia’s key role in pathogenesis, diag-
nosis and therapy of sepsis will serve as an impulse for further development of sepsis concept.

Keywords: sepsis, diagnostics, lymphopenia, lymphocyte index.
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CoriacHO HCC/IEIOBAHUAM YHCJIO IAIEHTOB C
CETICHCOM COCTaBJISIET IPUMEPHO 800 000 B IO/ TOJIb-
ko B CIIIA, JjieTaIbHOCTh IIPU CETICUCE HAXOJUTCH B
npeziesiax 30 %, a o0Iasi CTOMMOCTh TEPAITMH paBHA
39 % OT BcexX rOCIUTAIBHBIX pacxo/ioB. Toapko B CIIIA
CETICHC SBJISIETCS IPUUMHOU CMEPTH 210 000 OOJIBHBIX
B roz [1]. Cpean cymecTByIOIIUX MpOOIEM Teparvu
0OJIBHBIX C CETICHCOM MOKHO BBIJIEJIUTD CIIEYIOIIHE.

Bo-mepBbIX, MOBTOpsIONIHECS Heyaauu Oosee
30 KJIMHHYECKUX HCCJIeIOBAaHUN 3a IIOCIeJHUE He-
CKOJIBKO JIET, 0A3UpYIOIIUXCA Ha THUIIEPBOCIAIHN-
TEJIbHOM OTBETE IPU CEICHCE, CBUJIETEIHCTBYIOT O
HEeI0CTaTOUHOCTH HAaIllero IIOHHMAaHHs IIaToreHesa
cericuca [2, 3]. Bo-BTOpBIX, KJI0YEBBIM MOMEHTOM B
Tepaluy CEeIcrca SIBJsSETCS PaHHSIsS [UArHOCTUKA U
MaKCHUMAaJIbHO PaHHsSA aJleKBaTHasl JIMATHO3Y aHTH-
bakrepuasibHast Tepanus [4]. [IpuHATas KOHIETIUSL
Cericric-2 I03BOJISIJIA TIOCTABUTD IUATHO3 U IPHUCTY-
IMUTH K 3JIEKBATHOU TepaIvU, BKIOYAs XUPyprude-
CKOE€ JIeUeHHe, B TeUEHHE IIEPBOT0 Yaca HaX0XK/IeHUs
B CTallMOHApE, OZTHAKO B IOCJIEYIOIIEM ObLIa Mo/-
BEPTHYTa CIIPABEJJIMBON KPUTHUKE 3a OTCYyTCTBHE
TOYHBIX KDUTEPHEB PAHHEN JUATHOCTUKU U OIIpeie-
JieHus ¢as CeNTUYECKOTO IIPOIecca, YTO IPUBOIAIIO
K TUIIEP/IMAaTHOCTHUKE B IEPBYIO a3y U TPYAHOCTH
IMOCTAaHOBKHU JIMaTHO3a BO BTOPYIO. B-TpeThux, KOH-
nenius Cericrc-3, /iejiast akIeHT Ha IPHU3HAKaX IMo-
JIMOPTraHHOW HEJ0CTATOYHOCTH KakK Hawbosee J0-
CTOBEPHBIX, HO MO3/IHUX MIPU3HAKAX CEIICHCA, BCTY-
IMaeT B IMPOTHBOPEYUE C IJIABHBIM IPHUHITAIIOM Te-
panuu [5].

TakuMm 00pa3oM, CJIOKHIACh CUTYaIlusi, KOTZa
TpebyeTcsi MepecMOTp W IAaTOTeHETHYECKUX MeXa-
HHU3MOB Pa3BUTHS CEIICHCA, U KPUTEPUEB JIMATHOCTH-
KU, ¥ HOBBIX 3((EKTUBHBIX METO/IOB €TI0 TEPATUH.

1. JInmdponenusa kak paxkrop, onpeaesaa-
IOLUI TAMKECTh CEeIICHuca

VMMyHHBIA OTBET IIPU CEIICUCE, COTJIACHO CO-
BPEMEHHBIM TIPE/ICTABJIEHUSIM, BKJIIOUAET Be (as3bl
[6, 7]. IlepBasa dasza xapakTepusyeTcs aKTUBAI[UEH
KJIETOK UMMYHHOU CHUCTEMbBI U MPOTEKAET C Mpeod-
JIaIaHUEM CUH/POMA CUCTEMHOTO BOCIIATUTETLHOTO
otBeta (CCBO), mposABIIAIONIErocs MpenMyIIecTBEH-
HBIM CHHTE30M IIPOBOCIIUTEIBHBIX ITUTOKUHOB
(®HO-q, IL-1R, B, 8) u apyrux MapkepoB Bocmae-
Hus — C-peaktuBHoro 6esnka (CPB), mpokasbiiuro-
HuHA. HanbosrbImid pocT ypoOBHSA MPOBOCTIAIUTETb-
HBIX MEUAaTOPOB B KPOBOTOKE («IIUTOKUHOBBIH
IITOPM>») XapaKTEPEH JIJISI CETNICHCA H CEIITHYECKOTO
III0Ka, COMPOBOXKAAIOIIMUXCA JUCPYHKIIUENR OTHOTO
WIN HECKOJIbKUX OPraHOB — TOJIMOPTaHHOW HE0-
cratrouHocteio (IIOH). Bropas ¢dasa centuueckoro
mmpoliecca cBsizaHa ¢ opMUpPOBAaHUEM IIPOTHBOBOC-
MaJInTeJIbHOro oTBeTa [6—8].

According to studies, the number of patients
with sepsis amounts approximately for 800 000 per
year in the USA alone, the mortality rate for sepsis is
within 30%, and the total cost of therapy equals to
39% of all hospital expenses. In the USA alone, sep-
sis causes 210 000 deaths of patients per year [1].
Among the existing problems in the treatment of pa-
tients with sepsis are the following.

First, the recurring failures of more than 30
clinical studies over the past few years based on
hyperinflammatory response in sepsis suggest a
lack of our understanding of sepsis pathogenesis
[2, 3]. Secondly, the key point in sepsis treatment
is early diagnosis and the earliest possible antibac-
terial therapy adequate to the diagnosis [4]. The
accepted Sepsis-2 concept allowed to make a diag-
nosis and begin adequate therapy, including sur-
gery, during the first hour of admission to the hos-
pital, but was subsequently justly criticized for the
lack of accurate early diagnosis criteria and deter-
mination of septic process phases, which led to
overdiagnosis in the first phase and difficulties in
making a diagnosis in the second. Thirdly, the Sep-
sis-3 concept, emphasizing the multiple organ fai-
lure symptoms, as the most reliable but late signs
of sepsis, contradicts the main principle of thera-
py [5].

Thus, a situation has arisen when it is required
to revise both the pathogenetic mechanisms of sepsis
development, its diagnostics criteria, and new effec-
tive methods of its therapy.

1. Lymphopenia as the factor defining the
severity of sepsis

The immune response in sepsis, according to
modern concepts, includes two phases [6, 7]. The
first phase is characterized by activation of cells in
the immune system and proceeds with predomi-
nance of systemic inflammatory response syndrome
(SIRS) which is shown by primary synthesis of pro-
inflammatory cytokines (TNF-a, IL-1R, B, 8) and
other markers of inflammation — the C-reactive pro-
tein (SRP), pro-calcitonin. The largest growth of lev-
el of pro-inflammatory mediators in blood flow (“cy-
tokine storm”) is characteristic of sepsis and the sep-
tic shock which are followed by the dysfunction of
one or several organs — multiple organ failure
(MOF). The second phase of septic process is con-
nected with the formation of the anti-inflammatory
response [6—8].

Therefore the prospects of sepsis treatment in
the initial phase usually are associated with active
anti-inflammatory and antibacterial therapy. It is
significant that the early prescription of antibacterial
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ITo3TOMY TIepCIEKTUBBI JIEUEHUs CEIICHCa B Ha-
yasbHOU (Da3e 0OBIYHO aCCOLUUPYIOTCA C IIPOBEiE-
HHUEM aKTHUBHOHN NMPOTHBOBOCHAJIUTEILHON U aHTHU-
OakTepuaJbHOU Tepanuu. [lokasaresbHO, YTO paH-
Hee Ha3HAaYeHUE AHTHOAKTEPHAIBHBIX IIPENapaToB
U METOABI MAaTOTeHETHUEeCKOU TepPaITiy, IIPAKTUKYe-
MbI€e B TIOCJIE/THEE BPEMSI, IPUBEJIU K CMEIIEHHIO 10-
KazareJs JIETAJIBHOCTU B (a3y UMEHHO HUMMYHOCY-
npeccun: 6osiee 70 % HETaTUBHBIX HCXOJIOB PEru-
CTPUPYIOTCS IOCJIE 3-TO JTHs O0sie3Hu [9].

VIMEeHHO IMMYHOCYIIPECCHS ¥ Pa3BUBAIOIIUNCS
IpU 3TOM «HUMMYHHBIA Tapajuy» CTAHOBATCS
OCHOBHBIMH MPUYHUHAMU JIETAIBHOCTH B 3Ty (hasy
cericuca [10]. Takum 00pa3oM, ecIu paHee CEICHC
CUHUTAJICS CUHPOMOM HEKOHTPOJIMPYEMOTO BOCHA-
JIEHUs], TO celiuac MHOTHE aBTOPhI UMEHHO C UMMY-
HOCYIIPDECCHEHN CBA3BIBAIOT U TAXKECTh TEUEHHUs, U
Pe3UCTEHTHOCTH K Tepanuu [11—-17].

