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B 0630pe paceMOTPEHbI METOBI OTIpe/eIeHUs OaKTEPUATBHBIX HHIOTOKCHHOB B BOJHBIX PACTBOPaX U OHOJIO-
TUYeCKUX KUAKOCTSAX. OCHOBHOE BHUMAHUE y/IeJIeHO OIpe/iesIeHUIO COREPKaHNsT 9HIOTOKCHHOB KaK KJINHIIeCKN
3HAYMMBIX OGHOMAPKEPOB CEICHCA, BHIBBAHHOTO TPAMOTPHIATENbHBIMU GakTeprsiMi. OOCYKAEHBI IOCTOMHCTBA U
HEIOCTATKU KayK/[OTO METO/IA 1 IIPUBE/IEHBI CPABHUTEJIbHBIC XaPAKTEPUCTUKU UCIIOIb3YyEMbIX B HACTOSIIIEE BPEMS
B KJIMHUYECKOI IIPAKTUKE TECT-CUCTEM.
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Dedicated to reviewing the methods for detecting bacterial endotoxin in aqueous solutions and biological
fluids, this review is focused on determining the content of endotoxin as a clinically relevant biomarker of sepsis
caused by Gram-negative bacteria. The advantages and disadvantages of each method are described, and the cha-
racteristics of test systems currently used in clinical practice are listed and compared.
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Crucok cokpanieHuit List of abbreviations

B3 — GakrepuaibHbIi 9HAOTOKCUH BE — bacterial endotoxin

JITIC — smnonoancaxapus LPS — lipopolysaccharide

JIAJT-tect — Limulus Amebocyte Lysate Tect LAL-test — Limulus Amebocyte Lysate test

EAA — ananus aktuBHOCTH 3HAOTOKCHHA (En- EAA — Endotoxin Activity Assay
dotoxin Activity Assay) MAP — method of activated particles

MAY — MeTo/1 aKTUBUPOBAHHBIX YACTHUII EU — endotoxin unit

ED — eqwHWIIBI 9HIOTOKCHHA
Introduction
BBenenne
The term «bacterial endotoxin» (BE) was intro-

Buepsbie TepmuH Gakrepuaibhbiii sH10TOKCHH | duced for the first time in the 19th century to descri-
(B3) 6bun BBenen emie B XIX Beke st onmcanust | be the components of Gram-negative bacteria respon-

KOMIIOHEHTOB TPaMOTpHIaTeIbHbIX GakTepuil, otBeT- | sible for the emergence of the pathophysiological re-
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CTBEHHBIX 32 BO3HUKHOBEHUE TATO(DU3UOJIOTHUCCKUX
peakIuii mpu rpaMoTpUIaTeIbHBIX HHMeKIAX. bia-
rojlapsl Pa3BUTHIO MHCTPYMEHTAIBHBIX METO/IOB aHa-
sau3a B cepeinHe XX BeKa XUMHUUYeCKast CTPYKTypa 1
Ouosormyeckue CBOMCTBa BD ObLam olpeneneHb
6osee touno [1]. TlpucyTrcTByomuii Bo BHENTHEN
MeMOpaHe BCEX IPaMOTPUIATEJBHBIX Gaktepuii B
IIPY TIOMA/IAHUN B KPOBEHOCHYIO CHCTEMY 4YeJIOBEKa
CII0CcOOEH BBI3BATh CUJIBHBIN BOCHIAUTENBHbBII OTBET,
B TSDKEJIBIX CJIy4YasixX MPUBOJAIININ K PA3BUTHIO CETl-
TUYECKOTO TIOKA C BBICOKOW BEPOATHOCTDHIO JICTAJb-
HOro mucxona. CBOEBPEMEHHOCTb KOJUYECTBEHHOTO
WA TOJYKOJIUYECTBEHHOTO olpeeneHus b B
KPOBH U JIPYTUX (DU3UOJOTHUECKUX KUIKOCTIX Opra-
HU3Ma B HACTOSIIEE BPEMs OTHOCATCSA K KJIOUEBBIM
(baxTopam paHHel IMATHOCTUKY CETICHCA U YCJIOBUEM
HaszHaueHus1 GoJiee «TOYHOTO» JIEUEHUs], BKJIOUYASI
MEPCOHAIN3NPOBAHHOE TIPUMEHEHWE KCPAKOPIIO-
PaJibHBIX METOJIOB JiedeHust cercuca [2].

Crpykrypa 6GaKTepuaJbHOTO IHAOTOKCHHA.
B3 npescrassier co60i MOJIEKYJIbI JIUITOTIOINCAXA-
puga (JIIIC), akcmpeccupoBaHHble Ha HApPY:KHOU
KJIETOYHOM CTEHKE IPaMOTPUIIATEIbHBIX OGaKTEpHIl.
Ob6muast xuMuveckast cTpykrypa mosekyn JIIIC
GOMBIINHCTBA GAKTEPUIl CXOAHAL: OHU COLEPAKAT I10-
JAPHBIN  TeTeponosucaxapuaabiii  (O-aHTHUTEH),
BHYTPEHHUIl OJIMTOCAXapUJAHbIH W  JUIUIHBIN
(smuniug A) dparmentst |3, 4] (puc. 1).

O-anTureH — HaMMeHee KOHCEPBATUBHAS YacTb
mostekyJibl JITIC; on mipefcrabisier coOOI TOJISIPHBII
TeTepOIOJINCAXAPUIHBIN (hparMeHT, CTereHb Pa3BeTB-
JICHHOCTU W TIPUCTYTCTBUE TEX WJIM WHBIX MOHOCAXa-
PHJIOB B KOTOPOM 3aBUCHT OT Buja Gakrtepuil [5, 6].
HenTpanpHblli osMrocaxapuiHbIlE (hparMeHT coco-
TOUT W3 BHEIIHel W BHYTPeHHell uyacTu. BHemrHss
YacTh, TakKe Kak 1 (hparmenT O-aHTUTEHA, He SBJISET-
Csl KOHCEPBATUBHOM U TIPe/ICTaBIIsIeT cOOON OCTAaTKK

actions in Gram-negative infections. Due to the pro-
gress in development of instrumental methods of ana-
lysis in the middle of the 20th century, the chemical
structure and biological characteristics of BE have
been clarified [1]. BE is expressed in the outer mem-
brane of all Gram-negative bacteria. The BE molecu-
les are capable to induce a potent inflammatory res-
ponse after entering the human bloodstream, in seve-
re cases leading to the development of septic shock
with a high probability of a lethal outcome. A timely
quantitative or semi-quantitative determination of
BE in the blood and other body fluids is currently one
of the key factors for early diagnosis of sepsis and a
basis for prescription of a more appropriate trea-
tment, including personalized approaches to extra-
corporeal treatment of sepsis [2].

Structure of bacterial endotoxin. BE repre-
sents lipopolysaccharide (LPS) molecules of the
outer cell wall of Gram-negative bacteria. The ge-
neral chemical structure of LPS molecules of most
bacteria is similar: they contain polar heteropoly-
saccharide (O-polysaccharide chain), internal oli-
gosaccharide, and lipid (lipid A) fragments [3, 4]
(Fig. 1)

The O-polysaccharide chain is the least conser-
vative part of the LPS molecule; it constitutes a
polar heteropolysaccharide fragment, the degree of
branching and presence of certain monosaccharides
in which depends on the type of bacteria |5, 6]. Cent-
ral oligosaccharide fragment consists of external and
internal parts. The external part, as well as a frag-
ment of the polysaccharide are not conservative and
represented by residues of six-membered sugars,
which numbers may vary from 8 to 12 [5].

The inner part of the oligosaccharide fragment
contains heptoses and at least one residue of 3-
deoxy-D-manno-oct-2-ulosonic acid. Lipid A is the
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Puc. 1. O6mas xumuueckas crpykrypa JIIIC.
Fig. 1. Chemical structure of LPS.