VIMeHHO JJaHHbIE HAPYIIEHUS UMMYHUTETA SB-
JIIFOTCA TJIABHOW MPUYUHOU MO3/IHEHN JIETAJIHHOCTU
ipu cericuce [18]. FiMeeTcst JOBOJIBHO OOIITHUPHAS JTO-
KazareJbHasl SKCIEPUMEHTAIbHAS U KINHUYECKas
6a3a, CBH/IETEIHCTBYIOIIAA O POJIM WMMYHHOH Cy-
Mpeccuu TakKe B reHese jyuTesabHoi IIOH [19—22].

Cericuc-vH/IyI[IPDOBaHHbBIE PACCTPONCTBA BPOK-
JIEHHOTO U IPHOOpPETEHHOr0 UMMYHUTETA Hapyla-
IOT KJIUPEHC TAaTOTEHOB U CIOCOOCTBYIOT Pa3BUTHIO
BTOpUYHOU mHbeKnnu. O6 5TOM TOBOPAT pe3ysIbTa-
TBI AYyTOIICUU U QYHKI[MOHAIbHBIE /Ie(DEeKTH UMMYH-
HBIX 3G (PEKTOPHBIX KJIETOK Y MAIIUEHTOB, YMEPIIIX
ot cercuca [23].

Bakuelelr 4epToi cerncuc-uHIyIIIPOBAHHON
MMMYHOCYTIDECCUU SIBJISIETCSI TOTEps] WMMYHHBIX
KJIETOK BCJIEACTBHUE aronTo3a, Bkirouas CD4 u CD8
T, B u bosuMKYIApHBIE JIEHAPUTHBIE KIeTKU. Kiu-
HUYECKHE UCCIeI0BAHUS ITOKA3bIBAIOT, UTO YPOBEHD
[UPKYJIUPYIOIIHX JUM(OIUTOB IT/JA€T C CAMOTO Ha-
yajia Pa3BUTHA CEICHCa M OCTAETCS CHIKEHHBIM B
TeueHHne MoCIeymux 28 ¢yt [6, 24—29].

IpuunHamu JTUMGbOTIEHUH SIBJISIOTCS B TIEPBYIO
ouepe/ib MaccoBas rubesb TUMQOIUTOB BCIJIEICTBYE
aKTUBAIINMU aroITO3a U IPOTHBOBOCIATHUTETHHBII
OTBET.

Anonmos. MHayknus anomnTtosa JUMQGOIUTOB
MOJXKET OCYIIECTBIIATHCSA JINOO IyTEM 3KCIPECCHH
Fas- u ®HO-pernenTopoB miazMaTudeckod Mmemopa-
HBI («BHEIIHUH IIyTh» ), TU00 6J1arofapsi CHIZKEHUIO
MeMOPaHHOTO IOTEHIIMAIa MHUTOXOHJIPUU («BHY-
TPEHHUH IyTh») [30]. BaskHy!0 POJIb B 3TOM ITpoIiecce
WTpaloT Kacnassl (pepMeHTHAsA cucTeMa, OTHOCHIIA-
sICSL K I[UCTEMHOBBIM NPOTENHA3aM). BHEITHUN IyTh
arorTo3a OIMOCPEI0BaH KACHa3oi-8, Tor/ja Kak BHY-
TPpEHHUH — Kacrmason-9. B 3aBepinaromieil craguu
KJIIOUEBYIO POJIb UTPAET yKe Kacrasza-3, B aKTUBAIIIH

drugs and the methods of pathogenetic therapy,
practiced currently, led to lethality rate shift in the
immunosuppression phase: more than 70% of nega-
tive outcomes are registered after the 3™ day of a di-
sease [9].

It is immunosuppression and the resulting im-
mune paralysis that become the main causes of le-
thality in this phase of sepsis [10]. Thus, if previously
sepsis was considered a syndrome of uncontrolled
inflammation, nowadays many authors associate
both severity of the course, and resistance to therapy
with immunosuppression [11—-17].

These disturbances of immunity are the main
reason of late lethality in sepsis [18]. There is quite
extensive evidential experimental and clinical base
testifying to the role of immune suppression and also
in genesis of long-term MOF [19—22].

The sepsis-induced disorders of innate and ac-
quired immunity interfere with the clearance of
pathogens and contribute to the development of sec-
ondary infection. This is evidenced by the results of
autopsy and functional defects of immune effector
cells in patients who died of sepsis [23].

The most important feature of sepsis-induced
immunosuppression is loss of immune cells owing to
apoptosis, including CD4 and CD8 T, B and follicular
dendritic cells. Clinical studies show that the level of
the circulating lymphocytes falls from the onset of
sepsis and remains reduced during the subsequent
28 days [6, 24—29].

The causes of lymphopenia are primarily mass
death of lymphocytes owing to activation of apopto-
sis and anti-inflammatory response.

Apoptosis. The induction of apoptosis of lym-
phocytes can be carried out either by an expression
of Fas- and TNF-receptors of plasma membrane (ex-
ternal way), or thanks to decrease in membrane po-
tential of mitochondria (internal way) [30]. An im-
portant role in this process is played by caspase (the
enzyme system relating to cysteine proteinases). The
external way of apoptosis is mediated by caspase-8,
whereas internal — by caspase-9. These two enzymes
participate in activation of caspase-3 which plays a
key role during the critical stage [31]. Laboratory
markers of immunocompetent cells apoptosis are:
increased expression of proteins CDg5 (Fas-recep-
tor) and CD120 (tumor necrosis factor receptor) on
plasma membranes, a decrease in membrane poten-
tial of mitochondria, an increase in activity of cas-
pases. The main component of a cell interfering
apoptosis is Bel-2 mitochondrial protein whose ex-
pression is usually associated with anti-apoptotic
activity [32].
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KOTOPOH YJaCTBYIOT /[Ba BBIIIEHA3BAHHBIX (hepMeHTA
[31]. JTabopaTopHBIME MapKepaMH amoITO3a UMMYy-
HOKOMIIETEHTHBIX KJIETOK SIBJISIIOTCS: BBIpAXKEHHAS
skcrpeccus 6ekoB CD95 (Fas-perntenrtop) u CD120
(peueniTop K akTOpy HEKPO3a OITyXO0JIN) HA IIa3Ma-
TUYECKUX MeMOpaHax, CHIKeHe MeMOPaHHOTO II0-
TEHINAJIa MUTOXOH/APUH, IOBBIIIEHNE AKTUBHOCTHU
kacra3. OCHOBHBIM KOMIIOHEHTOM KJIETKHU, IIPEIAT-
CTBYIOIIIMM aTIOIITO3Y, IBJISIETCS MUTOXOH/IPUATTEHBII
6estok Bcl-2, sxcnpeccrst KOTOPOro 0OBIYHO aCCOITUHU-
pyeTcsi ¢ aHTH-aIIONTOTUYECKOH aKTUBHOCTBIO [32].

AKTHBAIUSA aIONTO3a IPU CETICHCE OCYIIECTBIIA-
eTcst 000UMU IMyTsAMU, IPU 3TOM Pa3pyIIEHUIO MOJ-
BEPraroTcs MPeNMYyIECTBEHHO JIUMQOIIUTBEI, a TAKXKe
JIEH/IDUTHBIE U SIUTEINAIbHbIE KIeTKu [33]. Pa3Bu-
Tre JUMQOIEHUN OTHOCHUTCS K OJHOMY U3 PaHHUX
IIPOSIBJIEHUH aIloINITO3a IIPY Celcuce, TPUYeM aKTHUBa-
M IPOIECCOB AIIONTO3a JIUM(OITUTOB KPOBU OTMe-
YyaeTcs MPHU CEICHCe y MAIEHTOB PA3JIMYHBIX BO3-
pactHbpix rpynn [34]. Kierkamu, ob6sanaromuMu
YCTOMYMBOCTBIO K aIloOITO3y, ABJAIOTCA T-perysis-
TopHbIe TuM@onuThl (Treg). YpoBeHb UX IIPU CETICHCe
3HAUMMO YBeJINYNBAETCS KaK B KPOBH, TaK U B TKAHAX
[35, 36]. IloBbimenne ypoBHs Treg COMPOBOKIAETCS
CYIIPECCHBHBIM BJIMSTHUEM KaK Ha BPOXKJIEHHBIH, TaKk
1 Ha aJIalITUBHBIM UMMYHUTET, UTO, B YACTHOCTH, ITPO-
ABJIsETCA TOAaBIeHneM IIposindepaTUBHON U (PyHK-
[IMOHAJIBHOU aKTUBHOCTH 3(PDeKTOpHBIX T-KIIETOK.

ATOIITO3 KJIETOK HMMYHHOM CHCTEMBI pPeru-
CTpUpYeTCcs He TOJIBKO B KPOBU, HO M B PA3TUYHBIX
JMMQOOUHBIX OpraHax — ceJjie3€Hke, Jumdarnye-
CKUX y3J1aX, THMYCe, a TaK’Ke B aCCOITUMPOBAHHOH ¢
KUIIIEYHUKOM JIUMMOUHON TKaHu. CHIDKeHUEe KO-
JinyecTBa JIMMQOIUTOB B CTEHKE KUIIEYHUKA CIIO-
coOCTBYyeT TPAHCIOKANMHU OaKTEPUU B CUCTEMHBIHN
KPOBOTOK U YBEJINUEHHUIO BEPOSTHOCTH DPa3BUTHUSI
BTOPUYHBIX WH(MEKIUN [37], Ipu 3TOM BBIpasKeH-
HOCTb aroNTo3a JUM(POUUTOB IPAMO KOPPeJIUpyeT ¢
TSXKECTHIO CENITUYECKOTO IIPOIIECCa U CTETIEHBIO UM-
MyHOCcympeccuu [38].

IIpomueogocnaaumensvuuiii omgem. ITO CO-
crosiaue (CARS (compensatory anti-inflammatory
response syndrome) o R. Bone (1996)) xapakrepu-
3yeTcs SKCIpeccuell MPOTUBOBOCIANUTENIBHBIX ITU-
TOKHUHOB (B mepByto ouepens IL-10 u IL-6) u penern-
TOPHBIX AHTATOHUCTOB ITPOBOCHATIUTEIBHBIX ITUTO-
KHHOB B 0oJiee O3/THUE CPOKU C MOMEHTAa WHUIINA-
IUu OTBeTa. [IPOTHBOBOCIATUTENHHBIN OTBET IPHU
Cencrice BO3HUKAET MIPAKTHYECKU OJTHOBPEMEHHO C
Ppa3BUTHEM CHUHIPOMA CHCTEMHOTO BOCIIATTUTETHHO-
ro otBeta (SIRS — systemic inflammatory response
syndrome). CARS cran obGbsicHeHueM eeKToB
aZJaliTUBHOTO HMMYHHUTETA, BKJIIOUas HapyIleHHe
QHTUTEH-TIpEe3eHTUpyIomel QyHKIuU, AuchyHK-

Activation of apoptosis in sepsis is carried out in
both ways, when mainly lymphocytes, as well as den-
dritic and epithelial cells are exposed to destruction
[33]. Development of lymphopenia belongs to one of
the early manifestations of apoptosis in sepsis, and
the activation of blood lymphocytes’ apoptosis is ob-
served in sepsis in patients of various age groups
[34]. The cells having resistance to apoptosis are T-
regulatory lymphocytes (Treg). In sepsis their level
increases significantly both in blood, and in tissues
[35, 36]. An increase in Treg level is accompanied by
a suppressive influence on both innate and adaptive
immunity that, in particular, is manifested by sup-
pression of proliferative and functional activity of ef-
fector T-cells.

Apoptosis of the immune system cells is regis-
tered not only in blood, but also in various lymphoid
organs like the spleen, lymph nodes, thymus and
also in the lymphoid tissue associated with intestine.
A decrease in quantity of lymphocytes in intestinal
wall promotes bacterial translocation to systemic
circulation and an increase in the likelihood of sec-
ondary infections [37], while the intensity of lym-
phocytes apoptosis directly correlates with severity
of septic process and the degree of immunosuppres-
sion [38].

Anti-inflammatory response. This state (CARS,
compensatory anti-inflammatory response syn-
drome according to R. Bone (1996)) is characterized
by the expression of anti-inflammatory cytokines
(primarily IL-10 and IL-6) and receptor antagonists
of pro-inflammatory cytokines at a later date after
the initiation of the response. The anti-inflammato-
ry response in sepsis arises almost simultaneously
with development of systemic inflammatory re-
sponse syndrome (SIRS). CARS has become an ex-
planation for defects of adaptive immunity, includ-
ing impaired antigen presenting function, macro-
phage dysfunction, impaired T-cell proliferation,
activation of apoptosis of lymphocytes and dendritic
cells [39].

There are numerous data on the relationship be-
tween the level of IL-6, IL-10 in blood and the risk of
infection in postoperative period, that is associated
with formation of the anti-inflammatory response in
the late postoperative period due to the high IL-10
level. IL-10 dose-dependently disrupted the response
of T-lymphocytes to various mitogens, downregulat-
ed the secretion of IL-2 and IFN-y. Moreover, a de-
crease in functionality of T-lymphocytes was com-
bined with an increase in CD4+, CD25+ Tregs as is
observed in sepsis [40].
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nuo Makpodaros, HapyllleHue IIpoliecca mpoaude-
panuu T-KJIeTOK, aKTUBAIUIO allonTo3a JIMMQOIH-
TOB U JICHAPUTHBIX KJIETOK [39].

lMeroTcss MHOTOYHCJIEHHBIE JJAHHBIE O CBA3U
Mexzy copeprkanueM IL-6, IL-10 B KpoBU U pUCKOM
pasBuTUA UHQPEKIIUH B IOCJIE0NIEPAITHOHHOM IIePHU-
0/ie, UTO CBA3AHO ¢ (POPMUPOBAHHIEM ITPOTUBOBOCIIA-
JINTEJIPHOTO OTBeTa B IO3AHUN IIOCIIEOTEepPAIOH-
HBIHM IIepuoy] 3a cyeT BBICOKOro ypoBHA IL-10. IL-10
J103a3aBUCUMO Hapymiana orBeT T-ruMdonuroB Ha
pasJyinyHble MUTOTEHBI, YMeHbIaJI cekpernio I1L-2 u
N®H-y. Bosee Toro, cHmkeHNEe QYHKITMOHATBHOCTH
T-nmumdonuToB couerasnach ¢ yBeandeHuem CD4+,
CD25+ Treg, kak 9T0 1 HaOJII0/aeTcs IPH CeIICHCe
[40].

OfHUM U3 Pe3yIbTATOB SKCTPEMAIBHOTO MUe-
JIOII0334 ABJISIETCA NMOsABJIEHNe MUEJIOU/THBIX CyIIpec-
COPHBIX KJIETOK B KOCTHOM MO3Te, BO BTOPHUYHBIX
JUM@OUTHBIX OpraHax W B OpraHax pPETHUKYJIO-
SHJIOTETUIBHON cucTeMbl [41]. MuenoumHble cy-
npeccopHbie kiieTku (MDSC) — rereporeHHast momy-
JIIOUS KJIETOK, KOTOPBIE CIIOCOOHBI K ITOABJIEHUIO
orBera T-KieTok 3a cuer npoayknuu IL-10, TNF-q,
iNOS, aprunassl 1 aKTUBHBIX GOPM KHcIopoza [42].
AKTHBHOCTh HOJOOHBIX KJIETOK HAIPAMYIO KOppe-
JIMPYeT C UMMYHHOMU cyTnipeccuei [15, 43, 44].

Kpome Toro, 610 TOKa3aHO HA OTHOCHUTEJIEHO
HeOOJIBIIION KOTOPTE MAlEHTOB, UYTO ITEPCUCTHPYIO-
mas ITIOH, onpesesnsiemas 1o COXpaHeHUIO IIoKa3aTe-
ss1 SOFA 6osee 5 6a/U10B, XapaKTepU3yeTcsl yBeIude-
HHEM cofiep:kaHus Ki1eTok ¢ penoruriom HLA-DR-/
CD11f+/CD14+/CD33+ 1 yBeJIuueHUEM KOHIIEHTpa-
MU TPOTUBOBOCIIAJIUTEHHOTO IUTOKUHA [L.-10, UTO
aCCONMUPYETCs ¢ UMMYHHOH CyIIpeccued y manueH-
TOB [45]. IIpu Bocnasienuu Bei6poc MDSC u anaso-
T'OB PE3KO BO3PACTAeT B CIILY JIeHCTBUSA TAaKUX CIIeI-
¢uuecKkux MOJEKYISAPHBIX CTPYKTYp, kKak DAMP
(danger-associated molecular patterns) u PAMP
(pathogen-associated molecular patterns) ¢ skcrpe-
MaJIbHOU peopraHU3aIiuel MUesonossa [46, 47].

Cpenn MMMYHHBIX KJIETOK, OTBETCTBEHHBIX 32
pas3BUTHE cericuca, Makpodaru ¥ rpaHyJIOIUThI U3yde-
HbI HanbOoJIee ITOJTHO, TOTA KaK Posth T-1uMdOIuToB B
nesioM u cyonomysanui T- u B-ymmdonuros B yact-
HOCTH OIIFICAaHA 3HAYNTEIbHO MeHbIIIe. B skcriepumeH-
T€ B TKAHAX CEJIE3EHKU 1 KPOBU OTMEUYEHO 3HAUUTETh-
HOE CHIDKeHUE 00IIero copeprkanus T-KJIETOK, XOTs
OTHOCHUTENIbHOE M abcosmioTHoe cozepskanue CD4+,
CD25+ Treg, Kak MpaBUJIO, TIOBBIIIAETCS B KPOBU U
6ostbiHCTBE OpraHoB. Eciu B cene3énke u CD4+, u
CD8+ mocToBepHO CHUKEHBI (45 1 36 % COOTBETCTBEH-
HO) uepe3 20 9 IOCJIe MOJIETPOBAHMS CETICHCa, TO OT-
HoOcHuTeJIbHOe Yncio Treg 6bUT0 yBeIMYeHo B 1.6 pasa.
MozkHO cziesiaTh BBIBOJI, UTO Treg 60siee yCTOMYUBEI K

One of results of the emergency myelopoiesis is
the appearance of myeloid suppressor cells in bone
marrow, in secondary lymphoid organs and in or-
gans of mononuclear phagocyte system [41]. My-
eloid-derived suppressor cells (MDSC) are hetero-
geneous population of cells which are capable of
suppressing T-cells response through the produc-
tion of IL-10, TNF-qa, iNOS, arginase and reactive
oxygen intermediates [42]. The activity of similar
cells directly correlates with immune suppression
[15, 43, 44].

Besides, it was shown on rather small cohort of
patients that the persistent MOF defined by the
maintenance of the SOFA score above 5 points is
characterized by an increase in content of cells with
HLA-DR- / CD11p+/CD14+/CD33+ phenotype and
an increase in concentration of the anti-inflammato-
ry cytokine IL-10, which is associated with immune
suppression in patients [45]. In inflammation the re-
lease of MDSC and the analogs sharply increases ow-
ing to the action of such specific molecular structures
as DAMP (danger-associated molecular patterns)
and PAMP (pathogen-associated molecular pat-
terns) the with the extreme reorganization of myelo-
poiesis [46, 47].