IIpumeuanue. O-polysaccharide chain — O-anrturen; ays puc. 1, 2: Core oligosaccharide — BuyTpennuii osurocaxapuanbiii pparMent;
Lipid A — siummaz A. Outer Core — BHelHsist yatch; Inner core — BHyTperHsist yacth; Monosaccharide — monocaxapuy ; Phosphate gro-
ups — docdarnbie rpynmsr; Ethanolamine — sranoamun; Fatty acid — skupHble KHCTOTHL
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E.coli N.meningitidis C.trachomatis H.influenzae

Puc. 2. IIpumeps! CTPOEHU: BHYTPEHHETO OJIMTOCAXaPHAHOTO (pparMenTa Jisi pa3aMuHbIX FPAMOTPUIATENbHBIX GaKTEPHIA.
Fig. 2. Core oligosaccharide structure of different gramnegative bacteria.

IMEeCTUYJIEHHBIX CaXapOB, KOJMUYECTBO KOTOPbIX
MOKeT BapbupoBath ot 8 10 12 [5].

Bo BHyTpeHHell yacTu osirocaxapuiHoro gpar-
MEeHTa COJIEPIKATCSI TEIITO3bI U HE MeHee OJ[HOTO OCTAaT-
Ka 3-1e30Kcu-D-MaHHO-OKT-2-yJI030HOBOIM KUCJIOTbI
(puc. 2). JTunug A — nanbosiee KOHCEpBaTUBHAS YaCTh
mostekysibl JITIC, mpezcrasisionias coboil yHUKaIb-
HbIl (hocHOPUIMPOBAHHBIN TIUKOIUATIUL [7].

TOKCUYHOCTH GaKTEPHAIBHOTO SHIAOTOKCUHA.
B3 BBICBOOOKIAETCS TIPU PAa3PYIIEHUH CTEHOK GaK-
TEpUil, OCJIe Yero MOXKET IPOHUKATD B PA3IUIHbIE
JKUJIKHE CPelibl opranuama (KpoBb, CIIMHHOMO3TOBYIO
JKUJIKOCTh, MOKPOTY 1 7ip.). [Tonaganue B kpoBb B
OCO6eHHO OIIaCHO, 1 IIPAU 3TOM CTOUT OTMETUTD, YTO Y
PA3HBIX BUAOB KUBOTHBIX YYBCTBUTE/JIbHOCTD 110 OT-
notrenuto kK b neopnuakosa [8]. Hupkyisanus au-
JOTOKCHMHA B KPOBU NPUBOAUT K PA3JUYHBIM I1aTO-
(usnonornueckum addexraMm, yXyAIaoIUM CO-
CTOSIHUE U B 3HAYUTETHHOI Mepe OIpeeIsTiOoniM
TSDKECTh KJIMHUYECKOTO cocTosiHus maiuenta. Cau-
TaeTCs, 4YTO B pa3BUTHE TKaHEeBOU TUIIOKCHUH, TIPUBO-
JIATIel K MOJUOPTraHHON HeJOCTATOYHOCTH TIPU CeTl-
CHCe U CENTUYECKOM IIOKe, BHOCST CYII€CTBEHHBII
BKJta] MoJiekyJibl JITIC, criocoOHbIe HAPYIIATD SHIO0-
tenuii cocynoB (DC) Kak HeNocpejiCTBEHHO, TaK U

most conservative part of the LPS molecule repre-
senting the unique phosphorylated glycolipid [7].

Toxicity of bacterial endotoxin. BE is relea-
sed on destruction of bacterial walls, and then it
can penetrate into various body fluids (blood, ce-
rebrospinal fluid, bronchial mucus, and urine).
The BE penetration into the blood is significantly
dangerous, and it should be noted that the sensi-
tivity to BE varies in different animal species [8].
The circulation of endotoxin in blood leads to va-
rious pathophysiological effects, worsening the
condition and largely determining the severity of
patients' clinical condition. Tt is believed that
LPS molecules capable of impairing the vascular
endothelium (VE) significantly contribute, both
directly and indirectly, to the development of tis-
sue hypoxia leading to multiple organ failure in
sepsis and septic shock by activating neutrophils
aggregating on the VE surface. Therefore, the de-
tection of BE in the circulation seems obligatory
for personalization of treatment of life-threate-
ning conditions in sepsis [9, 10].

Test methods for detection of bacterial endo-
toxin. There are four main ways to detect bacterial
endotoxin to date:
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OTIOCPEIOBAHHO, aKTUBUPYS HEHUTPOMUIIbI, arperu-
pytome Ha moepxHoctu JC. [Hoatomy ompemele-
Hue B B upKyIsaiiuu HeoOX0AUMO JIJISt IEPCOHATIH-
3aIUN JICYCHUS JKIU3HEYTPOKAIONTNX COCTOSHUN TIpU
cencuce [9, 10].

Merop! onpeiesienus: 6aKTepruaIbHOTO IHI0-
TOKCHHA. Ha /laHHbII MOMEHT CyIIlecTBYeT uYeTbhIpe
OCHOBHBIX CII0COOa OTpe/esieHnsT GaKTePHATLHOTO
9H/IOTOKCHHA:

1) Ompenenenrie MMPOreHHOCTH HA KPOJTUKAX —
YCTAHOBJICHHE BCEX MMMPOTCHOB, BKIIIOYAS dHIOTOKCH-
uel [11];

2) JIAJT tect (Limulus Amebocyte Lysate
Test) — Tect, MO3BOMSAONINI OIPENEJATH OaKTEPH-
aJIbHbIE DHIOTOKCUHBI (HE MUPOTEHBI KaK TaKOBBIC)
[12] u ero passnynble aHANIOTH, B YaCTHOCTH, PyTO-
Gene™ [13], EndoLisa® u EndoZyme® [14, 15];

3) EAA (Endotoxin activity assay) — mo3Bo-
JIZeT TPOBO/IUTD AaHAJIN3 AaKTUBHOCTH dHIOTOKCHHA B
KpoBU TanuenTa [ 16];

4) MAY-Endotox (MeToJ aKTHBUPOBAHHBIX
yactuil) [17] — mMO3BOJISAET MOMIY-KOJTUYECTBEHHO
OTIPEZIESIATh KaK SHIAOTOKCHHBI OT/EJIBHBIX BUIOB
GaKTepHii, TaK 1 UX CyMMapHOe COJlePKaHIeE.

Omnpenesnenie MHPOTeHHOCTH HAa KPOJHKaX.
[losiroe BpeMs 0 HAIMYUY 9HIOTOKCUHOB B KPOBH CY-
JIUJTH 110 TUPOTEHHOCTH B TecTe Ha Kposnkax. [Tupo-
TeHHOCTDb PACTBOPA OTIPEJIEISIIN ITyTeM BBEICHUS €TO
B KPOBb JKUBOTHOTO ¥ HAOJIOJIEHUS 32 U3MEHEHIEM
temnepatypsl Tesa [18]. IloBblenue TemmepaTypbl
BBIIIIE JIOITYCTUMON HOPMBI YKa3bIBAJIO HA HAJUYME
BO BBOJIUMOM PAaCTBOpPE, COJIEPIKAIIEeM KOMIOHEHTBI
KPOBU OOJIBHOTO, TUPOTEHHBIX TIPUMECEN — MPEIIo-
JgoxutesnbHo, B, Brepsoie atoT Tect Gbu1 ohuUIm-
anbpro pexomengosan Mapmakoreeit CIITA B 1942 r.
I'7aBHBIM HEZLOCTATOK — HEBO3MOKHOCTDL KOJIMYE-
CTBEHHOI o1leHKU cojep:kanus B [19].