Among the immune cells responsible for the
development of sepsis, macrophages and granulo-
cytes are most fully studied, while the role of T-lym-
phocytes in general and both subpopulations of T-
and B-lymphocytes in particular is much less de-
scribed. In the experiment in spleen tissues and
blood the considerable decrease in the total count of
T-cells is noted, though as a rule, the relative and
absolute content of CD4+, CD25+ Tregs, increases
in blood and most body organs. If both CD4+ and
CD8+ were significantly reduced in the spleen
(45 and 36% respectively) 20 h after sepsis model-
ing, then the relative count of Tregs was increased
by 1.6 times. It is possible to draw a conclusion that
Tregs are more resistant to lymphocyte-toxic fac-
tors of sepsis [48]. The role of Tregs in the outcome
of sepsis has not been definitively clarified, howev-
er, there are data proving that an increase in rela-
tive and absolute Treg count in blood increases risk
of lethality [49, 50].

Specifically, in septic shock the concentration of
IL-6 and IL-1 in blood serum, as well as the Treg per-
centage in CD4+ T-lymphocyte population was reli-
ably higher than in patients without septic shock.
Hemoperfusion using B polymyxin sorbent signifi-
cantly reduced both the Treg number and the IL-10
concentration. Moreover, 24 h after sorption it was
in surviving patients that significantly lower Treg
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JM@OIUT-TOKCHYecKnM  (pakTopam cercuca [48].
Poies Treg B uicxozie cencrica OKOHYATEIbHO He YyTOUHe-
HA, OJTHAKO €CTb JIAHHBbIE O TOM, UTO YBEJIMUEHHUE OT-
HOCHUTEJIBHOTO M a0COJIIOTHOTO COZEPKAHUA B KPOBHU
Treg MOBBIIIAET PUCK JIETATTBHOCTH [49, 50].

B yacTHOCTH, IPU CENTUYECKOM IIOKE KOHIIEH-
Tpanuda IL-6 u IL-1 B CBIBOPOTKE KPOBH, a TaKxkKe
nponeHT Treg B nmonynanuu CD4+ T-mumdoruros
OBLIa TOCTOBEPHO BBIIIIE IO CPABHEHUIO C ITAITUEHTA-
Mu 0e3 cenTHUecKoro moka. ['emonepdysus ¢ uc-
[I0JIb30BaHUEM COpOeHTa MOJIMMHUKCHHA B mocro-
BEPHO CHIDKJIA U 4Yuciao Treg, W KOHIIEHTPAIIUIO
IL-10. Bosee Toro, uepes 24 vaca mocjie copoIuu
UMEHHO Yy BBDKHUBIINX IAIMEHTOB OTMEYAJIUCh JI0-
CTOBEepHO Oosiee HU3KHe 3HaUeHUs Treg, a TaKkKe
IL-6 u IL-10 110 cpaBHEHHUIO ¢ yMepIIUMH [51].

OueBUAHO, YTO, KpPOME IIPOTHBOBOCIATIUTETD-
HOTO OTBETA U aloNnTo3a JIUMQPOIUTOB, K UMMYHOCY-
IIpeCCHH BEYT TAKXKe MUEJIOCYIIPECCHs, KUIeUHAas
v/unu obIas HyTPUTHBHASA HEJOCTATOYHOCTD. JIro-
0as 13 repevyncIeHHbIX BBIIIE IIPUYMH caMa 1o cebe
criocoOHA BBI3BATh MMMYHOCYIIPDECCHUIO B IIEJIOM U
suMOIIeHHIO B yacTHOCTU. OZTHAKO B KIIMHUYECKOH
IIPAKTUKe IOYTH BCEr/la UMEET MECTO COBMECTHOE
JleHiCTBYE TIEPEUHCIIEHHBIX (DAKTOPOB.

2. JIum@poneHua KaK TOYHbBIH TUATHOCTH-
YeCKHI KpUTEepHUii

O4eBUHO, UTO PAHHSASL JUATHOCTUKA SBJIAETCS
KJTIOYEeBBIM (DAKTOPOM B JIOCTHKEHUU ITOJIOKUTEIb-
HOTO pe3ysIbTaTa TEPAIUU CEIICHCca, U UMEHHO KPU-
Tepun CeIrcuc-2 MPOU3BEIN PEBOJIIOIUIO B pAaHHEH
JIMarHOCTHKe celicuca. HanmpoTus, Npu3HaKuU OpraH-
HOHU AUCHYHKIIUY HUKAK HEJIb3s OTHECTH K KpUTe-
pusAM paHHEU IUATHOCTHKH, YTO U JIeJIaeT KOHIeI-
nuio Cerncuc-3 fjaxke 6osiee ysI3BUMOMH /1Is1 KDUTHKH.
Bmecre ¢ TeM psiJT aBTOPOB MOJIATAIOT, YTO KOMOUHA-
OUH HU3BECTHHIX OMOMAapKEPOB OTKPBIBAIOT HOBBIE
BO3MOKHOCTH JIJI1 paHHEH JHArHOCTHKU CeIlCcHca.
Hanpuwmep, B uccienoBanuu L. Ljungstrom et al.
[52] aBTOpPBI KUCIIOIB30BAIM KPUTEPHUHU JTHATHOCTH-
KU, nNpuHATHle B KoHIenuuax Cemcuc-2 u Cen-
cuc-3, — npokanenuTonun (IIKT), CPB, makrar, a
TaK)Ke OTHOIIEHWE HEUTPOPWIOB K JIUMQOIUTAM
(neutrophil-lymphocyte count ratio (NLCR)). B
YaCTHOCTH, YPOBEHb OHOMAapKeEPOB, COOTBETCTBYIO-
X KpuTepusM Koumennuu Cemcuc-2, HCCIeno-
BaJICS B TPYIINle MAI[HEHTOB ¢ BepUUITMPOBAHHOHN
bOakTepreMuell U CpaBHUBAJICS C TPYIIION MaIueH-
TOB B KPUTHYECKOM COCTOSIHUM, HO 6e3 BepuduIu-
poBaHHOI1 6akrepuemuu. IIo BceM ueThIpeM OUO-
MapkepaM ObLTH OTMEYEHBI JIOCTOBEPHBIE Pa3TUYUS
(p < 0.001). Jyisi IHArHOCTUKH OaKTEPHAJIBHOTO
cerncuca NLCR nposeMOHCTpUPOBas HanboJiee BbI-
coxuit AUC (mnomanas mox ROC-kpuBoit) (0.68; 95%

values, as well as IL-6 and IL-10 were observed in
comparison with the deceased [51].

It is obvious that in addition to the anti-inflam-
matory response and the apoptosis of lymphocytes,
the myelosuppression, intestinal and/or common
nutritional deficiency also lead to immunosuppres-
sion. Any of the above reasons can in itself cause im-
munosuppression in general and lymphopenia in
particular. However, in clinical practice, the com-
bined action of these factors almost always takes
place.

2. Lymphopenia as the exact diagnostic
criterion

It is apparent that early diagnosis is a key factor
in achievement of positive therapeutic results in sep-
sis, and it was the Sepsis-2 criteria that made a revo-
lution in early detection of sepsis. On the contrary,
symptoms of organ dysfunction can in no way be at-
tributed to the criteria of early diagnosis, which
makes the Sepsis-3 concept even more vulnerable for
criticism. At the same time, a number of authors be-
lieve that combinations of the known biomarkers
open new opportunities for early diagnosis of sepsis.
For example, in a study by L. Ljungstrom et al. [52]
used the diagnostic criteria adopted in the concepts
of Sepsis-2 and Sepsis-3 — procalcitonin (PCT),
CRP, lactate and also the neutrophil-lymphocyte
count ratio (NLCR). In particular, the level of the
biomarkers that meet the criteria of the Sepsis-2
concept was studied in the group of patients with
verified bacteremia and compared with a group of
patients in critical condition, but without verified
bacteremia. Significant differences were noted for all
four biomarkers (p < 0.001). For diagnosis of bacte-
rial sepsis NLCR showed the highest AUC (the area
under a ROC-curved line) (0.68; 95% confidence in-
terval (CI) 0.65-0.71), much higher than PCT
(p = 0.019; AUC 0.64; CI 95% 0.61-0.67), CRP
(p < 0.001; AUC 0.57; CI1 95% 0.54—0.60) and blood
lactate (p < 0.001; AUC 0.57; CI 95% 0.54—0.60).
Moreover, NLCR equal 3.0 showed the highest sen-
sitivity (0.96) as a diagnostic criterion of sepsis.
Thus, authors emphasize the neutrophil-lymphocyte
count ratio is the most sensitive marker for early di-
agnosis of sepsis.

For the first time the neutrophil-lymphocyte
count ratio was offered by R. Zahorec [53] as an al-
ternative to the standard criteria of sepsis according
to R. Bone. Studies of this period showed that no
SIRS biomarker can meet all requirements, where-
as the combination of biomarkers can accelerate di-
agnostics and be used for assessment of treatment
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JIOBepUTeTbHBIN nHTEepBa (JIN) 0.65—0.71), 3HaUu-
TesibHO BhIIIe, ueM [IKT (p = 0.019; AUC 0.64; 95%
TN 0.61—0.67), CPB (p < 0.001; AUC 0.57; 95% I
0.54—0.60) u jaktat kpoBu (p < 0.001; AUC 0.57;
95% JI1 0.54—0.60). Bosee Toro, NLCR, paBHBIH
3.0, TIOKa3aJI HAUBBICIIYI0 YyBCTBUTEIBHOCTD (0.96)
KaK JIMarHOCTUYECKUU KPUTEPUH cercruca. Takum
00pa3oM, aBTOPHI MOJAUYEPKUBAIOT, UTO UMEHHO OT-
HOIlleHHEe HEUTPODUIOB K JIUM@POIUTAM SBJIAETCA
HanboJiee YYBCTBUTETbHBIM MapKepPOM JIJIsT paHHEH
JUATHOCTUKH CEIICHCA.

BriepBbie cooTHOIIEHHE HEUTPODUIIbI/TUMPO-
nuThl 6bLT0 TIpezyIokeHo R. Zahorec [53] kak aib-
TepHATHBa OOIIENPUHATHIM KPUTEPHUSAM CEIICUCA 10
R. Bone. HMcerienoBanusa 3Toro nepuoja mokasai,
4yTo HU oiuH 6uomapkep SIRS He MOKeT y/TOBJIETBO-
puTh BceM TpeOOBAaHUAM, TOT/IA KaK KOMOWHAIUS
OHMOMAapKepPOB MOKET U YCKOPUTh JHUATHOCTHUKY,
KCIIOJIb30BAaThCA VIS OIEHKH KauyecTBa JIEYEHUs,
YTO B KOHEUHOM UTOTE U IIPUBEJIET K IIPOTPECCY B Te-
panuu cemncuca [53]. B uccienoBanuu R. Zahorec
[53] 6pL10 TOKA3aHO, UTO TSAXKECTh TEUEHMs CEICHca
M CEIITUYECKOro IOoKa, orneHuBaeMas 1mo SOFA u
APACHE II, onpejienisisiach BbIpa:KeHHBIMU JIUMPO-
TeHUEed U HEUTPOPUITHEH, UTO U TTOCITYKUIIO CTUMY-
JioM K co3manuio NLCR kak HOBOro KOMIIO3UTHOTO
MapKepa 0aKTEpUEMUU U CETICHUCA.

B mociteytoniiem NLCR 6bLT OIHcaH Tak:Ke Kak
MIPeIUKTOP OAKTepUeMUN; HAITPOTUB, HU3KHeE (<3.0)
3HAYEHHST MOTYT OBITh UCIIOJIb30BAHBI JIJIsI HCKITIOUE-
HUs OGakrepueMuu. Bosiee Toro, WHGOPMATHBHOCTH
NLCR B imarHOCTHKE OaKTEpUEMUH JJOCTOBEPHO IIpe-
Bocxoawia CPB (p = 0.029), nefikoruTo3 (p < 0.01) U
coZiepKaHKe TPaHyJIoIUTOB (p < 0.01) [54—-57].

NLCR oxasasncsa abdeKkTuBeH gaxe y rIyboKo
HEJIOHOIIIEHHBIX JleTel (Macca Tejia pU POXKAEHUHN
< 1500 T u/unu < 32 HeJ recranuu). YyBCTBUTEIb-
HOCTh 3TOTO IIOKAa3aTeJsisi COCTaBWJIA 0.73, a CIEelu-
¢puuHOCTH 0.78, YTO JIOCTOBEPHO IMPEBBICHJIO JTHA-
rHOCTHYECKyto 3HaunMocTh CPB [58].

OtmeueHa koppensanua Mmexzay NLCR u mopo-
JIOJDKUTEJIbHOCThIO TpebbiBanust B OPUT [58].
B apyrom mccieoBaHUM € y4acTUEM 150 MAIUEHTOB
C CENTHYECKUM IIIOKOM OBLIO IMMOKa3aHO, UYTO YBEJIH-
yeHue NLCR B mepBble 5 CyT CONPOBOXKIAJIOCH PO-
CTOM IO3/THEH JIETATbHOCTH TIPH cercuce [59].

BrIcokasi guarHocTuyeckas IEHHOCTb OTHOIIIE-
HUS HeUTpomIoB K suMdonuram ObUIa TOKa3aHA
Tax)ke B uccaeoBannu B.A. BaseeBoii u coasrt. [60].
OmnpeniesieHNe JUArHOCTUYECKHX MapKepPOB Celcuca
corstacHo KoHnennusam Cericuc-2 u Cencuc-3, a Tak-
ske IL-1Ra, ®HO-a u IL-13 mpoBoauau Ha 1-€, 3-U U
7-e cyTku nocJie nocryivieHusa B OPUT B3pocsipix na-
nueHToB. [loyyeHHbIe Pe3yIbTaThl CBUJIETEIBCTBY-
IOT O HEBBICOKOH JUATHOCTHYECKON IIEHHOCTH TAKOIO

quality, that eventually will lead to progress in sep-
sis therapy [53]. In R. Zahorec’s research [53] it was
shown that the severity of sepsis and septic shock
assessed by SOFA and APACHE II was defined by
the pronounced lymphopenia and neutrophilia,
which served as an incentive to the creation of
NLCR as a new composite marker of bacteremia
and sepsis.

Subsequently the NLCR was also described as a
bacteremia predictor; on the contrary, low (<3.0)
values can be used to exclude bacteremia. More-
over, the informative value of NLCR in diagnosis of
bacteremia reliably exceeded CRP (p = 0.029), leu-
kocytosis (p < 0.01) and granulocyte count (p < 0.01)
[54-571.

NLCR was effective even in extremely prema-
ture infants (body weight at birth < 1500 g and/or
< 32 weeks of gestation). The sensitivity of this in-
dicator was 0.73, and specificity was 0.78, that sig-
nificantly exceeded the diagnostic importance of
CRP [58].

The correlation between NLCR and the length of
ICU stay [58] was noted. In another study involving
150 patients with septic shock it was shown that in-
crease in NLCR in the first 5 days was accompanied
by an increase in late sepsis lethality [59].

The high diagnostic value of the neutrophil-lym-
phocyte count ratio was shown also in V.A. Valeeva’s
et al. study [60]. The evaluation of diagnostic mark-
ers of sepsis according to the Sepsis-2 and Sepsis-3
concepts, as well as IL-1Ra, TNF-a and IL-1f3 were
carried out on the 1%, 3" and 7" days after admission
of adult patients to ICU. The results obtained testify
to the low diagnostic value of such indicator as leu-
kocytosis (appearance of myelogones). The diagnos-
tic value of an acute phase proteins pro-calcitonin
and CRP on admission to the hospital was 64 and
82% respectively. Evaluation of TNF-a and IL-1f3
was efficient only on the first day, however, by the 3t
day their diagnostic value considerably decreased.
High concentration of IL1-Ra (1000—6000 pg/ml) in
general can be regarded only as a predictor of a lethal
outcome. The neutrophil-lymphocyte count ratio
has reliably changed on the 1%t day and was the only
marker with close to the absolute efficiency in the
diagnosis of sepsis, and remained the high-informa-
tive diagnostic criterion of it throughout the entire
period of observation. The lymphocytes and granu-
locytes relative count ratio in peripheral blood was
the most reliable criterion of sepsis irrespective of
severity, terms and existence of hemodynamic dis-
turbances. For lymphocyte index value of 0.17 the
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IMOKa3aTesIsl, KaK JIEHKOIUTO3 (IIOsBJIEHE HE3PETBIX
¢dopm sefikonuTOB). JlMarHOCTHYECKash IIEHHOCTh
6es1koB octpoii (asbl npokanbsiuronnHa u CPB npu
MIOCTYIJIEHUU B CTallMOHAp cocTaBuia 64 u 82 % co-
otBeTctBeHHO. Onenka ®HO-a u IL-1p oxazanach
5(pdeKTUBHON TOJIBKO HA MEPBBIE CYTKH, OJHAKO K
3-M CYTKaM WX JUATHOCTUYECKAas IEHHOCTb 3HAYU-
TEeJIbHO CHMKaslach. Beicokaa koHneHTpanusa 1L1-Ra
(1000—6000 1r/MIT) BOOOIIE MOKET PACIIEHUBATHCS
TOJIPKO KaK MPETUKTOP JIETAJILHOTO UcXoza. EmuH-
CTBEHHBIM MapKepoM, UMEIIHUM OJIU3KyI0 K abco-
JIIOTHOH 3(GQEKTUBHOCTh B JHATHOCTUKE CEIICHCA,
0Ka3aJI0Ch COOTHOIIIEHUE JTUMQOITUTOB K HEUTPpODH-
JIOB, KOTOPOE OBLIO JOCTOBEPHO M3MEHEHO B 1-€ CYT-
KH U OCTaBaJIOCh BBHICOKOMH(OPMATUBHBIM JUArHO-
CTHUECKUM KPUTEPHUEM CeIlCcHca Ha POTSKEHUH BCe-
ro mepuosia HabioaeHus. COOTHOIIEHHE OTHOCH-
TEJILHOTO COJIeP:KaHUsA JTUMQOIIUTOB U TPAHYJIOIIU-
TOB B IIepU(EPUIECKON KPOBH OKa3aJI0Ch HanboJiee
JIOCTOBEPHBIM KDUTEPHEM CeICHca He3aBUCHMO OT
TSKECTH, CPOKOB M HAINY NS TeMOIMHAMUYECKUX Ha-
pyuienuii. /{ig 3HaueHUH TUM@OIUTaPHOTO HHAEKCA
0.17 YyBCTBUTEIHHOCTH STOTO MapKepa B INarHOCTH-
Ke CeIcuca COCTaBWwIA 0.97, a CenudUIHOCTD 0.95.
ABTOpDBI OOBSCHSIIOT 3TO TEM, YTO AKTHUBAITUSI HEUTPO-
(pmpHOTO 3B€HA IPU CUCTEMHOM BOCIIAJIEHUH, OTMe-
yaeMas C IEepPBBIX CEKYHJ] KaK «PeclUpaTOpPHBIN
B3PBIB», MOMJEPKUBAETCS YCUIEHHOU MPOIYKITHEH
HEUTPO(UIOB, KOTOPAs MOXKET yBEJIMYUBATHCS B COT-
HU pa3. HampoTtus, 11 mumM@onuTapHoro 3BeHa Xa-
pakTepHa MaccoBasi THOeJb uepe3 aKTHBAIIUIO MeXa-
HU3MOB amoITo3a Ha ¢GOHe HApYIIeHHUSA BOCIPOU3-
BOJICTBA JIUM(OIIUTOB, YeM U OOBACHAETCA OTHOCH-
TesbHAs (92 % cayuaes) u abcostoTHas (75 % ciiyda-
eB) TuMGOTIeHHS Ha IEPBOM dTarle HaOTIOeHNU.
Bopouewm, suMmbomneHns cama mo cebe TaKiKe
SIBJIAETCS TOYHBIM ¥ PAaHHUM JIHATHOCTHYECKUM
KpHUTepueM celicuca. B psaje ucemenoBanuiil ormeue-
HO, YTO yMepIue CenThUecKue NalueHThl UMeTH
IIOCTOSTHHO CHIDKEHHBIH ypOBeHb momyssiuil T- u
B-kj1eTOK B TeueHUe IepBO HeJETU IOCJIe MOCTa-
HOBKM JparHosa «cemncuc» [61—63]. BoJiee Toro, mo-
JIydeHHbIE PEe3YJIBTAThl CBU/IETEIBCTBYIOT O TOM, UTO
abcosrroTHas JTUMQOIIEHUS Ha 4-U JIeHb 1ocje pas-
BUTHA KPUTHUYECKOTO COCTOSIHUSA ObLIA NPEIUKTO-
poM 28-cyTOUHOI JIeTaaIbHOCTU [64], 1 UMEeHHO ab-
coJToTHAs1 TUMGOTIEHUS SABJISETCS HAWIYYIIINM IIpe-
JIUKTOPOM OaKTEPHUEMUH 10 CPABHEHUIO C OOIIEITpH-
HATBIMU MapKepamu nH@eknuu [65]. B yactHOCTH,
cozieprkaHue JTUMQOIUTOB JIOCTOBEPHO ITPEBOCXO-
JIAJI0 TI0 UH(OPMATUBHOCTH B JUATHOCTUKE OakTe-
pueMuu JileKonuTo3 (p < 0.01) U Cofiep;KaHue Tpa-
HYJIOIUTOB (p < 0.01), OTHAKO HE OTIMYAJIOCh OT
ypoHs CPB (p = 0.055). Takum o6paszom, kak abco-
JIIOTHAs TUMQOIIeHUsA, TAaK U COOTHOIIIEHNe HEHTPO-