JIAJI-tect. JIAJT-Tect wiu Limulus Amebocyte
Lysate (LAL) — xadecTBeHHBIN U KOJNYECTBCHHBIN
METO/I OTIPe/IEJICHUS YPOBHS 9HIOTOKCHUHA, OCHOBAH-
HBII Ha peakiuu in vitro mexkay b u JIAJI-peaktu-
BoM. Tect BriepBbie nipesyioxker B 1968 r. [20]. Ompe-
Jesienrie cojiepxkanus b3 ¢ momorsio JIAJI-Tecta
BO3MOKHO B PA3JIMYHBIX KUAKUX CPe/laX, BKJIOUAs
KPOBb U TIa3My. BriepBbie 3TOT MeTO/[ OBLIT BKIIOUEH
B @apmakoreio CIIA B 1985 1. xak npeaHasnaveH-
HBII JI7sT onpesiesieHrst DaKTePUATBHBIX SHIOTOKCH-
HOB [21]. CaeryeT OTMETHUTD, YTO dHAOTOKCUHBI Pa3-
JINYHBIX BUZOB OaKTEPUl OTIMYAIOTCS 10 CBOEH aK-
tuBHoctu B JIAJI-Tecte 110 cpaBHEHUIO € OIpesesie-
HUEM ITHPOTEHHOCTH HA KPOJMKax [22].

CymectByer Heckosbko Moauduranuii JIAJI-
tecra. Cpen HUX TeJb-TPOMO TECT, XPOMOTEHHBIN
TecT (KHHETUYECKUIA U 1T0 KOHEUHOH TOUKe), a TaKKe
typbopumerpudeckuii JIAJI-rect (KMHETUYECKUIT U
110 KOHEYHOH TOYKe).

Nnest meTona 3aKIII09AETCS B TOM, UTO (DEPMEHT
daxrop C, copepskaiuiics B iusare aMmeO0IUTOB Me-

1) the pyrogenicity test in rabbits helps deter-
mine all the pyrogens, including endotoxins [11];

2) LAL test (Limulus Amebocyte Lysate Test)
is a test that allows to detect bacterial endotoxins
(not pyrogens, as such) [12] and its various analogu-
es, in particular, PyroGene™ [13], EndoLisa® and
EndoZyme® [14, 15];

3) EAA (Endotoxin activity assay) allows to ana-
lyze the activity of endotoxin in patient's blood [16];

4) MAP-Endotox (method of activated partic-
les) [17] allows to carry out a semi-quantification
test for both endotoxins of individual bacterial speci-
es and their total content.

Pyrogenicity test in rabbits. The presence of
endotoxins in the blood has been assessed based on
the pyrogenicity test in rabbits for a long time. The
pyrogenicity of a solution was determined by injec-
ting it into the bloodstream of an animal and monito-
ring the body temperature [18]. The temperature rise
above the reference limits indicated the presence of
pyrogenic impurities, presumably, BE in the injected
solution containing components of patient's blood.
For the first time, this test was officially recommen-
ded by the United States Pharmacopoeia in 1942,
The principal disadvantage of the test is the inability
to accurately quantify the content of BE [19].

LAL test. LAL-test or Limulus Amebocyte Ly-
sate test (LAL) is a qualitative and quantitative met-
hod for the determination of endotoxin levels, based
on in vitro reaction between BE and the LAL re-
agent. The test was introduced for the first time in
1968 [20]. The detection of BE using the LAL-test is
possible in various body fluids including blood and
plasma. For the first time, this method was included
in the United States Pharmacopoeia in 1985 as a test
for bacterial endotoxins [21]. Tt should be noted that
endotoxins of different kinds of bacteria differ in
their activity in the LAL-test as compared to the py-
rogenicity test in rabbits [22].

There are several modifications of the LAL-test.
They include the gel-clot test, the chromogenic test
(kinetic and endpoint procedure), as well as turbodi-
metric LAL-test (kinetic and endpoint procedure).

The concept of the method is that the enzyme
factor C contained in the limulus amebocyte lysate
(Limulus polyphemus) (LAL-reagent), reacts only
with BE, thus triggering a cascade of enzymatic re-
actions leading to activation of a coagulating enzy-
me, which eventually turns coagulogen into coagu-
lin, that leads to the formation of gel (gel-clot and
turbodimetric version of the method). Chromoge-
nic modification of the method uses, instead of coa-
gulogen, a chromogenic substrate hydrolyzed by
the enzyme system activated in the presence of BE
with the formation of a stained product (4-nitro-
aniline) [23].

The gel-clot test is a semi-quantitative LAL-
test version. This method is based on the formation

www.reanimatology.com
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Bacterial Endotoxin

B-glucan

Puc. 3 CxemaTtnueckoe npeacTaBieHue reab-oopasosanus B npouecce JIAJI peakuuu.

Fig. 3. Schematic representation of the LAL gelation reaction.

IIpumevanue. Bacterial Endotoxin — Gakrepuanbhblii angorokcu; glucan — rmokan; Factor C (B, G) — daxrop C (B, G); Activated
Factor — akrusnas dhopma dakropa; Proclotting enzyme — npodepment; Clotting enzyme — cseproiBatomuii hepment; Coagulogen —

koaryJoren; Coagulin — koarysum.

yexBocToB Limulus polyphemus (JIAJI-pearenr), pea-
TUpyeT MPAaKTUYeCKU TOJIbKO ¢ B3I, 4To 3amyckaer
KackaJl (pepMeHTAaTUBHBIX PEAKIIUH, IIPUBOJSIIUIN K
AKTUBAIIMKU CBEPTHIBAIOIIETO (hepMeHTa, KOTOPLI B
WTOTE TIPEBPAIAET KOATyJIOTeH B KOATyJIUH, 4TO IIPH-
BOZIUT K 06pa3oBaHuio resist (reib-TpoM6 u Typbou-
METPUYECKUI BApUAHT MeTo/1a). B ciryuae XpoMoreH-
HOU MOZM(UKAIIMT METO/Ia BMECTO KOAryJIoreHa 1c-
HOJIb3YETCST XPOMOTEHHBIN CyOCTpaT, KOTOPbI Iuji-
pPOJIM3YeTCsI aKTUBUPOBAHHOW B HPUCYTCTBUU DO
(bepMEHTHOI cHCTEMOR ¢ 0Opa30BaHUEM OKpAIlEH-
HOTO NPOAYKTa — 4-HuTpoanuanHa [23].
Teb-TpoM6 TecT — TOMYKOJINYECTBEHHbBII Ba-
puant JIAJI-recra. /lanublii MeTO OCHOBaH Ha 00-
Pa3oBaHUK TBEPJOTO TeJist OCHe H00ABIEHUS K UC-
cienyeMomy o6pasily (BOAHOMY pacTBOPY WJIH
miazme kpoBu) JIAJI-peaktuBa (puc. 3). Ilpenen
o6GHApPYKEHUs DHJIOTOKCHHA MIPU TAKOM METOJe CO-
crasster ot 0,01 10 0,03 E9 /M (1 ED 06bran0 co-
otBerctByer 100 nr B3). Kpurepuewm, ucrosib3ye-
MBIM B JIAHHOM METO/I€ TeJic0OPa3OBaHusl, SIBJISIETCSI
COXPaHEHMeE IeJOCTHOCTH 0OPA30BaBIIETOCS B pe-
3yJIbTaTe PEAKI[UU IJIOTHOTO TeJist Ha J[He TIPOOUPKU
1pu ee IepeBopaunBaHun (IOJOXKUTEJIbHBINA pe-
3ysbTaT). OTpUIATEJIbHBIM SIBJISIETCS PE3YJIbTAT, CO-
OTBETCTBYIONMN OTCYTCTBHIO IJIOTHOTO TeJisl WJN
€ro MITHOBEHHOMY Pa3pyLIEeHUIO IIPU lIepeBOpauYnBa-
HUY TPOOUPKHU, YTO O3HAYAET OTCYTCTBHE OaKTEPH-
AJIbHOTO AHJOTOKCUHA HA YPOBHE TIPejieJia 9yBCTBH-
TEJBHOCTH KOHKPETHOTO PEAKTUBA. ITOT METO]

of solid gel after adding the LAL-reagent to the stu-
died sample (water solution or blood plasma). The
endotoxin detection limit of this method ranges from
0.01 to 0.03 EU/ml (1 EU usually corresponds to
100 pg of BE). Criterion used in this method of gela-
tion is the preservation of the integrity of a dense gel
resulting from the reaction on the bottom of the test
tube when it is turned upside down (positive result).
The result is considered negative, in the absence of
the dense gel or its immediate destruction after tur-
ning the tube, which means that there is no bacterial
endotoxin at the sensitivity limit of a specific re-
agent. This method is relatively inexpensive and
does not require specialized equipment for its imple-
mentation. Its disadvantages include low reproduci-
bility and low accuracy of detection of bacterial en-
dotoxin.