sensitivity of this marker in sepsis diagnosis was
0.97, and the specificity — 0.95. Authors explain it
with the fact that the activation of neutrophylic link
in systemic inflammation noted from first seconds
as respiratory burst is supported by an enhanced
production of neutrophils which can increase hun-
dreds of times. On the contrary, the mass death
through activation of apoptosis mechanisms togeth-
er with the impaired reproduction of lymphocytes is
characteristic of lymphocytic component of the im-
mune system, which explains relative (92% of cases)
and absolute (75% of cases) lymphopenia on the first
stage of observation.

However, lymphopenia itself is also an accurate
and early diagnostic criterion of sepsis. In a number
of studies it was noted that the deceased septic pa-
tients had permanently reduced T- and B-cell popu-
lations during the first week after getting diagnosis of
sepsis [61—63]. Moreover, the results obtained show
that the absolute lymphopenia on the 4% day after
development of critical condition was a predictor of
28-day lethality [64], and it is the absolute lympho-
penia that serves the best predictor of bacteremia in
comparison with the standard markers of infection
[65]. In particular, the lymphocytes count reliably
exceeded the informative value of leukocytosis
(p < 0.01) and the granulocytes count (p < 0.01) in
the diagnosis of bacteremia, however, did not differ
from the CRP level (p = 0.055). Thus, both the abso-
lute lymphopenia, and the neutrophil-lymphocyte
count ratio were the most accurate tool in the diag-
nosis of sepsis.

3. Lymphopenia as the object of therapy

Attempts to make emphasis on the elimination
of lymphopenia and immunosuppression in sepsis
therapy were undertaken repeatedly. Unfortunately,
the majority of researches focused on direct immu-
nostimulation. But as a rule, immunostimulation is
accompanied by a reduction in the immunocompe-
tent cells’ lifespan, these methods did not possess
reliable efficacy. Other restriction is that the immu-
nostimulating therapy should only be used during
the immunoparesis phase. Therefore, before raising
the question of immunostimulation, precise criteria
for identification of these patients are necessary [64].
It is obvious that the most reliable clinical criterion is
the persistent lymphopenia, and to single these pa-
tients out is necessary not so much for assessment of
mortality risk, but to define the indications and
methods of lymphocyte-oriented therapy aimed at
elimination of lymphopenia [65].

Basically, nowadays the main safe directions
are therapy of intestinal and/or nutritional defi-
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¢unoB u nmuMOOIUTOB OKazanuch Hambosee TOU-
HBIM HHCTPYMEHTOM B IMAaTHOCTHKE CETICHCA.

3. J/IumponeHnd Kak 00BEKT TEePANTHU

[TonbITKU cAeaTh aKIEHT B TEPAIMU CEIICHCA
HMMEHHO Ha YCTpaHeHU! JUMQPOIEeHNN U UMMYHOCY-
Ipeccuyl MpeAIPUHUMAINCh HeogHOKpaTHO. K co-
JKQJIEHHI0, OOJIBIITMHCTBO MCCIIEZIOBAHUN CBOUIIOCH
K IPSMOU UMMYHOCTUMYJIAIMHU. HO MOCKOIBKY M-
MYHOCTUMYJIAIUSA COIPOBOXK/AAETCHA, KaK IPaBUIIO,
COKpallleHueM CpOKa »KU3HU HUMMYHOKOMIIETEHT-
HBIX KJIETOK, JOCTOBEPHOU 3(P(PEKTUBHOCTHIO 3TH
MeToAbl He obsasanu. [IpyruM orpaHUYeHHEM sIB-
JIsIeTCSL TO, YTO UMMYHOCTUMYJIHPYIOIIAsi Teparus
JIOJ’KHA IPUMEHATHCS TOJIBKO B (ha3y UMMyHOIIape-
3a. [ToaToMy mpek/ie ueM CTaBUTh BOIIPOC 00 UMMy~
HOCTUMYJISIINM, HEOOXOAWUMBI TOYHBIE KPHUTEPUH
UJIeHTU(PUKAINN 3TUX MarueHToB [64]. OueBuHO,
4TO HamboJee JOCTOBEPHBIM KJIMHUYECKUM KpUTe-
pueM fBJIsIeTCS MePCUCTUPYIOMAsa JIUMPONeHus, U
BbIZIeJIeHNE MTAIIHEHTOB C HEH HeOOXO0AUMO He CTOJTb-
KO JJIfl OLIEHKU PHCKA JIETAJIbHOCTHU, CKOJIBKO JJIf
ompesieJIeHnsT MTOKA3aHUN U MeTOIOB JIMMQOIUT-
OPUEHTHPOBAaHHOW Tepaluy, HalpaBJIeHHOW Ha
ycrpaHenue JuMdonenuu [65].

ITo cymiecTBy, OCHOBHBIMU 0€30IIaCHBIMU Ha-
MpaBJIEHUSIMHU B HACTOSAILEE BPeMs SBJISIOTCS Tepa-
IYsl KUIIEYHOU /WK HyTPUTUBHOM HETOCTATOYHO-
CTH, B TOM YHCJIE C TIOMOIIBI0 UMMYHOIIUTAHUS, TOP-
MOJKEHIE aIlonTo3a JUMOIUTOB, IUTOKIHOTEPATIHS
U BOCCTaHOBJIEHHE (PYHKIIUHM KOCTHOTO MO3Ta € IIOMO-
IIBI0 KOJIOHUECTUMYJIUPYIOIHX (akTopoB [66]. He
TEPAIOT CBOIO aKTyaJIbHOCTHh HCCIeTOBaHUA 3¢ dek-
TUBHOCTH THUMO3WHA U €ro aHAJIOTOB IIPU CEIICHCE.
B wacrHocTH, IOC/IEHIE PAGOTHI TOKA3AIH, UTO HC-
mosib30BaHue THMo3uHa-al (Tal) ysrydrnano skenpec-
cuto HLA-DR Ha MOHOITUTax, CHU)KAJIO YacCTOTY I0-
BTOPHBIX HH(MEKIIMH U JIETATBHOCTH IIPH cercuce [67].