The chromogenic LAL-test is based on the for-
mation of a stained product during hydrolysis of the
substrate, which only happens when the enzyme sy-
stem is activated in the presence of bacterial endoto-
xin. In the presence of LPS, test solutions turn
yellow; at that, the color intensity is proportional to
the content of BE, that allows to build a calibration
curve and use this method for the assay of BE. The
peak sensitivity of the method is 0.005 EU/ml. To
carry out the chromogenic test, equipment, allowing
to determine the absorbancy of solutions is required
in addition to main consumables, for example, a stan-
dard spectrophotometer or optical reader for tablets
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CPaBHUTEJIHHO HEIOPOTOW U He Tpedyer Crenu-
AJIbHOTO 0OOPY/IOBAHYS JIJIs ero peaym3anuu. K He-
JIOCTATKaM MOKHO OTHECTH HEBBICOKYIO BOCIPOU3-
BOZIMMOCTH PE3YJIbTAaTOB U HU3KYIO TOYHOCTD OIpe-
JeJieHnst GaKTepUaIbHOTO IHIOTOKCHHA.

Xpomorensuniii JIAJI-Tect ocHOBaH Ha 00paszo-
BaHWU OKPAIIEHHOTO TPOYKTa IPU TUAPOJU3e Cy0-
CTpaTa, KOTOPBIH MPOUCXOANT JIUIIb ITPU AaKTUBAIINN
(hepMEHTHON CHCTEMBI B TIPUCYTCTBUU OAKTEPUATb-
Horo sujorokcuna. [Ipu namuuun JIIIC uccienye-
MbI€ PACTBOPBI OKPAITUBAIOTCS B JKEJITBII I[BET, TIPH-
4YeM WMHTEHCUBHOCTH I[BETA IPOIOPITMOHAIbHA CO-
nepxanuio b, 4To Mo3BOJISAET TOCTPOUTH TPALYUPO-
BOYHYIO KPUBYIO U HCIIOJIb30BATH IAHHBII METO/L /1715t
KOJINYECTBEHHOTO aHan3a cojiep;kanus bd. Makcu-
MaJibHasg YyBCTBUTEJIBLHOCTb METO/A COCTABJSET
0,005 ED/mua. /Iy BbIOJHEHUST XPOMOTEHHOTO
TecTa MOMMMO OCHOBHBIX PACXOIHBIX MaTCPUAJIOB
HEOOX0IMMO 060PYI0BaHHe, TIO3BOJISIOIIEE OIIpee-
JIATH OITUYECKYTO MJIOTHOCTHh PACTBOPOB, HAIIPUMED,
MO’KHO MCIIOJIb30BaTh CTAHAAPTHBIN CHEKTPO(OTO-
MeTp WJIM ONTUYECKUil pujep /s 1sanieroB. He-
OCTIOPUMBIM JIOCTOMHCTBOM XpoMoTeHHOTO JIAJI-
TecTa SBJSAETCS BO3MOKHOCTH TOYHOTO OIIpejiesie-
HUSI, cofiepskanust BO 1 3HAUUTEIbHO HOJIee BHICOKAsT
BOCIIPOM3BOIMMOCTb METOJIA.

Typboaumerpuueckuii JIAJI-TecT OCHOBaH Ha
TOM, UTO TIPU B3aMMOJZIEHCTBUM peakTuBa ¢ b mpo-
HCXOUT IOMyTHEHUE PACTBOPA, T.€. U3MEHSIETCS eTo
OIITUYECKAs TIOTHOCTD, TIPUYEM CKOPOCTh M3MEHe-
HUA JAHHOTO MapaMeTpa HAIPAMYIO 3aBUCUT OT KO-
JINYEeCTBEHHOTO coziepskannsd bad. Kak mpasuiio, kpu-
TepueM OICHKHU SIBJSETCS JOCTUKEHUE 3apaHee
OTIPE/IEJICHHOTO TIOPOTOBOTO 3HAYCHUS ONTUYECKOMN
mrotHoctu. Cpenu Beex Bapuanuii JIAJI-tecra nan-
HBII MeTOJ SIBJIsieTcsl HanboJiee UyBCTBUTEIbHBIM
(MakcumasibHasg yyBcTBUTEabHOCTD 0,001 EJ/Mun).
BoinosiHenne anasmsa TpebyeT HaJUdusi TEPMOCTa-
TUPYIOIIETO HHKYOAaTOpa ¢ (hOTOMETPOM, TTO3BOJISTIO-
IIEr0 TTPOBO/IUTH HENIPEPLIBHOE U3MEPEHHE ONTHYEe-
CKOU TJIOTHOCTH PEAKIIMOHHON CMeCH TIPH WHKYyOa-
WU B YCJIOBUSX 3a/IaHHOM TeMIIePaTyphl.

[Tpu anasmse GUOJIOTMYECKUX JKUAKOCTEH METO-
JoMm JIAJI-Tecta Ba;KHO IOHUMATh, YTO B HUX MOTYT CO-
JIepsKaThCs KOMIOHEHTDI, METIATOIIIE TPOBECHUIO Pe-
akuu ¢ cyoerpatoM. Tak, MUPKyJIUpPyONMi 60K
LBP, MeMOpaHO-aCCOIMUPYIONIHECS] MOJIEKYJIBI TPa-
HyJioruToB 1 MoHoiuToB (CD11/CD18, CD14 u n1p.),
a TaKKe MOBEPXHOCTHBIE CTPYKTYPHI TPOMOOIMTOB
00J1a1a10T CII0COOHOCTDHIO CBSA3BIBATH U HEHTPAIM30-
Batb JIIIC [24, 25], yTO cCHUXKAET TOYHOCTD OTIpEJIeie-
Hus kosmdecTBa B B skuakux obpasiax. Kpome toro,
B KPOBHU COJICPKATCS CEPUHOBBIC ITPOTEA3bI, TUAPOJIH-
3YIOIIUE TTENTU/THBIE CBA3U (DEPMEHTOB, y4aCTBYIOIINX
B KacKajle PeaKiuil; GOJIbIIoe COJAEpKaHMe POTEas3 B
6uoo6pasifax (HapuMep, B pe3yJibTare BbIX0JIa TPOTe-
a3 13 Pa3pyIICHHBIX KJIETOK ITPY TPABMAX, IPYTUX KPU-
TUYECKUX COCTOsIHUSAX) gnesaer orpenenenue JITIC

may be used. The undeniable advantage of the chro-
mogenic LAL-test is the ability to determine the
content of BE accurately and a significantly higher
reproducibility of the method.

The turbodimetric LAL-test is based on the
fact that turbidity of the solution occurs during inte-
raction of the reagent with BE, i.e. its absorbancy
changes; at that, the rate of this change depends on
the quantity of BE. As a rule, achievement of a pre-
determined threshold of the absorbancy is the assess-
ment criterion. Among all variations of the LAL-test,
this method is the most sensitive one (the peak sen-
sitivity is 0.001 EU/ml). The analysis requires a
thermostatic incubator with a photometer, allowing
to perform continuous measurements of the absor-
bance of the reaction mixture during incubation at a
given temperature.

When analyzing biological fluids by means of
the LAL-test it is important to understand that they
might contain components preventing a reaction
with the substrate. For instance, circulating LBP
protein, membrane-associated molecules of granulo-
cytes and monocytes (CD11/CD18, CD14, etc.), as
well as superficial structures of platelets have the
ability to bind and neutralize LPS [24, 25] thus dec-
reasing the accuracy of the BE counting in liquid
samples. In addition, the blood contains serine pro-
teases hydrolyzing peptide bonds of enzymes invol-
ved in the cascade of reactions; a greater content of
proteases in biosamples (for example, as a result of
release of proteases from destroyed cells after trau-
mas and other critical conditions) makes the LPS de-
tection difficult [26]. On the other hand, proteases
can activate enzymes contained in the Limulus coa-
gulation system which is similar to that of mammals,
resulting in false positive test results [27]. In addi-
tion to the proteins, (1,3)-8-D-glucans, the compo-
nents of fungal cell walls, are present; like LPS, they
can activate the enzyme cascade. In order to reduce
the probability of false results in blood and serum
tests, a specially designed Glucashield ™ buffer com-
patible with the reagent for the LAL-test should be
used. While using it, enzymes, producing the LAL-
reaction cascade are insensitive to (1,3)-8-D-glucans
that allows a more precise measurement of endotoxin
in the sample. In general, pretreatment is required to
abrogate a negative impact of various blood proteins
that prevent the reliable and reproducible results of
the LAL-test when testing for bacterial endotoxins
[28].

Therefore, the advantages of the LAL-test in-
clude a sufficiently high sensitivity, simplicity and
relatively short testing time. The method is charac-
terized by a relatively low cost, reproducibility, and
simplicity. Disadvantages of the method includes: (a)
lacking the specificity in the analysis of the content
of BE in multicomponent solutions such as blood
and plasma, and (b) requirement of special equip-
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npobematuaHbiM [26]. C apyroit CTOPOHDI, TPOTEA3bI
MOTYT aKTUBUPOBATh (DEPMEHTBI, COCTABJISIONINE CHU-
CTEMY CBEPTBIBAHMS KPOBU MEUYEXBOCTOB, CXOIHYIO C
TAKOBOM y MJICKOITUTAIONINX, YTO TIPUBOJIUT K TTOJTyde-
HUIO JIOJKHOTOJIOKUTEJIBHBIX PE3yJIbTaTOB aHAIN32A
[27]. B notmosiHeHue K GekaM, B KPOBH B HEOOJIBIITUX
KosimdecTBax copepsxkarcs (1,3)-B-D-riaokanbl, KoM-
MOHEHTBI CTEHOK IPHOKOBBIX KJIETOK, KOTOPbIE, TAK/KE
kak u JIIIC, moryT aktuBUpoBaTh (hDePMEHTHBII Kac-
Kajl. J[Jist TOTo, 4TOOBI CHU3UTD BEPOSITHOCTD MOJTyde-
HUA JIOKHBIX PE3yJIbTAaTOB P UCCIEIOBAHUN KPOBU
U CBIBOPOTKH, HEOOXOIMMO HPUMEHSITH CIIEIUATbHO
paspaboranubiii 1715t atoro 6ydep Glucashield™, co-
BMecTUMBIN ¢ pearentoM it JIAJI-tecra. [Ipu ero
MCIOJB30BaHUH (hePMEHTBI, MTPOAYITUPYIONINE Kac-
kay JIAJI-peakiinu, OKa3bIBAIOTCSI HEUYBCTBUTETHHbBI
K (1,3)-f-D-rmokanam, 9T0 MO3BOJISIET TIPOU3BECTH
6oJiee TOUHOE U3MePEHIEe DHIOTOKCHHA B 0Opasiie. B
o011eM ¥ 11eJ10M, HeoOXoAuMa IpeJBapuTebHas 00-
paboTKa, [e3aKTUBUPYIOIIAast HEraTUBHOE BO3JEi-
CTBUE PA3JIMUYHBIX GEJTKOB KPOBH, MEIAONINX TTOJTY-
YEHUIO IOCTOBEPHBIX U BOCITPOM3BOIUMBIX PE3yJibTa-
TOB aHajn3a OAKTEPUAIBHBIX IHIOTOKCHMHOB METO-
nom JIAJI-tecra [28].

Taxum o6pasom, k mpermyiiiectBam JIAJI-tecta
OTHOCSITCSI TOCTATOYHO BBICOKAS UyBCTBUTEJHHOCTD,
IPOCTOTA M OTHOCUTETHHO HEGOJIBIIIOE BPEMSI TTPOBe-
JIleHUs aHaim3a. MeToj XapaKTepu3yercs CpaBHU-
TEJbHO HEBBICOKON CTOMMOCTHIO, BOCIPOU3BO/U-
MOCTBIO, YIOOCTBOM mpuMeHeHust. Hepocratkamu
MeTo/la SABJAIOTCS: () HejocTaTouHas creruduy-
HOCTD TIPU aHAJIM3e cofiepsKaHusd b B TakuX MHOTO-
KOMIIOHEHTHBIX PacTBOpaX, KaKk KPOBb U IJIa3Ma, U
(6) HEOOXOAUMOCTD HAIMYHUS CIIEIUATILHOTO 000PY-
JIOBaHU, UYTO 3aTPYHSET €ro UCIOJb30BaHUE B Kaue-
CTBe 3IKCIIPECC-METOJIa B YCJOBUSX CTaloHapa. B
1eJIOM, MeTOJ H0Jiee BCEro TIOIXOAUT JIJIsl OIpesieie-
HUg BO B BOAHBIX PAacTBOpax; €ro MpUMEHEHHE C
IEJIbI0 IMATHOCTUKUA TPAMOTPHIIATEIHHOTO Cercuca
SABJISETCS HEJIOCTATOUHO CHEeN(PUIHDBIM.

PyroGene™. JIpyroii MeTos aHajim3a GakTepu-
AJTIbHOTO HH/IOTOKCUHA B BOJIHBIX CPe/lax OCHOBAH Ha
ucnosbzoBanuu Habopa PyroGene™, pazpabotaHHo-
ro kommnanueir Lonza [29]. CyTb MeToza B TOM, UTO
BMeCTO HaTUBHOM (hopMmbl hakTopa C remocTasa mMe-
YEeXBOCTOB HCIOJIb3YIOT PEKOMOUHAHTHbBIE MOJIEKY-
gl hakropa C (rFC), akTuBupyionmecs 1mnpu CBI3bl-
BaHuu ¢ b3I, uto nmpuBomuT K amuccuu Qiyopec-
IEHTHOTO CUTHaa. MeTo/ gBJSETCS aHAJIOTOM I10-
nyssipaoro JIAJI-tecta, ogHako Gosee crenupuy-
HbIM B OTHOIIEHWU BbIsIBJIeHUs umenHo bI. Uc-
noJsib3oBanre uMeHHo TFC 103BoJIgeT UCKIIOUUTD
JIO3KHOTIOJIOXKUTEIIbHBIC PE3YJIbTATDI, IEPUOINYCCKU
posHukamwlue B JIAJI-recre B ¢BgA3U ¢ HAJIUYUEM B
OUOJIOTHYECKUX JKUJKOCTSIX TIePEKPECTHO-PEaru-
pyomux B TecTe fB-TJIOKaHOB. UyBCTBUTENBHOCTH
merona PyroGene cocrasisier 0,005 E3 /M. K nemo-
CTaTKaM MOKHO OTHECTHU (0Jiee BHICOKYIO CTOUMOCTD,

ment, which makes it difficult to use the test in an
express hospital setting. In general, the method is the
most appropriate one for determining BE in aqueous
solutions; its use for diagnosis of Gram-negative sep-
sis is not sufficiently specific.

PyroGene™. Another method of analysis of
bacterial endotoxin in aqueous media is based on the
PyroGene ™ kit manufactured by Lonza [29]. The
essence of the method is that recombinant molecules
of factor C (rFC) activated at binding to BE are used
instead of the native form of factor C of Limulus he-
mostasis, thus leading to the emission of a fluorescent
signal. This method is analogous to the popular LAL-
test, but it is more specific in identifying BE. The use
of rFC permits to exclude false positive results recur-
ring in the LAL-test due to f-glucans in biological
fluids cross-reacting in the test. The sensitivity of the
PyroGene method is 0.005 EU/ml. Disadvantages
include a higher cost, and the only one manufacturer
and supplier licensed in Russian Federation.