Kuweunas u/uau uHympumueHnas Hedocma-
mouHocmyb. KuiieuHnuk, 6yaydu KpaiiHe ys3BUMbBIM
OpraHOM IPHU KPUTUYECKUX COCTOSHUAX B CHILY OCO-
OeHHOCTeH KPOBOCHAOKEHHSI, MOKET CTATh IJIABHBIM
HCTOYHUKOM WHQUIIUPOBAHUSA U/WIN TPAaHCIOKA-
U sHAoToKcHHA [68]. KimnHuueckre HaX0aKu IO/~
TBEPKAEHbI SKCIIEPUMEHTAIBHBIMU pabOTaMHU, KOTO-
Ppble BBIABIJIN HOJIOKUTEIBHYI0 KOPPEJIAIUIO MEeXKIY
CTENEeHbI0 TPAHCJIOKAIIUU SHJ/IOTOKCHMHA 4epe3 KH-
HIEYHYIO CTEHKY U MH(DUIbTpaNyel rpaHyI0UTOB B
TIeYeHN W KOHIIEHTPAIlueH JIEHKOIUTAPHOU MHUEeJIo-
nepokcysiaspl [69]. ITosTomy 3amure KUIIEYHHKA
yaeJIsieTcs B TIOCJIeHUE TO/Ibl UCKIIOUUTETBHO BaK-
HOe 3HaueHHe. Ho KUIIIEUHUK TaKKe SABJISETCSA BaK-
HEUIIUM OPTaHOM B IJIaHe (POPMHUPOBAHUS UMMYyH-
HOTO OTBeTa, Mposudeparuu, co3peBanus U GyHK-
[IMOHUPOBAHUA KaK MOHOITUTOB U JIEH/IPUTHBIX KJIe-
TOK, TaK U PAKTHYECKH BCEX CYOTOMY AN TUMPO-

ciency, including immunonutrition, inhibition of
apoptosis of lymphocytes, cytokine therapy and
restoration of bone marrow functions by using col-
ony-stimulating factors [66]. Researches of effica-
cy of thymosin and its analogs in sepsis do not lose
their relevance. In particular, the latest studies
showed that the use of thymosin-ai (Ta1) im-
proved the HLA-DR expression on monocytes, re-
duced the frequency of reinfections and lethality in
sepsis [67].

Intestinal and/or nutritional deficiency. The
intestine, being an extremely vulnerable organ in
critical conditions owing to the peculiarities of
blood supply, can become the main source of infec-
tion and/or translocation of endotoxin [68]. Clini-
cal findings are confirmed with experimental stud-
ies which revealed a positive correlation between
the degree of endotoxin translocation through the
intestinal wall, and granulocyte infiltration in liver,
and leukocytic myeloperoxidase concentration
[69]. Therefore, in recent years the protection of
the intestine is given the extreme importance. But
the gut is also the major organ in terms of the for-
mation of the immune response, proliferation, mat-
uration and functioning of both monocytes and
dendritic cells, and practically all subpopulations of
lymphocytes. According to various estimates the
absolute majority of immunocompetent cells are in
a zone of splanchnic blood circulation, therefore in-
testinal and/or nutritional deficiency is usually ac-
companied by lymphopenia. The nutritional status
also defines the process of apoptosis of the immu-
nocompetent cells, and influences their matura-
tion. Moreover, the lymphopenia is considered as
an objective sign of nutritional and/or intestinal
deficiency [70].

Therefore, speaking about nutrition functions in
sepsis, it is necessary to mind protection of the intes-
tine. It is known that the early enteral nutrition
(EEN) possesses enteroprotective action. In the
group of patients with sepsis on EEN, reliably lower
count of endotoxin in blood serum was noted, me-
chanical ventilation terms, the length of stay in the
ICU and hospitalization duration were reduced [71—
73]. Unfortunately, the early enteral nutrition is still
perceived not so much as the therapeutic measure
for the gut, but as a source of vitamins, protein and
calories [74]. It is evident, that it is necessary to
search the components of early nutrition capable to
accelerate the recovery and integrity of the intestinal
barrier and its immune functions.

One of the most important nutrients that spec-
ify both severity of lymphocytes’ apoptosis, and
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uuTOoB. I1o pa3IUYHbBIM OlleHKaM abCOJTI0THOE 6OJIb-
MIMHCTBO UMMYHOKOMIIETEHTHBIX KJIETOK HAXOIUTCS
WMEHHO B 30HE CIUITAHXHUYECKOTO KPOBOOOpAIIeH s,
IMO3TOMY KWINIEUHAs W/WIW HYTPUTHUBHAs HEIO0CTa-
TOYHOCTD, KaK IPABUJIO, COITPOBOK/IAETCs TUMPOIIe-
HUed. HyTpUTHUBHBIN cTaTyc OIpeessieT U IpoIece
arorTo3a UMMYHOMIIETEHTHBIX KJIETOK, F BIUAET HA
ux co3pepanue. bosiee Toro, UMeHHO JIUMQOIIEHUA
cuuTaeTcsi OObEKTUBHBIM MPU3HAKOM HYTPUTHBHOH
¥/VJTH KUIIIEYHOU HEZI0CTaTOUHOCTH [70].

CrnenoBaTesibHO, TOBOPA O (PYHKIUAX IMUTAHUA
TIpH ceTicce, HeOOXOIMMO IIOMHHTH B TOM YHCJIE O 3a-
[[ATE KUIIEYHUKA. FI3BECTHO, YTO SHTEPOIIPOTEKTHB-
HBIM JIEHCTBHEM 00JIa/laeT paHHee SHTepabHOE MH-
tanue (PIII). B rpynme 60JbHBIX CEIICHCOM, B KOTO-
po¥i ucmnosibzoBasioch PAII, orMeuanoch JOCTOBEPHO
0oJiee HU3KOE COJIEPIKaHNEe SHIOTOKCHHA B CBIBOPOT-
Ke KpOBH, cOKpamanuck cpoku MBJI, mpebviBaHuE B
OPUT wu cpoku rocimTanmusanuu [71—73]. K coxaie-
HUIO, PaHHee SHTepajbHOEe MUTAHHUE IMO-TIPEKHEMY
BOCIIPUHUMAETCS He CTOJIBKO KaK JieuebHasi Mepa Jijist
KUIIIEYHHKA, CKOJIbKO KAaK HCTOYHUK BUTAMHUHOB,
Oeska ¥ kayopuil [74]. OueBUHO, YTO HEOOXOUM
ITOUCK KOMITOHEHTOB PAHHErO IMUTAHUS, CIIOCOOHBIX
YCKOPUTH BOCCTAHOBJIEHHE U IEJIOCTHOCTH KUIIIEYHO-
ro 6apbepa 1 ero UMMyHHbIE (DYHKITHH.

OnuuM u3 Haubosiee BaKHBIX HYTPHUEHTOB,
OIIPEIETIAIONINX U BBIPA’KEHHOCTh aIlOINTO3a JIUM-
(Go1IUTOB, U CKOPOCTh HMX CO3PEBAHUS, SBJSETCS
aMHHOKHCJIOTA TJIFOTAaMUH. XOTsI OOJIBIIIMHCTBO Pa-
60T OBLIIO MOCBAIIEHO POJIU IVIFOTAMUHA B aHAOOIH-
YeCKHUX MPOoIleccax, B HaCTOSANUH MOMEHT Habupaer
CHJTy HOBasl TIapaJIiTMa, B KOTOPOU IJIIOTAMUH pac-
CMaTpUBaeTCs KaK KJIYEBOE 3BEHO B MOJYJISI[UH
cTpecca 1 arornrosa [75].

B uwacrHOCTH, MHKyOamus KJIETOK B cpeze 6e3
[JII0TAMUHA TPUBOJIMIIA K AIONTO3Y STUX KJIETOK.
XapakTepHO, UTO caM 1o cebe edUIuT rIroTaMuHa
COTIPOBOK/TAETCS OKCU/ITAHTHBIM CTPECCOM B CBSI3U C
HapyIIeHWeM CHUHTEe3a BHYTPHUKJIETOUHOTO TJTIOTa-
THOHA, OJTHAKO OJIOKAJla OKCUJAHTHOTO CTpecca He
MPUBOIWJIA K MPEJIOTBPAIIEHUI0 ITPOrPaMMHUPOBaH-
HoW rubesu. CiiemoBaTe/IbHO, COIVIACHO [76], riroTa-
MHH BXOJIUT B CCTEMY 3aIllUThI OT arlonTosa. Tak:ke
OBLIIO TIOKA3aHO, UTO IVIIOTAMHH BXOJUT B CHCTEMY
3aIUTHI OT AIONTO3a, KOHTPOJIUPYS AaKTHUBAITUIO Ka-
cIta3, B YaCTHOCTH, KacuasbI-8 [77].

Hmmynomepanua. LluTokMHOTEPAIUSA, B 4aCT-
HocTH npenaparamu unrepdepona (MOH) ramma u
anbda-2b, oiHO3HAYHO TTOKa3aHa IPU BPOKAEHHBIX
WIN PUOOPETEHHBIX JlepekTax B cucTremMe HHTEP(de-
POHOB, O YeM CBUJIETEJIbCTBYIOT MHOTOUKCJIEHHbIE
uccsenoBanus. Bpoxaennsie nedexts UOH I Tuna
CBSI3aHBI C MyTAI[UsIMHU T€HOB, OTBETCTBEHHBIX 38 UX
CHHTE3, YTO BeJleT K JAeDUIIUTY Pa3TUIHBIX MOJe-

their maturation rate is amino acid glutamine.
Though the majority of works was devoted to gluta-
mine role in anabolic processes, a new paradigm in
which glutamine is considered a key element in
modulation of stress and apoptosis is currently
gaining strength [75].

In particular, the incubation of cells in gluta-
mine free medium led to the apoptosis of these cells.
It is characteristic that the deficiency of glutamine in
itself is accompanied by an oxidative stress connect-
ed with the disturbance of intracellular glutathione
synthesis, however, the blocking of oxidative stress
did not lead to prevention of the programmed death.
Therefore, according to [76], glutamine is a part of
the apoptosis defense system. Also it was shown that
glutamine is included into the apoptosis defense sys-
tem, controlling caspases’ activation, in particular,
caspase-8 [77].

Immunotherapy. Cytokine therapy, in partic-
ular gamma and alpha-2b interferon (IFN) prepa-
rations, is clearly indicated in congenital or ac-
quired defects of interferon system, as numerous
researches testify to. Congenital defects of IFN
type I are associated with mutations of the genes
responsible for their synthesis, which leads to a de-
ficiency of various molecules involved in the acti-
vation of genes responsible for synthesis of IFN-
a/B (STAT1, UNCog3 B1, MCM4, TLR3, TRAF3,
TRIF, TBK1) and the low IFN-a/[ level. Deficiency
of IFN-y, defects of its IFNGR receptor (IFN-yR1),
and deficiency of IL-12 playing an important role
in regulation of IFN-y [78] have been described
and nuanced. Congenital disturbances in the IFN
system lead to the emergence of severe infection,
often resulting in fatal outcome. Replacement
therapy with IFN-a2b or IFN-y is indicated in such
patients.

Thus, the use of interferons is considered a
promising direction [79]. However, given the pheno-
typic diversity of the immune response to infection, a
number of authors are very pessimistic about the
modern possibilities of immunotherapy [80]. In-
deed, clinical studies have proven a decrease in le-
thality only with the use of immunoglobulins G, M
and A [9].

Modulation of apoptosis. It is obvious that
pathological activation of apoptosis in sepsis re-
quires targeted correction. The anti-apoptotic thera-
py preventing death of lymphocytes successfully in-
creased survival during the experiment [81], there-
fore, it is regarded as a promising direction of re-
search [82, 83].
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KyJI, y9aCTBYIOIIUX B AKTUBAIIMHU I'€HOB, OTBETCTBEH-
Hbix 3a cuaTe3 MOH-a/B (STAT1, UNC93 B1, MCM4,
TLR3, TRAF3, TRIF, TBK1), u HU3KOMY YPOBHIO
N ®H-a/p. Onucaus! u yrounenst aedunur UOH-y,
nedextol ero perentopa IFNGR (M®H-yR1) u ne-
¢urur 11.-12, UTparOIEro BaXKHEUIIIYIO POJIb B PETY-
nssnun UOH-y [78]. BpoxkaeHHbIe HAPYIIEHUA B CH-
creme VIOH BeslyT kK BOSHUKHOBEHUIO TSIKEION MH-
dekmu, 9acTo MPUBOISIIEHN K JIETAJIBHOMY HCXO/Y.
TakuMm mmareHTaM MOKa3aHa 3aMeCTUTeIbHAs Tepa-
nust UOH-a2b niu UOH-y.

Takum o6pasoM, HCIOJIb30BaHUE HHTEP(EPO-
HOB CUHTAETCSA IEPCIEKTHBHBIM HalpaBJIeHUEM
[79]. Ognako, yunuTbiBasgs GHEHOTHIINUECKOE pPa3HO-
oOpa3ue UMMYHHOTO OTBeTa Ha WH(MEKITUIO, PAJT aB-
TOPOB BeChbMa IMECCUMUCTUYHO OTHOCSTCS K COBpe-
MEHHBIM BO3MOXKHOCTSM HMMMYyHOTepanuu [80].
JleicTBUTETbPHO, KJIMHUYECKUMHU UCCJIEIOBAHUSIMU
JIOKa3aHO CHU?KEHHE JIETAJIbHOCTHU TOJIBKO ITPU IPH-
MeHEeHUU UMMYHOTIJIO0YIMHOB Ky1accoB G, M u A [9].

Moodyasuus anonmoaa. O4eBUAHO, YTO IATO-
JIOTHYEeCcKasl aKTUBAIHA allOIITO3a IIPU CETICHCE HY K-
JlaeTcs B IeJIeHANpPaBJIEeHHON KOPPEKIHH. AHTH-
aTONTOTUYECKAsI Tepamusi, Ipe0TBpaIamoIas Tu-
6esb JTUMQOITUTOB, YCIENTHO YBEJIUUNBAIA BBIKHU-
BaeMOCTh B 3KcIiepuMeHTe [81], moaTomy paciieHu-
BaeTcsl Kak MHOT0O00eIaloIee HalmpaBieHHe uecyie-
Josanui [82, 83].

ITogxoapl K Tepanuy, HAIPABJIEHHON HA IO7a-
BJIEHHE TIPOIIECCOB AIIOINTO3a, PA3JIUUYHBI U BKJIIOUA-
0T BO3JIEUCTBYE HA PA3HBIE ATAIIBI — OT B3AUMO/IEH-
CTBUS IATOTEHOB C PElleNTOPaMH KJIETOK JI0 aKTHBa-
IIUU CUCTEM Kacras. [lepCcreKTUBHBIM ITpeCTaBIIsA-
eTcs npoBefieHue nutokuHorepanuu 1L-7 u IL-15, B
pe3yJIbTaTe Yero OTMeYaeTcs yiIydlleHne GyHKIHo-
HaJIbHON aKTUBHOCTH U PO epaTUBHON CIIOCO0-
HOCTU T-TUM(ONHUTOB, a TAK}KE MOBBIIIIEHHUE UX Pe-
3HUCTEHTHOCTH K amonTtosy [84—88].

[To-iperxHEMY aKTyaJIbHBIMU SIBJISIIOTCS WICCJIE-
JIOBAaHUS SKCTPAKOPIOPATHHBIX METOOB JIEUEHUs
cericruca. OTHOCUTETLHO HOBOE HAaIIpaBJIEHUE — HEH-
Tpasuzanusa IL-10 ¢ TOMOIIbI0 COPOIMOHHBIX TEX-
Hosoruii. Kak yxke ObLIO CKazaHO, B psijie paboT
ObLIa MMOKa3aHa MOJIOKUTETbHAS KOPPEJIAIUS MEXK-
ny conepkanuem Treg m IL-10. Helrpanmzamus B
SKCIIepUMEHTATBHON Mozenn cencuca IL-10 Bocera-
HaBuBasa copep:kanue CD4+ T-KIeToK B cesie3eH-
Ke U JIOCTOBEPHO yJIydlllajia BhIKHUBAeMOCTh [89].
Panee Obuta ynmomsiHyta pabota, B KOTOPOU reMO-
nepdys3us Ha KOJIOHKE ¢ MMMOOMJIM30BAaHHBIM I10-
JUMUKCUHOM B Takke cHmxkana u yuciao Treg, u
koHueHTpanuu 1L-6 u IL-10, 9TO B HOCJEIYIONEM
OTPa3MJIOCh TOJIOKUTEIBHO Ha pe3ysbTaTax Tepa-
muu. Takum o6paszom, HedTpanuzanus [L-10 moxkeT

The approaches to therapy aimed at suppression
of apoptosis processes are various and include im-
pact at different stages, i.e. from interaction of patho-
gens with cells receptors to the activation of caspas-
es’ systems. Cytokine IL-7 and IL-15 therapy seems
promising, and results in the improvement of func-
tional activity and proliferative ability of T-lympho-
cytes, as well as an increase in their resistance to
apoptosis [84—88].

Researches on extracorporal methods of sepsis
treatment are still relevant. A rather new direction is
neutralization of IL-10 by means of sorption tech-
nologies. As told before, in a number of works the
positive correlation in Treg and IL-10 levels was
shown. Neutralization of IL-10 in experimental
model of sepsis restored the CD4+ T-cells count in
the spleen and significantly improved the survival
[89]. Earlier a work was mentioned in which hemo-
perfusion on a column with the immobilized poly-
myxin B also reduced both the Treg number, and
concentration of IL-6 and IL-10, which subsequent-
ly had a positive effect on therapy results. Thus,
neutralization of IL-10 can be considered as a prom-
ising strategy in overcoming immunosuppression in
sepsis [50].

CONCLUSION

On the basis of the above mentioned study it is
possible to draw the following conclusions:

1. The phenomena of lymphopenia and immu-
noparesis are typical for sepsis and persistent MOF.
Immunoparesis as such, and lymphopenia in partic-
ular, are the consequence of a critical condition, for
example, severe injury. In turn, the severe lympho-
penia later on determines the severity and outcome
of the critical condition.

2. Lymphopenia and the neutrophil-lymphocyte
count ratio are the objective and most sensitive diag-
nostic criteria of sepsis.

3. Further progress in the treatment of critical
conditions in general and sepsis in particular is as-
sociated with the development and implementation
of technologies for overcoming lymphopenia and, ac-
cordingly, immunoparesis. In turn, the definition of
Iymphopenia as one of the important therapy targets
will accelerate clinical trials.
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paccMaTpuBaThCA KaK MEPCIIEKTUBHASA CTPATETUs B
[Ipeo/IoJIeHUY UMMYHOCYIIPECCUU TIPHU cericrce [50].

3AK/IIOUYEHUE

Ha ocHOBaHUM BBIIIEU3JI03KEHHOTO MOKHO C/ie-
JIaTh CJIEAYIOIIE BBIBOJBI:

1. lna cencuca u nepcuctupytomeit [IOH tu-
NUYHBl ABJIeHUs JUMOIEHUH U UMMyHOIapesa.
CaMm 110 cebe UMMYHOIIape3, U B YaCTHOCTU JTUMGO-
IIeHU, ABJIAeTCs CJIeZICTBUEM KPUTHYECKOTO COCTO-
SAHWUA, HAIIpUMeED, TSKeJIOU TpaBMBIL. B cBoio oue-
penp, B AajpHENIEM BBIpa)KeHHAsA JINMOOIEeHU
ompesiesisieT TAXKEeCTh M HCXOJl KPUTHUYECKOTO CO-
CTOSTHUSA.
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