EndoZyme® and EndoLisa®. The EndoZyme®
method is used for the in vitro assay of BE in biologi-
cal, pharmaceutical and other samples; it is also based
on the interaction of BE with rFC [15], resulting in a
fluorescent signal which is detected instrumentally.
The peak sensitivity of the method is 0.005 EU/ml.

The EndoLisa® method is a variation of the En-
doZyme® method; the main difference is in prelimi-
nary accumulation of BE a using recombinant prote-
in of a bacteriophage fixed to a polymer substrate.
Detection is carried out using the enzyme system
that contains rFC.

Both methods allow to avoid false-positive re-
sults due to reactions with -glucans in the LAL test,
and also allow to work with concentrated salt solu-
tions. It is important to note that the EndoLisa ®
method shows a good correlation with other met-
hods (LAL-test) in determining BE; in July, 2016,
the European Pharmacopoeia allowed to use it in cli-
nical practice for the quantitative analysis of bacteri-
al endotoxin [ 31].

Endotoxin Activity Assay — EAA. In 1998, the
first method for assessment of the endotoxin activity
(Endotoxin Activity Assay, EAA) directly in whole
blood was developed for diagnosing Gram-negative
infections [32]. It has become the first and currently
the only quantitative assay of BE in the blood appro-
ved by the United States Food and Drug Admini-
stration (FDA) [33, 34]. The EAA test is based on
the fact that the blood endotoxin binds to anti-endo-
toxin antibodies (monoclonal murine IgM), then the
resulting complex of the antigen (LPS) and antibo-
dies (contains a fragment affine to complement com-
ponents) interacts with the complement factor, and
the entire complex is captured by receptors of the
complement expressed on the surface of neutrophils
in a whole blood sample. In the presence of Zymosan
A (a glucan causing a pronounced reaction of innate
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a Takxke 1MPobJeMy TPUOOPETEHUST HA TEPPUTOPUHN
P® B cBs3u ¢ HAIMYMEM €IMHCTBEHHOTO MTPOU3BO-
JIUTEJIS W TOCTABIIMKA.

EndoZyme® u EndoLisa®. Mertox EndoZyme®
HCTIONIB3YETCA /IS KOJIMYECTBEHHOTO onpesiesieand b
in vitro B GuoNOrMYeCKUX, (hapMaIleBTUYECKUX U JIPY-
rux 06pasIfax, OH TAK)Ke OCHOBBIBAETCSI HA B3aUMOJIEii-
crBuu b3 ¢ rFC [15], 4To npuBOIUT K BO3HUKHOBEHUIO
(haryopectienTHOTO CHUTHANA, KOTOPBIN JICTEKTUPYETCS
MHCTPYMEHTATbHO. MaKkcuMasibHAs 4yBCTBUTEIBHOCTD
Mmetoza coctasisieT (0,005 ED /vt

Metox EndoLisa® ssistetcst BapuaIueii MeToja
EndoZyme®, ocHOBHOe pasjinuue 3aKI0UYaeTcsl B
MIpeIBAapUTEIHHOM KOHIIEHTpUpoBanuu B 1pu 1mo-
MOIIM PeKOMOMHAHTHOTO Gesika Gakreprodara, 3a-
KpPeIJIEeHHOTO Ha MOoJIMMepHOU mojioxke. [leTexTn-
POBaHUE OCYIIECTBIACTCA IPU TTOMOITH (hDEPMEHTHOM
cucrembl, conepskaieit rFC.

O6a aTHX MeTo/a MO3BOJIAIOT U30ekKaTh JIOK-
HOIIOJIOKUTEBHBIX PE3YJIbTATOB, KOTOPbIe OBIBAIOT
u3-3a peakiuit ¢ f-rmoxkanamu B JIAJI-Tecrte, a
TaKKe TMO3BOJISIOT PaboTaTh € KOHIIEHTPUPOBAHHDI-
MU COJIEBBIMHM PAacTBOpaMiu. BaKHO OTMETUTB, UTO
metog EndoLisa® mokasbiBaeT xopolnyio KoppeJis-
muio ¢ aipyrumu metonamu (JIAJI-tect) npu onpese-
Jgennn b3d u ¢ uioma 2016 rona paspenien EBporneii-
CKOIl (hapmakorieeil K MCIOIB30BAHUIO JIJIS aHAIU32
cojiepKaHusT DaKTePUATbHBIX SHIOTOKCHHOB B KJIH-
HUYecKol npakTtuke [31].

Endotoxin Activity Assay — EAA. B 1998 roxy
C IEJIbI0 JIUATHOCTUKU TPAMOTPUIIATETbHON GakTe-
puanbHOil mHMeKIUN ObLT pazpaboTaH METOJT OIpe-
Jeserns aktusHocTH aH0ToKcuHa (Endotoxin Acti-
vity Assay, EAA) HemocpeicTBEHHO B IEJbHON
kpoBu [32]. On sBygeTCd TEPBbIM M HA JAHHBINA MO-
MEHT €[IMHCTBEHHBIM KOJMYECTBEHHBIM AHAJIN30M
b9 B xposwu, yrBep:kaenubiM B CIITA Ynpasienuem
[0 CAaHUTAPHOMY HA/I30PY 34 KAUYeCTBOM IHUIIEBBIX
npoayktoB u MeaukamenToB (FDA) [33, 34]. EAA
TECT OCHOBAH HA TOM, UTO HAXOATUICSA B KDOBY 9H-
JIOTOKCUH CBSI3BIBACTCS € AHTUIHAOTOKCUHOBBIMU
aHTuTesaMn (MOHOKJIOHAJIbHBIN [gM Mbln), nocie
vero obpasoBasimiicst komiieke anturena (JITIC) u
aHTuTesa (Co/epKuT hparMenT, ahuuHBII K KOMITO-
HEHTaM KOMIIJIEMEHTA) B3aMMOZEHCTBYeET ¢ (hakTo-
POM KOMIIJIEMEHTA, U BECh KOMILJIEKC 3aXBaThIBAETCS
perenTopaMu KOMILIIEMEHTA, 9KCITIPECCUPYIOTTUMUCS
HA MMOBEPXHOCTH HEUTPODUIOB B 00pasile MeabHOI
KkpoBU. B nipucyrcTBun 3umMosana A (TJoKaH, BbI3bI-
BAIONIMI BBIPAKEHHYIO PEAKIMIO KJIETOK BPOK/CH-
HOTO MMMYHHUTETA) IPOUCXOJUT <«PECIUPATOPHBIN
B3PBIB» HEUTPOMDUIOB, U BBIIEJSETCS OOJIBIIOE KO-
JINYECTBO BBICOKOPEAKTOTEHHBIX MOJICKYJI-OKNUCITH-
TeJieid, KOTOPBIE IETEKTUPYIOTCS METOIOM JIIOMITHOJI-
3aBUCUMOIT XeMUTTIOMUHECTIeHITH. KosimdecTBeHHOE
oripejiesieHIe cojiepskanns BO ocHOBaHO HA TOM, UTO
WHTEHCUBHOCTD JIIOMUHECIIEHITUN TIPOIIOPIIMOHAIb-
Ha KOJIMYECTBY HHIOTOKCHUHA, MPUCYTCTBYIONIETO B

immunity cells) a «respiratory burst» of neutrophils
occurs, and a large amount of highly reactive oxidant
molecules is released, which are detected by the lu-
minol-dependent chemiluminescence. The BE assay
is based on the fact that the intensity of luminescen-
ce is proportional to the amount of endotoxin pre-
sent in the blood sample. The EBA method helps
identify pathogens based on the presence of their
product (BE) directly in the blood without time-
consuming sample preparation. Only 10 pl of blood is
required for the analysis; the test takes only 30 minu-
tes [33].

The applicability of the method is limited to
whole blood, because it requires the presence of ne-
utrophils. In addition, specialized expensive equip-
ment is required allowing to carry out necessary
processing of the blood, as well as devices for rea-
ding the chemiluminescence signal. The fact that
the analysis should be performed directly in a speci-
fied clinic may be an important limitation of the
method, because only a quick test after blood sam-
pling gives informative, adequate information. Anot-
her significant problem of practical application of
the test in clinic is an ambiguous relationship betwe-
en the LPS content and the EAA test result. A num-
ber of works present data on the inconsistency of re-
sults obtained by the «classic» way for endotoxin
detection: the LAL-test and the EAA [35—37]. The
researchers note that the level of the endotoxin acti-
vity measured by the EAA method may be elevated
not only due to Gram-negative sepsis, but also
Gram-positive, which is also confirmed by the lack
of a direct relationship between the presence of en-
dotoxin and the EAA result [36—38]. At that, intro-
duction of interleukin-8 into the bloodstream leads
to increased activity of endotoxin determined by the
EAA [35]. The molecular concept of the method it-
self does not exactly correspond to the definition of
BE, as indicated by the authors of the work [39].
Therefore, EAA results are currently used rather as
a biomarker of sepsis than as a method of direct de-
tection of BE in patient's blood [38, 40, 41].

Method of activated particles (MAP) Endo-
tox. The method of activated particles was develo-
ped for the detection of BE in blood to diagnose
Gram-negative bacterial infections; at that, this kit
identifies BEs of from different bacteria, which al-
lows to determine the causative type of bacteria. The
analysis is carried out by adding the preliminary pre-
pared biological liquid to polystyrene microspheres
with surface-immobilized monoclonal antibodies
IqG, and 1qG,, [42]. In the presence of BE, the anti-
gen-antibody complex is formed, and the result of
the reaction is monitored visually by the degree of
particle activation, i.e. by the presence of large flakes
and grains, as well as the turbidity of the solution.
The sensitivity of the method is 0.04 EU/ml for LPS
of E. coli and S. typhi.
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CpaBuenue metonos onpenenenus JIIIC.
LPS detection methods.
Method Sensitivity, LPS detection LPS detection Quantitive LPS
EU/ml in aqueous solutions in blood detection
Pyrogen Test on Rabbits — ++ — —
LAL-test
gel-clot LAL-test 0,03 e + +
chromogenic LAL-test 0,005 +++ ++ +++
turbodimetric LAL-test 0,001 +++ ++ +++
Endo-tests
EndoLisa® 0,05 4+ — 4+
EndoZyme® 0,005 +++ — +++
Other tests
PyroGene™ 0,005 +++ — +++
EAA test 0,2 — +++! +++
MAP test 0,04 no data +++ ++

Note. ! — Determination of LPS content by this method is debatable.

ITpumevanue. Method — mertog; sensitivity — uyscrButenprocts; EU/ml — EQ/mu; LPS detection in aqueous solutions — onpene-
aenue JITIC B Bopubix pactsopax; LPS detection in blood — onpenenenue JITIC B kposu; quantitive LPS detection — kosmuecTBeH-
Hoe onpeaenenue JIIIC. Pyrogen test on — rabbits- nuporentnocts (Ha kposmkax); LAL-test — JIAJI-tect; gel-clot -resib-tpom6 Tecr;
chromogenic LAL-test — xpomorennsiii JIAJI-tec; turbodimetric LAL-test — Typ6oanmerpuuecknii JIAJI-Tect; Endo-tests — Endo-
tecto; EAA test — EAA tect; MAP test — MAY tect; Other tests — apyrue tectsi; no data — HeT JaHHBIX. ' — SBJIAETCA AUCKYyTa-
GesTbHOI BO3MOKHOCTH ompeseserus comgep:xkanust JIIIC manHbIM METOZOM.

obpasie kposu. EAA MeTOJ 1103BOJISIET OIIPeLe/IsaTh
MATOTEHHBI 110 HAJIMYUIO UX MpoaykTa — B3I Hero-
CPEJICTBEHHO B KPOBU 63 TPY0EMKOH T1POOOIIOTo-
ToBKU. /Ly ipoBe/ienns ananusa goctatouro 10 v
KpoBH, TecT 3aHuMaet Bcero 30 munyt [33].
[TpuMeHNMOCTH METO/Ia OTPAHUYNBAETCS 11€JTh-
HOU KPOBbIO, TAK KaK HEOOXOMMO HAJIUUUE HEUTPO-
¢dbusoB. Kpome Toro, 1ist €ro BBITIOJHEHUST HEOOX0-
JIMO CIIETUAIU3UPOBAHHOE JIOPOTOCTOsIIee 000Py-
JIOBAHUE, MO3BOJISIIOIIEE TPOBOIUTD HEOOXOIUMYIO
006paboTKy KPOBH, a TaKKe MPUOOPBI JJisI CUUTHIBA-
HUS XeMUIJIIOMUHECIIEHTHOTO cuTHama. CyliecTBeH-
HBIM OTPAHMYCHUEM METOJA MOXKET SBJATHCS U He-
00XOINMOCTD MTPOBEIECHIST AHAIM3a HEMIOCPEICTBEH-
HO B JIAaHHOI KJIMHWKE, TOCKOJIBKY TOJBKO OBICTPOE
OITpeJiesIEHIE TIOCJIE B3sITHsI 0OPA3II0B KPOBH Y MAIH-
eHTa JaeT UH(GOPMATUBHBIE, a/ICKBATHLIC CBEICHMUS.
Jlpyroii 3HAYMMOU TPOOIEMOiT TIPAKTUIECKOTO MPH-
MEHEHUS TeCTa B KIMHUKE SBJISETCS HEOTHO3ZHAUHAS
cBg3b Mexay copepskanuem JIIIC m pesynbratom
EAA recra. B psizie paboT IpUBOJISITCS IaHHbBIE O He-
COOTBETCTBUM PE3YJIHTATOB, TOJYUYCHHBIX <«KJACCH-
YECKMM» CIIOCOOOM JIETEKTUPOBAHUS IHIOTOKCUHORB
— JIAJI-tectom u EAA [35—37]. UccnenoBaresu oT-
MEYaloT, YTO YPOBEHb aKTUBHOCTD dHIOTOKCUHA, U3-
MepeHHbII MeTogoM EAA, MoKeT OBITh MOBBIIIEH HE
TOJIBKO TIPU TPAMOTPHUIIATETHHOM CETICUCe, HO U TIPU
IPaMIOJIOKUTETTHHOM, YTO IOTTOJHUTETHHO MTOITBEP-
JKJIAET OTCYTCTBUE MPSIMOM CBA3U MEKIY HAIMIMEM
aHIOTOKCHHA U pe3dyabTatoM EAA [36—38]. Ilpu
3TOM BBe/IEHUE B KPOBb MHTEPJIECUKUHA-8 TIPUBOAUT
K YBEJWYEHUIO aKTUBHOCTU 3HIOTOKCHUHA, OIpe/e-
asiemoii 1o metoxy EAA [35]. Cama mosexyJsipaast
KOHIIETITUS METO/Ia He BIIOJIHE COOTBETCTBYET OIpe-
nenernio BD, Ha YTO yKasblBalOT aBTOPbI PabOTHI
[39]. [Toatomy pesyabratel EAA B HacTosIIEE BpEeMs

Comparison of the methods. The main advan-
tages and disadvantages of the methods for BE de-
tection in different media are presented in Table 1.
Chromogenic and turbodimetric LAL-test (and its
analogues) are the most useful tests for BE determi-
nation in aqueous solutions which allow to carry the
analysis quickly enough with appropriate quality
without time-consuming sample preparation; they
also demonstrate a better sensitivity. The LAL-test
may be also used to determine the BE in the blood
and other biological fluids, but there are problems
with sample preparation and reproducibility due to
glucans and other molecules impeding the detection
whose blood levels vary considerably. EAA and
MAP-Endotox are optimal to meet the challenges of
clinical diagnosis. Although the EAA remains a pro-
mising candidate biomarker indicating the presence
of a bacterial infection including sepsis, it cannot di-
rectly determine the concentration of LPS of Gram-
negative bacteria. MAP-Endotox is a semi-quantita-
tive method with advantages of simplicity and quic-
kness in detecting the BE. Therefore, there is cur-
rently no universal test eligible to meet the challen-
ges of detecting BE. The BE detection in the blood
as a diagnostic criterion of septic complications of
critical states is still ambiguous.
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the Scientific-Technological Complex of Russia in
2014—20205 ).
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HCTIOJIb3YIOT CKOpee B KauecTBe GHOMapKepa Cercu-
ca, yeM Kak MeTo[ TIPsSIMOTO orlipeneienus B B
kpoBu naiuenTos [38, 40, 41].

Meron aktusuposanubix yactu (MAY) Endo-
tox. MeTo/1 ak THBHPYEMBIX YacTHI[ OBbLT pa3paboTan
I ompezieienust cojepskanust b3 B KpoBu Jis 1u-
ATHOCTUKHU TPAMOTPUIIATEIHHBIX OaKTEePUAIbHBIX
uHGbEKIHIL, TPU 9TOM B HAGOP BXOJAT JIUATHOCTHKY-
MBI JUUIsT oTpejiesieHust B pasHbIX GakTepwuii, 4To
MO3BOJISIET BBISIBUTH BO30YyUTENst. AHAIN3 TIPOBO-
JSIT TyTeM TPUOABJICHUS MPEIBAPUTENHHO MOJTO-
TOBJIEHHOU OGUOJIOTHYECKO KUIKOCTH K MUKPOChe-
paM IMOJIMCTUPOJIA, HA TOBEPXHOCTH KOTOPHIX UMMO-
OUJIM30BaHbI MOHOKJIOHA/IbHBIE aHTHTENna 1qGy u
1qG,, [42]. TTpu Hasmuuu B 06pasyercst KOMILIEKC
«AQHTHUTEJIO-AaHTUTEH», U PE3YJIbTAT PEAKIIUU KOHTPO-
JIUPYETCSI BUBYAJIIbHO IO CTEIeHU AKTHBUPOBAHUS
YACTHII, T.€. 10 HAJUIUIO KPYITHBIX XJIONbEB 1 3ePeH,
a Tak)Ke 110 NMOMYTHEHWIO pacTBopa. UyBCTBUTEJID-
Hoctb Meroza cocrtasysger 0,04 E9/mn pa JIIIC
E.coli u S.typhi.

CpaBHenne MeTo10B. OCHOBHBIE JIOCTOMHCTBA
U HeJOCTaTKU METONOB olpenesenns bD B pa3Hbix
cpenax mpejicTaBiieHbl B Tabsmuie. Jlyist orpeeneHst
B3 B BomHBIX pacTBOpax Hanbosee yaobeH XpoMo-
reHHbI 1 TypOoanMerpudeckuii JIAJI-rect, a TakKe,
€ro aHaJoru, KOTOPbIE MO3BOJISTIOT MPOBOJAUTD aHa-
JIU3 JIOCTATOYHO OBICTPO, KOJIMYECTBEHHO U O€3 Tpy-
JIOEMKOU 1TPOGOIIOAIOTOBKH, a TaKsKe, 00J1a1aloT JIyd-
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nieil 4yBCTBUTENbHOCTBIO. [l onpeziesienuss bD B
KPOBHU U JIPYTUX OMOJOTHYECKUX JKUAKOCTSIX TAKIKe
MOKHO TipuMensTh JIAJI-TecT, 0JlHAKO BO3HUKAIOT
TPYAHOCTH € MPOOOMOATOTOBKONU M BOCIIPOU3BO/IH-
MOCTBIO PE3yJIbTATOB M3-32 MEMIAIONINX OIpeese-
HUIO TJIIOKAHOB M JIPYTUX MOJIEKYJI, COZIEPKaHUE KO-
TOPBIX B KPOBY MAIMEHTOB 3HAYUTEJIBLHO BapbUPYET.
s permenus 3a7ad4 KIWHUYECKOW AMATHOCTUKNA
ONTUMAJIbHBIMU SABJISTIOTCS TecThl EAA u MAY-En-
dotox. TlepBblit U3 HUX, XOTSI U SIBJSIETCS EPCIIEK-
TUBHBIM OHOMapKepoOM Hajnuusi GaKTepHajbHOU
nHpeKIMY, BKIOYAd CEICUC, HEe TTO3BOJIICT HaIps-
Myto ompenensarb copepxanue JIIIC rpamorpuia-
tenbHbIX OGakrepuit. MAY-Endotox siBiistercst moury-
KOJIMYECTBEHHBIM METOJIOM, HO OH MUMEET CBOM IIpe-
MMYTIECTBA BBU/LY TIPOCTOTBI U CKOPOCTH OIIpe/iesie-
Hust B, Takum 00pa3oM, Ha JHaHHBIN MOMEHT HeT
YHUBEPCAJIBLHOTO TECTa, MPUTOIHOTO [IJIs PEIleHUS
3agau gerexkTupoBanusg B, OcobeHHO HeoHO3HAY-
HO TIOKa OTIpeiesieHue cofiepskanns b B KpoBU Kak
JIMATHOCTUYECKOTO KPUTEPUS CEIMTHYECKUX OCIOXK-
HEHUH KPUTUYECKNUX COCTOSTHUM.
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Pas3pabOoTKH MO MPHOPUTETHHIM HANPABICHHUSIM Pa3-
BHTHUSI HAYYHO-TEXHOJOTHYECKOro komiuiekca Poc-
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OBbIMIAAd PEAHUMATOJOI'NA

Hayuno-npaktuueckuii sxypHaua «O01ast peaHMaToJIOT s>,
Bxoasuuii B nepeuenb BAK PD, B Scopus u apyrue 6asbl JaHHBbIX,
IIpe/iHa3HAYeH [T Bpadyeil aHeCTe3M0I0TOB-PEaHIMATOIOTOB 1 HAYYHBIX COTPY/THUKOB.

TemaTuka sKypHasia: natoretes, KJIMHNKA, ANATHOCTHKA, JIedenne, MpodUIakTHKA U ITaTOJI0THYecKas aHaTo-
MUS KPUTHYECKNUX, TEPMUHAIBHBIX W MTOCTPEAHNMAIIMOHHBIX COCTOSTHWH; OKa3aHue TOTOCIUTATBHON TOMOIIN TP
KPUTHYECKUX COCTOSTHUSIX; 00yUYeHne HACeNeH s U MEAUIMHCKOTO MepCOHANa TPHeMaM OKa3aHUs HEOTIOKHOIM
HOMOIIU TIPU KPUTHUYECKUX COCTOSIHUSX; ontuMusanust paborst OPUT; ropupnueckue U aTu4ecKre BONPOCHI B

obJjactu AHECTE3NOJIOTUN-PEAHUMATOJIOTNH.

Aynuropust: JieueOHbIE YUPEKIEHUS; BbICIINe YueOHble 3aBeJeHUs] MEAUIIUHCKOTO TPOMUIISE; MEUIIUHCKUE
YUPEKIEHUS! TOCJEUIIIIOMHOT0 obpasoBanusi, DeepaiibHble U PErMOHAIBHBIE OPraHbl YIIPABJIEHUs 3[[PABOOXPa-
HEHUEM, MEJIUTINHCKIE HAYYHO-UCCJE0BATENbCKIE HHCTUTYThI; MEAUTIUHCKIE GUOIHOTEKH.

MMOAIINCKA

B m060M mouroBoM OTZEJIECHUU CBA3U IO KaTaJlory «KHnra-Ceanc»

» mHeKC 46338 — 1 MHANBUYTbHBIX TOATTICIYNKOB
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